o EUROPEAN COMMISSION

%
%

* *
* o K

Integrated Pollution Prevention and Control

Reference Document on
Best Available Techniques in the Slaughterhouses and Animal
By-products Industries

May 2005




This document is one of a series of foreseen documents as below (at the time of writing, not all

documents have been drafted):

Full title BREF code
Reference Document on Best Available Techniques for Intensive Rearing of Poultry and Pigs ILF
Reference Document on the General Principles of Monitoring MON
Reference Document on Best Available Techniques for the Tanning of Hides and Skins TAN
Reference Document on Best Available Techniques in the Glass Manufacturing Industry GLS
Reference Document on Best Available Techniques in the Pulp and Paper Industry PP
Reference Document on Best Available Techniques on the Production of Iron and Steel 1&S
Reference Document on Best Available Techniques in the Cement and Lime Manufacturing Industries CL
Reference Document on the Application of Best Available Techniques to Industrial Cooling Systems CV
Reference Document on Best Available Techniques in the Chlor — Alkali Manufacturing Industry CAK
Reference Document on Best Available Techniques in the Ferrous Metals Processing Industry FMP
Reference Document on Best Available Techniques in the Non Ferrous Metals Industries NFM
Reference Document on Best Available Techniques for the Textiles Industry TXT
Reference Document on Best Available Techniques for Mineral Oil and Gas Refineries REF
Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry LVOC
Reference Document on Best. Available . Techniques in the Waste Water and Waste Gas CWW
Treatment/Management Systems in the Chemical Sector
Reference Document on Best Available Techniques in the Food, Drink and Milk Industry FM
Reference Document on Best Available Techniques in the Smitheries and Foundries Industry SF
Reference Document on Best Available Techniques on Emissions from Storage ESB
Reference Document on Economics and Cross-Media Effects ECM
Reference Document on Best Available Techniques for Large Combustion Plants LCP
Reference Document on Best Available Techniques in the Slaughterhouses and Animals By-products SA
Industries
Reference Document on Best Available Techniques for Management of Tailings and Waste-Rock in
Mining Activities MTWR
Reference Document on Best Available Techniques for the Surface Treatment of Metals STM
Reference Document on Best Available Techniques for the Waste Treatments Industries WT
Reference Document on Best Available Techniques for the Manufacture of Large Volume Inorganic
Chemicals (Ammonia, Acids and Fertilisers) LVIC-AAF
Reference Document on Best Available Techniques for Waste Incineration WI
Reference Document on Best Available Techniques for Manufacture of Polymers POL
Reference Document on Energy Efficiency Techniques ENE
Reference Document on Best Available Techniques for the Manufacture of Organic Fine Chemicals OFC
Referejnce Document on Best Available Techniques for the Manufacture of Specialty Inorganic SIC
Chemicals
Reference Document on Best Available Techniques for Surface Treatment Using Solvents STS
Referejnce Doct_lment on Best Available Techniques for the Manufacture of Large Volume Inorganic LVIC-S
Chemicals (Solids and Others)
Reference Document on Best Available Techniques in Ceramic Manufacturing Industry CER




Executive Summary

EXECUTIVE SUMMARY

Introduction

The BAT (Best Available Techniques) Reference Document (BREF) entitled ‘Best Available
Techniques in the Slaughterhouses and Animal By-products Industries’ reflects an information
exchange carried out under Article 16(2) of Council Directive 96/61/EC (IPPC Directive). 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 in conjunction with the
preface, which explains this document’s objectives; how it is intended to be used and legal
terms. It can be read and understood as a standalone document but, as a summary, it does not
present all the complexities of this full document. It is therefore not intended as a substitute for
this full document as a tool in BAT decision making.

Scope

This BREF covers the industrial activities specified in Annex I, paragraphs 6.4.(a) and 6.5. of
the Directive, i.e.

6.4.(a) Slaughterhouses with a carcase production capacity greater than 50 tonnes per day
and

6.5. Installations for the disposal or recycling of animal carcases and animal waste with a
treatment capacity exceeding 10 tonnes per day

Some processes are in this document because they are associated activities of 6.4.(a) even
though on first examination they would more obviously be 6.5. activities, but they fall below
that threshold.

For large animals, such as cattle, sheep and pigs, the Glaughter” activity is considered to end
with the making of standard cuts and for poultry, with the production of a clean whole saleable
carcase. In recent years there has been a change in the terminology used to describe outputs
from slaughterhouses. The term (by-product” is being used increasingly and it is widely used in
this document. The word Ovaste” is only used when referring to disposal activities.

Animal by-products activities covered include the treatments for entire bodies or parts of
animals and those for products of animal origin. These activities include the treatments of
animal by-products both intended for and not intended for human consumption. A wide range
of by-products activities are covered. These include fat melting; rendering; fish-meal and fish-
oil production; bone processing; blood processing associated with slaughterhouses and to the
degree where the blood becomes a material for use in the preparation of another product. The
incineration of carcases, parts thereof and animal meal and the burning of tallow, are covered
principally as routes for disposal. Land spreading; land injection; biogas production;
composting; the preservation of hides and skins for tannery use, in slaughterhouses and gelatine
manufacture are also covered. Landfill is not covered, except when mentioned as a route for
disposal.
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General information (Chapter 1)

Slaughterhouses

The slaughtering industry throughout the EU is diverse with many different national
characteristics. Some of these are due to different local end products, e.g. typical Italian cured
products. Others depend on what market the products are destined for, e.g. longer shelf-lives
may be required for meat destined for export than that to be sent to the local market. These
characteristics reportedly affect some of the choices made about what techniques are used in
some slaughterhouses.

Trends in the industries can influence environmental issues by, e.g. changing the amounts of
water consumed or the amount of waste produced. There appears to be a trend towards fewer
slaughterhouses with increasing average throughputs. It is reported that this trend towards
larger units has not resulted in lower consumption levels, but that it is easier and cheaper to
solve environmental problems at large plants. The increasing concern about food safety can
result in more waste being produced as parts of animals are discarded, such as following the
BSE crisis and in increased cleaning and sterilisation, which incur associated consumption of
water, energy and chemicals. There are other trends based on environmental driving forces,
such as odour prevention. The cooling of blood and other by-products, not only those parts
destined for use, but also those destined for disposal is becoming more common. Refrigeration
requires a considerable amount of energy, but does provide other advantages, such as better
products and less air and water pollution.

Animal by-products installations

In the past, animal by-products provided a valuable source of slaughterhouse income, however,
due to BSE, in recent years their value reduced substantially and much of the material which
was previously used, is now disposed of as waste at a cost to the slaughterhouse operator.

The animal by-products industry handles all of the raw materials that are not directly destined
for human consumption. The use and disposal routes permitted are governed by the Regulation
(EC) No 1774/2002 of the European Parliament and of the Council of 3 October 2002 laying
down health rules concerning animal by-products not intended for human consumption.

The continuing ban on the use of processed animal proteins in feed for animals farmed for food
has lead to the diversification of the animal by-products industry into incineration and to
research into alternative ways of disposing of by—products and in particular TSE materials and
SRM. The rendering industry still processes most of the animal by-products not intended for
human consumption although some are stored frozen, for future incineration.

Key environmental issues in slaughterhouses

The most significant environmental issues associated with slaughterhouse operations are
typically water consumption, emissions of high organic strength liquids to water and the energy
consumption associated with refrigeration and heating water. Blood has the highest COD
strength of any liquid effluent arising from both large animal and poultry slaughterhouses and
its collection, storage and handling is a key issue for assessment and control. At most
slaughterhouses, the refrigeration plant is the biggest consumer of electricity. It can constitute
45 - 90 % of the total site load during the working day and almost 100 % during non-production
periods. Food and veterinary legislation requires potable water to be used in slaughterhouses,
so there are virtually no opportunities for re-use of water. This has water consumption and
contamination consequences and also energy consequences when the water is heated. The
emission of odours from e.g. blood storage and handling and WWTPs, can be the most
problematic day to day environmental issue. Noise from e.g. animal noises during unloading
and marshalling and from compressors can also lead to local problems.
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Key environmental issues in animal by-products installations

All animal by-products installations can potentially emit high organic strength liquids to water
and cause significant local odour problems. If animal by-products are not treated quickly after
slaughter and before decomposition causes odour and/or quality problems and downstream
waste water problems, they may be refrigerated to minimise decomposition. This consumes
energy. Odour is a key environmental issue during rendering and fish-meal and fish-oil
production, even if fresh by-products are treated. Energy consumption is also a key issue for
those installations undertaking drying activities, i.e. fat melting, rendering, fish-meal and fish-
oil production, blood processing, gelatine manufacture and glue manufacture. Emissions of the
gaseous products of combustion to air, is an issue for incinerators. Infectivity associated with
the destruction of TSE risk material is an issue for rendering plants and for incinerators.
Infectivity associated with the destruction of pathogens has to be considered for composting and
where the by-product or waste produced by a treatment can be landfilled, land spread or land
injected. Infestation by insects, rodents and birds can be an issue during animal by-products
storage and use. Water consumption is significant for gelatine manufacture.

Applied processes and techniques (Chapter 2)

The relationships between slaughterhouses and their downstream activities are illustrated in a
very simplified and general form in the figure below.
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Relationships between slaughterhouses and their downstream activities (summary)

Individual unit operations in slaughterhouses are described first. This section is divided
between the slaughter of large animals and the slaughter of poultry. The processes at individual
types of animal by-products installations are then described. Some waste water treatment
processes that are applied in the industries are then described, firstly for slaughterhouses and
then for animal by-products installations.

Current consumption and emission levels (Chapter 3)

The average live weights of animals and carcase weights vary considerably between Member
States. Consumption and emission data has, to a large extent, been reported either Cper tonne of
carcase produced” or (per tonne of by-product treated”. This reflects the terminology of the
Directive and makes it easier to compare information from different sources. It also enables the
relationships between the actual processes and consumption and emission levels to be
examined, at the same time as avoiding misleading information based on, e.g. low
concentrations, which may be achieved by the overconsumption of water.
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Detailing the consumption and emission levels serves several purposes. Firstly, the ranges of
levels for given processes and unit operations illustrate potential opportunities for improvement
in environmental performance by those operating at the higher levels in the range. Secondly,
the availability of data from unit operations also demonstrates that it is practicable to measure
consumption and emission levels at that level and thus to monitor improvements. Thirdly, the
information can also be used to identify priority unit operations which can be improved. Also,
the availability of data at unit operation level makes it possible to compare techniques and
determine BAT for those parts of processes where consumption and emission levels are
significant and alternatives are available.

The data reported in the BREF illustrate a wide range of performances in the industries. For
example, for pig slaughterhouses a total water consumption range of 1600 — 8300 litres per
tonne of carcase produced is reported in Table 3.2. Water consumption levels, either in ranges
or single values, were also provided for the following unit operations: loading and vehicle
washing; lairage; slaughter; bleeding; scalding; hair and toenail removal; singeing; rind
treatment; chilling; intestine washing and cleaning. Intestine washing was reported to use
between 442 — 680 litres per tonne of carcase produced and to emit a BOD range of 0.98 -
3.25kg per tonne of carcase and was therefore identified as a unit operation making a
significant contribution to the pollution caused by the whole activity. Any contact between
water and carcases or animal by-products leads to water contamination, which is one of the key
environmental issues for slaughterhouses. The issue of reducing water consumption and water
contamination, during intestine washing is addressed later in this document. Techniques are
described and BAT is identified is identified in Section 5.2.1.

Some of the data provided for slaughterhouses show the breakdown of how water and energy
are consumed for different operations in an installation, as percentage values. This method of
presenting data can be useful for identifying overall priorities, but it is less useful for monitoring
improvements in a single operation because others may also change. For example, if less water
is used for scalding then the percentage used in cleaning may rise even if the actual
consumption does not. Nevertheless, this information has been useful, for confirming that
cleaning as a major consumer of water and that refrigeration as a major consumer of energy, in
slaughterhouses. The issue of minimising the consumption of water, and therefore the
associated reduced contamination of waste water and the energy consumed to heat the water,
has been addressed in this document. Unfortunately very little information has been received
about reducing the energy consumed by chilling and refrigeration.

Drying operations at animal by-products installations generally use most of the energy
consumed. Information about consumption levels supports this. This issue has been addressed
to some extent in the BREF and BAT has been identified for rendering.

Most of the information provided about odour is qualitative and the measurements received
have been presented using several units, which has made quantitative comparison between the
problems and potential solutions impossible. Nevertheless, odour associated with the storage
and processing of animal by-products is addressed from both the preventive and abatement
perspectives and BAT have been identified.

Most of the consumption and emission data provided for slaughterhouses and animal by-
products installations relates to waste water, although unfortunately most of the data
submissions were not accompanied by descriptions of the processes and throughput data or the
waste water treatments applied. Nevertheless, sufficient information was received for the
technical working group (TWG) to conclude that BAT is to subject the effluent from
slaughterhouses and animal by-products installations to a biological treatment process. BAT
associated levels based on the expert judgment of the TWG are given in chapter 5 and are
shown in the table below.
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For incineration, data on air emissions and ash analysis is reported both in this chapter and in
the chapter 4. The TWG has agreed to BAT associated levels and these are reported in chapter
5 and are shown in the table below.

For some animal by-products activities, little or no consumption and emission level data was
provided, however, qualitative information is included in the document.

The collection of data at the unit operation level, using comparable monitoring techniques and
accompanied with detailed descriptions of the technique and the operating conditions, would be
very useful for the revision of the BREF.

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
slaughterhouses and animal by-products industries.

About 250 techniques are described. They are described 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 TWG has aimed to include enough information to assess the applicability of the
techniques in general or specific cases. The standard structure assists the comparison of
techniques both qualitatively and quantitatively. The information in this chapter is essential to
the determination of BAT.

Those techniques which the TWG has judged to be BAT, are also cross-referenced from chapter
5. Permit writers and installation operators are thus directed to the discussion of the technique
associated with the BAT conclusions, which can assist them when they are determining the
BAT-based conditions of IPPC permits.

This chapter includes both (process-integrated” and (end-of-pipe” techniques, thus covering
both pollution prevention and pollution control measures, respectively. Some of the techniques
are very technical and others are good operating practices, including management techniques.

The chapter is structured so that techniques which are generally applicable to all
slaughterhouses and animal by-products installations are described first. These include general
training, maintenance and operational good practice, considered as general techniques as they
can be applied to virtually all activities. Others are more technical, but apply to the provision
and use of utilities and services that are also applied in most industrial activities, such as
providing lighting, or cleaning the installation. There are some techniques in this section which
are more directly related to slaughterhouses and animal by-products installations, including
several dealing with the storage of animal by-products and in particular the prevention of odour.
Techniques associated with preventing the accidental release of large volumes of liquids and
especially blood, are also included. General waste water treatment techniques are also included
in this section.

Techniques which apply to all slaughterhouses are then described. These deal with issues such
as the cleaning of lorries delivering live animals; minimisation of water consumption and
contamination on slaughter-lines; blood collection and the minimisation of water and energy use
in knife sterilisation.
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The next 2 main sections contain techniques dealing with the slaughter of large animals and
poultry, respectively. These include viscera and hide treatments undertaken at large animal
slaughterhouses. The techniques address potential consumption and emission issues at the unit
operation level, i.e. they are inherently (process-integrated” pollution prevention and control
techniques. Some are technical and some are operational. Many of them address the key
environmental issue of minimisation of water consumption and the associated contamination of
waste water. In many cases there are energy considerations too, due to water being heated.
They also address the minimisation of waste, e.g. associated with the trimming of hides.

The final section on slaughterhouses includes techniques for cleaning, waste water treatment
and waste treatment. Throughout the chapter there is an ongoing theme about preventing waste
water contamination and the segregation of by-products to maximise their usability and
minimise cross contamination and waste.

When the animal by-products industries are addressed there is an emphasis on minimising waste
and odour problems. Where the individual processes are addressed one by one, techniques
particular to the process in question are addressed, although in many cases the same
environmental issues are discussed. For example, several of the techniques address energy
saving for drying processes. Many of the techniques deal with Gend-of-pipe” odour abatement
and waste water treatment.

The section on the incineration of animal by-products addresses those issues specific to the
incineration of animal by-products, starting from their delivery to the site. Techniques which
have no special relevance to animal by-products are not covered because they come within the
scope of the OWaste Incineration” BREF. Issues such as flue gas treatment come within the
scope of the OWaste Incineration” BREF whereas the main issues addressed by the techniques
in this BREF are either directly or indirectly related to prevention of odour arising from animal
by-products and the destruction of TSE risk material.

Finally, 3 integrated same-site activities are described and the environmental advantages of, e.g.
reduced energy consumption by re-using heat and odour destruction by on-site incinerators are
described.

Best available techniques (Chapter 5)

The way the BAT conclusions are presented in chapter 5 is shown in the figure below. In the
figure, the BAT conclusions are presented in tiers. The top tier shows the Sections listing BAT
for all slaughterhouses and animal by-products installations; the second is divided between
additional BAT for slaughterhouses and BAT for animal by-products installations and the third
is divided further showing the Sections listing additional BAT for individual types of
slaughterhouse and animal by-products installation.

The conclusions represent what the TWG considered to be BAT in a general sense for the
slaughterhouses and animal by-products industries based upon the information in chapter 4 and
taking account of the Article 2(11) definition of Cbest available techniques” and the
considerations listed in Annex IV to the Directive. This chapter does not set emission limit
values but suggests emission levels that are associated with the use of BAT.
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5.1 BAT for slaughterhouses 51.1 General 5.1.2 Integration 5.1.3 Collaboration 5.1.4 Installation
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How the BAT conclusions are presented for slaughterhouses and animal by-products installations
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BAT addressing the main environmental issues for slaughterhouses and animal by-products
installations have been identified, to the extent that the information provided during the
information exchange has allowed. The assessment of techniques is dependent on the
information provided and assessed by the TWG. For many techniques there is only limited
technical and economic data available. For some key environmental issues very little
information was provided.

For slaughterhouses, the key environmental issues are generally water consumption; the
emission of high organic strength liquids to water and the energy consumption associated with
refrigeration and heating water. For animal by-products installations, the main issues are related
to the energy consumption associated with drying animal by-products; the emission of high
strength organic liquids to water; infectivity, especially related to the controlling, the handling
and the destruction of TSE material and odour.

Measures to minimise consumption and emission levels are very much influenced by planning
each process technically and operationally at each unit operation level. Some BAT therefore,
relate to this.

Regulation (EC) No 1774/2002 of the European Parliament and of the Council of 3 October
2002 laying down health rules concerning animal by-products not intended for human
consumption specifies requirements for the handling, storage, transport and processing of
animal by-products and describes the disposal routes allowed for TSE risk material. Care has
been taken to ensure that the BAT conclusions do not conflict with the requirements of this
Regulation. Likewise care has been taken to ensure consistency with other legislation relating
to, e.g. public health, food safety, animal welfare and health and safety at work. A great deal of
the discussion about the BAT conclusions examined the potential impact of the use of
techniques on these issues.

The following paragraphs summarise the key BAT conclusions relating to the most relevant
environmental issues. 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 the BREF.

General management and operation

BAT options related to general management and operational techniques contribute to the overall
minimisation of consumption and emission levels, by providing systems of work which
encourage good practice and raise awareness. The BAT identified focus on issues such as using
an environmental management system; providing training; using a planned maintenance
programme; implementing energy, refrigeration, light and noise management systems;
managing and minimising the quantities of water and detergents consumed and, in
slaughterhouses, managing and monitoring the use of hot water.

Water consumption and the emission of high organic strength liquids in waste water

It is recognised that minimising water consumption and contamination has wide reaching
environmental benefits, beyond just that. Increasing the volume of water used automatically
affects the volume of waste water which has to be treated at either an on-site or a municipal
waste water treatment plant. The treatment of waste water consumes energy and sometimes
chemicals and it can lead to odour problems. Every time water makes contact with a carcase or
any animal by-product, whether during production or cleaning, contaminants such as fats or
blood are entrained and these increase the burden on the waste water treatment plant. In many
cases the water used is hot, so energy will have been used to heat it. Also the fats can melt in
hot water and then become more difficult to separate from the water.

The availability of water varies depending on factors such as climate, hydrogeology, other
demands for its use and price. Whether consumption is considered to be a key environmental
issue at site level may, therefore, vary. The Water Framework Directive requires that water

viii Slaughterhouses and Animal By-products Industries



Executive Summary

pricing policies provide adequate incentives for users to use water resources efficiently. The
BREF identifies BAT to minimise water consumption.

Some examples of the type of BAT conclusions reached are included in the following list,
although this is only a summary and there are more in the BAT chapter. BAT is to remove all
running water hoses and repair dripping taps and toilets; fit and use drains with screens and/or
traps to prevent solid material from entering the waste water; dry clean vehicles and installations
before cleaning with a high-pressure hoses fitted with hand-operated triggers; use a squeegee for
the initial cleaning of the blood collection trough; where the equipment is suitable, operate a
cleaning-in-place system; avoid carcase washing and where this is not possible to minimise it,
combined with clean slaughter techniques; re-use cold water within pig de-hairing machines; re-
use cooling water from pig singeing kilns; empty stomachs and small intestines dry; remove
carcase washing equipment from poultry slaughter-lines except after de-feathering and
evisceration and use recycled water, e.g. from the scalding tank, for the carriage of feathers.

Some of the techniques apply to all slaughterhouses and animal by-products installations and
others are applicable in e.g. only in large animal or only in poultry slaughterhouses. Many, but
not all, of the techniques applicable to animal by-products installations are waste water
treatment techniques to clean water which has been contaminated by the process, e.g. during
rendering; fish-meal and fish-oil manufacture or gelatine manufacture. Waste water treatment
techniques are listed.

Energy
Power generation has major global implications, due to the emissions of greenhouse gases from

large combustion plants, so minimising energy consumption, including the use of hot water is a
key issue to be addressed. Hygiene standards have always been paramount in slaughterhouses
and to a great extent in animal by-products installations producing food or pharmaceutical grade
products. The Regulation (EC) No 1774/2002 of the European Parliament and of the Council
of 3 October 2002 laying down health rules concerning animal by-products not intended for
human consumption has increased the emphasis on hygiene, at all animal by-products
installations, to protect the food and feed chain and to control the risk to public health. Some
examples of the types of relevant BAT which have been identified include: dry clean
installations and transport by-products dry, followed by pressure cleaning using hoses fitted
with hand-operated triggers and where the use of hot water is necessary, using thermostatically
controlled steam and water valves; insulating and covering knife sterilisers and insulating
scalding tanks and the steam scalding of pigs and poultry.

In animal by-products installations carrying out fat melting, rendering, fish-meal and fish-oil
production, blood processing, bone processing, gelatine manufacturing or glue making the
majority of the energy consumed is generally associated with the drying process. For example
2/3 of the energy consumed in a rendering plant may be directly due to drying. Some examples
of the types of BAT techniques identified include: rationalising and insulating steam and water
pipework; removing water from blood, by steam coagulation, prior to rendering; for raw
material throughputs less than 50000 t/yr, to use a single effect evaporator and for raw material
throughputs greater than, or equal to 50000 t/yr, to use a multiple-effect evaporator, to remove
water from liquid mixtures and to concentrate plasma, prior to spray drying, using reverse
0smosis, vacuum evaporation or by steam coagulation.

In slaughterhouses, in particular, refrigeration is a very large consumer of energy. It may also
be significant where animal by-products are kept in refrigerated storage prior to treatment at
animal by-products installations. Although this was identified as a key environmental issue,
very little information was provided to assist with the determination of BAT. Some general
BAT have been identified, including: implementing refrigeration management systems;
operating controls over refrigeration plant running times; fitting and operating chill room door
closing switches and recuperating heat from refrigeration plants.
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Infectivity
Infectivity was identified as a key environmental issue, principally due to the concerns arising

from the BSE crises regarding both animal health, especially with respect to the feed and food
chain and human health after the links between TSE in animals and CJD, in humans were
discovered. Control of the handling and treatment of confirmed TSE infected materials, those
suspected of being infected and those arising from animals killed in the context of TSE
eradication measures is regulated by Regulation (EC) No 1774/2002 of the European
Parliament and of the Council of 3 October 2002 laying down health rules concerning animal
by-products not intended for human consumption.

The BREF contains BAT conclusions both directly and indirectly associated with the prevention
of the spread of TSE and the destruction of TSE risk materials. These are particularly related to
rendering and incineration. For example, BAT is to do the following: continuously collect by-
products dry and segregated from each other, along the length of the slaughter-line and
throughout animal by-products treatment; optimise bleeding and the collection of blood; use
sealed, storage, handling and charging facilities for animal by-products; enclose any buildings
used for delivery storage, handling and processing of animal by-products; clean and disinfect
delivery vehicles and equipment, after each delivery/use; reduce in size animal carcases and
parts of animal carcases, before incineration; restrict feedstock to exactly that tested during
trials; operate continuous incineration; operate an ash burnout chamber, where adequate
combustion is not otherwise achievable, e.g. immediately downstream from rotary kilns; operate
a monitoring regime for emissions, including a protocol for monitoring burnout, including
biohazard from TSE prions, in ash; to achieve emission levels as low as reasonably practicable
below those shown in the table below. This table includes BAT associated levels for total
carbon and total protein, in ash.

Odour

Although odour is widely considered to be an issue of local nuisance, it can in reality be the
most troublesome day to day environmental problem for slaughterhouses and animal by-
products installations and so it has to be controlled. Typically it will be caused by the
decomposition of animal by-products and this has other related environmental consequences,
e.g. it reduces the usability of the animal by-products and hence increases waste. Also, the
substances causing odour can cause problems during waste water treatment.

Odour has been considered in detail by the TWG and BAT has been identified to minimise
odour and to destroy it when prevention has not been possible. The main conclusion was that
animal by-products should be used or disposed of as soon as possible after the animal is
slaughtered. Preservation techniques to prevent decomposition and to minimise the formation
of malodorous substances and abatement techniques incur significant cross-media effects,
including energy consumption and often they require significant economic investment and
running costs. Taking account of the cross-media effects and their global implications and the
economic factors, the TWG concluded that BAT is to implement some such techniques, but
only if the animal by-products cannot be treated before the malodorous substances form, if the
animal by-products are inherently malodorous or if the process is inherently malodorous.

Some examples of the BAT identified include: store animal by-products for short periods and
possibly to refrigerate them; where it is not possible to treat blood or other animal by-products
before their decomposition starts to cause odour problems and/or quality problems, refrigerating
them as quickly as possible and for as short a time as possible, to minimise decomposition;
where inherently malodorous substances are used or are produced during the treatment of
animal by-products, to pass the low intensity/high volume gases through a biofilter. For
rendering, when it has been impossible to use fresh raw materials and thereby to minimise the
production of malodorous substances, BAT is to do either of the following: to, burn the non-
condensable gases in an existing boiler and to pass the low intensity/high volume odours
through a biofilter or to burn the whole vapour gases in a thermal oxidiser and to pass the low
intensity/high volume odours through a biofilter. For fish-meal and fish-oil production, BAT is
to use fresh, (low total volatile nitrogen) feedstock and incinerate malodorous air, with heat
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recovery. For incineration of animal by-products, some examples of BAT include, to duct air
from the installation and the pre-combustion equipment to combustion chambers, operate odour
arrestment techniques, when the incinerator is not working, when odour prevention is not
reasonably practicable and use a carbon filter for odour abatement, when incinerators are not
operating.

Collaboration with upstream and downstream activities

The operations of those involved in the supply of animals to slaughterhouses, including the
farmers and the hauliers, can have environmental consequences in the slaughterhouse. The
suppliers of feedstock to animal-by-products installations and other downstream users can also
influence the environmental impact of those installations. Their impact can be affected by the
properties of the feedstock, e.g. the freshness, degree of separation of different materials and the
specification.

BAT is to seek collaboration with upstream partners, to create a chain of environmental
responsibility, to minimise pollution and to protect the environment as a whole. Several BAT
are identified and most of these are associated with the delivery and feeding of animals or the
storage of animal by-products.

Sites with more than one activity

Several examples have been identified where sites with more than one activity can collaborate
to minimise consumption and emission levels. BAT is to re-use heat and/or power produced in
one activity in other activities and to share abatement techniques, where these are required, e.g.
for waste water or odour treatment.

Three examples are listed in the BREF, but the principle can probably be applied to any same-
site activities, of which there are many, for instance, slaughterhouses may, e.g. be on the same
site as fat melting plants, rendering plants, blood processing plants, incinerators and composting
plants.

It is also very common for slaughterhouses to have meat cutting plants and further processing
plants on the same site. In such cases information from the (Food, drink and milk” BREF can
be used to identify opportunities for collaboration.

The TWG also concluded that BAT is to export any heat and/or power produced which cannot
be used on-site

BAT associated levels
BAT associated levels were identified for waste water treatment and for the incineration of
animal by-products.

The emission levels given below are generally considered to be appropriate for protecting the
water environment and are indicative of the emission levels that would be achieved when
applying those techniques generally considered to represent BAT. They do not necessarily
represent levels currently achieved within the industry but are based on the expert judgment of
the TWG.

Parameter COD BODs SS Nitrogen Phosphorus FOG
(total) (total)
Achievable
emission 25-125 10 - 40 5-60 15-40 2-5 2.6-15
level (mg/1)

Emission levels associated with BAT for minimising waste water emissions from slaughterhouses and animal
by-products installations
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BAT for the incineration of animal by-products, is to achieve emission levels as low as
reasonably practicable below those shown in the table below.

Releases to air Performance associated with BAT )
Typical Monitoring

SO, (mg/m3) <30@ Continuous

HCI (mg/m’) <10@ Continuous

HF (mg/m°) n/a

NO, (mg/m°) <175@ Continuous

CO (mg/m’) <25@ Continuous

VOCs (mg/m’) <10@ Periodic

Dust (mg/m’) <10@ Continuous

Dioxins and furans (ng/m’) <0.19 Periodic

Heavy metals total (Cd, TI) (mg/m’) <0.05%

Heavy metals (Hg) (mg/m’) <0.05®

Heavy metals total (mg/m°) <059

(Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V)

NH, (mg/m’) <10

Residence time >850 °C 35s

Oxygen (minimum after last injection) 9 % Continuous

Pressure, Temperature, Water vapour; Volumetric flow Continuous

Ash - (total carbon) <1%®© Periodic

Ash — (total protein) (Aqueous extract) (mg/100g) | 0.3 — 0.6 Periodic

@ Releases control — (§5 % percentile hourly average over 24 hours”. Measurements at 273 K (temp.),
101.3 kPa (pressure) and 11 % O, dry gas

® Actual performance results operating a dry flue gas-cleaning system with bag filters and injected
reagents
Values measured over a sample period of a minimum of 6 hours and a maximum of 8 hours expressed
as toxic equivalent in accordance with Annex 1 of the Waste Incineration Directive

® Values measured over a sample period of a minimum of 6 hours and a maximum of 8 hours

©® Total organic carbon

Note: Protein analysis is not relevant to the dedicated incineration of poultry by-products

Emission levels associated with the dedicated incineration of animal by-products in either bubbling
fluidised bed, circulating fluidised bed or rotary kiln incinerators

Emerging techniques (Chapter 6)

Chapter 6 includes 2 techniques that have not yet been commercially applied and are still in the
research or development phase. They are (Bio-refining of animal by-products to produce soil
improvers and fertilisers” and (Biotechnological treatment of animal by-products in order to
increase energetic valorisation”. They have been included here to raise awareness for any future
revision of this document.

Concluding remarks (Chapter 7)

Information provided

Many reports from industry and Member State authorities were used as sources of information
in the drafting of this BREF and these were supplemented by information from individuals
based on example plants. A great deal of information was received during and following site
visits to slaughterhouses and animal by-products installations in several Member States. The
formal consultations on each draft of the document also prompted the provision of a huge
amount of information as well as providing the main opportunities for the TWG to verify the
information already submitted.
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Although over 350 pieces of information were provided, some significant gaps remain. Energy
consumption is a key environmental issue in slaughterhouses, due to chilling and refrigerated
storage and in many animal by-products installations, especially during drying. In spite of this,
very little data or information about energy saving techniques was submitted.

There is a lack of consistency in the data on the measurement of odour and the identification of
the options for keeping odour streams separate for treatment. Prevention of odour is addressed,
however, albeit qualitatively.

In general the consumption and emission data provided was not well explained in terms of
operating conditions and analytical methods and its relationship with the techniques described
was not always made clear. This is one of the reasons why there are very few associated BAT
levels quoted. The TWG attempted to collect data Cper tonne of carcase produced” and Cper
tonne of animal by-product treated” for each unit operation, to allow direct comparisons to be
made and to identify the areas with high consumption and emission levels, so that these could
be addressed. Large gaps remain in this data.

Very little information was received about bone processing, glue manufacture, gasification of
meat and bone meal, land spreading/injection, shellfish shell cleaning and the manufacture of
fertiliser from animal meal. This may in some cases be due to local legislation prohibiting or
restricting the application of animal by-products to land and restrictions under the new
Regulation (EC) No 1774/2002 of the European Parliament and of the Council of 3 October
2002 laying down health rules concerning animal by-products not intended for human
consumption.

Driving forces
The content of the BREF, as well as its time-scale for preparation has been strongly influenced

by issues such as food and feed safety concerns, e.g. arising from BSE; food hygiene and animal
welfare. The focus has remained on the prevention and control of pollution, but care has been
taken to ensure there is consistency with legislation and good practice associated with these
other important drivers. The main legal driver has been the new Regulation (EC) No 1774/2002
of the European Parliament and of the Council of 3 October 2002 laying down health rules
concerning animal by-products not intended for human consumption.

Level of consensus
The conclusions of the BREF were agreed at the final TWG meeting and there are no split
views.

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 the BREF is revised, thereby helping operators and
permit writers to protect the environment as a whole.

The lack of data (per tonne of carcase produced” and (per tonne of animal by-product treated”,
for each unit operation, could be addressed via the regulatory authorities and the various
industry NGOs which represent the slaughterhouses and animal by-products operators. They
could encourage and co-ordinate the increased measurement of consumption and emission
levels at the unit operation level, including details on operating conditions; descriptions of
techniques applied; sampling protocols; analytical methods and statistical presentation.

A great deal of the information provided about techniques was incomplete. The TWG decided
that although there was insufficient information in these techniques to help with the
determination of BAT, they should still be included in the document. The incomplete
techniques are appended to chapter 7. They are included to provoke both the collection and
provision of further information, when the BREEF is revised.
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Suggested topics for future R & D projects

The following topics might be considered for future research and development projects:

1

minimisation of energy consumption associated with chilling and refrigerated storage
minimisation of energy consumption associated with the drying of animal by-products
opportunities to use non-potable water at slaughterhouses, without compromising
hygiene and food safety

optimisation of the use of animal by-products, to minimise waste and

the development of benchmarking tools to improve the quality of future information
exchanges and revisions of the BREF.

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).

xiv
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PREFACE
1. Status of this document

Unless otherwise stated, references to Qhe 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 Cbest available techniques” is defined in Article 2(11) of the Directive as Qhe 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:

Qechniques” 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 State 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.

Slaughterhouses and Animal By-products Industries XV



Preface

Furthermore, Annex IV of the Directive contains a list of (onsiderations 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 Qan 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
Qhe 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
the work under Article 16(2) and a number of technical working groups have been established
under the umbrella of the IEF. Both 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.
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The rest of this section describes the type of information that is provided in each section of the
document.

Chapters 1 and 2 provide general information on the slaughterhouses and animal by-products
industries on the industrial processes used within the sector. Chapter 3 provides data and
information concerning current emission and consumption levels 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, for example new, existing, large or small installations. Techniques that are generally
seen as obsolete are not included.

Chapter 5 presents the techniques and the emission and consumption levels that are considered
to be compatible with BAT in a general sense. The purpose is thus to provide general
indications regarding the emission and consumption 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, ¢/ Inca Garcilaso, s/n, E-41092 Seville, Spain
Telephone: +34 95 4488 284

Fax: +34 95 4488 426

e-mail: JRC-IPTS-EIPPCB@cec.eu.int

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

SCOPE

The IPPC Directive
This document reflects an exchange information about the activities listed in Annex I,
paragraphs 6.4.(a) and 6.5. of the IPPC Directive, i.e.

6.4.(a) Slaughterhouses with a carcase production capacity greater than 50 tonnes per day and

6.5. Installations for the disposal or recycling of animal carcases and animal waste with a
treatment capacity exceeding 10 tonnes per day

Some processes are covered in this document because they are associated activities of 6.4.(a)
even though on first examination they would more obviously be 6.5. processes, but they fall
below that threshold.

Slaughterhouses

The document covers the slaughter of all animals that might contribute to the overall output of
an IPPC installation, even if it is unlikely that one installation would, for a given animal, fulfil
the threshold requirements of Annex 1 of the Directive.

The Gslaughter” 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. Directly associated activities
of the slaughter process are included. The degree of cutting of large animals in slaughterhouses
is limited by legislation [169, EC, 1991].

Disposal and recycling of animal carcases and animal waste

In recent years there has been a change in the terminology used to describe outputs from
slaughterhouses. The term Cby-product” is being used increasingly and it is widely used in this
document. The word Owaste” is only used in the document when referring to disposal activities.

The animal by-products activities covered include treatments for entire bodies or parts of
animals and those for products of animal origin. These activities include treatments of animal
by-products both intended and not intended for human consumption.

Some of the processes covered are both 6.5. activities and 6.4.(a) Qirectly associated activities”.
Some 6.5. activities are included because the aggregated capacities of more than one activity in
some cases bring an installation up to the IPPC threshold. This can vary in any given
installation because the proportion of Qinimal carcases and animal wastes” used in the various
process streams can change and is dependant on market forces.

A wide range of by-products activities are covered in the BREF. These include fat melting;
rendering; fish-meal and fish-oil production; bone processing; blood processing associated with
slaughterhouses and to the degree where the blood becomes a material for use in the preparation
of another product. The dedicated incineration of carcases, parts thereof and MBM and burning
of tallow, are covered principally as routes for disposal. Land spreading; land injection; biogas
production; composting; preservation of hides and skins for tannery use, in slaughterhouses and
gelatine manufacture are also covered. Landfill is not covered, except when mentioned as a
route for disposal.

Another BREF in the series, i.e. the (Food drink and milk” BREF [328, EC, 2003] covers the
production of food products downstream of those covered by this document. The relevant
activities covered in that BREF are listed in Annex I, paragraphs 6.4.(b) of the IPPC Directive,
ie.

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
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Activities after the standard cuts are made (except chilling at slaughterhouses) may be covered
by the (Food, drink and milk” BREF.

Where animal by-products are disposed of or recycled within another industry, BAT for those
activities comes within the scope of the relevant BREF for that industry.

Hides and skins which are by-products of the slaughter process may be destined for processing
in tanneries. The reader’s attention is drawn to the Ol'anning of hides and skins” BREF [273,
EC, 2001].
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Chapter 1

1 GENERAL INFORMATION

1.1 The slaughtering industry in the European Union

The slaughtering industry throughout the EU is diverse with many different national
characteristics. There does, however, appear to be a trend towards fewer slaughterhouses with
increasing average throughputs. All MSs have to comply with common hygiene and structural
standards [99, EC, 1964, 169, EC, 1991] and it is widely believed that this is the reason for the
increased consolidation of slaughtering into fewer and larger installations [57, DoE, 1993, 127,
MLC Economics, 1999].

Table 1.1 shows the number of cattle, pigs, and sheep (including goats) slaughtered by species,
for all MSs in 1998. To enable comparisons, the MLC has calculated total slaughter on the
basis of GB cattle units. They have defined a GB cattle unit, as follows:

1 GB cattle unit = 1 cattle beast or 3 calves or 5 sheep or 2 pigs

(This differs from the definition given in Council Directive 91/497/EEC, which refers to
livestock units as follows: bovines and solipeds = 1.0 livestock unit; pigs = 0.33 livestock units
and sheep = 0.15 livestock units [169, EC, 1991]. Interestingly, this definition is used even
though the average slaughter weights of some species vary significantly between MSs,
sometimes by a factor as high as 100 %.)

Adult cattle | Calves Sheep®” Pigs Total expressed in | % change
GB cattle units | 1998/87%
> 000 > 000 > 000 > 000 > 000
Belgium 612 311 203 11531 6523 +22
Luxembourg 21 3 - 129 87 -5
Denmark 615 50 66 20960 11125 +24
Germany 4126 485 2151 41352 25394 -
Greece 225 82 11993 2241 3772 -4
Spain 2331 133 21963 33428 23482 + 64
France 3858 1984 8639 26567 19531 +9
Ireland 1899 7 4067 3339 4384 + 40
Italy 3317 1099 7806 12571 11530 +3
Netherlands 1039 1373 650 19277 11266 +1
Austria 550 135 366 5359 3348 nc
Portugal 264 118 1271 4954 3034 +52
Finland 372 14 61 2195 1487 nc
Sweden 480 46 159 3962 2508 nc
United 2297 32 18698 16286 14191 -6
Kingdom
EU-15 22005 5872 78092 204151 141656 +12

D" Includes goats
@ Comparison made on the basis of GB cattle units (cattle beast or 3 calves or 5 sheep or 2 pigs)
nc  No comparison

Table 1.1: Numbers of cattle, sheep and pigs slaughtered in the EU in 1998
[127, MLC Economics, 1999]

Table 1.1 shows that Germany accounted for the largest share of EU slaughter, i.e. 18 % of the
total, followed by Spain with 17 % and then France with 14 %.

Between 1987 and 1998 the numbers of animals slaughtered in the EU, based on GB cattle
units, rose by about 12 %. Most of the increase occurred in pig and to a lesser extent, sheep
slaughtering. Overall, cattle and calf slaughter fell. Spain and Portugal were responsible for
much of the increase. Both of these countries were new EU members in 1987, and since then
their livestock industries have expanded rapidly. Spain has increased in all parts of the industry.
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In Portugal the increase has been greatest for pigs, with cattle slaughter actually falling in that
period.

Although Germany slaughtered more animals than the other EU countries, its total in 1998 was
more or less unchanged compared with its 1987 number. The Netherlands also showed little
change. It had recently slaughtered fewer pigs, following the introduction of environmental
measures to reduce the pig herd and problems with swine fever outbreaks. The drop in numbers
of animals slaughtered in the UK was primarily due to fewer cattle being slaughtered because of
BSE.

In 1999 the largest cattle slaughterhouse groups in the EU, comprised 4 companies in France
and Germany, which together accounted for 11 % of the EU kill. Pig slaughtering was even
more concentrated, being dominated by two large groups in Denmark, which between them
slaughtered 8 % of the EU total. These two groups have since merged. France dominated the
poultry slaughter industry, with its two largest groups accounting for 14 % of EU slaughter.

Some slaughterhouses have on-site animal by-products processing activities. ABP Regulation
1774/2002/EC sets out the rules for preventing cross contamination. This is achieved by
various requirements covering segregation, hygiene and record keeping.

Belgium
Pig slaughtering dominates the Belgian industry and accounts for practically all the expansion in

slaughter in the period 1987 to 1998. However, the industry is fragmented and profitability is
poor.

No company slaughters more than one million pigs per year. Several of the country’s largest
meat processing companies belong to international groups.

Of the EU-accredited slaughterhouses in Belgium there are 21 for slaughtering pigs exclusively,
2 for cattle and/or calves exclusively and 42 for slaughtering poultry. In addition, there are 41
EU-accredited slaughterhouses for slaughtering pigs and other animals, 46 that slaughter other
animals in addition to cattle and/or calves and 80 poultry slaughterhouses with an annual
slaughtering capacity of fewer than 150000 birds.

In Flanders, slaughterhouses are typically SMEs employing fewer than 50 people. Demand has
been falling in recent years for beef and pork, but exports are increasing, mainly to other EU
countries. [346, Belgian TWG member, 2003]

Denmark

The majority of pig and cattle slaughterhouses in Denmark are co-operatively owned. Pig
slaughtering is dominant. The industry is very concentrated, due to a round of amalgamations
and company take-overs during the 1980s. The largest slaughter company operating in
Denmark in 1997 had 12 slaughter units, accounting for around half the national kill. At this
time, it was the largest pig slaughter group in the EU and ranked second or third in the world. It
has since merged with the second largest company, which also previously ranked amongst the
world’s top ten.

The resultant company operates 5 cattle slaughterhouses and slaughters more than 60 % of
Danish cattle. One cattle slaughterhouse also slaughters approximately 20000 lambs per year
on a separate line. The remaining sheep and lambs are slaughtered in a large number of plants.
Previously one of these companies accounted for 38 % of cattle slaughter in Denmark and was
ranked eighth in size in the EU. It operated out of both Denmark and the UK. Its market share
is even greater now.

Generally, Danish poultry slaughterhouses are privately owned. Two companies each slaughter
40 % of the total national kill, i.e. about 25 million chickens each per year and six others
slaughter between 9 and 13 million each.
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Germany
Germany is the EU’s largest slaughterer of both cattle and pigs. In 1987 there were estimated to

be 350 slaughterhouses in West Germany alone. In 1995 there were 268 EU approved
slaughterhouses. In 1997, there were 200 slaughterhouses employing more than 20 people.
Several thousand more reportedly operate under the (Kleinbetrieb Regelung”, i.e. slaughtering
up to 20 GB units a week.

Germany’s prime position within the EU is reflected in the fact that 3 of its companies are
ranked high in terms of cattle slaughter, occupying the third, fourth and tenth positions for EU
cattle slaughter. The company that is ranked tenth biggest for cattle slaughter is also the EU’s
third largest pig slaughterer. Germany also has the EU’s eighth largest pig slaughtering
company. Three of the largest companies are producer co-operatives.

An overview of the economic position of slaughterhouses in Germany is given in Table 1.2.

Slaughtering and meat processing
(excluding poultry)

1997 1998 1999
Number of companies 200 219 228
Staff per company 83 75 76
Staff total 16668 16459 17430
Turnover (DEM million) 14122.9 12532.1 12693 .4
(exclusive of VAT)
Turnover per company (DEM 70.4 57.2 55.7
million)
Export ratio (%) 8.8 10.6 11.0

Table 1.2: Number of slaughterhouses (excluding poultry) in Germany, with turnover data for
1997 - 1999
[163, German TWG Members, 2001]

Spain

The numbers of cattle, sheep and particularly pigs slaughtered in Spain have all grown in the ten
years to 1999, following the accession of Spain to the EU. One of the largest slaughter
companies controls about 12 % of the Spanish market.

France

In the ten years between 1987 and 1997, the slaughter of cattle, calves and sheep all decreased
in France but the numbers of pigs slaughtered rose. The number of slaughterhouses decreased
from 602 in 1986 to 344 in 1997, but the average throughput size rose. One of the main
characteristics of the French industry is the continuing importance of public slaughterhouses,
even though practically all of the decline in slaughterhouse numbers has been in the public
sector and their average throughput is lower than the private sector. They still account for more
than half of the slaughterhouse numbers.

In 1997, there were 187 public slaughterhouses and 157 private slaughterhouses in France.
Public slaughterhouses dominate in the smaller size group, whereas the private sector has more
in the larger size group.

There has been a reduction in the number of slaughterhouses for all species, implying that the
average throughput has increased across the board. The rise in the number of pigs slaughtered,
however, means that pig slaughter has become particularly concentrated.

For cattle slaughter, France has the two largest groups in the EU, and between them they
account for about half of the French national kill.
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Ireland

The slaughtering of all species in Ireland grew between 1987 and 1997. This was carried out by
a relatively small number of companies, many of which also own considerable business in the
UK. The biggest player in cattle slaughter has an estimated 22 % of the total Irish kill and is
also a substantial player in the UK.

There is a small number of major companies operating in cattle slaughter, where there is over-
capacity. This has been influenced by a decline in cattle numbers and the gradual removal of
intervention as a major market. In 1998, Forbairt, an Irish Government development agency,
sponsored a rationalisation scheme. This was essentially an industry funded buy-out scheme.
By 1999 it had not resulted in any major re-structuring, reportedly due to a lack of interest from
the industry in the amount of compensation that was being offered to reduce slaughter capacity.

One company in particular has a large interest in the Irish pig industry, controlling about 42 %
of slaughter.

Italy
In the last twenty years there has been a gradual decrease in red meat slaughterhouses in Italy

[161, Italy, 2001]. The slaughter industry is highly fragmented, particularly for pigs. In cattle
slaughter, five groups account for about 39 % of the national total. The five leading pig
slaughtering companies account for only 16 % of the national kill. None of these slaughter
more than 500000 pigs a year.

All Italian pig slaughterhouses over the IPPC threshold kill pigs for typical Italian cured
products, such as ham and salami. Only pigs with an average live weight higher than 160 kg
and a minimum carcase weight of about 130 kg are killed. The main difference between Italian
pig slaughterhouses and others is that all the carcases are split to portions of maximum weight
15 kg, before cooling or chilling. [331, Italy, 2003]

Netherlands

In 1987, the Netherlands had the third highest pig kill in the EU, after Germany and France. In
the early 1990s measures were introduced to reduce the number of pigs held, because of
environmental concerns, but then in 1997, a swine fever epidemic led to the destruction of
millions of animals. Pig slaughtering has, therefore, been cut significantly and this has in turn
led to a reduction in the number of companies slaughtering pigs. In 1987, the number of
slaughterhouses slaughtering more than 25000 pigs annually was 55. By 1997, this had fallen
by half to 27. Since then it has dropped even further due to the slaughter capacity being
concentrated in fewer and larger plants [240, The Netherlands, 2002].

By 1995, the problems of over-capacity in cattle and pig meat slaughter led to efforts, on behalf
of the industry, for rationalisation by closing plant capacity. By 1997, it was estimated that
15 % of the capacity from the Dutch slaughter/processing industry, had been removed. At the
same time two co-operatives in the meat industry were merged to form a new farmers company.
This new company is a slaughtering, trading and meat processing business. It produces
650000 tonnes of pig meat each year from 6 - 7 million pigs, equivalent to 40 % of the Dutch
kill and 35000 tonnes of cattle.

It is anticipated that the production of pigs, poultry and cattle may fall even further over the
coming years due to a programme by the Dutch agriculture ministry to tackle phosphate
pollution from the farming industry [170, ENDS Daily, 2001].

Austria
The biggest Austrian slaughter group slaughters 500000 pigs and 85000 head of cattle a year.
Three companies process nearly 20 % of all Austrian meat products.
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130 out of the 4900 cattle, pig and small ruminant slaughterhouses are EU-approved.
Slaughterhouses that are not EU-approved operate under the "Kleinbetrieb Regelung", i.e.
slaughtering up to 20 GB units a week. [348, Austrian TWG member, 2003]

UK

In Great Britain, between the years 1987/1988 and 1998/1999 the numbers of slaughterhouses
decreased from 919 to 416. Over the same period the market share of slaughterhouses killing
over 50000 GB cattle units per year increased from 59 % to 78 % and those killing more than
100000 rose from 30 % to 56 %. Concentration has increasingly taken place, especially in pig
slaughtering, but also to a lesser extent in sheep slaughtering and less still in cattle slaughtering.

EU funding of red meat slaughterhouses in the late 1970s and early 1980s contributed to
overcapacity. Low profit margins then led to cheap sales, resulting in low cost takeovers and
mergers, many of which involved investment from Ireland. Capacity has to some extent been
restricted as a consequence of new temperature requirements for fresh meat, which require filled
refrigeration space and increased regulatory inspection, which has slowed down slaughter-line
speeds.

Conglomerates of medium-sized slaughterhouses have been replaced by groups controlling
large slaughterhouses, which are closely controlled by the main customers, i.e. supermarkets.
Many of the top ten plants have also been investing in integrated slaughter, cutting, deboning
and in some cases further processing plants.

Finland

Most of the large slaughterhouses in Finland are privately owned, although 77 % of pig
slaughter and 65 % of cattle slaughter is carried out by co-operatives. Sheep slaughter is limited
in Finland and is always done on the same slaughter-lines as cattle. [134, Nordic States, 2001]

There are 10 slaughterhouses in Finland with a carcase production capacity greater than
50 tonnes per day. Together these slaughter about 83 % of the total in Finland. There are also a
number of smaller slaughterhouses. The processes and the type of animals being slaughtered
vary a lot. The main animals slaughtered are pigs, cattle, chicken, and turkeys. [148, Finnish
Environment Institute and Finnish Food and Drink Industries' Federation, 2001 ]

Sweden

One Swedish co-operative group dominates both the cattle and pig slaughter industries,
accounting for 76 % of the country’s cattle throughput and 79 % of the pig throughput. It is the
EU’s ninth largest cattle slaughter group and its seventh largest pig slaughter group. There is a
slight trend towards private slaughterhouses and away from co-operatives [134, Nordic States,
2001].

Generally Swedish poultry slaughterhouses are privately owned. Their total production is
65 million chickens per year, 99 % of which are slaughtered by companies belonging to one
organisation [ 134, Nordic States, 2001].

Norway

In Norway there is a low animal density, so most of the slaughterhouses are small compared to
other countries. The supply market is divided between one producer owned company and a
number of private slaughterhouse companies. The producer owned company owns a number of
subsidiary slaughter companies, which together slaughter about 75 % of the total. The low
animal density also means that very few of the 55 or so slaughterhouses slaughter only a single
species. [ 134, Nordic States, 2001]

The numbers of slaughterhouses, the numbers of animals slaughtered, the average live weights
and average carcase weights for the MSs and some PACs are summarised in Table 1.3.
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Country Species No of No of animals Average Average
slaughter- slaughtered live weight | carcase weight
houses each year (kg) (kg)
Belgium Cattle 48 923000 670 410
[127, MLC Economics, 1999, 136, Sheep 203000 42 21
Derden A, 2001, 242, Belgium, 2002, (Pigs 62 11531000 120 93
346, Belgian TWG member, 2003]  [pPoultry 42 276520055 2.15 1.4
Denmark Cattle 13 650000 450 250
[132, Thy-Christensen, 2001, 134, Sheep 1 74000 33
Nordic States, 2001] Lambs 21
Pigs 24 21000000 100 77
Chickens 6 136600000 1.8 (chicken +
giblets) 1.4
Turkeys 1 1000000 9.9
Ducks 1750000
Germany Cattle 4611000 321
[127, MLC Economics, 1999, 163, Sheep 2151000 20
German TWG Members, 2001] Pigs 41352000 92
Greece Cattle 307000
[127, MLC Economics, 1999] Sheep 11993000
Pigs 2241000
Spain Cattle 128 2464000
[69, AINIA, 2000, 70, AINIA, 2000, (production
127, MLC Economics, 1999, 271, cap > 50 t)
Casanellas J., 2002] Sheep included in 21963000
cattle
Pigs included in 33428000 85
cattle
France Cattle 5842000
[127, MLC Economics, 1999] Sheep 8639000
Pigs 26567000
Luxembourg Cattle 24000
[127, MLC Economics, 1999] Pigs 129000
Netherlands Cattle 2412000
[127, MLC Economics, 1999] Sheep 650000
Pigs 19277000
Austria Cattle 598445 638 339
[348, Austrian TWG member, 2003] [Sheep 83808 49 23
Pigs 5274285 118 95
Portugal Cattle 382000
[127, MLC Economics, 1999] Sheep 1271000
Pigs 4954000
Ireland Cattle 1906000 330
[127, MLC Economics, 1999, 215,  |Sheep 4067000
Durkan J., 2001] Pigs 3339000
Italy Cattle 4416000 270
[127, MLC Economics, 1999, 137, Sheep 7806000
Leoni C., 2001, 248, Sorlini G., Pigs 12920465 143 130
2002]
Finland Cattle 5 103000 470 260
[127, MLC Economics, 1999, 134, Sheep and 61000 16
Nordic States, 2001, 148, Finnish goats
Environment Institute and Finnish Pigs 3 756000 100 82
Food and Drink Industries' Mixed 10 Cattle 270000 255
Federation, 2001] species Pigs 1390000
(named)
Chickens 4 43800000 1.9 1.4
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Country Species No of No of animals Average Average
slaughter- slaughtered live weight | carcase weight
houses each year (kg) (kg)
Sweden Cattle 15 518000 530 290
[134, Nordic States, 2001] Sheep 10 187000 sheep 25
Lambs lambs 19
Pigs 16 3900000 110 84
Chickens 6 69300000 1.8 1.3
Turkeys 200000 15
Ducks 57000
Geese 30000
United Kingdom Cattle 376 2329000 (England and
[12, WS Atkins-EA, 2000, 67, WS Wales) 263
Atkins Environment/EA, 2000, 127, |Sheep included in 18698000 (England and
MLC Economics, 1999] cattle Wales) 18
Pigs included in 16282000 (England and
cattle Wales) 51
Mixed included in cattle
species
Chickens 130 (England and 4
Wales) 780000000
Turkeys included in (England and 5
chickens Wales) 24000000
Norway Cattle 55 353725 cattle 263
[134, Nordic States, 2001] calves 81
Sheep included in 1156065 18
cattle
Pigs included in 1324571 80
cattle
Mixed included in cattle
species
Slovenia Cattle 5 127128 484 261
[143, Skodlar M., 2001] Sheep
Pigs
Mixed 5 500000 104 82
species
Chickens 2 21000000 2 1.5
Turkeys 1 90000
Czech Republic
Hungary
Malta
Latvia Cattle 46248 300 140
[312, Latvia TWG, 2002] Sheep/goats 953 50 25
Pigs 211211 100 60
Horses 144
Rabbits 399
Poultry 3101222 2 1.2

(Chickens” includes hens

(Cattle” includes calves where calves are not reported separately
(Bheep” includes goats where goats are not reported separately

Table 1.3: Numbers of slaughterhouses, animals slaughtered and associated live/carcase weights in

Europe
(Sources listed in column 1)

Trends which may influence future resources in the slaughtering industry

The following view is a summary of information reported by the Nordic countries [134, Nordic

States, 2001].

Main tendencies

There are some clear general tendencies, which may influence the future consumption of
resources in the slaughtering industry. These are: the trend for larger and larger units; the
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increasing demand for better food safety; the increasing focus on animal welfare; the growing
requirements for good eating quality; the need to improve the working environment and the
increasing level of processing required to produce ready-to-eat-food.

Larger installations

Production is progressively being concentrated in fewer and larger plants. For individual plants,
the larger units might, in theory, be expected to result in lower consumption per unit. However,
in practice this is not the case. An analysis of the Norwegian and Danish meat and poultry
slaughter plants has shown no significant difference between large and small plants. It is
claimed that it is easier and cheaper, per unit, to solve environmental problems by odour
abatement and waste water cleaning at large plants. There are some notable exceptions to this
trend, towards larger plants e.g. in Austria the trend has been towards smaller slaughterhouses,
due to stricter animal transport regulations and consumer pressure [348, Austrian TWG
member, 2003].

Food safety
The occurrence of Salmonella, including the multiresistent strain DT 104; Listeria; VTEC

(0157) and other microbiological contaminants in meat products, plus the BSE crisis, have
created a strong focus on food safety. This has led to increased hygiene requirements at
slaughterhouses and as a consequence a higher intensity of cleaning and sterilisation operations.
This in turn leads to an increased consumption of water and energy. Increasing quantities of
water at 82 °C are now consumed for the sterilisation of knives and other tools. Showering
cabinets are now available for showering pig or cattle carcases with hot water, typically using
40 litres per pig carcase. An increased use of such systems could result in a significant increase
in water and energy consumption. Cleaning chemicals are also used in greater amounts [237,
Italy, 2002, 240, The Netherlands, 2002].

Lower temperatures may be demanded where meat is handled and a safer and more effective
cool chain from the slaughterhouse to the consumer may be required. All this could increase
energy consumption. Increased hygiene requirements may also result in increased packaging
and even new types of packaging [241, UK, 2002].

Prohibiting the feeding of (processed animal proteins” to farmed animals, i.e. those kept
fattened or bred for the production of food, due to the BSE crisis has changed the concept of
what is waste and what may have a further use. This may change further, in the future.

Animal welfare/ethics

Animal welfare issues influence stunning methods. Examination of the safety and ethics of
feeding animals to animals has led to a reduction in the use of animal by-products in animal
feed and an increase in the amounts disposed of as waste.

Eating quality
The growing requirement for good eating quality is receiving increasing attention. In pig

slaughter, for example, careful control of carcase chilling processes can improve the tenderness
of meat. To decrease the frequency of PSE, it is important to chill warm pig carcases as soon as
possible after slaughter. It has been reported that the reduction of water consumption on the
slaughter-line, e.g. in de-hairing machines, after singeing and in scraping/polishing machines,
has slowed down the temperature decrease in the carcases on the slaughter-line. It has,
therefore, been suggested that carcases should be showered with a large volume of cold water
before being opened.

Working environment

To preserve the health of the employees and to attract sufficient good labour to the industry, it is
necessary to avoid heavy lifting, repetitive working operations and arduous operations. This is
leading to the automation of some tasks. If there is a lack of available labour, this will also
speed up the introduction of automation. Automated equipment requires energy for its
operation and in, e.g. Italy, there is a requirement for cleaning and sterilisation between each
carcase, if the meat is destined for export to the US [237, Italy, 2002]. In any case the
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equipment must be cleaned and sterilised several times a day and always at the end of each
working day [99, EC, 1964] as a minimum, although it is actually recommended between each
carcase. Efficient washing and sterilisation require training [241, UK, 2002], supervision and
the maintenance of equipment [241, UK, 2002], as well as the use of considerable quantities of
both cold and 82 °C water.

Improved lighting and ventilation in working areas also consumes energy. In many cases, the
environment in the lairage will often have to be improved for both the staff and the animals by,
e.g. increased ventilation to remove dust, and by the showering of pigs.

Processing
The degree of processing of meat products is increasing at the moment, due to the demand for

products which can be prepared quickly and simply. This means that meat processors now
carry out a higher level of processing and packaging, usually combined with chilling and
freezing. Processing and packaging are not within the scope of this document, but they will be
associated activities on many slaughterhouse sites.

Other considerations

The best possible utilisation of gut sets from pigs (those from ruminants are SRM), may be in
conflict with the wish to reduce water consumption and pollution. There is a tendency not to
clean intestines, or parts of the gut sets, if a reduction in water usage or pollution of the waste
water is required. The cooling of blood for rendering is becoming more common and the
cooling of other raw materials for rendering, e.g. those from the slaughter-line, is being
discussed. This demands a considerable amount of energy, but does provide other advantages,
such as better products and less air and water pollution.

Changes in the EU agricultural support scheme could result in changes in capital
availability/profitability in the meat industry. When there is only a limited amount of money
available for capital investments, it has been forecast that there would be a tendency for it to be
used for production improvements, rather than for environmental purposes, even when the latter
have a short repayment period. It has also been anticipated that investments in environmental
improvements will probably, to an increasing extent, be for odour and noise abatement, due to
local community pressures. It is perceived that reducing odour problems leads to increases in
energy consumption, e.g. to overcome the pressure drop in ducts, chimneys and filters and to
move large volumes of air. Many cleaning systems also require the use of water and chemicals.

Technical characteristics of slaughterhouses

Large animal slaughterhouses can, in general, be classified into two groups. The first group
carries out slaughterhouse operations only, i.e. they slaughter, dress and chill carcases for sale to
wholesalers. The second group does the same operations, but also operates cutting plants to
produce specific meat cuts and portions, both on- and off-the-bone. These are then packed as
chilled or frozen meat for sale to wholesalers and retailers [57, DoE, 1993], or sent to
processing plants [331, Italy, 2003]. Most poultry processors carry out slaughtering, cutting and
portioning at the same site. There is a trend for slaughterhouses to expand to produce value-
added products, such as diced meat and mince and to diversify into further processing. This
requires large investments, which often only the bigger, multinational companies can make.
[127, MLC Economics, 1999]. Concentration of the industry into fewer larger units may,
therefore, further increase.

Where downstream activities and/or disposal or recycling of animal by-products take place on
the same premises as slaughtering, it will be possible to consider opportunities to reduce
consumption and emission levels on the integrated site as a whole. This may require other
BREFs in the IPPC series to be taken into account when determining BAT-based conditions for
IPPC permits.
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Many process lines are automated. Throughputs of, e.g. 80 cattle, 350 sheep and 300 pigs per
hour are not uncommon. [57, DoE, 1993]. The throughput at a typical cattle or pig
slaughterhouse is relatively constant throughout the year. For sheep slaughter, June and
December are normally busy periods. [12, WS Atkins-EA, 2000]. Easter is a peak period for
lamb slaughter due to Islamic traditions.

Poultry slaughter is very highly mechanised. Slaughtering rates of 100 birds per minute
are common. Throughput is typically constant throughout the year [67, WS Atkins
Environment/EA, 2000].

In general, the anticipated lifetime of a slaughterhouse plant is about 25-40 years.
Slaughterhouses must meet the criteria and standards set down in Council Directive
64/433/EEC [99, EC, 1964], as amended. These include specifications for process plant design,
building finishes [12, WS Atkins-EA, 2000] and hygiene considerations.

1.2 The animal by-products industry in the European Union
Introduction to the animal by-products industry

Animal by-products from slaughterhouses are sometimes known in the industry as the ‘fifth
quarter’. They include edible materials such as tongue, edible offal, edible fats and casings, as
well as hides/skins and other non-food materials. In previous decades, these by-products
provided a valuable source of slaughterhouse income. In recent years, especially because of
BSE, the value of the fifth quarter materials has reduced substantially and much of the material
previously used is now disposed of as waste. [12, WS Atkins-EA, 2000]

The animal by-products industry handles all of the raw materials that are not directly destined
for human consumption and some that are destined for eventual human consumption. The use
and disposal routes permitted are governed by ABP Regulation 1774/2002/EC.  After
processing, the raw materials may have several applications, e.g. food and feed, cosmetics,
medicinal products and medical devices, technical products, fertilisers and many others. Many
of the animal by-products used and disposed of are derived from healthy animals which have
been slaughtered in slaughterhouses and whose carcases have been found fit for human
consumption following ante- and post-mortem inspection. [349, GME TWG members, 2003].
Due to food and feed safety concerns an increased proportion of such animal by-products are
disposed of as waste.

Hides and skins are sold to the leather industry. Edible offal and fats are sold for direct use or
inclusion in processed products. Inedible offal and fats are usually processed to produce animal
meal and tallow. Some edible fats and trimmings are processed to produce lard and dripping
[57, DoE, 1993]. The first flush of blood, e.g. from pigs, may be collected, for use as food,
animal feed or pharmaceuticals.

Of the 47 million tonnes of animals slaughtered for meat production in Europe every year,
17 million tonnes, minus hides, skins and bones for gelatine production, are handled by the
animal by-products industry. About 14 - 15 million tonnes [13, UKRA, undated, 24, EURA,
1997] are processed by renderers and fat melters. As society becomes more affluent and eating
habits change the proportion of an animal eaten directly is less than ever before. The amount of
by-product available for processing is, therefore, increasing. [24, EURA, 1997]. About half the
tallow and animal fats produced are used by the oleochemical industries as raw materials for a
wide variety of chemicals, which are then used in soaps, cosmetics, pharmaceuticals, detergents
and a large range of industrial products, e.g. from paint to car tyres. Oils and fats produced by
fat melters are used in the food industry, e.g. in baking and food processing; frying and
margarine production. [24, EURA, 1997]
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Considerable numbers of carcases are also left to rot or are illegally dumped. [20, UKRA,
2000]. The burial of fallen animals is illegal in the Netherlands, Denmark, Germany and
France. Authorised burial is allowed in Italy and Spain. In the UK, the burial of carcases is
allowed if DEFRA guidelines are followed and in line with EU rules implemented through
national legislation.

In November 1991, the use of MBM produced from specified bovine offals as a fertiliser was
banned in the UK [19, UKRA, 2000].

Until the BSE crisis, a high proportion of the solid end-products of rendering, i.e. the protein
fraction, were important ingredients of animal feed. Feeding MBM to cattle, sheep or goats has
now been banned within the EU since 1 July 1994. Since December 2002, the feeding of
(processed animal proteins” to farmed animals, kept fattened or bred for the production of food,
was prohibited, pending a total re-evaluation of Community legislation in MSs [88, EC, 2000].
The restrictions have led to an increased proportion of solid material being disposed of to
landfill and by incineration. MBM has an energy content of about two-thirds that of coal, so
energy can be recovered, as heat and/or power. The limits placed on the traditional uses for
animal by-products have led to further alternative uses and to new routes for disposal being
researched and developed. [22, UKRA, 2000]. These include, e.g. the combustion of MBM as
an ancillary fuel for cement production [22, UKRA, 2000]; the burning of tallow as a fuel [22,
UKRA, 2000]; biogas production [22, UKRA, 2000, 287, EC, 2002]; composting [287, EC,
2002]; biodiesel production [22, UKRA, 2000]; the use of MBM as fertiliser for non-grazing
land [22, UKRA, 2000] and the use of fat as a fuel in turbines and engines [22, UKRA, 2000].
These alternatives are at various stages of development and under environmental and economic
evaluation.

The ban remains in place at the time of writing.

1.21 Fat melting

Belgium
There are 3 installations in Belgium producing fat for human consumption [242, Belgium,
2002].

1.2.2 Rendering

Belgium
There are 5 rendering plants in Belgium processing Category 1, 2 and 3 animal by-products,

either individually or mixed together [346, Belgian TWG member, 2003].

Denmark

Denmark has one rendering company which has 5 plants. The company is co-operatively
owned by the slaughterhouses. In 2000/2001, it processed 750000 tonnes of animal by-
products. All SRM is processed in one of the plants. [239, Denmark, 2002]

Germany
In 2000, the rendering plants operating in Germany disposed of a total of approximately

2.6 million tonnes of raw material. The number of companies in Germany, the raw material
amounts they processed and their products in 2001 are reported in Table 1.4.

Number of | Processed Meat Meat and bone | Blood | Animal
companies | amount (t) | meal (t) meal (t) meal (t) | fat (t)
63 2600000 460000 214000 21000 | 310000

Table 1.4: Raw material processed in the German meat meal industry (2001)
[163, German TWG Members, 2001]
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Finland

In Finland, approximately 200 million kg of animal derived by-products are generated annually.
About 170 million kg, including slaughterhouse waste and waste from fur animal production, is
considered to be low-risk material. High-risk material and SRM, from slaughterhouse waste
and dead farm animals, each contribute about 15 million kg to the total animal by-product
treatment industry.

There are two rendering plants in Finland approved for the treatment and the disposal and/or
further recovery of the high-risk material and SRM. There are 14 plants with a treatment
capacity greater than 10 tonnes per day, for the recycling of the low-risk material for further
recovery as fur animal feed. Finland is among the biggest fur animal producers in the world,
using an annual 370 million kg of fur animal feed, more than half of which are by-products
from the meat and fish industry. [148, Finnish Environment Institute and Finnish Food and
Drink Industries' Federation, 2001]

United Kingdom
In 2000, it was reported that 1.25 million tonnes of animal by-products were collected annually
from UK red meat slaughterhouses to be incinerated or rendered and then landfilled [12, WS
Atkins-EA, 2000], from a total of 1.75 million tonnes from cattle, sheep, pigs and poultry [13,
UKRA, undated].

Slovenia
Slovenia has 3 rendering plants with a treatment capacity exceeding 10 tonnes per day [219,
Skodlar M., 2002].

1.2.3 Fish-meal and fish-oil production

The following information is largely from the Nordic countries, [155, Nordic Council of
Ministers, 1997], other sources are cited, when appropriate.

The raw material of the fish-meal industry is mainly small-sized fish species which cannot be
sold for human consumption. They are caught for use in the processing of fish-meal and fish-
oil. In many areas, a substantial part of the raw material consists of fish waste left over from
filleting or other processes.

When processing pelagic fish species such as herring and mackerel, which are landed ungutted,
the filleting industry can only utilise 50 % of the landed raw material. The remaining part of the
raw material is offal, which the industry then has to sell or dispose of in some way.

Fish-meal is used as a protein supplement in agriculture, especially in pig and chicken
production. Small quantities are used for mink feed. Its use in aquaculture feed is the most
profitable, with producers buying considerable quantities of fish-oil.

Without fish-meal and fish-oil, the large scale Scandinavian production of salmon and trout
would not be possible. Competition from Peru and Chile in the market for standard fish-meals,
makes it difficult for European producers to achieve reasonable prices, due to the far higher
production costs in Europe.

A substantial amount of pollution is caused by poor quality raw material. Pollution can be
considerably reduced by improving the raw material quality. It is technically feasible to
increase the fish-meal yield and reduce pollution by improving the quality of the raw material.
Technical, environmental and economic conditions vary greatly from plant to plant.

Some fish-meal factories, in the Nordic countries, can influence investments in equipment for
improving raw material quality. Some of the factories are owned by fishermen co-operatives.
The factory operators can influence raw material quality through the purchase terms of the raw
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material, at delivery. A sufficiently large price differentiation seems to result in considerable
improvements in raw material quality. A decrease in quality can also occur during the storage
of raw material. Improved management of the storage tanks has reportedly resulted in an
improvement in the quality of the raw material supplied to the cookers.

Improvement of the quality of the raw material not only reduces pollution. It also increases the
fish-meal yield and makes it possible to produce high priced and specialised products. These
products require a certain quality of raw material, i.e. the TVN content must not exceed a
certain value.

Table 1.5 summarises the EU fish-meal and fish-oil production for 2001.

Number of | Year | Fish-meal Fish-oil
Factories (t/yr) (t/yr)

Denmark 41 2001 300000 80000
Germany 1 2001 15000 6000
Spain ? 1 2001 40000 6000
France ? 1 2001 10000 2000
Ireland 1| 2001 25000 6000
Sweden 1| 2001 12000 5000
United Kingdom 3?2 | 2001 46000 14000
TOTAL 448000 119000

Table 1.5: EU Fish-meal and fish-oil production in 2001

[303, Minck F., 2002]

Denmark

Denmark produces about 5 % of the world's fish-meal and 8 % of the fish-oil. There are 3
companies, with one being one of the world's largest fish-meal and fish-oil producing
companies, producing approximately 215000 tonnes of fish-meal per year, i.e. 67 % of
Denmark's output. The process uses fish which are caught specifically for the production of
fish-meal and fish-oil, mainly from species which are not caught for direct consumption, e.g.
sand eels, and it also uses by-products from fish processing, such as offal. Sand eels make up
60 % of the raw material. 60 % of the catch is caught between April and July. The total fish-
meal production in Denmark was 300000 tonnes in 2001.

United Kingdom
The UK produces about 0.25 % of the world's fish-meal and fish-oil. Fish by-products are used.

1.24 Blood processing

Blood contains easily assimilated iron, when used for human food or pet food. Blood proteins
have a high nutritional value and a high water binding capacity in processed products. The red
blood cells burst if water is added to blood. If they are kept intact, red blood cells can be
removed by centrifugation, in order to prepare plasma. Plasma is a yellow liquid, rather like
egg-white, which may be dried to a powder for food use. [27, University of Guelph, undated]

There are 11 blood processing plants in the EU. They process a total of 300000 million tonnes
of blood every year.

There is one plant in each of Belgium, Denmark, Spain, France, the Netherlands, Italy and
Sweden and 2 in both Germany and the UK. [271, Casanellas J., 2002]. In addition to these
dedicated sites there are others which are associated activities of slaughterhouses.
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1.2.5 Gelatine manufacture

The gelatine industry is represented by the Gelatine Manufacturers of Europe Association
(GME), which has 9 members and 18 production units, i.e. 2 in Belgium, 3 in France, 7 in
Germany, 2 in Italy, 2 in Spain, 1 in the UK and 1 in Sweden. In the year 2001, they produced
117000 tonnes of gelatine. The industry employs approximately 3600 people. There are 3 other
production units in the EU operated by non-GME members, i.e. 1 in the Netherlands, 1 in
Germany and 1 in Spain. [349, GME TWG members, 2003]

1.2.6 Dedicated incineration of carcases, parts of carcases and
animal meal

MBM is brown in colour, weighs approximately 600 kg/m’ and has an intense sweet odour. It
is a highly calorific, easily flammable fuel. [164, Nottrodt A., 2001]. The incineration of MBM,
in particular has, therefore, developed into a relatively large scale activity since the use of
animal proteins in animal feed was banned.

Some MSs co-incinerate MBM and other animal meals in municipal waste incinerators,
hazardous waste incinerators, sewage sludge incinerators, coal-fired power stations, cement
works, gasification plants and residue incinerators in paper plants. [164, Nottrodt A., 2001].
Information in this section has been provided as background, although co-incineration and
mixed waste incineration are not described or evaluated further in this BREF.

Germany
The first case of BSE in Germany was confirmed on 26 November 2000. This led to a ban on

the use of processed animal proteins as animal feeds for livestock, e.g. pigs and poultry, with
effect from 1 December 2000. This was followed by a ban on all uses and the requirement to
dispose of processed animal proteins as waste by incineration. The development of dedicated
incineration plants was not considered to be economically viable due to the relative uncertainty
about future feedstock availability in the long-term. The possibility of siting an incinerator at a
rendering plant and recovering the energy through CHP has been raised. [164, Nottrodt A.,
2001]

The relative treatment prices for incinerating animal meal and other wastes and the higher
calorific value of animal meal, have reportedly stopped plants operating at almost full capacity
from actively pursuing animal meal incineration, for economic reasons. They can make more
money by incinerating lower calorific value wastes. The prices vary for hazardous waste
incinerators, sewage sludge incinerators, power plants and cement works. [164, Nottrodt A.,
2001]

Gasification of both animal meal and tallow has been tried successfully. [164, Nottrodt A.,
2001]

France

France produces approximately 850000 tonnes of MBM and approximately 150000 tonnes of
tallow annually. Approximately 130000 tonnes of MBM and 40000 tonnes of tallow are from
SRM and are co-incinerated by the cement industry.

It is planned that the remaining MBM will also be incinerated in cement works and power
stations.

Animal meal from BSE-infected animals are disposed of in hazardous waste incineration plants.

In 2001, 400000 tonnes of MBM were ecither stored in warehouses or sent to landfill. [164,
Nottrodt A., 2001]
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Italy
The dedicated incineration of carcases and parts of carcases has recently been developed and

implemented in Italy.

United Kingdom

The UK has a tradition of burning single carcases in small, mainly on-farm, incinerators. It is
currently the only MS with dedicated incineration plants for animal meal. Three dedicated
animal meal incinerators have been operating at 2 sites since the late 1990s. At one site there
are 2 incinerators, each with a capacity 3.5 t/h and at the other location there is a single
incinerator, which has a capacity of 7.5t/h [199, PDM Group and Wykes Engineering
(Rushden) Ltd, 2000]. Together the 3 incinerators incinerate a total of 60000 t/yr. A further
dedicated animal meal incinerator, with a capacity of 60000 t/yr, came into operation in April
2001.

All of the UK's purpose-built dedicated animal meal incinerators are fluidised beds.

Since 1999 a power plant previously running on chicken manure has been adapted and now runs
on animal meal exclusively. It burns 85000 tonnes of animal meal every year. It is a stoker-
fired furnace. It does not burn animal meal derived from SRM.

In addition to animal meal incineration, approximately 3000 cattle carcases are incinerated
directly every year in incinerators with capacities < 50 kg/h. It is estimated that there may be
between 2000 and 2600 of these incinerators for burning animal carcases presently in use in the
UK [227, ADAS, 2001].

1.2.7 Burning of tallow

Tallow has been burned as a replacement fuel for heating oil or electricity. This disposal route
is, however, not approved under ABP Regulation 1774/2002/EC.

1.2.8 Land spreading/injection

This activity is strictly regulated by ABP Regulation 1774/2002/EC and is completely
prohibited in some Member States, e.g. Germany [347, German TWG members, 2003].

1.29 Biogas production

Germany
The first large scale plant in Germany for the methanisation of fresh rumen and flotation tailings

was an anaerobic reactor situated in a slaughterhouse in Hamburg [206, Tritt W. P. and
Schuchardt F., 1992].

Current legislative requirements for animal by-products to be pretreated or for the biogas
residues to be treated reportedly make biogas production uneconomic [244, Germany, 2002].

Austria
An industrial plant for the methanisation of rumen contents is situated in Greinsfurt [206, Tritt
W. P. and Schuchardt F., 1992].

Sweden

The treatment of manure, stomach and intestinal contents, bits of hides/skins, waste blood and
similar products is carried out in biogas installations in Sweden. Some slaughterhouses have
their own biogas installations, whereas some others have a share in a public unit [134, Nordic
States, 2001].
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There are 7 biogas plants specifically approved for the use of certain qualities of animal by-
product as raw material, together with the use of other raw materials such as manure and
products of vegetable origin. The in-reactor wet digestion technique is used.

United Kingdom

Full-scale digestion plants were installed at several UK slaughterhouses in the 1990s, but
operational difficulties and high costs discouraged more widespread application. Most of the
original digestion plants have now shut down. [12, WS Atkins-EA, 2000]. It has been reported
that biogas production from animal by-products is not currently commercially available within
the UK. [144, Det Norske Veritas, 2001], although it is being reconsidered.

1.2.10 Composting

It has been reported that until recently the potential benefits of composting animal by-products
have not been exploited, mostly due to a lack of knowledge about their compostability and the
economic benefits of composting over some other uses and routes for disposal. It is possible
that the composting of animal by-products may increase in the future [206, Tritt W. P. and
Schuchardt F., 1992]. On the other hand, the pretreatments required for certain by-products,
before they can be composted and the restrictions on their use, which are required by ABP
Regulation 1774/2002/EC, may limit any such expansion. ABP Regulation 1774/2002/EC bans
the application of compost derived from animal by-products to pasture land [287, EC, 2002].
Opportunities remain for their use in landscaping, forestry, horticulture and land restoration
[176, The Composting Association, 2001]. The growth or decline of the composting industry
will depend, to some extent, on economic factors, such as the cost or profitability of alternative
uses and disposal routes.

Germany
It has been reported that in 1986 rumen contents were composted by 9 slaughterhouses in the

11 Federal States of former West Germany [206, Tritt W. P. and Schuchardt F., 1992].

Finland

Composting is carried out in windrows or reactors. It is a common method for treating
materials such as excrement and urine; the contents of stomachs and intestines and the solid
products of waste water treatment, such as screenings, fat from grease traps, settlings, excess
activated sludge and flotation tailings. The compost produced is then applied to land. [148,
Finnish Environment Institute and Finnish Food and Drink Industries' Federation, 2001]

1.3 Key environmental issues

1.3.1 Slaughterhouses

The most significant environmental issues associated with slaughterhouse operations are water
consumption, emissions of high organic strength liquids to water and the energy consumption
associated especially with refrigeration and heating water.

Air

Most emissions to air from slaughterhouses are water vapour from the boilers used to raise hot
water and steam. There is also a potential for the release of refrigerant gases from chilling and
freezing plants and CO, from stunning equipment. These issues are common throughout much
of the food and drink industry.

Dust emission arising during the unloading of poultry and the hanging of live birds on the
slaughter-line is a key environmental issue at poultry slaughterhouses [240, The Netherlands,
2002].
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Water
The most significant environmental impact resulting from slaughterhouses is the emissions to
water [177, EA SEPA and EHS, 2001]. This is related to the water consumption, which is the
other major environmental issue [12, WS Atkins-EA, 2000, 67, WS Atkins Environment/EA,
2000].

High water consumption and high BOD, COD and TSS concentrations arise during slaughter
and carcase dressing. Solids break down, releasing colloidal and suspended fats and solids and
leading to an increase in the BOD and COD. [177, EA SEPA and EHS, 2001]. Other key
contaminants are nitrogen and phosphorus, e.g. from the breakdown of proteins; copper and
zinc from, e.g. pig feed residues and chloride, from hides/skins salting. The consumption of
water is partly governed by EU and MS meat legislation, which require fresh, potable water to
be used for almost all washing and rinsing operations and which limit the scope for the re-use of
water within the slaughterhouse.

The excessive use of water is not only an environmental and economic issue in itself, it also
adds to the WWTP burden. Waste water may be fully or partially treated at a WWTP at the
slaughterhouse. If the treatment is undertaken at a municipal WWTP, there is usually some pre-
treatment done at the slaughterhouse. The contamination of waste water can be minimised by
collecting by-products and waste as close to the source as possible, and by preventing their
contact with water. Minimising the water use in slaughter and carcase dressing can also reduce
the actual contaminant load, by reducing the opportunities for the entrainment of organic matter
such as fat or faeces. If by-products are entrained in water, the opportunities for their re-use are
limited. The opportunities for eliminating or reducing water use need to be explored at each
unit operation of the process.

In any slaughterhouse, a major factor affecting water consumption is the amount of floor area
used. For hygiene reasons, all process floor areas must be washed down at least once a day [99,
EC, 1964]. Water consumption is, therefore, highly dependent on the layout of individual
slaughterhouses and in poultry slaughterhouses will also depend on, e.g. the size of bird; the
method of slaughter, carcase dressing, carcase cooling and the degree of automation. Large
quantities of water are consumed in poultry slaughterhouses for evisceration, cleaning and
washing operations. [67, WS Atkins Environment/EA, 2000, 177, EA SEPA and EHS, 2001]

Blood has the highest COD strength of any liquid effluent arising from both large animal and
poultry slaughterhouses [12, WS Atkins-EA, 2000, 67, WS Atkins Environment/EA, 2000].
The polluting potential of blood and the huge quantities which are handled and stored, therefore,
make it a key environmental issue for assessment and control. The potential contamination of
water needs to be considered from the process and from all potential sources ranging from small
leaks to major technical and operational accidents.

In some countries, such as Denmark, Finland, Sweden and Norway the waste water from
slaughterhouses is considered to be an important source of carbon for denitrification at
municipal WWTPs, so only limited treatment is undertaken at the slaughterhouses. [134, Nordic
States, 2001]

Energy

The majority of large animal slaughterhouses do not submeter their electricity consumption.
The total consumption is measured by looking at utility bills. Some slaughterhouses do
submeter energy consumption by process area and expect to make substantial cost savings
through monitoring and targeting programmes. [12, WS Atkins-EA, 2000].  Most
slaughterhouses have a stand-by generator to enable partial operation of the plant if the power is
interrupted. [12, WS Atkins-EA, 2000]

At most slaughterhouses, the refrigeration plant is the biggest consumer of electricity. It
constitutes 45 - 90 % of the total site load during the working day and almost 100 % during non-
production periods. Refrigerated areas include chills, freezers and cold stores. It is common
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practice for each refrigerated room to be a self-contained, direct-expansion unit, which
comprises a compressor, evaporator and condenser. Some larger sites have a centralised
compressor and condenser plant [12, WS Atkins-EA, 2000, 57, DoE, 1993]. The requirement to
cool carcases sets a legal duty for them to reach a maximum temperature of 7 °C before leaving
the slaughterhouse and for offals not to exceed 3 °C [169, EC, 1991]. For a large animal,
cooling may take 48 hours [239, Denmark, 2002]. Some exceptions to the rule for cooling
carcases before leaving the slaughterhouse have been reported in Italy, in integrated
slaughterhouses and cutting plants producing typical Italian cured products. It is also reported
that because smaller pieces are cooled, the energy required for cooling is less than that needed
to cool whole or half carcases. [237, Italy, 2002].

The use of energy to heat water is another key environmental issue. Oil and/or natural gas are
the principal fuels used to produce hot water. Boiler water is usually softened before use. The
requirement for hot water is split between basins and showers, pig scalding tanks (58 — 65 °C),
washing down (60 - 65 °C), and implement sterilising baths (> 82 °C). [57, DoE, 1993]. Some
slaughterhouses have their own laundry on site.

In pig slaughtering, either natural gas, LPG (principally propane), or oil burners are used for the
direct flame singeing of carcases. It is reported that singeing with oil burners can cause hygiene
and quality problems [237, Italy, 2002].

On the slaughter-line, hoists, cutters, hide pullers and saws are powered pneumatically or by
electric motors. [57, DoE, 1993]

Odour

Odours emitted from blood storage and handling, slurry, occupied lairages and inedible offal
storage are reported to be the most problematic. Yard areas, unwashed by-products containers
and WWTPs, including the initial screening of solids, are also reported to be potential problem
areas. [285, Brindle J., 2001]

Noise

The main sources of pollution from noise and vibration are the animal noises during unloading
and marshalling, vehicle movements, compressors, air conditioners and ventilation fans. [134,
Nordic States, 2001]

Site restoration

Slaughterhouse activities are not expected to result in significant site restoration issues.
Leakage from underground drainage pipes and tanks could possibly cause subsidence in the
longer term, but there are unlikely to be any significant land or groundwater contamination
issues. All materials, apart from the brine from hide/skin salting, which is discharged to the foul
sewer from slaughterhouses, are readily biodegradable, including cleaning chemicals. [12, WS
Atkins-EA, 2000, 241, UK, 2002]

Non industry specific site restoration issues might arise from any leakage from fuel and oil
storage tanks. [12, WS Atkins-EA, 2000]

1.3.2 Animal by-products installations

1.3.2.1 General information about key environmental issues
1.3.2.2 Fat melting

Energy

Energy consumption is an important issue during the melting process and at decanters,
centrifuges and crushers [319, NL TWG, 2002].
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Noise
Noise emissions from vehicles and refrigeration equipment can be significant [333, Netherlands
TWG, 2003].

1.3.2.3 Rendering

Water
The contamination of water, as well as foul water produced by the rendering process, is a key
environmental issue [243, Clitravi - DMRI, 2002].

Energy
Significant amounts of energy are consumed, e.g. to produce steam for the process.

Odour

One of the key environmental issues associated with rendering is odour. Both the process and
associated activities can give rise to objectionable odours. These are associated with the
reception, handling and storage, transfer and preparation of raw material; the cooking process;
handling and storage of processed product and the handling, storage, treatment and disposal of
solids, liquid effluents and process gases. [241, UK, 2002]

The fresher the raw materials are, the fewer odour problems they will cause, either directly or
during the rendering process. The odorous substances are characterised by some being
insoluble in water and others being volatile in steam. They are detectable at low concentrations.
The concentration and composition of the emitted substances can change suddenly during the
production process. If the formation of these substances is not prevented then abatement
techniques need to be capable of coping with these characteristics. This may possibly require
the adoption of a variety of techniques. [49, VDI, 1996]

Infective matter

The raw materials of rendering are potential sources of infection, depending on their origin, age
and state of preservation. This is particularly significant with respect to the destruction of TSE
materials and SRM. Infectivity is, therefore, a key environmental issue [243, Clitravi - DMRI,
2002].

1.3.24 Fish-meal and fish-oil production

Water

Large quantities of seawater are used. The pollution from fish-meal factories stems from many
different sources. The pollutants are often mixed with large quantities of seawater, which is
used for cooling, in the processing plant. [155, Nordic Council of Ministers, 1997]

A number of compounds are formed during the bacteriological decomposition of the raw
material before it is cooked. These compounds are volatile under the process conditions and
they can pollute the marine environment, as well as generating odour problems in areas around
the factories. The marine environment is also polluted as a result of product losses, including
fish-meal, stickwater and a liquid known as evaporated stickwater, which contains
approximately 40 % dried matter. The degree of bacteriological deterioration, the raw material
quality and the concentration of volatile substances, especially ammonia and trimethylamine
(TMA), in the raw material, are all related to each other.

Energy
Large quantities of energy are used for drying [155, Nordic Council of Ministers, 1997].
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Odour

Odour from the raw material, the process and from the waste water treatment can be a
significant problem. The volatile compounds that cause the odours arise from the degradation
of the fish and freshness is, therefore, not just an important influence on the quality of the
product, but also determines the odour emissions from a site.

1.3.2.5 Blood processing

Water

Liquid blood has a COD of about 400 g/l and a BOD of about 200 g/l. Congealed blood has a
COD strength of about 900 g/I [12, WS Atkins-EA, 2000] and it has a total nitrogen content of
approximately 30 g/l. Preventing the accidental discharge of liquid blood or the spillage of
dried blood by, e.g. explosion of the spray drier or tearing of packaging during storage or
handling, needs to be treated as a priority.

The main requirement for water is for cleaning operations. Blood is about 82 % water, so
emissions to water will include the water derived from the blood during the various separation
techniques.

Energy
Energy consumption is significant, especially with respect to spray drying. If the blood is not
processed quickly, then refrigerated storage is needed, which can also consume significant
energy.

Odour
On a routine daily basis, odour problems can arise during the unloading of blood from the
transport tanker [168, Sweeney L., 2001].

Noise
Spray driers are noisy.

1.3.2.6 Gelatine manufacture

Water
The key environmental issues associated with gelatine manufacture is the water consumption
during the early stages of the extraction process and the associated waste water treatment.

Energy
Drying the product consumes significant amounts of energy.

Odour
Odour from the degreasing units of gelatine plants processing bones and pigskins and raw
material delivery may be a key environmental issue [349, GME TWG members, 2003].

1.3.2.7 Glue manufacture

Energy
Drying the product consumes significant amounts of energy [244, Germany, 2002].

Odour
Odour from both the liming pit and from drying is a key environmental issue [244, Germany,
2002].
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1.3.2.8 Dedicated incineration of carcases

Air

Potential emissions to air commonly associated with the incineration of animal carcases include
particulate matter; hydrogen chloride; oxides of sulphur, nitrogen and carbon and organic
compounds, such as dioxins. Chlorine can lead to hydrogen chloride production. There is a
potential release of particulate matter from incomplete combustion.

Land
Potential emissions to land include dioxins, organic compounds, alkaki metals and their oxides
and alkaline earth metals and their oxides [65, EA, 1996].

The chlorine in the salt in carcases means there is a potential for dioxin formation.

Infectivity

The raw materials are, depending on their origin, age and state of preservation, potential sources
of infection. This is particularly significant, with respect to the destruction of TSE materials
and SRM. Infectivity is, therefore, a key environmental issue [244, Germany, 2002]. The
incineration of animal carcases may give rise to a biohazard in the form of undestroyed organics
released to air, water and land.

Odour
In common with all installations handling, storing or processing animal by-products odour is a
potential problem [65, EA, 1996].

1.3.2.9 Dedicated incineration of animal meal

Air

Quantities of dioxins and furans of 0.2 and 0.3 ng/kg have been found in MBM samples in
Ireland and Portugal, respectively [164, Nottrodt A., 2001] but these are likely to be destroyed
by the incineration process. There is, however, a risk of dioxin formation during the
incineration process, the degree of risk depending to some extent on the techniques used to
operate the incinerator [65, EA, 1996]. Dust emissions may also arise from incomplete
combustion.

Land
The loss of phosphorus through incinerating animal meal, instead of recovering the phosphorus
from it for use as a fertiliser, is considered to be key environmental issue [239, Denmark, 2002].

Infectivity

If the animal meal production process prescribed in ABP Regulation 1774/2002/EC is followed,
the potential risk from BSE pathogens should be insignificant. The incineration of properly
produced animal meal should, therefore, require no additional protective measures regarding the
TSE biohazard. The same should be true for animal meal imported within the conditions
required by ABP Regulation 1774/2002/EC. If animal meal from an unreliable source is
incinerated then there may be occupational health risks associated with potential contact or
airborne exposure, so controls may be required.

There may be a risk of pests, vermin, bacteria and fungi being attracted by the large amounts of
nutrients and moisture in the animal meal. If animal meal is stored in damp conditions, it will
provide an ideal medium for these. If the storage temperature is allowed to exceed 40 °C,
animal meal may heat up and spontaneously combust. Certain grades, or distributions of grades
can carry a risk of explosion. [164, Nottrodt A., 2001]
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1.3.2.10 Burning of tallow

Tallow is currently burned in boilers and this gives rise to emissions of CO,, and NOy. At the
time of writing, the burning of tallow is not permitted in the EU, due to the fact that in ABP
Regulation 1774/2002/EC, it is neither listed, nor has it been approved in accordance with the
procedure referred to in Article 33(2) therein, after consultation of the appropriate scientific
committee.

1.3.2.11 Land spreading/injection

Air

If, e.g. manure from slaughterhouse lairages is spread on land then emissions to air of volatile
substances, such as ammonia, may be an issue. The potential nutritional advantage to the soil is
thereby lost. There may also be an odour problem.

Water

Surface water and groundwater contamination may occur from manure, slurry and/or sewage
sludge, if they contain, e.g. pathogens, such as Salmonella, E. coli 0157 and Campylobacter and
metals. The residues from biogas production and compost should be free of pathogens as they
should already have been destroyed during these processes.

Soil

Solids containing above about 4 % fat or oil content, have been demonstrated to have a
detrimental effect on plant growth. They are, therefore, considered to be unsuitable for land
spreading [179, EA SEPA & EHS, 2001].

Odour
Odour is a key environmental issue [244, Germany, 2002].

Infectivity

If the deactivation of pathogens is inadequate there is a risk of land and groundwater
contamination [244, Germany, 2002]. Soil contamination may occur from manure, slurry
and/or sewage sludge, if they contain, e.g. pathogens, such as Salmonella, E. coli 0157 and
Campylobacter and metals. The residues from biogas production and compost should be free of
pathogens as they should already have been destroyed during these processes.

1.3.2.12 Biogas production

Air

The main product of biogas production is methane. CH, is a (greenhouse gas”. In terms of its
potential to cause damage, one molecule of CH,4 is 30 times more powerful than one of CO,,
Consequently, the requirement to prevent accidental release into the atmosphere is significant.
There are also safety controls required, due to the fire and explosion hazard, which are also
related to pollution prevention and control.

Odour
Odour may arise from raw materials and from the process.
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1.3.2.13 Composting

Air
Key environmental issues include bioaerosols and dust.

Energy
Some consider it a key environmental issue that using animal by-products for composting does
not make use of their energy value [243, Clitravi - DMRI, 2002].

Water
The risk of leachate contaminating soil and groundwater is a key environmental issue.

Odour
Odour results from the raw materials and during the composting process, especially during
windrow composting.

Infectivity
If the deactivation of pathogens is inadequate there is a risk of land and groundwater
contamination [244, Germany, 2002].

1.4 Economic overview

141 Slaughterhouses and animal by-products

The FAO have forecast that global meat consumption will grow by 2 % per year, until the end
of 2015. It has warned that the associated increase in trade and transport links required will
raise the risks of the spread of animal diseases across borders. These trends are reported to have
already started in the early 1980s, driven by population growth, rising incomes, urbanisation,
changing diets and by the opening up of markets, particularly for poultry and pig meat.

It is predicted that most of this increase will occur in the developing world, where consumption
is expected to grow by 2.7 % per year, compared to 0.6 % year in rich countries. The FAO has
also stated that recent animal disease outbreaks in major meat exporting countries, such as BSE,
had accelerated a shift in consumption away from red meat to poultry. The FAO predict a 2.9 %
per year increase in demand for poultry meat until the end of 2015, and a 1.4 % increase in
annual demand for beef.

According to the FAQO, there are many hidden costs in animal disease epidemics. In total,
11.0 million animals were slaughtered in the Netherlands during the classical swine fever
outbreak in 1997/98 and 6.24 million were killed in Great Britain during the FMD crisis in
2001.

The FAO report that The disposal of slaughtered carcasses has huge environmental
implications, during the first six weeks of the UK FMD outbreak, the burning of carcasses
released dioxins into the atmosphere amounting to some 18 percent of the UK's annual
emissions, and Furthermore, the mass slaughter of animals resulted in the loss of bio-diversity
of native livestock populations, with some breeds left critically endangered following the UK
FMD outbreak. [324, Brough D., 2002]

In 2000, EURA reported that the animal by-products industry manufactures products with an
annual value of greater than EUR 2.2 billion and that this represents a very significant source of
income for the European agriculture industry. [24, EURA, 1997]

In the past few years the BSE crisis has meant that costs to slaughterhouses for disposal of their
animal wastes have increased significantly. To keep costs to a minimum, most have sought to
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place contracts with the larger rendering companies offering economies of scale. Due to fierce
competition, many rendering companies went bankrupt or were bought out by the larger
companies. As a result there are now only two very large rendering companies left in the UK
and about 20 smaller companies. [12, WS Atkins-EA, 2000]

Costs have increased for the treatment and disposal of animal by-products and this has been
passed along the meat supply chain to the customer. [18, UKRA, 2000]. For example, in the
UK before the BSE crisis many animal by-products, including fallen stock were sold to
rendering companies or collection charges were minimal. The European Commission
prohibitions limiting the use and export of (processed animal proteins” from 1 January 2001 has
led to additional storage and disposal costs [18, UKRA, 2000]. Rendering companies now
impose significant charges for the collection of animal by-products.

The numbers of cases of BSE in the UK has significantly exceeded those elsewhere in Europe
and this has led to the UK and Ireland taking some preventive actions, which have had financial
consequences, ahead of the other EU MSs. In the UK, prior to the BSE crisis, the value of the
protein and fats produced by the rendering industry was GBP 150 million. In 2000, this had
fallen to nearer GBP 50 million. [17, UKRA, 2000]. In 1996, MAFF provided temporary
financial support of GBP 100 million to prevent the collapse of the meat industry. In 1997/98, it
provided a further GBP 59 million. [18, UKRA, 2000]

The action by the UK to prohibit the feeding of processed animal proteins to all livestock, not
just ruminants and to ban exports to third countries before the rest of the EU, placed financial
burdens on the meat industry there, exceeding those experienced elsewhere at that time.

In the UK, government support to the meat industry was withdrawn in 1998. Until cases of
BSE were discovered in some MSs, for the first time, from December 2000 onwards, their
market for animal meal was largely unaffected, although the feeding of processed animal
proteins to ruminants had been banned. The other MSs then introduced legislation to quickly
restrict their use further.

Each MS had its own financial arrangements for paying for rendering and for the subsequent
disposal of animal meal. In Denmark, the co-operative system, whereby the farms,
slaughterhouses and rendering plants are jointly owned, means that additional costs are passed
to the customer and there is no government support. In Italy, France and the Netherlands the
cost is passed to the customer. In Germany, support can be provided to rendering plants. In
France, the government funds the collection, processing and disposal of SRM and all dead
ruminants, pigs and poultry by imposing a customer tax on meat sales. This amounts to
approximately GBP 59 million per year. [21, UKRA, 2000]

Compensation was temporarily made available to farmers unable to obtain the Qrigger price”,
i.e. a minimum market value, applicable to their MS, for beef and veal. The scheme was known
as the (bver thirty months scheme” (OTMS). The cost was divided between the European
Commission, which paid 70 % and the MS, which paid 30 %. The OTMS was for cattle not
eligible for intervention purchases, which were more than 30 months of age and which had all
been tested negatively for BSE. The price paid to farmers for these animals, that were no longer
available for human consumption, was fixed on the basis of the market price in the MSs,
according to the quality category of the meat concerned. For those MSs without full testing
capacity, the provisions of the (purchase for destruction scheme” remained in force until
30 June 2001, when the compulsory testing came into force. This was to avoid non-BSE-tested
meat from cattle over 30 months from entering the food chain.

The continuing ban on the use of processed animal proteins in feed for animals farmed for food
has lead to the diversification of the animal by-products industry into incineration and to
research into alternative ways of disposing of by—products and in particular TSE materials and
SRM. The rendering industry still processes most of the animal by-products not intended for
human consumption although some are stored frozen, for future incineration.
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1.4.2 The economic cost of consumption and emissions

General considerations

The minimisation of consumption and emission levels, in many cases has direct financial
benefits. These can be seen from, e.g. reduced energy costs and a decreased requirement to use
(end-of-pipe” abatement techniques.

Some of the financial costs associated with the consumption of resources and emissions to air,
water and land are easy to measure. The use of some resources, such as electricity, fuels and in
some cases water, are measured, for payment purposes. At some installations measurements are
made at unit operation level for monitoring and identifying possible areas for reducing
consumption levels. Some emissions, including, e.g. solid wastes, are taken away for disposal,
by waste contractors who are paid per unit load transported. Some animal by-products which
are now considered to be wastes were used in the past and in some countries were sold for
profit. The provision and maintenance of abatement equipment, e.g. the replacement of filter
material, can also be quantified relatively easily.

Some of the insured and uninsured costs associated with cleaning up and repairing damage, to
the plant and the environment, after an accident can be quantified.

To measure the full consumption and emission economic costs requires a focused effort. It
must, e.g. take into account all of the man-hours spent identifying, planning, sourcing, buying,
installing, commissioning, operating, adjusting, maintaining, cleaning, repairing or transporting
equipment for pollution abatement.

The costs associated with changing technological and operating techniques which improve
environmental performance and have an effect on the process may be more difficult to calculate
accurately, for various reasons, including the element of cost saving due to, e.g. the reduced
consumption of electricity.

Some examples

Water

The cost of water depends on factors such as whether it is bought from an external source or
abstracted directly at the installation and what pretreatment, such as softening, is required. The
attitude to water usage varies considerably depending, to some extent, on its cost. Some users
who have their own plentiful sources of water and abstraction facilities do not consider water to
be a key environmental or economic issue.

The Water Framework Directive [180, EC, 2000] addresses this and sets out to ensure that all
users value and pay for the water they use. This Directive introduces a principle of recovery of
the costs of water services, including environmental and resource costs associated with any
damage or negative impact on the aquatic environment, invoking in particular, the Cpolluter
pays principle”. It requires that water pricing policies provide adequate incentives for users to
use water resources efficiently. The attitude which encourages increased consumption of water
because the supplier provides it at a lower unit cost if more is consumed, may cease to have
foundation.

The link between water consumption and energy use is very important in the slaughterhouses
and animal by-products industries. Typically about half of the total water usage at a
slaughterhouse is heated to between 40 and 60 °C and some is heated to 82 °C. In England and
Wales in 1998, slaughterhouses reliant on local water authorities for their supply, typically paid
GBP 0.70 (EUR 1.13)/m’. If the water requires softening before use, on-site water processing
costs may increase the cost by a further GBP 0.30 (EUR 0.48)/m’. For every 10 °C increase in
water temperature there is an additional cost of typically GBP 0.16 (0.26)/m’, if water is heated
by gas, or GPB 0.47 (EUR 0.76)/m’, if water is heated by electricity (1998) [12, WS Atkins-EA,
2000, 67, WS Atkins Environment/EA, 2000].
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The user does not only have to pay for the consumption of water. The water used has to be
treated before being discharged. Whether the treatment is done on-site or at a municipal WWTP
the consumer will have to pay. The WWTP will have to be capable of treating both the volume
and the pollutant load. Reducing both of these parameters will reduce the investment and
operating costs for the WWTP. WWTPs, in common with other Gend-of-pipe” techniques, only
control emissions; they do not add other benefits to, e.g. productivity, which (process-
integrated” techniques may do [327, EC, 2002].

In Denmark, most of the waste water treatment is undertaken at municipal sewers, with only the
preliminary removal of solids using a 2 mm mesh being done at the slaughterhouse. The waste
water is considered to be desirable for the denitrification process and surcharges are normally
calculated according to the BOD levels. Water costs in 1998 were on average DKK 14 - 16/m’.
(Green taxes” are levied on the final discharge plant. [134, Nordic States, 2001]

In Italy, most slaughterhouses abstract groundwater directly and treat it to drinking water
standard. Several small slaughterhouses use the local authority supply. The cost of the water
from the public network depends on the particular site and the volume. The average cost is
EUR 0.80/m’.  The cost of the abstraction and treatment of well water is about
EUR 0.16 - 0.20/m’, depending on the depth. If softening is required, only for water that must
be heated and for steam production, an additional cost of EUR 0.24/m’ must be paid. Heating
water costs EUR 0.52/m’ for every 10 °C increase in temperature. The average cost of waste
water treatment, including sludge disposal is EUR 0.5—0.7/m’. Some slaughterhouses
discharge their waste waters to municipal sewers after a physico-chemical pretreatment at a cost
of EUR 1 - 2/m’, plus EUR 0.35/m’ for treatment in WWTPs. [237, Italy, 2002]

All Finnish slaughterhouses discharge their waste water to municipal WWTPs. Some have their
own pretreatment systems (flotation). There are no special (green taxes” on water consumption
for slaughterhouses, but the water charge consists of a clean water cost and a waste water
charge. The charges vary so much, from authority to authority, that quoting an average would
be meaningless. [134, Nordic States, 2001]

Water costs at Swedish slaughterhouses are typically SEK 15 - 18/m’. This covers clean water
use and the treatment of waste water at municipal WWTPs. Where slaughterhouses have their
private water supplies, the costs are significantly lower.

Charges for water use and waste water discharge are based on the measured usage, although
they consist of both a water charge and a discharge fee. Surcharges for particularly high levels
of pollution are rarely used, but when applied they normally consist of an extra payment of
20 % over the standard charges. [134, Nordic States, 2001 ]

Energy
There is some information available about the relationship between economics and the

environmental impact from the meat industry. In the simplest sense the annual energy costs
paid by an installation may be compared to the annual profits made. This does not take full
account of the environmental impact of the energy generation, e.g. the extraction of fuel and the
building and operation of the power plant. It does, however, show that if energy use was
reduced profits could be greater. An MLC survey of red meat sites in 1987 found that average
profits were of the same magnitude as energy costs. The study concluded that there was
considerable scope for profit improvement through increased operating efficiency. A UK
survey in 1991 showed that in the red meat slaughtering industry, although electricity was less
than 39 % of the total energy usage it accounted for 78 % of the energy costs [57, DoE, 1993].
Reduction in electricity use is therefore a worthwhile goal both environmentally and
economically.

In Denmark, a (green tax” is levied on electricity supply. In 2000, the average cost of
electricity for slaughterhouses was DKK 0.48/kWh. Denmark has a district heating system
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which is subject to (ureen taxes”. The average cost of heat energy in 2000 was
DKK 0.165/kWh. [134, Nordic States, 2001 ]

In Italy, the average price of electricity is EUR 0.087/kWh. For natural gas, the average price is
EUR 0.248/m’ gas, which is equivalent to EUR 0.03/kW thermal. [237, Italy, 2002]

In Finland, there is a (green tax” on electricity supply of FIM 0.026 (EUR0.1)/kWh. The
electricity cost varies, depending on the supplier, between FIM 0.22 and 0.37
(EUR 0.1 and 0.6)/kWh (electricity price + transfer cost + all taxes). The heating energy used
by slaughterhouses is produced with light or heavy fuel oil. (Green taxes” are levied on these at
a rate of FIM 0.40 (EUR 0.7)/1 and FIM 0.34 (EUR 0.6)/1, respectively. [134, Nordic States,
2001]

In Sweden, industry is exempt from energy tax. The electricity cost is SEK 0.23 - 0.30/kWh.
The cost of heat for process and room heating varies according to the method of production.
Some slaughterhouses use wood chips from the forest industry, but fuel oil and gas oil are also
used. The cost is similar to the cost of electricity, unless it has been found profitable to invest in
heat recuperation. [134, Nordic States, 2001]

The Norwegian meat industry pays on average NOK 0.265/kWh for electric power. For oil, the
cost is about NOK 0.35/kWh or (NOK 3.50/). About 65 % of the energy consumed is from
electricity and the rest is from oil. The average energy cost is NOK 0.295/kWh. The
Norwegian meat industry is exempt from electricity tax.

1.5 Food and veterinary legislation influences

There are other legal requirements and prohibitions, which must be considered when identifying
(best available techniques” in the slaughterhouses and animal by-products industries. There are
specific requirements relating to, e.g. food safety and animal welfare.

Council Directive 91/497/EEC of 29 July 1991 amending and consolidating Directive
64/433/EEC on health problems affecting intra-Community trade in fresh meat to extend it to
the production and marketing of fresh meat [169, EC, 1991] and Council Directive 92/116/EEC
of 17 December 1992 amending and updating Directive 71/118/EEC on health problems
affecting trade in fresh poultrymeat [223, EC, 1992] set out the main hygiene requirements for
slaughterhouses. Some of these requirements have significant environmental consequences, in
terms of, e.g. water and energy consumption.

There is legislation, which is also very relevant to the animal by-products activities covered in
this document, which has been taken into account, i.e. Regulation (EC) No 1774/2002 of the
European Parliament and of the Council of 3 October 2002 laying down health rules
concerning animal by-products not intended for human consumption 287, EC, 2002].

Whereas other food, veterinary and animal welfare legislation influences the applied processes
and techniques, e.g. with respect to water temperature requirements in slaughterhouses, ABP
Regulation 1774/2002/EC goes further. It stipulates specific treatments requiring, e.g. materials
to be heated to a certain temperature for a specified time. It states what uses and routes for
disposal are permitted or required for animal by-products not intended or not fit for human
consumption. Where there is more than one process permitted under ABP Regulation
1774/2002/EC operators may decide which to follow due to market preferences, or economic
considerations. Consequently, such decisions may differ either geographically or through time.

ABP Regulation 1774/2002/EC allows for currently unspecified processes to be approved for
the use or disposal of animal by-products not intended for human consumption and refers to
procedures for such approval.

Slaughterhouses and Animal By-products Industries 27



Chapter 1

The objective of implementing ABP Regulation 1774/2002/EC, is to prevent animal by-
products derived from animals not fit for human consumption, following health inspection, from
entering the feed chain and thereby presenting a risk to animal or public health. ABP
Regulation 1774/2002/EC also applies to parts of slaughtered animals which are fit for human
consumption, but are not intended for human consumption for commercial reasons.

Some of the materials processed by the animal by-products industry are edible and are eaten by
humans. Some of the activities covered in this document produce food for human consumption
and care has been taken to ensure that nothing conflicts with relevant food safety legislation.

Until recently EU legislation covering the animal by-products industry referred to the animal
tissues not directly consumed by humans as Ovaste”. The current practice of using the term
(by-product” for materials reserves the use of Owvaste” for by-products disposed of as waste.
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2 APPLIED PROCESSES AND TECHNIQUES
2.1 Slaughter

211 Activities described in this chapter

This chapter describes the slaughterhouses and animal by-products activities covered by the
BREF. The relationships between the activities downstream from the slaughterhouse are
illustrated in a very simplified and general form in Figure 2.1. The final use or disposal route
for many of the individual by-products of slaughter and of the treatment of waste water from
slaughterhouses and animal by-products installations varies geographically and also from time
to time. This depends on whether the by-products are considered, within food and veterinary
legislation, to be fit for use as food for humans, pet food or animal feed; on economic factors
and on local/national traditions and preferences. Local/national tradition is a significant factor
with respect to, e.g. the choice between the use of landfill, incineration and biogas alternatives
and it may be determined by local legislation.

FOOD/FEED PROCESSING

SLAUGHTERING [—> TANNERIES
FAT RENDERING BLOOD BONE GELATINE GLUE BIOGAS PRODUCTION INCINERATION
MELTING PROCESSING PROCESSING ™ MANUFACTURE MANUFACTURE COMPOSTING
LAND INJECTION
LAND SPREADING

BIOGAS PRODUCTION
COMPOSTING

f_‘

v 5| WASTE WATER
"] TREATMENT

A 4
INCINERATION
LANDFILL
—P| FERTILISER MANUFACTURE
BURNING TALLOW AS
A FUEL

Figure 2.1: Relationships between slaughterhouses and downstream activities (summary)

The unit operations in slaughterhouses are described first in Section 2.1. This section is divided
between the slaughter of large animals and the slaughter of poultry. Although many of the
environmental issues are common to both, the actual processes differ significantly. The
different processes at individual animal by-products installations are then described in Section
2.2, in the following order: fat melting, rendering, fish-meal and fish-oil processing, bone
processing, blood processing gelatine manufacture, incineration, burning of tallow, land
spreading/injection, biogas production and composting. Some waste water treatment processes
that are applied in the industries are then described, firstly for slaughterhouses and then for
animal by-products installations.

21.2 Slaughter of large animals

Processing operations at slaughterhouses vary depending on the type of animal being
slaughtered. The most significant difference is that for cattle and sheep the hide is removed.
Pig skins are usually retained, although the bristles are removed and the surface of the skin is
singed. Other differences relate to the difference in animal physiology and size. [12, WS
Atkins-EA, 2000]
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The slaughter process, although relatively labour intensive, is becoming increasingly automated.
For instance, machinery is being developed to mechanise carcase dressing and this tends to
incorporate automatic carcase washing at every stage. Up to 140 cattle and 600 pigs can be
killed in an hour. Hundreds of cattle and thousands of pigs can, therefore, be killed in a
slaughterhouse, on a daily basis.

21.21 Animal reception and lairage

The animals are unloaded via ramps which should preferably be at the same level as the truck,
have a non-slip surface and be sufficiently long to allow adult animals to be able to put all four
hooves on. Looking after the animals’ welfare reduces the risk of injury to them and subsequent
waste, so it also has environmental advantages. [332, COTANCE, 2003]. After animals are
unloaded the lorries are cleaned, for hygiene reasons. Most slaughterhouses have a dedicated
vehicle wash area for this purpose. In some cases bedding, such as straw or sawdust is used. If
so this is removed during vehicle washing after each delivery. The wash-water is discharged for
waste water treatment and the manure and dirty bedding are collected.

Ideally animals should arrive at the slaughterhouse clean, although they may get dirty during the
journey, e.g. from manure and washing upon arrival is an option. Washing the live animals can
cause problems if there is not enough time for them to dry before they are slaughtered. Wet
hides and skins can deteriorate more quickly than dry. [332, COTANCE, 2003]. There are
conflicting views about the value of clipping. It has been encouraged to minimise the risk of
both carcase contamination and operator exposure to Escherichia coli 0157.

The animals are often held in the lairage to allow them to recover from the stress of the journey.
This improves the quality of meat by allowing adrenaline and glycogen levels to recover to
normal levels. Pigs do not have sweat glands and are prone to heat stress during warm weather.
To prevent this, they are kept cool by fine water sprays applied by shower arrangements in the
lairage pens.

Most animals are retained for only a couple of hours before slaughtering, but some may be kept
overnight to facilitate an early morning start. In general, farmers prefer their animals to be
slaughtered on the day of arrival. Farmers are paid on the carcase weight of each dead animal,
and many believe that this decreases if the animals are kept overnight.

A variety of lairage floor constructions are used. The most common are solid concrete floors;
dimpled concrete floors, to allow animals adequate grip; or slatted concrete floors with under
floor drainage to slurry tanks. For animal welfare reasons, slatted concrete floors are not
generally used for sheep because their hooves can become trapped in the slats. Suspended mesh
flooring is reported to work well in sheep lairages and like slatted floors they allow dirt to drop
through and generate heat, which helps to dry the animals before they are slaughtered. Lairages
for sheep/lambs are often simple and may have only a simple supported roof without walls.

Bedding is only used to a minor extent, but an official veterinary surgeon will insist that there is
enough bedding to prevent the animals from getting dirty while in the lairage and/or there is
sufficient dry bedding to dry off any wet animals. It is also generally used for overnight lairage.
This is usually straw, but waste paper and sawdust are used at some installations. It has to be
dry and of good quality. Lairages are normally cleaned by shovelling the solid manure and
straw into a skip and then washing the lairage floor with HPLV hoses. In Italy, lairages are
washed down and disinfected each time the lairage is emptied [331, Italy, 2003].

Straw and manure from delivery vehicles and lairages may be used as fertiliser, subject to public
health legislation.
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Sheep/lambs may be sheared before slaughter, but this may reduce the value of the skin,
because it removes the option of Qloubleface” production, i.e. skins tanned with the wool on
and it reduces the possibilities for recovering wool from the pelt.

Cattle that are dirty may have clumps of manure intertwined with their hair. This material is
removed prior to slaughter. This is usually done by dry clipping the hair. At some
slaughterhouses the animals are washed with a powerful hose. [288, Durkan J., 2002]

21.2.2 Slaughter

Animals are taken from the lairage along a fenced or walled passageway constructed to allow
them to walk in single file, or in small groups to where they are stunned and slaughtered.

Cattle are led one at a time into a stunning pen, which prevents the animal from moving and has
a tiltable bottom and sides. The animal’s head must be positioned in such a way that the
stunning equipment can be applied and operated easily, accurately and for the appropriate time.
The competent authority may authorise the use of head restraints. [115, EC, 1993]. After
stunning the animal collapses to the bottom of the pen, the operator then actuates a handle and
the pen side opens allowing the animal to slide out onto a dedicated landing area on the
slaughter hall floor.

Cattle are stunned before bleeding, normally using a captive bolt pistol activated by expanding
gas either from an air compressor or a blank ammunition cartridge. The pistol is accurately
located at a point on the midline of the skull, above the level of the brow ridges of the eye
sockets. Bulls and boars, which have massive skulls, are sometimes shot with a rifle bullet.
There are also some non-penetrative percussion pistols in use. One captive bolt pistol, known
as the Hantover stunner, injects air as well, thus scrambling the brain. This can result in central
nervous system material entering the blood stream. It is not used in Germany, Spain, Ireland or
the UK [202, APC Europe, 2001].

Pithing during slaughter is prohibited under legislation, to prevent the transmission of TSE [173,
EC, 2001]. There is some resistance to the prohibition of pithing on slaughterman safety
grounds [111, EC, 2001]. Pithing involved the insertion of a long rod into the hole left by the
captive bolt and reduced muscle contractions during carcase dressing. Paper and cloths used to
clean the captive bolt are classed as SRM. Electrical stunning of cattle is undertaken in the US,
Australia and New Zealand [332, COTANCE, 2003].

Sheep and pigs are also stunned before bleeding, using a captive bolt pistol or electrical tongs
The traditional stunning method for pigs involves applying scissor-like tongs or head plates with
a current of at least 1.3 A, at a minimum voltage of 190 V, for about 5 s. For sheep, the current
is normally at least 1 A. For pigs, in recent years the use of CO, baths has become more
popular. The pig is exposed to two stages of gas, firstly a mixture of 30 % CO, to increase
respiration and then a mixture of 70 - 82 % CO, (depending on the size of the pigs), to induce
anaesthesia. The concentration of CO, for stunning pigs must be at least 70 % by volume [115,
EC, 1993].

The removal of as much blood as possible is important to maximise the quality of the meat. In
many cases, animals such as pigs and sheep could be killed by electrocution, rather than being
merely electrically stunned. In pigs, cardiac arrest does not affect the rate and extent of
bleeding.

After stunning, the animals are hung by one or both of their hind legs on an overhead rail which
carries the carcases through the intermediate processes and into the chiller unit. Small multi-
species slaughterhouses may have a common slaughtering and processing line, where the height
of the workstation can be adjusted to match the height of the carcase. Large slaughterhouses
typically operate separate slaughtering and processing lines for different species.

Slaughterhouses and Animal By-products Industries 31



Chapter 2

In at least one Danish slaughterhouse, the cattle are tipped from the stunning pen onto a table,
where their neck arteries are then severed. The animal is then shackled and raised using an
elevator platform to the hanging position, for bleeding.

During ritual slaughter, the restraint of bovine animals before slaughter using a mechanical
method intended to avoid any pain, suffering or agitation and any injuries or contusions to the
animals is obligatory [115, EC, 1993].

21.2.3 Bleeding

EU animal welfare legislation dictates that bleeding must be started as soon as possible after
stunning and be carried out in such a way so as to bring about rapid, profuse and complete
bleeding [115, EC, 1993]. In any event, it must be carried out before the animal regains
consciousness. There are special provisions in the legislation which apply to slaughter
according to certain religious rites. In the EU MSs, the religious authority on whose behalf
slaughter is carried out is the competent authority for the application and monitoring of these
provisions, operating under the responsibility of the official veterinarian. Otherwise, all animals
that have been stunned must be bled, by incising at least one of the carotid arteries or the vessels
from which they arise. After incision of the blood vessels, no further dressing procedures or
any electrical stimulation may be performed on the animals before the bleeding has ended.
Bleeding also aids the preservation of the meat, by removing a breeding ground for micro-
organisms.

Carcases are bled over a trough or tank, to collect the blood. In some slaughterhouses the blood
tanks are only large enough to hold the blood of a small number of animals, e.g. 10, to ensure
that if one animal’s blood is contaminated, or if a carcase is condemned after inspection by the
veterinarian, only a small portion has to be disposed of.

The blood trough is normally fitted with a double drain, one opening for the blood to be pumped
to a tanker for disposal and the other for wash-water. Removable plugs seal the openings when
they are not in use. Some slaughterhouses have installed additional blood collection sumps at
other parts of the process, such as at the legging platform where the back legs are skinned.

At cattle and pig slaughterhouses, some blood may be hygienically collected for human
consumption, e.g. for black pudding or pharmaceutical use. Hygienic blood collection from
pigs can be carried out by traditional bleeding, e.g. in small pans or a trough or by using hollow
knives. The hollow knife is slightly broader than an ordinary knife and is double edged. The
operator can hold the knife in place, or it can be fixed in position by a clamp or by a small hook
fixed at its base. The blood runs from the hollow knife through the handle and a tube to a
collection vessel. When bleeding is completed, the knife is placed back into its holding carousel
for automatic cleaning and a clean knife is selected for the next animal. Bleeding/sticking
knives can be washed, but not sterilised to the standards necessary to destroy all pathogenic
organisms, especially TSE agents, in the interval between two kills [202, APC Europe, 2001].

Typically, a total of between 2 -4 litres of blood is collected from each pig and about
10 - 20 litres per head of cattle. After the collection of the initial flush of blood the animals are
hung over a blood trough to collect the remainder of the free-flowing blood. Whilst the use of
hollow knives is considered to be a very good system for obtaining high quality blood it gives a
lower yield of blood collection at this stage on the slaughter-line and, therefore, increases the
potential for blood to continue to drip from the carcase, leading to contamination of waste water
later [220, APC Europe, 2001]. The lower yield is related to the back pressure associated with
the use of the hollow knife and the time that the hollow knife is allowed to remain in the animal.
In most cases the time is limited to 20 - 40 seconds because of the speed of operation of the
slaughter-line. In practice, the hollow knives are only used in big slaughterhouses and only for
the length of time required to obtain the quantity needed for the collection of food grade blood.
In addition, it is not possible for the slaughterman to know whether the incision of the blood
vessels has been accurate. [260, EAPA, 2002]
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Typically, the blood collected is pumped from the trough to a refrigerated tank/tanker where
additives, e.g. citric acid or sodium citrate, are added to prevent coagulation. The addition of
100 ml of a 20 % solution of sodium citrate per pig may be added automatically using a flow-
meter. Alternatively, the fibrin which binds blood clots together can be removed by stirring
with a paddle. Plate heat-exchangers may also be used to chill the blood to a temperature of
about 2 °C. The blood can be continually agitated in the tank [260, EAPA, 2002]. In the UK,
approximately 15 % of mammalian blood is chilled prior to collection and processing. The
main reason for this is to maintain the functionality of the plasma proteins for, e.g. use in pet
foods. The storage of blood above 10 °C is reported to quickly lead to odour problems.

Some UK slaughterhouses use an electrical conditioning process to improve the meat quality for
cattle, pig and lamb carcases. At one slaughterhouse pig carcases are subjected to 600 V for
5 minutes on a carousel system. It is reported that bleeding with a hollow knife together with
electrical stimulation, e.g. at 40 V for one minute, facilitates hide removal as well as improving
the quality of hides and skins, due to earlier rigor mortis. It is reported that the pH of meat is
reduced from 7.0 to 5.6 in 2 hours instead of 18 hours. There is some debate about whether it
may also help to drain the blood from the carcase.

Blood has the highest COD strength of any liquid effluent arising from meat processing
operations. Liquid blood has a COD of about 400 g/l and a BOD of about 200 g/l. The
containment of blood is, therefore, one of the most important environmental controls at a
slaughterhouse. The spillage of blood is potentially one of the most environmentally harmful
accidents that can happen. Spillage from blood tanks has occurred when blood trough pumps
have been left on overnight during floor cleaning, thereby causing the blood tank to overflow.
The blood may escape to local water courses or cause problems in an on-site WWTP, due to
shock loading. The risk of this can be reduced by installing a high level alarm on the blood
tank, linked to an automatic cut-off device for the blood trough pumps. Here a ballcock hits an
electrical switch and a solenoid activates a valve, which prevents any further addition [288,
Durkan J., 2002].

During bleeding blood coagulates on the base/walls of the trough. This is either hosed down
and washed directly to the WWTP or in some slaughterhouses it is collected by shovels,
squeegees or by vacuum suction and as much as possible is pumped to a blood tanker. Such
coagulated blood can be rendered, but cannot used in blood processing. In most
slaughterhouses, the blood trough is pitched and curved so that partially congealed blood can be
directed into the drain and to the blood tanker. If the coagulated blood is collected first, a few
litres of water can, usually with the permission of the renderer, be used to rinse blood into the
blood tanker. The plug in the drain leading to the WWTP is then opened and the whole trough
is washed down with water.

Some slaughterhouses have traditionally allowed all or a significant proportion of the blood they
collect to run to their WWTP. This has always been considered to be bad practice, due to the
high COD and BOD and because it also removes the possibility of other routes for the use
and/or disposal of blood being followed. This route is not permitted under ABP Regulation
1774/2002/EC, which prescribes permitted routes for use and disposal, depending on the
Category, as defined therein.

21.24 Hide and skin removal

Machines to remove hide and skin typically pull the hide/skin from the carcase. Two chains are
hooked to the hide/skin and are then wound onto a drum to pull the hide/skin. Some sheepskins
are removed manually, but automated removal is also common. The hides and skins are
supplied to tanneries for the production of leather goods. In some slaughterhouses, the hides
and skins are salted to improve preservation, as described in Section 2.1.2.13.
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Knives and similar tools, such as flaymasters, which are pneumatic tools with guards commonly
used to minimise flay cuts, are used to remove animal hides and skins. These have a tendency
to become contaminated with faecal material. Care is taken to ensure that dirty knives are not
be used for any operations where the carcase meat has been exposed. They must be
decontaminated first by removing any debris and then, e.g. dipping them in hot water at 82 °C
for 10 seconds.

In some slaughterhouses, pig carcases are skinned like cattle carcases. Pigs are washed before
the skin is removed using a hide-puller. The hide-puller is driven by a powerful motor or
hydraulic piston and it pulls the skin off the carcase. The vertebral axis of the animal can be
temporarily strengthened by brief electrical stimulation to tighten the muscles, otherwise some
hide-pullers can cause a separation of the vertebrae, particularly in younger cattle. [27,
University of Guelph, undated]

After the hides/skins are removed, the carcases are conveyed to the part of the slaughter-line
known as the clean slaughter-line, for dressing and the hides/skins are taken to the hide/skin
treatment area.

21.25 Head and hoof removal for cattle and sheep

After the bleeding of cattle and sheep, the animals’ forelegs, tail and udder/testicles are
manually removed using knives. At some cattle slaughterhouses, the operator cuts a slit in the
neck to allow further blood to escape, before cutting the head off. The tongue and cheeks may
also be removed for human consumption, except in certain MSs where cheeks are SRM [113,
EC, 2000]. Cattle and sheep heads are washed, inspected, then stained with the other SRM and
disposed of.

Hooves are traditionally supplied for use in the manufacture of glue but may also be ground for
use in pet food. They may also be used to produce horn meal fertiliser.

2.1.2.6 Pig scalding

Pig carcases are normally passed through a series of unit operations to remove the bristles.
Traditionally the pig carcase is passed through a static or rotary scalding tank filled with water
between 58 °C and 65 °C for 3 — 6 minutes to loosen the bristles and toenails. Under normal
conditions, there is little or no heat penetration into the underlying flesh, so the meat quality is
unaffected. Scalding at this temperature for longer than 6 minutes damages the skin. Lime salts
or a depilatory agent, such as sodium borohydride, may be added to the water to facilitate
loosening of the hair.

For a slaughterhouse processing about 100 pigs per hour, a typical static scalding tank would be
about 4 metres long, 1.7 metres wide and 0.8 metres deep and would contain about 5500 litres
of water. A typical rotary scalding tank may contain about 2500 litres of water and hold up to
14 carcases at a time. Some large slaughterhouses use a conveyor system to drag the carcase
through a longer tank with countercurrent water filtration and recycling. In Italy, because pigs
are bigger, a typical scalding tank is longer, i.e. up to 10 metres long and it may contain
12000 litres of water [237, Italy, 2002].

Steam heating is normally used to maintain the temperature in the scalding tank and continuous
make-up water is required to balance drag-out, which drips onto the floor and into the de-hairing
machine. The scalding process produces some steam and odour.

Debris and sludge builds up in the scalding tank during the day. It is common practice to empty
the water and sludge directly into the site waste water drainage system at the end of production.
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Alternative scalding methods may involve the use of either condensation or steam. Microbial
contamination can be minimised by the use of steam [27, University of Guelph, undated].
Condensation/steam scalding uses humidified air. The heat is transferred to the carcase surface
through the condensation of steam. The heat and moisture are transferred to the scalding air by
the atomisation of hot water in the circulating airflow. This process can maintain a constant
temperature and 100 % humidity under varying loads, which is crucial for good scalding
performance.

21.2.7 Pig hair and toenail removal

An automatic de-hairing machine is used to remove bristles and toenails from pig carcases.
This comprises a number of rotating rubber flails, or similar, which brush or scrape the surface
of the carcase.

In some de-hairing machines, the carcases are tumbled two at a time horizontally between two
sets of rubber flails, with a water spray from above to wash the hair out of the bottom of the
machine. The water spray is used to flume hair and toenails to a primary screen. In some
slaughterhouses, toenails are collected dry and sent for rendering. In Denmark and Ireland, hair
and toenails are rendered [243, Clitravi - DMRI, 2002, 288, Durkan J., 2002].

In some slaughterhouses, the fluming water is recycled back to the de-hairing machine and the
water is discharged to the site waste water drainage system once a day. In others, the water
spray uses water from the once-through cooling system of the conveyor rail which is used to
transport the pigs through the singeing unit.

21.2.8 Pig singeing

Pig carcases are singed to remove residual hair which has not been removed by the de-hairer, to
provide a firmer skin texture and to eliminate micro-organisms. The singeing unit commonly
uses propane gas burners firing intermittently, usually for about 20 seconds in any minute, or
alternatively oil burners, although this is becoming less common. Propane is used in preference
to natural gas because of the higher flame temperature, although natural gas is sometimes used
if the slaughterhouse has an existing supply. A gas singeing unit may consist of 40 burners that
are triggered to fire for 5 seconds as each carcase enters the unit. The singeing time, per
carcase, can vary between 5 and 15 seconds, depending on the slaughter rate. The degree of
singeing is controlled by the amount of energy supplied. Singeing temperatures are around
900 - 1000 °C. [12, WS Atkins-EA, 2000, 134, Nordic States, 2001, 145, Filstrup P., 1976]

If the pig meat is to be used to make bacon, the carcase is given a Cheavy singe”, by leaving the
burners switched on continuously during the production run. This produces the rind. In some
slaughterhouses, additional singeing may be carried out manually using portable gas burners. If
a heavy singe has been applied the carcase undergoes rind treatment. If not, it is rinsed in cold
water to cool the carcase.

If the meat is for the production of typical Italian cured products, a light singe is applied.

21.2.9 Rind treatment

After singeing, pig carcases are passed through a black scraping machine to polish the skin and
to remove singe hair and other debris. The polisher consists of sets of rotating rubber flails,
similar to the de-hairing unit. At some slaughterhouses, additional carcase polishing may be
carried out manually using handheld scrapers. Water is applied during rind treatment to cool the
carcases, soften the outer layer of skin and to rinse the bits of skin away.
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2.1.2.10 Evisceration

Evisceration involves manual removal of the respiratory, pulmonary and digestive organs. This
is done by pulling out the bladder and the uterus, if it is present; the intestines and mesenteries;
the rumen and other parts of the stomach; the liver and then, after cutting through the
diaphragm, the plucks, i.e. the heart, lungs and trachea. The resulting offal is loaded into pans
for inspection and transportation to the offal processing area. The heart, liver, kidneys and non—
ruminant intestine may be sold for human consumption. At some pig slaughterhouses the
pancreas may be sold to pharmaceutical companies to produce insulin. Some edible fats and
trimmings may be rendered to produce lard and dripping.

Australia and New Zealand have recently developed large-scale automated systems for cattle
and lamb evisceration, respectively. If successful, these systems are destined to have a dramatic
impact on the meat industry, where labour costs in slaughtering have always been a major factor
in locating slaughterhouses in relation to meat producing regions. [27, University of Guelph,
undated].

Offal, including the lungs and trachea for all animals and the first stomach for cattle and sheep,
can be used in the production of pet food. For cattle and sheep, the first stomach is cut open on
a table and the contents are removed using either a wet or dry process. In the wet process, it is
cut open in a water flow to produce a slurry which is discharged over a screen and then pumped
to a holding area. For veal cattle, less than one year old bulls and for cows, the first stomach
contents weigh up to 10 kg, 40 kg and 50 kg, respectively [248, Sorlini G., 2002].

In the dry process, the first stomach is opened without water. The contents are removed
manually and transported by a pneumatic system or screw conveyor to a collection point. First
stomach contents are normally disposed of by spreading on agricultural land, subject to
veterinary approval and the nutritional needs of the soil. Some companies use a piston
compactor to reduce the volume of the contents for easier handling. After dry contents removal,
the first stomach is washed in running or recirculated water.

The majority of slaughterhouses use a compressed air ring main to power equipment. In such
cases, it is standard practice to use this to power a pneumatic system to blow the first stomach
contents to the collection point.

In some slaughterhouses macerator equipment is used to chop, wash and spin-dry the remaining
offal prior to supply to the rendering company. This can reduce the offal volume by over 50 %.

It is not necessary to wash the carcases in the evisceration area, although it is sometimes
undertaken if there is contamination present from damaged viscera.

21.2.11 Splitting

After evisceration, the cattle, mature sheep (not lamb, because it is not necessary to remove the
spinal cord as a TSE precaution) and pig carcases are split along the spine using a saw. Water is
sprayed onto the blade to remove any bone dust which is generated. The spinal cords of the
cattle and mature sheep are then removed from the carcase and disposed of as SRM. Some
slaughterhouses use a vacuum system which sucks the spinal cord material to the SRM waste
skip. In other slaughterhouses, the spinal cord is removed manually and the cavity is cleaned
using a steam spray/suction device. In Italian pig slaughterhouses on the same sites as cutting
plants, the carcases are cut into portions weighing a maximum of 15 kg, before chilling, for the
production of typical Italian cured products [237, Italy, 2002].

In some slaughterhouses, the carcase is given a final rinse with low-pressure potable water
before chilling or freezing. At every stage of production the meat is inspected visually to
maintain quality standards.
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For cattle which are known or suspected TSE sufferers at the time of slaughter, the carcases are
sawn in two, lengthways, ensuring that the spinal cord remains completely enclosed and intact
and are sent for rendering followed by incineration or direct incineration.

2.1.212 Chilling

The carcases are chilled to reduce microbiological growth. To reduce the internal temperature
to less than 7 °C, they are chilled in batch chillers with air temperatures between 0 °C and 4 °C.
Typical chilling times are 24 — 48 hours for beef sides, 12 hours for lamb and 12 — 24 hours for
pig carcases. Pig carcases can be chilled quickly in a chill tunnel for about 70 minutes
at -20 °C, followed by temperature equalisation at about 5 °C for 16 hours. Alternatively, they
may be batch chilled at -5 to -10 °C.

The carcases may then be held in a chilled meat store to further condition the meat prior to
despatch to cutting plants, wholesalers, or on to further processing. For cattle, the storage time
varies depending on the degree of maturation required by the customer and may be up to
17 days.

Description of refrigeration technology [292, ETSU, 2000]

The refrigeration systems use a refrigerant to transfer heat from the carcases to be cooled to
ambient air (or sometimes water in the case of poultry). A simple refrigeration system
comprises the following elements and is depicted in Figure 2.2:

e an evaporator, in which the refrigerant boils (or evaporates) at a temperature lower than the
product by absorbing heat from the carcases or standard cuts

e acompressor, which compresses the gas generated in the evaporator

e a condenser, in which the high-pressure gas pumped by the compressor is liquefied (or
condensed). During this process the refrigerant emits heat, usually to ambient air or water

e an expansion device, which reduces the pressure of the condensed liquid back down to the
pressure of the evaporator

e a set of controls, such as a thermostat that switches the refrigeration system off when the
required temperature has been reached, and switches the system on again when the product
has reached its upper temperature limit. The differential between off and on must not be so
low as to cycle the refrigeration compressor rapidly

e a high-pressure cut-off switch, which turns the compressor off when the pressure on the
high-pressure side of the system rises too high and a low-pressure cut-out, which shuts off
the compressor if the suction pressure drops below a set limit (for example, due to loss of
refrigerant from the system)

e compressor motor protection devices, which switch off the compressor if the electrical
current rises too high.

The amount of heat a refrigeration system removes is measured in watts (W). The heat
extraction rate will depend on the size of the system and the conditions under which it is
operating.

To drive the system, energy, usually in the form of electrical power, has to be put in to the
compressor's motor and to other motors for pumps, fans, etc. This is also measured in watts.
The system is operating at optimum efficiency when the minimum input power achieves the
maximum heat extraction. The expression used to describe the efficiency of a refrigeration
system is the COSP (coefficient of system performance).

COSP = Refrigeration capacity (watts)
Total system power input (watts)

The COSP should not be confused with the commonly quoted COP (coefficient of
performance), which relates to the power consumed by the compressor alone.
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Figure 2.2: Schematic diagram of a simple refrigeration system

Refrigerants commonly used include ammonia; ethylene glycol and water; R404 and R22 (an
HCFC). The refrigeration condensers may be water-cooled or air-cooled. Some slaughterhouse
refrigeration units include heat recovery equipment to capture waste heat in the form of usable
hot water.

2.1.2.13 Associated downstream activities - viscera and hide and skin
treatments

Viscera treatment

The use of casings varies from country to country. Parts of cattle and sheep intestines are SRM
[113, EC, 2000] and these currently cannot be used for sausage casings. Pigs produce about
19 metres of intestine, which can be used for sausage casings. In Denmark, a large proportion
of the intestines are used for edible products. In Norway, intestines are rendered.

If the intestines are destined for food use, after veterinary approval, the pancreas gland is cut off
the intestine set. The intestine set is then conveyed to the casing cleaning area. It is then
separated into the following parts: stomach, fat end (rectum), small intestine (duodenum,
jejunum), large intestine (colon) and Cblind” intestine (caccum). These are then cleaned and
may be salted at the slaughterhouse or off-site.

If the intestines are to be rendered, the contents may be removed first, by, e.g. cutting followed
by centrifugation. [134, Nordic States, 2001]

The mucose membrane of the small intestine of pigs can be used for the pharmaceutical industry
or in biogas production. [134, Nordic States, 2001 ]

Hide and skin treatment

Whether hides/skins are salted or not may depend on customer requirements. If hides/skins can
be delivered to a tannery and processed within 8 — 12 hours after slaughter they generally don’t
require any treatment at the slaughterhouse. They need to be chilled if they are to be processed
within 5 — 8 days. For longer storage times, e.g. if they have to be transported overseas, then
salting is reported to be the preferred option, due to the weight of ice and the energy
consumption required for ice production and for refrigeration. [273, EC, 2001]

If sheep/lamb skins and cattle hides are to be salted, they may be cooled first with cold water or
chilled prior to being stacked flat and then salted, using sodium chloride, or alternatively they
may be salted directly. After approximately 6 days they are packed with additional salt and
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stored or transported to tanneries for leather production. The hides and skins are normally
stored in cool conditions, at about 4 °C.

If trimming is undertaken before salting is performed [276, Ando M., 2002], this reduces the
amount of salt consumption, and there is a subsequent reduction in waste water contamination at
the slaughterhouse and if the trimmings are used for the manufacture of gelatine, at the
manufacturing installation too.

Salt in waste water is difficult to treat [332, COTANCE, 2003]. Specific treatments for
preventing or controlling salt emissions via waste water have not been identified. It has been
suggested that this may be due to a lack of awareness of salt emissions. Dilution and not
treatment appears to be the mechanism by which harm to water courses and plant life is
presently reduced.

The tanning industry reports that the washing of animals prior to slaughter is a questionable
practice since animals should not be slaughtered in a wet condition for hygiene reasons. From
the tanning industry point of view, it is much better that animals are kept clean on the farm and
delivered in a clean condition to the slaughterhouse. [332, COTANCE, 2003]. Veterinarians
require animals to be clean and dry to prevent carcase contamination during the slaughter and
dressing operations. A CEN standard on hide and skin preparation in slaughterhouses is in
preparation. Hides and skins are reportedly often sold with, e.g. legs, hooves and parts of heads
still attached. It is claimed that tanneries do not have the variety of use and disposal routes for
by-products available to them that slaughterhouses have. Fleshing is considered to be a skilled
job, possibly not always appropriate to the slaughterhouse operation.

The tanning industry encourages chilling of hides/skins, but considers that salting cannot be
phased out where the material is to be transported significant distances, so it encourages its
careful execution, avoiding the use of excessive amounts of salt. Brining is not undertaken at
slaughterhouses, although it is done at hide/skin markets or in tanneries. The routine use of
biocides is considered to be unnecessary, if preservation is undertaken correctly but they may
have a role to play, e.g. for storage or transport in hot climates [286, COTANCE, 2002]. Drying
is not undertaken in Europe, but it is done in Africa. Icing is encouraged by the tanning
industry. Irradiation is not known to take place at slaughterhouses. [286, COTANCE, 2002].
Table 2.1 shows the treatment of hides and skins undertaken at slaughterhouses throughout
Europe.
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Belgium Denmark |Finland (France Germany |Greece |Ireland’ [Italy’ [Netherlands|Norway [Portugal' Spain' [Sweden |UK' Czech

Republic

Washing No* No No No Yes Yes No No Yes No No Yes Yes

(some) |(10 %) (some)?
Chilling Yes (some) Sometimes Yes (2) bovine |No Yes Yes No No No No Yes Yes (20 %) |Yes
(some) |(5 %)
Trimming Yes (bigger Sometimes Yes (150) Yes Yes® No No Yes Yes (some) Yes Yes Yes® Yes
ones) (South)

Fleshing No No | No No No No No No No No No No Very little

Salting Yes (small)/ Sometimes Yes (100 - 150) |Yes Yes Yes Yes No Yes Yes Yes No Yes (3-4) |Yes

(sodium No (big) (some) (95 %)

chloride)

Salting No No No No No Yes No No No Yes/No [No No No

(potassium (5 %)

chloride)

Brining No No Yes (few) No Yes No No No No No No No No No

Biocide No No Yes (100) No Yes No No No No Yes (ovine/caprine) |No No No No

addition partly in bovine

Drying No No Yes (10) caprine [No No No No No No No No No No

Preservation in|Yes (slowly) Sometimes Yes (50) bovine |Yes (in some smaller|Yes No No No No Partly [No Yes Very little

flake ice slaughterhouses) (some)

Preservation in [No No No No No No No No No No No No No

flo-ice

Irradiation No No Experimental - [No No No No No No No No No No

bovine
" Unconfirmed

% If excessively dunged animals are rejected for slaughter
3 On animals over 30 months trimming takes place at the slaughterhouses, on others at the hide/skin market
* Weak enforcement of health and safety recommendations

> None of these processes are undertaken at pig slaughterhouses
Numbers in brackets refer to the numbers of installations

Table 2.1: Treatment of hides and skins undertaken at slaughterhouses
[286, COTANCE, 2002, 323, Czech Republic TWG, 2002]
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213 Slaughter of poultry
2.1.31 Reception of birds

It is essential that crates, modules and vehicles used to transport birds are thoroughly cleaned
between collections, to reduce the spread of any infection which may be present. The poultry
processor generally provides separate facilities for cleaning and disinfecting the crates, modules
and vehicles, unless there are facilities available elsewhere at officially authorised facilities.
[223, EC, 1992]

The withdrawal of feed prior to loading the birds for transportation to slaughter can help reduce
the level of faecal contamination during transportation and, therefore, can reduce the amount of
effluent produced during cleaning operations. It can also reduce the amount of crop and
intestinal tract contents.

In general, crate cleaning is a three-stage process, which offers considerable opportunities for
re-using and recycling water. Many of the larger poultry processors have installed automated
crate washing equipment to permit a thorough cleaning immediately following delivery of the
birds. Other processors provide a variety of manual and semi-automatic cleaning facilities.

Due to the birds struggling and flapping their wings during unloading and hanging, a significant
quantity of dust is produced in those areas. The dust is generally removed using exhaust
ventilation and bag filters.

21.3.2 Stunning and bleeding

After the birds have had time to settle they are removed from their crates/modules and put onto
the killing line. They are required to be stunned, before being killed, except in the case of
slaughter according to religious rites [223, EC, 1992]. They are hung upside down by their feet,
using shackles on a conveyor which moves them towards the stunning equipment. A commonly
used stunning system uses a water-bath, which constitutes one electrode and a bar which comes
into contact with the shackles and forms the other electrode. The bird is stunned as soon as the
head comes into contact with the water. After stunning, the bird is bled for up to two minutes
before being dressed. Bleeding may be initiated by an automatic circular knife system. The
neck arteries of turkeys are sometimes cut using a handheld knife.

Normal bleeding also occurs in poultry that have been killed by electrocution instead of being
electrically stunned [27, University of Guelph, undated].

Turkeys may be stunned using CO, [27, University of Guelph, undated].

Since poultry are bled whilst they are hanging from a moving conveyor, the majority of poultry
slaughterers collect the blood in a tunnel or walled area.

The cheapest option for the disposal of blood is to collect it separately. Efficient bleeding
processes and maximum blood collection in the killing tunnel are therefore essential. Well
designed blood tunnels need to be long enough and have high enough walls to capture all the
spurting blood from freshly killed birds.

The blood trough is normally fitted with a double drain, one opening for the blood to be pumped
to a tanker for disposal and the other for wash-water. Removable plugs seal the openings when
they are not in use.

Blood has the highest COD strength of any liquid effluent arising from meat processing
operations. Liquid blood has a COD of about 400 g/l and a BOD of about 200 g/l. The
containment of blood is, therefore, one of the most important environmental controls at a
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slaughterhouse. The spillage of blood is potentially one of the most environmentally harmful
accidents that can happen. The blood may escape to local water courses or cause problems in an
on-site WWTP, due to shock loading. Spillage from blood tanks has occurred when blood
trough pumps have been left on overnight during floor cleaning, thereby causing the blood tank
to overflow. The risk of this can be reduced by installing a high level alarm on the blood tank,
linked to an automatic cut-off device for the blood trough pumps. Here a ballcock hits an
electrical switch and a solenoid activates a valve, which prevents any further addition [288,
Durkan J., 2002].

During bleeding blood coagulates on the base/walls of the trough. This is either hosed down
and washed directly to the WWTP or in some slaughterhouses it is collected by shovels,
squeegees or by vacuum suction and as much as possible is pumped to a blood tanker. This
coagulated blood can be rendered, with the other poultry blood. In most slaughterhouses, the
blood trough is pitched and curved so that partially congealed blood can be directed into the
drain and to the blood tanker. If the coagulated blood is collected first, a few litres of water can,
usually with the permission of the renderer, be used to rinse blood into the blood tanker. The
plug in the drain leading to the WWTP is then opened and the whole trough is washed down
with water.

Some slaughterhouses allow all or a significant proportion of the blood they collect to run to
their WWTP. The WWTP in these cases needs to be capable of treating the high COD and
BOD. This may incorporate the production of biogas. It is more usual for poultry blood to be
sent for rendering [271, Casanellas J., 2002].

Excessive body movement of the slaughtered poultry may splatter blood on to the conveyor, out
of the bleeding area and onto the feathers of adjoining birds, where it will be washed off in the
scalding process. Ensuring that the birds are adequately stunned at slaughter will reduce such
movements, allowing more efficient blood collection and reducing waste water effluent
strength.

21.3.3 Scalding

After stunning and bleeding, the birds are immersed in a scalding tank to loosen the feathers to
facilitate de-feathering. Birds destined to be sold frozen are usually ‘hard scalded’ at 56 - 58 °C.
Carcases to be air-chilled, for fresh sale, are most often ‘soft scalded’ at 50 - 52 °C to avoid
damage to the cuticle and resultant skin discolouration. In the Nordic countries, chickens for
freezing are scalded at approximately 58 —60 °C and chickens for chilled distribution are
scalded at approximately 50 - 51 °C [243, Clitravi - DMRI, 2002].

As birds enter the scalding tank they may involuntarily defecate, leading to the accumulation of
faecal materials in the water. In water, poultry faeces dissociate to form ammonium nitrate and
uric acid which form a natural buffer which has the effect of maintaining the scalding tank at
about pH 6, the point at which salmonellas are most heat resistant. In most cases, the scalding
tanks are emptied into the wet feather flume at the end of the day shift.

21.34 De-feathering

Feathers are removed mechanically, immediately after scalding, by a series of on-line plucking
machines. The machines comprise banks of counter-rotating stainless steel domes or discs, with
rubber fingers mounted on them. Rubber flails mounted on inclined shafts are sometimes used
for finishing. Any feathers remaining on the bird after mechanical plucking, including pin
feathers, are removed by hand. In Finland, de-feathering may be performed by rubbing the
scalded carcase with rotating rubber fingers and using pressurised water jets.
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Continuous water sprays are usually incorporated within the machines for flushing out feathers.
Feathers are commonly taken to a centralised collection point via a fast-flowing water channel
located below the machine. The feathers may then be sent for rendering, composting, co-
incineration with chicken litter in large combustion plants, or landfill, although the latter is
becoming less available as an option [241, UK, 2002]. Dry feather collection systems, using a
conveyor belt in conjunction with a vacuum or compressed air arrangement are sometimes used,
e.g. if the feathers are to be supplied to the feather/down industry.

After plucking, the surfaces of the chickens are cleaned by showering, possibly combined with
beater straps. The chickens are then transferred from the unclean to the part of the slaughter-
line to where the clean processes are carried out, known as the clean slaughter area. They are
then inspected externally and the heads and feet are cut off. Some slaughterhouses have
equipment for cleaning the feet for human consumption. The feet are cleaned with water at
80 °C. The equipment is only used when there is a viable market for this product.

For ducks, wax is used to remove the feathers. The ducks are dipped in a bath of hot wax and
then passed through cool water sprays so that the wax hardens. The hardened wax, with the
feathers attached, is either mechanically or hand stripped. The plucked carcases are then spray-
washed. The wax is melted and recycled.

2.1.3.5 Evisceration

After de-feathering and head and feet removal the birds are eviscerated, i.e. the internal organs
are removed. In the majority of production sites, evisceration is carried out mechanically, but
manual evisceration is still practised in some of the smaller companies. On automated lines, a
cut is made around the vent, a spoon-shaped device is inserted into the opening and the viscera
are withdrawn. Common practice is to allow the viscera to remain attached by their natural
tissues and to hang them over the back of the carcase for post-mortem inspection. Some
modern machinery holds the birds horizontally by the head and hocks so that when the viscera
are removed from the body cavity they come out sideways and are placed on a tray beside the
bird.

2.1.3.6 Chilling

After evisceration and inspection, fresh poultry meat must be cleaned immediately and chilled
in accordance with hygiene requirements to a temperature not exceeding 4 °C. There are several
designs of chilling equipment used; the most popular are immersion chillers, spray chillers and
air-chillers. Council Directive 92/116/EEC of 17 December 1992 amending and updating
Directive 71/118/EEC on health problems affecting trade in fresh poultrymeat [223, EC, 1992]
sets out the legal requirements. Poultry carcases and parts must not be water chilled by simple
immersion in a container of cold water. Water chilling must solely be used in a countercurrent
chiller. [355, AVEC, 2003] Poultry meat to be subjected to an immersion chilling process must,
immediately after evisceration, be thoroughly washed, both internally and externally, by
spraying and then immersed without delay. The water must be potable and a minimum
consumption per bird is specified in public health/food hygiene legislation [174, EC, 1880, 223,
EC, 1992].

Immersion/spin chilling

Carcases are chilled in a single water-bath or in a series of water-baths. They are moved
through a countercurrent of water, so that they are constantly moving into cleaner water. The
water needs to have a continuous and opposite flow to the direction of the bird. This is usually
achieved by designing the system so that the outlet for the water is a weir at the bird input end.
If there is more than one chiller, then the flow in the first stage has to be greater than in the
previous and then progressively reduced through each stage. This system can lead to a build-up
of blood and carcase material in the water, depending on the effectiveness of the pre-chilling
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washing system and the countercurrent. The birds are passed through a series of water-baths
filled with water at 0 -1 °C. Flaked ice is added, e.g. at a rate of 6 tonnes per hour for a
slaughterhouse killing 20000 turkeys per day.

At present, immersion chilling is the least expensive method of chilling poultry. Carcases take
up water during chilling and in some MSs microbial contamination is controlled by chlorination
of the water, within potable water limits. This is generally done using chlorine dioxide, even
though it costs more than using chlorine. Immersion chilling has the highest legal limit of water
uptake, i.e. 4.5 % [243, Clitravi - DMRI, 2002].

Spray chillers

These avoid the problems associated with the build-up of contamination in chiller tanks, but
they can give rise to the spread of bacteria through aerosols. Spray chillers may also use high
volumes of water, reportedly up to 1 litre of water per bird.

Air-chillers

These are generally used when the carcases are destined for sale fresh. Chilling is either carried
out in batches in a chill room or by continuous air blast. Tests have shown that air-chilling can
reduce the contamination rate by up to three times more than immersion chilling [67, WS
Atkins Environment/EA, 2000].

Most chicken processors have now switched to air-chilling because this uses the least amount of
water and extends the shelf-life of the product. Water chilling is, however, widely used by
turkey processors in order to comply with USDA and UK hygiene requirements for rapid
chilling of these larger carcases. After spending about an hour in a countercurrent immersion
chilling tank to reduce the carcase temperature, the turkeys are further chilled for 24 hours by
loading 30 - 40 birds into 1m’ tanks filled with water at 0 - 1 °C and ice at -8 °C, to achieve the
requirement for the water temperature of the final chiller to be less than 4 °C [67, WS Atkins
Environment/EA, 2000, 246, AVEC, 2002]. Air-chilling can cause dehydration of the carcase,
but it helps to preserve the flavour of the poultry meat and can help the product command a
premium price [27, University of Guelph, undated].

Description of refrigeration technology (see Section 2.1.2.12)

2.1.3.7 Maturation

Where carcases require maturation after chilling, further conditioning using a refrigeration
medium (air, ice, water or other food-safe process) can be used which may continue the cooling
process of the carcase or parts of carcases. Council Directive 92/116/EEC of 17 December
1992 amending and updating Directive 71/118/EEC on health problems affecting trade in fresh
poultrymeat allows maturation, after chilling, by water immersion in static slush ice tanks.
Unlike water chilling they do not have to move through a countercurrent of water. [355, AVEC,
2003]. The birds are immersed in stainless steel tanks in water and ice, to cool them to 1 °C.
They are then stored in a room with temperature control at 0 - 1 °C for up to 24 hours. [214,
AVEC, 2001]

214 Slaughterhouse cleaning

For hygiene reasons, many slaughterhouse operators wash down process areas with hot water
during breaks in production. All process equipment, containers, etc., must be cleaned and
disinfected several times a day and after the day’s work is finished in preparation for work
starting again [169, EC, 1991]. A typical cleaning routine at a slaughterhouse consists of the
following steps.
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Meat scraps, fat, etc. are squeegeed and shovelled up throughout the shift and collected for
use/disposal according to ABP Regulation 1774/2002/EC. In some slaughterhouses, the meat
scraps are hosed to the catch pots, if present and drains. Some areas are also hosed down lightly
at regular intervals during the shift. Hosing down uses water which becomes contaminated with
solid material as well as FOG. At breaks in production, some drain catch pots are emptied into
the waste bins. Each drainage point can have a grate cover and a catch pot, typically with a
4 mm mesh. Some slaughterhouses use a two-stage catch pot, comprising a coarse screen above
a fine screen in an (nverted top hat” arrangement.

Typically, at the ends of shifts, all process areas are washed using low-pressure hoses and all
drain catch pots are emptied into the waste skip. A dilute proprietary detergent is then applied
as foam onto all surfaces. After about 20 minutes or so the surfaces are then rinsed with high-
pressure hot water. In some slaughterhouses, a very dilute sanitising compound is sprayed on to
all surfaces and left to dry. At many slaughterhouses, hooks, shackles, pans, etc., are cleaned in
situ in a similar way.

Only food grade cleaning agents can be used. There is a wide variety of cleaning materials
available. Some have traditional chemical formulations and others are based on biotechnology.
Some are formulated for specific or difficult cleaning problems, whereas others are intended for
general use.

Hygiene requirements prohibit the use of HPLV sprays in meat areas during processing
operations, as the atomised water can lead to airborne contamination. They can, however, be
used for cleaning at the end of production. Good hygiene is vital for food safety reasons and
there are strict EU and MS legal requirements. Using too much water can, however, have
negative hygiene consequences. For instance, a very humid environment combined with the
constant movement of machinery and the close proximity of carcases to each other on the
slaughter-line can lead to the spread of contamination by direct splashing and aerosols.

When the use of cleaning agents is reviewed at slaughterhouses, it is often found that changing
to a more appropriate cleaning agent can reduce the amount of chemical required and in some
cases can also improve hygiene standards. It is not unusual to find that higher doses than
required are being used, especially during manual dosing. Automated dosing, if correctly set,
has the advantage of stopping overdosing. It also has health and safety advantages because it
minimises both personal exposure to hazardous substances and manual handling. In any case,
adequate operator training and supervision are essential. There are, therefore, often
opportunities to reduce the environmental impact of cleaning agents by selecting/substituting
and applying them correctly.

In many slaughterhouses, it is common practice for the personnel involved in cleaning to
remove floor grates and to flush meat scraps directly down the drain, believing that a
subsequent screen or catch pot will trap all solids. In fact, when these meat scraps enter the
waste water stream they are subject to turbulence, pumping and mechanical screening. This
breaks the meat down and releases high COD substances into solution, along with colloidal and
suspended fats and solids. Subsequent waste water treatment, either on-site or at a municipal
WWTP can then be expensive. The breakdown of suspended fats and solids is increased if the
water is hot. A review of cleaning practices may also identify if there is an excessive use of
energy to heat water and possibly unnecessarily high water consumption.

21.5 Storage of slaughterhouse by-products

The animal and public health rules laid down in ABP Regulation 1774/2002/EC cover, amongst
other things, the storage of animal by-products.

Arrangements for the storage of animal by-products vary between premises. To some extent
they depend on the nature and characteristics of the by-product and its intended use or disposal
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route. Generally, the storage of materials can be undertaken within an enclosed area, operated
under negative pressure, provided with extractive ventilation connected to a suitable odour
abatement plant. The decision whether to store by-products in such an enclosed and sometimes
refrigerated space may depend on whether they are intended for sale or for disposal, at a cost. A
major consideration in any case is whether unrefrigerated storage will result in odour problems.
Some by-products, such as intestines are malodorous when fresh and others become so as they
degrade. Malodorous materials can cause problems both during storage at slaughterhouses and
during storage, handling, processing and disposal at animal by-products installations.

Some slaughterhouses store animal by-products in open containers in the open air and rely on
frequent removal from the site, e.g. once or twice a day, to prevent odour problems from
putrescible materials.

Some, but not all, slaughterhouses store blood and other non-process liquids, such as fuel oils,
in double skinned tanks. Other hazardous substances commonly stored at slaughterhouses
include cleaning and sanitising chemicals, effluent treatment chemicals, ethylene glycol,
ammonia and other refrigerants. These may be stored in bulk storage tanks, IBCs, or dedicated
drum storage areas.

There is a risk of spillage of these substances, especially during handing or transport around the
site. Tanks and containers are often located in areas where there is a risk of them being
damaged by moving vehicles [12, WS Atkins-EA, 2000]. In addition to the environmental
risks, there are also health and safety risks associated, not only with the spillage of substances
hazardous to health, but also from the vehicle/pedestrian interface. Management of site layout
and use, in conjunction with hardware safeguards such as the provision of bunds and crash
barriers around storage areas, can reduce the risk of accidents.

2.2 Animal by-products installations

Annex IV of the Directive requires the furthering of recovery and recycling of substances
generated and used in the process and of waste, where appropriate to be considered when
determining BAT. Some MSs have national legislation which is in line with this policy.

Article 3(c) of the Directive supports sustainable development, by promoting preventive
measures for minimising the waste generated and for diminishing the harmful properties of
waste. It requires the recovery of waste, if this is technically and economically feasible. This
can be primarily in the form of material, and secondarily as energy [148, Finnish Environment
Institute and Finnish Food and Drink Industries' Federation, 2001].

2.21 Fat melting

Although this section describes fat melting, the reader’s attention is drawn to the fact that this
activity is similar in many ways to rendering and some of the equipment described is identical
for both processes. The feedstocks differ and consequently the conditions for separating the fat,
water and solids fractions vary accordingly. The product of fat melting is generally for food
use, so feedstocks are required to be fresh and consequently cause less odour problems during
storage and processing.

Three methods of fat melting have been reported: batch wet fat melting, batch dry fat melting
and continuous wet fat melting. The method used affects the quality of fat produced. The most
important quality demands are: low content of free fatty acids (FFA); low water content; good
keeping qualities; low peroxide value; neutral taste, flavour and colour and high solidification
point. Extended storage and processing times adversely affect both quality and environmental
standards. Unfresh raw materials may cause odour problems and add to the waste water
pollution burden.
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Under certain conditions, fat undergoes two important chemical changes, i.e. hydrolysis and
oxidation. Hydrolysis is a chemical reaction between fat and water, through which free
glycerides and FFAs are formed. The compounds formed during oxidation give the product a
rancid taste.

The handling and storage of the raw material before processing and the type of processing
carried out determine the FFA and the peroxide value.

To achieve a low water content the fat may be purified in a separator. The water content of the
fatty raw material normally ranges between 6 - 25 %.

The FFA content increases with the duration of storage and treatment, especially any time at
raised temperatures. To avoid this, the constituents need to be separated quickly.

Batch wet fat melting

Batch wet fat melting is the oldest method of fat melting. An autoclave is filled with precut raw
material and is then closed. Live steam is then injected into the raw material at a pressure
corresponding to a saturation temperature of about 140 °C. To minimise the heating time, the
cooking vessels are not too large and are equipped with agitators.

Since the method is wet a good separator needs to be used, to ensure the final water content is
below the required level.

After a heat treatment lasting 3 - 4 hours, depending on the size of the autoclave and the nature
of the raw material, the pressure is slowly reduced to atmospheric pressure, in order to avoid

emulsification.

After a settling period, the free fat is drained from the autoclave to an intermediate tank, and the
moist greaves are pressed and then dried. The fat collected is allowed to settle or is separated.

The batch wet fat melting/rendering process is illustrated in Figure 2.3.

i

Autoclaves

Strainer

Greaves 1] — ¢ Fat, water and fines
to drying Press Interme- to purification
TT T diate tank

Figure 2.3: The batch wet fat melting system with autoclaves
[145, Filstrup P., 1976]

Batch dry fat melting

Batch dry fat melting employs indirect heating. The melting vessel is steam-jacketed and often
also has a steam-heated agitator. The operating pressure can vary from slightly above
atmospheric to a vacuum. The latter will require a shorter processing time because the water is
evaporated at a lower temperature.
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The material is agitated during heat treatment and good heat transfer is obtained. It is, therefore,
possible to use lower temperatures than for wet fat melting and to still liberate the fat in one
batch within a shorter period of 1.5 -2 hours. The water in the raw material is removed by
evaporation. It is important that the heating process is stopped before all the water is
evaporated, otherwise the product will be discoloured.

After discharge into a percolator, the free fat is drained to an intermediate tank. The greaves are
then pressed or centrifuged, and then milled.

As with wet fat melting, the liberated fat is either allowed to settle or is centrifugally separated
before packaging.

Dry fat melting requires less space and time than wet fat melting. Due to the process being dry,
the fat yielded will not be equally neutral in taste, flavour, or colour, even if the cooking cycle
has been carried out correctly. The slightly roasted taste of the fat is a desirable feature in some
countries. Compared to wet processing, an advantage is that all of the water is removed by
evaporation and there is less waste water contamination, because water is not added to the raw
material which would then need to be subsequently removed. The evaporated water will,
however, contain some volatile substances released during the drying process. There is a
disadvantage, in that certain discolouring elements, which would otherwise have been extracted
with the water, now remain in the fat.

The batch dry fat melting/rendering process is illustrated in Figure 2.4.

Condensed steam

. . from raw material

Cooker

Pre-breaker
or strainer

Percolating screw

ﬁ’\,’\,'\,’\.'\,’\.

Fat

Coaling From pusher to grinder

area NVANANANANANS

Fat and fines to
purification

Grinding
plant

Figure 2.4: The conventional batch dry fat melting/rendering method
[145, Filstrup P., 1976]

Continuous wet fat melting
Continuous processing combines mechanical and thermal treatments in order to minimise the
processing time.

The raw material is first passed through a mincer. It is then conveyed to an airtight section,
where it is heated in two stages to about 60 °C and 90 °C respectively, in a matter of a few
minutes.
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The heated material is then separated in a decanter centrifuge, especially designed for the
continuous removal of solids from a liquid. The solids, known as greaves, leave the plant at this
point. The liquid, now consisting mainly of fat, but also containing some water and fines, is
subjected to a final purification. In this stage, it is separated into three phases. The (fines” are
automatically discharged from the purifier at preset intervals.

The final purified fat flows through a plate heat-exchanger, in which it is cooled down to about
40 °C before leaving the plant.

The direct injection of steam makes the processing time very short, displaces the air and
minimises oxidation of the product. It has been reported that there is no rise in the FFA content
or peroxide value in fat processed by continuous wet fat melting.

Continuous wet fat melting takes less time and space than either batch wet fat melting or batch
dry fat melting. The fat yield is, however, lower than the batch methods because the effluent

water and the greaves contain more of the fat.

The continuous wet fat melting process is illustrated in Figure 2.5.

Al

1 Mincer
2 Melting tube (steam is injected 8 Variable-speed screw pump
here to melt the raw material 9 High-speed centrifugal separator
to a pumpable consistency) (removes the remaining solids while
3 Intermediate tank 1 separating the fat and water)
4 Variable-speed screw pump 10 Plate heat-exchanger (for cooling the
5 Direct steam heater (raises the pure fat to storage temperature)
temperature of the material to 85 °C
in preparation for separation) A Product flow
& Decanter centrifuge (removes most of B Steam
the solids from the raw material) C Cracklings
7 Intermediate tank 2 D Solids from separator

E Process water
F Cooling water

Figure 2.5: The continuous low temperature wet fat melting system
[145, Filstrup P., 1976]

The combinations of techniques in use are numerous. Some further examples also used in
rendering are described briefly in Section 2.2.2 and Table 2.5. Their relationship with the
quality of fat produced is shown in Table 2.2.
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System Quality of fat produced

Batch dry rendering/fat melting

Continuous drying in recycled fat Low quality fat

Wet pressing or other separation, Fair quality fat

evaporation, drying in fat, pressing

Separation, evaporation, Drying difficult with pressure
drying in natural fat cooking before

Cooking and drying in added fat in Fair quality fat
multiple-effect evaporator, pressing
Wet pressing, separation, multiple- Good quality fat
effect evaporation, drying without fat

Table 2.2: The relationship between rendering/fat melting system and the quality of fat produced
[289, EFPRA, 2002]

222 Rendering

Although this section describes rendering, the reader’s attention is drawn to the fact that this
activity is as previously stated in Section 2.2.1, similar in many ways to fat melting and some of
the equipment described is identical for both processes. The feedstocks differ and consequently
the conditions for separating the fat, water and solids fractions vary accordingly. The raw
materials used in rendering are frequently waste and are in practice have often been allowed to
degrade so they cause more odour problems during storage and processing and require
techniques for the treatment of odour and of high BOD waste water.

The term (processing” in ABP Regulation 1774/2002/EC [287, EC, 2002] is used to describe
operations traditionally referred to as Qendering”.

The rendering process uses animal by-products from meat production. These originate from,
e.g. slaughterhouses, meat processing plants, butcher's shops, supermarkets and livestock
rearing facilities. The by-products include carcases, parts of carcases, heads, feet, offal, excess
fat, excess meat, hides, skins, feathers and bones. For example, about 10— 11 % of a pig is
rendered [148, Finnish Environment Institute and Finnish Food and Drink Industries'
Federation, 2001]. In Germany, an average of 35 % of the live weight of all species is treated
by inedible rendering [347, German TWG members, 2003]. The type of raw material in each
rendering plant varies. Some plants specialise in individual species, e.g. producing just poultry
meal and fats.

The rendering process comprises a number of processing stages, as follows, although the order
may vary between installations. The raw material is received at the installation and stored.
Preparing the raw material for rendering generally involves size reduction, to meet the
requirements of ABP Regulation 1774/2002/EC. The material is then heated under pressure to
kill micro-organisms and to remove moisture. The liquefied fat and the solid protein are
separated by centrifugation and/or pressing. The solid product may then be ground into a
powder to make animal protein meal, such as MBM or feather meal. The final products are
transferred to storage and despatch [241, UK, 2002]. The waste solids, liquids and gases are
then treated and disposed of, possibly with some intermediate storage. For certain materials, the
conditions under which sterilisation must be carried out are prescribed in ABP Regulation
1774/2002/EC.

ABP Regulation 1774/2002/EC specifies the operating conditions required for rendering animal
by-products not intended for human consumption. These vary depending on the risk associated
with the materials. The risks are divided into Category 1, 2 or 3 materials, which are defined.
The conditions include, e.g. requirements for the segregation of slaughterhouses from animal
by-products processing premises; separation of clean and unclean areas; adequate capacity of
specified services and size reduction equipment. It also states general hygiene requirements and
details operating conditions, including particle size, temperature, time and pressure. These are
summarised in Table 2.3.
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ABP Regulation ABP Regulation ABP Regulation | ABP Regulation
1774/2002/EC 1774/2002/EC 1774/2002/EC 1774/2002/EC
Category 1 Category 1 Category 2 Category 3
Maximum Simultaneous Pressure TSE confirmed (except TSE)
METHOD particle size temperature & time . Batch | Continuous suspected & for
o . requirement s .
(mm) (§9) (min) eradication
(if not directly (if not directly (if not directly (if not directly
incinerated) incinerated) incinerated) incinerated)
1 50 >133 20 Yes then incinerate or | Yes then incinerate, | Any one of these Any one of these
(sterilisation) Yes Yes Yes co-incinerate co-incinerate or methods MUST methods MAY be
landfill be used, but the used and the
2 > 100 125 Yes then incinerate or | Yes then incinerate, | subsequent subsequent
150 >110 120 No Yes Yes co-incinerate co-incinerate or required/allowed | allowed routes for
> 120 50 landfill routes for use or disposal of the
3 >100 95 Yes' th'en incinerate or Ye§ th.en incinerate, gilstll))(l)liaslla?ef the g]r'letrs):rtisﬁzgein ABP
30 >110 55 No Yes Yes co-incinerate co-incinerate or prescribed in ABP | Regulation
> 120 13 landfill Regulation 1774/2002/EC.
4 > 100 16 Yes then incinerate or | Yes then incinerate, | 1774/2002/EC.
30 >110 13 No Yes Yes co-incinerate co-incinerate or
> 120 3 landfill
5 >80 120 Yes then incinerate or | Yes then incinerate,
20 >100 60 No Yes Yes co-incinerate co-incinerate or
landfill
(" 3 bar (300 kPa) pressure produced by saturated steam, i.c. all air is evacuated and replaced by steam in the whole sterilisation chamber
Co-incineration and mixed waste incineration are not within the scope of this document

Table 2.3: Summary of rendering processes allowed under ABP Regulation 1774/2002/EC — for detailed information on what is required, permitted and prohibited, see the

legislation
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The operating conditions and the sequence of unit operations may vary due to the nature of the
raw material or the desired properties of the product, as long as the requirements of ABP
Regulation 1774/2002/EC are also met.

The higher the fat-free solids content of the raw material, the larger will be the quantity of
animal meal produced. The more bone in the raw material, the less protein the meal will
contain, since bone has a lower protein content that meat or soft offal. If the raw material has a
high bone content, the product will have a high mineral content. The average yield of fat and
meal from a rendering plant will be about 35 — 45 % of the quantity of raw material fed into the
plant. Examples of some extreme raw material contents include, e.g. pure meat which can
contain up to 75 % water; cleaned bone from a deboning department, which can contain 45 %
solid and very fatty material which can contain 95 % fat. Further information is given in Table
2.4.

The composition of the product to some extent dictates its suitability for further use or disposal.
The feedstock can be any part of the animal and may comprise a single substance, such as
feathers or blood, or may be a mixture. During the years before the BSE crisis there was a trend
towards rendering various parts of the animal separately for specific customer requirements.
This may have changed with the ban on the use of meal in animal feed and with the consequent
use of the rendering process as part of the disposal route for a large proportion of animal by-
products. The feeding of processed animal proteins to farmed animals which are kept, fattened
or bred for the production of food is, at present, prohibited, with limited exceptions, by the
2000/766/EC Council Decision of 4 December 2000 concerning certain protection measures
with regard to transmissible spongiform encephalopathies and the feeding of animal protein
[88, EC, 2000].
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Raw material Quantity Proteins Mineral Fat Water
Finished products matter
Condensate kg % kg % kg % kg % kg

(Waste water)

Animal carcases 1000 15 149 4 38 12 118 68 683

Animal meal 240 62 149 16 38 12 29 5 12
Animal fat 90 0 0 0 0 99 89 1 1
Condensate 670 0 0 0 0 0 0 100 670

Slaughterhouse 1000 9 90 2 20 14 137 74 739
waste (red meat)

Animal meal 150 60 90 13 20 12 18 5 8
Animal fat 120 0 0 0 0 99 119 1 1
Condensate 730 0 0 0 0 0 0 100 730

Bones 470 40 188 40 188 12 56 5 24
Bone meal 470 40 188 40 188 12 56 5 24
Animal fat 90 0 0 0 0 99 89 1 1
Condensate 440 0 0 0 0 0 0 100 440

Blood 1000 12 123 1 7 0 3 87 867
Blood meal 140 88 123 5 7 2 3 5 7
Condensate 860 0 0 0 0 0 0 100 860

Bristles 1000 28 255 1 6 2 21 72 718

Bristle meal 300 85 255 2 6 7 21 6 18
Condensate 700 0 0 0 0 0 0 100 700

Poultry waste 1000 12 124 2 21 18 181 66 663

Poultry meal 190 65 124 11 21 12 23 6 11
Animal fat 160 0 0 0 0 99 158 1 2
Condensate 650 0 0 0 0 0 0 100 650

Feathers 1000 28 281 1 7 2 23 69 690

Feather meal 330 85 281 2 7 7 23 6 20

Condensate 670 0 0 0 0 0 0 100 670

The sum of protein, mineral matter, fat and water portions need not be 100 %, as there are other ingredients in the
substances mentioned, e.g. starch, nucleic acid and raw fibres. The figures serve only as a guide, as they depend on
the actual composition of the raw material)

Table 2.4: Typical product quantities after rendering 1000 kg of various slaughterhouse by-
products
[49, VDI, 1996]

Blood not intended for food or pharmaceutical use may be rendered. Blood generally comprises
about 18 % dry matter, but often less, e.g. in the UK it contains a maximum of 16 % dry matter
in winter and 10 % in summer. [289, EFPRA, 2002]. Some of the water may be removed, by
various means, before processing. In the first stage of the drying operation the blood is
coagulated with steam, but this can lead to high effluent discharges, due to the substantial
amount of soluble material that can be lost with the blood water during centrifuging of the
coagulated blood. Up to 50 % of the water can be removed by this process, before drying. The
liquor is drained and the remaining 40 % water is then driven off by a variety of oven and air
drying equipment. This gives a yield of about 15 - 20 % blood meal from the raw blood. One
type of drier is the continuous ring drier. It consists of a jacketed vessel with blades that rotate,
to prevent burn-on. The exhaust air can be passed through a water scrubber to reduce dust
emissions. Blood contamination of water can be reduced, by clarification in a settling tank,
before the water is discharged.

2221 Rendering of carcases and waste

The preparation of the materials to be rendered and some examples of the numerous rendering
methods in use, which illustrate the main principles, are described below.
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Pretreatment and pre-breaking

The qualities of animal meal and tallow produced by rendering animal by-products will depend
on the type of raw material, the storage time and temperature before rendering and the rendering
process itself.

Traditionally there was a requirement to keep the FFA low. To do this: the raw material must
be treated as soon as possible after removal from the animal; excessively high storage
temperatures must be avoided; the raw material must not come into contact with the contents of
the paunch and intestines and pre-cutting of the raw material should be carried out just before
the heat treatment is started. These conditions make good environmental sense too because, by
minimising the degree of breakdown of the materials to be rendered, they reduce odour and
waste water problems.

Manual de-hiding/skinning may be undertaken at rendering plants.

Whole carcases and parts of carcases are mechanically reduced in size before rendering. ABP
Regulation 1774/2002/EC specifies maximum particle size limits for by-products being
rendered. These depend on which Category they are as defined in ABP Regulation
1774/2002/EC and their intended route for use or disposal. The size limits are shown in Table
2.3.

Sterilisation

ABP Regulation 1774/2002/EC prescribes the circumstances under which sterilisation, i.e.
Method 1 from Annex V, Chapter IlI, is required. The conditions that must be achieved are
summarised in Table 2.3. Examples of batch and continuous sterilisation are described. The
sterilisation process may be applied as the whole process or as a pre- or post process phase. The
by-products, which have been reduced in size to no greater than 50 mm, are sterilised at 133 °C,
for at least 20 minutes without interruption at a pressure (absolute) of at least 3 bar (300 kPa)
produced by saturated steam.

Batch sterilisation

A horizontally lying cooker with a steam jacket and stirrer, known as a dry rendering cooker,
may be used. One example of this type of equipment can handle batches of up to 15 tonnes of
by-product. The stirring implements are made up of classical heated dry melting implements.
They can simultaneously serve as driers and stirrers and are mainly used in smaller plants with
lower throughputs. The sterilisation and drying time is 3 — 5 hours with a batch of about
1.5 - 10 tonnes. [163, German TWG Members, 2001]

Continuous sterilisation

Current continuous sterilisers consist of a system of preheaters, heaters, and a holding device.
These can be constructed horizontally in series, or vertically as a compact system. The raw
material is conveyed from the loading equipment, where fat may be mixed into it, into a piston
pump, which presses the material at high pressure through the entire system. In the preheaters,
which consist of a cylindrical container containing heated pipes, the raw material is heated to
approximately 75 - 80 °C, using the exhaust vapour from the sterilisation. In a second stage, i.¢.
the heater stage, the material is brought to a temperature of 133 °C through the indirect supply
of steam. The heater is also a heat-exchanger containing heated pipes. The third stage is the
holding device, which must be sized for the maximum throughput volume. The pressure of
3 bar (300 kPa) is guaranteed by the pressure keeping system installed at the end of the holding
device, which only opens at a pressure of 3 bar (300 kPa). The mixing of the raw material is
ensured within the pipe system. After discharge of the sterilised material, the exhaust vapour
steam is separated in a cyclone and used again for the preheating.

Some rendering systems
A large number of rendering systems are used in different EU countries, all based on similar
principles. The combinations of the various unit processes are numerous. Some examples of
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the more commonly used systems are listed in Table 2.5 and described in the following
paragraphs.

System Energy use Pressure cook Fat
(kg oil/tonne by- | Before | After | (% remaining in
product treated) animal meal)
Batch dry rendering/fat 55-60 No 12-15
melting
Continuous drying in approx. 55 No Yes 10-15
recycled fat
Wet pressing or other 40 - 45 No Yes 10-15
separation, evaporation,
drying in fat, pressing
Separation, evaporation, approx. 55 No Yes 8-10
drying in natural fat
Cooking and drying in added 35-40 No Yes 10-15
fat in multiple-effect
evaporator, pressing
Wet pressing, separation, 35-40 No 8-9
multiple-effect evaporation,
drying without fat
Y Energy in kWh not submitted

Table 2.5: Commonly used rendering and fat melting systems
[289, EFPRA, 2002]

Batch dry rendering
The sequence of treatments can vary between installations, but the principles are the same.

The conventional batch dry rendering method is shown in Figure 2.4 and is basically the same
equipment as used in the batch fat melting process. The cooker, which is charged with a batch
of raw material, consists of a horizontal jacketed vessel which is indirectly heated by steam. An
agitator, which is often of a hollow design and indirectly heated by steam, is used to mix the
contents and to provide quick and even heating. The jacket and agitator may both be supplied
with steam at a pressure of approximately 6 — 7 Pa.

The cooking period takes about 2.5 hours, during which the contents are heated, sterilised and
most of the water is evaporated, i.e. down to a water content of 8§ —10 %. The remaining
contents of the cooker are then discharged into a percolator, which is a tank equipped with a
strainer at the bottom for draining the free fat. The solid residue from the percolator, which still
contains about 30 — 35 % fat, is then de-fatted down to the desired fat content by means of a
screw press (expeller), a pusher centrifuge, or a basket centrifuge. Alternatively, the material
can be discharged to a solvent extraction plant, although this technique is being used less and
less. Table 2.6 shows the relative efficiencies of different types of separation equipment. The
fat recovered is purified separately.

Equipment used Fat content (%)
(from a starting level of 30 - 35 %)
Expeller 10— 13
Pusher 12 -15
Basket centrifuge 12-17
Solvent extraction 2-8

Table 2.6: Relative efficiencies of fat removal at the end of the batch dry rendering process
[145, Filstrup P., 1976]

The fat drained from the percolator and from the de-fatting equipment contains a certain amount
of fines. It can be clarified in a separator.
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Continuous drying in added fat

The raw materials are reduced to a maximum particle size of 50 mm. They are then sterilised
either immediately, in a batch cooker or a continuous pressure cooking vessel, or after drying
and separation in a batch cooker with injection of live steam. Cooking and drying take place in
a continuous drier with recycled fat. The dried material is drained and pressed to expel fat. The
process has a high energy consumption but the plant is compact and the system well established.
[289, EFPRA, 2002]

Pressing, evaporation, drying in fat and pressing

The raw materials are reduced to particle sizes between 20 — 30 mm and then pressure cooked.
They are then pressed in a screw press to separate the solids from the liquids, i.e. the fat and
stickwater. The press cake is dried in a continuously operating disc drier. The liquid is
evaporated in a multiple-effect vacuum evaporator and the concentrate is mixed up with the
press cake. Evaporation and drying thus takes place in the fat phase and the fat is expelled
afterwards, in a press. The energy consumption is low and the meal has a high fat content. [289,
EFPRA, 2002]

Separation, evaporation and drying in natural fat

The raw materials are reduced to particle sizes between 25— 50 mm and pressure cooked.
Coarse bones may be removed by screening. Solids, stickwater and fat are separated in a
tricanter. Fat is further purified and stickwater is concentrated in a vacuum evaporator. The
concentrate is mixed up with the solid phase and dried in a continuous drier. The fat content in
meal is low. The drying for raw materials with high bone content can be difficult and
recirculation of the meal may be necessary. [289, EFPRA, 2002]

Cooking and multiple-effect evaporation in added fat, pressing

The raw materials are finely minced and fluidised with recirculated fat. The resulting slurry is
evaporated in multiple-effect vacuum evaporators, i.e. vertical tube heat-exchangers, with flash
chambers, using live steam and waste steam from the process. Fat is separated in expellers.
The pressure cooking cycle can be applied before or after drying and may be continuous. The
system has a low energy consumption and is used, e.g. in Belgium, Germany, the Netherlands
and the UK. [289, EFPRA, 2002]

Pressing, separation, vacuum evaporation, drying without fat

Raw materials are reduced to particle sizes less than 20 mm, coagulated and pressed in a double
screw press. The press cake is dried in a disc drier, which is heated indirectly by live steam.
The liquid phase is separated in a tricanter into fat, stickwater and sludge. The fat is purified
and sterilised and the stickwater is evaporated in a multiple-effect vacuum evaporator using
waste steam from the process. The concentrated liquid is mixed into the press cake for drying.
The resulting meal is pressure sterilised by live steam. The system has a low energy
consumption. The residual fat in the meal is less than 10 %. The system is mainly used in
Denmark, Ireland and Italy. [289, EFPRA, 2002]

2222 Rendering of feathers and pig hair

The first stage of rendering feathers and pig hair is hydrolysis, to release keratin. Keratin is an
indigestible protein. The hydrolysed protein is then dried, to produce a digestible high protein
meal. Before the ban on the use of certain animal proteins in animal feed this could be sold
separately, but it was normally mixed with other types of meal and used as a protein
concentrate.

Pig hair and feathers are treated separately, as the conditions (temperature/time) for a suitable
hydrolysis of the two products are different. A more powerful heat treatment is required to
(bpen” pig hair.
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The processes can be carried out in batches in dry rendering cookers, where the keratin
containing material is exposed to high temperature (135-145°C) and pressure for
30 -60 minutes. The pressure is then released and the product is dried and milled. This can
eliminate the need for mechanical dewatering.

Special rendering equipment is also available for the continuous hydrolysis of feathers and/or
hair. The material is transported in small batches to a compression chamber, where it is
preheated and then to the hydrolysis unit, where it is treated with direct steam under suitable
pressure conditions for a shorter period (normally 10 - 15 minutes). The hydrolysed material
leaves the reactor at the bottom. Part of the water is then removed in a decanter. An
evaporative unit is used for the concentration of the liquid phase. The dewatered product is
dried separately or with other rendering products. [ 134, Nordic States, 2001]

The process for rendering feathers and pig hair is summarised in Figure 2.6.

Water if
necessary
INPUT:
ENERGY
1 4
Feathers [:> Delivery »| Hydrolysation Drying [ ® | Grinding E:> Feather meal
Storage ¢ ¢
Relaxation Condensation
OUTPUT: v
UNDESIRABLE
Solid COMPONENTS
v
L VAPOUR CONDENSATE
Liquid PROCESS WASTE WATER
Volatile

Figure 2.6: Flow diagram for the rendering of feathers and hair
[163, German TWG Members, 2001]

Feathers and hair processing produce high sulphide emissions in the waste water. The removal
of H,S is, therefore, important as the sulphide can impair the activated sludge activity and thus
the biological waste water treatment process. [163, German TWG Members, 2001]

223 Fish-meal and fish-oil production

In principle, the fish-meal process is the removal of oil and water from the raw material and the
separation of the material into 3 fractions, i.e. oil, meal and water. The water fraction is
disposed of, normally to sea. The process is characterised by the continuous processing of very
large quantities of raw material. Production normally takes place 24 hours a day, using large
quantities of energy and seawater and with a minimum of manual labour.

The fish-meal and fish-oil production process may be summarised as follows, with Figure 2.7
illustrating the raw material, intermediate material and final product process order.
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Figure 2.7: Material flow in fish-meal and fish-oil production
[140, Minck F., 2001]

Raw material
Whole marine fish caught in the sea, or parts of fish from the filleting industry.

Unloading

If the fish are specifically caught for fish-meal and fish-oil processing, they are unloaded from
the fishing vessels and weighed. During unloading, fish samples of 300 - 500 kg, i.e. 70 — 100
spot samples, are taken and analysed to determine the quality of the raw material. Freshness is
extremely important to the final product quality. The parameter used to measure freshness is the
total volatile nitrogen (TVN). This is the nitrogen created by the degradation of protein in the
raw material. Ideally, the raw material should be fresh and dry. It often contains melt water
from ice used to conserve the fish.

Raw material buffer silo

The raw material is stored in a silo, which has enough capacity for 16 —24 hours. The
unloading capacity is greater than the production capacity because the plants cannot control the
delivery times of the vessels, so production takes place 24 hours a day. Unloading tends to take
place during the day. The buffer silos have to be empty when offloading starts the next day, to
maintain a fresh throughput.

Cooker
Fish are 70 - 75 % water. They are indirect-steam cooked for 20 minutes in their own water at
90 - 100 °C. The protein coagulates and it is this which forms the press cake.

Press

The cooked fish are pressed for 15 minutes, in a screw press to produce a liquid phase, known
as press water and a solid phase known as press cake. The press water contains some dry matter
and solid matter, known as fines. The press cake is 50 % dry matter.

Decanter
The press water is separated further, in a decanter, to produce decanter water and another solid
phase, known as grax.

Centrifuge

The decanter water is separated further in a centrifuge to produce fish-oil and a liquid
containing dissolved dry matter and small amounts of suspended solids, known as stickwater.
Approximately 20 % of the fish-meal is in the stickwater.
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Evaporator

The stickwater is concentrated by evaporation in a evaporator, for 30 minutes, into a liquid
containing approximately 40 % dried matter, i.e. evaporated stickwater. Seawater is used as
cooling water in the evaporators.

Drier

The press cake and grax and evaporated stickwater are mixed and dried for 1 -2 hours to
produce fish-meal. The driers used in fish-meal factories are nowadays almost exclusively the
indirect steam-heated type. Heat is transferred to the drying material by hollow, rotating discs
mounted on a horizontal axle. Older types of directly fired drum driers are being replaced, and
other drying methods such as spray-drying are only used for relatively small quantities of
special meal types. [155, Nordic Council of Ministers, 1997]. The removal of oil from the meal
is, in some cases, becoming increasingly important due to increased levels of dioxins detected in
the fish and fears about the risks to human health associated with these.

Fish-meal consisting of press cake, decanter sludge (grax) and evaporated stickwater is called
Owhole meal”. Depending on the drying temperature, the meal is called Chormally dried meal”
or Qow temperature dried meal” (LT-meal). The latter is dried in vacuum driers. By far the
largest part of the fish-meal produced is whole meal of many different types and qualities. In
addition, many special meals are produced, based on one or several of the intermediate products
of the fish-meal factories. These have names such as press cake meal and evaporated stickwater
meal. [155, Nordic Council of Ministers, 1997]

Meal cooler
The fish-meal is air-cooled in a meal cooler. This protects the quality and makes grinding
possible.

Grinder
The fish-meal is ground to a specific particle size using hammer mills.

Oil finishing/purification

The fish-oil from the centrifuge is washed with hot water in another centrifuge, then settled and
stored. If necessary it may be passed through a carbon filter-press to remove traces of dioxins.
The spent carbon is incinerated in a hazardous waste incinerator.

Storage
Fish-meal and fish-oil can be stored for at least one year in storage houses and in tanks.

Example plant
Figure 2.8 shows a simplified schematic diagram of the production process in a large fish-meal
factory. This overview shows only the most important mass flows.
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Figure 2.8: Schematic diagram of the production process in a large Danish fish-meal factory
[155, Nordic Council of Ministers, 1997]

Figure 2.8 shows how production can be divided into two completely separate units through
which different raw material qualities and meal types can be processed simultaneously. The
buffer tanks for press liquor, stickwater and evaporated stickwater, the blood water intake, the
blood water processing unit and the newest special fish-meal production unit are not shown.

An energy exchange valve has been mounted at point (X”, so that stage 1 of the surplus heat
evaporator can be supplied with energy, i.e. surplus steam, from the two LT-driers (vacuum
driers), and the remaining steam can be conducted to the barometric condensers. Alternatively,
the heat evaporator can be supplied with surplus steam from the normal driers, which work at
atmospheric pressure.

When the factory represented in the schematic diagram produces surplus heat, it is conducted
through the heat-exchanger to a district heating system, if required. Only a few fish-meal
factories supply heat in this way. During operation, a surplus of condensate is continuously
produced at the primary side of the heat-exchanger. This surplus is channelled away. The heat-
exchanger can also receive heat from other sources of condensate, but this is not shown on the
figure, to preserve clarity.
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224 Bone processing

The flow chart in Figure 2.9 summarises bone processing.
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Figure 2.9: Flow diagram for bone processing
[163, German TWG Members, 2001]
2.2.5 Blood processing - plasma and dried red cell production

Rendering is covered by Section 2.2.2.1.

Blood processing uses blood from animals which have been passed as fit for human
consumption by an official veterinarian, after a post mortem inspection.

Blood collection

At the slaughterhouse, following hoisting, the stunned beast is stuck with a sticking knife at the
lower end of the neck. This severs the major blood vessels, including at least one of the carotid
arteries and jugular veins. Blood gushes from the stick hole to drain into a tank, canal or
collection trough that receives the blood from multiple animals. For the collection of blood for
the preparation of spray dried plasma, it should not be allowed to clot. To prevent this, blood is
mixed with a solution of sodium citrate and/or sodium phosphate. Collections can be made
singly but this is generally not practical for large numbers of animals. Thus it is usually pooled
at the point of collection.

Filtering and centrifugation

The blood is filtered at the slaughterhouse and at the manufacturing plant. Following filtration,
it is centrifuged to separate the plasma from the blood cells. This is done either at the
slaughterhouse or at the processing plant. These two processes also assist in removing gross
particles. If there is infectivity present, it will mostly be in the cellular fraction. Plasma would
not necessarily be free of infectivity but it would be likely to be significantly reduced by
separation of the cells. Following centrifugation there are 3 further filtration steps. Subsequent
equipment is dedicated either to plasma or to cells.

Plasma production
The plasma yield is collected in a refrigerated stainless steel storage tank and chilled to 4 °C. At
this point the plasma from various sources is allowed to mix in the storage tank. One tank may
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hold the blood from 1500 - 8000 pigs or 350 - 750 adult cattle. Cattle and pig plasma may be
mixed. [202, APC Europe, 2001]

The plasma received from the slaughterhouse contains approximately 8 % solids. These are
removed by reverse osmosis and/or nano-filtration. This also concentrates the plasma,
removing water and minerals, as well as the anticoagulant. The filters remove particles down to
a 1nm diameter. The purified plasma is then machine-homogenised and pressurised, in
preparation for spray drying.

Alternatively, the plasma may be concentrated by vacuum evaporation. This technique involves
the removal of the water from the plasma, under vacuum at <40 °C.

The spray drying involves the injection of the plasma into a heated drying chamber, at high
pressure to form very fine droplets of 10 - 200 pm diameter, using a high-pressure nozzle. The
type of nozzle used depends on the configuration of the drying chamber and on the flow of
heated air. The drying chamber is the part of the system where the tiny plasma droplets contact
the heated air and hence which the drying process takes place.

When the droplets encounter a stream of heated air the moisture quickly evaporates to form a
dry powder. It is important that the drops are uniformly sized and are produced at a consistent
rate, so that all the particles are exposed to the same temperature conditions. Specially designed
and engineered nozzles are used to achieve this.

The air circulating through the drying chamber is atmospheric air, finely filtered and warmed by
passing through a steam heater or an indirect gas heater. A centrifugal ventilator moves the
heated air into the circulation system. The inlet temperature at one installation is reported to be
240 °C. The minimum contact time is 15 seconds at that same installation. It may be up to
30 seconds in other plants. The outlet temperature is 90 °C.

The plasma fraction is then bagged and stored. It has a moisture content of < 10 %. It is used in
pet food and piglet feed. [201, APC Europe, 2000]. Plasma can currently be used by the meat
industry, e.g. in cooked ham and cooked sausages and for pet food production [271, Casanellas
J.,2002].

The process is illustrated in Figure 2.10.
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Figure 2.10: Spray dried plasma manufacturing process
[202, APC Europe, 2001]
Red cell production

The red cell fraction is pumped under high pressure, spray dried, bagged and stored, in the same
way as previously described for the plasma, except that because the red cell fraction already
comprises 30 % solids, it is not necessary to concentrate it prior to drying. The temperature for
spray drying the red cells is higher than that for plasma, i.e. > 250 °C. The process is illustrated
in Figure 2.10. The dried red blood cells are used as a natural pigment in the meat industry, pet
food, animal feed and for fertilisers.
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Waste disposal

Solid and liquid waste is produced during the spray-drying process. The solid waste is largely
biological waste from filtration, osmosis and cleaning. All of the biological waste is suspended
in water. It is filtered and the waste water then undergoes biological degradation at a WWTP.
The waste water contains solids, detergent and disinfectants from cleaning vehicles and
equipment, such as centrifuges. The solids are incinerated or landfilled. The sludge from the
WWTP is rich in protein and can be composted with other materials.

2.2.6 Gelatine manufacture

Gelatine is natural, soluble protein, gelling or non-gelling, obtained by the partial hydrolysis of
collagen produced from bones, hides and skins, tendons and sinews of animals (including fish
and poultry) [85, EC, 1999]. The raw materials used comprise bones, fresh or frozen hides, pig
skins and fish skins. The use of hides and skins submitted to tanning processes is prohibited for
the production of gelatine intended for human consumption [85, EC, 1999]. ABP Regulation
1774/2002/EC requires all material destined for gelatine production to be Category 3 material,
as defined therein.

There are several processes for the production of gelatine. These depend to some extent on the
raw materials used, although after the de-fatting and demineralisation of bones and the acid
treatment of pig skins, the gelatine extraction steps in some of the processes using bones hides
and pig skins are very similar. The main gelatine manufacturing processes are summarised in
Figure 2.11 and the individual process steps are described below.

DESCRIPTION OF THE MAIN GELATINE MANUFACTURING PROCESSES [249,
GME, 2002]

The unit operations for the processes for each of the eight types of gelatine produced are shown
Figure 2.11 and then again individually in Figure 2.13 to Figure 2.20 inclusive. As can be seen
from Figure 2.11, many of the unit operations are common to several and, in some cases, all of
the processes. Techniques which minimise consumption and emission levels at such unit
operations may, therefore, be widely applicable throughout the gelatine manufacturing industry.
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Figure 2.11: The main gelatine manufacturing processes

[249, GME, 2002]
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The unit operations are described next.

A Degreasing

The untreated bones contain a large amount of meat, soft tissue and fat, which has to be
removed. A typical example of the composition of a batch of fresh bones is: 46 % water,
15 % fat, 19 % protein and 20 % minerals.

The bones are crushed in a pre-breaker to a maximum particle size of 20 mm diameter, before
being degreased, using hot water, at a temperature of 75-90°C, for 15-30 minutes. A
continuous process has been reported, using a steam jacketed and steam-heated screw conveyor.
The turbulent action of the hot water and the sliding and rubbing of the crushed bone loosens
the meat and other soft tissue from the bone. The contents of the degreasing vessel are
separated to give hard bone, sinew (soft bone) and liquids containing tallow and water.

The hard bone may be washed using hot water, to give a final moisture content of around 10 %.
The sinew may be pressed to remove fat and water before being dried with the hard bone to give
a final moisture content of 14 %. Drying at 85 °C takes 45 minutes. [208, Croda Colloids Ltd,
undated]

Alternatively the sinew and liquid stream may be separated into a liquid stream containing
tallow and water using a decanter or tricanter system and the sinew stream can then be dried in a
rotating disc drier, to give a moisture content well below 10 %. The product temperature
reached in the drier is about 110 °C, for at least 45 minutes. [249, GME, 2002]

The dried bone and sinew are sieved at 2 mm and 5 mm to give bone meal (<2 mm fraction),
intermediate bone pieces (2 -5 mm fraction) and degreased gelatine bone/sinew (> 5 mm
fraction).

The tallow/water mix is separated using centrifuges to give purified tallow and process water.
The liquids are maintained at a temperature of 85 °C for 30 minutes during separation.

Fine solids removed from the liquid during separation, together with fine solids from the
pressing of the sinew are combined and dried to give a moisture content typically < 10 %. The
product temperature achieved in the drier is around 110 °C for at least 45 minutes.

Cyclones are used to remove the air and to separate the fines from the larger particles destined
for the gelatine manufacture.

Bone chips are graded by density, using a hydrocyclone, because high-density bones require
more processing than low-density bones, both to demineralise and to extract the gelatine. They
are then dried in a band oven, with a starting air temperature of around 350 °C and an exit
temperature of 150 °C. The chips are only in contact with the hot air for a short time and they
are also cooled by the evaporation of the water, so their temperature will not normally exceed
85°C. The drying time varies from 20 — 60 minutes. The dried bones are then classified by
size, firstly using rotating or vibrating sieves, normally at 2 — 5 mm and then using a densimetry
table, which comprises an inclined screen with an upward air-draught on to which the bone
chips are dropped.

The amount of dried degreased bone chips obtained from 1 kg of bone is usually about 200 g.

If hides or skins are used this pretreatment stage is not required.

B Demineralisation

The demineralisation process is the removal of the inorganic component, which comprises

mainly natural phosphates and calcium carbonate. The defatted bones are placed in a strong
HCI solution at pH 1 -2, where the tricalcium phosphate is converted into the soluble
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monocalcium salt, which is run-off in solution, for later conversion to dicalcium phosphate,
soluble calcium chloride and CO,. The chemical reaction with HCI is shown.

Ca3(PO4)2 +4 HCl —> Ca(H2P04)2 +2 CaClz
CaCO; +2 HCI - CaCl, + H,O + CO,

For 1000 kg of degreased bone, containing 8 % water and of which 63 % comprises 7 % CaCO;
and 56 % Ca3(PQ,),, approximately 7700 litres of 4 % HCl is required, for complete conversion.

The solid residue, which is known as ossein, is used in the gelatine manufacture process. The
ossein production process may take several days depending on the nature, size and density of
the raw material. Several pits, e.g. six, sit in series, containing ossein, at various stages in the
process. Fresh HCI at a concentration of 3.5 %, is added to the pit containing the ossein which
has been treated for the longest time. After approximately 24 hours, this acid is pumped to the
pit containing the second oldest ossein, whilst the acid from this is pumped to the pit containing
the third oldest ossein. The process continues by this batch countercurrent action. In this way
the (hewest” liquor, with the highest acid concentration and the lowest concentration of
monocalcium salt is extracting the salt from the ossein with the lowest available yield. The
ldest” liquor, with the lowest acid concentration, i.e. about 0.5 %, is extracting the salt from
the ossein which has the most salt to give up. The process can be helped by air agitation. The
process is illustrated in Figure 2.12.

Each reactor tank in the process typically contains a batch of 20 — 50 tonnes of bone chips, but
smaller tanks may also be used. The tank height may be about 7 metres and the diameter about
3.5 metres. New reactors are usually made from plastic coated steel. For a system with 4
reactor vessels, 200 tonnes of degreased bone chips can be treated in 4 days, in 4 batches of
50 tonnes. To demineralise these, approximately 1540 cubic metres of 4 % HCI is required.
For an installation operating at an efficiency of approximately 90 %, this requirement increases
to approximately 1710 cubic metres in four days or about 17.8 m’ I/h.
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New acid bone | | | | | |
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DAY 2

Oldest acid New acid

New Oldest
bone bone | | | | |
chips chips

DAY 3
Oldest acid New acid
New Oldest
bone bone
chips chips

Note:  The number of pits varies between installations but the principle is the same with the new acid
being added to the bone chips which are at the most advanced stage of the treatment

Figure 2.12: Flow diagram for the demineralisation of bone to produce ossein for gelatine
manufacture
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C Liming

Liming is usually done in large concrete pits that can contain the ossein from one batch of
demineralised bone chips. The ossein is submerged in a solution of supersaturated lime to
purify and condition the collagen, to promote its hydrolysis. The pH during this process is
approximately 12.5, i.e. the pH of fresh made lime solution. The supersaturated lime solution is
refreshed regularly to compensate for its consumption during the process. Air is blown through
regularly, to prevent local drops in the pH level.

After the last decanting of the lime the ossein is washed by filling the lime pit with about the
same amount of water as the weight of the original bone chips and leaving it in for some time
before running it off. The ossein is then washed a second time by agitating it with
approximately the same amount of water, after which it is pumped in a stream of water to the
neutralisation installation. The washings contain lime and can be used to neutralise the acid
used in the early process, otherwise consumption of another alkali would be required for this.

A typical liming process schedule is shown in Table 2.7, the number of days varies between
installations and can be as high as 90, depending on the quality of the bone chips, the average
temperature of the lime and the desired physical properties of the gelatine. The frequency of
refreshing the lime, the frequency and the time of blowing air into the pit and the number of
times the ossein is washed, with or without agitation, also varies between installations and
batches.

Day Adding fresh lime | Decanting Pumping air Washing
1 X
2 X X
3 X
4 X X
8 X
9 X X
12 X
15 X
17 X X
21 X
25 X
27 X X
31 X
35 X
37 X X
41 X
43 X
46 X X

Table 2.7: Typical liming process schedule

D Neutralisation

The washed limed ossein still contains lime and has a high pH in the centre of the particles. It is
treated with dilute acid to neutralise and remove the lime, and to change the pH to pH 4.5 — 7.
The batch of ossein is submerged in at least as much water as the original weight of the bone
chips from which the ossein was made. The ossein is stirred and the acid is added. The pH is
measured continuously and can be used to control the flow of acid. When the pH remains
constant for several hours within the desired pH range without acid being added, the ossein is
considered to be neutralised. The acid water is then run-off and the ossein is washed with at
least five times its own weight of fresh water, whilst remaining submerged. The neutralisation
can be done in one or more stirred tanks in the extraction vessel. The installation is usually
made of stainless steel or plastic coated steel.
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E Extraction

The gelatine is extracted from the neutralised ossein, pretreated hides or pig skins, with hot
water. This involves about 5 steps, at progressively higher temperatures, usually with no more
than 10 °C difference between steps and typically ranging between 50 - 60 °C and 100 °C. The
gelatine concentration of the extract is normally 3 - 8 %.

The water can be added cold and then heated, or already heated. The ossein in the extractors
may be stirred carefully in the warm water or the water may be circulated over the ossein bed.
This is continued until a concentration of about 5 % gelatine, is reached. The extract is then
drained and the process is repeated, usually at a higher temperature. When drained, the extract
usually passes through a sieve or a mesh to prevent large particles getting into the pipework.
The final extraction is stopped when, while extracting at 100 °C, the concentration of gelatine
does not reach 3 %, or when no ossein is left. The amount of water required is at least the
amount needed to submerge the ossein or pig skins, plus the amount to fill the pipes, pumps and
heat-exchangers. For ossein coming from 50 tonnes of bone chips, the amount of gelatine in
each extract is between 1500 kg and 4000 kg. The installations are normally made of stainless
steel.

F Filtration

The extract is filtered to remove any insoluble particles. The filtration can be done in one or
more steps. The filter medium is generally diatomaceous earth or cellulose, although cotton
may also be used. If diatomaceous earth is used, a filter aid, usually composed of the same kind
of diatomaceous earth as the filter, is added to the gelatine solution, to prevent blocking by
continuously building up the filter layer. When using cellulose, pulp pads of about 5 cm
thickness can be used. Often the filtration is done in two steps, the diatomaceous earth filter
being followed by a filter that uses commercially available cellulose filter pads, which are about
1 cm thick. The extract may pass a cloth filter bag first, to remove residual coarse particles.
During filtration the temperature of the solution is kept at 55 - 60 °C.

The filtration equipment is usually of the same type as that used in several branches of the food
industry and is readily available. The diatomaceous earth filtration can be either pressure or
vacuum operated. For pressure operated filtration, the filter bed is in a closed vessel which is
pressurised. When the maximum pressure is reached, the filter meshes are automatically
cleaned and covered with new filter aid. For vacuum filtration, the filter is usually a rotating
drum filter with the filter layer on the outside of the drum. The extract is sucked into the inside
of the drum. With this kind of filter, the filter aid and the layer is automatically scraped off, so
the filter continuously has a fresh surface.

G Ion exchange

The filtered extract is passed through an ion exchange resin to remove all the dissolved salts
from the solution. The solution normally first passes the cation column and then the anion
column. Most installations consist of two cation columns and two anion columns. One of each
is in use at any one time, while the other two are either regenerating or are on standby. Modern
installations have an automatic control system that diverts the flow to the standby column as
soon as the column in use reduces in effectiveness, at the same time starting the automatic
regeneration procedure for the exhausted column. Older installations are less automated. The
cation and anion exchangers are regenerated with approximately 5 % HCl and 5 % NaOH and
both are rinsed using de-ionised water. An example column size is 1.57 metres in diameter and
1.75 metres high. The flow through such a column is about 7 m’/h. During the ion exchange
the temperature of the solution is generally kept at 55 - 60 °C. The installations are made of
synthetic material or of plastic coated steel.

H Concentration

After the solution comes from the ion exchangers the next step is to concentrate it. Different
designs of evaporators can be used for this. This facilitates the removal of water at relatively
low temperatures. In multiple-effect vacuum evaporators, the vapour extracted from the first
effect is used to heat the second and that from the second is used to heat the third. The heating
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and cooling is undertaken very quickly so that the product is not damaged. Figure 4.14 shows a
schematic diagram of a multiple-effect evaporator. At this stage in the process the solution is
about 20 - 30 % gelatine. The equipment is made of stainless steel.

I Sterilisation

The concentrated gelatine solution is sterilised either by direct steam injection, such that the
temperature is raised to 138 - 140 °C, or by operating the final effect, known as a finisher, at a
temperature of about 120 - 140 °C. The increase in temperature is achieved by injecting steam
from another source. If direct steam injection is used, the solution is kept at this temperature for
at least 4 seconds whilst maintaining a pressure of at least 4 bar (400 kPa). The temperature of
the gelatine is measured and monitored continuously. The sterilising equipment is made of
stainless steel.

J Drying

The sterilised concentrated gelatine solution is pumped through a heat-exchanger and cooled to
a temperature of less than 30 °C, to form a gel. The gel is extruded through a perforated sheet to
form thin threads. A small pivoting conveyor belt is used to deposit the threads on to a large
metal wire conveyor belt, which runs through a segmented drying tunnel. In the drying tunnel,
the gel is dried with clean purified pre-dried warm air. Each subsequent segment of the tunnel
has a higher temperature, ranging from 25 - 30 °C to 50 - 60 °C. The drying takes up to 6 hours.
The heat for the drier may be recovered heat from the hot water from the evaporator. When the
gel enters the drying tunnel it contains about 80 % water. The dried gelatine usually contains
about 11 % water, although this may vary between 9 - 15 %. After drying, the gelatine is
crushed and packed for intermediate storage. The dried threads are ground and bagged. Each
batch is labelled for traceability. Various grades are blended to meet individual customer
requirements. The equipment that comes into contact with the gelatine is usually made of
stainless steel, but in some cases it is synthetic material.

K Acid treatment

After the demineralisation process the tank containing the ossein is filled again, with the same
amount of water as the original weight of the bone chips, and is left to stand in it for about
0.5 -1 day. The ossein still contains sufficient acid to keep the pH below 2. The liquid is then
removed and the ossein is washed again, one or more times, to obtain a pH of about 2.5 or
above. It is then transferred to the extractors, in a stream of water.

L Alkali pretreatment

Following demineralisation, the ossein is soaked twice in water, each (oak” lasts one hour and
uses an equal volume of water to ossein. After each (Goak”, the water is drained away. The
ossein is further washed by stirring for 10 minutes with an equal volume of water to ossein and
then drained.

One volume of 0.3 N NaOH (pH > 13) is added to the ossein and allowed to stand for 2 hours,
with occasional agitation. The pH is monitored, recorded and maintained above pH 13.0 by the
addition of NaOH solution, as required.

After the alkaline Goak”, the solution is drained and the ossein is washed twice. Each wash
lasts for 15 minutes and uses an equal volume of water to ossein. Finally, the ossein is washed
for 10 minutes with twice the volume of water to ossein.

M Acid treatment

1.2 times the volume of water compared to ossein are added to the alkali-pretreated ossein and
by means of small additions of 1 N HCI, a pH of 2 is maintained for up to 6 hours, with
occasional agitation.

The ossein is then washed a number of times, each wash using an equal volume of water to
ossein, for at least 2 hours, until the pH is 2.5 or above.
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N Preheating
An autoclave of about 6800 litres is filled with 2300 kg of degreased bone chips. It is preheated
for 10 minutes by blowing steam at 1.7 bar (170 kPa) and 115 °C through it, from bottom to top.

(0] Autoclaving and extraction
The bone chips are pressurised and extracted in eight steps.

i - After preheating the exhaust is closed and the autoclave is pressurised and heated from the
bottom with steam at a minimum of 300 kPa and 133 - 135 °C for at least 23 minutes. The
autoclave is depressurised in 4 — 5 minutes and then 1500 litres of water is sprayed over the
bone chips to extract the gelatine. The water is pumped out during the extraction. The pumping
is continued for 12 minutes after the spraying is stopped.

ii - The autoclave is pressurised again for 20 minutes, with steam at 300 kPa and 133 - 135 °C,
after which it is depressurised and the gelatine is extracted as described in step 1.

iii - The autoclave is pressurised for 20 minutes with steam at 300 kPa and 133 - 135 °C, after
which the autoclave is depressurised in 4 to 5 minutes. The autoclave is filled with 1500 litres
of water at 10 °C, which is left in the autoclave for 20 minutes and then forced out with steam
under pressure. After the third autoclaving and extraction, the extract is not pumped out but
forced out with steam.

iv - The bone chips are autoclaved and extracted as in step ii. Instead of water the bone chips
are, however, extracted with the extracts coming from steps 5 — 8 of the previous batch.

v and vi - The chips are autoclaved and extracted as in step ii. Parts of the extracts are saved for
use as extraction liquid for this batch and the next batch.

vii and viii - The chips are autoclaved and extracted as in step iii. The bone chips are left to
drain for 20 minutes and the liquid is pressed out by steam. All of the extract is saved for use in
the extractions of the next batch.

P Cutting
The hide splits are cut and then washed with water.

Q Lime treatment

Slaked lime (Ca(OH),) is added until the relative density of the solution is 1.5 -3° Bé. The
treatment takes 6 — 11 weeks. During the liming process, the lime solution is controlled, by
refreshing the lime and regularly blowing air through the solution, to maintain this relative
density and a pH of approximately 12.5.

R Washing and acid treatment

When the lime treatment is finished, the raw material is washed in water in order to obtain a pH
of 9-10. Acid is then added until a pH of 1.9 — 2.0, is obtained. During this time the pH is
kept at 2.4 for 2 — 3 hours. Depending on the recipe, some alternative pH ranges or durations
may be maintained, but the principle of washing and acid treatment is always the same.

S Neutralisation
The excess of acid is removed by washing with water until a slightly acid to neutral pH of, e.g.
5.5-6.5, is obtained.

T Acid treatment
HCI, or another acid, is added until the pH of the solution is 1 - 3. These conditions are kept for
24 — 48 hours, by adding more acid, if necessary.
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U Neutralisation
The excess acid is removed by washing with water to reach a typical pH of 5.3 — 6.0, but a pH
of 2.5 -4.0 is also possible.

\% Alkali treatment

NaOH solution is added to the washed hide splits, to a concentration of 0.6 - 1.4 %. The
alkaline soak takes a minimum of 10 days. During the process, the pH is approximately 12.5 or
higher. Finally air is regularly blown through the solution.

W Washing and acid treatment
When the caustic treatment is finished, the raw material is washed in water until a pH of about
10 is achieved. An acid solution is then added to neutralise the solution.

X Neutralisation
The excess acid is removed by washing with water, until a slightly acid, but close to neutral pH
of approximately 5.5 — 7.5, is obtained.

Y Cutting
The pig skins are cut into pieces of about 10 x 10 cm, in a special cutting machine.

V4 Washing
The pig skin pieces are washed in a tank, to remove external fat, before demineralisation.

Al Acid treatment and rinsing
The pig skin pieces are acidulated, in a tank, with dilute H,SO, or HCI to a pH of about 1.8, for
at least 5 hours. The acid solution is then removed and the pig skin pieces are then rinsed.

B1 Neutralisation and rinsing

The tank is filled with an alkaline solution of e.g. ammonia, to neutralise the pig skin pieces.
The solution is then removed and the neutralised pig skins are rinsed, to reach a pH suitable for
extraction of the gelatine. The pH may vary according to customer specification. The treated
pig skins are then transferred to the extraction tanks.

C1 Second filtration
A second filtration is made to remove any remaining particles. The filter medium is usually a
cloth bag which is able to remove coarse particles.
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BONE GELATINE
1 Limed bone process

The limed bone gelatine process is shown in Figure 2.13.
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Figure 2.13: The limed bone gelatine manufacturing process
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2 Acid bone process

The acid bone gelatine manufacturing process is shown in Figure 2.14.
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Figure 2.14: The acid bone gelatine manufacturing process
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3 Acid bone process with alkali pretreatment

The acid bone gelatine manufacturing process with alkaline pretreatment is shown in Figure 2.15.
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Figure 2.15: The acid bone gelatine manufacturing process with alkaline pretreatment
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4 HEAT AND PRESSURE PROCESS

The heat and pressure gelatine manufacturing process is shown in Figure 2.16.
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Figure 2.16: The heat and pressure gelatine manufacturing process
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HIDE GELATINE
Limed hide process

The limed hide gelatine manufacturing process is shown in Figure 2.17.
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Figure 2.17: The limed hide gelatine manufacturing process
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6 Acid hide process

The acid hide gelatine manufacturing process is shown in Figure 2.18.
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Figure 2.18: The acid hide gelatine manufacturing process
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7 Sodium hydroxide hide process

The sodium hydroxide hide gelatine manufacturing process is shown in Figure 2.19.
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Figure 2.19: The sodium hydroxide gelatine manufacturing process
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8 Pig skin process

Pig skins, whether they are fresh or frozen, contain a large amount fat. A typical example of the composition of a batch of pig skins is: 56 % water,
25 % fat, 18 % protein and 1 % minerals. There are 4 treatment steps, before gelatine extraction.

The pig skin gelatine manufacturing process is shown in Figure 2.20.
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Figure 2.20: The pig skin gelatine manufacturing process
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APPLICATION

Gelatine is used in a diverse selection of industries and products. The majority of gelatine
produced is edible and pharmaceutical gelatine. It is used in the photographic industry, in both
films and paper. Technical gelatine is used, e.g. in cosmetics and micro-encapsulation (carbon

paper).

BY-PRODUCTS
Meat meal and some bone meal is produced from the removal of residual flesh from the bones.

Tallow is used in pet food and as rolling oil in the ferrous metal finishing industry.
Gelatine waste shavings are landfilled in the UK.

Sludge from the waste water treatment after both the pretreatment of bones and gelatine
production is used for land injection, according to soil requirements. The sludge may need to be
mixed with other substrates.

DICALCIUM PHOSPHATE MANUFACTURE FROM THE GELATINE
MANUFACTURE DEMINERALISATION LIQUOR [249, GME, 2002]

Dicalcium phosphate is used for ceramics manufacture and in fertilisers.

The liquor containing the spent acid and the water soluble monocalcium phoshate is treated with
lime (Ca(OH),) to extract the dicalcium phosphate. After precipitation and decanting, the
precipitate is centrifuged or filtered, washed with water and dried with hot air.

Precipitation and decanting

Lime (Ca(OH),) slurry is added in a controlled manner and the pH is monitored. In an example
installation, a tank of 75 cubic metres capacity is filled with 35 cubic metres of spent acid,
containing monocalcium phosphate, at about pH 1.5 and 10 cubic metres of filtrate after the
precipitation of dicalcium phosphate. The pH of the liquid is measured continuously. During
powerful stirring, a solution of saturated lime is added quickly until pH 3.5 is reached. Then the
addition of the lime is slowed down so that the pH rises to 5.5 in not less than 4 hours after the
start of the addition. The suspension contains about 5 % solid matter. The chemical reaction is
shown below.

Ca(H2PO4)2 + Ca(OH)2 —> 2 CaHPO4 +2 Hzo

The suspension is pumped to a decanter while stirring is continued, to maintain a suspension. In
the decanter, the suspension is separated and pumped to a tank, where the pH is adjusted. The
suspension contains about 20 % solid matter at this stage.

Calcium chloride (CaCl,) is produced in the supernatent liquid, after dicalcium phosphate
settles. It is treated in a WWTP.

Adjusting pH, filtration and washing

The tank containing the 20 % suspension is stirred to keep the solid matter suspended. The pH
is measured continuously. A 4 % HCI solution is added to the suspension at a rate which
ensures that the pH is maintained at about 5 for about 6.5 hours.

Stirring is continued, to keep the solid matter in suspension, while the mixture is pumped to a
filtration installation. Either a centrifugal filter, a rotating vacuum filter or a vacuum conveyer
belt filter is used. The filtrate is pumped back to the reactor tanks. The residue on the filter is
washed with water and then sucked dry until the residue contains approximately 80 % dry
matter. The dry matter is scraped off the filter and transported to a drier.
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Drying
The dicalcium phosphate is dried with air of at least 70 °C in either a rotating drier or a ring
drier, until it contains less then 3 % water. The air is then filtered.

The product is then packaged in bags or bulk tankers.

Associated activity - lime production
Production of the lime from quicklime (CaO) may in some cases be an associated site activity.
Quicklime reacts vigorously with water to produce slaked lime.

2.2.7 Glue manufacture

The manufacturing process for hide glue is the same as that for food gelatine [244, Germany,
2002].

2.2.8 Dedicated incineration of carcases and parts of carcases and of
meat and bone meal

Incineration is a high temperature oxidation, which converts materials into gaseous products and
solid residues with a high degree of volume reduction. It is possible to incinerate a wide
diversity of materials, including a variety of animal by-products.

High temperature oxidative technologies can destroy organic material, including infectious
agents. ABP Regulation 1774/2002/EC sets out the incineration requirements for materials it
defines as Category 1, from animals suspected of being infected by a TSE, or in which a TSE
has been officially confirmed as being present, or from an animal killed in the context of TSE
eradication measures. ABP Regulation 1774/2002/EC requires incineration to be in accordance
with WID Council Directive 2000/76/EC, where it applies and sets out specific requirements
where it does not apply.

Rotary kiln or fluidised bed incinerators tend to be used for the incineration of animal by-
products. Liquids and finely divided materials are placed within the combustion zone so that
they are destroyed after passing through the furnace only once. If a grate furnace is used there
is a higher risk of run-out and pooling, especially when carcases and parts of carcases are
heated, causing fat to liquefy and drip through the openings in the grate. The particle sizes of
animal meal may also be small enough to fall through the grate openings. A technically and
operationally reliable and well maintained system for conveying material which has passed
through the grate back to the combustion zone, is therefore, a prerequisite for this type of
equipment.

Both WID Council Directive 2000/76/EC and ABP Regulation 1774/2002/EC require the
residues to be minimised in their amount and harmfulness and to be recycled, where
appropriate. Most ash residues are currently disposed of to landfill, subject to protein
destruction requirements. Ash is also used by the construction industry, e.g. in road building.
Other routes for use and disposal are currently being assessed.

2.2.81 Dedicated incineration of carcases and parts of carcases

Description of animal carcases and parts of animal carcases

Carcases containing up to 70 % moisture and up to 5 % incombustible solids have a heating
value of approximately 5815 kJ/kg [29, US Environmental Protection Agency, 1997]. Other
figures, based on a limited experience of large-scale carcase incineration quote calorific values
in the order of 10000 - 12000 kJ/kg for whole carcases, 11000 - 13000 kJ/kg for quartered meat
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[6, EA, 1997] and 12000 — 15000 kJ/kg for SRM, comprising skulls, intestines and vertebral
columns [248, Sorlini G., 2002].

Animal carcases are incinerated in fixed hearth incinerators in the UK. Other combustion
technologies which have been reported to be suitable include pulsed hearth, rotary kiln and
semi-pyrolitic incinerators [65, EA, 1996, 144, Det Norske Veritas, 2001]. Promising trials
using bubbling fluidised bed incinerators to dispose of crushed animal carcases have been
reported. [200, Widell S., 2001]. The incinerators are described below. BFB incinerators are
described under 2.2.8.2, as the technique is more widely used for incinerating animal meal.

Fixed hearth incinerator

A fixed hearth incinerator operates as follows. A ram loader pushes the carcases into a primary
chamber where they are over-fired with primary air and/or with burners, depending on whether
combustion is self-sustaining. Proper mixing of the material on the hearth can be difficult and
requires careful adjustment of the feed and ash removal rates. Achieving constant burnout is
difficult. The skill and training of the operator are particularly important.

A secondary chamber with an injection of supplementary fuel and secondary air is essential.

Semi-pyrolitic incinerators

This technology is described more a control method than a specific configuration of
incineration. A primary chamber operates at less than the stoichiometric air requirement for
complete combustion and a secondary chamber operates under excess air conditions. The
material is dried, heated and pyrolised in the primary chamber, releasing moisture and volatile
components. The gas is driven off and then burned in the secondary chamber which is
supported by a supplementary fuel burner.

This method of combustion is reported to ensure a controlled burn with both relatively low
releases of VOCs and CO. Also, the low combustion airflow results in a low entrainment of
particulate borne pollutants.

Stepped hearth

Stepped hearth incinerators comprise a series of concrete steps, typically three, with embedded
air channels. The materials are moved from step to step by a series of rams. The first step is a
drying stage, with sub-stoichiometric oxygen conditions, during which most volatile compounds
are released and burned above the grate in the combustion chamber. The remaining, less
volatile material is pushed onto the next step, where the main combustion takes place. The third
step is the burnout stage, before the ash is discharged into a final ash burnout chamber, which
incorporates air injection and agitation. Material can take eight hours to pass through the
hearths and a further eight hours in the burnout chamber. This depends, to an extent, on the
feed rate, which will also determine the supplementary fuel requirements.

The steps between the hearths provide good agitation as the waste tumbles down the step,
however, this also produces surges of unincinerated material, so good secondary combustion
and residence time is important.

Pulsed hearth incinerator

Pulsed hearth incinerators use the pulsed movement of one or more refractory hearths to move
the waste and ash through the incinerator. The hearths, which are stepped at each side to form a
QU” shape, are suspended from four external supports. The smooth hearth can handle difficult
wastes without the risk of jamming and there are no moving mechanical parts exposed to
burning material or hot gases. There may, however, be problems achieving the good burnout of
solid wastes. [65, EA, 1996].

Rotary kiln incinerator
Incineration in a rotary kiln is normally a two stage process, which takes place in a primary
combustion chamber and a secondary combustion chamber. The kiln is a cylindrical shell lined
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with a refractory substance. It is inclined downwards from the feed end and rotates slowly
about its cylindrical axis. The rotation moves the waste through the kiln with a tumbling action,
thus exposing fresh surfaces to heat and oxygen. Structures may be added within the kiln, to aid
turbulence and to slow the passage of liquid wastes. The residence time of material incinerated
in the kiln can be changed by adjusting its rotational speed.

Rotary kilns can operate at very high temperatures. Careful attention needs to be paid to the
rotating kiln and the endplates, to prevent the leakage of gases and unburnt waste. The
tumbling of waste may generate fine particles.

Commissioning

Commissioning tests carried out for new plants and existing installations planning to incinerate
a different fuel from that for which it is authorised for or would normally incinerate, enable
checks to be made about whether the desired results are achieved.

Delivery, storage and handling

Unloading, storage and handling can be done in totally enclosed buildings and equipment.
There may be a risk of theft of meat which is unfit for human consumption, so security need to
be applied.

Charging the incinerator

For batch processes, carcases are generally fed into the incinerator intermittently, by front
loader vehicles, ram-feed or manually. Opening of the doors for loading can allow considerable
ingress of cold air which may upset combustion conditions and increase emissions. Fans
capable of responding to changes in furnace pressure during charging, to avoid the escape of
fumes or excess airflows may, therefore, be used. Large drops in temperature, e.g. during
charging of batch incinerators, can be avoided by using charging systems which incorporate
airlocks. Continuously operating incinerators are generally fed from enclosed handling and
sometimes pretreatment and charging systems. Control of air and consequently combustion is
easier with continuously operating systems.

The incineration process

Residence time in the furnace has to be long enough to ensure good burnout, as measured by the
total organic carbon content and it needs to be controllable. The supply of air to different
combustion zones also has to be controllable. Minimum conditions of 850 °C combustion gas
temperature, with a gas residence time of 2 seconds are specified in ABP Regulation
1774/2002/EC [287, EC, 2002], for animal carcases, which are excluded from the scope of WID
Council Directive 2000/76/EC [195, EC, 2000]. WID Council Directive 2000/76/EC sets
similar conditions, for all other animal by-products, including parts of carcases, although it also
allows the competent authority to lay down different conditions, provided the requirements of
that Directive are met.

With most furnace designs, the minimisation of primary air will both minimise NO, production
as well as the velocities which lead to the entrainment of particles. An adequate distribution of
air and fuel on the bed will prevent the formation of hot zones and thereby reduce the
volatilisation of material, which could otherwise lead to the formation of heavy metal oxides
and alkali metal salts in the fly ash. Combustion zones may be separate chambers or, as in the
case of BFB incinerators, they may simply be areas within the same chamber where primary and
secondary air are introduced.

Water cooling of grates may be an alternative to providing excess air in grates to control metal
temperatures. This can also improve primary air control and hence combustion.

Ash handling and storage

Enclosed handling systems avoiding the use of brushes or compressed air minimise dust
emissions and, therefore, assist compliance with both occupational health and environmental
controls.
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Cleaning

One rotary kiln incinerator operating continuously and its enclosed equipment upstream of the
rotary kiln, i.e. the storage, handling, grinding and charging mechanisms, is cleaned by feeding
wood chips through the system periodically, usually before maintenance and then incinerating
them in the incinerator. This incinerator is dedicated to the destruction of SRM comprising
cattle heads and vertebral columns.

2.2.8.2 Dedicated incineration of animal meal

Most of the following information is taken from UK guidance [82, EA, 1998]. Other sources
are cited.

The collection and disposal of certain animal by-products may be subject to the requirements of
the Council Directive 91/689/EEC of 12 December 1991 on hazardous waste, concerning the
prevention of infection.

Bubbling fluidised bed incinerator

Animal meal can be incinerated in fluidised bed incinerators, as these are suitable for reasonably
homogeneous materials. BFB incinerators are used for incinerating animal meal in the UK. A
fluidised bed incinerator is normally a single stage process. It consists of a refractory-lined
shell. The chamber contains a granulated bed consisting of an inert material such as sand or
limestone. In at least one plant the granulated bed comprises ash from the incineration of
animal meal. The granulated bed is supported on a distribution plate and fluidised air or another
gas which is blown up through the plate. Ancillary equipment includes a fuel burner, a waste
feed mechanism and possibly an after-burner chamber. BFB incinerators have the advantage of
having a simple construction with no moving parts, so maintenance requirements are minimal.
The granulated bed provides continuous attrition of the burning material, removing the char as it
forms and exposing fresh material for combustion. This assists with increasing the speed and
completeness of combustion.

Description of animal meal

Animal meal can be incinerated on the rendering site where it is produced, it can be sent directly
from the rendering plant to the incinerator, or it may be kept in an intermediate store. It may be
in the form of true meal, i.e. finely ground. In most cases, however, the grinding stage which
would have been undertaken during animal feed preparation, will have been omitted. Normally
it will comprise lumps of up to 50 mm down to dust and this can cause problems with both
handling and combustion. Sometimes MBM is delivered in pellets [164, Nottrodt A., 2001].
The variability of MBM composition is shown in Table 2.8 and Table 2.9. The variability in
supply may affect the combustion process and the emission levels.

Constituent Intervention Board Analyses Other analyses
Fat (%) 10- 14 8.4-28.6
Moisture (%) 5-10 1.7-14.3
Ash (%) 25-30 12.8 - 30.7
Details of raw materials unknown

Table 2.8: Fat, moisture and ash composition of meat and bone meal
[82, EA, 1998]
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Substance and | Units MBM MBM MBM MBM | MBM | MBM | Feather
source analysis | sample | sample |sample ®| Cat1 Cat3 meal
(OTMS)
Bavaria | Ireland | Portugal UK

Net calorific value [MJkg 18.0 15.7 17.8 16.13 19.1 14.4 21.2
Water % 4.6 18.9 2.2 7.53 4.5 33 5.0
Ash % 22.03 29.4 23.6 31.0 15.0 31.7 2.9
Nitrogen % 7.65 5.8 10.6 7.3 9.0 6.2 13.2
Sulphur total % 0.62 0.5 0.4 0.33 0.57 0.32 2.5
Hydrogen % 5.86 7.7 6.9 5.07 6.1 4.4 8.1
Carbon % 40.83 37.2 47.3 36.3 45.7 32.7 50.8

™ Origin unknown

Details of raw materials unknown

Table 2.9: Composition of meat and bone meal
[164, Nottrodt A., 2001, 293, Smith T., 2002]

Only ground animal meal with a water content of under 5 % and a fat content of under 14 % can
be transported pneumatically. There are reports of problems arising with fat contents above
10 %. There is rarely less than 10 % fat in MBM, so pneumatic transport is more practical for
lower-fat bone meal and blood meal. [164, Nottrodt A., 2001]

Rotary kiln or fluidised bed furnaces are used for the dedicated combustion of MBM because
they can handle the finely divided material.

Tallow may in some cases be incinerated as a support fuel. It burns readily and cleanly and has
a very low sulphur content.

Delivery, storage and handling

Animal meal is delivered in bulk tipper lorries or in skips. Tankers can be used for ground
animal meal with a water content less than 5 % by weight and a maximum fat content of
10 - 13 % by weight. It can also be delivered packaged, e.g. in 25 kg or 50 kg sacks [164,
Nottrodt A., 2001]. It is then transferred to an unloading hopper, either mechanically via
conveyors/augurs, or pneumatically. This takes place in enclosed buildings to avoid problems
of possible wind dispersion of dusty material. The transfer and handling equipment may also be
fully enclosed to avoid the spread of dust. Some animal meal will break down and become
dusty, whilst that left at the bottom of stockpiles for long periods becomes compacted into large
lumps which will have to be broken up sufficiently for handling and effective combustion.
Tallow is likely to require heated storage.

Opinions vary about the potential problems associated with the storage of animal meal. The
delivery of MBM in quantities which ensure that it is processed and incinerated on the day of
delivery will minimise storage times and reportedly avoid problems with pests and vermin;
spontaneous overheating and combustion and will avoid compaction and hardening over time.
[164, Nottrodt A., 2001]. It is reported elsewhere, that unless there is already a specific problem
with old or damp animal meal, storage times do not cause a problem [65, EA, 1996].

Charging the incinerator

The reported systems for charging incinerators are all continuous, usually by screw conveyor.
Pumping can also be used for transferring and charging pasty material. In BFB incinerators, the
material is injected into the combustion zone.

The incineration process
Residence time in the furnace should be controllable and must be long enough to ensure good
burnout. This can be measured by the carbon content of the ash. For materials incinerated to
destroy TSE risk material, the concentration of amino acids in ash is used to monitor the
effectiveness of the destruction of proteins. The supply of air to different combustion zones
also has to be controllable.
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The circumstances when animal meal has to be incinerated are prescribed in ABP Regulation
1774/2002/EC and the conditions for incinerating it are specified in WID Council Directive
2000/76/EC.

Ash handling and storage

As with the incineration of animal carcases and parts of carcases, the use of enclosed handling
systems without using brushes or compressed air can minimise dust emissions. This assists
compliance with both occupational health and environmental controls.

2.2.8.3 Gasification of meat and bone meal

MBM has a significant calorific value and one option for incinerating it is by gasification to
produce (yyngas”, which can then be burned or used in methanol production. The conditions
for incinerating it are specified in WID Council Directive 2000/76/EC. Heat and/or power can
be generated during the process. MBM can be gasified without a support fossil fuel. The
following information is largely taken from equipment supply literature [196, Therma CCT,
2000], other sources are cited.

There are optimum MBM characteristics for the gasification process, so the source and
pretreatment affect the efficiency of the process. The optimal characteristics are shown in Table
2.10.

Chemical composition %
Carbohydrate 18
Ash 25
Protein 40
Moisture 3
Fat 14

Table 2.10: Optimum MBM composition (% mass dry) for gasification and thermal oxidation

The gasification process involves partial combustion in a reduced oxygen environment. The
MBM is fed by a vertical screw conveyor to a ring shaped combustion chamber, where process
room air is added at sub-stoichiometric quantities compared to the fuel load at a temperature of
1300 - 1500 °C. The fuel is recirculated back to the gasifier, in the form of partially carbonised
material. Syngas is the product of the low oxygen combustion process. The syngas has a lower
heating value of 4605 kJ/m*(NTP) [194, EURA, 2000]. The gasification process is endothermic
and the syngas is thereby cooled to between 680 °C and 850 °C.

The syngas then passes through a cyclone and a heat-exchanger to cool it further to
500 - 550 °C, for combustion in a thermal oxidiser and boiler.

The typical chemical composition of the syngas produced is shown in Table 2.11.

Chemical composition Y%
co 18-24
H, 15-22
CO, 10-14
CH,4 1-4
N, 45

Table 2.11: Typical chemical composition of syngas produced by the gasification of MBM

The syngas can then be burned in a thermal oxidiser or boiler, to produce steam. The combined
system can incinerate MBM; burn air, vapour and non-condensables, from rendering and
produce steam. Ash residues containing some carbon are produced. [194, EURA, 2000]
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229 Burning of tallow

Many boilers have been designed to burn fuel oil, natural gas or tallow, depending on what is
available, however, this method of treatment of tallow is not allowed under ABP Regulation
1774/2002/EC, at the time of writing. ABP Regulation 1774/2002/EC requires incineration or
co-incineration of Category 1 tallow and allows other specified treatments of (rendered fats”,
from Category 2 and Category 3 material.

2.2.10 Landfill and land spreading/injection

Animal by-products which are landfilled include animal meal, feathers, gelatine shavings and
WWTP solid residues. The requirements of the Landfill Directive must be met [352, EC, 1999].

ABP Regulation 1774/2002/EC bans the application to pasture land of organic fertilisers and
soil improvers, other than manure and consequently limits the opportunities for the land
spreading of animal by-products, including compost. It also sets out the limitations on what
animal by-products can be used in the manufacture of compost and what pretreatments they
require. [287, EC, 2002]

In the UK, a code of practice on water protection has been published by DEFRA and the
Scottish Executive. It includes guidance on the land application of non-agriculturally derived
wastes. Its objective is to describe management practices which can be adopted and which if
vigorously followed should avoid, or at least minimise, the risk of causing pollution from
agricultural practices. In Scotland, the use of untreated blood and gut contents has recently been
prohibited, to prevent odour problems and possible health risks. Under the new rules, the total
addition of nitrogen, phosphorus, potassium, magnesium, sulphur and trace elements being
spread should not exceed the needs of the planned crop.

In Ireland, a QCode of Practice” has been established for land spreading, to ensure that it is
undertaken with due regard to the pollution risks and taking into account the nutrient
requirements of the land. During high rainfall months material destined for land spreading must
be stored. Primary sludge from DAF plants is also deemed unsuitable due to its high fat
content, which impairs drainage. [168, Sweeney L., 2001]

The land spreading of animal by-products is not permitted in Germany, on anti-epidemic and
hygiene grounds [244, Germany, 2002].

In the Netherlands, manure from animal reception and lairage can be used within agriculture,
within legal restrictions to regulate the application of nutrients to the soil. The concentrations of
heavy metals in the sludge from WWTPs, have to comply with the limits for use as soil
improvers in agriculture. [240, The Netherlands, 2002]

2.2.11 Biogas production

Animal waste and material like digestive tract content is easily digested anaerobically and it
gives a high yield of biogas. The process is complex. The carbon-containing material is
degraded by micro-organisms, thereby releasing biogas, comprising mainly CH4 and CO,. The
digestion can be either wet or dry. Wet digestion allows normal pumps and stirrers to be used.
The biogas is energy-rich and the digestion residues can often be used as organic fertilisers and
soil improvers. [200, Widell S., 2001]. It is also reported that the biogas production process
changes nutrients to a form that is more readily absorbed by plants and that the spreading of
biogas residues on land leads to fewer odour problems than spreading untreated manure [222,
Gordon W., 2001].
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Biogas cannot be produced from pure animal material because the nitrogen content is too high.
Animal waste must, therefore, be mixed with other organic matter to reduce the nitrogen
content. In Denmark, approximately 75 % of the biomass resource for anaerobic digestion is
animal manure, with the remainder mainly originating from food processing, including
slaughterhouses, although some segregated domestic waste is also treated [152, Danish Institute
of Agricultural and Fisheries Economics, 1999]. Animal by-products, manure and the sewage
sludge from slaughterhouses can all be treated [148, Finnish Environment Institute and Finnish
Food and Drink Industries' Federation, 2001].

Feedstock

The production of biogas from animal by-products is allowed for certain Category 2 materials
and all Category 3 materials, as defined in ABP Regulation 1774/2002/EC, if they are treated,
as specified therein. For certain Category 2 by-products, sterilisation under prescribed
conditions is required before biogas production. The resulting animal meal can undergo a
pasteurisation as prescribed and can be used in biogas production. Category 3 by-products must
be subject to the same prescribed pasteurisation/hygienisation treatment. [287, EC, 2002]. It is
reported that the pasteurisation process assists the subsequent anaerobic digestion, especially
with the digestion of fats.

It is reported that most meat and poultry by-products could be anaerobically digested in a biogas
plant, with the exception of hard bone, which is considered to have too high an ash content.
Provided that the material is sufficiently reduced in size, feathers, viscera, heads and feet, as
well as liquid wastes such as blood and effluent sludge, could be used. [222, Gordon W., 2001]

The treatment of manure, stomach and intestinal contents, bits of hide, waste blood and similar
products in biogas installations is advocated in Sweden. [134, Nordic States, 2001]

Biogas production from solid digested and partially digested by-products such as rumen and
stomach contents, screenings and of solids-rich substrates such as rumen press water, flotation
tailings, grease trap residues and the excrement and urine from the lairage, reportedly have a
significant energy potential. [206, Tritt W. P. and Schuchardt F., 1992]. There are, however,
problems associated with the control of the formation of a floating scum, but these can be
reduced by substitution with a wetter feedstock, e.g. pig slurry instead of rumen contents.

Loading and unloading
Odour can be minimised during the unloading of raw materials and the loading of solid
products/by-products if undertaken in an enclosed area.

Production

A biogas production plant has reported the use of slaughterhouse by-products consisting of
blood, stomachs and intestines, together with large quantities of process water. Previously,
most of the process water was sent to a WWTP. To obtain a slower decomposition process, the
materials are mixed with farmyard manure. Other forms of biological waste can also be used.
All of the slaughterhouse by-products are pasteurised. After the heat treatment, the mix is
allowed to decompose anaerobically. The bacteria culture converts the nutritious substrate to
CH, and CO,. [207, Linkoping Gas AB, 1997]

A normal biogas composition is about 65 % CH, and 35 % CO,, with small amounts of other
gases. The biogas is saturated with moisture. CH, is the usable part of the biogas. In order for
the CH4 to be used as fuel, it has to be purified of CO,, water vapour and small quantities of
H,S. [207, Linkoping Gas AB, 1997]

If the biogas is to be used as fuel for vehicles, it has to be cleaned, to a CH,4 content of at least
95 %. The energy content is about 9 kWh/m®. When biogas is used as a fuel for vehicles, the
gas is compressed to a pressure of 20 MPa. [207, Linkoping Gas AB, 1997]
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Electricity can be produced from biogas, which can be utilised for own consumption and, in
some countries, it can be integrated into the national power grid.

Table 2.12 shows the reported composition of biogas produced from unspecified animal by-
products.

Component Volume (%)
CH, 40 -70
CO, 30 - 60
Other gases, including 1-5
H, 0-1
H,S 0-3

Table 2.12: Reported biogas composition from the biodegradation of unspecified animal by-
products
[144, Det Norske Veritas, 2001]

Energy generation of 300 kWh/t of ABP processed have been reported. This represents a CH,
production of 400 m*/h. [144, Det Norske Veritas, 2001]

To measure the energy recovery figures for CH4 biogas produced from animal by-products, the
CH, generated must be converted into electricity via a gas engine, taking into account the
associated engine efficiency. The energy output quoted for biogas is similar to that produced by
rendering with the on-site combustion of animal meal and tallow. [144, Det Norske Veritas,
2001]

For each unit of electricity generated, 1.5 units of waste heat are produced, as hot water at over
80 °C. In Denmark, this is used to provide district heating. If the biogas plant is close to major
users of heat, such as industrial facilities or large municipal buildings, it may be possible to
derive significant income from the waste heat. In general, the closer the users are to the plant,
the more attractive it is to pipe the hot water to them. [222, Gordon W., 2001]

The solid digestion residue contains nitrogen, phosphorus and potassium and can be used as a
fertiliser. It is checked regularly to ensure the absence of Salmonella.

Problems

There may be problems with damage to vessels, due to gravel etc. ingested by cattle. The
vessels may be glass-lined to avoid leaks, due to the very corrosive nature of products. Leaks
lead to pressure losses which can interfere with boilers using the biogas.

It has been reported that sulphur in the biogas can cause problems in gas generators and that it
should be removed to lengthen the life of the generator. It has also been reported that the
sulphur can be added to the digestion residue to improve its plant nutrient value. [222, Gordon
W.,2001]

Abatement

The exhaust air from ventilation may require odour abatement or it may be burned in a burner.
A flare can be used to prevent biogas from being discharged to air in cases where the capacity of
the plant is insufficient or where there is overproduction or stoppage in a downstream power
production unit. A temperature of at least 1000 °C for at least 0.3 seconds in the burning zone
guarantees low emissions, including odours. Abatement may also be required to remove H,S.

2212 Composting
Composting has been defined as the controlled biological decomposition and stabilisation of

organic substrates, under conditions that are predominately aerobic and that allow the
development of thermophilic temperatures as a result of biologically produced heat. It results
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in a final product that has been sanitised and stabilised, is high in humic substances and can be
beneficially applied to land. [176, The Composting Association, 2001]. The composting of
animal by-products and their application to land is controlled by ABP Regulation 1774/2002/EC
and by Commission Regulation (EC) No 808/2003 of 12 May 2003 amending Regulation (EC)
No 1774/2002 of the European Parliament and of the Council laying down health rules
concerning animal by-products not intended for human consumption [356, EC, 2003].
Category 2 and Category 3 material may be composted, however, most Category 2 materials
must be sterilised under specified temperature, time, pressure and size conditions first.

Raw materials

By-products from slaughterhouses, e.g. lairage bedding, manure, stomach contents, intestinal
contents, blood and feathers; from waste water treatment, e.g. screenings, flotation tailings and
sludge; solid residues from biogas production; sludge from blood processing and sludge from
WWTPs, can all be used in composting.

It has been reported that with the exception of manure from delivery vehicles and lairage no
single material from a slaughterhouse fulfils the necessary conditions for optimum composting.
Rumen and stomach contents contain vegetable structural materials, but have high water
contents. Flotation tailings and fat from grease traps contain no structural substances.
Composting is possible, e.g. after mechanical phase separation, or after mixing moisture sorbing
and structural components with liquid or pasty sludges. [206, Tritt W. P. and Schuchardt F.,
1992]. Composting is carried out using the rumen contents and sludge from slaughtering from
at least one Italian slaughterhouse, [248, Sorlini G., 2002]. Although blood is liquid, when
combined with, e.g. paunch, it can be pumped and composted in windrows. Other liquids, such
as pig slurry, are also mixed with Qiry” materials such as the sludge from WWTPs, for
composting.

Fresh and anaerobically pretreated rumen or pig stomach contents dried to a dry matter content
of > 20 % can be composted without additives, with a bed depth of 1 m. For greater bed depths,
the dry matter should be at least 22 %. Anaerobic pretreatment can reduce the reaction time
from 6to4 weeks. If strongly dehydrating machines, such as screw presses, are used to
increase the dry matter to > 35 %, undehydrated flotation tailings and/or fat from the grease trap
can be added. Experiments with dehydrated rumen content and flotation tailings, with dry
matter contents of 37.6 % and 8.8 % respectively, have shown that compost can be prepared in
6 - 8 weeks. During composting the temperature reaches 70 °C, so decontamination is
reportedly guaranteed [206, Tritt W. P. and Schuchardt F., 1992], although the pretreatment
required under ABP Regulation 1774/2002/EC should control this.

Receipt and storage
Odour problems may arise from the composting feedstock.

Process

The most important composting condition is that the raw materials should be appropriately
mixed to provide the nutrients needed for microbial growth and activity, which includes a
balanced supply of carbon and nitrogen. There should be sufficient moisture to permit
biological activity without hindering aeration; oxygen should be at levels that support aerobic
organisms and temperatures should encourage active microbial activity from thermophilic
micro-organisms. [210, Environment Agency, 2001]

Raw materials mixed to provide a C:N ratio of 25:1 - 30:1 are generally accepted as ideal for
active composting, although ratios from 20:1 up to 40:1 can give good composting results. Low
C:N ratios of below 20:1 allow the carbon to be fully utilised but without stabilising the
nitrogen, which may be lost as NH;3 or N,O. This can cause odour problems. [210, Environment
Agency, 2001]
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Windrows
A windrow is a long pile of composting materials, usually shaped as an elongated triangular
prism [176, The Composting Association, 2001].

Windrows are constructed on a hard standing and drainage is provided to collect any leachate.
Wind and rain protection are also provided to minimise air and water entrainment. Water is
added to the windrows as and when required for the composting process. Rows reduce by at
least one third of their starting size, mainly due to water losses.

The material being composted is turned sufficiently frequently to ensure the maximum
sanitation and degradation of the total material and to keep the process fully aerobic [148,

Finnish Environment Institute and Finnish Food and Drink Industries' Federation, 2001].

The windrow composting process is summarised in Figure 2.21.

Delivery of feedstock
(by-products from slaughterhouses, WWTPs
and biogas production plants)

|

Remove contaminants, shred, mix and add water

|

Pile and aerate (turn windrows)
add air to reactor vessels

[feedstock + micro-organisms + water + oxygen]|

[compost + water + carbon dioxide +
heat (kills pathogens) +
(some carbon monoxide + nitrogen oxides)]

l

Monitor (temperature and moisture)

|

Cure (allow compost to mature)

l

Screen, blend and package

|

Use

Figure 2.21: Flow chart showing the windrow composting process
[176, The Composting Association, 2001] - adapted

In-vessel composting

In-vessel composting refers to a group of composting systems, such as bins or containers,
agitated bays, silos, drums or tunnels and enclosed halls [210, Environment Agency, 2001]. If
composting is undertaken in reactors, the process, including the exchange of respiration gases
and temperature, can be controlled better than if windrows are constructed. Consequently the
starting materials can be decontaminated and the malodorous and ammonia-laden air can be
captured and treated. [206, Tritt W. P. and Schuchardt F., 1992]. The ammonia-laden air is
cooled to 38 -45 °C, by taking more air in through a damper near the exhaust fan and then
sending it to a biofilter, via a water scrubbing tower to remove dust. [209, The Composting
Association, undated]. For all year use of open systems, wind and rain protection are required.
Regular turning is required during the high-temperature composting period, i.e. when the
temperature is > 50 °C. [206, Tritt W. P. and Schuchardt F., 1992]. In any case, above 60 °C
the microbial activity appears to decrease. The principle of in-vessel systems is to supply air in
such excess that it cools the compost, allowing much higher rates of microbial activity.
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When supplied in high volumes, air can also help to maintain an open structure in the material.
This stops the compost from compacting under its own weight and becoming anaerobic. The
material being composted should be 20 % structural material to maintain the airflow through the
compost mass.

A reactor vessel composting system is shown in Figure 2.22.

Air circulation fan Heat-exchangers

The composting
vessel

PROCESS AIR STREAMS

. Cold air intake @ Hot exhaust air
@ Circulating process air . Exhaust cooling intake

Figure 2.22: Diagram illustrating the in-vessel composting process
[209, The Composting Association, undated]

Maturation

This happens at mesophilic temperatures, i.e. within a range of 20 -45°C. The moisture
evaporation, heat generation and oxygen consumption are all much lower than the active
composting stage.

Product

Compost has been defined as biodegradable municipal waste which has been aerobically
processed to form a stable, granular material containing valuable organic matter and plant
nutrients which, when applied to land, can improve the soil structure, enrich the nutrient
content of the soil and enhance its biological activity. [176, The Composting Association, 2001]

2.3 Waste water treatments used at slaughterhouses and
animal by-products installations

2.31 Slaughterhouse waste water treatment

Slaughterhouses are divided between those that treat their waste water on-site and discharge
directly to the local water course and those that discharge their waste water to the local WWTP
with the permission of their local sewerage company. The latter category carry out some
pretreatment of the waste water on-site, usually to at least screen solid materials, although they
may also undertake other treatments. Slaughterhouses must comply with the conditions
specified in trade effluent discharge consents, either for direct discharge or discharge to the
municipal plant, in line with legislative requirements. Some municipal WWTPs can use the
slaughterhouse waste water synergistically with influent received from other sources to
maximise the efficiency of the plant.
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Effluent discharge consents normally include limits for TSS, COD, BOD, pH, ammoniacal
nitrogen, total nitrogen, total phosphorus, free or emulsified grease, anionic synthetic
detergents, daily flow and maximum weekly flow. They may also include sulphide
concentrations, due to the potential for anaerobic decomposition of sludge. Discharge permits
for slaughterhouses that carry out hide salting, may also include limits for chloride
concentrations.

In Denmark, the waste water is generally only pretreated, by screening through a 2 mm mesh,
after which it is normally considered desirable for the denitrification process in the local
authority WWTPs. Surcharges are normally calculated according to the BOD levels and in
some areas the nitrogen and phosphorus contents are taken into account.

In the Flemish part of Belgium, about 40 slaughterhouses discharge their waste water to
municipal WWTPs. Filters and screens, grease traps and coagulants/flocculants are used.
About 20 Flemish slaughterhouses have biological treatment plants which treat the water to a
high enough standard to enable it to be discharged directly without further off-site treatment.
[346, Belgian TWG member, 2003]

Most slaughterhouses in the Netherlands discharge their waste water to municipal WWTPs.
Due to the relatively high treatment costs at municipal WWTPs, all slaughterhouses have
pretreatment systems, mostly consisting of rotary drum sieves and DAF, sometimes in
combination with chemicals. Sometimes the slaughterhouses have a biological treatment
installation. The treated effluent is almost suitable for direct discharge to surface water and is
not considered a desirable commodit