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Executive Summary

EXECUTIVE SUMMARY

Introduction

This Reference Document on Best Available Techniques (BREF) in the Food, drink and milk
industries reflects an information exchange carried out according to Article 16.2 of Council
Directive 96/61/EC. This executive summary describes the main findings, a summary of the
principal BAT conclusions and the associated consumption and emission levels. It should be
read together with the preface, which explains this document’s objectives; how it is intended to
be used and legal terms. This executive summary can be read and understood as a standalone
document but, as a summary, it does not present all the complexities of the full text of this
document. It is, therefore, not intended to be used, as a substitute for the text of this full
document, as a tool in BAT decision making.

Scope

This document reflects an exchange of information about the activities listed in Annex 1 parts
6.4. (b) and (c) of Council Directive 96/61/EC of 24 September 1996 concerning integrated
pollution prevention and control (IPPC Directive), i.e.

6.4. (b) Treatment and processing intended for the production of food products from:

- animal raw materials (other than milk) with a finished product production capacity
greater than 75 tonnes per day

- vegetable raw materials with a finished product production capacity greater than
300 tonnes per day (average value on a quarterly basis)

(c) Treatment and processing of milk, the quantity of milk received being greater than
200 tonnes per day (average value on an annual basis)

The scope includes the whole range of activities producing food for human consumption and
animal feed that may be found in European installations with capacities exceeding the above
threshold values.

This document does not cover small scale activities, such as catering or activities in restaurants
or activities that do not use animal or vegetable raw materials. Upstream activities such as
agriculture, hunting, slaughtering of animals and the manufacture of non-food products such as
soap, candles, cosmetics, pharmaceuticals; manufacture of gelatine and glue from hides, skin
and bones are also excluded. Packaging is not included except for the packing of FDM products
on the premises.

General information (Chapter 1)

The FDM sector

The FDM sector produces both finished products destined for consumption and intermediate
products destined for further processing. It is diverse compared to many other industrial sectors.
This diversity can be seen in terms of the size and nature of companies; the wide range of raw
materials, products and processes and the numerous combinations of each as well as the
production of homogenised global products and numerous specialist or traditional products on
national and even regional scales. A large proportion of companies are SMEs, although most
employ more than 20 people.

The FDM sector is subject to very diverse local economic, social and environmental conditions,
and varying national legislation. The sector is spread all over Europe, in industrialised regions
as well as in rural areas. The sector is a net exporter from the EU.
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In spite of recent increased homogeneity in the consumption and purchasing patterns for a
growing variety of goods, FDM products still retain elements of cultural specificity. So although
consumers want to be able to purchase the same items and quality of products throughout the
whole of the EU-15, they also demand the option/choice of different products linked to their
own tradition or culture.

The importance of food safety in FDM processing

As well as environmental considerations, there are other legal requirements and prohibitions
which must be considered when identifying BAT in the FDM sector. All FDM production
installations must comply with the required food safety standards and laws. These may have an
influence on environmental considerations, e.g. frequent cleaning is required and this uses
heated water and detergents. Care has been taken to ensure that nothing in this document
conflicts with relevant food safety and hygiene legislation.

The FDM sector and the environment
The most significant environmental issues associated with FDM installations are water
consumption and contamination; energy consumption; and waste minimisation.

Most of the water which is not used as an ingredient ultimately appears in the waste water
stream. Typically, untreated FDM waste water is high in both COD and BOD. Levels can be
10— 100 times higher than in domestic waste water. The SS concentration varies from
negligible to as high as 120000 mg/l. Untreated waste water from some sectors, e.g. meat, fish,
dairy and vegetable oil production, contains high concentrations of FOG. High levels of
phosphorus can also occur, particularly where large quantities of phosphoric acid are used in the
process, e.g. for vegetable oil de-gumming, or in cleaning.

The FDM sector is dependent on energy for processing as well as for maintaining freshness and
ensuring food safety.

The main sources of solid output are spillage, leakage, overflow, defects/returned products,
inherent loss, retained material that cannot freely drain to the next stage in the process and heat
deposited waste.

The main air pollutants from FDM processes are dust and odour. Odour is a local problem either
related to the process or to the storage of raw materials, by-products or waste.

The driving forces which result in improved environmental performance are changing. For
example, traditionally maximising the utilisation of materials has had the consequence of
reducing waste. An approach more directly associated with protection of the environment is
now emerging, although this challenges the sector, e.g. with respect to reducing water and
energy consumption and the use of packaging, while still maintaining hygiene standards.

Applied processes and techniques (Chapter 2)

All of the processes used in the sector cannot be described in detail in this document, but it
covers a very wide range from the whole sector. Chapter 2 is divided into two sections.
Sections 2.1 —2.1.9.6.3 describe processes at the unit operation level. Many of these are applied
in several individual FDM sectors. The processes most commonly used in the FDM sector are
described in nine categories, i.e. materials reception and preparation; size reduction, mixing and
forming; separation techniques; product processing technology; heat processing; concentration
by heat; processing by removal of heat; post processing operations; and utility processes. Within
each of these categories, four to fourteen unit operations are described.

Sections 2.2 —2.2.20 describe the application of the unit operations in some of the major
individual FDM sectors.
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Current consumption and emission levels (Chapter 3)

Chapter 3 follows the structure of Chapter 2. In this document, as well as reporting consumption
and emission data, this chapter contains additional information about outputs that are not the
main final product and are not disposed of as waste, e.g. by-products.

Sections 3.1 — 3.1.4 report some overall consumption and emission data for the FDM sector as a
whole and give an overview of the main reasons for its consumption and emission
characteristics. The FDM sector is a large user of water as an ingredient, cleaning agent, means
of conveyance and feed to utility systems. About 66 % of the total fresh water used is of
drinking water quality. In some sectors, e.g. dairies and drinks, up to 98 % of the fresh water
used is of drinking water quality. Process heating uses approximately 29 % of the total energy
used in the FDM sector. Process cooling and refrigeration accounts for about 16 % of the total
energy used.

Sections 3.2 —3.2.56.3 report some consumption and emission levels for those individual unit
operations which are described in Chapter 2. This information is reported under the headings
water, air emissions, solid output, energy and noise.

Sections 3.3 — 3.3.12.3 report consumption and emission data for some individual FDM sectors.
This structure enables the reader to make a comparison between individual sectors and the
sector as a whole, at unit operation level. A lot of the information is qualitative. The quantitative
information is often not well explained in terms of exactly what operational or technological
techniques were applied and what methods or conditions of data collection were applied. Data
on air emissions and waste water production are available for some individual FDM sectors and
even for some unit operations. Waste minimisation is generally considered as a cost effective
goal for all manufacturers but benchmarks are not readily available as the percentage of raw
materials going to the final main products is variable.

The level of detail reported for each individual sector varies to a great extent.

Techniques to consider in the determination of BAT (Chapter 4)

Chapter 4 contains the detailed information used by the TWG to determine BAT for the FDM
sector, but does not judge whether a technique is BAT or not. It follows the general structure of
Chapters 2 and 3 by starting with information applicable to all or some of the FDM sectors and
finishing with individual FDM sector specific information.

Over 370 techniques are described, generally under the standard headings Description,
Achieved environmental benefits, Cross-media effects, Operational data, Applicability,
Economics, Driving force for implementation, Example plants and Reference literature. The
standard structure assists the comparison of techniques both qualitatively and quantitatively.

This chapter includes both “process-integrated” and “end-of-pipe” techniques. Most of the
techniques are reported to have more than one environmental benefit and some have cross-
media effects. Many address the issues of minimising water consumption and contamination;
energy consumption and maximising the use of raw materials with the consequent minimisation
of waste production. For many, no financial costs or benefit data were provided, but their actual
application provides evidence of their economic viability.

Techniques which are applicable in all FDM installations are described first, in
Sections 4.1 - 4.1.9.3. These include operational practices, i.e. management tools; training;
equipment and installation design; maintenance and a methodology for preventing and
minimising the consumption of water and energy and the production of waste. Other techniques
are more technical and deal with production management, process control techniques and the
selection of materials. General storage techniques are not reported because these are within the
scope of the “Storage BREF” [95, EC, 2005]. Specific techniques related to food storage, which
minimise energy consumption for refrigeration, waste and odour associated with degradation of
food, are included.
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Techniques which apply in a number of FDM sectors are then described in
Sections 4.2 - 4.2.17.4. These deal with the way some specific unit operations which are
described in Chapter 2 are applied.

Cleaning of equipment and installations is described in Sections 4.3 —4.3.11. The selection and
use of cleaning and disinfection agents must ensure effective hygiene control but with due
consideration of environmental implications.

End-of-pipe techniques for minimising air emissions and for waste water treatment are
described in Sections 4.4 —4.4.3.13.2 and 4.5 — 4.5.7.9 respectively. The introductions to these
sections reinforce the importance of giving priority to process-integrated techniques to prevent
and reduce, as far as possible, air and waste water emissions. When end-of-pipe techniques are
needed, these are designed to reduce both the concentrations and the flows of the pollutants
originating from a unit operation or a process. The techniques described for minimising air
emissions do not contain much information about their applicability or application in the
individual FDM sectors. In contrast, the waste water treatment techniques contain more
information about their applicability or application in the individual FDM sectors and address
the treatment of typical emissions from FDM installations, containing high BOD, COD, FOG,
nitrogen and phosphorus levels.

Sections 4.6 —4.6.6 address the prevention of accidents at FDM installations. These sections
describe a methodology for preventing accidents and minimising their impact on the
environment.

Techniques which are only applicable in individual FDM sectors are described in
Sections 4.7 - 4.7.9.8.2. Most of these apply to specific unit operations in the individual FDM
sectors.

Best available techniques (Chapter 5)

The way the BAT conclusions are presented in Chapter 5 is shown in the figure below. The
BAT conclusions are presented in two tiers. The first tier shows the sections listing BAT for all
FDM installations and the second tier shows the sections where additional BAT for some of the
individual sectors are listed. Chapter 5 follows the same structure as Chapter 4. Many of the
BAT are operational and, therefore, require very little investment in new equipment. Their
application may require some investment to provide, e.g. training, maintenance or ongoing
monitoring and review of performance levels.

The conclusions represent what the TWG considered to be BAT in a general sense for the FDM
sector based on the information in Chapter 4 and taking account of the Article 2.11 definition of
“best available techniques” and the considerations listed in Annex IV to the Directive. This
chapter does not set consumption and emission limit values but gives information for the
guidance of industry, MSs and the public on achievable consumption and emission levels when
using specified techniques.

The following paragraphs summarise the key BAT conclusions relating to the most relevant
environmental issues. Very few of the BAT provide only one environmental benefit, so they are
not listed according to environmental issues. The BAT take various approaches to protect the
environment as a whole. These range from techniques about general management and operation,
which are applicable throughout all FDM installations, to the use of very specific technology in
some individual FDM sectors.

During the discussion of the information exchanged by the TWG, many issues were raised and
discussed. Only some of them are highlighted in this summary and it should not be read instead
of the “Best Available Techniques” chapter, which should not be read in isolation from the rest
of this document.
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How the BAT conclusions are presented for FDM installations

Food, Drink and Milk Industries



Executive Summary

General BAT for the whole FDM sector

Although the FDM sector is diverse, the individual sectors have common issues, e.g. similar key
environmental issues and the same BAT are applicable to preventing and controlling
consumptions and emissions, e.g. dry cleaning, to minimise, e.g. water consumption. Also,
some BAT can be applied to more than one environmental issue, e.g. maintenance of
refrigeration equipment to prevent leaks of ammonia or maintenance of fish skinning machinery
to minimise waste caused by unwanted removal of fish flesh during skinning.

General management

The general management BAT contribute to the overall minimisation of consumption and
emission levels, by providing systems of work which encourage good practice and raise
awareness. The BAT focus on issues such as using an environmental management system;
providing training; using a planned maintenance programme; applying and maintaining a
methodology for preventing and minimising the consumption of water and energy and the
production of waste and implementing a system for monitoring and reviewing consumption and
emission levels for both individual production processes and at site level.

General operation

Other BAT address some key environmental issues more directly, e.g. by transporting solid
FDM raw materials, products, co-products, by-products and waste dry. This reduces water
consumption and consequently also reduces waste water production and pollution. It also
increases the potential for the recovery and recycling of substances generated in the process
which, in many cases, can be sold for use as animal feed, so it reduces waste production.

Another example applicable to the whole FDM sector is the segregation of outputs, to optimise
use, re-use, recovery, recycling and disposal and minimise waste water contamination.
Numerous examples exist in the FDM sector where raw materials, partially processed foods and
final products either originally intended for human consumption or from which the part intended
for human consumption has been removed, may be used as animal feed. This has both
environmental and economic benefits.

General application of technology

Some more technologically based BAT include the application and use of process controls, e.g.
by using analytical measurement and control techniques to reduce waste of material and water
and to reduce waste water generation in processing and cleaning. An example of this is
measuring turbidity to monitor process water quality and to optimise both the recovery of
material/product from water and the re-use of cleaning water.

Collaboration with upstream and downstream partners

The operations of those involved in the supply of raw materials and other ingredients to FDM
processing installations, including the farmers and the hauliers, can have environmental
consequences in those FDM installations. Likewise, the FDM installation can affect the
environmental impact of those downstream installations they supply, including other FDM
installations. BAT are to seek collaboration with upstream and downstream partners, to create a
chain of environmental responsibility, to minimise pollution and to protect the environment as a
whole, e.g. by providing fresh materials at the time they are required, which minimises the
energy required to store them as well as waste and odour associated with their decomposition.

Equipment and installation cleaning
The application of BAT for cleaning, minimise water consumption and contamination; waste
generation; energy consumption and the amount and harmfulness of detergents used.

In common with other BAT, the BAT for cleaning minimise the contact between water and
FDM materials, by, e.g. optimising the use of dry cleaning. The environmental benefits include
reduced water consumption and volume of waste water; reduced entrainment of materials in
waste water and, therefore, reduced levels of, e.g. COD and BOD. Use of the various dry
cleaning techniques increases the potential for the recovery and recycling of substances
generated in the process. It also reduces the use of energy needed to heat water for cleaning and
the use of detergents.
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Other BAT associated with cleaning include cleaning-in-place of closed equipment, minimising
the use of EDTA and avoiding the use of halogenated oxidising biocides.

Additional BAT for some processes and unit operations applied in a number of FDM sectors
The TWG reached BAT conclusions for some of the individual unit operations which are
applied in a number, but usually not all, of the individual FDM sectors. BAT are listed for
materials reception/despatch; centrifugation/separation; smoking; cooking; frying; preservation
in cans, bottles and jars; evaporation; freezing and refrigeration; packing; energy generation and
use; water use; compressed air systems and steam systems. The application of many of these
BAT achieves reduced energy consumption, e.g. by using multi-effect evaporators, optimising
vapour recompression related to heat and power availability in the installation, to concentrate
liquids. Many reduce energy consumption by optimising operating conditions. Some reduce
emissions to air. For example in smoking, BAT is to achieve a TOC air emission level of
<50 mg/Nnr’.

Minimisation of air emissions and waste water treatment

Process-integrated BAT which minimise emissions to air and water by the selection and use of
substances and techniques should be applied. The selection of air emission abatement and waste
water treatment techniques can then be made, if further control is required. For example, BAT is
to optimise the use of dry cleaning and this reduces the volume of waste water and the mass
flow of solid food materials in it, so also reducing the requirement for waste water treatment.

BAT is to apply an air emissions control strategy and, unless specified otherwise in the BAT
chapter, where process-integrated BAT which minimise air emissions by the selection and use
of substances and the application of techniques do not achieve emission levels of 5 - 20 mg/Nm’
for dry dust, 35 — 60 mg/Nm® for wet/sticky dust and <50 mg/Nm® TOC, to achieve these levels
by applying abatement techniques.

No overall conclusions were reached about whether it is better to treat waste water from FDM
installations on-site or off-site, except for some primary techniques.

Unless otherwise stated in the BAT chapter, the emission levels given in the following table are
indicative of the emission levels that would be achieved with those techniques generally
considered to represent BAT. They do not necessarily represent levels currently achieved within
the industry but are based on the expert judgement of the TWG.

Parameter Concentration
(mg/)

BOD; <25

COD <125

TSS <50

pH 6-9

Oil and grease <10

Total nitrogen <10

Total phosphorus 04-5

Better levels of BODs and COD can be obtained. It is

not always possible or cost effective to achieve the

total nitrogen and phosphorus levels shown, in view

of local conditions.

Typical FDM waste water quality after treatment

One MS has registered a split view. It does not agree with the footnote in the table shown
above, because it believes that deviations from BAT, e.g. due to local conditions, are
exclusively allowed to strengthen the requirements of permits.

Accidental releases

Several BAT are listed related to identifying potential accidents, risk assessments, implementing
controls, developing and testing emergency plans and learning from past accidents and near
misses.
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Additional BAT for some individual FDM sectors

Additional BAT have been determined for the some individual FDM sectors. The general BAT
in Sections 5.1 —5.1.7 apply to these sectors and to the other sectors for which no additional
BAT have been determined. The application of, e.g. general BAT such as segregation of outputs
and optimising the use of dry cleaning can significantly reduce the overall environmental impact
of a process.

The additional BAT for the meat and poultry sector apply to specific unit operations applied in
some parts of that sector. They reduce the consumption of water, energy and packaging.

The main environmental benefits of the additional BAT for the fish and shellfish sector are
reduced waste and less water consumption and several apply to the thawing, scaling, skinning,
eviscerating and filleting of fish. For example, BAT have been determined for thawing mackerel
to achieve a water consumption of <2 m’/t of raw fish; for thawing whitefish to achieving a
water consumption of 1.8 — 2.2 m’/t of raw fish and to thaw shrimps and prawns by one or other
of the two techniques using filtered peeling water.

For the fruit and vegetables sector, the BAT address storage, dry separation of rejected raw
material, collection of soil, peeling, blanching and optimising water re-use. Application of the
BAT lead to maximised production yield; material not used in the main product being used for
other purposes, often as animal feed and consequently reduced waste generation. The
environmental benefits of applying the BAT for storage, peeling and blanching include, e.g.
reducing energy consumption.

The environmental benefits of applying the additional BAT for the vegetable oils and fats sector
are mainly the reduction of energy consumption and the recovery of hexane used during
extraction. One BAT associated emission level was determined, i.e. BAT is to use cyclones, to
reduce wet dust emissions arising from vegetable oil extraction, to achieve a wet dust emission
level of <50 mg/Nm’.

There are additional BAT for dairies and specific BAT for producing market milk, powdered
milk, butter, cheese and ice-cream. The BAT apply to specific parts of the processes and to
cleaning. They address water consumption, energy consumption and waste prevention. There
are both operational and technological BAT. Consumption and emission levels indicative of the
levels that can be achieved by applying in-process BAT have been determined, based on
achieved levels reported by the TWG. These ranges are shown in the following table. The
ranges reflect a variety of operating conditions. Energy consumption levels may vary due to,
e.g. production volumes. Warm climates may use more energy for cooling and vice versa. Water
consumption and waste water emission levels may vary due to, e.g. different product portfolios,
batch sizes and cleaning. The waste water emission level may be lower compared to the water
consumption level because many dairies measure the intake of cooling water, but then discharge
it unmeasured. In warm climates, water may be lost due to evaporation.

Energy Water Waste water
consumption consumption
Production of market milk from | 0.07 — 0.2 kWh/l 0.6-1.811 0.8-1.711
1 litre of received milk
Production of milk powder 0.3 -0.4 kWh/1 0.8-1.711 0.8-1.511
from 1 litre of received milk
Production of 1 kg of ice-cream | 0.6 —2.8 kWh/kg | 4.0-5.01kg | 2.7—4.0 l/kg

Consumption and emission levels associated with some dairy processes

The application of the additional BAT for starch manufacturing mainly address reducing water
consumption and waste water production, especially by re-using water.

Re-use of water is also addressed by the BAT for the sugar sector. Minimising energy
consumption is also achieved by avoiding drying sugar beet pulp if an outlet is available for
pressed sugar beet pulp, e.g. animal feed; otherwise to dry sugar beet pulp using steam driers or
using high temperature driers combined with measures to reduce emissions to air.
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The main environmental issues addressed by the application of the additional BAT for the
coffee sector are related to energy consumption and emissions to air, including odour. When
roasting coffee, where process-integrated BAT which minimise air emissions by the selection
and use of substances and the application of techniques do not achieve emission levels of
5-20 mg/Nm’ for dry dust; <50 mg/Nm’ TOC for light roasted coffee (this level is more
difficult to achieve as the darkness of roasting is increased); BAT is to achieve these levels by
applying abatement techniques. Emission levels for NO, were provided too late for full
verification by the TWG, these are reported in the concluding remarks.

The additional general BAT for drinks manufacturing address avoiding production of CO,
directly from fossil fuels, recovery of yeast, collection of spent filter material and the selection
and optimised use of bottle cleaning machines. Application of the additional BAT for brewing
reduce both water and energy consumption. For brewing, BAT is to achieve a water
consumption level of 0.35 — 1 m’/hl of beer produced. The application of the additional BAT for
winemaking re-uses the alkaline solution used for cleaning after cold stabilisation and addresses
the method of its ultimate disposal to prevent disruption of the waste water treatment plant.

Emerging techniques (Chapter 6)

Chapter 6 includes one technique that has not yet been commercially applied and is still in the
research or development phase. This is “Use of UV/ozone in absorption for odour abatement”. It
has been included here to raise awareness for any future revision of this document.

Concluding remarks (Chapter 7)

Timing of the work
The work on this document started with the first plenary meeting of the TWG in January 2001.
The final plenary meeting of the TWG was held in February 2005.

Level of consensus, driving forces and issues arising from the final TWG meeting

The conclusions of the work were agreed at the final plenary meeting, with a high level of
consensus being achieved, however some issues were raised at the meeting and it is
recommended that these be considered further when this document is reviewed.

Information provided

Many reports from MSs and industry were used as sources of information in the drafting of this
document, including information from example plants and site visits. The participation of
individual MSs in the work, to an extent, reflected the regional distribution of the sectors. CIAA
and its member organisations provided most of the industry contributions.

The information exchange and the preparation of this document has been a positive
development in the prevention and control of pollution for the sectors concerned. It has
provided a first-time opportunity for individual sectors to learn about techniques that have been
proven to work well in others, on a Europe-wide scale.

Information imbalances and gaps

There is a vast difference in the level of detail of information provided about individual FDM
sectors and there are also differences in the coverage of the key environmental issues in this
document. The current consumption and emission level data provided were not linked with
process descriptions, operating conditions, installation capacity, sampling and analytical
methods and statistical presentations. Techniques which can reduce energy consumption are
described in this document, but very few actual measurements of energy savings associated with
the application of those techniques or about the economics of investing in techniques and the
resultant cost savings were provided. Benchmarks for waste minimisation are not provided, e.g.
there is no detailed information about what proportion of specified raw materials end up being
used in products or by-products.
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Recommendations for future work

The gaps in the information indicate areas where future work could provide results which might
assist in the identification of BAT when this document is reviewed, thereby helping operators
and permit writers to protect the environment as a whole. It is recommended that information be
provided about the following:

process descriptions, operating conditions, sampling and analytical methods, and statistical
presentations associated with consumption and emission level data

the full range of applicability of techniques in this document

further opportunities for by-product valorisation to minimise waste generation

the costs of investing in and operating techniques and the associated direct and indirect
savings, e.g. due to reduced energy or waste disposal costs, or reduced losses from
unintentional losses due to leakage or spills

the determination of BAT associated with high, medium and low pressure cleaning
substances already in use as a alternatives to EDTA in cleaning

the application and applicability of air abatement techniques in the FDM sector

the application of non-thermal plasma treatment of odours in the FDM sector

techniques to prevent the discharge of condensed alcohol into the waste water treatment
plant, from the production of non-alcoholic beer

how seasonal activities affect the technical and economic viability of techniques

techniques for extracting olive oil and in particular about “two-phase extraction”

the use of enzymatic interestification and enzymatic degumming of vegetable oils
comparative information about the degumming of vegetable oils using enzymes, phosphoric
acid and citric acid

techniques used to minimise NO, emissions from coffee roasting installations and

the selection and use of fumigants.

Suggested topics for future R&D projects

The following topics are suggested for future research and development projects:

the composition and harmfulness of malodorous emissions from FDM installations
identification of techniques to reduce the lowest levels of NOy emissions reported from
coffee roasting

identification of alternatives to using EDTA as a cleaning agent and

the environmental benefits and costs of reverse osmosis.

The EC is launching and supporting, through its RTD programmes, a series of projects dealing
with clean technologies, emerging effluent treatment and recycling technologies, and
management strategies. Potentially these projects could provide a useful contribution to future
BREF reviews. Readers are, therefore, invited to inform the EIPPCB of any research results
which are relevant to the scope of this document (see also the Preface of this document).
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Preface

PREFACE

1. Status of this document

Unless otherwise stated, references to “the Directive” in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control. As the Directive applies
without prejudice to Community provisions on health and safety at the workplace, so does this
document.

This document forms part of a series presenting the results of an exchange of information
between EU Member States and industries concerned on best available technique (BAT),
associated monitoring, and developments in them. It is published by the European Commission
pursuant to Article 16(2) of the Directive, and must therefore be taken into account in
accordance with Annex IV of the Directive when determining “best available techniques”.

2. Relevant legal obligations of the IPPC Directive and the definition of BAT

In order to help the reader understand the legal context in which this document has been drafted,
some of the most relevant provisions of the IPPC Directive, including the definition of the term
“best available techniques”, are described in this preface. This description is inevitably
incomplete and is given for information only. It has no legal value and does not in any way alter
or prejudice the actual provisions of the Directive.

The purpose of the Directive is to achieve integrated prevention and control of pollution arising
from the activities listed in its Annex I, leading to a high level of protection of the environment
as a whole. The legal basis of the Directive relates to environmental protection. Its
implementation should also take account of other Community objectives such as the
competitiveness of the Community’s industry thereby contributing to sustainable development.

More specifically, it provides for a permitting system for certain categories of industrial
installations requiring both operators and regulators to take an integrated, overall look at the
polluting and consuming potential of the installation. The overall aim of such an integrated
approach must be to improve the management and control of industrial processes so as to ensure
a high level of protection for the environment as a whole. Central to this approach is the general
principle given in Article 3 that operators should take all appropriate preventative measures
against pollution, in particular through the application of best available techniques enabling
them to improve their environmental performance.

The term “best available techniques” is defined in Article 2(11) of the Directive as “the most
effective and advanced stage in the development of activities and their methods of operation
which indicate the practical suitability of particular techniques for providing in principle the
basis for emission limit values designed to prevent and, where that is not practicable, generally
to reduce emissions and the impact on the environment as a whole.” Article 2(11) goes on to
clarify further this definition as follows:

“techniques” includes both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned;

“available” techniques are those developed on a scale which allows implementation in the
relevant industrial sector, under economically and technically viable conditions, taking into
consideration the costs and advantages, whether or not the techniques are used or produced
inside the Member States in question, as long as they are reasonably accessible to the operator;

“best” means most effective in achieving a high general level of protection of the environment
as a whole.
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Furthermore, Annex IV of the Directive contains a list of “considerations to be taken into
account generally or in specific cases when determining best available techniques ... bearing in
mind the likely costs and benefits of a measure and the principles of precaution and prevention”.
These considerations include the information published by the Commission pursuant to
Article 16(2).

Competent authorities responsible for issuing permits are required to take account of the general
principles set out in Article 3 when determining the conditions of the permit. These conditions
must include emission limit values, supplemented or replaced where appropriate by equivalent
parameters or technical measures. According to Article 9(4) of the Directive, these emission
limit values, equivalent parameters and technical measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,
without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. In all circumstances, the conditions of the permit must include
provisions on the minimisation of long distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

Member States have the obligation, according to Article 11 of the Directive, to ensure that
competent authorities follow, or are informed of, developments in best available techniques.

3. Objective of this document

Article 16(2) of the Directive requires the Commission to organise “an exchange of information
between Member States and the industries concerned on best available techniques, associated
monitoring and developments in them”, and to publish the results of the exchange.

The purpose of the information exchange is given in recital 25 of the Directive, which states that
“the development and exchange of information at Community level about best available
techniques will help to redress the technological imbalances in the Community, will promote
the worldwide dissemination of limit values and techniques used in the Community and will
help the Member States in the efficient implementation of this Directive.”

The Commission (Environment DG) established an information exchange forum (IEF) to assist
with the work under Article 16(2) and a number of technical working groups have been
established under the umbrella of the IEF. Both the IEF and the technical working groups
include representation from Member States and industry as required in Article 16(2).

The aim of this series of documents is to reflect accurately the exchange of information which
has taken place as required by Article 16(2) and to provide reference information for the
permitting authority to take into account when determining permit conditions. By providing
relevant information concerning best available techniques, these documents should act as
valuable tools to drive environmental performance.

4. Information sources

This document represents a summary of information collected from a number of sources,
including in particular the expertise of the groups established to assist the Commission in its
work, and verified by the Commission services. All contributions are gratefully acknowledged.

5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT-based permit
conditions, account should always be taken of the overall goal to achieve a high level of
protection for the environment as a whole.

The rest of this section describes the type of information that is provided in each section of the
document.
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Chapters 1 and 2 provide general information on the industrial sector concerned and on the
industrial processes used within the sector. Chapter 3 provides data and information concerning
current consumption and emission levels and the production and use of by-products of the main
processes, reflecting the situation in existing installations at the time of writing.

Chapter 4 describes in more detail the emission reduction and other techniques that are
considered to be most relevant for determining BAT and BAT-based permit conditions. This
information includes the consumption and emission levels considered achievable by using the
technique, some idea of the costs and the cross-media issues associated with the technique, and
the extent to which the technique is applicable to the range of installations requiring IPPC
permits, e.g. new, existing, large or small installations. Techniques that are generally seen as
obsolete are not included.

Chapter 5 presents the techniques and the consumption and emission levels that are considered
to be compatible with BAT in a general sense. The purpose is thus to provide general
indications regarding the consumption and emission levels that can be considered as an
appropriate reference point to assist in the determination of BAT-based permit conditions or for
the establishment of general binding rules under Article 9(8). It should be stressed, however,
that this document does not propose emission limit values. The determination of appropriate
permit conditions will involve taking account of local, site-specific factors such as the technical
characteristics of the installation concerned, its geographical location and the local
environmental conditions. In the case of existing installations, the economic and technical
viability of upgrading them also needs to be taken into account. Even the single objective of
ensuring a high level of protection for the environment as a whole will often involve making
trade-off judgements between different types of environmental impact, and these judgements
will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
considered fully in this document. The techniques and levels presented in Chapter 5 will
therefore not necessarily be appropriate for all installations. On the other hand, the obligation to
ensure a high level of environmental protection including the minimisation of long-distance or
transboundary pollution implies that permit conditions cannot be set on the basis of purely local
considerations. It is therefore of the utmost importance that the information contained in this
document is fully taken into account by permitting authorities.

Since the best available techniques change over time, this document will be reviewed and
updated as appropriate. All comments and suggestions should be made to the European IPPC
Bureau at the Institute for Prospective Technological Studies at the following address:

Edificio Expo; c/Inca Garcilaso, s/n; E-41092 Seville, Spain
Telephone: +34 95 4488 284

Fax: +34 95 4488 426

e-mail: JRC-IPTS-EIPPCB@ec.curopa.cu

Internet: http://eippcb.jrc.es
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Scope

SCOPE

This document reflects an exchange of information about the activities listed in Annex 1 parts
6.4. (b) and (c) of Council Directive 96/61/EC of 24 September 1996 on integrated pollution
prevention and control (IPPC Directive), i.e.

6.4. (b) Treatment and processing intended for the production of food products from:

- animal raw materials (other than milk) with a finished product production capacity
greater than 75 tonnes per day

- vegetable raw materials with a finished product production capacity greater than
300 tonnes per day (average value on a quarterly basis)

(c) Treatment and processing of milk, the quantity of milk received being greater than
200 tonnes per day (average value on an annual basis)

The scope includes the whole range of activities that may be found in European installations
with capacities exceeding the above threshold values.

The document does not cover small scale activities, such as catering or activities in restaurants.
Also, food industrial activities that do not use animal or vegetable raw materials are not
covered, except as associated activities, e.g. mineral water processing and production of salt.

Agriculture, hunting and the slaughtering of animals are excluded. The manufacture of products
other than food, e.g. soap, candles, cosmetics, pharmaceuticals; manufacture of gelatine and
glue from hides, skin and bones are also excluded.

Another BREF in the series, i.e. the “Slaughterhouses and animal by-products BREF” [181, EC,
2003] covers the slaughtering of animals. The “slaughter” activity is considered to end with the
making of standard cuts for large animals and the production of a clean whole saleable carcase
for poultry. The scope of that BREF also includes some animal by-products processes which
may produce food products, i.e. fat melting; fish-meal and fish oil production; blood processing
and gelatine manufacturing.

Generally, packaging is not included but the packing of FDM products on the premises is
included.

Animal feed of animal and vegetable origin are also within the scope of this document.

Information submitted about national legislation and standards is not included in this document.
It is available in a separate document, which can be downloaded from the Activities page on the
EIPPCB website, under Additional Information, (see http://eippcb.jrc.es).
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Chapter 1

1 GENERAL INFORMATION

1.1 Description, turnover, growth, employment

The FDM sector produces both finished products destined for consumption and intermediate
products destined for further processing. A sectoral breakdown in EU-15 shows that for most
FDM product categories production exceeds consumption. The FDM sector in EU-15 had a
reported total production value amounting to EUR 593000 million in 2000.

Average real annual growth rates of consumption and production are slow, which is a typical
trend for mature markets. For example, growth during 1997 was less than 2 %. In employment
terms, the EU-15 FDM sector employs a workforce of 2.7 million. This represents 11 % of the
industrial workforce.

Data from some European countries are presented in Table 1.1 and in Table 1.2.

Turnover | Number of | Number of | Exports Imports
1998 (EUR million)| employees | companies (EUR (EUR
million) million)
Austria 8000 60579 1386 — —
Belgium 22700 86797 6776 10700 9420
United Kingdom 100500 490000 2412 14000 26100
Czech Republic — 142000 947 1000 1520
Denmark 14000 81115 312 — —
The Netherlands 34000 108000 887 — —
Estonia 610 21125 138 228 400
Finland 8160 49000 713 840 1240
France 122400 403000 4250 18000 8300
Germany 116600 545000 6134 19070 23060
Greece 5000 49000 524 — —
Hungary 8240 131000 4215 1846 774
Ireland 14000 47000 694 — —
Italy — 350000 30000 10300 7200
Poland 19650 — — 1180 1270
Portugal 10000 107000 2098 — —
Spain 52590 398000 3200 4530 4700
Sweden 13510 60841 830 2110 4500
Total 549960 3129457 65516 83804 88484
Table 1.1: Structure/production by countries (1998)
[1, CIAA, 2002]
Production Added value Employees
2000 EUR % EUR 1, x10° %
million million
Processed meat 113000 19.1 21000 15.8 588 22.1
Fish products 14000 2.4 3000 2.3 91 34
Processed fruit and vegetables 36000 6.1 8000 6.0 174 6.5
Vegetable oils and fats 23000 3.9 2000 1.5 38 1.4
Dairy products 95000 16.0 14000 | 10.5 271 10.2
Flour and starch products 21000 3.5 4000 3.0 61 2.3
Animal feed 37000 6.2 6000 4.5 90 34
Drinks 98000 16.5 28000 | 21.1 316 11.9
Other FDM products 156000 26.3 47000 | 353 1037 38.8
Total 593000 100 133000 100 2666 100

Table 1.2: Structure/production by sector in EU-15
[1, CIAA, 2002]

Food, Drink and Milk Industries 1



Chapter 1

More detailed figures for the total quantities and values of production in the major sectors of the
EU-15 FDM sector, according to Eurostat (1999), are summarised in Table 1.3.

All countries in 1999

NACE Code description Total quantity Total value
Code' ('000 tonnes) | (EUR million)
15.11 Fresh and preserved meat, except poultry 26026 40653
15.12 Fresh and preserved poultry meat 6759 11690
15.13 Meat and poultry meat products 11445 34236
15.20 Processed and preserved fish and fish products 4908 12494
15.31 Potatoes, processed and preserved 4054 4246
15.32 Fruit and vegetable juices 7644 5445
15.33 Processed and preserved fruit and vegetables n.e.c. 15485 16151
15.40 Animal and vegetable oils and fats 14922 4362
15.42 Refined oils and fats 7466 5445
15.43 Margarine and similar edible fats 2041 3524
15.51 Dairy products 74477 65267
15.52 Ice-cream and other edible ice 1928 3956
15.61 Grain mill products 42587 15431
15.62 Starches and starch products 11058 3764
15.71 Prepared animal feeds for farm animals’ 215045 50091
15.72 Prepared petfood 5115 4505
15.81 Bread, fresh pastry goods and cakes 10620 21360
15.82 Rusks and biscuits; preserved pastry goods and cakes 3466 12377
15.83 Sugar 16700 8924
15.84 Cocoa, chocolate and sugar confectionery 5857 22105
15.85 Pagta, e.g. macaroni, noodles, couscous and similar 4930 4934
farinaceous products
15.86 Coffee and tea 2102 9747
15.87 Condiments and seasonings 2917 5024
15.88 Homogenised food preparations and dietetic food 624 2616
15.89 Other food products n.e.c. 3784 8416
15.91 Distilled potable alcoholic drinks 1087 5831
15.92 Ethyl alcohol from fermented materials 1367 773
15.93 Wines 13184 20169
Other fermented drinks, e.g. cider, perry and mead,
15.94 and mixed drinks containing alcohol 379 408
15.95 Vermouth and other flavoured wine of fresh grapes 330 449
15.96 Beer made from malt 28030 17256
15.97 Malt 4516 1154
15.98 Mineral waters and soft drinks 64407 26661
Total value 615260 449464

"The NACE code is a classification of economic activities in the European Union based on an interpretation of the
International Standard Industrial Classification (ISIC) [229, EC, 1990].

*These figures include both the production by the feed industry (125 million tonnes) and the production by home-
mixers. This explains why the turnover mentioned for the feed industry in Table 1.2 is EUR 37000 million and not
EUR 50000 million.

Table 1.3: EU-15 production in the major sectors (1999)
[1, CIAA, 2002]
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1.2 Sector structure

Available statistics show that the EU-15 FDM sector comprises close to 26000 companies, most
of which have over 20 employees.

The EU-15 FDM sector is exceptionally diverse compared to many other industrial sectors. This
diversity can be seen in terms of the size and nature of companies; the wide range of raw
materials, products and processes and the numerous combinations of each, and the production of
homogenised global products as well as numerous specialist or traditional products on national
and even regional scales. The sector is also subject to very diverse local economic, social and
environmental conditions, and varying national legislation.

The EU-15 FDM industry is quite fragmented. Approximately 92 % of the sector is made up of
SMEs, although there are some sectors, such as sugar manufacturing, which have very large
installations. This fragmentation and diversity, as well as divergent data collection systems in
individual MSs, makes it difficult to ascertain exact figures for the sector as a whole.

The sector is spread all over Europe, in very industrialised regions as well as in rural areas.
Traditionally, industrial production has been closely related to primary production, climate, and
natural resources, e.g. land and water, along with the actual requirements of the particular
production technique. These heavily influence the structure and geographical location of
specific industrial production. Although this kind of dependence is being reduced, it still holds
true in many sectors. For example, some sectors are still concentrated in special regions, e.g.
fish processing is usually found in countries, or regions which have direct access to the sea and
traditions of fishing, and olive oil is mainly manufactured in Mediterranean countries, especially
in Andalucia in Spain. Other activities such as sugar production/refining, grain milling and dairy
industries are found in all countries. Some FDM production activities have special requirements
of the natural resources, such as the need for receiving waters for the discharge of large volumes
of treated waste water. Sugar installations, refineries and fruit and vegetable preservation
installations are normally situated near to water, for this reason.

1.3 Trade

For many companies, exporting their product out of Europe is an important part of their
business. In 2001, the EU-15 FDM sector exports amounted to EUR 45000 million, which
represented 79 % of European global exports of agricultural and FDM products. This is a slight
decrease over 1998 figures.

The main export market for European FDM products is the US. The Japanese, Swiss and
Russian markets are also significant. The top export destinations of EU-15 FDM products in
2001, in financial terms, are shown in Table 1.4.

Export destination | EUR million
United States 9085
Japan 3716
Switzerland 2617
Russia 2569
Canada 1361
Poland 1157
Norway 1030
Australia 776
Czech Republic 767
South Korea 741
Algeria 721
Israel 528
Turkey 425
Total 25493

Table 1.4: Top export destinations of EU-15 FDM products in 2001 (EUR million)
[3, CIAA, 2001]
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The top individual export sectors in the FDM sector in 2000, are shown in Table 1.5.

Sector %
Processed meat 11.5
Fish products 2.2
Fruit and vegetables 6.1
Vegetable oils and fats 6.0
Dairy products 12.3
Flour and starch products 4.9
Animal feed 4.8
Confectionery 9.1
Sugars 3.9
Drinks 30.3
Total 91.1

Table 1.5: Exports from EU-15, by sectors in 2000

[1, CIAA, 2002]

1.4 Market forces: demand, distribution and competition
1.4.1 Demand

An ever increasing number of social and economic factors affect FDM consumption patterns
throughout the EU-15. These have led to some diversification from traditional consumption and
purchasing models. In recent years, European consumers have developed greater homogeneity
in lifestyles and this is reflected in the consumption and purchasing patterns for a growing
variety of goods. Nevertheless, FDM products still retain elements of cultural specificity linked
to national or regional traditions. So although consumers want to be able to purchase the same
items and quality of products throughout the whole of the EU-15, they also demand the
option/choice of different products linked to their own tradition or culture. This can be reflected
at a national, regional or even more local level and can also vary throughout the year.

1.4.2 Distribution

Cost control activities, e.g. labour saving technologies, improvements in logistics and
distribution channels and resource saving practices, have been introduced. In general, most
FDM products tend to be distributed to the major retail chains, although substantial differences
persist between countries.

1.4.3 Competition

As is the case with most mature markets, the FDM sector is facing sharp competitive pressure
and progressive market concentration. In fact, even if great fragmentation still persists in most
countries, the size and corresponding economic strength of companies is becoming crucial for
balancing the increasing bargaining power of retailers and achieving the minimum “critical
mass” in terms of production volumes.

1.5 The importance of food safety in FDM processing

As well as environmental considerations, there are other legal requirements and prohibitions
which must be considered when identifying “best available techniques” in the FDM industry.
There are specific requirements relating to, e.g. food safety, and these are updated from time to
time. All FDM production installations, regardless of their size, geographical location or point
in the production process, must comply with the required food safety standards.
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The achievement of the required standards can be made easier if all of the operators with
responsibilities collaborate closely. The FDM industry has identified five key areas that can
ensure day-to-day food safety, i.e. improved food safety systems, traceability, crisis
management, risk identification and communication. The application of such principles can also
be considered with respect to environmental protection. Where quality management systems
developed from, e.g. ISO 9001 Quality System — Model for quality assurance in
design/development, production, installation and servicing, and ISO 9002 Quality System —
Model for quality assurance in production, installation and servicing, exist, the familiarity with
such systems may facilitate the use of equivalent environmental standards-related systems.

The food safety laws may have an influence on environmental considerations. For example,
food safety and hygiene requirements may affect the requirement for water use to clean the
equipment and the installation, making it necessary to use hot water, so there are also energy
considerations. Likewise, waste water is contaminated by substances used for hygiene purposes,
for cleaning and sterilistion, e.g. during the production and packaging of long-life FDM
products. These issues have to be considered to ensure that hygiene standards are maintained,
but taking into account the control of water, energy, and detergent and sterilant use.

Care has been taken to ensure that nothing in this document conflicts with relevant food safety
legislation.

1.6 Legislative framework for food, drink and milk products

Protection of the consumer and of the environment, and the elimination of obstacles to the free
movement of goods are among the main concerns of EU-15 FDM legislation. The
EU-15 legislative framework is based on horizontal measures across product categories as well
as on commodity-specific so-called vertical measures, derived from the agricultural policy or
the agri-monetary system.

As well as the general legislation, e.g. financial, environmental, health and safety, the FDM
sector is also controlled by specific very detailed and comprehensive legislation starting at the
farm gate and ending on the dinner plate. This legislation covers the following main areas:

o food and feed safety (contaminants, pesticide residues, quality of water intended for food
consumption, official control of foodstuffs, materials in contact with foodstuffs)

e food and feed hygiene (general rules, health rules concerning foodstuffs of animal origin)

e food and feed composition (additives, flavourings, processing aids, GMOs)

e consumer information (general labelling rules, quantitative ingredient declaration, lot
identification, unit pricing)

e food and feed nutrition, food and feed labelling

e ionisation

e organic production.

Section 1.7 refers to some selected legislation on the environment. Other pieces of
environmental legislation are also valid for the industry, e.g. 98/83/EC Directive on the quality
of water for human consumption.

1.7 The FDM sector and the environment

The FDM sector often depends on the quality of natural resources, especially that of land and
water, so preserving the environment in which the raw materials are grown is very important.

The level of pollution in waste water and the amount of waste produced by the industry can
represent a significant load in some countries or regions. While most emissions from the
industry are biodegradable, some sectors use materials such as salt or brine which are resistant
to conventional treatment methods and can introduce, e.g. pesticide residues used on the source
Crop.
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Traditionally, in many European countries, the sector has not been heavily regulated by
environmental legislation. The impetus for the sector to improve its environmental performance
has therefore been based on efficiency improvements, e.g. maximising the utilisation of
materials, which subsequently leads to a minimisation of waste.

There is now a trend towards focusing on proactive environmental management systems, natural
resource conservation and the performance of waste minimisation techniques. To ensure
sustainability, the effects of the raw material supply, food processing, transport, distribution,
preparation, and disposal must be considered and controlled. Both primary production and
processing are critically dependent upon a reliable water supply and adequate water quality, in
conformity with legal requirements.

It is a challenge for the FDM sector to comply with the requirements of the Packaging Directive
94/62/EC by preventing the production of packaging waste, by re-use and recycling, as well as
recovering packaging waste. Packaging is essential for preservation and for protection against
handling, spoilage and contamination during production, distribution and sale. It is also a
marketing and sales tool and it conveys information like ingredients, nutrient content, cooking
instructions and storage information.

The efficient management of packaging and the minimisation of packaging waste is the
responsibility of the FDM sector as well as farmers, retailers and consumers. In this context, the
CEN standards on packaging, e.g. EN 13427:2000 [195, CEN, 2000], EN 13428:2000 [196,
CEN, 2000] and EN 13431:2000 [197, CEN, 2000], are very useful. These standards provide
guidelines to operators to enable them to comply with the essential requirements laid down by
the Packaging Directive 94/62/EC. They offer the required flexibility to encourage innovation
and enable packaging to be adapted to consumer needs. They can also be incorporated into the
environmental and quality management systems within companies.

EMSs involve developing policies and guidelines, establishing objectives and programmes,
allocating environmental responsibilities within an organisational structure, training and
communication activities, operational control and conducting surveys and audits.

Many FDM companies have implemented an EMS and some are certified or in the process of
being certified to ISO 14001 or the EU-15 Eco-Management and Audit Scheme (EMAS). In
2003, the FDM sector had the highest number of EMAS registered organisations in any sector
and represented 9 % of all EMAS registered organisations (for further information see
Section 4.1.1).

1.71 Key environmental issues

Water consumption is one of the key environmental issues for the FDM sector. Most of the
water which is not used as an ingredient, ultimately appears in the waste water stream.
Typically, untreated FDM waste water is high in both COD and BOD. Levels can be
10 - 100 times higher than in domestic waste water. The SS concentration varies from negligible
to as high as 120000 mg/l. Untreated waste water from some sectors, e.g. meat, fish, dairy and
vegetable oil production, contains high concentrations of FOG.

The main air pollutants from FDM processes are dust, VOCs and odour. Refrigerants containing
ammonia and halogen may be accidentally released. Odour is a local problem either related to
the process or to the storage of raw materials, by-products or waste.

Noise may also be a problem for some installations, typically associated with vehicle
movements and refrigeration.

The solid output from FDM installations is composed of by-products, co-products and waste.
The main sources of solid output are spillage, leakage, overflow, defects/returned products,
inherent loss, retained material that cannot freely drain to the next stage in the process and heat
deposited waste.
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The FDM sector is dependent on energy for processes required for freshness and food safety.
Mechanical processing, e.g. raw material preparation and sizing, and thermal processing, e.g.
dehydration, are the most commonly used techniques for food preservation and processing.
Both require significant amounts of energy. Process heating uses approximately 29 % of the
total energy used in the FDM sector. Process cooling and refrigeration accounts for about 16 %
of the total energy used.

Table 1.6 shows the key environmental issues for some FDM sectors.

Water | Waste | Chemicals Air . Solid Energy use
use water use pollution Noise | Odour output . Cooling and
Heating . .
refrigeration

Meat and
poultry yes yes yes yes yes yes yes
Fish and
shellfish yes yes yes yes yes yes yes
Fruit and
vegetables yes yes yes yes yes
Vegetable
oils and fats yes yes yes yes yes yes yes yes
Dairy
products yes yes yes yes yes yes yes yes
Dry pasta yes yes yes
Starch yes yes yes yes yes
Sugar yes yes yes yes
Drinks yes yes yes yes yes
Breweries yes yes yes yes yes yes yes yes
Citric acid
fermentation | o yes yes yes
This table shows the key environmental issues for each sector and does not represent comparative quantitative data

Table 1.6: Environmental issues for some FDM sectors
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2 APPLIED PROCESSES AND TECHNIQUES

Manufacturing in the FDM sector is diverse, using numerous individual processes. There are
huge variations even in the production of similar products. All processes used in the sector
cannot be described in detail in this document, but it covers a very wide range from the whole
sector. Section 2.1 provides a short description of the processing techniques and unit operations
used in the FDM sector, including their objectives and field of application. The application of
processing techniques and unit operations in some FDM sectors is described in Section 2.2. The
main environmental issues are listed, together with consumption and emission data, in
Chapter 3.

2.1 Processing techniques and unit operations

The most commonly used processing techniques and unit operations in the FDM sector are
shown in Table 2.1.

A. Materials reception and preparation
A.l Materials handling and storage
A2 Sorting/screening, grading, dehulling, destemming/destalking and trimming
A3 Peeling
A4 Washing
A5 Thawing

B. Size reduction, mixing and forming
B.1 Cutting, slicing, chopping, mincing, pulping and pressing

B.2 Mixing/blending, homogenisation and conching
B.3 Grinding/milling and crushing
B.4 Forming/moulding and extruding

C. Separation techniques

C.1 Extraction

C.2 Deionisation

CJ3 Fining

C.4 Centrifugation and sedimentation

C.5 Filtration

C.6 Membrane separation

C.7 Crystallisation

C.8 Removal of free fatty acids by neutralisation

C.9 Bleaching

C.10 | Deodorisation by stream stripping
C.11 | Decolourisation

C.12 | Distillation

D. Product processing technology

D.1 Soaking
D.2 Dissolving
D.3 Solubilisation/alkalising

D4 Fermentation
D.5 Coagulation
D.6 Germination

D.7 Brining/curing and pickling

D.§ Smoking

D.9 Hardening

D.10 | Sulphitation

D.11 | Carbonatation

D.12 | Carbonation

D.13 | Coating/spraying/enrobing/agglomeration/encapsulation
D.14 | Ageing
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E. Heat processing

E.1 Melting
E.2 Blanching
E3 Cooking and boiling

E.4 Baking

E.5 Roasting

E.6 Frying

E.7 Tempering

E.8 Pasteurisation, sterilisation and UHT

F. Concentration by heat
F.1 Evaporation (liquid to liquid)

F.2 Drying (liquid to solid)

F.3 Dehydration (solid to solid)

G. Processing by removal of heat
G.1 Cooling, chilling and cold stabilisation

G.2 Freezing

G.3 Freeze-drying/lyophilisation

H. Post processing operations
H.1 Packing and filling

H.2 Gas flushing and storage under gas

U. Utility processes
U.1 Cleaning and disinfection
U.2 Energy generation and consumption
U.3 Water use
U.4 Vacuum generation
U.5 Refrigeration
U.6 Compressed air generation

Table 2.1: The processing techniques and unit operations most commonly used in the FDM sector
[1, CIAA, 2002]

The raw materials used by the FDM sector are natural products, which may vary from season to
season and from year to year. It may, therefore, be necessary to adapt production processes to
accommodate the changes in characteristics of the raw materials.

To process a raw material into a product normally involves applying a range of processing
techniques linked together into a production line.

211 Materials reception and preparation (A)

2111 Materials handling and storage (A.1)

211141 Objective

Materials handling applies to the receipt, unpacking, storage and internal conveying of raw
materials, intermediate products, final products and other outputs, including waste.

21.1.1.2 Field of application

Applied in all FDM premises.
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21113 Description of techniques, methods and equipment

Solid materials are commonly delivered in bags stacked on pallets or in containers. They may
also be delivered frozen, packed in standardised blocks with carton linings. They are typically
transported by forklift trucks and stored in warehouses. Larger amounts of solid raw materials
and powders are mostly delivered in bulk. These are off-loaded directly for processing or stored
in silos for future use. Solid raw materials can be conveyed by water, e.g. as is often the case for
vegetables, roots and tubers, by air, e.g. as is the case for solid particles and powder, or by
conveyor belts, elevators, screw conveyors and pumps.

Liquid materials are usually delivered in bulk tankers and then pumped into storage tanks. The
internal transport of liquid is achieved by pumping the liquid through pipework systems, which
can be extensive and complex. Smaller quantities of liquids are also delivered in mini-bulk
containers or in drums. These are then transported to storage areas by forklift trucks.

Gases like N,, CO, and SO, are delivered and stored in special pressurised containers. When
they are required they are connected to the system concerned and transported through the
pipework system by pressure differences. For example, SO, is used in the processing of sugar
and wine, and N, and CO, in packing and chilling.

21.1.2 Sorting/screening, grading, dehulling, destemming/destalking and
trimming (A.2)

21.1.21 Objective

Most raw materials contain some components which are inedible or have variable physical
characteristics. Processing techniques such as sorting or screening, grading, dehulling,
destemming or destalking and trimming are necessary to obtain the required uniformity of the
raw material for further processing. A metal detector may also be used to ensure any metal
particles in the raw material are removed.

21.1.2.2 Field of application

These processing techniques are used as a first step in the processing of fruit and vegetables.
They are also used for meat, egg and fish processing.

21.1.2.3 Description of techniques, methods and equipment

Dry and wet sorting or screening is the separation of raw materials and/or slurries into
categories on the basis of shape, size, weight, image and colour. Dry sorting is applied in the
malting industry to select even sized grains. Wet sorting is used for slurries, to separate
components.

Size sorting and dry cleaning of agricultural raw materials separates solids into two or more
fractions. Size sorting is especially important for FDM products which have to be heated or
cooled, as large differences in size can lead to an over or under-processing of the product. For
size sorting, various types of screens and sieves, with fixed or variable apertures, can be used.
The screens may be stationary, rotating or vibrating. Shape sorting can be carried out manually
or mechanically with, e.g. a belt- or roller-sorter. Weight sorting is a very accurate method and
is, therefore, used for more valuable foods, e.g. for cut meats, eggs, tropical fruits and certain
vegetables. Image processing is used to sort foods on the basis of length, diameter and
appearance, i.e. surface defects and orientation of food on a conveyor. Finally, colour sorting of
defective discoloured items, can be applied at high rates using microprocessor controlled colour
sorters.

Sorting also allows the separation of some additional undesirable material at first sight, e.g.
leaves and stones, or inappropriate raw material such as immature or rotten berries, and is aimed
at ensuring that only good quality food is preserved and passed on for further processing.
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Grading is the assessment of a number of food characteristics to obtain an indication of their
overall quality. The technique is normally carried out by trained operators. Meats, e.g. are
examined by inspectors for disease, fat distribution, carcase size and shape. Other graded
products include cheese and tea. In some cases, grading is based on laboratory analysis results.

In the wine industry, grading covers the necessary classification of the grapes harvested
according to their degree of maturity, e.g. sugar content. Many characteristics cannot be
examined automatically and trained operators are employed to simultaneously assess several
characteristics to produce a uniform high quality product. Grading is more expensive than
sorting due to the high costs of the skilled personnel required.

Dehulling is the removal of hulls from vegetables and shells from cocoa beans. To remove the
shells from cocoa beans, the beans are first broken between adjustable toothed rollers. The
broken pieces are subsequently separated in fractions by sieving. Each fraction is treated with a
stream of air that carries the light shell pieces away. This breaking and fanning process is often
referred to as winnowing,.

Dehulling is also used in soybean crushing processes. The dehulling of soybeans is always
preceded by a heating step, which enhances the removal of the hulls. The ease of dehulling
vegetables depends on the thickness of the seed coat and can be achieved via wet or dry
methods. The wet method involves soaking the vegetables in water for a few hours, draining,
drying, milling and then blowing them with air to remove the seed coat. In the dry method, oil is
mixed with the seeds by passing them through emery-coated rollers to abrade the surface. This
is common practice for vegetables with particularly tough seed coats.

Destemming or destalking is the removal of fruit and vegetable stems, e.g. grapes. It is used
for winemaking.

Trimming is used for the removal of either inedible parts or parts with defects, or for cutting
the raw material to a size that is suitable for further processing. Trimming can be carried out
manually or by rotating knives.

2113 Peeling (A.3)

21.1.31 Objective

The objective of peeling is to remove the skin/peel from raw fruit and vegetables. This improves
the appearance and taste of the final product. During peeling, the losses need to be minimised
by removing as little of the underlying food as possible but still achieving a clean peeled
surface.

21.1.3.2 Field of application

Peeling is applied on an industrial scale to fruits, vegetables, roots, tubers and potatoes.

21.1.3.3 Description of techniques, methods and equipment

Various methods for peeling are steam peeling, knife peeling, abrasion peeling, caustic peeling
and flame peeling. These techniques are described in Sections 4.7.3.4 to 4.7.3.4.7 inclusive.

2.1.1.4 Washing (A.4)
21.1.41 Objective

This section applies to washing the FDM materials only and not cleaning the equipment or the
process installation. The objective of washing is to remove and separate unwanted components
to ensure that the surface of the food is in a suitable condition for further processing. Unwanted
components can include dirt or residual peel, brine used for preservation, soil, micro-organisms,
pesticide residues and salts.
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21.14.2 Field of application

Washing is widely applied as a first processing step for root crops, potatoes, cereals, fruit and
vegetables.

21143 Description of techniques, methods and equipment

There are many types of machines and systems that have been adapted for washing material.
Washing can be carried out by vigorous spraying with water, or by immersion with the aid of
brushes, or by shaking and stirring. Sometimes cleaning substances are added. Warm water may
be used but this can accelerate chemical and microbiological spoilage unless careful control of
the washing time and process is carried out.

The dirt, once loosened, usually differs so greatly from the product that the actual separation of
dirt and product is normally straightforward, e.g. by sedimentation. Semi-processed vegetables
may arrive at the installation in strong brines, if so, the excess salt needs to be removed by
rinsing with running water.

2115 Thawing (A.5)
21.1.51 Objective

When raw materials, i.e. fish and meat, are received frozen, thawing is needed before further
processing is carried out. Thawing is sometimes called defrosting. In this document, the word
defrosting is used to describe the removal of frost from the inside of a refrigerator or coldstore.

21.1.5.2 Field of application

Since the processing of frozen meat and fish is common, thawing is widely applied in these
sectors. It is also used in some other sectors such as in the production of ready-to-eat meals.

21.1.53 Description of techniques, methods and equipment

Thawing at ambient temperatures is slow compared to using water or hot air. The latter may
cause a rapid growth of micro-organisms on the surface layers of the thawed product and hinder
reabsorption of thawed water. This creates the unsightly and often nutritionally wasteful drip
loss. The use of microwave energy, which is not transferred by conduction through the thawed
food layers, is a faster and less damaging thawing process.

The traditional thawing of meat and fish takes place under running water. In this case, the
unpacked meat or fish are completely immersed in pools with water. Meat and fish can also be
thawed with air at controlled temperatures. Thawing by sprinkling is also applied. Desalting and
thawing are carried out simultaneously.

21.2 Size reduction, mixing and forming (B)
21.21 Cutting, slicing, chopping, mincing, pulping and pressing (B.1)

21.2141 Objective

The objective of cutting, slicing, chopping, mincing, pulping and pressing is to reduce the size
of material either for further processing or to improve the eating quality or suitability for direct
consumption.

21.21.2 Field of application

These operations are widely applied in the FDM sector. For example, they are used in the
processing of meat, fish, cheese, vegetables, fruit, potatoes, and various crops, e.g. sugar beet.
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21.213 Description of techniques, methods and equipment

A large variety of equipment is available, normally adapted to the product to be processed.
Equipment can be power or hand-operated, depending on the size of the operations.

Cutting is used for size reduction of large to medium sized materials. Knives, blades, cleavers
or saws are usually used for cutting. Cutting is an important operation in meat and fish
processing. The cutting of meat is used post slaughtering to dress and split carcases, to remove
offal and to remove appendages and is covered in the “Slaughterhouse and animal by-products
BREF”. At meat installations, carcases are further reduced into retail cuts of joints by the
removal of bone, skin and fat. Meat prepared for further processing into, e.g. ham, bacon or
sausage, is initially treated in a similar manner to fresh meat, and will then be subject to further
processing operations. These may include deboning, derinding, defatting, slicing, chopping,
mincing and emulsifying. The cutting equipment used in meat processing includes power
operated cleavers, circular or straight saws for splitting carcases, and band saws for the further
reduction of the carcases. These are all electrically operated. Special derinding machines are
used for separating rind and fat from pork. The cutting of potatoes for the production of potato
chips often involves the use of hydro cutters where the potatoes are conveyed by water at high
speed over fixed blades.

Slicing produces pieces of material of equal thickness. Slicing equipment consists of rotating or
reciprocating blades which cut the food when it passes beneath. Sometimes the material is
pressed against the blades by centrifugal force. In other cases, e.g. for slicing meat products, the
material is held on a carriage as it travels across the blade. Hard fruit, such as apples, are
simultaneously sliced and de-cored as they are forced over stationary knives inside a tube. In the
sugar industry, sugar beets are cut into thin slices, called “cossettes”.

A variant of slicing is dicing and is applied to meat, fruits and vegetables. In dicing, the food is
first sliced and then cut into strips by rotating blades. The strips are passed on to a second set of
rotating knives, which operate at right angles to the first set, and cut the strips into cubes.

Chopping breaks down raw materials into small particles. Chopping into a coarse pulp is
applied to meat, fruits and vegetables. In chopping, the material is placed in a slowly rotating
bowl and subjected to a set of blades rotating at high speed. This technique, also called bowl
chopping, is widely used in the production of sausages and similar products. The degree of size
reduction can be varied depending on the knife-speed and cutting time, and in extreme cases,
the material can be reduced to an emulsion if required.

Mincing is mainly used for the size reduction and homogenisation of meat. A meat grinder is
used to mince the meat. This is a lightly constructed screw press with a cutting plate or rotating
knives at its outlet. The process is a combination of cutting and extrusion, where the meat is
passed through a plate with orifices.

Pulping is mainly used for the size reduction and homogenisation of fruit and vegetables. A
moving rough surface ruptures the fruit or vegetables and squeezes the material through a gap
producing an homogenised mass. The most common pulpers are drum pulpers and disc pulpers.
Sometimes the pulping process is used for juice extraction.

Pressing is applied to extract the liquid part of grapes, other raw materials or marc after
maceration. Pressing is used in wine production, for some other alcoholic drinks and for fruit
and vegetable juices.

There are two main types of press. The horizontal pneumatic press comprises an inflated
pneumatic membrane located in the centre of the press. Berries are slowly pressed releasing the
juice, usually known as must in wine, cider and perry making, in a tank, while the solid parts
remain in the press. In a hydraulic compression vertical press, grapes are placed in a cage which
contains them during the pressing. A horizontal tray presses the grapes vertically and the must
which flows through the cage is collected in a tank for further processing. The grapes remain in
the cage. There are also other types of presses, e.g. belt presses and horizontal presses.
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21.2.2 Mixing/blending, homogenisation and conching (B.2)
21.2.21 Objective

The aim of this group of operations is to obtain a uniform mixture of two or more components
or to obtain an even particle size distribution in a food material. This can also result in improved
characteristics and eating quality.

21.2.2.2 Field of application

These operations are widely applied in almost all FDM sectors.

21.2.2.3 Description of techniques, methods and equipment

Mixing or blending is the combination of different materials. The spatial distribution of the
separate components are reduced to obtain a certain degree of homogeneity. Various mixing
operations can be distinguished in the FDM sector.

Mixing solids with solids is carried out, e.g. during the production of animal feed, blends of tea
and coffee, dried soup, cake mixes, custard, ice-cream mixes and malt blends. Mixing
equipment commonly used includes rotating drums, rotary mixers, paddle and ribbon mixers
and mixing screws in cylindrical or cone-shaped vessels and variable speed drive screws.
Generally, cyclones are used as an integral part of the process to recover dust from the extracted
air. The recovered material is then reprocessed.

Mixing solid with liquid is carried out, e.g. during the production of canned foods and dairy
products. This type of mixing is also used in, e.g. the production of chocolates and sweets,
where the ingredients are mixed in a more or less liquid state and solidify on cooling. For
viscous mixtures, kneading machines are used. For low viscosity mixtures various types of
stirrers, impellers and agitators are used.

Mixing liquid with liquid is carried out, e.g. during the production of emulsions like
mayonnaise, margarine and mixtures of solutions. This type of mixing is also used to blend
different wines or mineral waters with each other or with additives or extra ingredients. Various
types of stirrers, impellers and agitators are used.

Finally, mixing liquid with gas is carried out, e.g. when making ice-cream, whipped cream and
some sweets. During spray drying, the liquid-phase is mixed in a stream of gas. Atomisers are
used to produce small liquid droplets, which are brought into contact with a stream of gas.
When making ice-cream, whipped cream or a foam, small gas bubbles are fed into a liquid.

The aim of homogenisation is to attain a more even particle size or a more homogeneous blend
of materials. It is, e.g. applied to whole milk to reduce the size of fat globules so that they stay
evenly divided in the milk, thereby preventing the fat separating and the cream rising. The
liquid, i.e. whole milk, is pressed under high pressure, 200 to 300 bar, through a small orifice.

Conching is a special method of kneading used in the chocolate industry. The molten chocolate
mass is placed in a special trough-shaped vessel and is kneaded by a granite roller moving
slowly back and forth. The aim of conching is to reduce the viscosity of the mass and to
improve the flavour and the texture.
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21.2.3 Grinding/milling and crushing (B.3)
21.2.31 Objective

Grinding or milling is used for the size reduction of solid dry material. It may also improve the
eating quality and/or suitability of the material for further processing. It is the main process in
the cereal and animal feed industry and is also used to crush cane sugar and to facilitate the
extraction of sugar in sugar and rum factories. Crushing covers, for instance, breaking the skin
of berries and grapes to liberate the must.

2.1.2.3.2 Field of application

Grinding or milling is applied where dry solid materials are processed, e.g. in the flour milling,
animal feed, semolina, brewing, sugar and dairy sectors. Crushing is necessary to facilitate the
yeasts’ multiplication and also to conduct traditional macerations before pressing, e.g. in
winemaking.

2.1.2.3.3 Description of processing techniques, methods and equipment

A whole range of grinding or milling techniques and equipment are available for application
with different types of food. It can be carried out dry or wet. In wet grinding or milling, smaller
particle sizes can be attained. Often the dry technique is combined with sieving or air
classification, which results in particle size fractions. Generally abatement systems, e.g.
cyclones, are used as an integral part of the process, to recover dust from the extracted air. The
recovered material is then reprocessed.

The common types of mills used in the FDM sector are hammer mills, ball mills, roller mills
and disc mills. A hammer mill consists of a horizontal or vertical cylindrical chamber lined with
a steel breaker plate and contains a high speed rotor fitted with hammers along its length. The
material is broken apart by impact forces as the hammers drive it against the breaker plate. A
ball mill consists of a slowly rotating horizontal steel cylinder, half filled with steel balls of
2.5 to 15 cm diameter. The final particle size depends on the speed of rotation and on the size of
the balls. A roller mill consists of two or more steel rollers which revolve towards each other
and pull particles of the food material through the space between the rollers, the space is known
as the nip. The size of the nip can be adjusted for different food materials. A disc mill consists
of either a single rotating disc in a stationary casing or two discs rotating in opposite directions.
The food material passes through the adjustable gap between the disc and the casing or between
the discs. Disc mills have intermeshing pins fixed onto the discs and casing. This improves the
effectiveness of the milling.

21.24 Forming/moulding and extruding (B.4)
21.2.41 Objective

Forming or moulding and extruding are operations used to achieve a specified shape for solid
materials.

21.24.2 Field of application

Forming or moulding is an operation widely applied in the production of chocolate, bread,
biscuits, confectionery and pies. It is also an important process step in cheesemaking.
Extruding is widely used in the production of meat sausages, confectionery products and
starch-based snack foods.
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21.243 Description of techniques, methods and equipment

In forming or moulding, the material is in a viscous form and is fed into the appropriate mould.
As the moulding process progresses, the material becomes firmer and solidifies up to the point
that it becomes a fixed shape.

Extruding is a continuous process of shaping. The material is kneaded under high pressure and
pressed continuously through openings of the required shape. In cooking extruders, the material
is also heat-treated or cooked, to solubilise starches. Extruders can contain one or two screws.
The rotation of the screws transports and mixes the material and produces pressure build-up.

213 Separation techniques (C)
21.31 Extraction (C.1)
2.1.3.1.1 Objective

The objective of extraction is to recover valuable soluble components from raw materials by
primarily dissolving them in a liquid solvent, so that the components can be separated and
recovered later from the liquid. It is not always the objective to recover one particular
compound in pure form from a raw material, i.e. sometimes extraction is intended to separate all
of the soluble compounds from the residue; an example of this is the extraction of coffee.

21.31.2 Field of application

Extraction is widely applied in the FDM sector. For example, in the extraction of sugar from
sugar beets or sugar cane, oil from oilseeds and from virgin pomace, coffee extract from coffee
beans, caffeine from coffee beans and various other compounds such as proteins, pectins,
vitamins, pigments, essential oils, aroma compounds and flavour compounds from many
different materials.

21.31.3 Description of techniques, methods and equipment

Extraction works according to the principle that soluble components can be separated from
insoluble or less soluble components by dissolving them in a suitable solvent. Raw materials
that are suitable for extraction may contain either solids only, solids and a solution, or solids and
a liquid. Solid/liquid extraction is sometimes called leaching. When the soluble component is
incorporated in a liquid, the extraction may be applied to recover the valuable soluble
component. Commonly, the extract is the product or intermediate product and the residue is a
waste or by-product. The efficiency of the extraction process depends on the selectivity of the
solvent. Common solvents include water, organic solvents such as hexane, methylene chloride,
ethyl acetate and alcohol. Supercritical CO, is used in coffee extraction.

Raw materials are usually pretreated to ensure efficient extraction of the desired compounds.
For example, sugar beets and sugar cane are cut into thin slices, nuts and seeds are ground or
flaked, coffee beans are roasted and ground, and tea leaves are dried and ground.

The simplest extraction method is a repeated extraction with fresh solvent called lateral flow
extraction. However, this is rarely used because of the costs of the solvent and because it results
in a very low concentration extract. The most common method used is countercurrent
extraction, either in a batch or continuous process. Batch wise countercurrent extraction is
normally only used for the processing of small amounts of material. In continuously operating
extractors, the solid material and the solvent flow countercurrently. One difficulty with
extraction is the recovery of the extracted material from the solvent. This can be carried out by
evaporation, crystallisation, distillation or steam stripping.
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In principle, many different methods of transport are possible for material and liquid flows.
Some examples of transport systems commonly used include perforated trays connected to an
unbroken conveyor or loop, moving horizontally or vertically; screw conveyors which transport
the solid material in a countercurrent flow vertically or upwards under an incline slope, the
screws are perforated to obtain a uniform flow of liquid and finally, an unbroken perforated belt
where the solvent is circulated under pump action and sprayed on top of the solid material.

21.3.2 Deionisation (C.2)
21.3.21 Objective

Deionisation or ion exchange is used to remove unwanted organic and/or inorganic constituents
from water and food products. See also electrodialysis in Section 2.1.3.6.

2.1.3.2.2 Field of application

In the dairy industry, deionisation is applied in whey processing. For the application of whey
solids in human food and in baby food, low levels of mineral constituents are required.
Deionisation is also widely used in the FDM sector for the treatment of boiler feed-water for
power and steam generation and for the production of deionised process water. Deionisation is
also applied to remove minor ionised organic substances.

21.3.2.3 Description of techniques, methods and equipment

Deionisation is normally carried out by passing the product through a column containing ion
exchange resin beads. The beads contain a large number of active sites which are capable of
holding a wide variety of metals, non-metal inorganic molecules and ionised organic
constituents. The columns are operated batch wise and need to be regenerated when the beads
are exhausted or saturated. This is normally carried out by treatment of the columns and beads
with a variety of chemicals which remove the impurities and regenerate the active sites.

21.3.3 Fining (C.3)
21.3.31 Objective

Fining is the process of clarifying liquids, i.e. removing suspended particles which give the
liquid a cloudy appearance.

2.1.3.3.2 Field of application

The production of sparkling wines and beer.

2.1.3.3.3 Description of techniques, methods and equipment

The fining agent introduced causes the minute hazy particles to flocculate and precipitate out of
solution. These particles are proteins, polyosides, polyphenols, ferrous or cupreous complexes.
For the fining action to take place, the electrical charges between the fining agent and the
particles must be opposed, which means that it is necessary to carefully choose the fining agent
depending on the effect sought. The nature and the dose of the fining agent can be determined
by laboratory tests. Moreover, some other treatments can be technically classed as examples of
the fining process, such as iron elimination with potassium ferrocyanide.

The fining agents used can be divided into two major groups; organic and mineral fining agents.
Some organic fining agents are gelatine, ichthyocolla, egg albumin, blood albumin, algein,
caseins and caseinates. Some mineral fining agents are bentonites, silica gel and oenological
tannins.
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21.34 Centrifugation and sedimentation (C.4)
21.3.41 Objective

Centrifugation and sedimentation are used to separate immiscible liquids and solids from
liquids. Separation is carried out by the application of either centrifugal forces or natural
gravity.

21.3.4.2 Field of application

Typically used in the dairy industry in the clarification of milk, the skimming of milk and whey,
the concentration of cream, the production and recovery of casein, in the cheese industry, and in
lactose and whey protein processing. It is also used in drink technology, vegetable and fruit
juices, coffee, tea, beer, wine, soy milk, oil and fat processing/recovery, cocoa butter
manufacturing, sugar manufacturing and waste water treatment.

21.343 Description of techniques, methods and equipment

When the differences in density are large and time is not a limiting factor, natural gravity is
applied. This process is called sedimentation and can be batch wise or continuous. The batch
wise process occurs in a vessel containing a dispersion of solid particles with a higher density
than the liquid. In time, these heavier particles fall to the bottom of the vessel. If the height of
the vessel is shortened and the surface increased, the sedimentation time can be reduced. In the
continous process, the liquid containing the slurried particles is introduced at one end of the
process and flows towards an overflow. The sedimentation capacity of the vessel can be
increased by adding horizontal or inclined baffle plates.

Centrifugation is used to separate mixtures of two or more phases, one of which is a
continuous phase. There are two general ways to operate centrifuges. Continuous systems and
systems with breaks for cleaning. In continuous systems, the sludge can be discharged during
the process. The driving force behind the separation is the difference in density between the
phases. By using centrifugal forces, the separation process is accelerated. The necessary
centrifugal forces are generated by rotating the materials. The force generated depends on the
speed and radius of rotation. In raw milk, e.g. the skimmed milk is the continuous phase, the fat
phase is a discontinuous phase formed of fat globules with diameters of some microns, and a
third phase consists of solid particles. In beer production, clarification of the hot wort is carried
out to remove hot trub particles to get a clear wort. The commonly used equipment for wort
clarification is the hydrocyclone, where wort trub particles are separated in tangential flow.

Centrifuges are classified into four groups:

tubular and disc bowl centrifuges

solid bowl and nozzle or valve discharge centrifuges
conveyor bowl, reciprocating conveyor and basket centrifuges
hydrocyclones or whirlpools.

A tubular bowl centrifuge consists of a vertical cylinder, which rotates at 15000 to 50000 rpm,
inside a stationary casing. It is used to separate immiscible liquids, e.g. vegetable oil and water
or solids from liquid. The two components are separated into annular layers, with the denser
liquid or solid setting nearer to the bowl wall. The two layers are then discharged separately.
Typically, the disc bowl centrifuge is more widely used in the FDM sector as it can achieve a
better separation due to the thinner layers of liquid formed. The cylindrical bowl contains
inverted cones or discs and the liquids only have to travel a short distance to achieve separation.
These centrifuges operate at 2000 to 7000 rpm and have capacities of up to 150000 I/h. Disc
bowl centrifuges are used to separate cream from milk; to clarify oils, coffee extracts and juices
or to separate starch from slurry.
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A solid bowl centrifuge is the simplest solids/liquid centrifuge and is useful when small
amounts of solids must be removed from large volumes of liquid. It consists of a rotating
cylindrical bowl. Liquor is fed into the bowl; the solids settle out against the bowl wall whilst
the liquid spills over the top of the bowl. Cakes can also be removed without stopping the
centrifuge. Liquors containing higher levels of solids, i.e. >3 % w/w, can be separated using
nozzle or valve discharge centrifuges. These centrifuges are a modified disc bowl centrifuge
with a double conical bowl which enables the automatic discharge of solids. These types of
centrifuges are used to treat oils, juices, beers and starches to recover solid parts, e.g. yeast cells.
They have capacities of up to 300000 1/h. A special type is the bactofuge, which is a high speed
centrifugal process which separates bacterial cells and spores from milk.

The conveyor bowl or decanter, reciprocating conveyor and basket centrifuges are used when
the feed contains high levels of solids or sludges. They are used to recover animal protein, e.g.
precipitated casein from skimmed milk, vegetable proteins, to separate coffee, cocoa and tea
slurries and to remove sludge from oils. In the conveyor bowl centrifuge, the solid bowl rotates
at 25 rpm faster than the screw conveyor. This causes the solids to be conveyed to one end of
the centrifuge whereas the liquid fraction moves to the other larger diameter end. The
reciprocating conveyor centrifuge is used to separate fragile solids, e.g. crystals from liquor.

The feed enters a rotating basket through a funnel, which rotates at the same speed. This
gradually accelerates the liquid to the bowl speed and thus minimises shear forces. Liquid
passes through perforations in the bowl wall. When the layer of solids has built up, it is pushed
forward by a reciprocating arm. The basket centrifuge has a perforated basket lined with a
filtering medium, which rotates at 2000 rpm. Separation occurs in cycles, which last from
5 to 30 minutes. In the three stages of the cycle, the feed liquor first enters the slowly rotating
bowl, the speed is then increased and separation takes place, finally the speed of the bowl is
reduced and the cake is discharged through the base. Capacities are up to 90000 I/h.

A typical hydrocyclone comprises a conical section terminating in a cylindrical section. The
hydrocyclone is fitted with a tangential inlet and closed with an end plate, with an axially
mounted overflow pipe or vortex finder. The end of the conical portion terminates in a circular
apex opening. During operation, the slurry is forced, under pump pressure, through the
tangential inlet and this produces a strong swirling motion. The fraction of the slurry contains
the lighter particles discharged through the overflow, and the remaining slurry and solids are
discharged through the underflow opening.

2.1.3.5 Filtration (C.5)

2.1.3.51 Objective

Filtration is the separation of solids from a suspension in a liquid by means of a porous medium,
screen or filter cloth, which retains the solids and allows the liquid to pass through. Air filtration
is discussed in Sections 4.4.3.7.1, 4.4.3.7.2 and 4.4.3.7.3.

2.1.3.5.2 Field of application

Filtration is used in the FDM sector to clarify liquid products by the removal of small amounts
of solid particles with the subsequent recovery of the filtrate, e.g. for wine, beer, oils and syrups,
and to separate a liquid from a significant quantity of solid material to obtain the filtrate or cake,
or both, e.g. for fruit juices or beer.

2.1.3.5.3 Description of techniques, methods and equipment

The technique operates either by pressure filtration, i.e. applying pressure to the feed side, or
by vacuum filtration, i.e. applying a vacuum to the filtrate side.

The two main types of pressure filtration are the plate and frame filter press and the leaf filter.
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The plate and frame filter press consists of plates and frames arranged alternately and supported
on a pair of rails. The hollow frame is separated from the plate by the filter cloth. The slurry is
pumped through a port in each frame and the filtrate passes through the cloth and flows down
the grooved surfaces of the plates and is drained through an outlet channel in the base of each
plate. The filter operates at a pressure of between 250 to 800 kPa. The filter press is operated
batch wise; the optimum cycle time depends on the resistance offered by the filter cake and the
time taken to dismantle and refit the press. This press can be used when the dismantling,
emptying and refitting of the presses are carried out in a semi-automatic manner. Sometimes,
filter aids such as perlite or diatomaceous earth are used as a pre-coat or body feed to improve
the filtration. The equipment is reliable and easily maintained, and is widely used, particularly
for the production of apple juice and cider and in edible oil refining. A special type of plate and
frame filter press is the membrane filter press. A membrane is mounted onto the plate which can
be pressurised with air or water. Due to the higher pressure on the filter cake, up to 20 bar, more
liquid is recovered resulting in a dryer filter cake.

The need to develop much larger capacity units led to the introduction of the leaf filters. These
consist of mesh leaves which are coated in filter medium and supported on a hollow frame,
which forms the outlet channel for the filtrate. The leaves can be stacked horizontally or
vertically. Feed liquor is pumped into the shell at a pressure of approximately 400 kPa. When
the filtration is completed, the solid residue is blown or washed from the leaves.

Vacuum filters are normally operated continuously. Liquor is sucked through the filter plate or
cloth and the solids are deposited on the cloth. The pressure difference on the downstream side
of the filter plate is normally limited to 100 kPa due the cost of vacuum generation. Sometimes,
filter aids are used as a pre-coat or body feed to improve filtration. In these cases, a knife is used
to scrape off the solid residue. Two common types of vacuum filter are the rotary drum filter
and the rotary vacuum disc filter.

Rotary drum filters consist of a slowly rotating cylinder, which is divided into compartments,
which are themselves covered with a filter cloth and connected to a central vacuum pump. As
the drum rotates, it dips into a bath of liquor. The filtrate flows through the filter cloth of the
immersed compartment. When the compartment leaves the bath, the filter cake is sucked free of
liquor and washed. As the drum rotates further, the vacuum is released for the compartment in
question and the cake is loosened from the cloth by the application of compressed air, and then
removed by means of a scraper. The same procedure occurs for each compartment in turn as the
cycle is repeated.

Rotary vacuum disc filters consist of a series of vertical discs which rotate slowly in a bath of
liquor in a similar cycle to drum filters. Each disc is divided into segments and each segment
has an outlet to a central shaft. The discs are fitted with scrapers to continuously remove the
solid residue.

21.3.6 Membrane separation (C.6)

2.1.3.6.1 Objective

Membrane separation is aimed at the selective removal of water, solutes and/or suspended
material from a solution by using semi-permeable membranes. It is considered to be a
fractionation technique.

2.1.3.6.2 Field of application

Membrane separation is applied for the concentration of liquids, e.g. with cheese whey, the
removal of salts from whey or water, whey fractionation, and water purification.
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2.1.3.6.3 Description of techniques, methods and equipment

There are two membrane separation techniques used in the FDM sector, i.e. membrane
separation and electrodialysis.

Membrane separation is a pressure driven filtration technique in which a solution is forced
through a porous membrane. Some of the dissolved solids are held back because their molecular
size is too large to allow them to pass through. The size range depends upon the type of
membranes used. Fractionation of the feed stream occurs, with some molecules being
concentrated on the upstream side of the membrane, which is known as the concentrate or
retentate. The smaller molecules pass through the membrane into the permeate stream.

The various membrane separation techniques can be characterised by their membrane pore size.
Cross-flow microfiltration (CMF), can be used to remove bacteria from skimmed milk, or for
fractionation of the skimmed milk into a casein rich retentate and a milk serum devoid of casein;
the membrane pore size ranges from about 0.1 to 5 um. Ultrafiltration (UF) is applied to both
skimmed milk and whey, to concentrate the respective protein components; the membrane pore
size ranges from about 10to 100 nm. Nanofiltration (NF) membranes have selective
permeability for minerals and some small organic and inorganic molecules and NF is used
predominantly for concentration and pre-demineralisation (removal of salt) of whey; the pore
sizes of the NF membrane range from about 1to 10 nm. Reverse osmosis filtration (RO)
membranes are permeable to water but not minerals and are, therefore, used for dewatering;
concentration of whey or skimmed milk; or for polishing NF permeates or evaporator
condensate and in water treatment, e.g. softening and salt removal; the membrane pore size
ranges from about 0.1 to 1 nm.

Electrodialysis is a membrane separation process undertaken in the presence of an applied
electro potential. Low molecular weight ions migrate to an electrical field across cationic or
anionic membranes. These membranes are alternately arranged between the cathode and anode
within a stack. It is principally applied in the dairy industry for the removal of salt from whey.

21.3.7 Crystallisation (C.7)

21.3.71 Objective

The objective of crystallisation is to separate a solute from a solvent.

2.1.3.7.2 Field of application

Crystallisation is applied in the dairy industry, where lactose is produced from cheese whey or
casein whey, and the sugar industry. It is also used in the edible oil industry to modify the
properties of edible oils and fats; in this case it is also called fractionation.

21.3.7.3 Description of the technique, methods and equipment

Crystallisation is the formation of solid crystals from a solution. Crystals solidify in a definite
geometric form. They are usually grown by the introduction of nuclei into a supersaturated
solution. Any impurities in the liquid are usually not incorporated into the lattice structure of the
desired crystal. Accordingly, crystallisation is also a purification process.

21.3.8 Removal of free fatty acids (ffa) by neutralisation (C.8)
2.1.3.81 Objective

The objective of the chemical neutralisation process is to remove the ffa and the phosphatides
from vegetable oils, using caustic and phosphoric acid or, in some cases, citric acid.
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2.1.3.8.2 Field of application

Chemical neutralisation is applied in the refining process of vegetable oils such as soybean oil,
sunflower oil, rapeseed oil, and of animal oils and fats such as tallow or fish-oil.

21.3.8.3 Description of techniques, methods and equipment

The oil is preheated using steam, after which phosphoric acid or citric acid is mixed with it to
increase the water solubility of the phosphatides. The acidified oil, with a crude oil content of
0.5to 6 %, is then mixed with a caustic solution, which neutralises both the ffa and the
phosphoric or citric acid, and further increases the water solubility of the phosphatides. The
aqueous mixture of soap and phosphatides, which is known as soap-stock, is separated from the
oil by centrifugation. The oil is mixed with water to wash off the rest of the soaps. Again, the
water is removed from the oil by centrifugation. The caustic refined oil may be dried under
vacuum conditions and then pumped to a storage tank. The process is typically operated in a
continuous way, as shown in Figure 2.1, but it can also be a semi-continuous or batch process,
using long period mixing and sedimentation equipment.

Crude oil

NaOH

|—Vacuum

H3POy; | NaOH

Refined
oil

—

Soap stock

Gum conditioning " Neutralisation Re-refining Water washing YVacuum drying

a) Crude oil storage tank; b) Gum conditioning mixer; ¢} Neutralising mixer;
d) Separator (centrifuge); e) Re-refining mixer; f) Water-washing mixer; g} Vacuum dryer

Figure 2.1: Flow diagram of continuous neutralisation of oils and fats
[87, Ullmann, 2001]

The centrifuge aqueous discharges, i.e. the soap-stocks, are combined and further treated in a
soap-stock splitting system. This acidulation process is used to recover the ffa after treatment
with concentrated acid, usually sulphuric acid or occasionally hydrochloric acid, and heating
with steam. The separated ffa are then removed in a decanter centrifuge. In integrated
installations, the soap-stock can be added to the meal toasting process. The phosphatides
recovered are used as lecithin in human food or in animal feed.

21.3.9 Bleaching (C.9)
21.3.91 Objective

The objective of bleaching is to remove pigments, metals, e.g. nickel or iron from other oil
refinery processes; residual soaps and phospholipids from the oil or fat.

21.3.9.2 Field of application

Bleaching is applied in the refining of edible oils and fats.
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2.1.3.9.3 Description of techniques, methods and equipment

Edible oils and fats are mixed with bleaching earth that has an affinity for adsorbing the above-
mentioned undesirable compounds. The oil is mixed under vacuum conditions with 0.1 to 3 %
of bleaching earth. This is a clay mineral, such as bentonite or montmorillonite, that has been
activated by thermal and/or acidic or other treatments. These earths, sometimes mixed with
small amounts of activated carbon, have a very high adsorbing capacity. After bleaching for
30 0 90 minutes, the oil is separated from the bleaching earth, using filters. The spent earth
contains high amounts of oil, up to 30 %. A steam stripping process can recover a part of the oil
or fat. Used bleaching earth can be added to the meal in integrated installations. The bleached
oil is further treated in other refinery processes. The equipment used for bleaching consists of
mixing vessels, vacuum generators and filters.

21.3.10 Deodorisation by steam stripping (C.10)
2.1.3.10.1 Objective

The objective of deodorisation is to remove ffa and other highly volatile compounds from crude
degummed and/or alkali refined edible oils and fats after bleaching.

2.1.3.10.2 Field of application

Deodorising is applied in the refining of edible oils and fats.

2.1.3.10.3 Description of techniques, methods and equipment

Deodorisation is the use of steam distillation to strip ffa and other highly volatile components,
under vacuum conditions, from oils and fats. The equipment used for deodorisation consists of a
steam distillation column, barometric condenser, demisters and scrubbers. Steam is injected into
the oil heated to over 200 °C at the bottom of the distillation column, which is under vacuum
conditions. The steam strips the ffa and other impurities from the oils and fats but gums are not
removed by this process. The steam is condensed afterwards, using a barometric condenser of
either once-through or closed-circuit design (see Section 2.1.9.4). The separation of the volatile
components from this steam can be enhanced by a one-stage or a two-stage
scrubbing/condensation system and by demisters. Deodorisation can be operated in batch or
continuous deodorising vessels.

21.3.1 Decolourisation (C.11)

21.3111 Objective

Decolourisation is carried out to improve the colour, purity, ageing, microbiological stability
and shelf-life of certain food products.

2.1.3.11.2 Field of application

Decolourisation is used in the sugar, glucose, syrup and fermentation industries.

2.1.3.11.3 Description of techniques, methods and equipment

Decolourisation can be carried out by the addition of an active powder, e.g. powdered activated
carbon, to the product in aqueous solution, which is then mixed under controlled conditions.
Afterwards, the powder is removed by filtration, using static filters or rotary vacuum filters,
while the decoloured product is processed further. This process is often carried out in multiple
stages with the active material being re-used until exhausted, often using a countercurrent
system.
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The process can also be carried out by passing the product in aqueous solution through a
column of active material, e.g. using granular activated carbon or ion exchange resin beads.
Here, only minimal filtration is required after the process as the active material is held in place.
Active material is withdrawn from the column at regular intervals and replaced by new or
reactivated material.

The main purpose of both these operations is to remove colour molecules from the product as
well as precursors that may give rise to colour formation on storage, which is known as ageing.
The majority of the impurities removed are organic in nature. Passage over activated carbon
may also be helpful in removing phenolic material, which may cause taints, pesticide residues
and some heavy metals.

21.3.12 Distillation (C.12)
2.1.3.121 Objective

Distillation is the separation of the components of a liquid mixture by partial vaporisation of the
mixture and separate recovery of the vapour and residue. The more volatile components of the
original mixture are obtained at a higher concentration in the vapour, the less volatile in a higher
concentration in the liquid/solid residue.

21.3.12.2 Field of application

Distillation enables the separation and purification of volatile food products from aqueous
blends. Distillation can be used to separate flavours or essential oils, but is mainly used either
for the production of potable alcohol or spirits, or for the industrial production of alcohol from
agricultural raw materials, e.g. fruit and grain, which can then be used in alcoholic drinks or
liquors. Distillation normally follows alcoholic fermentation.

Spirit drinks production is regulated by Council Regulation (EEC) No 1576/89 [218, EC, 1989].
They are prepared from the distillate of the alcoholic yeast fermentation of products from
agricultural origin.

21.3.123 Description of techniques, methods and equipment

The process takes place in two basic types of equipment; the pot still and the column still. Stills
may be operated singly or in groups. The addition of heat enables the separation of
alcohol/aqueous compounds from the initial liquid feed in the still. Condensed aqueous alcohol
is removed as a liquid spirit from the head of the still, whilst a residual stream is discharged
from the base.

The pot still can be operated in a batch or continuous manner. In the former case, a batch of
material is charged to the still pot, boiling is initiated, and the vapours are then continuously
removed, condensed and collected until their average composition has reached a desired value.
When operated in a continuous manner, feed is continuously passed to the still pot with the
vapour and liquid portions being continuously removed.

In column distillation, the alcoholic liquid or beer enters a distillation tower heated with vapour.
In each contacting device, generally a tray, an equilibrium is created between the vapour
enriched with volatile components and the condensed liquid. Crude alcohol is drawn off from
the top of the tower and then rectified through another tower where 95 % of the alcohol is
separated from higher alcohols. At the bottom of the first tower, an aqueous blend or stillage is
drawn off. A condensed water or stillage water, contaminated slightly with organics, is drawn
off at the bottom of the second tower once the alcohol has been dehydrated. 95 % alcohol can be
turned into anhydrous alcohol by a number of different technologies. These technologies can
include azeotropic distillation using a third component, adsorption by a molecular sieve, or
dehydration by a membrane technique. Some spirits and ethyl alcohols of agricultural origin can
be distilled higher than 84 %.
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214 Product processing technology (D)
21.41 Soaking (D.1)
21411 Objective

The objective of soaking, e.g. of vegetable seeds, such as lentils, is to moisten and soften the
seeds to reduce the cooking time or to aid in seed coat removal. In the malting process, the
objective of soaking is the uptake of water to activate the germination process in the kernel.

21.41.2 Field of application

Soaking is predominantly applied in the processing of vegetable seeds. It is also applied with
grain, where the grain is soaked in the malting process prior to germination. This is often called
steeping.

21413 Description of techniques, methods and equipment

Soaking is performed by putting the vegetable seeds in water for a specified time. The time
needed varies, depending on the seed variety and species and with the length of storage and
storage conditions. Traditionally, dry beans are soaked for 8 to 16 hours in cold water with
appropriate hardness. High temperature soaking accelerates hydration. To steep the grain, the
grain is immersed in water at about 16 °C, ranging from 10 to 25 °C, depending on the
equipment, the process parameters, the raw material and the finished malt to be obtained.
During steeping, the moisture content increases from 12to 15 % to anywhere between
30 to 50 %, depending again on the above conditions. During steeping, the water in the steep
tanks is changed one to three times. Alternate wet and dry stages are applied. During the wet
stage, the grain is aerated continuously or at intervals. During the dry stage, the grain can be
aerated or the CO, can be extracted. The steeping process takes one to three days. Figure 2.2
shows an example of a steeping procedure.
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Figure 2.2: An example of the steeping procedure
[87, Ullmann, 2001]
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21.4.2 Dissolving (D.2)
21.4.21 Objective

Dissolving is the addition of powder to liquid to produce solutions or suspensions for further
processing.

21.4.2.2 Field of application

This process is used in a variety of products to recombine and reformulate them. For example,
dissolving is used for recombining or reformulating milks in the dairy industry.

21.4.23 Description of techniques, methods and equipment

A variety of processes and equipment are used for this purpose. Different mixing systems may
be used for the same task, ranging from simple batch dissolving tanks with efficient mixing
devices, to continuous mixing processes which involve either drawing solid materials into the
liquid phase or mechanical powder injection into the liquids. Depending on the product, the
liquid may be at ambient or elevated temperatures.

The main types of dissolving systems are:

e ablending pump that sucks the powder into the solvent. Used for total solids of up to 25 %

e jet dissolving which uses the venturi principle to suck powder into the solvent. Used for
total solids of up to 30 %

e adissolving tank with high shear mixing impeller. Used for total solids of up to 70 %

e a dissolving tank under vacuum with high shear impeller. Used for total solids of up to
30 %.

2143 Solubilisation/alkalising (D.3)
21.4.31 Objective

Solubilisation or alkalising is the neutralisation of cocoa nibs or cocoa liquor with an alkaline
solution, resulting in a darker colour and a milder taste. The milder taste is mainly the result of
the neutralisation of the light acidity of fermented beans. Considerable experience and skill is
required to obtain end-products with a constant colour and hue.

21.4.3.2 Field of application

Solubilisation is primarily used in cocoa processing.

21.4.33 Description of techniques, methods and equipment

The process is carried out by adding an alkali solution, usually potassium carbonate (K,COs3), to
the cocoa. Two different methods can be applied, i.e. liquid process or nibs alkalising.

In the liquid process, the liquid cocoa liquor is processed. This allows the flavour to be
modified. Potash solution is added to the liquor until a pH value of 7 to 8 is achieved. The
desired solubility is obtained by increasing the temperature from 45 °C up to 130 °C. Water
vapour and undesirable volatile components are released to the air during the heating phase.

During nibs alkalising, green or pre-dried nibs are processed. This has the advantage of
combining the drying with the nibs roasting and the disadvantage of the presence of the cocoa
butter in the nibs, which may result in slight damage to the fat. Batch and continuous processes
are available. Batch processes consist of a solubilisation tank at atmospheric pressure with a
high shear impeller. Continuous processes take place in a reactor followed by a mixing tank,
usually under vacuum. A typical batch alkalising process involves two steps. First, the nibs are

Food, Drink and Milk Industries 27



Chapter 2

neutralised by adding the alkaline solution in a reactive vessel at atmospheric pressure. The
reaction takes place within a temperature range of 80 to 105 °C. In the second step, water
evaporation and nibs roasting are carried out in a FBD.

2144 Fermentation (D.4)
21.4.41 Objective

Fermentation is the controlled action of selected micro-organisms to alter the texture of foods,
to preserve foods by the production of acids or alcohol, or to produce or modify flavours and
aromas. It also preserves products by lowering the pH tolerance limits of many micro-
organisms.

21.4.4.2 Field of application

Fermentation is an important processing step for a number of FDM products. Typical
applications include beer, wine, various dairy products, vegetables, meat and fish.

Alcoholic fermentation is used in beer and winemaking and for the production of spirits, mostly
with cereals, grape musts, sugar juices and molasses as a raw material. Lactic acid fermentation
is used for making yoghurt and other fermented dairy products, fermented meat products such
as certain types of sausages and vegetables, i.c. sauerkraut. In the lactic acid fermentation of
vegetables, the sliced raw material, e.g. green cabbage in the case of sauerkraut production, is
salted and then fermented under anaerobic conditions.

21.4.4.3 Description of techniques, methods and equipment

There are two types of fermentation processes, i.e. alcoholic fermentation and lactic acid
fermentation.

The breakdown of simple sugars into alcohol is normally referred to as alcoholic fermentation.
Yeasts, usually Saccharomyces sp, e.g. cerevisae or bayanus, are used to produce ethanol from
carbohydrates and very small amounts of other organic compounds. This conversion can be
represented by the following equation:

C6H1206 = 2C2H5OH + 2C02
(Glucose) = (Ethyl alcohol) + (Carbon dioxide)

This is an anaerobic process, i.e. it does not require the presence of oxygen. The temperature of
fermentation is usually in the range of 8to30°C. The temperature affects the rate of
fermentation, the efficiency of conversion and the flavour and the aroma of the finished product.
The pH may also be adjusted. This ensures that the fermentation is efficient and produces the
required flavour. The type of yeast species used affects the rate, efficiency, flavour and aroma
and is, therefore carefully selected to give the desired results. Selected strains of yeasts are often
used to optimise the alcohol yield and the production of aromatics as secondary components.
Nitrogen, vitamins and trace elements are usually added as yeast nutrients. Traditionally,
fermentation in beer and winemaking has been carried out in open fermentation vessels. Some
have been replaced by cylindrical closed fermenters, making recovery of CO, possible.

In lactic acid fermentation, lactose or other sugars are converted into lactic acid and small
amounts of other components. Lactic acid formation is accompanied by a decrease in pH, which
is important for the taste, the aroma and the preservation of the product. There are several
species of bacteria which are able to produce lactic acid. Each species gives its own typical taste
and aroma. Lactic acid fermentation is an anaerobic process. It is sometimes necessary to
remove as much of the oxygen as possible to enhance the fermentation process. Lactic acid
fermentation is carried out at 20 to 40 °C.
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To start the process, bacteria cultures known as starters are added to the raw material to be
fermented. The preparation of starter cultures is a sensitive process since the risk of airborne
infection must be reduced to an absolute minimum. Starter cultures must, therefore, be prepared
in a separate room supplied with filtered air with a slight positive pressure compared to normal
atmospheric pressure. The equipment cleaning system must also be carefully designed to
prevent detergent and sterilant residues from coming into contact with the cultures and spoiling
them. These very high hygiene constraints, coupled with the requirements of the temperature
regulation, i.e. heat treatment of the substrate first and then cooling, require a specific energy
consumption and use of cooling water.

21.4.5 Coagulation (D.5)
21451 Objective

Coagulation is the agglomeration of suspended particles and separate solids from liquids or vice
versa.

21.4.5.2 Field of application

Coagulation is used in cheese production and in the recovery of casein from milk. It is often
used in milk processing to separate the curd from the whey and it is also called curdling.

21453 Description of technique, methods and equipment

Temperature is one of the key factors that influence milk curdling. The required temperature is
obtained by using either heat-exchangers or by direct injection of steam into the curdling vat.
The temperature must be between 30 and 40 °C. Starters and other ingredients are added to the
milk. These ingredients help determine the specific characteristics of the final product. Curdling
is carried out in suitable vats or tanks, using either enzymatic coagulants, i.e. animal or
microbial rennet or acidifying starters.

When enzymatic coagulants or acidifying starters are used, a casein jelly is formed which
encloses the fat. The jelly will have different characteristics depending on which coagulant
method is used. This is important for achieving the desired final production. The curd is
produced by the separation of the whey, which is then gathered and sent for further processing
as appropriate. To obtain further separation of the whey, e.g. to obtain a hard or semi-hard
cheese, another heat treatment is given to the curd under stirring at up to 40 to 53 °C. For other
kinds of cheese, such as mozzarella or provolone, as well as the curd being heated at a higher
temperature, mechanical processing is also carried out to obtain the characteristic
stretching/melting properties. Furthermore, organic acids are used to control the pH and to hold
the curd at the right pH for the stretching properties to form.

21.4.6 Germination (D.6)

21.4.61 Objective

The objective of germination is to activate and develop the enzyme system in the grain kernel.
This activated enzyme system is necessary to activate the starch and protein breakdown at the
mashing stage before the later brewing process.

21.4.6.2 Field of application

Germination is an important processing step within the malting process of cereals. Malted
cereals, mainly barley, are used for beer production and the production of distilled drinks, e.g.
whisky. Malt is also used in food flavouring.
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21.4.6.3 Description of processing techniques, methods and equipment

To start germination, the grain is steeped to obtain the necessery moisture content (see soaking,
Section 2.1.4.1). The steeped grain is then transferred into germination vessels with perforated
steel plate floors for pneumatic malting, or onto germination floors for floor malting. The grain
is layered from about 70 to 150 cm thick for pneumatic malting and from about 5 to 15 cm for
floor malting. The germination step generally lasts between 96 and 200 hours. Depending on the
equipment, the process parameters, the raw material and the finished malt to be obtained, the
germination process can be shorter or longer. Conditioned air, i.e. cooled or heated and
humidified, is blown through the grain layer in pneumatic malting, or over it, in floor malting,
to control the temperature and the moisture content during germination. To prevent the grain
kernels from matting or felting, the layer of grain is turned from time to time, during which
water spraying can also be applied. The germination process is stopped by drying.

21.4.7 Brining/curing and pickling (D.7)
21.4.71 Objective

Brining or curing is a process whereby a product is treated with common salt (NaCl) and
curing salts which aims for the preservation of products by lowering the a,, below microbial
tolerance limits. Pickling is the preservation of products by lowering the pH, especially for
vegetables.

The objectives of these techniques are the long-life preservation of the control of the growth of
spore forming micro-organisms, a decrease in the energy needed for heat treatment, and adding
taste to the product.

21.4.7.2 Field of application

Brining or curing is applied in the production of certain types of cheese, meat, fish, vegetables
and mushrooms. Salt levels in the product can range from 1 to 5 %. Pickling is applied in the
fruit and vegetable sector.

21.4.7.3 Description of techniques, methods and equipment

In the brining or curing of meat products, the meat is treated with common salt (NaCl) and
with one or more of the following curing salts: sodium nitrate (NaNOs), sodium nitrite
(NaNQO,), potassium nitrate (KNOs) or potassium nitrite (KNO,). The process is designed to
produce an acceptable salt level in the product of about 1—3 %, or a level of curing salt
sufficient to produce an acceptable cured meat colour, which is produced by reaction of the
meat pigment myoglobin with nitrite. Nitrite may be used or it may be derived from nitrate,
which is converted to nitrite in the curing system. The presence of salt and nitrite in the product
inhibit microbial growth and enhance the durability and safety of the product. Thus, salt and
nitrite are essential to the curing process.

Whereas the salt content is determined by consumer acceptability, the curing salt content is
controlled by law. At present, a maximum of 100 mg/kg of nitrite and 250 mg/kg of nitrate, can
be contained in the finished product. Other ingredients may be added to cured meats for a
number of reasons, including taste. These include polyphosphates, sugars, spices, non-meat
proteins and starches. Also certain types of cheese are brined for reasons of taste and
preservation.

Several methods are applied for brining or curing, i.e. dry brining/curing, injection
brining/curing, immersion brining/curing and tumble/massage brining/curing.
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Dry brining/curing is applied to meat and cheese. In making cured meat products, salt and other
curing ingredients are deposited on the surface of the meat and are absorbed by diffusion over a
period of days or even weeks. At the same time liquor diffuses out of the meat, equivalent to
about 10 % of the initial meat weight. In the production of certain types of cheese, e.g. cheddar,
dry salt is added to the curd.

Injection brining/curing is used in meat processing, e.g. bacon and ham. A prepared solution,
i.e. brine, containing the ingredients, is injected by needle(s) into the meat, either manually or
by machine, to achieve a rapid deposition of curing salts and common salt throughout the mass.
After injection, the meat may be further processed or sealed in a plastic vacuum bag for a
number of days, or immersed in a brine that is identical or similar in composition to the injected
brine.

Immersion brining/curing is applied to cheese, meat and vegetables. During immersion, salt
gradually penetrates into the product while water containing soluble product components are
extracted from the product. The immersion brine may be discarded after each usage or it may be
continually restrengthened and re-used with only a bleed being discharged. Water extraction by
brining can range from 5 to 15 % of the product weight. The salt content of the brine ranges
from 5 to 20 %.

Tumble/massage brining/curing is especially applied to meat. In this process, the movement of
brine into the meat is accelerated by mechanical action. The meat may be injected with the brine
before treatment or it can rely on the mechanical action, possibly assisted by vacuum, to
accelerate absorption of the brine. This process is normally used when the meat is to be
subsequently cooked or canned.

Pickling of vegetables can be carried out by adding organic acids until the pH is below 4.3. In
the process of making sauerkraut, salt is added (brining/curing) to promote the growth of lactic
acid bacteria, for taste reasons and for conservation.

21438 Smoking (D.8)

21.4.81 Objective

The aim of smoking is the preservation of food by exposure to smoke, which has a bacteriostatic
effect. Preservation is also achieved by the drying of the surface layers and heat effects. In
addition, smoking adds flavour and, in some cases, the smoking process is used to cook the
food.

21.4.8.2 Field of application

Smoking is commonly used in the processing of fish, cheese, meat and meat products.

21.48.3 Description of techniques, methods and equipment

There are two types of smoking, hot smoking and cold smoking. These are described in
Sections 4.2.5 —4.2.5.5.

2149 Hardening (D.9)

21.4.9.1 Objective

The objective of hardening is to increase the melting point of the product and to change the
solid-fat content of edible oils into edible fats.
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2.1.4.9.2 Field of application

Hardening is applied in the processing of edible oils for the production of margarine and other
edible fats.

2.1.4.9.3 Description of techniques, methods and equipment

Hardening, or hydrogenation of oils, is the process of saturating mono or poly-unsaturated fatty
acids by adding hydrogen gas (H,) for the hydrogenation and nickel as a catalyst. Hydrogen
molecules, in the presence of nickel and under special process conditions, saturate the
unsaturated bonds of the fatty acids of edible oils. Neutral or bleached oil is heated to a
temperature of 150 to 205 °C in the presence of a nickel catalyst, maximum 10 kg catalyst/tonne
product. H, is then added to the mixing reactor to achieve the hardening, i.e. the transformation
from oil to fat. Hydrogenation is an exothermic process. After the reaction, the fats are separated
from the nickel, using filter presses or other filter systems. In a minority of cases, the nickel
catalyst can be re-used several times until it is deactivated. Specialised companies recycle the
spent nickel. The residual nickel concentration in the fats is removed by bleaching, which
produces bleaching earth contaminated with nickel. The equipment used for hardening consists
of mixing vessels, reaction tanks, autoclaves and filters.

21.4.10 Sulphitation (D.10)

21.4.101 Objective

The aim of sulphitation is to prevent either microbiological degradation, unwanted colour
formation or to adjust pH.

2.1.4.10.2 Field of application

Sulphitation is applied in winemaking, potato processing and shellfish processing. It is also
sometimes applied in sugar production to adjust the pH.

2.1.4.10.3 Description of techniques, methods and equipment

Sulphitation is the introduction of sulphur dioxide (SO,) into liquids; the quantity of SO, which
can be added is regulated. It can be introduced in various forms. First, in gaseous form,
generated either by burning sulphur or from liquefied gas and direct expansion. The SO, is
drawn by a fan into an absorption column in which the liquid flows. Second, in liquid form,
from liquefied gas or in sodium or potassium bisulphite solution. The SO, may also be stored as
a liquid, under approximately 5 bar, in horizontal cylindrical tanks of 25 to 50 m® capacity, from
which it can then be introduced into the desired process stream. Third, in solid form, as sodium
or potassium metabisulphite dissolved in the liquid to be treated.

An alternative sulphite source is ammonium bisulphite. Sodium bisulphite can also be used.

21.4.1 Carbonatation (D.11)
214111 Objective

The aim of carbonatation is to remove impurities from a solution.

21.411.2 Field of application

Applied in the sugar industry.
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214113 Description of techniques, methods and equipment

Carbonatation is the introduction of the milk of lime, calcium hydroxide, and carbon dioxide
gas (CO,) into a liquid to form calcium carbonate and to precipitate and remove impurities. The
effect of lime and CO, is the precipitation of insoluble calcium salts, the flocculation of
colloidal components, the chemical degradation of other molecules such as invert sugar and
amides, and the absorption of non-sugars on precipitated calcium carbonate. Lime and CO, are
normally produced in lime kilns by the thermal dissociation of limestone.

Any non-sugar components contained in the raw sugar juice after extraction from the beet, make
the subsequent stages in the sugar process impossible to perform. Therefore, the raw juice must
be purified to allow further processing. This is achieved by continuously adding milk of lime
and carbon dioxide from the lime kiln to precipitate most of the non-sugars. The product after
filtration contains the calcium carbonate and the non-sugars and is used in agriculture as a
liming material to improve the structure of arable soil and to regulate soil acidity. Sugar factory
lime may also be used for site recovery, e.g. filling quarry ditches, and for producing bricks or
cement. For aspects relating to lime kilns, see the “Cement and lime BREF” [219, EC, 2001].

21.412 Carbonation (D.12)
21.4.121 Objective

The aim of this process is to dissolve a quantity of carbonic gas into different products to obtain
a gasified or carbonated final product. When dissolved in water, carbon dioxide (CO,), is
sparingly soluble and thus, slowly released, forming bubbles that provide a characteristic
mouthfeel and a unique taste when consumed. In addition to an organoleptic property, under
suitable conditions, CO, has a preserving property by the inhibition of the development of
harmful aerobic micro-organisms. This, however, is not a substitute for other methods used to
ensure microbiological safety.

21.412.2 Field of application

Carbonation is an important process step in the preparation of many soft drinks and certain
types of mineral waters. It is also applied in the wine and brewing industries. In the manufacture
of still wines, carbonation is used to protect the colour and increase the aroma.

214123 Description of techniques, methods and equipment

Carbonation results from the impregnation of a liquid with CO, to form carbonic acid. The CO,
was traditionally obtained from lime kilns, by heating calcium carbonate, but this has now been
universally replaced in the soft drinks sector by the storage of bulk liquefied gas externally
delivered by a CO, supplier. The gas is stored within pressurised insulated tanks kept at a very
low temperature. In common practice, the gas tends to be generated as a by-product of
fermentation or chemical processes from companies outside of the soft drinks sector.

A carbonator combines CO, gas with the liquid to be carbonated. Current carbonators can be
classified into two main categories; those that carbonate water only and those that carbonate the
finished product mixture of syrup and water. These are sometimes coupled with coolers, often
referred to as carbo-coolers. The principal designs available are carbonators with integral
coolers, draining wall heat-exchangers and carbon dioxide injectors.

In combination with this process, de-aeration, i.e. the removal of air, is vital and is usually
applied to the water component in a first stage. The presence of air can create spoilage
problems. CO, is sometimes used to flush out air, however, the use of mechanically de-aerated
water has become more popular in recent years.
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The degree of carbonation varies for each soft drink formulation, from 4 g/l in fruit drinks
to 9 g/l in mixer drinks and 12 g/l in soda water. The CO, gas content is one of the smallest
constituents by weight, but possibly the most important, in regard to palatability of the product.
CO, is one of the very few gases suitable for providing the effervescence in soft drinks; it is
non-toxic, inert, and virtually tasteless and allows for convenient bulk transportation and
storage.

21.4.13 Coating/spraying/enrobing/agglomeration/encapsulation (D.13)
21.4131 Objective

The aim of this group of operations is to cover a food product with a layer of material to
improve the eating quality, to provide a barrier to the movement of moisture and gases, or as
protection against mechanical damage.

2.1.4.13.2 Field of application

Coating, by one of the above-mentioned techniques, is applied to confectionery, ice-cream,
baked goods, snack foods, fish, poultry and potato products.

2.1.413.3 Description of techniques, methods and equipment

Confectionery, ice-cream and baked goods are often coated with chocolate or compound
coatings containing chocolate. The principal ingredients in such coatings are fat and sugar. The
fat is tempered and held at a temperature of 31 to 32 °C, resulting in a liquid coating mass. This
coating is applied to the food products in the form of a single or double curtain through which
the food is passed on a stainless steel wire conveyor. A pan beneath the conveyor collects the
excess coating, which is then recirculated through a heater to the enrobing curtain. Products like
fish, poultry and potato products are often coated with batters. A suspension of flour in water to
which sugar, salt, thickening agents, flavourings and colourings are added to achieve the
required characteristics of the batter. The product is passed through the batter between two
submerged mesh conveyors. Coating with breadcrumbs can take place by depositing food
products onto a moving bed of breadcrumbs and then passing the bed through a curtain of
breadcrumbs. Other methods for coating are spraying the coating material onto the product,
agglomeration of products and encapsulation of the food particles.

2.1.4.14 Ageing (D.14)

214141 Objective

The aim of this process is to mature the product, especially for products aged in wooden casks
that allow some gas exchange between the product contained in the cask and the environment. It
is also part of the legal requirements when manufacturing some products.

2.1.4.14.2 Field of application

Ageing is commonly applied to wine and brown spirits.

214143 Description of techniques, methods and equipment

Ageing consists of filling wooden vessels, usually oak barrels, and then storing these vessels at
a moderate temperature during a period of time according to the product needs and the
regulatory requirements for this product. The capacity of oak barrels is between
200 and 600 litres.
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215 Heat processing (E)
2.1.5.1 Melting (E.1)
21.5141 Objective

The objective of melting is to obtain a phase change from solid to liquid, to prepare the material
for further processing, e.g. for fats and processed cheese, or to recover the melted fraction, i.e.
in fat recovery.

21.5.1.2 Field of application

The main applications of melting in the FDM sector are in chocolate moulding, the production
of processed cheese, the processing of oils and fats and the recovery of animal fat from meat
residues.

21.51.3 Description of techniques, methods and equipment

For melting, processing kettles are used. These can be operated either batch wise or
continuously. Heating may be carried out by direct steam injection or indirectly by steam
jackets. Processing kettles are available in various sizes and shapes. In continuous processing,
scraped surface heat-exchangers are applied.

21.5.2 Blanching (E.2)
21.5.21 Objective

Blanching is designed to expose the entire product to high temperatures for a short period of
time. The primary function of this operation is to inactivate or retard bacterial and enzyme
action, which could otherwise cause rapid degeneration of quality. Two other desirable effects
of blanching include the expelling of air and gases in the product, and a reduction in the product
volume.

21.5.2.2 Field of application

Blanching is an important step in the processing of fruit and green vegetables.

21.5.2.3 Description of techniques, methods and equipment

Before blanching, the food is preheated. Blanching may be accomplished by direct or indirect
heating systems. This may depend on the product. Direct heating is normally made by
immersion into hot water, at 80 to 100 °C, or by exposure to live steam. The operation is
normally carried out in horizontal chambers. The residence time in the blancher can vary from
approximately 1 to 5 minutes depending on the fruit or vegetable being blanched. For some
products, direct contact with water is to be avoided so heat-exchangers working with hot water
or vapour are applied. Indirect heating is described in Section 2.1.5.8. After blanching, the food
is cooled using either water or air.

2153 Cooking and boiling (E.3)

2.1.5.31 Objective

Cooking and boiling are heat processing techniques applied to foodstuffs, principally to make
the food edible. They also alter the texture, colour and moisture content of the food and may
facilitate other later processes.
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2.1.5.3.2 Field of application

Cooking and boiling are applied on an industrial scale for the preparation of ready-to-eat meals,
in the preparation of complete meals and for meal components, such as in various meat
products. They are also applied to heat foodstuffs prior to final processing.

2.1.5.3.3 Description of techniques, methods and equipment

In this document, cooking is distinguished from roasting, which is described in Section 2.1.5.5.
Cooking is carried out in ovens. There are several different types of ovens; water bath, shower,
steam, hot air and microwave.

Water bath ovens allow the best homogeneity of heating to be obtained. The immersion into hot
water causes weight loss, and results in proteins and greases being released into the water.
Boiling is cooking in a water bath oven at boiling temperature.

Shower ovens allow a good uniformity of heating. They include the simultaneous action of
water sent through the showers and the saturated steam which rises from the collecting basin, at
the bottom of the oven, which is heated, in turn, by coils.

In steam ovens, the water shower is eliminated and any heating is only due to the steam
produced in the collection basin.

Hot air ovens include, when it is necessary to control surface humidity, a steam inlet and a
recirculation of hot air which is obtained by passage through heat-exchangers.

In a microwave oven, food is heated by passing microwaves through it, the resulting generation
of heat inside the food facilitates rapid cooking.

2154 Baking (E.4)
2.1.5.4.1 Objective

Baking is a heat processing technique, principally to make the food edible. It can also change
the taste and texture. Another objective of baking is to preserve the food by destruction of the
micro-organisms and reduction in the a,, at the surface of the food. However, the shelf-life of
most baked foods is limited, unless products are refrigerated or packaged.

2.1.5.4.2 Field of application

Baking is used to prepare ready-to-eat products such as bread, cakes and biscuits. Baking can be
applied to fruit and vegetables. Baked vegetables may be used as a filling or as a topping
component in many food products such as pies, pizzas and snack foods.

21543 Description of techniques, methods and equipment

In a baking oven, the food is exposed to hot air at 110 to 240 °C, or to infrared irradiation. The
moisture at the surface is evaporated and removed by the hot air. When the rate of moisture loss
at the surface exceeds the rate of transport of moisture from the interior of the product to the
surface, the surface dries out and a crust is formed.

It is a common problem with filled food products that the moisture content of the filling
component, commonly fresh vegetables, adversely affects the casing or base component of the
food product during storage, via moisture migration into the casing or base. The alternative of
conventional dehydrated vegetables is not suitable, since these have undesirable taste and
texture properties and require rehydration prior to use. Baked vegetables do not have these
drawbacks. Suitable vegetables for this process include courgettes, peppers, mushrooms,
potatoes, cauliflowers, onions, artichokes and aubergines.
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There are four types of ovens; direct heating, indirect heating, electric and infrared ovens. All
oven types can be batch or continuous in operation. In batch ovens, the walls and the base are
heated. In continuous ovens, radiators are located above, alongside and below the conveyor belt.
Batch ovens incur higher labour costs than continuous ovens. Another disadvantage can be the
non-uniformity in baking times, caused by the delay in loading and unloading the oven.

In direct heating ovens, air and combustion gases are recirculated by natural convection or by
fans around the product to be baked. The temperature in the oven is controlled by adjusting the
air and fuel flowrates to the burner. The fuels normally used are natural gas, propane and
butane. The gas is burned in ribbon burners above or sometimes below the conveyor belt and
product. The advantages of direct heating ovens are their short baking times, high thermal
efficiencies, rapid start-up and good temperature control. Good management and care is
necessary to prevent contamination of the food by undesirable products of combustion.

In indirect heating ovens, the air in the baking chamber is heated via a heat-exchanger, by steam
or by burning a fuel. The air in the baking chamber is typically recirculated through the baking
chamber and the heat-exchanger. Other methods include passing the combustion gases through
radiator tubes in the baking chamber, or burning the fuel between a double wall whilst
exhausting the combustion gases from the top of the oven.

Electric ovens are heated by induction, heating radiator plates or bars.

In infrared oven