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Abstract

The BAT reference document (BREF) entitled 'Intensive Rearing of Poultry or Pigs' forms part of a series presenting the
results of an exchange of information between EU Member States, the industries concerned, non-governmental
organisations promoting environmental protection, and the Commission, to draw up, review and, where necessary,
update BAT reference documents as required by Article 13(1) of the Directive 2010/75/EU on industrial emissions. This
document is published by the European Commission pursuant to Article 13(6) of the Directive. This BREF for Intensive
Rearing of Poultry or Pigs concerns the activities specified in Section 6.6 of Annex I to Directive 2010/75/EU, namely
'6.6. Intensive rearing of poultry or pigs':

(@) with more than 40 000 places for poultry
(b) with more than 2 000 places for production pigs (over 30 kg), or
(c) with more than 750 places for sows.

In particular, this document covers the following on-farm processes and activities:
- nutritional management of poultry and pigs;

- feed preparation (milling, mixing and storage);

- rearing (housing) of poultry and pigs;

- collection and storage of manure;

- processing of manure;

- manure landspreading;

- storage of dead animals.

Important issues for the implementation of Directive 2010/75/EU in the intensive rearing of poultry or pigs are
ammonia emissions to air, and total nitrogen and total phosphorus excreted. This BREF contains 10 chapters. Chapter 1
provides general information on pig and poultry production in Europe. Chapter 2 describes the major activities and
production systems used in intensive poultry or pig production. Chapter 3 contains information on the environmental
performance of installations in terms of current emissions, consumption of raw materials, water and energy. Chapter 4
describes in more detail the techniques to prevent or, where this is not practicable, to reduce the environmental impact
of operating installations in this sector that were considered in determining the BAT. This information includes, where
relevant, the environmental performance levels (e.g. emission and consumption levels) which can be achieved by using
the techniques, the associated monitoring and the costs and the cross-media issues associated with the techniques.
Chapter 5 presents the BAT conclusions as defined in Article 3(12) of the Directive. Chapter 6 presents information on
'emerging techniques' as defined in Article 3(14) of the Directive. Chapter 7 is dedicated to concluding remarks and
recommendations for future work.
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Preface

PREFACE

1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

This document is a working draft of the European IPPC Bureau (of the Commission's Joint
Research Centre). It is not an official publication of the European Union and does not
necessarily reflect the position of the European Commission.

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

Chapters 1 and 2 provide general information on the intensive rearing of poultry or pigs and on
the industrial processes and techniques used within this sector.

Chapter 3 provides data and information concerning the environmental performance of farms
within the sector, and in operation at the time of writing, in terms of current emissions,
consumption and nature of raw materials, water consumption, and use of energy and the
generation of waste.

Chapter 4 describes in more detail the techniques to prevent or, where this is not practicable, to
reduce emissions from pig or poultry farms that were considered in determining the BAT. This
information includes, where relevant, the environmental performance levels (e.g. emission and
consumption levels) which can be achieved by using the techniques, the associated monitoring
and the costs and the cross-media issues associated with the techniques.

Chapter 5 presents the BAT conclusions as defined in Article 3(12) of the Directive.

Chapter 6 presents information on 'emerging techniques' as defined in Article 3(14) of the
Directive.

Concluding remarks and recommendations for future work are presented in Chapter 7.
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4, Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Acrticle 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

) identification of the key environmental issues for the sector;
examination of the techniques most relevant to address these key issues;
) identification of the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

° examination of the conditions under which these environmental performance levels were
achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

. selection of the best available techniques (BAT), their associated emission levels (and
other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex Il1 to, the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in Chapter 4. These data give a rough indication of the magnitude of the
costs and benefits. However, the actual costs and benefits of applying a technique may depend
strongly on the specific situation of the farm concerned, which cannot be evaluated fully in this
document. In the absence of data concerning costs, conclusions on the economic viability of
techniques are drawn from observations on existing farms.

5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre (JRC) at the following address:

European Commission

JRC Directorate B — Growth and Innovation
European IPPC Bureau

Edificio Expo

c¢/Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: JRC-B5-EIPPCB@ec.europa.eu
Internet: http://eippch.jrc.ec.europa.eu
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Scope

SCOPE

This BREF for the Intensive Rearing of Poultry or Pigs concerns the following activities
specified in Section 6.6 of Annex | to Directive 2010/75/EU, namely '6.6. Intensive rearing of
poultry or pigs":

(@)  with more than 40 000 places for poultry

(b)  with more than 2000 places for production of pigs (over 30 kg), or

(c)  with more than 750 places for sows.

In particular, this document covers the following on-farm processes and activities:

o nutritional management of poultry and pigs;

o feed preparation (milling, mixing and storage);
o rearing (housing) of poultry and pigs;

o collection and storage of manure;

o processing of manure;

o manure landspreading;

o storage of dead animals.

This document does not address the following processes or activities:

o disposal of dead animals; this may be covered in the BREF for Slaughterhouses and
Animal By-products Industries (SA);

Other reference documents which are of relevance for the activities covered by this BREF are
the following:

Reference documents Activity
Waste Incineration (WI) Incineration of manure
Waste Treatment Industries (WT) Composting and anaerobic digestion of manure

Monitoring of emissions from IED-

installations (ROM) Monitoring of emissions to air and water

Economics and Cross-media Effects (ECM) Economics and cross-media effects of techniques
Emissions from Storage (EFS) Storage and handling of materials

Energy Efficiency (ENE) General aspects of energy efficiency

Food, Drink and Milk Industries (FDM) Feed production

The scope of the BREF does not include matters that only concern safety in the workplace or
the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.
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Chapter 1

1 GENERAL INFORMATION

This chapter provides general information on pig and poultry production in Europe. It briefly
describes the position of Europe in the world market and developments in the internal European
market and those of its Member States. It introduces the main environmental issues associated
with intensive pig and poultry farming.

For the purposes of this document, the term ‘farm' is used as synonymous with ‘installation’ as
defined in the Industrial Emissions Directive, which may consist of one or more stationary
technical units (plants) and of all the directly associated activities. Other terminology used in
this document includes:

o Rearing of poultry: the rearing cycle for the production of eggs or for the production of
meat from chickens, turkeys, ducks, guinea fowl, etc., including parent stock and pullets.

o Rearing of pigs: the rearing of animals of the porcine species, of any age, kept for
breeding or fattening.

o Rearing of sows: the rearing of female pigs including mating, gestating and farrowing
sows (including offspring) as well as replacement sows (which have been selected or
purchased as replacement breeding stock and are part of the sow herd) and gilts that have
been serviced.

1.1 Intensive livestock farming

Farming has been and still is dominated by family-run businesses. Until the mid-1970s, crops
were grown and different animal species were reared in mixed farming systems. Feed was
grown on the farm or purchased locally and manure was returned to the land as fertiliser.

Since then, increasing market demands, the evolution of breeds due to genetic selection, the
development of farming equipment and the availability of a wide range of feedstuff have
encouraged farmers to specialise. As a consequence, animal numbers and farm sizes have
increased and livestock farming has become intensive. Some regions have specialised in animal
production; scale and agglomeration economies have appeared, leading to areas of high animal
density. The feed market has opened up and feed materials have started to be imported from
outside the EU. Intensive farming has thus led to significant imports of nutrients that are then
returned to soil, in the form of manure, in different areas to that where the feed material was
produced, sometimes in excessive loads.

Animal density is itself considered a rough indicator of the amount of animal manure produced
and therefore of the nutrient supply to the land, which can exceed the requirements of the
agricultural area to grow crops or to maintain grassland. Hence, data on the concentration of
livestock production at a regional level are considered a good indicator of areas with potential
environmental problems (e.g. eutrophication of natural waters due to excess nitrogen and/or
phosphorus).

The term ‘livestock units’ (see Section 9.1) can be used in reports to present the total size of the
livestock population, allowing a summation of animal species according to their feed
requirements. The meaning of the term ‘intensive livestock farming’ in Europe is illustrated by
using animal density expressed in the number of livestock units per hectare of utilised
agricultural area (LU/ha).

Figure 1.1 shows the animal density of all farmed livestock (in LU/ha) at a regional level in
2010. In 2010 the total livestock population in the EU-27 amounted to 134 million livestock
units which was a decrease of -2 % compared with 2005. The total livestock density in EU-28 in
2010 was 0.77 LU/ha. The picture illustrates that for nearly all Member States the
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environmental impact of intensive livestock farming is a regional issue, but for a few countries
like the Netherlands and Belgium it can almost be considered a national issue. The total
livestock density remained more or less stable between 2005 and 2010 in EU-27 [ 2, Eurostat
2017]. Table 1.1 shows the variation of animal density for the years 2007, 2010 and 2013 in the
EU-28 and for each Member State, expressed in livestock units per hectare of utilised
agricultural area.
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Source: [ 2, Eurostat 2017 ]

Figure 1.1: Animal density in the European Union expressed as number of livestock units per
hectare of utilised agricultural area in 2010
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Table 1.1:  Animal density in the EU-28 expressed as number of livestock units per hectare of
utilised agricultural area for the years 2007, 2010 and 2013

Country 2007 | 2010 | 2013 Country 2007 | 2010 | 2013
Belgium 276 | 2.80 | 2.74 Lithuania 0.39 | 0.33 | 0.29
Bulgaria 041 | 0.26 | 0.22 Luxembourg 123 | 1.28 | 1.26
Czech Republic | 0.58 | 0.49 | 0.50 Hungary 0.57 | 053 | 0.49
Denmark 172 | 1.86 | 1.58 Malta 480 | 3.64 | 3.21
Germany 1.06 | 1.07 | 1.10 Netherlands 3.35 | 358 | 3.57
Estonia 0.35 | 0.33 | 0.32 Austria 0.78 | 0.87 | 0.89
Ireland 143 | 116 | 1.20 Poland 0.72 | 0.72 | 0.64
Greece 0.64 | 046 | 0.44 Portugal 0.58 | 0.60 | 0.56
Spain 0.58 | 0.62 | 0.62 Romania 044 | 041 | 0.38
France 0.82 | 0.81 | 0.79 Slovenia 113 | 1.07 | 1.00
Croatia 0.90 | 0.78 | 0.55 Slovakia 0.39 | 0.35 | 0.34
Italy 0.78 | 0.77 | 0.77 Finland 050 | 049 | 051
Cyprus 169 | 1.70 | 1.60 Sweden 0.57 | 0.57 | 0.56
Latvia 0.28 | 0.26 | 0.26 United Kingdom | 0.86 | 0.79 | 0.76
NB: One livestock unit (1 LU) is defined as the grazing equivalent of one adult dairy cow producing

3000 kg of milk annually, without additional concentrated foodstuffs.
Source: [ 6, Eurostat 2017 ]

The areas with high livestock densities typically have many intensive pig and poultry farms,
each with a large number of animals. For example, the share of pigs and poultry exceeds 50 %
in most of these regions and poultry accounts for more than 20 % of the regional livestock
population in parts of France (Loire Region, Brittany), Spain (Catalonia) and the United
Kingdom (east England). In some Member States there is a decline in the actual number of
farms, but the remaining farms now tend to keep more animals and have higher production.

Based on data submitted by Member States during 2009-2011, information on the number of
farms specified in Section 6.6 of Annex | to the IED is given in Table 1.2.
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Table 1.2: Summary of existing farms requiring a permit by category of activities in Annex I to
Directive 2010/75/EU (reference period 2012-2013)
Member Total Poultry Pigs Sows
State 6.6 (a) 6.6 (b) 6.6 (c)

Austria 27 22 3 2
Belgium 859 448 366 35
Flanders 792 415 344 33
Wallonia 67 43 22 2
Bulgaria 93 49 23 21
Cyprus 50 20 30 NI
Czech Rep. 428 238 140 50
Denmark 1245 NI NI NI
Germany 2 682 1 465 931 286
Estonia 53 7 46 0
Greece 55 46 3 6
Spain 2918 544 1685 689
Finland 229 131 68 30
France 3189 2515 589 85
Hungary 581 241 246 94
Italy 1812 892 800 120
Ireland 206 96 100 10
Latvia 38 7 28 3
Lithuania 75 34 41 NI
Luxembourg 8 NI 8 NI
Malta NI NI NI NI
Netherlands 2174 968 903 303
Poland 820 675 96 49
Portugal 152 112 36 4
Romania 392 254 125 13
Slovenia 30 23 6 1
Slovakia 141 88 46 7
Sweden 255 146 98 11
UK 1506 1299 163 44
EU-27 20018 11 575 6 580 1863
NB: NI = no information provided.
Source: [ 607, EIONET COM 2014 ]
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1.2  The poultry production sector in Europe

By far the majority of poultry farms are part of the production chain for chicken eggs or for
chicken broilers. A comparatively small number of farms produce turkeys (for meat) and ducks
(for meat, foie gras or eggs). The value of the eggs and poultry products in the EU-27 in 2012
was EUR 30748 million [ 7, DG AGRI 2013].

The following Sections 1.2.1, 1.2.2 and 1.2.3 briefly describe the poultry sectors in Europe with
an emphasis on chicken production. More detailed statistical data can be found in the annual
reports of the European Commission (DG Agriculture and Eurostat). Poultry production data
vary by poultry species and poultry breed and also somewhat by Member State, depending on
market demands. Breeds are either selected for their egg-producing capacities or growing (meat)
potential.

Table 1.3 shows some typical production data for some poultry species under the scope of the

Directive.

Table 1.3:  Typical poultry rearing data

Types of animal production | Production cycle (days) | Live weight (kg) Stocl(<||(r§1]g/1n?2e)n5|ty
Laying hen 350-450 1.1-2.0 12-36
Standard broiler 33-42 1.5-2.6 up to 39 ()
Heavy broiler 45-63 2.2-33 up to 39 ()
Male turkey 84-150 10-21 5875
Female turkey 63-120 3.5-15 52-75
Pekin duck 48-56 2.8-3.75 20-55
Barbary duck (mixed) 70-85 (%) 3.65-4.0 51-63 (°)
Guinea fowl 76-80 1.63-1.78 24-30 (%)

(%) Requirements are set by Directive 2007/42/EC.

(®) Lower end of the range corresponds to female and higher to male ducks.
(®) Values calculated from data (2009) provided by [ 418, ITAVI 20101].
(%) Values calculated from data provided by [ 328, CORPEN 2006 ].

Source:[ 328, CORPEN 2006 ] [ 383, France 2010 ] [ 418, ITAVI 2010 ] [ 500, IRPP TWG 2011 ] [ 633, ITAVI
2013]

1.2.1 Egg production and consumption

Worldwide, Europe is the second largest producer of hen eggs, producing around 10 % of the
world total. The supply balance of egg production in the EU-27 is presented in Table 1.4 for the
years 2010 to 2013.

Table 1.4:  Balance sheet for total egg production in the EU-27 for the years 2010-2013
2010 | 2011 | 2012 | 2013
Gross internal production (1 000 t) 7297 | 7303 | 7271 | 7333

Imports (1 000 t) 33 20 35 20
Exports (1 000 t) to non-member countries | 182 | 217 185 | 215

Internal consumption (1 000 t), of which: 6885 | 7105 | 7121 | 7138
- Eggs for hatching 880 874 | 1007 | 812
- Eggs for human consumption 6005|6231 | 6114 | 6326

Human consumption (kg/head/year) 126 | 125 | 122 | 12,6

Source: [ 673, DG AGRI 2014 ]
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The consumption per capita of eggs did not vary greatly between Member States; according to
2007 data, it ranges from an average of 8.5 kg per capita in Portugal to 18 kg per capita in Spain
[ 1, Eurostat 2011 ].

Eggs for human consumption are produced in all Member States. In the year 2012, the top
producer Member States were France (856 kt), Spain (862 kt), Italy (698 kt), and Germany
(826 kt). In 2011, the main exporters to non-member countries of eggs for consumption were
the Netherlands with 53 % of the total EU-27 exports, Germany (13.1 %), Poland (10.6 %),
Spain (6.8 %) and France (5.9 %).

Table 1.5 presents the total number of laying hens in Member States for the years 2012 and
2013 and the total usable production of eggs for the year 2013.

Table 1.5: Number of laying hens and usable production of eggs (total eggs) in EU-27 Member
States
Number of laying hens (thousands) (%) T((itg:)gggs

2012 2013 Change (%) 2013
Belgium 9190 8 442 -8.1 163
Bulgaria 3859 3995 35 78
Czech Republic 5081 5563 9.5 73
Denmark 3429 3304 -3.6 78
Germany 47 334 49 903 5.4 847
Estonia 741 998 34.7 11
Ireland 2764 2 827 2.3 46
Greece NI 3791 NI 100
Spain 38 350 38 409 0.2 862
France 45 945 47 041 24 918
Italy 61 226 60 312 -1.5 691
Cyprus 435 427 -1.8 8
Latvia 2193 2 665 215 41
Lithuania 2430 2479 2.0 51
Luxembourg NI 103 NI @)
Hungary 5939 5671 -4.5 165
Malta NI NI NI 5
Netherlands 29 570 32924 11.3 704
Austria 5902 5962 1.0 99
Poland 35309 37 649 6.6 637
Portugal 4 857 7235 49.0 127
Romania 6520 6 589 1.1 301
Slovenia 1466 1467 0.1 21
Slovakia 3586 2582 -20.5 76
Finland 4031 4151 3.0 67
Sweden 7009 7 053 0.6 104
United Kingdom 35 857 36 626 2.1 711
EU-27 363 024 378 437 4.2 6 982
(%) Data gathered on the basis of Article 31 of Regulation (EC) 589/2008.
(® Included in Belgium.
NB: NI = no information provided.
Source: [ 673, DG AGRI 2014 ]
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From 1 January 2012, keeping hens in conventional cages was prohibited and egg producers had
to change to either enriched cages or alternative housing systems. The transition to full
compliance with Council Directive 1999/74/EC laying down minimum standards for the
protection of laying hens encountered difficulties. In Europe, in 2008, 278 million hens were
still reared in conventional cage systems, of which only about 7 % were in enriched cages.
However, 57 % of EU citizens were prepared to pay more for eggs sourced from animal
welfare-friendly production [ 20, COM 2008 ].

In northern Europe, non-cage egg production has gained popularity since the end of the 1990s.
In Austria, conventional cages were prohibited at the end of 2008, and enriched colonies will
also be banned by 2020, whilst in Germany, conventional cages were prohibited at the end of
2009. In Sweden, conventional cages ceased to be used by the end of 2002 and only enriched
colony systems are permitted since then [ 5, The Poultry Site 2017 ].

The production chain of the egg production sector is a sequence of different activities, each
representing one breeding or production step (see Figure 1.2). The breeding, hatching, rearing
and egg laying often take place at different sites and on different farms to prevent the possible
spread of diseases. Layer farms, particularly the larger ones, often include the grading and
packing of eggs, after which the eggs are delivered directly to the retail (or wholesale) market.

Breeding farms with
layer breeders

l

Hatcheries

'

Rearing farms

Laying farms

Egg collectors Egg auctions

Packing stations

o . .

Egg products Large egg retailers Small egg retailers

Source: [ 24, LNV 1994 ]

Figure 1.2: Example of the production chain of the egg production sector
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The other egg-producing sectors (in particular ducks) represent only a very small portion of the
rearing activity in comparison with the chicken egg production sector. Little information is
available in relation to the structure, position and development of these sectors.

1.2.2 Poultry meat production and consumption
The supply balance of poultry meat in the EU-27 is presented in Table 1.6 for the years 2011 to
2013.

Table 1.6:  Balance sheet for poultry meat production (in carcass weight) in the EU-27 for the
years 2011-2013

1000t (%)

2011 2012 2013
Gross internal production 13 205 13474 13718
Imports - live animals 1.0 1.2 1.1
Exports - live animals 7.7 9.3 9.4
Usable production 13198 13 466 13710
Imports 819 840 787
Exports with non-member states 1288 1323 1311
Internal use 12 792 12 982 13187
Gross consumption
(kg/head/year) 23.9 23.7 NI
(%) Carcass weight.
NB: NI = no information provided.
Source: [ 673, DG AGRI 2014 ]

In 2009, Cyprus recorded the highest per capita consumption of poultry meat (45 kg). Portugal
and Greece recorded an annual consumption of poultry meat averaging respectively 34 kg and
30 kg per capita [ 1, Eurostat 2011 ].

According to another survey, in 2012, the total poultry meat production in the EU-27 was
12.9 million tonnes. This represents an increase of 14 % compared to 2007. The main poultry
meat is broiler meat with a total production of 9.9 million tonnes in 2012. There are seven
leading producers of broiler meat, each with a production of more than 0.7 million tonnes: the
UK, Poland, Germany, France, Spain, Italy and the Netherlands; these countries account for
76 % of the EU's poultry meat production. Besides broilers, turkeys and ducks are also
important subsectors. Total turkey meat production in the EU-27 in 2012 was 1.9 million
tonnes. The main producing countries of turkey meat are France, Germany, Poland, Italy and the
UK, with a common share of 81 % of the EU total. The total duck meat production in the EU-27
was 0.5 million tonnes. Of all EU countries, France is by far the largest producer of duck meat
with almost half of the total EU production, followed by Hungary and Germany. These three
countries have a common share of 74 % of the EU total. Other poultry relates to guinea fowl
and goose. Table 1.7 gives an overview of the total poultry meat production, subdivided by
broilers, turkeys, ducks and other poultry, for the EU-27 Member States [ 588, LEI Wageningen

20131].
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Table 1.7:  Poultry meat production in the EU-27 (in thousand tonnes of carcass weight) in 2012

EU Member Broilers Turkeys Ducks Other Total % of EU-27
State poultry () poultry total
Belgium 246 3 0 1 250 1.9
Bulgaria 78 0 21.7 5 105 0.8
Czech Republic 158 8 4.8 1 172 1.3
Denmark 175 0 0 5 180 1.4
Germany 1150 387 63.6 75 1676 13.0
Estonia 14 0 0 2 16 0.1
Ireland 116 9 4.2 0 129 1.0
Greece 160 3 0.2 17 180 14
Spain 1063 111 6.0 71 1251 9.7
France 1080 415 235.8 118 1849 14.3
Italy 817 286 14 144 1261 9.8
Cyprus 27 1 0 1 29 0.2
Latvia 24 0 0 0 24 0.2
Lithuania 77 0 0.3 3 80 0.6
Luxembourg @) @) @) 6) 6) @)
Hungary 280 95 69.6 43 488 3.8
Malta 4 0 0 0 4 0.0
Netherlands 738 27 17 28 810 6.3
Austria 91 25 0.1 14 130 1.0
Poland 1325 290 17 0 1632 12.7
Portugal 258 39 8.5 19 324 2.5
Romania 340 10 0 0 350 2.7
Slovenia 55 7 0 0 62 0.5
Slovakia 68 14 0.4 4 86 0.7
Finland 99 8 0 0 107 0.8
Sweden 80 4 0 2 86 0.7
United Kingdom 1400 177 33 0 1610 12.5
EU-27 9923 1919 496 553 12 891 100.0
(% Calculated figures: Other poultry = Total poultry — (Broilers+Turkeys+Ducks).
(® Included in Belgium.
Source: [ 588, LEI Wageningen 2013 ]

Table 1.8 presents the total number of chicks hatched of table strains for the years 2012 and
2013.
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Table 1.8: Number of utility chicks of table strains hatched (in thousands of heads) in EU-27
Member States

EU Member State 2012 2013 Change (%)
Belgium 120918 128 607 6.3
Bulgaria 45 852 42 450 -1.4
Czech Republic 130 429 120 547 -1.4
Denmark NI NI NI
Germany 738 396 741 093 0.4
Estonia NI NI NI
Ireland 73275 71816 -2.0
Greece NI NI NI
Spain 616 240 612 174 -0.6
France 884 907 888 577 0.4
Italy 515 802 522 182 1.2
Cyprus 12735 10 985 -13.7
Latvia 15 966 17 289 8.3
Lithuania 46 276 48 419 4.6
Hungary 143 886 144 244 0.2
Malta NI NI NI
Netherlands 387 257 403 161 4.1
Austria 69 933 68 851 -1.5
Poland 729 435 809 964 11.0
Portugal 204 113 204 964 0.4
Romania 257 733 242 256 6.0
Slovenia 2311 1964 -15.0
Slovakia 49 023 58 191 18.7
Finland 64 203 66 193 3.1
Sweden NI NI NI
United Kingdom 916 438 946 234 3.2
EU-27 6 025130 | 6 150 160 2.1
NB: NI = no information provided.

Source: [ 673, DG AGRI 2014 ]

The production of broilers is the main subsector of the poultry meat production chain. The
different steps in the broiler production chain are shown in Figure 1.3. The majority of poultry
meat production is based on an all-in, all-out system applying littered floors. Broiler farms with
over 40000 bird places are quite common in Europe. The EU broiler meat sector commonly
uses fast-growing genotypes which achieve the target live weight of 2-2.5 kg in around 5 to 6
weeks, after which the broilers are delivered to the slaughterhouse.
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‘ Pullet rearing farms ‘

A
‘ Broiler breeding farms ‘
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processing
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Source: [ 24, LNV 1994 ]

Figure 1.3: Example of the production chain of the broiler production sector

1.2.2.1 Alternative poultry meat production

Alternative broiler production that may use slower-growing genotypes is increasingly gaining
attention in many EU countries. The poultry meat of such breeding programmes is a premium
product, and farmers and processors receive a higher market price to compensate for the higher
production costs. The conditions and names of the alternative broiler production in the EU are
regulated by Regulation 543/2008, in which the marketing terms are described. The production
of organic broilers is regulated in Regulation 834/2007, including the requirement to use organic
feed. These requirements are summarised in Table 1.9.

Table 1.9:  Marketing terms and conditions for production of alternative broilers, according to
Regulations (EC) 543/2008 and 834/2007 (organic)

. Minimumage | Maximum indoor
Production system (days) g density (birds/m?) Access to outdoor run

Extensive indoor 56 15 No
Free-range 56 13 Yes, 1 m” per bird
Traditional free-range 81 12 Yes, 2 m” per bird
Free-range, total freedom 81 12 Yes, 2 m” per bird
Organic 70 to 81 10 Yes, 2 m” per bird
Source: [ 588, LEI Wageningen 2013 ]

The number of farms with free-range or organic production is small, except in France where a
large number of farms are involved in alternative broiler production. In organic production,
France and the UK are the largest producers within the EU. In free-range production systems,
broilers have access to an outdoor area for at least half of their lifetime. An example of this type
of broiler production is 'Label Rouge' in France, with the following standards: a slow-growing
breed, a low indoor density and access to an outdoor area. In France, about 12 % of all broilers
have access to an outdoor run.

The so-called intermediate market segment or certified broiler production has a position
between regular broiler production and organic production. Certified broilers are slow-growing
broilers that are kept indoors until they are at least 56 days old. Certified broilers are produced
in France (‘certifié"), the UK (‘Freedom Food’) and the Netherlands (one star within the 'Better
Life Certificate). France, the UK and the Netherlands hold a significant position in this
production segment, but Germany also has some companies that have started to produce
certified broilers. This type of production is expected to grow further in the coming years.
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No statistics are available on the exact numbers of alternative broilers in the EU. It is estimated
that the market share of alternative broilers is 5-10 % including the market for organic and free-
range broilers, as defined by EU regulations and directives, as well as the numbers for
‘backyard' poultry production in some southern European countries and private label production,
such as 'Label Rouge' in France, 'Freedom Food' in the UK and intermediate extensive indoor
production in the Netherlands [ 588, LEI Wageningen 2013 ].

Similar types of farming to those described for broilers are also defined in Regulations (EC)
543/2008 and 834/2007 for all poultry species for meat production such as turkeys, ducks,
guinea fowl and geese.

1.2.3 Economics of the poultry sector

The majority of poultry farms are family-run enterprises. Some farms belong to large integrated
companies carrying out all the activities of a production line, from production (hatching,
rearing, slaughtering, transport) to retail and including animal feed supply. The net margin of
poultry farms varies in each Member State and depends on production costs and product price.
Production costs may consist of:

. costs for chicks (meat production) or pullets (cost of young hens at 16-20 weeks, less the
revenue from the end-of-lay hens);

. feed costs during the growing or the laying period,;

. variable costs (water and litter costs, veterinary costs, energy costs, cleaning and
disinfecting costs);

o manure management costs;
. labour costs;
° housing costs (maintenance of equipment and buildings, depreciation costs, interest);

° general costs.

The gross income of a farm depends on the number of eggs or kg of live weight that can be sold
and the prices the farmer receives (including the price of end-of-lay hens). The prices of poultry
products are not guaranteed or fixed and fluctuate in the market. In some Member States (e.g.
France, Germany, the UK, Italy), contracts are stipulated between farmers and buyers to reduce
price fluctuations. This market is in turn affected by the dynamics and the structure of the large
grocery retailers, who are the main outlets for the poultry products and are therefore responsible
for the majority of the annual turnover of poultry products.

1.2.3.1 Economics of the egg production sector

The layer sector had to deal with additional costs related to the implementation of Council
Directive 1999/74/EC as egg producers had to change conventional cages to either enriched
cages or alternative housing systems from 1 January 2012. It is also evident that increasing the
space allowance per bird in enriched cages or in non-cage systems will provoke additional
poultry house costs and as a result the investment in housing and equipment will increase.

Production costs for different laying hen rearing systems in Europe are reported in Table 1.10,
as calculated by an extensive study on the competitiveness of the EU egg industry, together with
the basic assumptions made for the technical performance (egg production, mortality and daily
feed intake), labour input and investment costs. For the purpose of comparison to the situation
before the year 2012, conventional cages are also displayed.
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According to the results of this study, the average production costs in the EU of eggs produced
in enriched cage systems were calculated to be 7 % higher and the production costs of eggs
produced in an aviary system 22 % higher in comparison to conventional cages providing
550 cm® per hen. This means that the market price should be higher to keep the egg producer's
income at a constant level. In this context it should also be mentioned that other alternative
housing systems, like free-range and organic, have higher production costs than enriched cages
and aviaries. Eggs produced in these systems need an even higher bonus from the market to
compensate the egg producer for the additional costs [ 392, LEI Wageningen 2012 ].

However, consumers regard free-range and organic eggs in a positive manner; this demand can
sustain higher market prices [ 5, The Poultry Site 2017 ].

Table 1.10: Comparison of production costs for rearing systems for laying hens at EU level

| Conventional cage (*) | Enriched cage |  Aviary
Production parameters and main assumptions for costs
Laying period (days) 400 400 392
Eggs per hen 340 340 326
Mortality (%) 7 7 9
Daily feed consumption per hen (g) 111 111 123
Number of birds managed per worker 60 000 55 000 40 000
Stocking density (birds/m?) 35 27 18
Surface area per house (m°) 1909 2237 2414
Housing investment (EUR/bird) 6.05 7.73 11.47
Inventory investment (EUR/bird) 6.5 10.60 9.00
Other inventory investment (EUR/bird) 2.7 2.95 4.5
Production costs per hen housed (EUR/bird)
Pullet at 17 weeks 3.30 3.30 3.70
Feed costs 10.29 10.29 11.07
Other variable costs 1.29 151 1.39
Housing 1.91 2.75 3.08
Labour 0.99 1.10 1.51
General costs 0.37 0.41 0.51
Revenue end-of-lay hen 0.27 0.27 0.26
Total cost 17.89 19.10 20.99
Total cost per egg 0.052 6 0.056 2 0.064 4
Total cost per kg of eggs 0.85 0.91 1.04
Difference % (%) NR 7 22
(%) Conventional cages have been banned since January 2012.
(%) Calculated on the basis of 550 cm? per hen in conventional cages.
NB: NR = not relevant.
Source: [ 392, LEI Wageningen 2012 ]

From the same study, the costs of egg production (in conventional cages) in several EU
countries are presented in Table 1.11 as calculated for the year 2010 in order to give an insight
into the build-up of production costs at EU level. The differences are mainly caused by
differences in feed costs, the price of young hens (pullets), housing costs and manure
management (disposal) costs. All countries have revenue for spent hens, except for Denmark,
where egg producers have to pay for rendering. In Spain and Poland there is revenue for manure
disposal.
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Table 1.11: Prices, technical performance and production costs for egg production in selected EU
countries in 2010

INL [ FR] ES | IT UK ]| PL [ DK ] EU
Prices and technical performance
Feed price (EUR/100 kg) 22.0 | 23.0 | 235 | 24.0 | 248 | 235 | 21.8 | 23.2
Pullet cost at 20 weeks (EUR/pullet) | 3.57 | 3.84 | 3.89 | 3.85 | 4.38 | 3.49 | 470 | 3.96
Laying period (days) 420 | 369 | 410 | 392 | 392 | 400 | 389 | 396
Number of eggs produced per hen 363 | 322 | 345 | 330 | 340 | 332 | 343 | 339
Egg weight () 614|623 | 64 | 63 | 625 | 63 | 61.6 | 62.5
Feed conversion ratio 2.01 | 213 |2.07 | 202 | 215 | 2.12 | 1.99 | 2.07
Mortality (%) 80 | 50| 70| 80 | 60| 70 | 5.0 | 6.6
Production costs (euro cents/kg of eggs)
Hen cost at 20 weeks 16.0 | 19.2 | 176 | 185 | 20.6 | 16.7 | 22.2 | 18.7
Feed 44,2 1 49.0 | 486 | 485 | 53.2 | 49.8 | 43.3 | 48.1
Other variable costs 65 | 55| 48 | 65 | 65 | 47 | 7.0 | 5.9
Labour 45| 40 | 32 | 38 | 32 | 22 | 47 | 37
Housing 80| 70 | 57| 75| 61 | 55| 83 | 6.9
General 1111009 |10 | 11| 08| 11| 1.0
Manure management 2.6 0 -02 |17 | 00 |-03| 15| 0.7
Revenue for spent hen 1.1 (-11|-17]-15|-19|-13| 1.2 | -10
Total production costs 82.0 845 | 79 |859|888| 782|893 | 84
Source: [ 392, LEI Wageningen 2012 ]

Another example of a breakdown of production costs for different rearing systems for egg
production is shown in Table 1.12, where French national averages for the year 2011 are shown.
Production costs were derived according to the technical performance of the farms and taking
into account investment and financial costs as well as costs for feed, pullets, labour and all other
variable cost factors.

Table 1.12: Average performance data and production costs for egg production in France for the

year 2011

Enriched cages | Free-range (*) | Organic | Barn

Technical performance
: : : 2

i:g;)kmg density (birds/m* of usable R 8.99 6.41 9.00
Laying period (days) 380.3 347.4 353.2 363.1
Empty period (days) 22.04 27.1 27.3 NI
Mortality (%) 5.89 7.45 6.96 8.12
Number of eggs produced per hen 314.9 284.7 291.6 299.2
Weight of eggs produced per hen (kg) 20.17 16.98 17.46 18.58
Feed conversion ratio (kg of feed/100 518 257 249 535
kg of eggs)
Production costs (EUR/hen)
Feed cost 11.27 12.29 22.89 11.97
Labour costs 0.73 3.05 3.81 1.83
Pullet cost 3.18 3.27 4.82 3.13
Investr_nent cost, financial cost and 335 371 482 37
other fixed costs
Varla_ble costs _(v_vater,_electrlcny, 0.71 0.83 09 0.84
cleaning and disinfection etc.)
Total production cost 19.24 23.15 37.24 21.47
Total production cost (EUR/100 eggs) 6.11 8.13 12.79 7.17
(%) 750 cm?/bird.
(%) French specification 'Label Rouge'.
NB: NI = no information provided.
Source: [ 417, ITAVI 2012 ]
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The evolution of the weekly EU average price for Class A egg is shown in Figure 1.4 while
Figure 1.5 presents the yearly average market price for eggs in Member States.
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Figure 1.4: Evolution of the weekly EU average price for Class A eggs in packing stations for the
period 2009 to 2014
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Figure 1.5: Market prices for eggs from caged hens (average for categories L and M) for the
period 2011 to 2013

1.2.3.2 Economics of the poultry meat production sector

An example of production costs for the poultry meat sector is shown in Table 1.13, where
French national averages for the year 2009 are displayed. The calculations include investment
costs, feed costs, fixed costs (chicks, financial expenses, water, etc.), and variable costs
(heating, electricity, etc.) for fully equipped housing.
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Table 1.13: Average performance data and production costs for meat poultry species in France

for the year 2009
Broiler Turkey Duck .
Parameter Heavy Gfumtlaa

Standard ‘Certified’ | 'Label’ Male | Female | Male | Female ow
Stocking
density 22.8 17.9 11.0 7.9 14.9 17.1
(birds/m?)
Production 6.51 4.88 3.27 2.53 3.44 3.74
cycles per year
Age at
slaughter 37.7 58.5 87.6 120.7 88.0 84.4 70.2 77.2
(days)
Live weightat | ) 2.22 23 | 120 | 65 | 46 | 25 17
slaughter (kg)
Feed
conversion 1.8 2.16 3.2 2.4 2.4 2.8 2.8 2.8
ratio
Mortality 4.18 2.64 3.60 6.87 41 5.5
(%)
Production
cost (EUR/kg 0.831 0.938 1.607 1.137 1.271-1.299 1.593
live weight)
Source: [ 418, ITAVI 2010]

The production costs for broilers at farm level have been calculated for nine Member States
based on the situation in 2011. Table 1.14 gives the average price of feed and day-old chicks as
well as the average feed conversion as a good indicator of the production efficiency. The price
of feed strongly affects the total production costs and it is influenced by the world market prices
of the main feed ingredients, such as grains (wheat and maize) and soybean meal. The
difference in feed price between the EU countries is a result of differences in the structure of the
supply chain (integrated versus non-integrated), average farm size, feed mill policy, average
transport distance to farms and optimal position with access to sea harbours and waterways for
efficient supply of feed ingredients. Growing broilers to a higher final weight also results in a
higher feed intake per kg of growth.

Table 1.14: Prices, technical performance and production costs for broiler production in selected
EU countries in 2011

| NL [ DE [FR]J UK | IT | ES | DK | PL | HU
Prices and technical performance
Live weight (kg) 2.2 22 192 | 23 | 246 | 27 2.1 2.3 2.3
Feed conversion 167 | 168 |175| 1.75 | 1.85 | 1.95 | 1.65 | 1.76 1.8
Feed price (EUR/100kg) | 33.8 | 345 | 328 | 354 | 40.1 | 346 | 328 | 345 32
Day-old chick (EUR) 0.306 | 0.311 | 0.31 | 0.367 | 0.355 | 0.316 | 0.317 | 0.311 | 0.308
Production costs (EUR cents/kg of live weight)

Day-old chicks 144 | 147 | 169 ] 16.6 | 151 | 122 | 157 | 141 | 139
Feed 56.4 | 579 | 574 619 | 741 | 674 | 541 | 60.7 | 57.6
Other variable costs 8.6 8.6 8.2 7.4 7.5 5.8 9.3 7.2 8.9
Labour 4.4 45 | 49 3.1 2.6 2.9 4.6 1.4 2.3
Housing 5.4 5.8 6.5 7.0 6.2 5.9 6.5 5.9 8.0
General 1.1 1.1 1.1 1.1 1.0 0.9 1.1 0.8 0.8
Manure management 0.9 0.4 0.0 | -01 NI NI 0.0 -0.1 0.3

Total production costs 91.2 | 929 | 949|969 | 1065 | 95.2 | 914 | 90.2 | 91.8
NB: NI = no information provided.

Source: [ 588, LEI Wageningen 2013 ]

16 Intensive Rearing of Poultry or Pigs



Chapter 1

Data in the above table show that EU countries also differ in some other cost components. Other
variable costs relate to heating, electricity, litter, animal health and catching. These variable
costs vary slightly between countries, mainly because of differences in heating costs (fuel
prices) and costs of catching. Labour costs also differ between countries. Normally, the work on
the farm is done by the farmer. The differences in housing costs (poultry house and inventory)
between the countries relate to differences in investments for a poultry house, stocking density
and interest rate. General costs relate to the costs at farm level for insurance, bookkeeping,
consultancy, communication and transport. In some countries broiler farmers have manure
management costs. In the Netherlands, Germany and Hungary farmers have to pay for a
sustainable management (disposal) of manure. In other countries, farmers do not have to pay for
manure disposal, while in the UK and Poland farmers even get a small revenue.

Poultry meat prices are also subject to fluctuations. The evolution of the monthly average price
for broiler meat in the EU is shown in Figure 1.6. Figure 1.7 shows the yearly average market
price for broiler meat in Member States.
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Figure 1.6: Evolution of monthly EU average selling price in slaughter plants for broilers
(wholesale price for class A chicken) for the period 2006 to 2012
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Market prices for chickens
(EUR/100kg) (1)
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Figure 1.7: Market prices for broilers for the period 2011 to 2013
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1.3 The pig production sector in Europe

13.1 Structure, trends and geographical distribution of the pig
production sector in Europe

Pig meat is produced throughout the EU on several types of farms with considerable variations
from one Member State to another. In 2012, the value of the pig sector agricultural products in
the EU-27 was EUR 37785 million [ 7, DG AGRI 2013 ].

According to the 'Farm structure survey' carried out by all Member States on the basis of
Regulation (EC) 1166/2008, in 2015 the total pig population in the EU-28 was 148.7 million,
consisting of 41.7 million piglets with a live weight of less than 20 kg, 12.3 million breeding
sows reflecting the permanent pig herd and 60.2 million fattening pigs with 50 kg or over [ 699,
Eurostat 2017 ]. A detailed breakdown for the EU-28 is presented in Table 1.15.

Table 1.15: Pig population in the EU-28 in 2015 (in thousands)

Total population 148 724.2
Piglets, < 20 kg 41 704.9
Breeding sows 12 301.8
Covered sows 8411.1
Sows not covered 3888.7
Breeding pigs (breeding sows + boars) 12 502.8
20 kg < pigs < 50 kg 34271.1
Fattening pigs, > 50 kg 60 245.2
50 kg < fattening pigs < 80 kg 27 599.7
80 kg < fattening pigs < 110 kg 24 111.9
Fattening pigs > 110 kg 8 534.6
Breeding boars 201.1
Sows covered for the first time 1500
Gilts not yet covered 1490.8
NB: 'Gilts not yet covered' and 'Sows covered for the first time' are
also included in 'Fattening pigs'.
Source: [ 699, Eurostat 2017 ]

The trend of the pig livestock population over the period 2007-2015 confirms a decrease in the
total number of pigs (-7.6 %). The number of breeding sows has declined (-98.3 %) and the
same behaviour is observed for fattening pigs over 50 kg (-6.1 %). The number of piglets
decreased by around 3.8 % from 2007 to 2015 [ 699, Eurostat 2017 ].

The total number of sows represents the production capacity. Between 2008 and 2013, the
number of sows fell by 13.5 %. In the 13 newest Member States the reduction was steeper
(-20 %) than in the EU-15 (-8 %). The decrease affects pig farms of all sizes, including larger
farms (>200 sows). Such extreme changes are a combination of several factors, which have a
varying impact depending on the structure of pig production. The general decrease concerns all
countries, but one underlying reason is the concentration, i.e. an increase in the size of the
largest farms to the detriment of the smallest farms (e.g. in Belgium, Germany, Estonia, France,
Latvia, Lithuania, the Netherlands, Austria, Portugal and Finland). However, the decrease in the
total number of sows is balanced by a gain in productivity [ 3, Eurostat 2014 ]. Other reasons for
the contraction in the EU pig herd are the high feed costs throughout 2012 and the first half of
2013 together with the new welfare rules in the sow sector [ 7, DG AGRI 2013 ].
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Germany, Spain, France, Denmark, Poland and the Netherlands are the major producers at EU
level, with more than two thirds of the breeding pigs [ 699, Eurostat 2017 ]. At regional level,
data are more informative than national figures as a means of displaying the zones of pig
production (see Figure 1.8). The most important zone extends from Denmark through northern
Germany and into the Netherlands and Belgium. Pig farming is particularly concentrated in the
Danish regions of Capital (region), Central Jutland and North Jutland. A particularly high
concentration of pigs per km? could also be observed in the Dutch region of North Brabant and
the Belgian region of West Flanders as well as in the German regions of western Lower Saxony
(districts of Cloppenburg and Vechta) and the northern parts of North Rhine-Westphalia. The
location of pig farming is, to some degree, reliant upon easy access to animal feed and, in
particular, cereals. Some areas with a high concentration of pig farming are close to sea ports,
which may be used to import feed. Otherwise, the distribution of pig farms across the EU can be
linked to consumer preferences for different types of meat and to the complementary nature of
different types of pig farming (breeders, fatteners, etc.). There were also other regional pockets
where the density of pigs is relatively high: these included Catalonia, Aragon and Murcia in
Spain, Brittany in north-west France, Lombardy in northern Italy, and Wielkopolskie in central
Poland [ 4, Eurostat 2014 ] [ 15, Eurostat 2014 ].

Pig farms vary considerably in size. The latest data collected by the 'Farm structure survey' on
the distribution of the pig population by size of the herds (in numbers of 'other pigs’) show that
about three quarters of other pigs (77.9 %) and about half of the sows (48.6 %) are reared by
just 1.7 % of the largest farms (those with more than 400 'other pigs"). At the EU level, small
units (less than 10 other pigs) rear 3.8 % of 'other pigs' and they account for 73.3 % of the pig
farms [ 4, Eurostat 2014 ].

Small pig producers are mostly found in the 13 Member States that joined the EU since 2004,
which leads to a decreasing herd size. According to the 'Farm structure survey' of 2010, the 13
newest Member States accounted for 2.9 % of the breeding sows overall, but only 62.9 % of
these sows are in farms with at least 10 sows and 41 % are in herds of 100 to 199 sows. Animals
kept in small units of less than 10 other pigs are important in Romania (62.8 %), Croatia
(45.3 %), Slovenia (31.4 %), Lithuania (28.8 %) and Bulgaria (25.8 %) [ 4, Eurostat 2014 ].

In addition, almost half of the 'other pigs' (41.6 %) are reared by fatteners, i.e. farms without
sows. The large fatteners (at least 400 'other pigs') account for more than one third of other pigs
in ten countries (Belgium, Denmark, Germany, Spain, ltaly, Luxembourg, the Netherlands,
Finland, Sweden and the United Kingdom). They reflect a production organised between
specialised breeding farms and fatteners. These 10 countries represent two thirds of the ‘other
pigs' production and three quarters of the EU pork production. In France the distribution is
balanced between typical fatteners and large breeders. The large breeders (at least 400 pigs and
100 sows) manage more than two thirds of the 'other pigs' in six countries (the Czech Republic,
Estonia, Ireland, Greece, Cyprus and Portugal). This class represents also half of the EU-28 sow
herd [ 4, Eurostat 2014 ].

In the UK, approximately 40 % of the total 438 000 breeding sows are reared outdoors in
rotational systems. This type of rearing scheme is not included in the statistics of the permitted
farms given in Table 1.2.

The figures on the changing structure of the average unit size related to 2010 are presented in
Table 1.16. More detailed data about the pig population and the exact distribution of national
herds by size can be taken from the 'Farm structure survey'.
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Pigs (live swine, domestic species) on farms, by NUTS 2 regions, 2013 (")
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Figure 1.8: Pig density by region (in average number per km?) in 2013
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Table 1.16: Pig population and changing structure of pig farms by herd size class in the EU-28,

2005-2010
Holdings (x1000)|  Animals (x1000) | AVerage number of
animals per holdings

EU Member State | 2005 | 2007 | 2010 | 2005 2007 2010 | 2005 | 2007 | 2010
Belgium 8 7 6 6318 | 6256 | 6430 | 818 | 895 | 1092
Bulgaria 191 | 154 | 82 932 848 670 5 6 8
Czech Republic 15 11 4 3019 | 2876 | 1908 | 207 | 252 | 477
Denmark 9 7 5 | 13534 | 13723 | 13173 | 1500|1903 | 2598
Germany 89 79 60 | 26858 | 27059 | 27571 | 303 | 341 | 459
Estonia 5 3 2 355 370 389 75 128 | 251
Ireland 1 1 1 1660 | 1606 | 1516 | 1977|2007 | 1253
Greece 45 33 19 | 1017 | 1112 947 23 33 49
Spain 116 | 108 | 70 | 22777 | 23424 | 24712 | 197 | 217 | 354
Croatia NI | 106 | 128 NI 1575 | 1501 NI 15 12
France 42 35 24 | 14793 | 14283 | 13922 | 353 | 405 | 569
Italy 103 | 101 | 26 | 8758 | 9040 | 9331 85 90 356
Cyprus 1 1 1 424 458 330 706 | 619 | 524
Latvia 39 30 18 430 419 383 11 14 21
Lithuania 152 | 95 63 | 1200 956 860 8 10 14
Luxembourg 0 0 0 90 83 84 429 | 463 | 598
Hungary 316 | 283 | 183 | 3860 | 3823 | 3208 12 14 18
Malta 0 0 0 73 79 71 523 | 564 | 543
Netherlands 10 9 7 | 11312 | 11663 | 12255 | 1167 | 1342|1743
Austria 52 | 45 38 | 3147 | 3235 | 3247 60 71 86
Poland 702 | 664 | 388 | 17717 | 18512 | 15244 | 25 28 39
Portugal 83 67 50 | 1834 | 1799 | 1913 22 27 38
Romania 1753[{1698|1656| 4936 | 4709 | 5345 3 3 3
Slovenia 34 32 26 505 544 382 15 17 14
Slovakia 42 | 40 11 | 1005 837 588 24 21 55
Finland 3 3 2 1401 | 1448 | 1367 | 455 | 513 | 657
Sweden 3 2 2 1811 | 1676 | 1520 | 649 | 732 | 894
United Kingdom 11 10 10 | 4860 | 4833 | 4443 | 424 | 495 | 445
EU-28 3822|3624|2 883|154 626|157 245|153 311| 40.5 | 43.4 | 53.2
NB: NI = no information provided.
Source: [ 7, DG AGRI 2013 ]

1.3.2 Production and consumption of pork

The EU-27 accounts for 22.8 % of the world pork production, with 22.7 million tonnes of
carcass weight of the nearly one hundred million tonnes produced in the whole world
(99532328t1) [ 17, FAO 2009 ]. For comparison, pork production totals more than twice the
carcass weight of beef and veal.

Figure 1.9 shows the decrease registered for the slaughter of cattle, sheep and goats since 2005,
whilst at the same time the increase in the total weight of pigs and poultry slaughtered, leading
to an overall expansion in meat production within the EU-28.
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Figure 1.9: Production of meat by type of animal (in tonnes) in the EU-28

The average weight to which pigs are finished and their average carcass weight vary throughout
the EU. This has a significant impact in relation to the period of time that the pigs are housed,
the quantity of feed consumed, and the volume of effluent produced. For example in Italy,
heavy pigs are reared to an average live weight of 156 kg, yielding a carcass weight of 112 kg.
The types of pig production carried out in the EU are listed below:

e 'Continental’ pig, produced in Germany, the Netherlands, Austria, Belgium and France,
with a carcass weight of around 90 kg.

e British pig, with a 90-105 kg live weight and a 79 kg average carcass weight. Also
produced in Spain.

o Danish pig, intermediate between continental and British types.

e Italian heavy pig. Standard pigs are also produced in Italy [ 383, France 2010 ].

o lberian pig, with a 150 kg live weight and a 120 kg carcass weight [ 624, IRPP TWG
2013].

Not all of this production is consumed in the Member States themselves. As a whole, the EU is
a net exporter of pork, importing only a very small amount (see Table 1.17). Not every major
producer is an exporter. Denmark, the Netherlands, Belgium and Spain are large exporters, Italy
and UK are net importers while Germany and France are net exporters to a lesser extent
[ 383, France 2010 ]. The supply balance for pig meat in the EU-27 is presented in Table 1.17
for the years 2010 to 2013.
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Table 1.17: Balance sheet for pig meat production (in carcass weight) in the EU-27 for the years

2010-2013

2010 2011 2012 2013
Gross internal production (1 000 t) 22 209 22 503 22 026 22 012
Imports - live animals (1 000 t) 0.12 0.02 0.02 0.02
Exports - live animals (1 000 t) 75.5 66.2 36.6 23.5
Usable production (1 000 t) 22 133 22 437 21990 21989
Imports (1 000 t) 22 15 16 15
Exports (1 000 t) with non-member states 1839 2175 2182 2177
Internal consumption (1 000 t) 20 316 20 278 19 824 19 827
Per capita consumption (kg/head/year) 40.8 40.7 39.7 NI
NB: NI = no information provided.
Source: [ 673, DG AGRI 2014 ]

The annual consumption for pork products averages around 40 kg per capita, a level that is
higher than the combined total of poultry, cattle, sheep and goats. In 2009 Denmark had the
highest overall consumption of meat in the EU, 81 kg per capita. Austria and Germany average
in excess of 50 kg, while the United Kingdom, Bulgaria and Greece recorded per capita is below
30 kg [ 1, Eurostat 2011 ].

With varying live weights at the end of the finishing period, the period of time needed for
rearing a pig also varies in the EU. Many factors influence this, such as the feeding, farm
management and market demands requiring a certain quality of pork meat.

Table 1.18 presents the physical performance data concerning the production of pigs for a
selected sample of EU countries.
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Table 1.18: Summary of physical performance data for the production of pigs for selected EU
countries (year 2009)

Performance DK FR DE UK IT NL ES SE EU

Average
Ségfwea”ed PErSOWDET 1 9745 | 26.16 | 23.9 | 22.25 | 22.64 | 27.19 | 23.71 | 23.19 | 24.32
Pigs sold per sow per year | 25.63 | 24.7 | 22.47 | 21 |21.69 |26.03 | 21.81 | 22.11 | 23.01
Litters per sow per year 2.25 | 2.33 2.3 223 | 222 | 238 | 2.32 2.2 2.28
Sow replacement rate (%) | 53.8 | 45.4 | 43.2 | 48.1 | 340 | 420 | 52.7 | 51.3 45.5
Lactation period (days) 31 25 27 28 27 25 23 34 27
Post-weaning daily live 460 | 475 | 440 | 492 | 450 | 362 | 285 | 437 | 423
weight gain (g/day)
Post-weaning feed
conversion ratio
Average number of days
in post-weaning unit
Transfer weight to
finishing unit (kg)
Finishing daily live
weight gain (g/day)
Finishing feed conversion
ratio
Average number of days
in finishing unit
Finishing pigs' feed
consumption (kg) per pig
Finishing ration average
energy content (MJ 1332 | 12.8 | 13.2 |12.96 | 12.7 | 138 NI | 12.32 | 11.83
ME/kg)
Finishing mortality (%) 410 | 3.60 | 3.10 | 3.20 | 0.70 | 2.40 | 4.80 | 2.40 3

Pigs per pig place peryear | , o | 319 | 289 | 413 | 1.72 | 2.93 | 259 | 349 | 3.4

170 | 1.69 | 1.70 | 1.80 | 2.02 | 1.54 | 1.70 | 1.97 1.78

52 51 51 60 61 51 45 48 53

314 | 3157 | 299 | 36.6 35 251 19 31 30.03

898 | 785 | 753 | 819 | 640 | 792 | 643 | 876 767

266 | 285 | 292 | 277 | 3.68 | 271 | 2.71 | 2.83 2.89

84 107 119 81 205 116 134 98 116

203 243 | 265 187 | 483 250 | 236 242 256

(finishing)
Average live weight at 107 | 116 | 120 | 103 | 166 | 117 | 105 | 117 | 117
slaughter (kg)
Average carcass weight - | g1 | g9 | 93 | 78 | 128 | 90 | 79 | 87 | 90
cold (kg)

Carcass meat production
per sow per year (kg)

Average lean meat 602 | 60.1 | 56.5 | 62.0 | 47.0 | 56.4 | 58.0 | 57.7 | 58
percentage (%)

NB: NI = no information provided. Finishing = the rearing phase after post-weaning until slaughter.
Source: [ 415, BPEX 2010 ]

2064 | 2189 | 2084 | 1643 | 2781 | 2349 | 1729 | 1924 | 2062

Depending on the final slaughter weight, the castration of male piglets is a practice still in use to
avoid boar taint. While alternatives to castration are being investigated, the debate on the
practice in relation to the production systems and efficiency, and the use of anaesthetic is
ongoing. As an example, in the UK, over 90 % of British pigs are produced on farms which are
members of a recognised quality assurance scheme that does not allow the castration of male

pigs.

1.3.3 Economics of the pig sector

The economy of European pig production is driven by the choices of the Common Organisation
of Agricultural Markets, for which the key factor is competitiveness, even if there are small
niche markets. Prices mostly reflect the situation of supply and demand, while the EU Common
Agricultural Policy only indirectly affects the pig sector by shifting crop production. Market
crises are recurrent and there is little public financial support for European pig production. For
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more efficiency, the trend is towards concentration in larger farms and in specialised regions
(economy of scale and agglomeration). The efficiency of the whole chain, and not only of the
farm, is important [ 383, France 2010 ]. The economics of pig production are also largely
dictated by the availability of feed, or easy access to transport, and suitable markets. This has
led to regional development of the industry.

Environmental constraints and financial drivers for better nutrient recovery within pig farming
have led to a link between production and the availability of land for spreading manure. Manure
(solid or slurry) has a nutrient value for crops and when used in accordance with crop
requirements is a valuable fertiliser. When landspread it adds both major and minor plant
nutrients (predominantly nitrogen and phosphorus) to the soil which can leach into ground and
surface waters. This can be a problem where there are concerns over eutrophication of water
bodies and/or nitrate levels in drinking water sources. Where sufficient land for spreading is
available, manure can be applied beneficially without a potential risk of water pollution by
nitrates. Where manure transportation is possible, wider spreading areas are reached, albeit at
higher costs. In this respect, differences exist across countries.

In Denmark, the pig population is spread across the entire country, and therefore it has only a
relatively average pig density associated with the cultivated land area. The mixed livestock and
arable farming systems that are used in Denmark and Germany also allow the use of generated
manure with a reduced environmental risk. The association with mixed farming also provides
benefits in terms of feed costs. In contrast, in some Member States (e.g. the Netherlands) a small
land area is associated with livestock farms, and the quantities of manure produced are so large
that farmers pay to have it removed. In others, the manure has sufficient value that farmers can
sell it or at least give it to other farmers [ 204, IMPEL 2009 ].

Pig density in Spain as a whole is very low, but there is a concentration of intensive pig farming
and other agricultural activity in the northern autonomous communities (e.g. in Catalonia). It
has been stated that the manure landspreading is of great agronomic interest to Spain as, along
with the savings on mineral fertilisers, it can also improve the structure and fertility of most
Spanish soils and can contribute significantly to the fight against desertification. These
favourable circumstances support the growth of the sector and even the setting up of foreign
companies.

Generally, pig production in the EU does not tend to show the level of vertical integration found
in the poultry sector, for instance the breeding and finishing of pigs are often carried out in
separate facilities. In the latest years, there has been a tendency towards a more integrated
approach with an individual or company-based control of feed supply, pig production and
slaughtering capacities. There is also a trend that even in situations where breeding and
finishing are undertaken at separate sites these may be owned by a single producer. The most
developed integrated production systems are in Denmark and fall under the guidance of the
Federation of Danish Pig Producers and Slaughterhouses (Danske Slagterier). Examples of
vertical integration can be found also in Spain and Belgium [ 383, France 2010 ].

Where investments are made, there are a variety of reasons why farmers might decide to invest
in environmental techniques. Often, national legislation pushes them towards the application of
certain techniques, but also the requirements of the large grocery retailers can affect the choice
and operation of production techniques, as happens in egg production. Increasing attention is
being paid to animal welfare issues, such as the use of straw and access to an outdoor area. It
should be borne in mind that techniques applied under the scope of animal welfare legislation
are not always associated with the best environmental performance.

In the UK as an example, some producers in the pig production sector moved to straw bedding
systems to meet the desires of pork customers, particularly on welfare grounds. This change
applies especially to loose-housed dry sows (as in the Netherlands) and eventually provoked
discussions about the environmental disadvantages that may occasionally result from some
practices (e.g. use of straw). In the UK, many of the pigs that are fattened on straw are sourced
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from outdoor sow herds, giving an example of a niche market with an integrated supply chain
from producer to retailer.

Some Member States set up public programmes for limited periods to encourage farmers to take
action or to adopt techniques in order to reduce emissions to the environment. Hence, some
farmers are able to access financial assistance to invest in improved manure management
techniques (e.g. in Finland, financial support was available for liquid manure injection)
[ 26, Finland 2001 ] [ 37, BOE Espafia 2009 ] [ 383, France 2010 ].

The economic viability of techniques or combinations of techniques is related to the economic
profitability of the sector or farm, where profitability depends on production costs and sales
income. Table 1.19 shows the financial performance data for the year 2014, together with the
variability of production costs across the EU. The evolution of the total production costs of pig
meat across the EU during the period 2009-2014 is displayed in Table 1.20. The evolution of
market prices for pig meat in the EU is presented in Figure 1.10 while Figure 1.11 shows the
yearly average market price for pig meat in Member States from 2010 to 2013.

Table 1.19: Summary of financial performance in the year 2014 in selected countries (in EUR per
kg deadweight ("))

Production cost

BE | CZ | DK | FR DE | UK IE IT NL ES SE EU
breakdown

Feed 1.04 1095|091 |09|094|1.05|1.17 132|095 1.04 | 100 | 1.02

Other variable costs | 0.20 | 0.47 | 0.26 | 0.23 | 0.30 | 0.27 | 0.26 | 0.25 | 0.32 | 0.20 | 0.27 | 0.27

Total variable costs | 1.23 | 1.41 | 1.17 | 1.19 | 1.23 | 1.32 | 1.43 | 1.57 | 1.27 | 1.23 | 1.26 | 1.30

Labour 0.12 011014 |0.15|0.15|0.17|0.12 | 0.17 | 0.16 | 0.09 | 0.19 | 0.15

Depreciation and

- 0.19 1014 {0.21|0.21 | 0.22 | 0.22 | 019 | 0.20 | 0.20 | 0.14 | 0.38 | 0.21
finance

Total fixed costs 031]025|035|036|037|038|031|038]|0.35|0.23]|0.57|0.36

Igstfs'p“’d“c“o” 154 | 165 | 152 | 154 | 1.60 | 1.72 | 1.74 | 1.94 | 1.62 | 1.47 | 1.83 | 1.65

(%) Values in EUR as per exchange GBP/EUR = 0.81.
NB: Figures may not add up due to rounding.
Source: [ 382, BPEX 2016 ]
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Table 1.20: Changes in total production costs in the EU for the years 2009-2014 (in EUR per kg

deadweight)

EU gfgg‘ber 2009 2010 2011 2012 2013 2014
AT 1.45 1.61 1.68 1.78 1.79 1.65
BE 1.41 1.48 1.61 1.73 1.74 1.56
Ccz 1.73 1.85 1.78 1.86 1.84 1.65
DK 1.42 1.41 1.59 1.68 1.68 1.53
FR 1.41 1.42 1.65 1.66 1.71 1.56
DE 1.54 1.52 1.76 1.82 1.82 1.63
UK 1.50 1.68 1.78 1.91 1.89 1.74
IE 1.48 1.52 1.72 1.84 1.93 1.77
IT 1.74 1.79 1.96 1.98 2.01 1.96
NL 1.45 1.42 1.62 1.68 1.77 1.64
ES 1.44 1.42 1.60 1.64 1.64 1.49
SE 1.48 1.72 1.97 2.14 2.08 1.86
EU 1.50 1.57 1.73 1.74 1.74 1.58

NB: Figures may not add up due to rounding.

Source: [ 382, BPEX 2016 ]

200
195
190
185
180
175
170
165
160
155
150
145
140
135
130
125 + : ; : ;
4/1/09 4/1/10 4/1/11 a/1/12 4/1/13 4/1/14 4/1/15

Source: [ 25, BPEX 2015 ]

Figure 1.10: Evolution of pig meat market prices on weekly basis (EUR/100 kg deadweight) in the
EU-28, January 2009 - February 2015
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(1) Slaughter weight - class E.
Source: [ 673, DG AGRI 2014 ]

Figure 1.11: Market prices for pig meat

The European Commission and Member States are progressively introducing rules to oblige
industry and farmers to commit to minimising greenhouse gas (GHG) emissions as part of the
actions implementing the Kyoto Protocol. Provisions that could be introduced may become a
significant driver in the future and may affect the costs of production. In the UK, the strategy on
low carbon emissions (Low Carbon Transition Plan) moved the English pig industry to organise
an action plan on greenhouse gases (Roadmap and Greenhouse Gas Action Plan).
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1.4  Environmental issues of intensive poultry or pig farming

Environmental issues have only been on the agricultural agenda for a relatively short period of
time. It was not until the 1980s that the environmental impact of intensive livestock farming
really became an issue. Awareness of the implications of farming activities such as excess
manure application and its impact on soil and water quality and odour nuisance has increased
over the years, due to an increasing population in rural areas.

The growing concerns about climate change focused attention on the emissions from the entire
livestock sector. According to the FAO, 14.5 % of human-induced GHG emissions are related
to livestock production [ 18, FAO 2013 ]. On a global scale, the greater contributions come
from enteric fermentation by ruminant animals and deforestation related to feed crops, whilst
emissions from pig and poultry farms contribute to a lesser extent.

According to another published article, livestock sector contributes to 78 % for terrestrial
biodiversity loss, 80 % for soil acidification and air pollution (ammonia and nitrogen oxides
emissions), 81 % for global warming, and 73 % for water pollution (both N and P) [ 523, Leip

etal. 20151.

The existence of livestock farms near areas of particular protection or interest (e.g. sites of
specific scientific interest, wildlife and geological areas or where vegetation is very sensitive)
may lead to stricter local, regional and/or national legal requirements and additional
improvement conditions. This may be the case for the EU Natura 2000 sites, those in the
vicinity of residential areas, or close to other farms where a cumulative impact of dust and
odour may occur.

One of the major challenges in the modernisation of poultry and pig production is the need to
balance the reduction or elimination of the polluting effects on the environment with increasing
animal welfare demands, while at the same time maintaining a profitable and economically
viable business. In addition, food security has become a real concern for governments and the
public. The European agricultural industry has to operate in the global food market with
technological advances which simultaneously aim to achieve economic efficiency, safeguard
animal and consumer health, and protect the environment.

Potentially, agricultural activities on intensive poultry and pig farms can contribute to a number
of negative environmental consequences (see also Figure 1.12):

. surface water and groundwater pollution (e.g. NOs and NH,");

. acidification (NH; mainly, H,S, NOy, etc.);

. eutrophication (N, P);

. airborne pollution, in particular ammonia (NHs), N,O, NO, dust (PM, and PM,;), bio-
aerosols, etc.;

. increase of the greenhouse effect (CO,, CHy4, N,O, etc.);

. desiccation (groundwater use);

. local disturbance (odour, noise);

o diffuse spreading of heavy metals, pesticides and toxic substances;

. spreading of pathogens including antibiotic-resistant pathogens;

. residues of pharmaceuticals in waters.

An integrated accounting of the environmental impacts of pig or poultry farming should
consider the flow of manure and nutrients along the whole production chain. Positive

environmental aspects of intensive livestock farming also exist, e.g. manure use for anaerobic
digestion, manure substituting manufactured mineral fertiliser.
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Figure 1.12: Illustration of the potential negative environmental aspects related to intensive
livestock farming

The key on-farm environmental aspect of intensive livestock production is related to the natural
living processes, i.e. that the animals metabolise feed containing nutrients absorbed by the feed
crop. Some of the nutrients are then retained in the animals, while the rest are excreted via
manure. The quality and composition of the manure and the way it is stored and handled are the
main factors determining the emission levels of intensive livestock production.

From an on-farm environmental point of view, the efficiency with which pigs, for example,
convert feed for maintenance, growth, and breeding is important. The pigs’ requirements will
vary during different stages of their life, e.g. during the rearing and growth periods or during
different stages of their reproductive life. To be sure that their nutritional requirements are
always met, it has become customary to feed nutrients at levels in excess of the animals’
requirements. At the same time, emissions of nitrogen into the environment can be observed
which are partly due to this imbalance. The process of nitrogen consumption, utilisation and loss
in the production of pigs for slaughter is quite well understood. Nutritional management as a
preventive measure aims to improve the efficiency with which dietary nitrogen is retained in
body tissue (see Figure 1.13 for the basic situation).

Animal welfare and health are linked and should be taken into account when considering the
impacts of diseases [ 708, EC 2016 ].
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Protein
in pig tissue Ammonia
2.9kg emission
Urine in the air
Protein 4.4 kg 3.0 kg
in feed Manure
8.7 kg ‘ 5.8 kg
100 % 67 °% ; Manure spread
- Faeces onto the soil
1.4 kg 2.8 kg

NB: The relative contribution of the sow is also included. Basic situation without nutritional management.
Source: [ 34, Ajinomoto 2000 ]

Figure 1.13: Nitrogen consumption, utilisation and losses in the production of a pig for slaughter
with a final live weight of 108 kg

1.4.1 Emissions to air
Emissions to air from the production systems for the intensive rearing of poultry or pigs can be

summarised as shown in Table 1.21.

Table 1.21: Emissions to air from the intensive rearing of poultry or pigs

Air Production system
Ammonia (NH3) Animal housing, manure storage, processing and landspreading
Odour Animal housing, manure storage and landspreading
Animal housing, milling and grinding of feed, feed storage, solid manure
Dust (bioaerosols) storage and landspreading, heaters in buildings and small combustion
installations
Methane (CH,) Animal housing, storage of manure and manure processing

Nitrous oxide (N,O) Animal housing, manure storage, processing and landspreading

NOy (NO + NO,) Animal housing, manure storage and landspreading, heaters in buildings
and small combustion installations

Animal housing, energy used for heating and transport on farm, and

biogenic CO, that may be emitted in the field

Carbon dioxide (CO,)

Ammonia emissions

Most attention has been paid to the emission of ammonia from livestock production, as this is
considered an important compound for the acidification of soil and water. The subsequent
impacts of ammonia deposition to land can be significant, including adverse effects on aquatic
ecosystems in rivers and lakes, and damage to forests, crops and other vegetation. Ammonia
contributes also to eutrophication in water and soil by nitrogen enrichment with adverse effects
in aquatic ecosystems, loss of biodiversity, etc.

Furthermore, ammonia reacts with atmospheric acids, forming (secondary) particles that
contribute significantly to the burden of particulate matter in the atmosphere, which is likely to
threaten human health [ 337, Webb et al. 2005 ]. As a secondary particle precursor, ammonia
plays an important part in the long range transport of the acidic pollutants, having
environmental effects beyond an individual region [ 474, VDI 2011 ]. The 1979 Geneva
Convention on Long-range Transboundary Air Pollution is an important measure for globally
protecting the environment against air pollution. The 1999 Gothenburg Protocol which
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originated from the Convention is aimed at reducing acidification, eutrophication and ground-
level ozone. Annex 1X to the Protocol includes measures for the control of ammonia emissions.

Agriculture was responsible for 94 % of EU-28 NH; emissions in 2011 [ 706, EEA 2017 ].
Between 1990 and 2014, NH3; emissions in the EU-28 dropped by 24 %. The Member States
that contributed most (i.e. more than 10 %) to NH; emissions in 2014 were Germany, France
and Italy [ 697, EEA 2016 ]. Commitments from EU Member States to reduce ammonia
emissions and other atmospheric pollutants have been adopted in Directive 2016/2284 [ 700, EC
2016 ]. The contribution of IED pig and poultry farms tot the total NH; emissions is relatively
large, because of the large percentage of animals (around 20 %) that fall under the IED [ 707,

Alterra 2007 ].

Emissions of ammonia occur at all stages of manure management. Ammoniacal nitrogen in
livestock excreta is the main source of NHs. In animal houses, it is volatilised from the manure
and spreads through the farm building and is eventually removed by the ventilation system.
Factors such as the temperature, ventilation rate, humidity, stocking density, litter quality and
feed composition (crude protein) can all affect ammonia levels. Factors that influence the rate of
ammonia emissions from animal houses are presented in Table 1.22. For example in pig slurry,
urea nitrogen represents more than 95 % of the total nitrogen in pig urine. As a result of
microbial urease activity, this urea can rapidly be converted into volatile ammonia. The rate of
conversion depends on the pH of the manure and other environmental parameters (e.g.
temperature).

Table 1.22: Overview of processes and factors involved in ammonia release from animal houses

Nitrogen components and
appearance
Uric acid/urea (70 %)
+ undigested proteins (30 %)

Processes Affecting factors

Faeces production Animal and feed

Process conditions of manure e.g. T, pH, Ay,

Degradation Ammonia/ammonium in manure | _. .2
airflow at floor level, urease activity
Process conditions, local climate, exposed
Volatilisation Ammonia in air surface and contact time of manure/slurry
with the air
Removal Ammonia in animal house Ventilation: T, RH, air velocity
Emission Ammonia in environment Air cleaning

NB: T = temperature, pH = acidity, A,, = water activity, RH = relative humidity.

Ammonia gas has a sharp and pungent odour and in higher concentrations in animal houses can
irritate the eyes, throat and mucous membranes in humans and farm animals. In many Member
States workplace regulations set upper limits for the acceptable ammonia concentration in
working environments. In general, the generation of gaseous substances in the animal housing
also influences the indoor air quality and can affect the animals’ health and create unhealthy
working conditions for the farmer.

The average amount of ammonia emissions in the EU-27 expressed in kg of nitrogen per kg of
produced pork is estimated equivalent to 28 g. Based on this value, the total ammonia emissions
for the whole European pig sector are estimated to be 606 ktonnes of nitrogen per year. Average
ammonia emissions per kg of poultry meat and eggs are estimated at a level of 20 g and 12 g
respectively. Total ammonia emissions from EU poultry meat production amount to 217
ktonnes of N, while total emissions for EU egg production sum up to 88 ktonnes of N per year.
The methodology applied took into account all on-farm emissions related to livestock rearing, as
well as the emissions associated with the production of feed and emissions caused by input of
mineral fertilisers, pesticides, energy and land for the production of feed [ 416, COM 2010 ].
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The E-PRTR for 2014 shows that the largest share by far of ammonia emissions from the
industry sectors covered by the E-PRTR originates from the intensive rearing of poultry or pigs.
In particular, 6 669 registered farms for the intensive rearing of pigs or poultry with ammonia
emissions of more than 10 t/year emitted a total of 178.4 ktonnes of ammonia to air,
representing 83.2 % of the total ammonia emissions from all industry sectors covered by the
E-PRTR (see Figure 1.14) [ 45, E-PRTR 2017 ].

@ 1.(a) Mineral oil and gas refineries
1.(c) Thermal power stations and
other combustion installations

@ 3.(c) Production of cement clinker or
lime in rotary kilns or other furnaces

® 3.(e) Manufacture of glass, including
glass fibre

@ 3.(f) Melting mineral substances,
including the production of mineral
fibres

@ 4.(a) Industrial scale production of
basic organic chemicals

@ 4.(b) Industrial scale production of
basic inorganic chemicals

@ 4.(c) Industrial scale production of
phosphorous, nifrogen or potassium
based fertilizers

® 5 (d) Landfills (excluding landfills
closed before the 16.7.2001)

@ 6 (a) Production of pulp from timber or
similar fibrous materials

@ 7 (a) Intensive rearing of poultry or
pigs

@ 8.(b) Treatment and processing of
animal and vegetable materials in
food and drink production
Other

NB: Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex | to the
E-PRTR with capacity thresholds described therein; farms with emissions of ammonia of more than 10 t/yr;
normal operation.

Source: [ 45, E-PRTR 2017]

Figure 1.14: Emissions of ammonia to air by industry sector/activity in Europe in 2014

Greenhouse gases

Greenhouse gases have an effect on global warming in relation to their potential for trapping
heat in the atmosphere. Methane (CH,) and nitrous oxide (N,O) are the most important
greenhouse gases associated with animal farming and their global warming potential for a time
horizon of 100 years is 25 (CH,) and 298 (N,O) times greater than CO,.

Emissions of CH, and N,O from livestock production are regulated as part of the Paris
Agreement under the United Nations Framework Convention on Climate Change. The EU
reduction target for GHG is 20 % by 2020, with reference to 1990, with a proposed further
reduction target of 40 % by 2030 [ 701, COM 2014 1.

The amount of CH, generated by a specific manure management system is affected by the
extent of anaerobic conditions present, the temperature of the system, and the retention time of
organic material in the system. When manure is stored or treated as a liquid (e.g. in lagoons,
tanks, or pits), it decomposes anaerobically and can produce a significant quantity of CH,.
When manure is handled as a solid (e.g. in stacks or piles) or when it is deposited on pastures
and rangelands, it tends to decompose under more aerobic conditions and less CH, is produced
[ 659, IPCC 2006 ].

Most of the nitrous oxide in livestock systems occurs through the microbiological
transformation of nitrogen and this involves three main processes: nitrification, denitrification
and autotrophic nitrifier denitrification. For denitrification to occur, anaerobic conditions are
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necessary, while nitrification occurs under aerobic conditions. Not much is known about the
nitrifier denitrification pathway, but it is believed to be similar to denitrification. Under partial
or transient anaerobic conditions, the denitrification reaction is uncompleted, resulting in the
production of NO and N,O. Apart from the lack of oxygen availability, denitrification is also
favoured by the presence of an available carbon source and warm temperatures, among others.
Because of this dependence upon such site-specific factors, emissions of N,O exhibit a rather
high degree of spatial and temporal variability [ 551, Oenema et al. 2005 ].

Soil microbial processes (denitrification processes) produce nitrous oxide, and nitrogen gas (N»)
which is harmless to the environment. Both can be produced from the breakdown of nitrate in
the soil, whether derived from manure, mineral fertilisers or the soil itself, but the presence of
manure encourages this process. Livestock housing itself, particularly littered systems, is an
additional source of N,O emissions [ 570, ALTERRA 2000 ].

The IPCC factor [ 550, IPCC 2006 ] for direct N,O-N emissions from mineral/organic fertiliser,
crop residues and N mineralised as a result of soil C loss is 0.01 kg N,O-N/kg N applied. The
IPCC emission factor for indirect N,O-N emissions is 0.010 kg N,O-N/kg (NH3-N + NOx-N)
volatilised and 0.007 5 kg N,O-N/kg N leached [ 500, IRPP TWG 2011 ].

According to the results of a study on the quantification of greenhouse gas emissions of the
livestock sector in the EU-27, on average pork and poultry meat have a carbon footprint of
about 7.5 kg CO,-eq/kg of meat and 5.0 kg CO»-eq/kg of meat, respectively. Egg production
causes about 3 kg CO,-eq/kg product. Total emissions in the EU-27 amount to 165.5 and 21 X
10° tonnes CO,-eq for pork, poultry meat and egg production respectively. These emissions
include all on-farm emissions associated with livestock rearing including emissions related to
the production, transport and processing of feed, as well as land use changes induced by feed
production [ 416, COM 2010 ].

The share of each gas in the total fluxes of greenhouse gas emissions for pig and poultry
production is presented in Table 1.23.

Table 1.23: Total fluxes of greenhouse gas emissions for the EU-27 pig and poultry production

kg CO»-eqg/kg of kg CO,-eq/kg of kg CO»-eqg/kg of

produced pork meat | produced poultry meat produced eggs
CH, 0.74 0.04 0.03
N,O 1.71 11 0.77
CO, relate:\d to energy 200 14 0.75
consumption
CO, related to land use and 31 24 133
land use change
Total carbon footprint 7.55 4.94 2.88
Source: [ 416, COM 2010]

Other gases

Among other gas emissions related to livestock rearing, NOyx and N, need to be mentioned. NOy
is normally associated with combustion processes, while N, is derived from nitrification-
denitrification processes but is not an environmental concern.

Odour

Odour is a local problem but is an issue that is becoming increasingly important as the livestock
industry expands and as ever increasing numbers of rural residential developments are built in
traditional farming areas, bringing residential areas closer to livestock farms. The increase in the
number of farm neighbours is expected to lead to increased attention to odour as an
environmental issue as odour emissions can be offensive and give rise to problems with
neighbours.
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Odour can be emitted by stationary sources, such as from manure storage facilities and animal
houses, and can also be an important emission during landspreading, depending on the
spreading technique applied. Its impact increases with farm size. Dust emitted from farms
contributes to the transportation of odour.

Odour is caused by microbial degradation of organic substance (e.g. faeces, urine, and
feedstuff). Odour is a complex mixture of many different compounds, such as sulphurous
compounds (e.g. H,S, mercaptans), indolic and phenolic compounds volatile fatty acids (e.g.
acetic acid, n-butyric acid), ammonia and volatile amines [ 511, Le et al. 2007 ] [ 270, France
2010 ]. A leading substance in the complex mixture of odorous compounds (e.g. ammonia or
hydrogen sulphide) cannot be determined [ 474, VDI 2011 ].

Dust

In the past, dust was not reported as an important environmental issue for the intensive livestock
sector. Nowadays, especially where farms are close to residences, there are concerns over local
air quality and a growing interest for dust emissions from livestock farms. A distinction is often
made between dust and fine dust particles, i.e. the fractions of PM,, and PM, 5 (diameters below
10 and 2.5 micrometres respectively), which are considered a major environmental risk to health
due to diseases in the respiratory track.

The airborne particles that can be generated in livestock buildings range from non-organic
substances (e.g. soil material) to organic particles from plants and animals, including dead and
living microorganisms such as bacteria, fungi, viruses and parts of these organisms, e.g.
endotoxins, that are usually called ‘bioaerosols’(see Section 1.4.3) [ 474, VDI 2011 ]. Dust
emissions are also a way for odour dispersion around the animal house [ 383, France 2010 ].

Inside the animal house, dust is known under certain circumstances to be a contaminant that can
affect both the respiration of the animals and the farmer, such as in broiler houses with litter
having a high dry matter content. The main sources of dust emissions are the animal houses and
the feed management. The factors that affect dust emissions include ventilation, activity of the
animals, type and quantity of bedding, type and consistency of feedstuff, humidity in the animal
house.

The type of feed and feeding technique can influence the concentration and emission of dust
(bioaerosols). The feeding of pellets or meals (unpelleted feeds) via liquid feed systems and
through the addition of feed fats, or oils in the case of dry feed systems, can reduce dust
development. Mealy feed mixes are better when combined with oils as binding agents. Liquid
feed installations are regarded as desirable. A dry feed system may only be implemented on the
basis of automatic slop/raw slop feeders. The high quality of the feed and bedding raw materials
can be ensured through dry harvesting and storage. This will then prevent, in particular,
microbial and fungal contamination.

Regular cleaning of the housing equipment and all the housing surfaces will remove dust
deposits. This regime is assisted by the all-in, all-out rotation method as, following the removal
of all the livestock, careful cleaning and disinfecting of the housing is necessary. Moreover, the
indoor dust concentration depends very much on the animal activity. Housing techniques which
offer the animals only a little freedom of motion (e.g. housing of laying hens in enriched cages)
emit less dust than those which provide more freedom of motion (e.g. aviary housing, floor
husbandry).

The type and quality of the litter has a great influence on emissions. Finely structured material
(e.g. chopped straw) releases more particles than coarse material (long straw, wood shavings).
As a general rule, in non-litter housing, less dust occurs than in the case of litter-based housing.
In litter-based housing, care must be taken to keep the litter clean and dry under all
circumstances and free of mould/fungus. Low air velocities in the floor area can reduce the dust
content in the air.
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In pig housing, airborne particulate matter also depends on the feeding technique and human
presence. During feeding time and when the animals are disturbed (e.g. during inspection
rounds), higher concentrations are measured than at night and in resting phases.

The presence of an air cleaning system can also influence dust emissions from housing.

1.4.2 Emissions to soil and water

Emissions from housing and manure storage facilities that contaminate soil and groundwater or
surface water occur because of inadequate facilities or operational failures and should be
considered accidental rather than structural. Adequate equipment, frequent monitoring and
proper operation can prevent leakage and spillage from slurry storage facilities.

Emissions to surface water can also occur from a direct discharge of the waste water arising on
a farm. Little quantified information is available on these emissions. Similarly, the treated
effluent from slurry processing systems will normally have increased levels of nitrogen,
phosphorus, BOD and total suspended solids (TSS) [ 364, Portugal 2010 ]. Waste water arising
from water collected from the farmyard, manure collection areas, household and agricultural
activities might also be mixed with slurry to be applied onto land, although mixing is not
allowed in many Member States.

The quality of waste water produced from intensive livestock farming is generally affected by
the feeding regime, animal manure, the litter used and other supplementary substances such as
pharmaceuticals or disinfectants. Waste water is usually the result of manure run-off, wash
water after cleaning of animals, cleaning and disinfecting of buildings and farmyards, and waste
water from exhaust air treatment by wet scrubbing. In addition, polluted precipitation water may
be infiltrated into the drainage via storage and manipulation, as well as from the roof surfaces
[ 373, UBA Austria 2009 ]. Emissions to water from these sources contain nitrogen and
phosphorus, but increased levels of BOD may also occur; in particular in water collected from
the farmyard and from manure collection areas.

However, of all the sources, landspreading is the key activity responsible for the emissions of a
number of components (e.g. nitrogen compounds, phosphorus, heavy metals) to soil,
groundwater and surface water. It has to be stressed that land fertilisation with untreated
manure/slurry or with fractions derived from manure/slurry treatments is good agronomical
practice as long as they are properly managed and the side-effects are minimised.

Most attention has been given to the emission of nitrogen and phosphorus, but other
contaminants, such as (heavy) metals (e.g. copper and zinc), pathogen microorganisms and
pharmaceuticals may end up in manure and their emissions may cause negative effects in the
long run.

Contamination of waters due to nitrates, phosphates, pathogens (particularly faecal coliforms
and salmonella) or heavy metals is the main concern. Excess landspreading has also been
associated with an accumulation of copper in soils, but EU legislation starting in 1984
significantly reduced the level of copper allowed in pig feeds, thereby reducing the potential for
soil contamination when manure is correctly applied. While improved design and management
can lead to the elimination of potential pollution sources on farm, the existing spatial density of
pig production in the EU is of particular concern with regard to the availability and suitability of
land for spreading pig slurry. Increased environmental regulation of the spreading of manure has
sought to address this problem. Indeed, in the Netherlands and the Flemish region of Belgium,
exports of surplus manure occur.

Directive 2000/60/EC of the European Parliament and of the Council establishing a framework
for the Community action in the field of water policy or, in short, the EU Water Framework
Directive was adopted to provide coordinated sets of objectives and tools to protect water
bodies. The Directive establishes an approach for water management based on river basins, the
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natural geographical and hydrological units. In this framework, Member States put various
initiatives in place to address diffuse pollution from agriculture, such as the Codes of Good
Agricultural Practice, or more specific initiatives, like the England Catchment Sensitive
Farming Delivery Initiative in the UK.

For the Baltic and Mediterranean Seas, eutrophication concerns arise, as they are characterised
by longer water retention times. The objective of Council Directive 91/676/EEC (the Nitrates
Directive) is to reduce these risks via the reduction and limitation of organic nitrogen
application per hectare of arable land.

Nitrogen

For nitrogen, the various emission routes after manure landspreading are illustrated in
Figure 1.15. Through these reactions, losses of 25-30 % of the nitrogen excreted in pig slurry
have been reported. Depending on the weather and soil conditions, this can be 20-100 % of the
ammoniacal nitrogen if the slurry is surface spread. The ammonia emission rate tends to be
relatively high in the first few hours after application and decreases rapidly during the day of
application. It is important to note that the ammonia release is not only an unwanted air
emission, but also provokes a reduction of the fertilising quality of the applied manure.
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Figure 1.15: Nitrogen cycle showing the main transformations and losses to the environment after
manure landspreading

To comply with the Nitrates Directive, Members States are obliged to identify zones that drain
into waters which are vulnerable to pollution from nitrogen compounds and that require special
protection, i.e. the Nitrate Vulnerable Zones. In these zones, regulations aim to control nitrate
concentrations in ground and surface waters by careful management of land, inorganic nitrogen
fertiliser and manure applications, e.g. landspreading is restricted to a maximum level of
170 kg N/ha per year.

Of the whole EU-27 area, 46.7 % has been designated as vulnerable zones, including Member
States that apply a whole territory approach. As compared to 2007, the total area in the EU-27
designated as vulnerable zones has increased (the total EU-27 area to which action programmes
apply was 39.6 % in 2007 including the area of Member States that apply a whole territory
approach) [ 427, COM 2010 ] [ 460, COM 2013 ].
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Fewer problems arise from landspreading in areas where sufficient land appropriate for
application is available for the amount of manure that is produced. The intensive rearing of
poultry or pigs is sometimes affected by an insufficient, small land area being associated with
productive farms, particularly in areas with a high concentration of farms.

Phosphorus

Phosphorus is an essential element in agriculture and plays an important role in all forms of life.
In natural (i.e. unfarmed) systems, it is efficiently recycled as it remains in the ecosystems,
transforming in cycles across vegetation, residues and soil. In agricultural systems, it is removed
by crops and eventually by the animal product, so further phosphorus has to be imported to
sustain productivity.

Phosphorus is normally held firmly in the soil, but excessive manure applications can result in
unnecessary soil enrichment, which at elevated topsoil concentrations can result in phosphorus
leaching to ground and surface waters. Also, phosphorus can be lost through soil erosion and
from surface run-off of freshly applied manure.

Manure applications that comply with the nitrogen load allowed by the Nitrates Directive
(maximum 170 kg N/ha per year) normally provide an excess of phosphorus fertilisation. As
only part of the phosphorus is taken up by the plants (5-10 %), large and often excessive
applications of manure and mineral fertiliser were common in the past. Increased awareness of
farmers on environmental and economic aspects induced a change in farm practices for a better
use of nutrients.

The importance of manure as a source of phosphorus has increased to the point at which it is
estimated that 50 % of the input to EU surface waters from leaching and penetration into soil
can be attributed to the application of animal manure [ 32, SCOPE 1997 ]. Phosphorus is the
main cause of algal blooms in fresh water systems and can be damaging to aquatic life and
unsightly for water users.

Potassium can also be lost by leaching and in surface run-off. This means a decrease in the
fertiliser value of manure, but is not a risk to the environment.

1.4.3 Other emissions

Noise
The intensive rearing of poultry or pigs can generate other emissions such as noise and
emissions of bioaerosols. Like odour, it is a local problem, and disturbances can be kept to a
minimum by properly planning activities. The relevance of this problem may increase with
expanding farms and with the growth in rural residential developments in traditional farming
areas.
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2 APPLIED PROCESSES AND TECHNIQUES

This chapter describes the major activities and production systems used in intensive poultry or
pig production, including the materials and equipment used and the techniques applied. It
presents the techniques that are generally applied throughout Europe and to creates a
background for the environmental data presented in Chapter 3. It also describes those techniques
that can serve as a reference or benchmark for the environmental performances of the reduction
techniques presented in Chapter 4, without giving an exhaustive description of all existing
practices or a description of all combinations of techniques that may be found on IED farms.
Because of historical developments and climatic, economic and geographical differences, farms
vary in the kind of activities that take place, as well as in the way in which these activities are
carried out, namely in the combinations of techniques that may be applied. Nevertheless, this
chapter should give the reader a general understanding of the common production systems and
techniques applied in Europe in the production of poultry and pigs.

2.1 Introduction

Livestock production mainly consists of converting feed into meat or eggs, and is usually
performed in different phases. The objective is to achieve a high efficiency in the feed
conversion ratio (FCR), whilst respecting animal welfare and avoiding emissions that are
harmful to the environment or to people. It is important to note that good environmental farm
management is more likely to be practised if it is complementary to product quality rather than
at the expense of it, since economic profitability and customer satisfaction are the main drivers
for the activity.

In general, the production systems commonly applied do not require highly complex equipment
and installations, but they increasingly require a high level of expertise to properly manage all
the activities of the farm.

The animal housing system, where animals for meat or egg production are kept for all or part of
the year, is the main determinant of the activities of the farm, and includes the following
elements (see Sections 2.2 and 2.3):

o the way the animals are stocked (cages, crates, free);
o the system to remove and store (internally) the produced manure;
o the equipment used to control and maintain the indoor climate;

o the equipment used to feed, water and litter the animals.
Other important elements of the rearing system are:

o the outdoor storage of manure;
o the storage of feedstuffs;

o the storage of dead animals;

o the storage of other residues;

o the loading and unloading of animals.

Additionally, on egg-producing farms, the selection and packaging of eggs is a common
activity, but this is outside the scope of this document.
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A number of associated activities can be part of the farming system, but these vary between
farms for reasons such as the availability of land, farming tradition, or commercial interest. The
following activities or techniques may be encountered on an intensive livestock farm:

. manure landspreading;

. on-farm manure processing and treatment, e.g. biogas production, manure separation,
composting;

. feed milling and grinding;

. waste water treatment;

) residue treatment, such as carcass incineration.

Schematically, farm activities for the rearing of poultry or pigs can be illustrated as in

Figure 2.1.
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Figure 2.1: Schematic representation of activities carried out on farms for the intensive rearing of

poultry or pigs
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2.2  Poultry production

221 Production of eggs

For commercial egg production, the poultry breeds used are from selection and breeding
programmes that optimise their genetic potential for high egg production. The breeds have
smaller bodies and so direct more of the dietary nutrients into egg production, rather than into
increasing their body mass. The egg-producing breeds are further divided into birds that produce
white shelled eggs or coloured shelled eggs.

Council Directive 1999/74/EC of 19 July 1999 lays down minimum standards for the protection
of laying hens. In accordance with this Directive, since 2012 conventional battery cages are
banned for laying hens and only enriched cages or alternative (non-cage) rearing systems are
allowed. Unenriched cages are allowed for breeders and pullets.

The number of laying hens per surface area varies between housing systems. The formerly
commonly used cage systems allowed a stocking density, depending on tier arrangement, of up
to 22 birds in each cage floor area or up to 30-40birds/m? (corresponding to the available
ground area). The rearing systems allowed by Directive 1999/74/EC laying down minimum
standards for the protection of laying hens have much lower densities. In particular:

o enriched cages: up to approximately 13 birds/m? of cage area and up to approximately
16 birds/m? of usable area (each laying hen must have at least 750 cm? of cage area,
600 cm? of which shall be usable);

o barn systems: up to 9 birds/m?;

o aviary systems: up to 9 birds/m® of usable area or up to 36 birds/m? corresponding to the
available ground area (no more than four levels can be used).

In non-cage systems, hens can walk around freely, such as in barn systems and free-range
systems in which the hens also have continuous daytime access to open-air runs.

In cage systems, birds are kept in tiered enclosures made from welded steel wire which are
arranged in long rows with sloped floors to allow the eggs to roll to the front side of the cages,
where they are removed by hand or on a conveyor belt. The cage systems can be described as a
combination of the following elements:

. building construction;
o cage design and placement;

. manure collection, removal and storage.

Intensive egg production usually takes place in closed buildings made of various materials
(e.g. stone, wood, steel with sheet cladding). The building can be designed with or without a
light system, but always with ventilation. The equipment in the housing can vary from manual
systems to fully automated systems for indoor air quality control (see Section 2.2.4), feeding
and drinking (see Section 2.2.5), manure removal and egg collection. Close to the housing or
immediately attached are the feed storage facilities.

Laying hens kept in cages have one laying period of about 12—-15 months (after a growing period
of around 16-20weeks). The laying period can be extended by a forced moult between the
eighth and twelfth month of lay, hence a second laying period of at least 7 months can be added
[ 39, Germany 2001 ]. Moulting is a natural process, but in commercial egg production it is
sometimes still induced by feed modification or light alteration, hence it is argued that it is not a
welfare-compatible practice. Moult induction by feed or water deprivation is prohibited
(Directive 98/58/EC concerning the protection of animals kept for farming purposes), whereas
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changing feed composition (e.g. reducing the energy content by increasing the bran percentage)
or controlling feed (instead of ad libitum provision) is allowed. Studies are ongoing to find a
more acceptable alternative method of inducing moulting in laying hens to prolong the laying
period.

2211 Cage systems for laying hens

Directive 1999/74/EC phased out conventional cages for laying hens as of 31 December 2011,
and therefore they are not described in this document. The cage systems described below
correspond to modern cages that are referred to as ‘enriched’, ‘furnished’, or ‘colony systems’.

Enriched cages are equipped with structural features to stimulate species-specific behaviour,
like nests, perches, litter, and increased cage height. Nest boxes can be placed at the front of the
cage and are normally darkened by plastic curtains to encourage laying. Nests can be adapted to
keep hens out at night, with gentle expulsion systems or automatic doors that allow animals to
exit but not to enter the nest. In enriched cages, the area in which eggs are laid can be relatively
small, and collisions occasionally occur between eggs in the nest box, which can damage the
eggshell.

Perches are arranged to provide around 15 cm per hen, and are designed to strengthen animals’
legs. Wing flapping is made possible due to a cage height of at least 45 cm. Sand-bathing and
scratching are possible in separate areas, equipped with automated distribution of sand,
shavings, or other materials, plastic mats, or other kinds of litter. Claw shorteners such as
perforated plates, abrasive stones, ceramics, plates or strips are provided and are frequently
placed in the baffle plates behind the feed troughs. All these features can be placed in different
relative positions in the cage, as shown in Figure 2.2.

A summary of the main characteristics of enriched cages is presented in Table 2.1.

Table 2.1: Summary of the main characteristics of enriched cages

Minimum cage area per hen | At least 750 cm? of which 600 cm? shall be usable
Minimum total area per cage | 2000 cm?
Length of feed trough 12 cm per hen

45 cm: headroom between levels in the usable area
20 cm (at least): in the remaining area of the cage

Drinking system Two nipple drinkers or two cups must be within reach of each hen
Length of perches At least 15 cm per hen

No more than four levels, arranged to prevent droppings falling on
the levels below

Additional features A nest: litter such that pecking and scratching are possible

Minimum height

Levels and droppings
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Figure 2.2: Possible placement of the equipment in enriched cages

Source: [ 21, EFSA 2005 ]

Figure 2.3: Schematic drawing of two large enriched cages

Hens are reared in enriched cages in a wide variety of group sizes. Groups of up to 10-12 birds
are generally referred to as a 'small group', while 15-30 birds could be regarded as a 'medium-
sized' group and above this number would be regarded as a 'large group'. Larger cages may
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house up to 60 birds. Neither the maximum nor the optimum number of birds has yet been
defined [ 38, ASG L elystad 2006 ].

There are a wide variety of enriched cages designs. Positioning and layout of equipment is
important to allow proper use and thus contribute to bird welfare, hygiene and performance.
Cage dimensions are related to the group size and may influence inspection of birds and
depopulation [21, EFSA 2005 ]. In Germany, the small group system that has been developed
goes beyond the EU requirements for an enriched cage and allows for better hygiene levels. The
cages are arranged on three to five tiers, and are often stacked in two levels with an intermediate
platform [ 368, France 2010 ].

The manure is collected on manure conveyor belts that are situated under each tier of cages. At
the end of the belt, a cross-conveyor further transports the manure outside, normally to external
storage. Closed manure storage can pose a sanitary risk; hence, manure is also transported
directly to field heaps or external storage, or to other uses (e.g. direct application on compatible
cultivations, manure processing or treatment). The manure belts are made of smooth, easy-to-
clean polypropylene or trevira and no residue sticks to them. With modern reinforced belts,
manure can be removed from very long runs of cages. Some drying takes place on the belts,
especially during the summer, and manure may be held on the belts for up to a week.

Frequently, the manure on the belts is dried by blowing air over the droppings through pipes
that are placed above or along the belts. The air can be preheated and the manure is removed at
least once a week at a minimum dry matter content of 40-60 %. A benefit for the animals is the
introduction of fresh cooling air immediately adjacent to the birds. Further improvements
consist of the introduction of conditioned air and/or the use of heat exchangers to condition
incoming outside air.

2212 Non-cage systems for laying hens

Laying hens are also kept in systems which Directive 1999/74/EC refers to as ‘alternative
systems’. They are also commonly called ‘non-cage systems’. In alternative housing systems,
hens are reared on a litter-covered solid floor in combination with a slatted floor. Often the floor
is made of concrete, but other materials can be used as well. Manure accumulates either on the
solid floor or under the slatted area for the 14-month laying period.

Manure removal is generally mechanised using scrapers or belts. They may have air-drying
systems ventilating and drying the manure. Air temperature can be increased with heating
systems and/or heat exchangers using the heat of outgoing ventilation air to heat incoming fresh
air.

The removal system is used to convey the manure from the building to a container or storage
area. Alternatively the storage may be underneath the building in a separate room. Another
approach is to store the manure in a pit underneath a perforated floor or below the house where
it is stored and subsequently processed or spread on the land [ 38, ASG Lelystad 2006 ].

Avrticle 4 of Directive 1999/74/EC regulates features for non-cage systems, such as:

. the availability of feeders and drinkers;

. the positioning and dimensioning of nests, perches and litter;

. the number and the height of the floors where the hens can move freely;

. the prevention of droppings from falling on levels below;

. the dimensions and the availability of pop-holes giving access to open runs;
. the general characteristics of the open runs;

. the stocking density.
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These features allow for a more comfortable housing. However, higher ammonia and dust
emissions may arise compared to cage systems, due to the presence of litter material and to
increased animal activity, though this can be mitigated by the frequent removal of manure with
belts or scrapers.

What non-cage systems all have in common is that the birds have more space or can move
around more freely within the building, and that operators can enter them. The housing
construction is similar to that of the cage systems with respect to walls, roof and foundations.
Birds are kept in large groups with 2000 to 10000 bird places per housing facility, where the air
is replaced and emitted passively by natural ventilation or by forced ventilation with negative
pressure. Thermally insulated poultry houses have forced ventilation, and can be either
windowless or with windows for natural daylight.

Various housing designs are applied, such as variations of the basic schemes of:

o the deep litter system, also referred to as the single-tier non-cage system or single level
system;

o the aviary system, also referred to as the ‘perchery’ or multi-level system.

These indoor systems can be combined with either one or both of the following additional
structures: verandas and/or free ranges (see Section 2.2.1.2.3).

22.1.2.1 Deep litter system

In single-tier or single-level systems, the ground floor area is fully or partly covered with litter
and may be combined with a slatted floor. At least 250 cm? of littered area is provided per hen
and the litter occupies at least one third of the ground surface in accordance with the provisions
of Directive 1999/74/EC. The remaining area is covered with slats that are mostly made of
plastic, wire mesh or wood. Underneath the slats, a manure pit or a manure removal system (e.g.
scrapers or belts) is placed to collect the droppings together with spilled water from the drinkers.
Usually the slatted floor is in the middle of the hen house, with littered floors on both sides, but
there are also houses where slatted floors are placed along sidewalls with the litter in the middle
of the house.

The pit is formed by the raised floor or can be sunk into the ground (see Figure 2.4). Droppings
are removed from the pit at the end of the laying period, or may be removed periodically, with
the aid of aerated or non-aerated manure belts or a scraper. At least a third of the exhaust air
volume is drawn off via the droppings pit. In single-tier systems, there is only one level
available for the birds at any one point [ 38, ASG Lelystad 2006 ].

Variations are possible in wider houses, where rows of laying nests can be placed, or in the
same house, two stacked compartments can be arranged on different levels of the house
[ 70, Netherlands 2010 ].

The laying nests, feed installation and water supply are usually placed on the slats to keep the
litter area dry. Nest boxes can be automated or hand collected, with an artificial grass bottom or
with litter. Also the size of each nest can vary largely, from single nest boxes for one hen at a
time to group nests.

The automatic supply of feed and drinking water, with long troughs or automatic round feeders
(feeder pans) and nipple drinkers, cups or round drinkers are usually installed above the slatted
area, although this depends on the available space. Lighting programmes to influence the
performance/rate of laying. Perches are available and are usually placed in A-frames on the
slatted floor [ 38, ASG Lelystad 2006 ] [ 39, Germany 2001 ] [ 44, IKC 2000 ].
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Figure 2.4: Schematic cross section of a single-tiered non-cage system

22122 Aviary system

Aviaries (multi-level systems or percheries) consist of the ground floor plus one or more levels
of perforated platforms, from which manure cannot fall on birds below. At some point across
the system, there will be at least two levels available for birds. An aviary house is a construction
with thermal insulation and forced ventilation and either natural or artificial light. Houses can be
combined with a free range and an outside scratching area. Birds are kept in large groups and
enjoy freedom of movement over the entire house area over multiple levels. The housing space
is subdivided into different functional areas: feeding and drinking, sleeping and resting,
scratching and egg-laying area. The fact that the birds can use several levels allows for higher
stocking densities compared to the commonly used floor regime (deep litter): up to 9 birds per
usable m? or up to 18 birds per m® of ground space. Houses can accommodate up to 80000
birds. Droppings are removed by manure belts or collected in a manure pit.

Many configurations are possible (see Figure 2.5). Three major categories can be distinguished:

- Aviaries with non-integrated nest boxes: aviaries with several levels of perforated floors with
manure belts under them and separately arranged nest boxes (see Figure 2.5, configuration A).
Feeders and drinkers are distributed in such a way that they provide equal access for all hens.

The earlier type of aviaries has stacks of elevated floors and separate units of nest boxes.
Between the elevated floors and the nest boxes an aisle covered with litter is positioned to
enable operators to walk through the system and to provide litter to the hens. The elevated floors
usually have a slight slope to allow eggs to roll towards one side. Under each floor a manure
belt is positioned to prevent the manure from falling to the lower levels, and to transport manure
out of the hen house. The nest boxes (individual or group nests) can be lined up in one row or in
multiple rows above one another.

On the elevated floors, water and feed is provided. Nipple drinkers are usually used for
watering, but cups are also an option. Feed is provided by means of chain feeders or feeding
pans. Perches are located over the elevated floors. The top floor usually has many perches; the
lower floors often have perches only along the sides.

Litter is provided on the floor of the house. In some systems the entire floor is covered with
litter and birds can walk underneath the elevated floors. In other some systems, birds cannot use
the space underneath the stacks [ 38, ASG Lelystad 2006 ].

- Aviaries with integrated nest boxes: aviaries as above but where nest boxes are integrated
within the blocks of perforated floors (see Figure 2.5, configuration B).
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The use of a system with integrated nest boxes is an evolution of the previously described non-
integrated nest system. In this type of aviaries, stacks of elevated floors with units of nest boxes
are integrated in the same stack. Often, stacks with integrated nest boxes are alternated with
stacks without nest boxes. Between the different stacks of floors, an aisle covered with litter is
positioned to enable operators to walk through the system and to provide litter to the hens. The
nest boxes (individual or group nests) are usually lined up in two rows connected with the back
of the nests.

On the elevated floors water and feed is provided. Water is usually provided through nipple
drinkers, but cups are also possible. Feed can be provided by means of chain feeders or feeding
pans. Perches are located over the elevated floors. The top floor usually has many perches, the
lower floors often have only perches along the sides of the floors. Perches are also placed in
front of the nest boxes.

Litter is provided on the bottom of the hen house. In some systems the entire floor is covered
with litter and birds can walk underneath the elevated floors. Other systems have the area
underneath the elevated floors blocked, so that hens have to jump onto the slatted floors to
continue [ 38, ASG Lelystad 2006 ].

- Portal aviaries: aviaries with elevated perforated floors, the top tier of which is a single level
which links the lower stepped platforms (see Figure 2.5 configuration D). The keeper can walk
under and upon the top tier. Nest boxes are integrated in the system. Units of nest boxes are
integrated into the same stack. Typically, litter covers fully the entire floor of the hen house and
birds can walk underneath the elevated floors. Between the different stacks of floors, under the
single level part, an aisle covered with litter is positioned to enable carers to walk through the
system and to provide litter to the hens. On the outside of the two stacks there is also an aisle
covered with litter.

On the elevated floors water and feed is provided. Water is usually provided through nipple
drinkers, but cups are also possible. Feed can be provided by means of chain feeders or feeding
pans. Perches are located over the elevated floors.
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A: Separated aviaries and
laying nests

B: Aviaries with integrated
laying nests

C: Aviaries on top of a
slatted floor

D: Portal system

E: Hanging aviaries with
integrated laying nests
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(1) Laying nest
Legend @ Arsa with slatted floors and manure belts with forced air drying

@ Litter area

Source: [ 47, Netherlands 2010 ]

Figure 2.5: Common aviary configurations

22123 Additional structures for non-cage housing

Covered veranda

This consists of an outside covered area, which is available to the birds during daylight hours.
Covered verandas are connected to the hen house and can be built as additional elements to the
house, or as a part of the main structure, covered by a roof extension. Verandas are often closed
by shutters or a curtain that can be lifted to provide hens access to the free-range area. If there is
no free range, curtains are replaced by fences of wire mesh preventing birds from getting out,
but allowing fresh air to blow freely through the area. In this case, the climate is similar to that
outside, except for the rain, which is prevented from entering the area by the use of protective
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devices. The floor of the covered veranda is usually littered (e.g. a thin layer of sand)
[ 38, ASG Lelystad 2006 ].

Free range
Free ranges can be covered with grass. The birds have access to this area from houses via pop-

holes in the wall and from the covered veranda, if present. They will use the area if they feel
there is sufficient shelter. The shelter may be trees or bushes, but it can also be artificial shelter
(elevated nets, tents). Also, a fence is used as cover to walk along. Providing a sand bath is
another way to attract poultry to use these facilities. Areas near the house may be covered with
free-draining material, in order to maintain good hygiene both outside and inside the house
[ 38, ASG Lelystad 2006 ]. Protection is also necessary from wild avifauna for biosecurity
reasons, e.g. due to the risk of avian flu.

Veranda and free-range housing variations are not intended to reduce ammonia emissions.

2.2.1.3 Pullet rearing

Success in the laying period will greatly depend on effective housing and management in the
rearing period. In order to facilitate a smooth start to the laying period, it is advisable to rear the
pullets of laying hens in a system that is similar to the one they will be housed in during the
laying period [ 38, ASG Lelystad 2006 ]. This procedure, together with a transfer well before
the onset of laying, minimises the stress due to the transfer into a new facility and,
consequently, promotes layer productivity.

Feed and light management of the pullets will also influence the production results later in life.
Stimulation too early may lead to more egg-laying problems. As the challenges hens meet in the
laying period are different for cage systems and alternative systems, the rearing management
should be focussed on the demands of the laying period [ 38, ASG Lelystad 2006 ].

The rearing phase for chicks up to 17 or 20 weeks is normally run in separate facilities because
the microbial conditions of the adult environment would be too dangerous for young chicks.
The space provided in small group housing is about 0.035-0.045 m? per bird.

Management details differentiate pullet rearing from the laying period. For instance, in pullet
rearing, more care is paid to providing heat to the few-days-old birds, to encouraging them to
feed and drink after arrival, and to synchronising their activity with lighting programmes.

Pullets can be reared in simple deep litter housing on a bedded solid floor in closed, well
insulated houses with forced ventilation and without functional areas. The manure is stored with
the bedding and is removed at the end of the rearing period, which is about 16-18 weeks. The
system is relatively animal-friendly and provides a space of 0.05-0.07 m* per head (whilst in
aviaries, 0.017-0.04 m? per head is usual). However, high ammonia, dust and odour emissions
arise due to the long-term indoor manure storage. A slatted floor covering no more than two
thirds of the area can be included, allowing a deep pit underneath. Manure is removed at the end
of the rearing period.

2.2.2 Production of broiler meat

Broiler meat is produced by growing meat-type breeds of chicken. Meat chickens stem from
broad breeding programmes which balance health, welfare and productivity. A limited number
of international companies produce hybrid varieties (strains) from combinations of many
different breeds. Traits that are mostly considered in the genetic selection are: higher breast
meat yield, more efficient feed conversion, reproduction efficiency, and improved disease
resistance. Obviously, these strains are not as well suited to laying eggs as the laying breeds.
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Directive 2007/43/EC, laying down minimum rules for the protection of chickens kept for meat
production, establishes rules for the protection of animals, aiming for a balance between animal
welfare, health, economic and social considerations, and environmental impacts.

The traditional housing for intensive broiler production is a simple, closed-building construction
of concrete or wood with artificial lighting or artificial/natural light combination lighting
systems, and thermal insulation. Forced ventilation (negative pressure principle) is applied by
way of fans and air inlet valves (see Figure 2.6). Naturally ventilated buildings are also used
which are constructed with open side walls (windows with louvre-type curtains). Open climate
houses are located so that they are freely exposed to a natural stream of air and are positioned at
a right angle to the prevailing wind direction. Additional ventilating fans may operate via ridge
slots during hot weather and gable openings may also apply to provide extra air circulation
during hot periods in summer. Wire mesh screens along upper side walls keep wild birds out.

Broilers are commonly kept on litter spread over the entire floor area. Bedding can be made up
of chopped straw or wood shavings, but also of shredded paper, rice husks or other material,
which has to comply with the provisions (dry and friable on the surface) of Directive
2007/43/EC. The floor area is usually built as a solid concrete slab, but may also consist of a
clay floor (in France, 93 % of buildings have non-concrete floors). The bedding is spread
uniformly at the beginning of each growing period and the solid manure is removed (broiler
litter) at the end of the growing period.

Modern housing is mainly equipped with controlled ventilation systems that allow climate
control for animals, litter drying, and, ultimately, for channelling air to air treatment devices.
The airflow direction depends on the position of inlets and outlets which can be placed on the
roof ridge, on side walls or gable ends. Hence the air can be drawn from the sides up to the
ridge, or from the top down to the sides (cross ventilation), or all along the length of the house
from one gable side to the other (tunnel ventilation). In housing fitted with cross ventilation, the
litter moisture may be less homogenous and can be around 10 % higher [ 91, Italy 2010 ].
Directing the ventilated air in a precise direction also allows it to be channelled entirely to an air
treatment system, without leaving any uncontrolled airflows.
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Source: [ 400, Silsoe Inst. 1997 ]

Figure 2.6: Example of schematic cross section of a common broiler house

Automatic, height-adjustable feeding and drinking systems (mostly tube feeders with round
feeder pans and nipple drinkers with drip-water catch bowls) are provided.

Closed buildings have oil- or gas-fired warm-air blowers for whole room heating, when needed,
heat exchangers (water-air, air-air) coupled to air blowers are increasingly used. Radiant heaters
(mostly gas-fired) are used for zone heating.
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Broilers are kept at a stocking density of 13 to 26 birds per m?, depending on the duration of the
fattening period and consequently of the live weight (LW) at slaughter. Typical bird weights
and ages prior to slaughter are given below:

o 34-day cycle and final weight of 1.5 kg of LW per bird;
o 40-day cycle and final weight of 2 kg of LW per bird,;

o 45-55-day cycle and final weight of 2.1 kg of LW per female bird or 3 kg of LW per
male bird.

Directive 2007/43/EC defines the maximum stocking density in a housing system as 33 kg/m®.
Broilers can also be kept at a higher stocking density of 39 kg/m® and up to 42 kg/m? if Member
States allow derogations, provided that the housing systems comply with certain welfare
requirements.

Houses can be combined with a veranda, where open side walls along the side of the house
allow birds access to a covered, outside climate area for animal welfare reasons. Verandas are
usually equipped with a base plate covered with some type of litter (scratching area) or ground
covering. Verandas are often combined with free-range systems (made accessible from the
twentieth day of the bird's life onward) where the animals have free access to an outside area
during the daytime. This production system is especially common on organic farms or in special
animal welfare programmes (see also Section 2.2.1.2.3).

2.2.3 Other poultry production sectors
2.2.31 Rearing of broiler breeders

Meat broilers are slaughtered well before they become sexually reproductive at around 5 months
of age. The broilers' parents, often called 'broiler breeders', live to maturity and beyond so they
can be used for breeding. Broiler breeder farms raise parent stock which produces fertile eggs
for broiler production. Housing is similar to that of broilers, additionally equipped with nests
where eggs are laid, or they may be reared in cage systems.

Broiler breeder rearing is typically a two-stage process. Parent stock purchased from a primary
breeder is delivered at a day old to 7-10 days old. Most are first placed on starter farms, where
males and females are raised separately, until 10-20 weeks old. In the houses where
reproduction takes place, 8-10 males are provided for a hundred females, and one nest is
provided for approximately every five females. Feeding of broiler breeders is restricted to avoid
reproductive problems.

2.2.3.2 Production of turkeys

Turkeys are reared for meat production and different production systems apply. These include
the two-phase system (e.g. in the UK, the Netherlands, Germany). The first period covers a
brooding period for all birds up to 4-6 weeks, until they reach an approximate weight of 2 kg,
after which the birds are transferred to different housing for the fattening phase. In general, the
slaughter weight for the stags is from 14.5 kg to 21 kg live weight, with a fattening period that
ends at 16-22 weeks, and for the hens, the slaughter weight is generally from 7.5 kg to 11 kg
live weight, with a fattening period between 10 and 17 weeks. The animals are kept in much
higher densities at the beginning, when they are still small. During the growing period, the birds
are thinned, and after 22 weeks only a third of the birds may be left. For example in the UK, the
hens are removed first and sold as oven-ready birds. Stags are used for further processing.
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The most commonly applied turkey housing is a traditional housing construction, which is very
similar to that used for the housing of broilers (Figure 2.6). Turkeys are housed in closed,
thermally insulated buildings with forced ventilation, or in open houses with open side walls
and louvre-type curtains (controlled natural ventilation). Forced ventilation is applied by fans
and inlet valves while natural ventilation is created via automatically controlled louvre-windows
or wall-mounted inlet valves. Open houses are aligned at right angles to the prevailing wind
direction and located in such a way as to be exposed to natural airflow. Additional ventilation is
applied via ridge slots and gable openings. Radiant gas heaters are used for heating.

Closed buildings are typically used to house all young turkeys in the first rearing period, and to
rear the females in the finishing phase. For the finishing period, stags are more often reared in
houses with open side walls and natural ventilation, which may also be fitted with outdoor free
ranges. The stocking density in Germany is reported as 5 birds/m? for the finishing period of
female turkeys and 2.8 birds/m? for the finishing period of male turkeys [ 118, Germany 2010 ].

Precautions are put in place to protect against emergencies like power cuts, extreme weather
conditions or fire, since all animals in these large units will be at risk at once. During peak
summertime temperatures, additional measures are taken to minimise heat stress on the birds
(by providing for larger-volume air exchange, operating extra fans for bird comfort in open
houses, water fogging or roof sprinkling).

Wire meshing in the upper side wall section is applied to keep wild birds out. A floor regime is
operated with litter material (chopped straw, wood shavings) with a depth of 5-7.5 cm spread
over the entire housing floor area (built of concrete), with layers topped up during the rearing
cycle reaching a depth of 20-55 cm. Manure removal and cleaning of the house takes place at
the end of each respective growing period. All manure is removed by an excavator or a front-
end loader. Litter replenishment is applied as needed. Automatic height-adjustable drinkers
(such as bell drinkers) and feeders are provided during the growing period to minimise spillages
and avoid the degradation of litter. Daylight length and light intensity can be controlled during
brooding and, in houses with forced ventilation, over the entire brooding/finishing period.

The rearing of turkeys must comply with the provisions laid down in the Council of Europe's
'Recommendation concerning turkeys (meleagris gallopavo ssp)' as adopted by the Standing
Committee of the European Convention for the protection of animals kept for farming purposes
on 21 June 2001.

2.2.3.3 Production of ducks

Ducks are generally reared for meat production. There are numerous breeds on the market, but
popular breeds for commercial meat production are Pekin and Barbary; Rouen and Muscovy are
both types of Barbary. The Muscovy and domestic duck hybrid (mallard duck) is obtained by
crossing a female Pekin duck and a male Muscovy and it is produced on farms for meat and foie
gras. Different breeds are used for egg laying, although Pekins have a reasonable laying
performance compared with the other breeds reared for meat. Pekins account for about 80 % of
meat production and Barbary ducks for 20 %. Muscovy ducks are the heavier types. Drakes are
normally heavier than female ducks (see Table 2.2).

Ducks are kept in housing, although in some Member States outdoor rearing is also allowed.
There are three main housing systems for the fattening of ducks:

. fully littered, with or without water systems positioned above a gully;
. partly slatted/partly littered;
o fully slatted.
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The commonly applied duck house is a traditional housing system and is similar to the broiler
house (Figure 2.6). It has a concrete floor that is covered with litter. The house is equipped with
a ventilation system (natural or mechanical) and, depending on the climatic conditions, heating
is applied. Partly or fully slatted floors are also used.

Table 2.2:  Range of weights of duck breeds for meat and egg production

Adult drake Adult duck

(kg) (kg)
Meat breeds
Pekin 3.00-4.50 2.80-3.75
Muscovy 4.50-5.50 2.25-3.00
Rouen 4.50-5.00 3.50-4.10
Egg breeds
Indian Runner 2.00-2.25 1.60-2.00
Khaki Campbell 2.25 2.00
Source: [ 506, TWG ILF BREF 2001 ] [ 365, France 2010 ]

Production cycles will vary between Member States. In Germany, the cycle for Pekin duck meat
production consists of a growing period until they reach 16 days old; followed by a finishing
period until day 40-42, and a final weight of 2.9-3.1 kg. Growing and finishing is done in
separate houses. Manure is removed and houses are cleaned and disinfected during a service
period of about five to seven days, before they are stocked again. The maximum stocking
density is 20 kg live weight/m? of accessible floor area in both phases. Thus, the growing houses
can accommodate approximately 20000 ducklings and the finishing houses about 6000 ducks
(see fact sheets in [39, Germany 2001]). In France, Barbary drakes and ducks are raised together
on fully slatted floors, with a density of 14.5 birds/m® until day 72, when females are then
slaughtered. Males are reared until 85 days of age [ 365, France 2010 ].

The fully littered system is commonly applied, using wheat or barley straw (including wood
shavings for the ducklings). A suitably thick bedding layer, taking into account that the manure
of ducks is much wetter than that of chicken broilers, is crucial for the good health and
condition of the birds; a daily addition is normally necessary in order to avoid wet litter.
Approximately 3—4 kg of straw per duck is needed, generating triple the quantity of manure, i.e.
9-12 kg of litter per duck at 30-35 % total solid content. Slatted flooring is also used, with the
slats made out of plastic-coated wire or synthetic material.

The rearing of ducks has to comply with the provisions laid down in the Council of Europe's
'Recommendation concerning Muscovy ducks (cairina moschata) and hybrids of Muscovy and
domestic ducks (anas platyrhynchos)' and 'Recommendation concerning Domestic ducks (anas
platyrhynchos)' as adopted by the Standing Committee of the European Convention for the
protection of animals kept for farming purposes on 22 June 1999. In particular. the design,
construction and maintenance of enclosures, buildings and equipment for ducks have to be such
that they allow the fulfilment of the essential biological requirements of ducks, such as access to
water for bathing or to water facilities sufficient in number and so designed to allow water to
cover the head and be taken up by the beak so that the duck can shake water over the body
without difficulty.

2234 Production of guinea fowl

Approximately 45 million guinea fowl are produced in Europe per year. Of the total EU
production, 86 % is situated in France, in 926 farms incorporating 1345 buildings and a total
surface area of 437000 m? [ 365, France 2010 ]. A further 13 % of European production takes
place in Italy.
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Commercial breeding and the raising of guinea keets can be compared with that of turkeys.
Guinea fowl are very different in their behaviour to chickens and need a lot of space: in France
they are reared at a density of 16.8 birds/m?, until 78 days. Breeder guinea fowl (approximately
350000 in France) are raised in cages where artificial insemination is practised systematically.
It is unclear whether there are any farms in Europe rearing guinea fowl intensively in such
numbers so as to be under the scope of Directive 2010/75/EU.

224 Control of poultry indoor environment

Housing systems for all poultry species are normally equipped to maintain the indoor
environment. Factors that are important for the indoor environment in poultry housing in
general are:

o indoor air temperature and humidity (see Section 2.2.4.1);

o air composition and air velocity at the animal level (see Section 2.2.4.2);
o light intensity (see Section 2.2.4.5);

. dust concentration (see Section 2.2.4.3);

. stocking density;

o insulation of the building.

Treatments applied to incoming air (principally for animal welfare reasons) generally comprise
dust removal, cooling and/or humidification [ 264, Loyon et al. 2010 ]. Adjustments are usually
made by controlling the temperature, ventilation and lighting. Minimum health standards and
production levels impose requirements on the indoor climate of poultry houses.

2241 Temperature control

The temperature in poultry houses is controlled by means of the following techniques:

. insulation of the building;
. local heating (deep litter systems) or space heating;

. direct heating (e.g. infrared, gas/air heating, gas convectors, hot-air cannon) or indirect
heating (central heating of space, central heating of underfloor);

. cooling by spraying of the roof (practised in warmer climates and in summer);
. cooling by spraying water mist, also known as fogging;
. wet filters (pad cooling systems);

. heat exchangers.

Floors are often made of concrete and are normally not further insulated, except for broilers (see
Section 4.6.4.1). Partly insulated floors are sometimes applied while in the northernmost
countries floors are often fully insulated (e.g. Finland). There is a potential loss of heat from the
housing by radiation to the soil underneath, but this is small and has not been reported as having
an effect on production. Heating is sometimes applied through heat recovery from the exhaust
air, which is also used for manure drying. For layers, heating is hardly needed when the
stocking density is high.
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Generally, in winter, but also during the early stages of production (young birds), heating is
applied to broilers, turkeys, ducks and pullets. Local heating is usually provided by gas radiators
that allow the animals to find their optimal temperature by displacement below the heater.
Movement is sometimes restricted when the birds (of all species) are small, to keep them near
the brooders.

The capacity of the heating equipment is related to the number of birds in the shed and the
volume of the shed. For example, in Portugal, gas radiators with a capacity of 6 000 kJ are equal
to 650 one-day-old birds per radiator, and a capacity of 12500 kJ equates to 800 newborn birds.
Some typical temperatures for the housing of broilers are shown in Table 2.3.

Table 2.3: Examples of required indoor temperature for broiler rearing
Indoor temperature (°C)
Age (days)
Portugal (}) UK France ()
1-3 37-38 30-34 31-33
3-7 35 32 30-32
7-14 32 28-30 28-30
14-21 28 27 26-28
21-29 26-23
28-35 No heating 18-21 20-23
Over 35 18-20
(%) [ 8. Portugal 1999 ]
(%) [ 40, NFU/NPA 2001 ]
(%) [ 339, ITAVI 1997 ]

In turkey housing, the required temperature is higher (32—-34 °C) at the beginning of the rearing
period, so heating may initially need to be applied. When the birds grow, the indoor temperature
is gradually decreased (see Table 2.4). When heating the turkey housing, more ventilation is
needed and this results in higher energy consumption. On a number of farms in the Netherlands,
recirculation of the air is practised, combining natural and mechanical ventilation. By operating
valves, the airflow can be adjusted in such a way that the air is mixed properly, and less energy

is then needed for heating.

Table 2.4:  Indoor temperature for rearing turkeys, applied in France
Temperature Temperature
Age (days) (°C) Age (days) °C)
0-2 33.5-34 25-26 26.5
3-4 32.5-33.5 27-28 26
5-6 32-33 29-32 25.5
7-8 31.5-325 33-34 24.5
9-10 31 35-36 24
1-14 29.5 37-38 23.5
1-16 29 39-40 23
17-18 28.5 41-42 22.5
19-20 28 43-44 21
21-22 27.5 +44 19-21
23-24 27
Source: [ 339, ITAVI 1997]

During hot weather it may be necessary to lower the indoor temperature to ensure birds do not
suffer heat stress. Directive 2007/43/EC of 28 June 2007 states that for outdoor temperatures
higher than 30°C, the interior temperature should not exceed the outside temperature by more
than 3°C.
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In practice, in spraying systems, plates located outside the building are used for injecting water
into the incoming airflow, at a low pressure of 3 to 5 bar. These devices are the least expensive
and allow a maximum cooling of 3-5°C but have a lower cooling efficiency, e.g. a spraying
device needs three to five times more water than a fogging system for the same cooling effect
[ 358, France 2010 ].

The main cooling techniques used in poultry farming are water fogging (see Section 2.2.4.3)
and wet filters (see Section 2.2.4.4) which are based on evaporative cooling. A farmer needs to
utilise both air movement and evaporative cooling during hot weather to keep birds comfortable
and productive, taking into account the relative humidity in the barn.

2242 Ventilation of poultry housing

Poultry housing can be naturally and/or forced ventilated, depending on the climatic conditions
and the birds’ requirements. Ventilation has the objective of circulating the air in order to
provide fresh air and to remove gaseous products, heat and moisture to ensure a suitable indoor
climate.

The building can be designed to force the ventilation airstream across, or longitudinally through,
the building or from an open ridge in the roof downwards via fans below the cages. For both
natural and forced ventilation systems, the prevailing wind direction may influence the
positioning of the building, for instance it may increase the required control of the ventilation
airflow, as well as reduce emissions to sensitive receptors in the vicinity of the farm. Where low
outdoor temperatures occur, heating equipment may be installed to maintain the required
temperature inside the building.

Ventilation is important for the birds’ health and will therefore affect production levels. It is
applied when cooling is required, and for maintaining the composition of the indoor air at the
required levels. For broilers for example, Directive 2007/43/EC lays down minimum
requirements environmental parameters that need to be ensured, namely:

o NH; concentration not exceeding 20 ppm;
o CO, concentration not exceeding 3000 ppm;

o indoor temperature, when the outside temperature measured in the shade exceeds 30 °C,
not exceeding this outside temperature by more than 3 °C;

. indoor average humidity, measured over 48 hours, not exceeding 70 % when the outdoor
temperature is below 10 °C.

Parameters for controlling fan speed and air inlet openings may include temperature, relative
humidity and carbon dioxide concentration which are monitored by appropriate sensors.
Additional air parameters can be controlled. For example, for the composition of air in broiler
housing in Belgium-Flanders, upper limit values are also set for H,S at 20 ppm and for SO, at
5 ppm.

Ventilation systems can be divided into natural and forced systems. Natural systems are
comprised of openings in the ridges of the roof. Minimum outlet sizes are 2.5 cm*m® of housing
volume, with a required inlet of 2.5 cm*m?® on each side of the building. With natural systems,
the design of the building is important to enhance ventilation. If width and height are not
properly matched, ventilation may be insufficient and may give rise to increased levels of odour
inside the housing.

Forced (mechanical) ventilation systems, where ventilation is carried out through the use of
electrically powered fans in the walls or roof that are normally controlled by the temperature in
the building, operate under negative pressure and a net inlet of 2 cm?/m? of housing volume.

58 Intensive Rearing of Poultry or Pigs



Chapter 2

They are more expensive, but give better control of the indoor climate. Different designs are
applied, such as:

o roof/side ventilation: air is pulled down across the width of the house by air inlets and
fans in the roof and exits through side vents;

o ridge ventilation: air is drawn in through openings in side walls and forced out via fans on
ridges;

o cross ventilation: air is pulled across the width of the house by air inlets and fans in side
walls;

o tunnel ventilation: air is pulled down the length of the house with air inlets and fans in
gable end walls.

For layers housed in cages, the ventilation airflow ranges from 3 to 7 m® per bird per hour in the
summer (depending on the climate zone) and 0.5 to 0.8 m® per bird per hour in the winter [ 39,
Germany 2001 ].

Generally, the ventilation capacity of 4-6 m® per kg live weight is applied in the design of
ventilation systems for broilers. The air speed at bird level varies with temperature, and speed
levels of 0.1-0.3 m/s have been reported [ 8, Portugal 1999 ]. The ventilation capacity changes
with the outside air temperature and relative humidity (RH) and with the age and live weight of
the birds (CO,, water and heat requirements).

The relationship between ventilation needs and the different variables was reported in a study
conducted in Belgium. With an outside air temperature of 15°C and a RH of 60 %, the
ventilation was determined by the CO, balance in the first three days, by the water balance in
the first 28 days, and after this by the heat balance. With lower outside air temperatures, the CO,
balance and water balance become more important. From a temperature of 15°C, the heat
balance becomes more important in combination with lower RH and heavier chickens. It was
concluded that a minimum ventilation requirement for broilers should be set at 1 m* per kg live
weight, to be prudent [ 509, Province Antwerpen 1999 ].

2.24.3 Water fogging

Fogging systems are a means of lowering the indoor temperature in regions with high summer
temperatures, and controlling humidity and dust. The key characterisation parameters for the
equipment are pressure and design. Water is sprayed through specially designed nozzles and
indoor air is cooled through evaporative cooling.

The fogging system at medium pressure (< 70 bar) has a good cost efficiency but presents risks
of litter moistening. The fogging system at a high pressure (> 70 bar) is more sensitive to the
water quality and the clogging of the nozzle. The higher cooling efficiency makes it possible to
obtain a reduction in temperature of up to 10 °C when the surrounding air is dry and the droplets
fine enough (< 10 microns) [ 358, France 2010 ].

In combination with fans, evaporative cooling is combined with convective cooling: evaporation
cools the air and fans, which are placed close to the nozzles, to create an airflow that intensifies
the cooling effect. The benefits of this technique are:

o cooling effect;
° dust abatement (see Section 2.2.4.6);
o additive products can be sprayed simultaneously with water;

o cleaning of slatted floors, where present, is easier.
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2244 Pad cooling

Pad cooling systems (or wet filters) are used to cool down the incoming air in poultry houses by
a water evaporation effect. The system is most effective at high temperatures and low relative
humidities.

The pads are cellulose or plastic panels with a large specific surface area and are continuously
kept soaked. The warm incoming air flows through the moist pads (by negative pressure), taking
up humidity and cooling down in turn. Excess water is recirculated [ 358, France 2010 ].

The residual salinity of the circulating water and the possibility that pathogenic organisms can
develop on the large surfaces are the main difficulties encountered with the management of
these systems.

2.2.45 Lighting of poultry housing

Poultry housing may use only artificial light or may allow natural light to enter (sometimes
called ‘daylight housing”). The laying activity and laying rate can be influenced by the use of
artificial lighting.

Minimum light intensity and light periods (lighting duration per day) are regulated by Directive
1999/74/EC of 19 July 1999, laying down minimum standards for the protection of laying hens,
and Directive 2007/43/EC of 28 June 2007, laying down minimum rules for the protection of
chickens kept for meat production. In particular, the following requirements apply:

. In broiler houses, a lighting intensity of at least 20 lux during the lighting periods and
illuminating at least 80 % of the usable area is required (temporary reduction may be
allowed following veterinary advice). In addition, within seven days from the time when
the chickens are placed in the building and until three days before the foreseen time of
slaughter, the lighting must follow a 24-hour rhythm and include periods of darkness
lasting at least 6 hours in total, with at least one uninterrupted period of darkness of at
least 4 hours, excluding dimming periods;

. For the production of laying hens, all buildings shall have light levels sufficient to allow
all hens to see one another and be seen clearly, to investigate their surroundings visually
and to show normal levels of activity. After the first days of conditioning, the lighting
regime must follow a 24-hour rhythm and include an adequate uninterrupted period of
darkness lasting, by way of indication, about one third of the day. A period of twilight of
sufficient duration ought to be provided when the light is dimmed, so that the hens may
settle down.

Different lighting schemes are applied with alternating periods of light and darkness. An
example of lighting program is shown in Table 2.5 for broilers.

Table 2.5:  Examples of lighting programmes for broiler production
Light Hours of
Age of birds (days) intensity light per
(lux) day
1-3 20 23
4-10 5 8
11-15 5 12
16-21 5 16
22-35 5 18
36-42 5 23
Source: [ 709, The Poultry Site 2017 ]
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In laying hens, the photoperiod length is usually between 12 and 17 hours in practice, often
increasing as the birds increase in age (for gonadal stimulation). Good production results can
also be achieved with intermittent photoperiods (alternating short periods of light and darkness).
Light intensity necessary to keep a normal laying rate is 5 to 7 lux. Light intensities well over
10 lux are usually avoided to prevent serious feather pecking.

Where there is natural light in laying hen houses, apertures are often shaded or baffled to avoid
direct sunlight and thus arranged in such a way that light is distributed evenly within the
accommodation. For the first few days after housing light may be fairly bright. Later the light
intensity should be such as to prevent health and behavioural problems [ 38, ASG Lelystad

2006 ].

In turkey rearing, lighting is particularly important during the first few days of rearing
(1-7 days), when programmes with a light intensity of at least 10 lux or more (up to 50 lux) and
2 to 3 hours of darkness are applied. Afterwards, the light intensity is reduced. Light schemes
can vary from at least 14 to 16 hours a day, with an appropriate period of rest from artificial
lighting always available to birds in conformance with Directive 98/58/EC.

2.2.4.6 Control of dust

Controlling dust at source not only reduces emissions to the external environment, but also
helps to maintain a better indoor environment for animals and workers. Animal activity is
normally a factor in increasing dust emission. Dust levels may also increase when the form of
the feed is dusty, such as with some non-pelleted feeds for laying hens. Broiler feed is less dusty
as it contains a higher level of fat. The equipment in which feed is administered can also
increase the amount of airborne dust. Automatic feeders can generate dust when the feed is
dropped into the troughs.

Dust emissions are generally higher in houses using bedding than in enriched cages. Oil
spraying is an inexpensive and effective abatement method, removing airborne dust by binding
it to oil in the litter (see Section 4.8.4); however, cleaning of the houses can be more difficult
and the quality of the litter can be affected.

Dry filters can be fitted to internal air recirculation units. Negative ionisation of indoor air
deposits fine dust on surfaces which can easily be removed after each growing cycle (see
Figure 2.7).

Source: [ 377, Netherlands 2010 ]

Figure 2.7: Effect of dust attraction caused by ionisation on the roof of a poultry shed
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Water fogging (see Section 4.8.3) produces small droplets that absorb airborne particles and fall
on the floor. It is important that the size of water and dust particles are similar, in the range of a
few micrometres. If the sprayed droplets are too large, the dust particles flow around the
droplets and are not absorbed, as little or no contact occurs.

2.2.5 Poultry feed and drink supply
2251 Poultry feed formulation

Feeding is very important, as it determines the quality of the end products. For example, broiler
growth (reaching the required weight in only 5 to 8 weeks) depends largely on feed quality. The
way feed is obtained varies from the purchase of ready-to-use feed mixtures to on-farm milling
and preparation of the required mixtures, which are often stored in silos adjacent to the birds’
housing. The formulation of poultry feed has also to meet the requirements of the animals by
ensuring the right level of energy and essential nutrients, such as amino acids, vitamins and
minerals.

In poultry production, the energy value of a feed (ingredient or diet) is expressed as the
metabolisable energy (ME) as it is not possible to measure the digestible energy (DE) since
faeces and urine are not separated and because of the negligible energy losses of the heat
increment which is needed for the formulation of net energy (NE).

The essential amino acids (or indispensable amino acids) are those that the animal metabolism
cannot provide or can only provide in small quantities. Therefore, essential amino acids must be
supplied through the diet in sufficient quantities to cover the animals' requirements. The
essential amino acids are methionine (+cystine), lysine, threonine, valine, isoleucine, leucine,
tryptophan, arginine, histidine and phenylalanine (+tyrosine).

Cystine is not an essential amino acid per se, but methionine can only be made from cysteine
and thus they are always linked. In formulations of poultry feed, the most frequent amino acid
deficiencies are sulphur amino acids (methionine and cysteine) and lysine. Another quoted
deficiency is typically threonine [ 506, TWG ILF BREF 2001 ]. However, latest developments
in the production of amino acids means more amino acids are now available for better poultry
feed formulations.

In the formulation of feeds for poultry nutrition, the ideal protein is a concept where the
optimum indispensable amino acids supply is described in terms of ratios to lysine (which has
been used as a reference because it is the first limiting amino acid for growth in pigs) and where
any deficiency of one of the indispensable amino acids will compromise growth and/or health.
In this profile, all indispensable amino acids are equally essential for performance, just covering
the requirements for all physiological functions. In practical nutrition, this offers the advantage
that the lysine requirement will vary (per kg of feed or per MJ of energy), but not the ideal
amino acids profile expressed relative to lysine. Each of these ratios can thus be directly
introduced as a constraint in feed formulation.

Formulating feeds can require the use of linear programming to obtain the required mixtures.
Layers, in particular, require sufficient calcium to produce the eggshell. Phosphorus is important
for its role in the storage of calcium in the bones and will either be fed as a supplement or made
more readily available from feedstuffs used in the diet by, for example, adding phytase to the
feed. Other minerals (trace elements) in the feed can be varyingly controlled as well: Na, K, Cl,
I, Fe, Cu, Mn, Se and Zn, while others like S and F are already sufficiently available in the feed.
Vitamins are not produced by the animals themselves, or are produced in insufficient quantities,
and should therefore be added to the daily ration. Vitamins are often part of a premix with
minerals.
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The use of additives in animal feed is regulated at European Union level (Commission
Regulations 1831/2003 and 429/2008). Each additive is evaluated for safety and efficacy, as
well as for the way it is used in animal nutrition. Only after a thorough risk assessment is each
feed additive authorised for use accompanied by the conditions of that use and its effects,
indicating the minimum and maximum dosage in feeds, for which species it is applicable, the
appropriate age of the animal and whether a withdrawal period has to be observed.

The composition of poultry feed also varies considerably between Member States, as it is a
mixture of different ingredients, such as:

o cereals grains, their products and by-products;

. oilseeds, oil fruits, their products and by-products, tubers, roots, their products and by-
products;

o other seeds and fruits, their products and by-products;

o milk products and fish, other marine animals, their products and by-products.

Meat and bone meal is banned in Europe. In Spain, pork lard is added to the feed because of the
lack of the enzyme lactase, but milk products are not included. In the UK, ‘bulbs, tubers and
roots or root crops’ are not fed to poultry. In France, animal fats are not used. In Danish broiler
production, wholewheat is added to the broiler feed at the farm, from day 10. The share of
wholewheat in the total feed is initially 2 % at day 10 and is then continuously increased up to
30-35 % at the end of the production cycle.

Different substances can be added to poultry feed for different reasons, e.g.:

o Some substances are added in small amounts, but can have a positive effect on growth, by
increasing the weight gained and improving the feed conversion ratio (FCR). Enzymes,
herbs, essential oils, immunostimulants and organic acids are examples of substances
used (compounds of Cu and Zn may also be included in this category).

o Some substances raise the nutritional quality of the feed (e.g. vitamins, trace elements).

o Some substances improve the technical quality of the feed, e.g. technological additives,
such as those that can improve the pressing of feed into granules.

o Some substances balance the protein quality of the feed, therefore improving the
protein/nitrogen conversion (pure amino acids).

o Some substances increase the digestibility of phosphorus of plant origin, therefore
improving phosphorus uptake from feed (e.g. the enzyme phytase).

The use of antibiotics as feed additives in animal feed to stimulate growth is prohibited under
EU Regulation No 1831/2003/EC. Coccidiostats and histomonostats may be added to prevent
the development of parasites. Such products are regulated as additives in animal nutrition.

Apart from the feed formulation, different types of feeding regimes are also adopted during
production cycles to match the feed more closely to the requirements of the birds. For the
different categories, the following numbers of feeds are most commonly applied:

o layers: 2 phases (feeding up to laying, during laying);
o broilers: 34 phases (early weeks growing, finishing);
o turkeys:  4-6 phases (more types for stags than for hens);

o ducks: 2-3 phases.

Intensive Rearing of Poultry or Pigs 63



Chapter 2

Layers can also have six-phase feeding, three phases up to laying (pullets) and three phases
during laying, or two to three phases up to laying (pullets) and one or two phases during laying
[ 40, NFU/NPA 2001 ] [ 506, TWG ILF BREF 2001 ]. Feeding programmes for broilers are
affected by the strain of bird, as well as the sex and market age or market weight
[ 327, Germany 2010 ].

2.25.2 Feeding systems

Feeding practices depend on the type of production and bird species. Feed is given in mashed
form, crumbs, or pellets. Layers are generally fed ad libitum [ 40, NFU/NPA 2001 ] [ 30, Spain
2001 ]. Meat species, such as broilers and turkeys, are also fed ad libitum. Hand feeding is still
applied, but in large enterprises modern feeding systems are applied that reduce the spillage of
feed and that allow accurate (phase) feeding.

Common feeding systems are:

. chain feed conveyor;
. auger conveyor;
. feeding pans;

. moving feed hopper.

Chain feed conveyors move feed from the storage area through to the feeding gutter. It is
possible to influence the feeding pattern, spilling and rationing by adjusting the velocity of the
conveyor. Chain feed conveyors are common in floor systems and are also applied in cage
systems. In the auger conveyor, feed is pushed or pulled through the feeding gutter by a spiral.
Spillage is low. Application is common in floor systems and aviary systems.

Feeding pans or bowls are connected with supply via the transport system. The diameter varies
from 300 mm to 400 mm. Feed is transported by a spiral, chain or a steel rod with small
scrapers. The system is designed with a lifting device. They are applied in floor systems (e.g.
broilers, turkeys and ducks). In the case of bowls, one bowl feeds approximately 65-70 birds.
For the feeding of turkeys, feeding pans are used in the earlier life stage but, at a later stage,
feeding barrels (50-60 kg) are also used. Feed is supplied in large buckets or square feeding
troughs. Tube feeding systems are increasingly applied to reduce spillage.

A feed hopper is a moving system that moves alongside the cages on wheels or a rail, and is
equipped with a funnel-shaped hopper. Moved by hand or electrically, this system fills the
feeding trays or gutters.

Examples of feeding space allowances (in the UK) for meat poultry species are as follows:

o Broiler, pan feeders: 1 linear metre per 100 birds.
. Broiler, chain feeders: 0.75 linear metre per 100 birds.
o Turkeys, pan feeders: 1 linear metre per 100 birds.

. Ducks, trough space: 50 cm per 100 birds from 1 day old to 8 weeks of age, 60 cm per
100 birds of 8 weeks of age and over.
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2.253 Drinking water supply systems

All animals must have permanent access to a suitable water supply or be able to satisfy their
fluid intake needs by other means (Directive 98/58/EC). For all poultry species water has to be
available without restriction. Birds need water to control their body temperature, as well to
support the digestion of the feed provided. The drinking water system is also used to provide
additional micronutrients to birds in case of additional requirements. Techniques applying
restricted watering have been tried but for welfare reasons this practice is no longer allowed
(except for breeders).

Various drinking systems are applied. Design, proper maintenance and control of the drinking
system aim to provide sufficient water at all times and, at the same time, to prevent leakages and
spillage and, therefore, wetting of the litter. Natural drinking behaviour also has to be
considered, e.g. hens drink by putting their beak into the water, and then lifting their head and
letting the water run down their throat.

There are different drinking systems:

o high-capacity nipple drinkers (around 80-90 ml/min or higher);
o low-capacity nipple drinkers (around 30-50 ml/min);
o round (or bell) drinkers;

o water troughs (or cup drinkers);

Nipple drinkers are often used in automatic watering systems designed to provide water on
demand to broilers or laying hens. They improve water hygiene and reduce evaporation.

Nipple drinkers have various designs. Usually, they are made of a combination of plastic and
steel and are placed underneath the water supply pipe. A pressure control system is installed at
the beginning of each pipe, with a water gauge to measure consumption. Pressure regulation in
water lines is a critical aspect as leaking is often the result of the wrong water pressure (e.g. any
slope in the floor and long pipelines may create pressure differences in the system). Drinkers are
generally designed to produce optimal results within a certain pressure range.

High-capacity nipple drinkers have the advantage that the bird quickly receives a proper amount
of water, but have the disadvantage of leaking water during drinking. To catch this leakage,
small cups are installed underneath the nipples (drip cups). Nipple drinkers with a drip cup are
the most economical in water consumption. Low-capacity nipple drinkers are not affected by
leakage, but drinking takes longer with nipples than with bell drinkers. In non-cage systems for
laying hens, the drinking hens may block other hens on their way to the nest, and so eggs may
be laid in incorrect places [ 407, Netherlands 2002 ].

In floor housing, the nipple drinker system can be installed in such a way that it can be lifted out
(for example for cleaning and mucking out). It works with low pressure. Additionally, the
nipple line is generally positioned above the birds’ heads and gradually raised as the birds grow
to avoid water leaking and spoiling the litter underfoot. Additionally, some individuals' water
intake (and hence food intake) may be constrained through inefficient use of nipples, and these
and other slower-growing birds may find it increasingly difficult to obtain water as nipple lines
are raised progressively during the growing period [ 624, IRPP TWG 2013 ].

Round drinkers are small, circular plastic containers of different designs (e.g. bell-shaped
designs) depending on the type of bird or the system they are applied to. They are usually
attached to a winch line and can be pulled up. They work on low pressure and are easily
adjustable. Round drinkers (or bell drinkers) are the oldest systems but are still widely used in
turkey and duck rearing. They incur a notable waste of water because even a minimal movement
of a bird’s head leads to spillages. Stabilisers are also applied to prevent tipping over
[ 357, France 2010 ].
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Water troughs (or cup drinkers) are containers providing water which are placed on or below the
water supply pipe. Cups are either filled with water all the time or filled when a metal strip is
touched by a bird. Other valves can also be used to trigger water delivery, e.g. a floating ball for
young poultry that cannot force valves to open. Cup drinkers are placed in groups or in lines and
can minimise stagnant water; however, they can be more complicated to keep clean.

In most layer housing systems, automatic watering systems are applied using nipple drinkers. In
the Netherlands, 90 % of the water supply systems for layers are nipple drinkers and 10 % are
round drinkers [ 407, Netherlands 2002 ]. The number of birds serviced in France by the
different types of drinking systems is shown in Table 2.6.

Table 2.6:  Number of birds serviced by each type of drinking equipment in France

Species Starter Serviced birds | Grower/Finisher | Serviced birds
Round drinker 100-150 Round drinker 100-130
Broiler Nipple drinker 10-20 Nipple drinker 15-18
Drinker with cup 200-250 Drinker with cup 200-250
Large cup 60
Round drinker 50-200 Round drinker 100-120
Mini-cup 20 Mini-cup 20
Turkey Large cup 100 Large cup 100
Nipple drinker 8-10 Nipple drinker 100-120
Drinker with cup 200-250 Drinker with cup 135
Duck Round drinker 50 Round drinker, 120-150
Nipple drinker (%) 5-7 Nipple drinker (%) 5-7
Guinea fowl Rgund dri_nker 50 R(_)und dri_nker 100-130
Nipple drinker 15 Nipple drinker 15

(%) When nipple drinkers are provided as the drinking source, then an additional water source must also
be provided, such as troughs, bell drinkers, baths or showers.

Source: [ 357, France 2010] [ 500, IRPP TWG 2011 ]

In broiler houses, watering points are installed in many places, frequently using a combination
of round drinkers and nipples drinkers. The round drinker design gives every bird easy access to
water and aims at limiting spillage, to prevent wetting the litter.

In the UK, nipple drinkers are more commonly applied for broilers than round drinkers. In the
Netherlands, only 10 % of the water supply systems for broilers are nipple drinkers and 90 %
are round drinkers. In France, 80 % of broiler farms use nipple drinkers, 15 % bell drinkers and
5 % cup drinkers [ 40, NFU/NPA 2001 ] [ 407, Netherlands 2002 ] [ 357, France 2010 ].

Drinking water for turkeys is supplied using round drinkers or water troughs. Round drinkers
and troughs can differ in size according to the stage of production (smaller or larger birds).
Nipple drinkers are generally not applied, as turkeys do not use these effectively. In France,
30 % of turkey farms use nipple drinkers, 20 % use cup drinkers and 50 % bell drinkers
[ 357, France 2010 ].

For duck rearing in the UK, a minimum water drinker space of 60 cm per 100 birds should be
provided. The most commonly used source is the bell drinker. Ongoing research in the UK aims
to determine the height, width and depth of the most suitable trough-type drinkers. Where nipple
drinkers are provided as the drinking source, then an additional water source should also be
provided, such as troughs, bell drinkers, baths or showers. In France, 75 % of duck farms use
bell drinkers and the rest nipple drinkers [ 357, France 2010 ].
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2.3  Pig production

23.1 Pig housing and manure collection

In intensive pig production systems, separate phases of production are recognised which require
different feeding and housing conditions:

o breeding (including mating, gestating, farrowing and neonatal period);
. weaning;

o fattening (growing and finishing).

The gestation length of the sow is approximately 112 to 115 days. The average litter size in the
EU is 11. After birth, piglets are nursed by their dams for approximately 21 to 28 (in some
Member States up to 35) days. During this phase of production in most Member States, male
piglets that will not be used for breeding are surgically castrated.

After weaning, piglets are generally moved to - and mixed with - members of other litters in
specially designed housing systems for weaners. This phase presents the greatest management
challenge as dietetic changes (from milk to solid foods at this early age) are frequently
associated with disease outbreaks. After about 5 weeks, when the piglets reach approximately
30 kg live weight the weaned pigs are moved on to further accommodation to finish their
growth prior to slaughter.

As the selection of individuals to fill pens in the fattening houses is based on live weight,
members of different litters may become pen mates in the fattening pens. There are a few
instances where pigs are housed together during the entire rearing period from weaning to
slaughter. However, due to economic reasons, different management and environmental
requirements during the production phases, these systems are rare. The length of time that pigs
spend in the fattening sheds will be determined by their growth rate as in most systems the live
weight determines the time of slaughter. The weight of carcasses will depend on the demand for
meat cuts.

Housing system designs are affected by a number of factors including climate, legislation,
economics, farm structure and ownership, research and traditions. EU legislation, combined
with certain socio-economic issues, has had a great impact on pig housing systems in Member
States. Changes have also come about because of retailing standards applied in certain Member
States which have had a major effect on the production methods used by some producers [ 495,

EFSA 2007 ].

Production systems can be divided into two main categories, those based on liquid manure
(slurry) and those based on solid manure. Some of these systems provide different climatic
zones where the pig can choose its microclimate for various activities (i.e. for resting in kennels
or under thermo-boards). The main common characteristics of both systems, for all animal types
(sows, weaners, fattening pigs), are given below.

Techniques based on slurry

In liquid manure techniques, fully or partly slatted (or perforated) floors with slurry channels or
pits situated underneath are used. Housing systems with slatted floors are the most widely used
throughout the EU. Hygiene is maintained in these systems, usually in the absence of any
bedding (or bedding is used only in relatively small quantities, e.g. as occupational material), by
the installation of slatted or perforated floors through which the excreta can fall and be stored in
a physically separate place to that occupied by the animals. Slurry can be stored in the animal
house or removed continuously or periodically (e.g. at the end of the production cycle) via
channels and pipes to outdoor storage.
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Floors may be fully slatted over the entire pen area, or have a solid concrete lying area
combined with a slatted dunging area. Pens with partly slatted floors may require more space
than fully slatted floors. Partly slatted floor systems need to provide enough space for pigs to be
able to maintain separate and distinct lying and dunging areas, so that the solid portion of the
floor and the pigs can be kept clean. Some pens are therefore equipped with two floor types that
differ in the degree of perforation (i.e. 40 % versus 10 %; the area with lower perforation being
intended for lying) in order to lessen the risk of reduced cleanliness.

Slats can be made of concrete, metal (mostly iron) or plastic and have different shapes (e.g.
triangular), although the use of composite materials is increasing. One critical component for
the efficient use of slatted floors is the dimension of the gap between slats in relation to the
dimensions of the animal feet at any given age.

Directive 2008/120/EC of 18 December 2008 lays down minimum standards for the protection
of pigs and, among other things, imposes a maximum width of openings in concrete slatted
floors according to pig category. The maximum width of the openings must be 11 mm for
piglets, 14 mm for weaners, 18 mm for rearing pigs and 20 mm for gilts after service and sows.
Directive 2008/120/EC also determines the minimum slat width, which is 50 mm for piglets and
weaners, and 80 mm for rearing pigs, gilts after service and sows [ 158, EC 2008 ].

The manufacture of precast concrete flooring is covered by a European Standard
(EN +A1:2007), consistent with Council Directive 2001/88/EC. This standard specifies both
minimum and maximum gap and beam widths for precast concrete floors together with a
manufacturing tolerance. The top of the beams are not permitted to have sharp edges; where
radius or chamfer are provided these shall not exceed 3 mm.

Concrete slats have proved to be more durable than other materials, such as metal and plastic.
Smooth finishes facilitate cleaning and ensure that no faecal matter builds up. Systems for
removing manure and urine are related to the flooring system and as such are described in the
context of housing systems. These systems may vary from deep pits with a long storage period
to shallow pits and manure channels through which the slurry is removed frequently by gravity
and valves, by flushing with a liquid or by scraping.

The base and walls of the slurry pit, including the channels for slurry transfer, are usually built
of reinforced concrete cast in situ, precast reinforced concrete modules or concrete blocks sealed
with a waterproof coating. Channels have a flat or a V-shaped base. V-shaped channels are
prone to potential blockages caused by solids left behind as the liquid fraction of the slurry may
run off faster during evacuation [ 175, Ecodyn 2010] [ 624, IRPP TWG 2013].

Moreover, some countries have formulated demands stricter than or additional to the EU
legislation with respect to floor area, floor design, or provision of natural light. For example, in
Denmark and the Netherlands, the requirement for continuous solid floor space is greater for
most pigs and the maximum drainage opening smaller than those mentioned in the EU
Directive; in Sweden, there is a ban on fully slatted floors in all pig housing; in Germany,
houses for the rearing of fattening pigs are required to have at least 50 % continuous solid floor
[ 201, Mul M. et al 2010].

In general, there is increasing attention being paid to the provision of manipulable materials to
animals, in order to provide them with the opportunity to behave naturally (foraging, rooting,
nesting, etc.). When these behavioural needs are not met, which can be different for the different
pig categories, a range of adverse welfare consequences result, one of these being an increased
risk of tail biting in weaners and fattening pigs [ 566, EFSA 2014 ].

Techniques based on solid manure

In solid manure techniques, the solid floors of the pens are littered with bedding material in
order to bind urine and faeces in the litter. Straw and other materials, such as wood shavings,
sawdust and peat (in Finland) are used. Bedding materials should be comfortable to lie on, non-
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abrasive, non-slippery, highly absorbent and have low levels of environmental bacteria and
mycotoxin contamination. Bedding materials have different capacities to absorb moisture, in
proportion to their dry weight. The absorbency and characteristics of different bedding materials
are presented in Table 2.7.

Table 2.7:  Absorbency and characteristics of different bedding types

Mean absorbency

. . factor
Bedding material (kg water absorbed/kg Remarks
material
Coarse sawdust is extremely absorbent. Fine
1 sawdust is not a suitable bedding material due to
Sawdust (1) 2.60 potential health problems for workers and
animals because of increased dust emissions.
Commonly used for pigs; soft and does not
Barley straw (%) 1.91 contain much dust. The least absorbent of all
straw types.
The most commonly used material for pigs;
Wheat straw (%) 2.14 quite brittle, not as soft as barley and with wider

stalks. The least palatable of all the straws.
Softer than wheat straw and, therefore, more
absorbent than all other straws. It can be
Oat straw 2.86 expensive due to its feed wvalue. Highly
palatable; however, very light and fluffy so will
blow away quite easily in outdoor units.

Similar to wheat straw, although a little harder.
It produces a 30 % larger volume of straw

i 1
Triticale straw () 1.97 compared with the equivalent yield of wheat or
barley straw.
Only available when the cob is used for animal
Cornstalks 2.70 feed rather than when the whole plant is used for

silage.

Dust-free, very absorbent and costs little.
Excellent bedding material especially for
Shredded paper (%) 2.08 farrowing sows. Light to handle and easy to
transport packaged in bales. Also works well
mixed with straw.

Good drainage properties. Can be obtained free
of charge from processing plants and joinery
manufacture, thus incurring only transport costs.
Likely the most cost-effective option when
NI produced on farm from home-grown or recycled
wood. Can also be used underneath straw. Wood
chips produced from wood that has been treated
with chemical preservatives or glues cannot be
used as a bedding material.

Peat has a very high absorption capacity. High
Peat 3.8-5.2 dust emissions are associated with its use as a
litter material, mainly during its application.

(%) Values calculated on the basis of the information reported in reference [ 388, BPEX 2011 ].

NB: NI = no information provided.

Source: [ 388, BPEX 2011 ] [ 624, IRPP TWG 2013 ]

Wood chips/Coarse
wood shavings

Straw is a manipulable material enabling rooting. It also provides thermal insulation and
physical cushioning, as well as having a moderate absorption capacity, making it an effective
bedding material. The viability of straw (availability and cost) is affected by plant harvests and
competition from different uses (e.g. biofuel). In the UK, pig farms typically use wheat and
barley straw and occasionally oat straw.
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Due to the large surface area and the high C: N ratio, straw can reduce emissions of NHj if
properly managed (i.e. keeping the litter dry by more frequent straw addition or manure
removal, hence at an additional cost) but, on the other hand, may also result in the in situ
composting of the litter and hence increased litter temperature and NH; emissions
[ 252, IGER 2005 ].

Additionally, compared to slurry management, straw bedding may lead to significantly higher
emissions of greenhouse gases (methane and nitrous oxide). Nevertheless, CH, emissions from
the straw-based sow housing systems are not greater than the emissions from the slurry-based
systems, as it seems that CH,4 produced in the deeper anaerobic layers of the litter bed is readily
oxidised to CO, in the surface layer, due to aeration by the rooting and foraging behaviour of
the pigs [ 441, Webb et al. 2012 ]. Finally, provision of straw, especially straw of poor quality,
and the use of wood chips and sawdust will increase the production of airborne particles such as
dust, moulds and fungi associated with respiratory disturbances in pigs and humans [ 495,

EFSA 2007 ].

Use of straw in pig housing is expected to increase due to concern for the welfare of the pigs. In
conjunction with (automatically controlled) naturally ventilated housing systems, straw allows
the animals to self-regulate their temperature with less ventilation and heating, reducing energy
consumption. The integrated evaluation of straw use should consider the added cost of the straw
and mucking out the pens; possible increased emissions from storage and landspreading with
straw; and the benefit of adding organic matter to the soil [ 508, TFRN 2014 ].

[ 500, IRPP TWG 2011 ]

For litter-based systems, even though there are a number of designs and layouts of the animal
house and different practices for manure management, two main methods of litter management
can be distinguished.

a. Littered-floor system (or 'scraped litter"): In scraped systems, the lying and dunging areas are
made structurally distinct and the manure is removed at frequent intervals from the dunging
area. Animals are provided with little to moderate amounts of litter which serves as an
absorptive and manipulable material [ 495, EFSA 2007 ].

When straw is used as bedding material, the manure is scraped with a typical frequency of
between two and three times a week or manually removed from once or twice a week up to a
daily frequency. Topping up with fresh dry litter is regularly carried out in order to prevent the
litter from becoming too wet; this operation replaces the amount of straw which is removed with
the manure. The smaller the amount of litter applied, the higher the risk of an increase in
humidity and ammonia emissions. Floors can be sloped to one end to allow the collection of the
manure resulting from the mixture of dung and straw.

b. Deep litter (or ‘accumulated litter'): The litter accumulates on the floor and a permanently
thick bedding is provided. Fresh straw is added upon necessity (usually every week) over
accumulating manure, which is removed at the end of the rearing period or can remain for
periods longer than one production cycle (removal after successive production cycles). This
period can range from a few weeks (piglets, sows) to several months (fattening pigs, sows).
After the bedding material is spread, litter may need to be stirred, since pigs tend to defecate in
the same area of the pen. The abundance of bedding can alleviate the effect of low temperatures.

In deep litter systems, the whole area occupied by the animal has to be kept clean and dry by
regular provision of absorbent bedding material. In such systems the animals will often
subdivide the pen area into separate lying and dunging areas, choosing to lie in the most
thermally comfortable and undisturbed areas and excreting in areas of the pen which are cold,
wet or draughty. Space requirements are therefore greater in these systems compared with fully
or partly slatted pens [ 495, EFSA 2007 ].
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In the case of sawdust used as a bedding material, only a deep litter system is used; this can be a
thick (60-80 cm) or thin (15-20 cm) bedding. The majority of sawdust bedding is provided at
the start of the production cycle. The deep sawdust bedding is used for several batches and the
surface layer is removed at the end of the cycle. In the case of thin sawdust bedding, no sawdust
is added during the cycle and manure is removed at its end [ 262, France 2010 ].

In insulated buildings (and during summer periods in uninsulated ones) the upper critical
temperature of the deep bedding systems, especially when the bedding is fermenting and
producing a large amount of heat, may be critical in creating thermoregulatory problems,
resulting in heat stress and decreased performance; the heat production will also lead to
increased evaporation of water [ 495, EFSA 2007 ].

Sections 2.3.1.1, 2.3.1.2, 2.3.1.3 and 2.3.1.4 give technical descriptions of the housing systems
commonly applied for sows, weaners and fattening pigs (growers/finishers). Their
environmental performances and other characteristics are described and evaluated in Chapter 4.
The overview aims to be representative of the applied techniques, but can never be exhaustive
given the variation observed in systems and their adapted designs.

23.1.1 Housing systems for mating and gestating sows

Sows are housed in different systems depending on the phase of the reproduction cycle. Mating
sows are kept in systems which facilitate easy contact between boars and sows. After mating or
after pregnancy diagnosis, the sows are usually moved to a separate part of the housing for the
period of gestation.

Housing sows in groups or individually in confinement is regulated by 2008/120/EC. In
compliance with this Directive, individual housing is permitted for sows and gilts only in the
first 4 weeks after service and the last week before the expected time of farrowing. Directive
2008/120/EC also addresses the cases where group housing may have drawbacks, e.g. animals
that are particularly aggressive or that are sick or injured may be temporarily kept in individual
pens, designed to allow the animal to turn around easily; it also imposes feeding systems for
group housing that ensure that each animal can obtain sufficient food even when competitors for
the food are present. Directive 2008/120/EC as well gives provisions for continuous solid floors
and maximum drainage openings for gilts after service and pregnant sows: at least 0.95 m? per
gilt and 1.3 m? per sow must be a continuous solid floor of which a maximum of 15 % is
reserved for drainage openings. In addition, the total unobstructed floor area available to each
gilt after service and to each sow when gilts and/or sows are kept in groups must be at least 1.64
m? and 2.25 m® respectively. When these animals are kept in groups of fewer than six
individuals the unobstructed floor area must be increased by 10 %. When these animals are kept
in groups of 40 or more individuals the unobstructed floor area may be decreased by 10 %
[ 158, EC 2008 ].

Individual housing used to be the most common system within the EU. Individual housing
systems generally score better on utilisation of labour. In addition, since individually housed
sows are limited in their movement, they are easier to control and there is more tranquillity in
the stall, which has a positive effect in the early stages of gestation [ 202, EAAP 1998 ]. It is
also easier to feed the sows in individual housing, where competition is minimised or negated.
On the other hand, housing sows in individual stalls, from the weaning period up to 4 weeks
after mating, severely restricts their freedom of movement, causes frustration and does not allow
sows to socially interact during a period of the reproductive cycle in which they are highly
motivated to do so. In addition, the lack of exercise may cause damage and weakness to limbs
and bone strength as a consequence of reduced muscle use, and also reduce cardiovascular
competence [ 494, EFSA 2007 ]. With the entry into force of the pig welfare Directive
(2008/120/EC), individual pens may only coexist along with pens for groups.
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Some countries' demands go beyond the EU legislation concerning standards for the protection
of pigs. As regards the minimum unobstructed floor space, which depends on group size, in
Austria, Germany, Denmark, Sweden, Finland and the Netherlands, the minimum unobstructed
floor space requirement per gilt is greater than that required by the EU legislation. Extra
demands for sows in groups exist in Denmark and Sweden while Germany and Austria have
limited additional requirements. The requirements for continuous solid floor space is greater for
most pigs and the maximum drainage opening is smaller in Denmark and in the Netherlands
than mentioned in the EU Directive. As regards the group housing of pregnant sows and gilts, in
the UK non-lactating sows should be kept in groups and there is no exception for 4 weeks after
service, while in Sweden sows and gilts should always be housed in groups (except farrowing
sows and sows 1 week before farrowing); in the Netherlands sows and gilts should be kept in
groups starting from four days after service until 1 week before farrowing [201, Mul M. et al

2010].

In the UK, certified programmes, mainly promoting and ensuring the production of quality food
(farm assurance standards), can impose increased space allowances for animal welfare purposes
[ 419, Red Tractor 2011 ]. In the UK, 85 % of mating sows are group-housed and more than
55 % of mating sows have access to straw, as a result of British welfare legislation requiring all
sows to be loose-housed from weaning to farrowing by 1999. In Poland, production on solid
floor with bedding is also commonly applied. In the Czech Republic, dry sows awaiting mating
and gestation are kept in yards [ 264, Loyon et al. 2010 ].

In general, partly slatted floors are commonly applied throughout Europe, whereas fully slatted
floors are only used in some Member States (e.g. France, Belgium). The slurry is either stored in
deep pits or it is removed frequently by a vacuum system; other systems like flushing channels
are only rarely applied. Scrapers are also used when sows are housed on litter (e.g. Sweden,
Denmark, the Czech Republic, Cyprus, Finland) [ 264, Loyon et al. 2010 ].

Buildings are generally well insulated, or, less frequently, partly insulated. Open climate
housing is rarely applied on IED farms. Heating, whether by electricity or gas/oil, is applied
locally above animals to a defined area, otherwise the air entering the house is preheated [ 264,
Loyon et al. 20101].

Only in some Member States (especially Cyprus, Denmark, Germany) is air conditioning or the
pretreatment of incoming air to the housing commonly applied. Exhaust air treatment is used in
the Netherlands, Belgium, Denmark and Germany but it is hardly used in the other EU Member
States [ 264, Loyon et al. 2010 ].

23111 Individual housing with a fully or partly slatted floor for mating and
gestating sows

In this type of housing system, mating and gestating sows are kept in individual crates. The
crates measure about 2.0-2.1 m x 0.60-0.65 m and the rear end is equipped with concrete or
metal slats to collect slurry in a deep pit or shallow channel which is emptied at intervals
depending on its capacity. The area the sow is allowed is such that she cannot turn around and
excreta are deposited at a fixed location. The partitions of the crates are barred or meshed to
allow visual contact but prevent aggression. Natural or mechanical ventilation is applied and
sometimes a heating system.

Feeding systems and drinkers are placed at the front end. Feeding may be manual or automatic
(one to three times per day) and feed may be given dry or wet. Wet feeding systems can vary
from the simple dropping of individual dry rations into water to complex pipeline distribution
systems from a central, computer-controlled mixing facility. Sows commonly have a trough
which is either individual or shared (four to six sows) to allow the possibility of keeping sows of
the same body size or condition in adjacent crates [ 494, EFSA 2007 ].
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Flooring is most commonly partly slatted, although fully slatted floor systems do occur
[ 494, EFSA 2007 ]. A central slatted passageway runs between the rows of crates and a
concrete-floored one runs on either side of the crates for feeding.

In the mating house, there are pens for housing the boars. These pens are absent in the housing
section for gestating sows. Figure 2.8 shows a common design for the mating section, but
various other designs are applied to enhance intensive contact between boar and sows. Also, the
sows may face the central alley with the troughs placed on the inner side and the slatted area
will be at the side corridors (see Figure 2.9).

Source: [ 678, NSW DPI 2006 ]

Figure 2.8: Schematic view of a housing design for mating sows
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Source: [ 163, Germany 2010 ]

Figure 2.9: Individual housing of mating sows (service centre)

23112 Sow crates with a solid floor for mating and gestating sows

In this system, mating and gestating sows are housed in crates similar to the above design but
with a concrete floor often with a layer of straw bedding to produce solid manure or
farmyard manure (see Figure 2.10). Again, feeding and watering are applied at the front of the
crate. In the central passageway there is a drainage system for the collection and removal of
urine. Manure and litter (straw, wood shavings or other where applied) are removed frequently
[ 262, France 2010 ].

S

2.00m
0.40m

1.20m

Figure 2.10: Floor design for sow crates with a solid concrete floor for mating and gestating sows

In these systems ventilation is natural when straw is applied, but mechanically driven in
insulated buildings where no straw is used.
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2.3.1.1.3 Group housing with or without straw for mating and gestating sows

In this housing design, several sows are kept together in enclosed compartments or pens.
Individual feeding stalls (0.4-0.5m x 1.9-2.0 m) can be used to separate the sows temporarily
during feeding, preventing dominant individuals from chasing off less dominant sows in order
to get access to extra feed rations. The total free space available (excluding feeding stalls) is
commonly 2.25-2.8 m* per sow depending on group size. The feeding areas are placed over
slatted floors and they can be combined with shared lying (perforated or solid floor with limited
use of bedding material) and defecating areas (slatted flooring). Design varies with group size,
which is highly variable (e.g. from 5 to 40) [ 494, EFSA 2007 ]. An example is shown in
Figure 2.11.

'l

| Feeding stalls |

Source: [ 494, EFSA 2007 ]

Figure 2.11: Example of a housing system for group housing of gestating sows with individual
feeding stalls and shared lying and defecating area

A solid concrete floor with straw bedding in the lying area can also be used to produce solid
manure (see Figure 2.12).
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Figure 2.12: Example of group housing for gestating sows with individual feeding stalls in
combination with full litter

Group housing of pregnant sows in pens with trough or floor feeding without use of individual
feeding stalls is also commonly used. Flooring is solid or slatted. Small amounts of bedding
material are used on the lying area. Groups are kept stable and small (< 10 animals) in order to
reduce aggressive behaviour during feeding. Gilts are less dominant to each other, thus these are
more often found in this type of system than older sows [ 494, EFSA 2007 ]. A design with a
perforated floor in the lying area, is shown in Figure 2.13.

Source: [ 156, Germany 2010 ]

Figure 2.13: Example of group housing for mating and gestating sows with perforated lying area
(perforation in the lying area < 15 %)
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For the ventilation of group housing, the same principles applies as for the individual housing of
sows. Natural ventilation is an option in new deep litter housing systems. With the application
of straw, heating is generally not applied as at low temperatures the sows are able to compensate
by lying amongst the deep litter.

Solid manure is generated and has to be frequently removed in order to prevent the litter from
becoming too moist, the frequency of removal depending on the litter type, the depth of the
bedded area and on the general farm management practices. In units where bedding is used
exclusively for rooting, the amount of litter is limited so that all the manure is handled in the
form of slurry. In units with a slatted floor in the defecating and feeding areas, slurry may be
emptied using scrapers. In units with solid flooring, the manure is cleaned either daily with
scrapers or two to three times a week using a tractor-mounted tyre scraper. In units with deep
litter in the lying area, the litter is removed once or twice annually.

231.14 Group housing with electronic feeders

In this system, sows are often kept in large dynamic groups (50-300 sows) with common
dunging and lying areas. In the electronic sow feeder systems (ESFs) each sow carries an
electronic transponder (ear tag or collar) allowing passage to a feeder station. A precisely
measured individual ration of food is then dispensed to that animal which is protected while
eating by a specialised feeding stall with gates operated by the sow herself or by the feeding
computer. A single feeding station can be shared by up to 70 sows [ 494, EFSA 2007 ].

The pen layout is very important to distribute and manage large groups of sows fed this way,
since ESFs allow a profit for a reduced space per sow. Indeed, for groups of 40 animals or more,
the minimal space is 2.025 m? per sow and 1.476 m® per gilt. Pens have a lying area, a
defecating area and a feeding area where electronic sow feeders are placed. The lying areas are
on solid concrete floors from which the manure is removed daily by a scraper tractor. Pens can
be arranged on concrete slats or on straw.

The version on a slatted floor allows an available surface per sow of 2.20-2.66m?. Short pen
divisions may also be used to create boxes approximately two metres long. Stalls or boxes can
be laid out at both sides of the corridors which are broad enough to allow two sows to pass each
other (see Figure 2.14).

The version with littered pens has a large area of 50-120 m? where sows can lie and which is
opposite a feeding and defecating zone. The total surface per sow is between 2.3 m? and 3 m?
and the minimal surface of the lying area is 1.2-1.4 m? per sow. Litter is added and removed
every 7-10 days in quantities between 200 and 450 kg/sow per year.

The feeding stations have one entrance but may have one or two exits, hence allowing the
workers to direct animals to different areas as needed [ 262, France 2010 ].
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Figure 2.14: Layout of a pen for gestating sows fed with an electronic feeder

2.3.1.2 Housing systems for farrowing sows

Gestating sows are typically moved to farrowing accommodation three to seven days before the
expected farrowing date (115 days after service). Sows remain in the farrowing crate or
individual pen throughout lactation.

There are different designs of farrowing pens. Flooring can be partly or fully slatted. Bedding is
not usually provided. In accordance with Directive 2008/120/EC, in the week before the
expected farrowing time sows and gilts must be given suitable nesting material in sufficient
guantity unless it is not technically feasible for the slurry system used in the establishment.

The sows are often confined in their movement by farrowing crates, but loose-housing is also
applied. For example, straw-based and loose-housing can be found in the UK. In some Member
States, the use of farrowing crates is restricted to a limited period around the time of farrowing.
However, in the EU as a whole, the use of farrowing crates throughout lactation is the
predominant system [ 494, EFSA 2007 ]. In accordance with the provisions of Directive
2008/120/EC, farrowing pens where sows are kept loose must have some means of protecting
the piglets, such as farrowing rails. Where a farrowing crate is used, the piglets must have
sufficient space to be able to be suckled without difficulty.

Fully slatted flooring is applied widely in the EU, as it is considered to be more hygienic and
labour efficient than partly slatted or solid floors. In France, 93.6 % of the total capacity for
sows are housed on fully slatted floors [ 262, France 2010 ]. Danish information indicates that
partly slatted floor systems are more energy-efficient and a gradual increase in these systems is
being observed.

Some general features of farrowing compartments are:

. applied minimum room temperature of 18 °C;
. temperature for the sows of 16-18 °C;

. distinct safe lying area for piglets with a temperature of about 33 °C at the start of their
lives;

. low airflow, in particular in the piglet area.
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23.1.21 Housing for farrowing sows with confined movement

The use of farrowing crates for this period predominates. These crates, typically 2.1 m x 0.9 m
in size, are designed to restrict the movement of the sow and are placed centrally or offset in a
pen which has a specialised provision for the piglets. Pen sizes measure 4-5 m®.

In order to allow all in - all out production, farrowing rooms often contain a complete farrowing
batch in one air space; this number can be up to 50-60 sows. Use of crates which can be opened
out in such a way to allow the sow to move around more freely, including a full 360 degree turn,
while still protecting the piglets from being crushed, is increasing.

Piglets are housed in these systems until weaning, after which they are sold or reared in rearing
pens (weaner housing). The floor can be fully or partly slatted. The lying area for the piglets is
usually not slatted. Slats made of plastic or plastic-coated metal are increasingly used instead of
concrete, as they are considered to be more comfortable. The design of the system can vary in
the position of the piglet area and the applied slats.

The slurry is stored under the slatted floor of the crates either in a shallow manure pit, in which
case it is removed frequently via a central system in the building, or in a deep pit, from where it
is removed only at the end of the lactating period or less frequently. A cross section of a typical
pen system for farrowing sows is shown in Figure 2.15.

There is a specific area for the piglets (the 'creep area’), usually positioned in the central alley
(for easier observation) between the pens. This area is generally not slatted and is heated during
the first days after birth by using a hanging lamp, a heat pad, by warming the floor or it may be
an enclosed area to maintain a higher temperature. The sow’s movement is limited to prevent
crushing the piglets.

Forced or natural ventilation is applied in such a way that the airflow will not disturb the climate
at the floor level around sow and piglets and the different requirements for indoor environment
conditions for sows and piglets are both met. In modern closed housing, fully automatic climate
control is applied, thereby maintaining the temperature and humidity in the farrowing section at
a constant level.

The position of the sow is often as pictured in Figure 2.15, but the crates may also be reversed
with the sows facing the alley. In practice, some farmers have observed that this position makes
the sows more relaxed, as they can more easily notice movements in the alley, whereas in the
other position they cannot turn, which makes them more restless.
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Source: [ 292, Italy 2001 ]

Figure 2.15: Example of confined housing of farrowing sows on a fully slatted floor with a storage
pit underneath
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23.1.22 Housing of farrowing sows allowing sow movement

Farrowing sows are housed without being confined in their movement in systems with partly
slatted floors. A separate lying area for the piglets prevents them from being crushed by the
sow. This design requires more space than the design with restricted sow movement and needs
more frequent cleaning. The number of pens or sows per compartment is generally less than 10.

The use of individual pens for the farrowing sow and piglets is common in Member States
where farrowing crates are no longer allowed. These may be simple pens of approximately
2.0 m x 3.0 m with anti-crushing rails around the walls and a heated creep area for the piglets
(see Figure 2.16) [ 494, EFSA 2007 ]. In Sweden, for example, farrowing pens must have a
continuous solid floor area of at least 3 m?, a total floor area of at least 6 m? and the farrowing
pens should be constructed in such a manner as to allow nesting behaviour [ 201, Mul M. et al

2010].

Beneath the slatted flooring, scrapers or liquid manure systems are used. The type of manure
handling system influences the possibility to use straw during farrowing. These pens sometimes
contain a temporary crate structure made by moving a partition into place at the time of
farrowing (see Figure 2.16); this reduces the total space available when the sow is loose
[ 494, EFSA 2007 ]. Temporary confinement of the sow can last up to seven days.

Material for the floor system and heating and ventilation requirements for the sow and piglets
are the same than for confined movement. With loose sow housing, the walls of the pen are
slightly higher than for the pen with restricted movement.

NB: Left: Farrowing pen with anti-crush rails. Right: Farrowing pen with gates that can be used for temporary
confinement of the sow

Source: [ 494, EFSA 2007 ]

Figure 2.16: Farrowing pens allowing sow movement

Indoor group farrowing systems are in use in commercial practice but only to a small extent.
These systems operate very differently compared to conventional ones. Five to ten sows are
kept in groups where each sow has access to an individual farrowing nest and a communal
resting area, often on deep straw bedding. In this system, the sows are moved to the big pen
some days before farrowing and along the walls a cubicle is put up for each sow. There are no
rails, creep area or heat lamp in the cubicle as it can distort the interaction between the sow and
piglets during the nest phase. The nest boxes are taken out when the piglets have left the nest,
usually 10 to 14 days after farrowing. Sows and piglets are then grouped in a ‘multisuckling’
system in the deep bedded system until weaning. Group housing systems for farrowing sows are
reported to be in use in farms in Sweden [ 494, EFSA 2007 ].
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2.3.1.3 Housing systems for weaners

After weaning, the sow is returned to service accommodation and the piglets are commonly
moved immediately to the weaner accommodation. Piglets are typically weaned at 4 weeks and
up to 6 weeks of age. In accordance with Directive 2008/120/EC, no piglets shall be weaned
from the sow at less than 28 days of age, unless the welfare or health of the sow or the piglets
would otherwise be adversely affected. However, piglets may be weaned up to seven days
earlier if they are moved into specialised houses which first need to be emptied and thoroughly
cleaned and disinfected before the introduction of a new group. Furthermore, these houses have
to be kept separate from houses where sows are kept, in order to minimise the transmission of
diseases to the piglets.

Weaners are commonly reared up to 30 kg live weight (range from 20 kg to 35 kg) in groups of
varying sizes. Rearing is commonly done in groups of less than 20 animals, such as in small
groups of the same litter (8-12 pigs per pen), but group sizes of up to 100 animals consisting of
more litters are also common. According to the provisions of Directive 2008/120/EC, the
minimum unobstructed floor space available per weaner in the pen must be at least 0.15 m? for a
live weight of less than 10 kg, 0.20 m? for a live weight between 10 kg and 20 kg, 0.30 m? for a
live weight of more than 20 kg but less than 30 kg and 0.4 m? for a live weight of more than
30 kg [ 158, EC 2008 ].

Weaners may be moved from the first stage weaner accommodation to a larger, second stage
accommodation after 2-4 weeks or remain in the same pen until the age of about
9-10 weeks or, in a few instances, until slaughter [ 495, EFSA 2007 ].

A variety of housing systems are used. Weaners are typically reared either in conventional pens
with partly or fully slatted floors or in flat decks (raised pens). Housing of weaners on fully or
partly slatted floors is very similar to the housing of fattening pigs (growers/finishers).

The fully slatted flooring is favoured for hygiene reasons as it separates piglets from their faeces
and urine (Figure 2.17). However, fully slatted floors are not easily compatible with straw or
other rooting materials.

Source: [ 182, Germany 2010 ]

Figure 2.17: Schematic picture of a fully slatted floor pen for weaners

Partly slatted floors are mainly used in Poland, the Czech Republic, Sweden, Denmark and
Estonia [ 264, Loyon et al. 2010 ]. Partly slatted floor designs are applied to add comfort areas
with heated spaces (see Figure 2.18). Pens with partly slatted floors may require more space
allowance than fully slatted floors as they need to provide enough space for pigs to be able to
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maintain separate and distinct lying and defecating areas, so that the solid portion of the floor
and the pigs can be kept clean [ 495, EFSA 2007 ]. In the partly slatted design, a covered lying
area can be applied, which can be removed or lifted once the pigs have grown and need more
ventilation.

Source: [ 184, Germany 2010 ]

Figure 2.18: Schematic picture of a weaner pen with a partly slatted floor

A special housing design for weaners is the use of flat decks that are intended to provide
controlled environment housing. It originally comprised a low, well-insulated building with a
linked heating and ventilation system to maintain temperature at any desired level. Each house
contains several pens with fully slatted floors above a slurry channel. The pen floor level was
originally raised (in comparison to that of the passage floor), but more recent designs have
passages and pen floors at the same level. The system has evolved over the years and the term is
now often used to loosely describe any slurry-based housing system for weaners
[ 636, Ramiran 2011 ].

Systems with a solid floor and bedding are also used in countries such as Poland, the UK,
Austria, Sweden, the Czech Republic, Italy, Germany and Estonia [ 264, Loyon et al. 2010 ].
The use of solid floors with deep litter is increasing in the UK and is anticipated to become
more widespread in the future because of animal welfare concerns. Nevertheless, solid manure
on a solid floor may compromise pig gut health due to increased exposure to microorganisms.

Weaners are typically housed in highly controlled environments with supplementary heating.
Room temperatures are maintained in the range of 28-30 °C for the first few days after weaning
and are then reduced as the weaners grow (non-bedded systems). Heating is applied in the form
of gas radiant heaters, electric fan or convection heaters or by a central heating plant with
heating pipes. Heating systems may also use recovered ground and/or air source heat.

The housing is equipped with mechanical ventilation, either a negative pressure or balanced
pressure type. Ventilation is almost exclusively provided by extractor fans. Typically, air is
drawn into each room through inlets in one end of the room from an access passageway
common to a group of flat deck rooms. Inlet air might be preheated, as necessary, by
automatically controlled heaters. Extractor fans, normally situated in the opposite wall, are
intended to create air movements across the room, and radiant heaters above the pens (or
underfloor heating) may be used to provide additional temperature/comfort control.
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Weaners are typically fed ad libitum (dry) or restricted (liquid) with an animal to feeder space
ratio of 1:1to 12: 1, depending on the feeding system [ 495, EFSA 2007 ].

Manure is handled in the form of slurry and is mainly drained through a pipe discharge, where
the individual sections of the manure channels are emptied via plugs in the pipes. The channels
can also be drained via sluice gates. The channels are cleaned after the removal of each group of
pigs, often in connection with the cleaning of the pens, i.e. at intervals of 6 to 8 weeks. For the
storage and removal of slurry, deep pit and frequent removal by vacuum systems are the most
commonly applied techniques. Manure removal by scraper is also used [ 264, Loyon et al.

2010].

2.3.14 Housing of fattening pigs

From an average live weight of 30 kg (20-35 Kkg), pigs are moved to separate sections to be
grown and finished for slaughter. It is common to use two (or three) housing stages with larger
pens at each stage in the fattening period, to make the most efficient use of space, but the
housing facilities are very much the same (i.e. one-phase up to 110-120 kg, two-phase with a
grower period up to 40-60 kg and a finisher period from 40-60 kg to 110-120 kg; Italy: 150-
170 kg). Slaughter weights may be lower (e.g. in the UK: 90 kg) in countries where male pigs
are not castrated after birth [ 495, EFSA 2007 ].

There are many different construction techniques for the fattening housing such as insulated
concrete, composite panels, insulated brick, etc. Buildings are, in general, well insulated and
may have supplementary heating (depending on the prevailing weather conditions). Heating is
mostly provided by electricity, gas or oil and sometimes by a mixture of all sources of energy.
Wood, straw and other renewable sources are also used as a fuel, especially in Nordic countries.
Ventilation can be natural or forced which is the main option in nearly all countries.
Nonetheless, the use of controlled natural ventilation is also important in some countries,
including Italy, Germany, Cyprus, Poland, Portugal and France. In Spain, Finland and Denmark,
air conditioning is commonly applied. Ventilation with pretreated air is used in Spain, Poland
and Denmark [ 264, Loyon et al. 2010 ].

The number of pigs per house can range from a few to thousands [ 624, IRPP TWG 2013 ]. The
house is usually divided into compartments for 10-15 pigs (small groups); however, the number
of fattening pig houses with large group sizes is increasing (24 pigs up to 40 or more). The pens
are arranged either with the aisle on one side or in a double row with the aisle in the centre. In
the pens with a solid concrete floor, movable covers can be used to cover the lying area, at least
during the first stage of the growing period.

Feed distribution is usually automated to sensor-controlled feeders, adjusted to the respective
growing phase of the pigs. Liquid or dry feeding is applied ad libitum or may be restricted in the
latter stages to prevent excessive fatness or with very heavy slaughter weights (> 120 kg). The
design of feeding troughs and drinkers depends on the type of feeding.

Accommodation for fattening pigs may be fully slatted, partly slatted, litter-based with a
scraped defecating area or deep bedded with straw or sawdust. Although there are national
differences, housing with fully or partly slatted flooring (typically on concrete slats with 17 mm
slot spacing) with a pen floor area of 0.7 m” at the end of the finishing period predominates
within the EU. The recommended common temperature range for buildings with non-bedded
perforated floors is 20-26 °C [ 495, EFSA 2007 ].

Partly slatted floors are mostly used in countries such as the Netherlands, the Czech Republic
and Denmark. In Ireland, France and Germany fully slatted floors prevail and in Spain both
types of floor are used with the proportion of slatted to solid floor being 60 : 40. In Belgium,
fully slatted floors are prevalent in old housing or in new houses equipped with a chemical
scrubbing system. In the UK, straw bedding is common. Both systems for the storage of slurry
are common: underground deep pit and frequent removal by channel systems [ 264, Loyon et al.

20101].
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23.141 Housing of fattening pigs on a fully slatted floor

Housing systems with fully slatted floors are widely used throughout the EU. In these systems,
slats cover the entire pen area, usually to maintain hygiene and cleanliness by allowing for a
quick removal of faeces and urine from the immediate environment of the animal, and thus
favouring the conditions for a dry lying area. In addition, slatted floors are generally associated
with lower airborne toxin concentrations than litter-based systems due to the potential bacterial
contamination of straw and other litter materials.

Slatted floors should have a sufficient perforation in order to keep the pen clean of manure and
urine; on the other hand, the gap between slats should not endanger the animals, in accordance
with Directive 2008/120/EC.

The fully slatted floor housing system is very common for small groups (10-15) pigs and large
groups (up to 24) of fattening pigs (growers/finishers). It is applied in closed, thermally
insulated housing with mechanical ventilation, as well as in houses with natural ventilation.
Windows allow daylight in, but electric lighting is also used. Auxiliary heating is applied only
when necessary, as the pigs’ body heat is usually capable of satisfying the heat requirement.

The pen is fully slatted and has no physical separation of the lying, eating and defecating areas.
The slats are made of concrete or (plastic-coated) metal. Urine mixes with the manure or runs
off through urine/liquid manure channels. The slurry is collected in a manure pit under the fully
slatted floor. Depending on the depth of the pit, it may provide for an extended indoor storage
period (thus high ammonia levels in the house) or it is emptied frequently and the slurry is
stored in a separate storage facility. A frequently applied system has the individual sections
connected by a central drain, into which they are emptied by lifting a plug or a gate in the pipe.

Point 4 of Annex I, Chapter | of the Directive 2008/120/EC concerning the welfare of pigs,
states that 'pigs must have permanent access to a sufficient quantity of material to enable proper
investigation and manipulation activities, such as straw, hay, wood, sawdust, peat or a mixture
of such, which does not compromise the health of the animals'; the provision of such material
may be somewhat difficult in the case of housing systems with fully slatted floors [ 158, EC
2008 ]. A Scientific Opinion issued by EFSA concludes that 'stocking density, associated with
lack of enrichment and fully slatted floors, is a significant risk for tail biting'. Tail biting may
cause very poor welfare, and tail docking is likely to be painful [ 495, EFSA 2007 ]. Careful
management and design can fulfil the pigs’ behavioural needs, therefore avoiding routine tail
docking. In slatted floor systems, enrichment material (i.e. straw, hay) can be provided in
feeders or racks_[ 624, IRPP TWG 2013 ]. However, as the problem of tail biting is mainly
multi-factorial, other parameters (e.g. poor indoor air quality) also have to be considered [ 495,

EFSA 2007].

2.3.1.4.2 Housing of fattening pigs on a partly slatted floor

Partly slatted floor systems are applied in similar buildings to those used for fully slatted floor
systems. The floor is divided into a slatted and a solid/non-slatted section. There are basically
two options: to have the solid concrete floor on one side or in the centre of the pen. The solid
part can be flat (see Figure 2.19), convex (see Figure 2.20) or slightly inclined (see description
below).
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Source: [ 192, Germany 2010 ]

Figure 2.19: Design of a partly slatted floor system for fattening pigs

Source: [ 265, BE Flanders 2010 ]

Figure 2.20: Pen design for fattening pigs with partly slatted (convex) floor and solid area in the
centre

The solid part usually functions as a feeding and resting place and the slatted part of the pen is
designed to be used for defecating. Generally, partly slatted floor systems, preferably with a
raised level of the slatted part, allow for a fairly good supply of straw [ 495, EFSA 2007 ].
Slurry is collected in a channel or pit beneath the slatted part of the floor.

In another pen layout, restricted amounts of straw are applied in the partly slatted pen designed
with a concrete floor and one slatted area (solid/slatted: 2 : 1). Straw is given in straw racks that
are filled manually, and from which the pigs take the straw in themselves. The solid floor has a
slight incline (a slope of 5-7 %) to the dunging area, slurry and straw are moved towards the
slats by the pigs’ activity; therefore, this system is also called a straw flow system.

A partly slatted design is applied in Italy with a solid concrete floor and an external slatted alley
adjacent to a manure channel (see Figure 2.21). In each pen, the pigs have their housing and
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feeding area inside the building, but an opening with a shutter allows them to reach the external
defecating area with the slatted floor. The pig activity moves the manure through the slats into
the manure channel, which is emptied once or twice a day with a scraper. The manure channel
runs parallel to the pig building and is connected with a slurry storage facility. This system is
also used for mating and gestating sows in group housing.

Solidfloor

External sluny
pit

&\\\\\{\‘\*\"\‘\{\\\\\\\

Urine draining

Source: [ 391, Italy 1999 ]

Figure 2.21: Solid concrete floor with slatted external alley and scraper underneath

Partly slatted flooring, if correctly designed and well-drained, can reduce emissions of
ammonia. The ventilation system has to function consistently in order to deliver the appropriate
in-house environment for the pigs with the purpose of maintaining the desired lying and
defecating areas at all times. If the ventilation system fails to provide the appropriate indoor
conditions, dunging and urination may take place on the solid floor area causing it to become
fouled and increase emissions.

2.3.1.4.3 Housing of fattening pigs on a solid concrete floor and straw

In the housing systems for fattening pigs with a solid concrete floor, a bedding (> 10-15 cm
bedding) with materials such as straw, sawdust, wood chips or a big-bale supply is applied to
improve animal welfare. The use of a bedding system demands good facilities for removing the
bedding and cleaning/disinfecting in a strict batch system. Provision of straw, especially straw
of poor quality, and the use of wood chips and sawdust, will increase the production of airborne
particles such as dust, moulds and fungi associated with respiratory disturbances in pigs and
humans [ 495, EFSA 2007 ].

These systems are applied in closed buildings or in open-front houses. The open-front designs
are equipped with wind barriers (netting or spaceboards), but straw bales are also used for
insulation and for protection against the wind.

Pen designs can vary, but usually there is a lying area with straw and a feeding area, which may
be elevated and accessible by steps (see Figure 2.22). The lying area may be covered. The pens
may be positioned on one side of the building or on either side of a central aisle. Defecation
takes place in the littered area. Mucking out and cleaning are usually done with a tractor-
mounted front-end loader after each batch. Group size may range from 35-40 up to 250 pigs.
The area provided per grower is usually 0.5 m® and per finishing pig is 1.0-1.2 m*
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Source: [ 202, EAAP 1998 ]
Figure 2.22: An example of a solid concrete floor system for fattening pigs

In Italy, the bedded area is a littered external alley, which is similar to the design with slatted
floor in the external alley (see Figure 2.23). The indoor pen area is used for lying and feeding
and has very little or no straw. The outside defecation area is littered and connected with a
manure channel. Manure and straw are moved into the channel by the pigs’ activity. Manure is
removed once or twice daily by a drag chain or a scraper to outside manure storage.

External alley with

Solidfloor permanent litter
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Source: [ 391, Italy 1999 ]
Figure 2.23: Solid concrete floor with external littered alley and manure channel
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The technique may take place with a wide variation of pen designs and manure management
systems. Examples of litter management, as reported by France, are detailed in Table 2.8.

Table 2.8: Manure and bedding management in litter-based systems for fattening pigs in France
(from 30 kg to 115 kg live weight)
Litter Building features gnd Surface | Bedding use Manm_fe
management management of bedding and (m?/pig) | (kg/pigicycle) generation
manure (kg/pig/cycle)
- Raised bedded area and feeding
platform
Deep litter - Straw provision at cycle start-up
- Fresh straw addition over the 1.3 70 (50-80) 200-300
(straw) .
accumulated manure: 2 to 3
times per week
- Manure removal at end of cycle
- Straw in lying area, scraper in the
corridor and feeding platform
Littered floor - Removal of manure and fresh 1.0 45 (30-50) NI
straw addition: 2 to 3 times per
week
- Raised bedded area and feeding
platform
Deep litter - Bedding of 60-70 cm used for
(deep sawdust few batches 1.2 50-60 NI
bedding) - Only the surface layer is
removed at the end of each cycle.
Bedding used for several cycles
- Bedding of 20 cm at cycle start-
Deep litter up
(thin sawdust |- No sawdust added during the 1.3 (ggg/;éoM) (301_91%;/2008,\/')
bedding) cycle
- Manure removal at end of cycle
NB: NI = no information provided; DM = dry matter.
Source: [ 420, Ramonet 2003 ] [ 262, France 2010 ]

Littered systems in the UK use 30-60 kg of straw/pig/cycle while deep litter systems use
50-120 kg of straw/pig/cycle [ 624, IRPP TWG 2013 ]. From Belgium-Wallonia a requirement
of 80 kg of sawdust/pig/cycle is reported for systems applying a deep sawdust bedding, and an
associated average manure generation of 123 kg/pig/cycle [ 567, Nicks B. 2004 ].

2.3.2 Control of indoor environment in pig housing systems

The indoor environment of the pig housing systems has to be adequately controlled to ensure:

(@) the evacuation of harmful gases (COz, CHa, NHs), whilst providing oxygen necessary for
the breathing of the animals;

(b) maintenance of adequate humidity and temperature adapted to the physiological stage of
the animal rearing, to ensure a good performance, in good health and without behavioural
disorders.

The indoor climate in pig housing systems is important, as ammonia, combined with dust, is
known to be a frequent cause of pig respiratory diseases, including atrophic rhinitis and enzootic
pneumonia. Since workers can also be subject to respiratory health issues it is doubly important
that pig housing is sufficiently ventilated.
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Minimum (qualitative) requirements are laid down in Directive 2008/120/EC, including the
control of the pig housing climate [ 158, EC 2008 ]. Temperature and humidity of air, dust
levels, air circulation and gas concentrations must be below harmful levels. For example, the
limit value concentrations shown in Table 2.9 are advised, but these values vary between MS. A
good indoor environment can be achieved by insulation of the buildings, heating, ventilation,
and pen layout and construction.

Table 2.9:  General indicative levels of indoor environment for pigs

Indoor environment factor

Level/occurrence

Cco

Below measurable value

H,S

Below measurable value

Relative humidity

Pigsupto 25kg:  60-80 %
Pigs 25 kg upwards: 50-60 %

NH; Maximum 10 ppm

Air velocity Farr_owing pens aqd weaners: < 0.15m/s
Mating and gestating sows: <0.20 m/s

CoO, Maximum 0.20 vol-%

Source: [ 44, IKC 1993 ]

The performance of the applied system is affected by:

o design and construction of the building;
o position of the building in relation to wind directions and surrounding objects;
o application of control systems;

o number, age and production stage of the pigs in the housing.

Insulation can be applied to reduce heat losses through walls, the ground and the roof by
interposition of layers of materials that slow down the transfer of heat in and out of the building.
Different degrees of insulation are achieved by various materials. Two coefficients are generally
used to define this insulation: the coefficient of thermal conductivity (A) and the heat transfer
coefficient (U), which is the coefficient most commonly used and is expressed in W/m? per °C
[ 345, France 2010 ].

In the case of forced ventilated buildings under negative pressure, the building must be as
airtight as possible. It is important to regularly verify the air sealing of doors and windows, and
that neither water condensation on walls nor undesired air draughts occur. In the case of
undesirable airflow, openings are usually sealed by polyurethane foam spraying. Height,
positioning and number of pens across the room, as well as properly designed pen divisions
(solid or open to allow air movement) to match the ventilation system, are all important
considerations for designers and operators if the optimum living environment and the lowest
emissions possible by the housing system are to be delivered.

Treatments may be applied to incoming air (mainly for animal welfare reasons), primarily dust
removal, cooling and/or humidification [ 264, Loyon et al. 2010 ].

The combination of heating and ventilation constitutes the crucial factor in indoor environment
management. Each of the two factors has an antagonistic action on the other, hence the best
compromise has to be determined.
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2321 Heating of pig housing

The need for temperature control in pig housing depends on the climatic conditions,
construction of the building and the stage of production of the animals (see Table 2.10). In
general, in colder climates or climates with periods of low temperatures, buildings are insulated
and equipped with mechanical ventilation. In warmer regions (Mediterranean latitudes), high
temperatures have a greater influence on the welfare and productivity of adult pigs than low
temperatures. Usually there is no need to install heating systems; the animal body heat is
generally sufficient to maintain welfare temperatures within farms. In this context, climate
control systems are mainly designed to guarantee good air circulation.

In some housing systems for sows and fattening pigs (growers/finishers), large amounts of straw
help the animals to maintain a comfortable temperature. However, the most important factors
are live weight, age and production stage. Other factors that affect temperature requirements
are:

° individual or group housing;
° flooring system (fully or partly slatted or solid floors) and use of bedding;

° amount of feed (energy) the animals consume;

Table 2.10: Example of temperature requirements in heated housing for different pig categories
in healthy conditions

Farrowing pen Weaned pigs Mating and gestating sows Fattening pigs
Room and  sow | 7kg, upto25°C | Mating, up to 20 °C 20'kg, up to
location: up to 20— 9 tp 9. tp 20-22°C
22°C 10 kg, up to 24°C | Early gestation, up to 20 °C 30 kg, upto 18°C

15 kg, up to 22°C | Middle gestation, up to 18 °C | 40 kg, up to 16 °C
20 kg, upto 20°C | End of gestation, up to 16 °C | 50 kg, up to 15°C

25 kg, upto 18°C
Source: [ 44, IKC 1993 ][ 261, France 2010 ]

Piglet area: first days
after birth, 28-30°C

Pig housing can be heated by various systems. Heating is applied as zone heating or room
heating. Zone heating has the advantage that it is aimed at the place where it is most needed.
Systems applied are:

. floors equipped with heating elements;

. heating elements above the pig places radiating heat onto the animals, as well as onto the
floor surface.

Room heating is applied by two methods:

. by preheating: incoming air is preheated by leading the air through a central corridor to
warm it to a minimum temperature, to reduce temperature fluctuations and to improve air
movement in the housing area;

. by post-heating: heating is applied to the air once it has entered the housing area, to
reduce temperature fluctuations and to reduce heating costs.
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Heating can be direct or indirect. Direct heating is accomplished by applying installations such
as:

o gas heat radiators: infrared, gas air heaters and gas-fuelled radiation convectors;
o electric heat radiators: special light bulbs or ceramic radiators;
o electric floor heating: on matting or under the floor;

o floor heating with warm water (water is heated by boilers of various types or by the
techniques reported below);

o combined heat and power (CHP) systems;
o heat pumps;
o heat exchangers;

. heaters/blowers.

Indirect heating can be compared to central heating in domestic applications. The installations
applied can be:

o standard boilers (efficiency: 50-65 %);
o improved efficiency boilers (improved efficiency: 75 %);

o high efficiency boilers (high efficiency: 90 %).

Boilers can be open or closed design. Open designs use indoor air for the burning process.
Closed designs draw air from outside the building and are particularly suitable for dusty areas.

Extra local heating is applied to the piglets during their first weeks. Often, a heating lamp (gas
or electric) is installed above the solid (non-slatted) lying area. The lying surface itself can also
be heated, by running hot water through tubes or a reservoir underneath the floor surface.
Weaners still have temperature requirements that require control of temperature and ventilation.
Heating may be required during cold weather. The following heating systems are used: radiating
heat lamps, electric heating (thermal bedding with a resistance wire heating) and also hot water
heating systems (under the floor or through air ducts).

Heating the housing of fattening pigs is not common, as their body heat is usually sufficient to
create a comfortable environment. In pens with growers, removable covers are sometimes
applied to create a more comfortable lying area in the early weeks.

2.3.2.2 Ventilation of pig housing

Animal houses have to be ventilated in order to [ 474, VDI 2011 1:

o supply the animals with fresh air;

o dissipate excess heat in order to keep the temperature within the optimal animal-specific
range, which depends on age and performance;

. remove gaseous substances and dust;

o avoid damage to buildings due to humidity.
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Ventilation systems vary from manually controlled naturally ventilated systems to fully
automated mechanically ventilated systems. Two main building and ventilation types are
distinguished for animal housing facilities:

o Forced (or mechanical) ventilated housing systems in closed, generally thermally
insulated buildings:

o exhaust ventilation: mechanical ventilation under negative pressure;
o pressure ventilation: mechanical ventilation in overpressure;
o neutral ventilation: mechanical ventilation under equal pressure.
. Natural (or free) ventilated housing systems:
o manual controlled ventilation;

o automatically controlled natural ventilation (ACNV).

In animal houses with forced ventilation, fans are responsible for the exchange of indoor and
outdoor air. The distribution of air can be accurately adjusted by means of valves, positioning of
the fan(s) and the diameter of the air inlets. In contrast, natural ventilation depends on the
natural fluctuations of the outside air temperature and on the wind flow (pressure differences)
and is attained by openings in the roof and/or sides of the building.

A defined air volume flow can only be reached in animal houses with forced ventilation. In
addition, a more even airflow in the housing can be achieved. This is important when
considering the application with housing systems, as the interaction between the housing
(flooring) system and the ventilation system affects the air currents and temperature gradients in
the house. For example, partly slatted floors may combine better with mechanical ventilation
than with natural ventilation, whereas with fully slatted floors, natural ventilation may be
equally applied.

The volume of the housing area and the air inlet and outlet openings have to correspond to
create the required ventilation rate at all times. Irrespective of the production stage and the
ventilation system, a draught close to the animals must be avoided. In new farms it is common
to apply integrated installations that match heating and ventilation requirements
[ 397, Denmark 2000 ].

Operators can monitor by computer the ventilation parameters and remotely apply correction
measures for precision control. Control parameters may include temperature, relative humidity
and carbon dioxide concentration which are monitored by appropriate sensors. Electronic
equipment is applied to measure the fan revolutions per minute. A measuring fan in a ventilation
tube can be used to measure the air velocity in the tube, which is related to a certain pressure
and revolution rate.

The ventilation techniques that are mostly applied in pig housing are described below
[ 44, 1IKC 1993 ] [ 26, Finland 2001 ].

In buildings with an exhaust ventilation system, fans are used in the side walls or in the roof
(see Figure 2.24). Adjustable ventilation openings or vents allow fresh air to be drawn in. Fans
expel air outside, usually through the ceiling at one or more points. This creates under-pressure,
and creates fresh airflows into the building through the inlets. The fresh air inlets are usually on
the wall, close to the ceiling, on the ceiling or on the floor. It is typical in an exhaust ventilation
system for the air pressure inside the building to be lower than that outside. Exhaust ventilation
works well when it is warm outside, and it is therefore a very popular and appropriate system in
countries with warmer climates. On fattening pig farms, heating costs may be relatively low
when exhaust ventilation is used, provided that it is properly adjusted.
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Figure 2.24: Schematic view of airflow in an exhaust ventilation system

In buildings with a pressure ventilation system, fans are used to blow air into the building,
which means that the air pressure inside the building is higher than outside. Due to the
difference in the pressure, air flows out of the building through outlets (see Figure 2.25).
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Figure 2.25: Schematic view of airflow in a pressure ventilation system

When using pressure ventilation, the air entering the building can be preheated, and thus part of
the heating in the winter can be done by means of ventilation. The main problem in this system
is that the airflow is quite uneven when only one blowing point is used. Airflow is rapid and the
air is cold close to the fan, but the airflow slows down rapidly when moving further away from
the fan. Blowing channels may be used to avoid this problem. Blowing channels are usually
placed in the middle of the pig house. In particular, air is blown into a channel, which spreads it
throughout the building. The airflow, distribution and direction of the blow are controlled by
means of nozzles. Sometimes humidity is a problem, which, due to the higher pressure inside
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compared to outside, leads to condensation on the surfaces of the channels when the air is not
preheated. This is why pressure ventilation is not very common in colder climates. It is only
used in concrete buildings, as the humidity can damage insulating materials and structural
timbers.

A neutral ventilation system is a combination of the exhaust and pressure ventilation systems
(Figure 2.26). As with exhaust ventilation, the exhaust air is drawn out of the building by means
of a fan. However, the replacement air does not flow into the building, because of negative
pressure in the building, but air is drawn in through a channel. Thus, the difference between the
air pressure inside and outside the building is much smaller than in the case of exhaust or
pressure ventilation. In neutral ventilation, a heat exchanger can be used to reduce the need for
additional heating. Neutral ventilation uses more energy than exhaust or pressure ventilation,
because the air is drawn in and blown out. Investment costs are also higher, as twice as many
blowers and blowing channels are needed as for the other systems.

—

| — | 1
1 1 1 I 1 1 1 I 1 1 1 I
Inlets in the channel

-

— p—
. N P
Y

Fan blowing fresh air Exhaust air out

into the channel of the channel

Source:[ 26, Finland 2001 ]

Figure 2.26: Schematic view of airflow in a neutral ventilation system

Natural ventilation systems are based on the difference in density and air pressure between
warm air and cold air due to wind, temperature and the so-called stack (or chimney) effect that
causes warm air to rise and cold air to replace it. The stack effect depends on the relationship
between the opening and the position of air inlets and outlets and the inclination of the roof
(25 °; 0.46 m per metre stall width). Obviously, the design and construction of the building are
very important with natural ventilation. As the effect is based on temperature differences, it is
clear that the effect is largest when the ventilation requirement is at its lowest (in winter). In
contrast to forced ventilation, no defined air volume flow can be set.

The naturally created negative pressure is relatively small; even in winter in Finland it is
reported as less than 20 Pa, and so, in summer, exhaust pressure ventilation is sometimes used
to boost the airflow. Thus, combinations of ventilation systems are applied that work alternately,
depending on the indoor and outdoor air temperatures. In countries such as the Netherlands,
wind is the prevailing factor that influences natural ventilation.

In automatically controlled natural ventilation (ACNV), the increase or reduction of the airflow
is achieved through openings or vents in the sides or roof that are opened and closed by
electrically driven motors in response to sensors in the building.
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Ventilation of the building should be designed in such a way that air follows a predefined route.
Underfloor extraction from pits beneath the pens is a way to achieve air stratification within pig
housing. Ventilation by drawing air from the manure pit in slatted floor systems is also
considered an efficient way to reduce concentrations of manure gases in the house. By
abstracting air from this head space, the flow of air through the slats will be predominantly
downwards. This will reduce releases into the above-ground environment. Airflows could be
locally increased during periods of disturbance, such as when slurry is being scraped or flushed.
Stratified air management has the potential to reduce airflow requirements, thereby cutting
heating and cooling needs and reducing the cost of abatement with air cleaning systems. This
system has specific requirements in terms of the length and diameters of the air channels.

Irrespective of design or the principle applied, ventilation systems have to provide the required
ventilation rate over the course of the year, which depends on the different production stages
and the time of year. Air velocity around the animals must be kept below 0.15-0.20 m/s, to
avoid draughts.

With forced ventilation, the air volume flow depends on the climatic conditions and is usually
controlled depending on the temperature. The ventilation rate, which is dependent on the season
and the time of the day, varies significantly. In summer, for example, it can reach ten times and
in some cases even twenty times the amount of the minimum airflow rate in the winter
[ 474, VDI 2011 ]. The minimum (winter) ventilation rate is the flow necessary to evacuate the
moisture produced in cold weather by the youngest animals for the physiological stage
considered and/or carbon dioxide and possibly ammonia. The maximum capacity is the flow
applied in hot weather to the heaviest animals for the stage considered, to counteract the
temperature rise inside the building.

The optimum airflow significantly contributes to the control of the indoor concentrations of
ammonia, dust and germs. An increase in concentration of CO,, NHs;, dust and germs can affect
the pig feed intake by approximately 160 g/d, as a consequence decreasing the daily weight gain
by 75 g [ 261, France 2010 ].

The recommended temperatures and ventilation rates in France for heated and non-heated pig
slurry-based houses are summarised in Table 2.11. Reference values from the Netherlands are
reported in Table 2.12.

Table 2.11: Ventilation rates and indoor temperatures for pig housing, in France

Animal category 3Ventilati_on rate Temperature
(m°/h per animal place) (°C)

Mating/gestating sows (winter) 25150 20
Mating/gestating sows (summer) 22
Farrowing sows (start of cycle) 35950 24 (H
Farrowing sows (end of cycle) 22

27 (weaning at 28 days)
Weaners (start of cycle) 3-30 28 (weaning at 27 days)
Weaners (end of cycle) 24
Fattening pigs (winter) 865 22
Fattening pigs (summer) 24-25
(%) For the piglet area, the temperature recommendation is 28-30 °C.
Source: [ 261, France 2010] [ 345, France 2010]
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Table 2.12: Ventilation rates and indoor temperatures for pig housing, in the Netherlands

Minimum Maximum

Animal category ventilation m*h | ventilation m%h ngp

per animal place | per animal place (°C)
Mating sows 14-20 120-150 22
Gestating Sows 18-25 120-150 20
Gestating sows 1 week before birth 18-25 160-200 20
Farrowing sows during birth 18-25 160-200 23
Farrowing sows 1 week after latest birth 35-50 200-250 20
Farrowing sows end 35-50 200-250 20
Weaners start (7.5 kg) 2-3 10-12 26
Weaners day 21 4-6 15-18 24
Weaners day 42 6-9 20-30 22
Fattening pigs day 1 (23 kg) 6-8 20-30 25
Fattening pigs day 5 6-8 20-30 23
Fattening pigs day 50 11-15 40-55 22
Fattening pigs day 100 14-20 60-80 21
Source: [ 421, Netherlands 2011 ]

Design values in Germany and Austria are shown in Table 2.13 for different pig categories.

Table 2.13: Ventilation rates for thermally insulated pig houses according to DIN 18910-1, in
Germany and Austria

Weaners and fattening pigs (%)
Live weight kg 5 10 20 | 30 | 50 100 | 120
Minimum ventilation rate (winter) m>/hperanimal | 25| 37 | 54 [69] 9.4 | 141 [15.6
Maximum ventilation rate (summer) | m/h per animal | 12 | 23 40 | 53 | 74 108 | 119
Gestating sows (%)

Live weight kg 150 200 250 300

Minimum ventilation rate (winter) m>/h per animal | 12.4 15.1 17.8 20.3

Maximum ventilation rate summer) m°>/h per animal 83 106 128 149
Farrowing sows (°)

Live weight kg 150 200 250 300

Minimum ventilation rate (winter) m>/h per animal | 21.7 24.5 27.1 29.6

Maximum ventilation rate (summer) m°>/h per animal 139 164 187 209

(%) Values calculated for 1.2 m? per animal and temperatures from 28 °C to 18 °C.
(%) Values calculated for 2.0 m? per animal and temperature 18 °C.
(® Values calculated for 5.0 m? per animal and temperature 18 °C.

NB: Calculated values are based on an overpressure of 1 000 mbar and a house with a surface area of 14 m x 40 m.
Source: [ 275, DIN 2004 ] [ 251, KTBL 2009 ]

Mating and gestating sows have relatively low temperature requirements. In Spain and Italy,
many farms apply only natural ventilation, with air entering from outside directly into the
animal housing area. Nevertheless, in large farms, with a high density of animals, ventilation
requirements are met by means of fan ventilation.

Extractor fans are commonly used, but, in Spain for example, there is a trend towards pressure
ventilation systems linked to evaporative cooling, as these enable not only ventilation but also
air temperature reductions inside the building. Throughout Europe, in farrowing and weaning
houses it is common to control the indoor climate by operating automatic (sensor-controlled)
ventilation systems with the heating of the air. The air inlet is usually via a central corridor
(indirect) and the design of the ventilation system in the units is such that a draught near the
animals is avoided.
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The houses for fattening pigs that are naturally ventilated count on an air inlet directly into the
pen area, whilst extractor fans are also used in new constructed buildings. Mechanical
ventilation is also widely applied (e.g. for most fattening pig houses in Belgium-Flanders).

2.3.2.3 Lighting of pig housing

Lighting requirements for pigs are laid down in Directive 2008/120/EC, stating that pigs must
be kept in light with an intensity of at least 40 lux for a minimum period of 8 hours per day
[ 158, EC 2008 ]. Light must be available for good control of the animals and must not have a
negative influence on pig production. Light can be artificial or natural entering through the
windows; at the latter additional artificial lighting is normally applied.

Additional requirements are stipulated in some Member States. Finland, Austria, Belgium,
Sweden and Germany require that pigs have access to daylight through the walls or roof (3 % of
the floor space in Belgium and Germany; in Austria if there is no outdoor access) or through
windows (all buildings must have windows for natural light in Sweden). Germany requires that
pigs are housed under 80 lux for at least 8 hours per day [ 201, Mul M. et al 2010 ].

Different lamps are used with different energy requirements. Fluorescent lights are up to seven
times more efficient than filament bulbs. LED lights are characterised by lower energy
consumption and heat output, by smaller sizes than traditional bulbs, by the possibility of
dimming bulbs without effect on the spectral sensitivity, and by the minimal flicker [ 422,
Taylor N. 20101].

Lighting installations should conform to normalised standards for safe operation and must be
water-resistant. Lights are installed in such a way that sufficient radiation (light level) is assured
to allow the required maintenance and control activities to be carried out.

2.3.24 Water fogging

Some farms, located in zones where summer temperatures are extremely high, use mist
evaporative cooling systems to reduce the housing temperature, as heat stress affects animal
performance. Spraying fine particles of water is a technique that produces a cooling effect by
evaporative cooling, and has a positive effect on dust control, as described in Section 2.2.4.3.

2.3.3 Pig feed and drink supply
2331 Pig feed formulation

The feeding of pigs is aimed at supplying the required amount of net energy, essential amino
acids, minerals, trace elements and vitamins for growth, finishing or reproduction. The
composition and supply of pig feed is a key factor in the reduction of emissions to the
environment from pig farming.

Pig feed formulation is a complex matter, combining many different components in the most
economical way. Different factors influence the composition of a feed. Components used for
feed formulation are determined by the location. It is now common for different feeds to be
applied, enabling formulation closer to the requirements of the pig. For example, two-phase
feeding is applied for sows and three-phase for finishers.

In general, multiphase (adapted N and P content) feeding regimes are commonly applied for
fattening pigs, as well as the use of feed additives, with the aim of reducing the amount of
manure. Multiphase or programmed feeding regimes are also widespread for weaners. This
section can only give a short overview of the essential elements that are combined in pig feed.
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An important feature of a feed (material or diet) is its energy content (expressed in MJ/kg) and
in particular the amount of productive energy that is available to the pig, the net energy (NE).
There are a number of systems operating within the EU, used to express the energy value of a
pig feed. In the past, these were mostly based upon digestible energy (DE) which is the
difference between the gross energy of the feedstuff and the dietary energy losses in the faeces.
However, the DE system undervalues the productive energy content of fats and overvalues that
of protein and fibre. A modified version of the DE system is the metabolisable energy (ME)
which takes into account energy losses through faeces, urine and gases. The net energy (NE) is
the energy actually available for productive purposes (maintenance of bodily functions, growth,
milk production and reproduction) taking into account all energy losses, not only through
faeces, urine and gases but also the biggest energy loss by the pig, the heat. Nowadays, NE has
been adopted by the majority of Member States; nevertheless, energy systems based on
approximate DE are still in use.

There are two basic NE systems in operation in the EU, one produced by France and one by the
Netherlands. There are also derivations such as the Danish system which is basically an NE
system but uses Feed Units. In comparison with feeds formulated on a DE system, formulating
feeds on an NE basis typically results in reduced crude protein content [ 624, IRPP TWG

20131].

The indispensable (or essential) amino acids are those that cannot be synthesised by the animal
organism, or can only be in small quantities. They must, therefore, be supplied through the diet,
which has to provide the indispensable amino acids in sufficient quantities to cover the animal’s
requirements. The essential amino acids for pigs are the same as for poultry, but the order of
deficiency is not the same. In pigs, lysine is the first limiting amino acid, followed in general by
methionine (and cystine), threonine, tryptophan, valine, isoleucine, histidine and the others.

In the formulation of feeds for pig nutrition, the ideal protein is a concept where the optimum
indispensable amino acids supply is described in terms of ratios to lysine and where any
deficiency of one of the indispensable amino acids will compromise growth and/or health. In
this profile, all indispensable amino acids are equally limiting for performance, just covering the
requirements for all physiological functions.

In practical nutrition, this offers the advantage that the lysine requirement will vary (per kg of
feed or per MJ of energy), but not the ideal amino acids profile expressed relative to lysine.
Each of these ratios can thus be directly introduced as a constraint in feed formulation. For
many years pig feeds have been formulated using digestible amino acids (standardised ideal
digestible or SID) rather than total.

The pigs’ requirements for minerals (major elements and trace elements) is a complex matter,
even more so due to the interactions between them. Their doses in feeds are measured in g/kg
(minerals) or mg/kg (trace elements). The most important are Ca and (digestible) P for bone
tissue. Ca is also important for lactation and P is important for the energy system. Often their
functionalities are related and so therefore attention must be given to their ratio. The minimum
requirements vary for the different production stages or purposes. For early growth (including
weaners) and lactation, more Ca and P are required than for growing and finishing. Mg, Na and
Cl are usually given at levels sufficient to meet the requirements. The requirements of trace
elements are defined as minimum and maximum levels, as the elements are toxic above certain
concentrations.

Important trace elements are Fe, Zn, Mn, Cu, Se and |. The requirements can usually be met, but
Fe is given by injection to suckling piglets. Cu and Zn can be added to the feed ration of pigs in
a quantity higher than the actual production requirements, in order to make use of the
pharmacological effects and the positive effects on production performance (auxinic effect).
However, European (i.e. Directive 85/520/EEC and Regulation 1334/2003) and national rules
have been adopted, establishing maximum concentration levels in livestock feeds; for example
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in Italy, regarding additives in feeds, which place limits on the addition of copper and zinc, in
order to reduce the quantity of these two metals in animal slurry.

Vitamins are organic substances that are important for many physiological processes, but can
usually not (or not sufficiently) be provided by the pig itself and therefore have to be added to
the pig’s feed. There are two types of vitamins:

. fat-soluble vitamins: A, D, E, K;

o water-soluble vitamins: B, H (Biotin) and C.

Vitamins A, D, E and K can be stored in the body and are supplied on a regular basis, but B-
vitamins, H and C are supplied daily, as the animal cannot store them (except B12). There are
minimum requirements for the concentration of vitamins in pig feed, but the requirements of
pigs are affected by many factors, such as stress, disease and genetic variation. To meet the
varying requirements, feed producers apply a safety margin, which means that usually more
vitamins are supplied than necessary.

Other substances might be added to pig feed to improve:

o production levels (growth, FCR): zootechnical additives;
o quality of feed: e.g. vitamins and trace elements;
o technological characteristics of feed (taste, structure);

o the environmental impact of animal production: digestibility enhancers, gut flora
stabilisers and additives that favourably affect the environment.

Organic acids and acid salts can be added for their effect on digestibility and to allow a better
use of the feed energy.

Plants contain some compounds that either the animal cannot digest or which hinder its
digestive system, often because the animal cannot produce the necessary enzyme to degrade
them. Enzymes are substances that enhance the chemical reactions of the pigs’ digestive
processes, e.g. the addition of the enzyme phytase to the feed enhances phosphorus digestibility
by breaking down the indigestible phytic acid (phytate) part of phosphorus of plant origin in
feedstuffs. By improving digestibility, they increase the availability of nutrients and improve the
efficiency of metabolic processes. The use of antibiotics as a feed additive in animal feed for
growth promotion is prohibited in the EU (Regulation No 1831/2003/EC).

2.3.3.2 Feeding systems

The choice of feeding system is important as it can influence daily weight gain, FCR and
percentage feed loss [ 39, Germany 2001 ]. In reality, differences within systems may be greater
than between systems [ 624, IRPP TWG 2013 ]. Pig feeding encompasses a number of feed
types. Dry feed is formulated as pellets or meal without any addition of water. Wet feed (or
liquid feed) is formulated as a mixture of feed, water and other ingredients so that it can be
pumped. Most feed mixed on farm is dispensed as a meal whereas that supplied by larger
commercial mills is more often supplied in the form of pellets or nuts.

Pelleting improves digestibility, reduces feed wastage and dust, and may improve feed intake
while the feed conversion ratio is generally improved. Pelleting, as a thermal process, can also
reduce or eliminate potential pathogens such as salmonella in the feed ingredients. However,
meal is cheaper to produce and gut microbiology is generally better for pigs fed with meal, with
less diarrhoea and a lower salmonella incidence.
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In areas with a high population there are high quantities of liquid by-products available for the
preparation of liquid feeds. These include starch products, those from the brewing and distilling
industries (including bioethanol) and milk products. They are mixed on farm with meal and
circulated to the pigs via a pipeline. Such by-products are cost-effective although their
composition and supply can be variable. They are low in dry matter and, therefore, the transport
distance is crucial. There has been an increase in by-product feeding in the EU although this is
inevitably limited by the supply of co-products [ 624, IRPP TWG 2013 ].

The design of the feeding installation depends on the feed type. Liquid feeding is most common,
but for example in Spain and Belgium dry feeding is applied in most of the farms, and mixtures
are also applied. Regimes are ad libitum or restricted. For example in Italy the following
variations apply [ 412, Italy 2001 ]:

° for mating/gestating sows: 80 % of farms operate liquid feeding; the other 20 %, dry
feeding;

. farrowing sows and weaners are given dry feed;

o growing/finishing pigs are liquid-fed on 80 % of farms (of which 5 % are fed with wetted
feed), with feed supplied as dry plus drinkers on 5 %, and dry-fed on 15 %.

The feeding system consists of the following parts: feeding trough, storage facility, preparation
system, transport system and dosage system.

Feeding can vary from fully hand-operated to fully mechanised and automated systems.
Troughs of different designs are used and provisions are made to prevent pigs from lying in the
trough. Feed is often delivered dry or mixed with water. Different dry feeds are purchased to
allow a mixture close to the required nutrient content. Dry feed is usually transferred from the
storage to the mixing machines by augers.

Distribution varies with the type of feed. Dry feed can be transported by a feeding cart or
mechanically through feed distribution tubes in the same way as liquid feed. Liquid feed is
pressed through a plastic tube system, in which the pressure is built up by the pumping system.
There are centrifugal pumps, which can pump large amounts and can achieve about 3 bar.
Displacement pumps have a lower capacity, but are less limited by pressure build-up in the
system.

Liquid (wet) feeders consist of a mixing container, where the feed is mixed with water, and
tubes to distribute it to the animals. The rationing of the mixture can be done automatically
based on weighing the exact amounts or can be computer-controlled, mixing according to the
feeding plan and substituting feed when necessary. Liquid feeding can also be operated
manually by weighing and mixing the required amounts. In Austria, fattening pigs are fed with a
‘soup’ of water and 30 % dry matter coming from maize, soy, mineral raw materials and a raw
fibre carrier called ‘pig fibre’ [ 373, UBA Austria 2009 ].

Feed can be delivered to animals by using mechanical drops with calibrated boxes (drop-
feeding) that are fed by auger. The system is used for group-housed animals and for individual
housing (crates). Group-housed sows can be individually fed with computerised sow feeders
(see Section 2.3.1.1.4) that identify the animals by an electronic identifier (chip) clipped at the
ear or neck. The amount and supply are adjusted to allow the sow to eat as much and as often as
it needs, but constrained by operator-determined limits.

Individual feeding stalls are frequently provided in pens for group housing. Animals are free to
roam in pens and enter the feeding stations, where they are individually fed, in order to reduce
aggression between animals at feeding time. Self-locking or manual locking individual feeding
stalls can be used for activities such as vaccination, oestrous detection, and artificial
insemination.
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With trickle feeding systems, feed is delivered via a top auger to individual feeding points, in
small portions, at regular intervals over the feeding period. The feed is delivered at a speed
adjusted to the consumption rate of the animals (typically 80-180 g/minute), to discourage
changes of feeding position, with consequent differences of feed intake within the group. In the
rearing of sows, aggressive behaviour caused by competition for feed can be reduced.

Liquid feeding has the potential to reduce production costs and is an effective management tool
for controlling the presence of salmonella in pigs at slaughter but has no significant effect on
measures to reduce the environmental impact [ 289, MLC 2005 ] [ 290, Univ. of Newcastle
2002 ]. On the other hand, the capital cost of wet feeding is high compared to that of dry feeding
and the variability of ingredients in liquid feeding could make it difficult to guarantee the
ingestion of properly balanced feed.

2.3.3.3 Drinking water supply systems

All pigs over 2 weeks of age must have permanent access to a sufficient quantity of fresh water
in compliance with Directive 2008/120/EC. Natural drinking behaviour also has to be
considered.

Inadequate water intake can lead to reduced feed intake, poor daily weight gain and poor feed
conversion. Significant losses may occur due to a recreational use of water. In turn, waste water
may significantly increase the volume of slurry produced [ 423, Gill P. 1989 ].

For the supply of drinking water, a great variety of drinker systems are available. The quality of
the water should be appropriate for the animals being produced according to the provisions of
Regulation (EC) 183/2005. Some farms have a main reservoir with a large capacity and
possibilities for disinfecting treatment; inside each house or sector there may be smaller
reservoirs to allow water distribution along with medicines and/or vitamins. One or more
pressure regulators are necessary to control pressure in the pipeline; a filter can be placed
upstream of the distribution line [ 413, Portugal 2001 ] [ 357, France 2010].

The proper functioning of the watering system mainly depends on:

. the drinker design;
. the flow per drinker;
. the number of animals per drinker;

o the position of drinkers, e.g. height from the ground [ 357, France 2010 ].

The following drinker designs are commonly used to distribute water to the animals:

o nipple drinkers in a cup or a trough;
. bite drinkers;

. push-tube drinkers;

o trough with bowl and pallet;

o water trough at a constant level.

Animals easily learn how to use nipple and bite drinkers and the cleanliness of the water
provided is ensured; notable waste water can occur in comparison with trough drinkers. By
pressing a nipple with its nose, the pig can make water run into the trough or the cup. Minimum
requirement capacities vary from 0.75-1.0 litres per minute for piglets and typically
2.0-3.0 litres per minute for sows. A bite nipple gives water when the pig sucks on it and opens
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a valve. The water will not run into a trough or cup. The capacity of the bite nipple is
0.5-1.5 litres per minute. Push-tube drinkers generally equip wet feeders or can be placed above
small troughs.

Watering the animals by filling the trough can vary between a simple tap to a computerised
dosing system measuring exactly the required volume. Trough drinkers at a constant water level
allow fast animal adaptation and result in less water wastage due to the water being retained in
the trough. However, this retained water is susceptible to spoilage, which could decrease water
intake, therefore they are not widely used. Troughs with bowl and pallet combine low water
wastage with acceptable water cleanliness. The bowl is generally made of cast iron with the
shape of a snout.

The number of animals serviced in France by the different types of drinking systems is shown in
Table 2.14.

Table 2.14: Number of animal serviced by each type of drinking equipment in France

Drinkin Capacit Maximum number of
Pig category g pacity Height (cm) (Y animals per drinker
system (I/min)
system
. Bowl 0.5 8 NR
Piglets - -
Bite drinkers 0.5 20 NR
Bowl 0.5-1.0 12 18
Weaners - -
Bite drinkers 0.5-0.8 30 10
Fattening pias Bowl 0.8-1.0 20 18
gpyg Bite drinkers 0.5-0.8 50 10
Sows Bowl 3.0 30 10
(Group housing) Bite drinkers 1.5 70 5
Sows
(individual housing) Bowl >3.0 5-10 NR
(%) For bowls, height is calculated from the higher edge and for bite drinkers from the of the end of the bitter.
NB: NR = not relevant.
Source: [ 357, France 2010 ]

102 Intensive Rearing of Poultry or Pigs



Chapter 2

2.4  End-of-pipe techniques for air cleaning

Air cleaning systems are end-of-pipe techniques used to remove pollutants from the exhaust air
of animal housing. They are applied only in forced ventilated houses because the exhaust air has
to be collected and led through the cleaning system by fans. Air cleaning systems operate on
different removal principles (physical, biological and/or chemical). Different types of wet
scrubbers and biofilters are applied, individually or in combinations; they differ in applicability
and removal performance (see related data in Table 4.129).

Modifications to the feed formulation and adaptation of the housing system may not always
allow compliance with increasingly stringent emission regulations and targets. This can be seen
as a driving force for the development and use of air cleaning systems; even if these techniques
do not improve the indoor climate of the animal houses.

241 Wet scrubbers

A wet scrubber, or trickling filter, is an end-of-pipe technique for removing pollutants from the
exhaust air of a forced ventilated animal house. The air is filtered through a bed of inert material
that has a high porosity and a large specific area and is continuously kept wet (see Figure 2.27).
The contaminated air is blown through the filter either horizontally (cross-current) or upwards
(counter-current), to produce intensive contact between air and water, enabling the soluble
contents to be exchanged from the gas to a liquid phase. Most of the trickling water is
continuously recirculated, while a fraction is discharged and replaced by fresh water. The
discharge is automatically managed on the basis of the water conductivity and allows for the
removal of nitrogen compounds. These techniques have the potential to achieve a combined
removal of ammonia, odour and particulate matter.

Air outlet Fresh water supply
|H Packing lH Recirculation
Air inlet Buffer Water dischargg
tank

Source:[ 13, Melse 2009 ]

Figure 2.27: Schematic representation of a wet scrubber

Two types of wet scrubbers are mainly used: ‘acid scrubbers’, and ‘biotrickling filters'
(bioscrubbers) and their combinations, e.g. 'multi-stage air cleaning systems’, where two or
three stages that operate on different principles are run in series, e.g. an acid scrubber to remove
ammonia and a biofilter to remove odour.
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In a bioscrubber or biotrickling filter, the exhaust air is conducted through a package of plastic
material, which is continuously sprayed with water containing microorganisms to trap and
breakdown ammonia and organic compounds responsible for odour; dust is also dissolved in
water. During the passage through the moistened packing material, ammonia is removed by
bacterial conversion to nitrite and nitrate. The bacterial population mainly grows as a film on the
synthetic packing material and is partly suspended in the recirculating water.

An acid scrubber uses a spray of acid solution (usually sulphuric acid) to trap and remove
ammonia from the contaminated exhaust air. The pH of the circulating liquid is kept at low
levels (i.e. <5) and the ammonium salt that is formed is removed from the system with the
discharge water.

In practice, scrubbers should be designed for treating the maximum exhaust airflow rate. Since
maximum ventilation rates do not occur frequently, scrubbers can alternatively be dimensioned
for treating lower ventilation rates, so that the part of the exhaust air that exceeds the air
cleaning system capacity is allowed to be vented untreated through a bypass. In this way, the air
cleaning system size and cost are significantly decreased (as cost is proportional to the volume
of air to be treated), ammonia removal efficiency is kept high and emission loads are only
slightly affected; on the other hand, odour nuisance mitigation will be nearly completely
compromised. However, the ammonia removal efficiency of the system also depends on other
parameters, including the thickness of the filter package.

Manufacturers deliver either prefabricated modules or custom-made installations. Periodic
maintenance and controls are necessary in order to maintain the abatement efficiency. The
nitrogen compounds that result from both chemical and microbial processes can be used as
fertilisers.

2472 Biofilters

A commonly applied method of treating the exhaust air of forced ventilated animal housing is
the use of biofilters. The exhaust air flows through a large packed filter bed of organic material,
such as compost, root wood or wood chips. The filter material is always kept moist, so that high
microbial activity occurs on the biologically active film that is formed on its surface. The wet
microbial film traps and degrades the organic compounds responsible for odour that are blown
through the filter. Dust emissions are also considerably reduced. Even though NH; is degraded
by microbial activity, the use of single-stage biofilters for ammonia removal in animal housing
is generally not recommended due to the risk of formation of secondary trace gases and fast
filter material decomposition. At normally applied air residence times, the filter material
lifespan is shortened in the case of relatively high NH3; and dust concentrations of the incoming
air and inconsistent humidification of the packing. In general, this technique can be effectively
used in combination with other air cleaning techniques as a polishing step for effective odour
removal.

104 Intensive Rearing of Poultry or Pigs



Chapter 2

2.5 Processing and storage of animal feed

Many on-farm activities involve the processing and storage of feed. Many farmers obtain feed
from animal feed compounders that can be readily used or that needs only very limited
processing. Production of the basic feed ingredients is a specialised activity; however, some
large enterprises produce the majority of the basic ingredients themselves and also purchase
premixtures of additives to manufacture their own compound feed; this may also be the case for
some small and medium-sized enterprises.

The processing of feedstuff consists of grinding or crushing and mixing. The mixed feed can
either be fed as a dry or a liquid feed. Mixing the feedstuff to obtain a liquid feed is often done
shortly before feeding the animals, as this liquid cannot be stored for a long period of time.
Grinding and crushing are time-consuming and require a lot of energy. Other energy-consuming
parts of the installation are the mixing equipment and the conveyor belts or air-pressure
generators used to transport the feed.

Feed processing and feed storage facilities are usually located as close as possible to the animal
housing. Feed produced on the farm is usually stored in silos or sheds as dry cereals; gas
emissions are then limited to the emission of carbon dioxide from respiration.

Industrial feed can be wet or dry. If dry, it is often pelleted or granulated to allow for easier
handling. After mixing the feedstuff, dry feed is transported in tanker lorries and unloaded
straight into closed silos, therefore dust emissions are usually not a problem.

Driveways and trucks are preferably kept in a zone separate from the animal houses, in order to
avoid trucks entering the clean zone and, therefore, reducing the risk of contamination
(biosecurity measure).

There are many different designs of silos and materials used. They can be flat at the bottom, to
stand on the ground, or conical, resting on a supporting construction. Sizes and storage
capacities are numerous. Nowadays, polyester, glass fibre reinforced plastic (GRP) or
galvanised steel silos are the most frequently used, and the inside is made as smooth as possible
to prevent residues from sticking to the wall. For liquid feed, materials (resins) are applied to
resist low pH products or high temperatures.

Silos are usually a single construction, but there are also designs on the market that can be
transported in parts and assembled in the farmyard. Silos are usually equipped with a manhole
for internal inspection and a device for air venting or for relieving overpressure during filling.
Equipment is also applied for aeration and the stirring of the contents (especially soya) and to
allow the smooth transportation of the feed out of the silo.
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2.6  Collection and storage of manure

2.6.1 General requirements

Manure is an organic material, which supplies organic matter to soil, together with plant
nutrients (in relatively small concentrations compared to the mineral fertilisers). It is collected
from animal housing and stored either as slurry or as solid manure. Manure from intensive
livestock is not necessarily stored on the farm where it is produced and particular care is taken
because of the risk of spreading disease.

Slurry consists of excreta produced by livestock in a yard or a building, mixed with rainwater
and cleaning water and, in some cases, with bedding in relatively small quantities and feed.
Slurry may be pumped or discharged by gravity. Pig manure is often handled as slurry.

Solid manure includes farmyard manure (FYM) and consists of material from litter-covered
yards, dried poultry manure from belt removal systems in hen housing, excreta with a lot of
straw in it, or solids from a mechanical slurry separator. Solid manure does not flow under
gravity and cannot be pumped. Some types of solid manure cannot be stacked in a heap and
liquids may drain from the material. Most poultry production systems produce solid manure,
which can generally be stacked.

Storage facilities are usually built with a minimum capacity to guarantee sufficient storage until
further manure handling is possible or allowed (see Table 2.15), due to regulations
implementing the Nitrates Directive (91/676/EC). The required minimum storage capacity and
prohibition period for manure landspreading differ between Member States; the prohibition
period may also depend on the soil and crop type. The storage capacity depends on the climate,
on the regulatory requirements, on the landspreading risks (manure management planning), on
the size of the farm (animal numbers) and on the amount of manure produced taking into
account the amount of waste water produced, and is expressed in months rather than in m®. For
slurry storage in earth-banked lagoons, in particular, the calculation for the required storage
capacity has to allow for a minimum freeboard as a safety margin to limit pressure on the bank
and to prevent overtopping by the action of wind on the slurry surface or abnormal precipitation
(predominately rainfall), which in turn can erode the top and dry slope and lead to pollution. In
general the quantity of precipitation must be considered in uncovered storage facilities.

The storage time depends on the fertiliser requirements of the crops, the vegetation period, the
soil moisture deficit and the storage capacity. The field crops and fertiliser requirements differ
between farms and management options and may change every year. The storage time can range
from some days to some months depending on the management system [ 574, UBA Germany
2011][624, IRPP TWG 2013 ].

Across Europe, a storage capacity of 4 to 6 months is generally applied for solid manure. In the
northern regions (Sweden, Finland), even larger storage capacities may be applied. A storage
capacity of 6 months seems to be a common standard in Europe for slurries; although, shorter
(e.g. Czech Republic, Spain, Portugal) and even longer storage times are also common (e.g. the
Netherlands, Denmark, Germany, Sweden, Finland) [ 264, Loyon et al. 2010]. A large slurry
tank can easily contain 2000 m® or even up to 5000 m®,
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Table 2.15: Storage times of poultry and pig manure in a number of Member States
EU External manure storage capacity (%) .
Member State (in months) Climate
3 (farmyard manure)
Belgium (Flanders) 9 (slurry) Atlantic/Continental
9 (poultry manure when birds are kept indoors all the time)
Belgium (Wallonia) 6 (slurry) Atlantic/Continental
Luxembourg 5 Atlantic/Continental
Denmark 6-9 Atlantic
Finland 12 (except for deep litter) Boreal
3-4 :
France 6 (Brittany) Atlantic
2-4 (solid manure, according to good agricultural practice) .
Germany 6-10 (slurry, depending on soil and climatic conditions) Continental
Austria 6 Continental
Greece 4 Mediterranean
Ireland 6 Atlantic
3 (solid manure) .
Italy 4-6 (slurry) Mediterranean
Portugal 3-4 Mediterranean
Spain 3 or more Mediterranean
Sweden 8-10 Boreal
7 (slurry) .
Netherlands length of production cycle (poultry) Atlantic
UK 6 Atlantic
Slovenia 4 or 6 (depending on the region) Continental

(%) Deep litter of poultry systems is considered storage space.
Source: [ 537, COM 1999 ][ 500, IRPP TWG 2011 ] [ 574, UBA Germany 2011 ]

Table 2.16 reports examples of national regulations implementing the Nitrates Directive
(91/676/EEC), which bans manure application during certain periods of the year.
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Table 2.16: Examples of national regulations (2013) prohibiting manure application during
certain periods of the year

EU Regulation for manure application
Member State
Ban on slurry application between 01.11 and 31.01 on tillage land, and between
Germany

15.11 and 31.01 on grassland

Ban on slurry application between 15.10 and 15.02 on soils without vegetation,
and between 15.11 and 15.02 on soils with vegetation

Ban on slurry application between 01.09 and 31.01 on sandy and loose soils, and
between 15.10 and 31.01 on clay and peat soils under grass

Ban on slurry application between 15.10 and 12.01 till 31.01, depending on the

Austria

Netherlands

Ireland :

region

Ban on slurry application between 01.11 or 15.11 to 15.01, depending on the
France L

type of cultivation

Ban on slurry application between 01.09 and 31.12 for sand and shallow soils
UK under grass, and between 01.08 and 31.12 for sand and shallow soils under

tillage; in other soils, between 15.10 and 31.01 under grass, and between 01.10
and 31.01 under tillage

Denmark It is not allowed to spread slurry between 15.10 and 01.02

Ban on manure application depending on whether it is slurry or solid manure, the
type of crops (arable or permanent grassland) and the region. The ban periods
generally start between the months of November/December and end in
January/February.

Manure must not be applied between 15.10 and 15.04. It may be applied in the
autumn up to 15.11, and application may be started in the spring no earlier than
Finland 01.04, provided the ground is not frozen and is sufficiently dry to avoid run-off
into watercourses and any danger of subsoil compaction. Manure may not be
applied on the surface of grassland after 15.09.

Ban on the application on slurry and poultry manure on arable land between
16/10 and 15/02, on grassland between 16.09 and 31.01.

Ban on slurry application and other fertilisers from 15.10 until 15.02 on arable
land on heavy clay soils. Ban on slurry application from 01.09 until 15.02 and
Belgium (Flanders) |obligation to sow catch crop/intermediate crop after harvest of the main crop.
Ban on farmyard manure and compost application from 15.11 until 15.01 on
arable land and grassland

Source: [ 442, Hansen et al. 2008 ] [ 574, UBA Germany 2011 ][ 624, IRPP TWG 2013 ]

Italy

Belgium (Wallonia)

Manure can have a relatively high dry matter (DM) content (dried poultry manure and litter-
based manure) or can be a mixture of faeces, urine and cleaning water (slurry). Facilities for the
storage of manure are normally designed and operated in such a way that the substances they
contain cannot overflow.

The design and the construction material for the manure storage facilities often have to be
chosen in accordance with the specifications and technical requirements laid down in guidance
notes or in national or regional regulations (e.g. Germany, the UK, Belgium). The regulations
are often based on water regulations and their objective is to prevent any contamination of
ground or surface water. They also include provisions for maintenance and inspection and
procedures to follow in case of an escape of slurry, which could pose a risk of damage to water
resources.

Spatial planning of on-farm manure storage is regulated for the protection of water sources and
to protect sensitive receptors in the vicinity of the farm against odour. Regulations prescribe
minimum distances, depending on the number of animals and on farm-specific features, such as
prevailing wind direction and the type of neighbouring receptors.

Table 2.17 compares the benefits and disadvantages deriving from the use of solid manure or
slurry-based manure management systems over the entire chain of farm processes and activities.
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Table 2.17: Advantages and disadvantages of solid manure- and slurry-based systems

Straw-based systems

Slurry-based systems

More flexible long-term use of houses;

Generally more easily mechanised;

General May reduce odour problems; Lower labour inputs during housing.
advantages . . :
Perceived as more animal-friendly.
More floor space required per animal; Specialised storage and handling
Straw not always easily available/high equipment required.
General cost;

disadvantages

Potentially higher ammonia and GHG
emissions;
Higher dust emissions associated.

Transport and
storage

Flexible, as almost any farm bulk trailer
or lorry can be used to transport solid
manure;

Manure may be stored in field heaps
before landspreading;

Few straw-based units produce only
‘solid’ manure.

Almost always at the unit itself and
must be in dedicated facilities;

Slurry is usually moved in purpose-
made tankers or via piped systems;
High work rates can be achieved by
pumping slurry through pipelines and
tubes.

Fertiliser
value and
landspreading
attributes

FYM provides a greater amount of
added organic matter, as well as plant
nutrients;

Spreading is generally favoured on
uncropped land or to grassland before
reseeding, because of potential
smothering problems.

Slurry can be more readily applied to
growing arable crops and grassland in
early spring and summer;

Greater supply of nitrogen available to
plant in the season of application.

Animal
welfare

Straw is widely perceived to enhance
the welfare of pigs;

Provides thermal insulation, thermal
comfort ‘buffering’ and a more ‘natural’
environment;

Specific welfare concerns about outdoor
production systems with straw-bedded
shelters;

Straw must be of good quality, without
presence of fungus.

European welfare directives
increasingly discourage fully slatted
floor systems;

Poor management of partly slatted
floor rearing systems entails problems
of fouled lying areas;

Fully slatted floor systems have been
outlawed in new houses in some EU
Member States.

Industry
image

The perception of better pig welfare
provides some pig-meat marketing
advantages;

Little evidence that a higher price is
achieved.

Producers see slatted floor housing as
the most cost-effective way to
produce.

Labour
requirements

Advanced mechanisation of straw and
solid manure handling;

Activity involved in straw procurement
and additional manual tasks;

Typically, one extra full-time worker is
required for a straw-based
breeder/finishing pig unit of about 250-
300 sows.

Slurry-based housing systems have
lower labour requirements at all stages
of production;

General husbandry tasks are generally
more readily accomplished in housing
layouts associated with slurry.

Flexibility of
buildings

Straw-based houses are more flexible,
but reconversion to a slurry system
would be costly;

Many buildings could be readily
adapted to other farm uses (simple
modifications to general purpose farm
buildings).

Buildings with low ceiling heights,

may be difficult to adapt to
mechanised  straw-based  manure
handling.

Ventilation systems may not be
suitable for controlling the
environment in straw-bedded pens
without modification;

Floors and supporting structures may
not be suitable for carrying the loads
imposed by straw-based systems and
equipment associated with their
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Straw-based systems Slurry-based systems

management;

e Natural ventilation could also be
difficult to provide in many houses,
because of lack of headroom.

Source: [ 253, ADAS 2002 ] [ 624, IRPP TWG 2013 ]

2.6.2 Poultry manure

Solid manure is mostly produced in poultry houses and may be temporarily stored in the same
building until its removal after the production cycle. The manure is cleared out approximately
once a year for laying hens in systems without frequent removal (i.e. deep litter), or at the end of
the rearing cycle for broilers and other poultry raised for meat. Some laying hen housing
systems allow for more frequent, almost daily removal of manure (i.e. with manure belts). In
free-range systems, birds have access to the outside environment and some droppings will be
deposited in fields. In large farms, it is not unusual for the collection, further off-farm storage
and management of the manure to be done by contracted third parties.

Laying hens produce droppings with a typical moisture content of 80-85 %. The initial moisture
content is likely to be mainly influenced by nutrition, whilst the drying rate is affected by the
external climate, indoor environment, ventilation and the manure handling system. Some
systems enable manure to be dried to lower moisture content in order to reduce ammonia
emissions. Some laying hens use a litter-based system similar to broilers. In-house manure
collection and storage systems are described in Section 2.2.1. Different types of manure can be
obtained:

° Wet manure. This has a dry matter content of approximately up to 30-35 % and is
produced with regular daily removal.

. Pre-dried manure, with a dry matter content of approximately 35-50 %. This can be
produced, for example, in systems where manure belts are fitted with pre-drying
ventilation.

. Dry manure or littered manure. These can be produced in houses with deep pits with air-
drying or in littered houses. The manure has a high dry matter content of up to 80 %.

Where manure belts are used, manure collection is frequent (usually every one to three days)
because the weight of the accumulating droppings may hamper the performance of the removal
system.

Broilers are typically bedded on wood shavings, sawdust or straw which, when combined with
bird droppings, produce a fairly dry (around 60 % dry matter) friable manure, often referred to
as poultry litter. Sometimes shredded paper is used as a bedding material. Peat is the most
commonly used litter material for broilers and turkeys in Finland. Poultry litter quality is
affected by temperature and by ventilation, drinker type and management, feeder type and
management, stocking density, nutrition and bird health. Systems are described in Section 2.2.2.

Turkeys are typically bedded on wood shavings or straw (also mixed together) to about 75 mm
depth, which produces a litter of 40 % to 60 % dry matter as an average. In comparison to
broilers, turkeys tend to wet the litter more in the areas under the drinkers where extended bands
with levels of dry matter between 25 % and 35 % can be found [ 624, IRPP TWG 2013 ]
[ 9, Italy 2013 ]. Systems are described in Section 2.2.3.2.

Ducks are normally bedded on straw applying higher amounts in finishing accommodation. A
lot of water is spilled and this results in a litter relatively low in dry matter (around 25 % dry
matter) [ 425, DEFRA 2010 ]. Systems are described in Section 2.2.3.3. However, in France,
meat ducks are mainly raised on fully slatted floors, where slurry is produced. Stores are
dimensioned in relation to the surfaces where the ducks are reared, with a capacity of 300 m® or
450 m? per 1000 m? of surface, for storage periods of 4 or 6 months respectively [257, France

2010].
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2.6.3 Pig manure

Slurry may be stored beneath fully slatted or partly slatted floors of livestock buildings. The
storage period can be quite short but may extend to several weeks in the deep pit within the
housing (e.g. Belgium-Flanders, the UK, Ireland); in general, inside storage is temporary and
slurry is regularly removed to an outside storage facility in the farmyard for further
management. In-house manure collection and storage systems are described in Section 2.3.
Where further storage is required or where treatment is applied, slurry is usually sluiced by
gravity or pumped to collection pits and/or directly to slurry stores. Slurry tankers are also used.
Examples of factors used for calculating slurry storage volume are presented in Table 2.18.

Table 2.18: Factors used for calculating storage dimensions for pig slurry, in Belgium-Flanders

and Spain
BE (FL) ES
Animal Required storage Annual slurry generation
physiological state capacity in m® per in m? per animal place
animal place ()
Lo 0.8 (0.6 if water-saving

Fattening pigs (up to 100 kg) devices are used) 2.15
Growers (20 to 50 kg) 0.4 1.8
Finishers (50 to 100 kg) NI 2.5
Farrowing sows (including piglets) 2.3 5.1
Mating and gestating sows, boars 2.0 NI
Sow in a farrow-to-finish farm (%) NI 17.75
Boars NI 6.12
Gilts 1 2.5
Weaners 0.2 0.41

(%) Values corresponding to a storage period of 6 months. For a storage period of 9 months, the values
are increased by half.
(® Includes all offspring of the sow until end of fattening period.

NB: NI = no information provided.
Source: [ 255, BE Flanders 2010 ] [ 624, IRPP TWG 2013 ]

Differences in similar factors are common because the amount of slurry produced is variable

due to the following aspects:

o yields and efficiency of the animals;

o amount and type of bedding used;

o spillage of drinking water, depending on the type of drinkers;

o water used for cleaning and sprinkling;

o differences in diet that may cause a higher consumption of drinking water and thus also
higher urine production.

Where significant quantities of straw are used for bedding, solid manure is generated which may
be removed from buildings regularly (every one, two or three days) or (in deep-littered houses)
after batches of pigs are moved every few weeks. Solid manure and FYM are typically stored in
concrete yards or on field heaps ready for landspreading.

In Belgium-Flanders, the factors used for estimating the required manure storage capacity (for a
minimum of 3 months storage in house) for solid pig manure generated in deep litter housing
systems are:

o group-housed mating and gestating sows: 2.4 m*/animal place;
o fattening pigs: 0.7 m*/animal place [ 255, BE Flanders 2010 ].
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Many pig farms produce both slurry and solid manure. There is a tendency to collect the excreta
and urine separately to reduce ammonia emissions from housing (see Chapter 4). They may be
mixed again in storage if further treatment of the slurry and/or the solid manure is not required
[ 506, TWG ILF BREF 2001 ].

264 Storage systems for solid manure

Manure collected in solid form is normally transported by front-end loader or (chain) belt
systems and stored on an impermeable concrete floor that is placed outdoors or in closed barns.
The storage system can be equipped with side walls to prevent liquid fractions or rainwater from
leaking away. These constructions are often attached to an effluent tank to store the liquid
fraction separately. The tank may be emptied regularly or the contents may be moved to a slurry
store. Double storey constructions are also applied that allow the liquid fraction of manure and
rainwater to drain into a basin underneath the manure storage area.

The storage of solid manure on impermeable surface is the most commonly applied option
throughout Europe. However, field storage is still often practised. Measures for leakage control
and collection and separate storage of seepage liquids are applied only in a few countries (e.g.
Czech Republic, Italy, Germany, Finland) [ 264, Loyon et al. 2010 ].

In France, solid manure is stored or composted on the field or on a concrete silo. A concrete silo
may be obligatory, depending on the local water protection regulation. In the case of solid pig
manure, storage on the field is done only after a two-month period inside the house in order to
minimise risks of leaching. The dry layer droppings are almost always stored in a shed
[ 259, France 20101].

Examples of calculation factors, used in France, for dimensioning the store for the manure
produced by cage-reared laying hens are reported in Table 2.19.
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Table 2.19: Factors for calculating the dimensions of the manure store for cage-reared laying hens
in France (1 000 bird places)

Characteristics - Storage period of | Storage period of
Store characteristics
Manure of manure 4 months 6 months
collection Dry Wall No
system ;3;%%?; matter Stto raege height | of side SL;;:%CE V?rl]:jgr;]e Slzrr:%ce Vc(>rIrL113r)ne
(%) yp (m) | walls
Gutters Slurry <20 Exﬁna’ NA NA NA 233 | NA | 350
Belt, noair | Wet | g 57 | BXteMall yA | NA | NA | 233 | NA | 350
drying droppings pit
Belt, no air Wet 1
drying droppings 20-27 g(;)r:gerreetg 1.5 4 (9 20.0 NA 24.0 NA
Belt, no air Wet . X 1
h . 28-35 | silo with 2 4 (9 11.2 NA 14.0 NA
drying droppings id
Belt with Pre-dried sice
. . . 36-65 walls 15 3 6.7 NA 10.0 NA
air drying | droppings
Beltwith | Pre-dried | o5 | Covered | ) o 6.7 NA | 100 | NA
air drying | droppings concrete
silo
Beltwith | Predried | _ . | without 15 3 4.7 NA 7.0 NA
air drying droppings side
walls 3.0 3 3.3 NA 5.0 NA
Underfloor Indoor storage in the
pit without | Droppings <20 underfloor pit with Storage surface = surface of the building
air drying impermeable floor and walls
Underfloor Pre-dried Indoor storage in the
pit with air q . 35-65 underfloor pit with Storage surface = surface of the building
. roppings X
drying impermeable floor

(%) The fourth side will have an opening to facilitate access to machinery.
NB: NA = not applicable.
Source: [257, France 2010 ]

In Belgium-Flanders, the factors used for estimating the manure storage capacity for the rearing
of pullets and laying hens are the following [ 255, BE Flanders 2010 ]:

o pullets (wet manure): 10 m*/1 000 animal places;

o laying hens (wet manure): 30 m%/1000 animal places.

When manure is collected and carried away from housing immediately, especially when further
management is done by third parties, there is no need for intermediate manure storage. For
instance, daily collection from belts under laying hens or direct transport of broilers’ manure at
the end of cycle can be done directly from the farm to a third party or for landspreading.

Temporary field heaps can be created prior to landspreading. They may remain in place for a
few days or for several weeks. Since soil and water contamination can occur, depending on the
rainfall and the length of storage, heaps should be located where there is no risk of direct run-off
entering watercourses or infiltration of liquid fractions seeping from heaps to groundwater (e.g.
in a well-drained location away from drainage ditches or away from Karstified limestone).
Member States regulate temporary field heaps in different ways by requiring covers (the
Netherlands, Finland, France), regulating the length or the season of the storage (the
Netherlands, Belgium, the UK), the quantity and maturity of the manure (Austria), or
demanding a yearly rotation of the place of storage (the Netherlands, Austria, the UK, France).
Some examples of the requirements applied in different Member States for temporary field
heaps are presented in Table 2.20.
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Table 2.20: Examples of requirements applied for temporary field heaps in different Member
States
EU Member

State Requirements

No requirement to cover field heaps. A three-month storage should lead to
Austria natural self-heating and the amount should correspond to the fertilising demand
of the farm (about 25 t/ha). Mandatory yearly change of the storage place.
Storage of solid manure in field heaps is forbidden during the period
Belgium-Flanders | landspreading is banned (15 November — 15 January) and is only permitted for a
maximum of 1 month (pending landspreading) outside that period.
Belgium-Wallonia | No requirement to cover the field heaps. The heap has to be relocated each year.
The manure heap can be placed in the middle of the field or, in the case of a
gently sloping field, near the top. A layer of mud or peat at least 15 cm thick has
to be spread at the bottom of the heap in order to catch nutrient run-off. In
winter, snow must first be removed from the site. Manure has to be piled up in
one or a few large heaps. Piling up manure in the same place every year must be
avoided. Manure heaps must always be covered with a tarpaulin or a layer of
peat or an equivalent protective layer at least 10 cm thick, in order to prevent
excessive run-off and emissions to air.

Location of temporary field heaps must change every year and, in this case, there
is no need for a solid impermeable floor with drains. Mandatory cover only for
poultry manure. No obligation to store solid pig manure on a solid floor if it has
remained more than 2 months in-house in deep litter housing systems.

Ireland Requirement for compact heap.

Temporary storage is permitted on agricultural land only after storage for at least
90 days and for a period not exceeding 3 months. Storage cannot be repeated in
the same place within the same crop year. Temporary heaps must be of sufficient
Italy size and shape to ensure good aeration of the mass and, in order not to generate
leachate, the necessary measures must be taken to complete drainage of leachate
before transfer in the field and prevent the infiltration of rainwater, as well as
provide appropriate soil waterproofing.

For temporary manure storage of 2 weeks or more, an absorbent layer of at least
0.15 metres, with at least 25 % organic matter (e.g. peat) is requested. Contact
with rainwater has to be prevented as much as possible (in practice this means
the use of a plastic sheet). Requirements may be applied at local level for
temporary manure heaps of less than 2 weeks (same protection as for older
heaps).

Solid manure heaps must be covered and have to be stored on places with
impermeable surface covers (e.g. concrete) and liquid collection facilities.
Covering of the heaps is not always required. Criteria as to where temporary
field heaps may be located, and for how long, are normally applied.

Source: [ 500, IRPP TWG 2011 ][ 624, IRPP TWG 2013 ]

Finland

France

Netherlands

Denmark

United Kingdom

2.6.5 Storage systems for slurry
2651 Slurry storage in tanks

Slurry, or the liquid fraction of slurry after separation, is usually stored in tanks made of
concrete or steel panels. Slurry is pumped from the slurry pit or slurry channel inside the
housing to the external slurry storage system. Slurry is transported via a pipeline or by means of
a slurry tanker, and can be stored in slurry tanks above or below ground.

Slurry storage systems consist of collection and transfer facilities. Collection facilities are
structural-technical facilities (channels, drains, pits, pipes, slide gates) for the collection and
piping of liquid manure, slurry and other effluents, including the pumping station (i.e. the
reception pit from where the tank is filled or emptied). Valves and sliding gates are important
devices to control (back) flow. Although single valve designs are still common, double valve
(sliding gate) designs or the blocking of valves are recommended for safety reasons. The
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structural-technical facilities intended for homogenisation and transfer of liquid fractions and
slurry are called transfer facilities.

Emissions to air from slurry stores can be reduced by decreasing or eliminating the airflow
across the surface. Slurry tanks can be open or may be covered with a natural crust formed on
the surface of the stored slurry, an artificial layer of floating matter (such as granulated
materials, straw chaff or floating membrane) or with a firm cover (such as a canvas or concrete
roof) to keep rainwater out and to reduce emissions. Both below- and above-ground stores may
have a solid cover over the tank which is not in contact with the slurry surface. Formation and
accumulation of gases in slurry stores present a real and significant health and safety hazard to
operators.

Only in some Member States (e.g. the Netherlands, Denmark) are the slurry storage facilities
generally covered by tents or roofs. Open storage is still widespread along with the use of
natural or artificial crust forming [ 264, Loyon et al. 2010 ]. Other options for reducing
emissions from slurry stores is the reduction of the surface area per unit volume of the slurry
store (appropriate store design) and slurry acidification.

Underground tanks and reception pits are often used to store small amounts of slurry and can act
as reception pits to collect slurry before it is pumped to a larger slurry store. They are usually
square constructions built from rendered reinforced blocks, reinforced concrete made on site,
ready-made concrete panels, steel panels or GRP. With blocks or bricks, extra attention is paid
to the impermeability by applying elastic coating or lining. Occasionally, larger stores are
constructed with reinforced concrete or block-work, or concrete panels; they may be partly
underground, and are often rectangular in shape. Underground tanks made of reinforced
concrete elements are the most common storage systems for slurry in cold regions. They are
built with a common capacity of 5000 m? as circular and partly underground of up to 3 000 m®
(e.g. in Finland 1 000-2 500 m® as circular and partly underground).

Above-ground circular stores are normally made from curved steel panels or concrete sections.
Steel panels are coated to protect them against corrosion, usually with paint or a ceramic layer.
Some concrete panel stores may be partly underground. Normally, all stores are built on a
properly designed reinforced concrete base. In all tank designs, the thickness of the base plate
and the suitability of the seal at the joint of the wall and the tank base are very important
features to prevent slurry from leaking away. A typical system has a reception pit with a grid
cover next to the main store. A pump is used to transfer slurry to the main stores; the pump can
be fitted with an extra outlet to allow slurry mixing in the reception pit. Above-ground slurry
tanks are filled via a pipe with an opening above or below the slurry surface. Since gas and
odour emissions are different if the slurry is pipe-loaded from above or below the surface of the
stored slurry, authorisations (e.g. Finland) may require that tanks are filled by a pipe below the
slurry surface. Prior to discharge or filling, slurry is normally thoroughly mixed with hydraulic
or pneumatic stirring systems to agitate sediment and floating matter and to obtain an even
distribution of the nutrients. Slurry mixing can be carried out using propellers, either mounted
through the side of the store or suspended from a gantry over the top of the store. Stirring can
cause sudden releases of large quantities of noxious gases and proper ventilation is required,
particularly if done in housing.

The main store may have a valve outlet to allow for emptying back to the reception pit, or
alternatively it can be emptied using a pump located in the store (Figure 2.28).
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loading ﬁelld spreader

Valves

Mixer for agitation
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Source: [ 404, Tank manufacturer 2000 ]

Figure 2.28: Example of above-ground slurry tank with an underground receiving pit

The typical size is 1500 m?, within the range of 500-5000 m® which is made up of round
sections of 20 m in diameter or by boxed sections with a height of 5.2 m. A freeboard of at least
0.5-0.75 metres is always left when filling the store, according to local conditions.

2.6.5.2 Slurry storage in earth-banked stores (or lagoons)

Earth-banked walls or lagoons are commonly applied in many MS to store slurry for extended
periods of time. They are normally a large rectangular or square shaped structure with sloping
earth bank walls (earth-banked lagoon) with a large surface area to depth ratio. Their design
varies from simple ponds without any provisions to relatively well monitored storage facilities
with water-impermeable lining such as clay or thick plastic sheets (e.g. polythene or butyl
rubber) on the bottom, protecting the soil underneath. The capacity of a lagoon depends on the
slurry generation of the farm and the operational requirements. Slurry can be mixed using
pumps or propellers. If the slurry is not transported by pipelines but by a vacuum tank, earth-
banked stores can be equipped with an access ramp. The earth-banked store is often fenced off
to prevent accidents.

The durability of lagoons is considered to be 10-15 years. Capacity varies from 500 m® to
7 500 m®. The typical size is 1 500 m®, on an area of 15 x 30 m, with a depth of 4 m (0.5-0.75 m
must be kept as a freeboard), to store manure of 1.0-1.1 t/m® for a period of 6 to 10 months. For
a capacity larger than 5000 m® and up to 7 500 m®, the homogenisation of the stored slurry is
increasingly difficult.

The soil used to construct an earth-banked store needs special properties to ensure stability and
low permeability, which usually means a high clay content (in-situ clay or clay-lined stores).
These stores are built below, above or partly below/above ground level. Earth-banked stores
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also include a minimum allowance for freeboard in order to limit erosion and pressure on the
bank and avoid overtopping (see Figure 2.29). These stores are not authorised in some Member
States if they are not equipped with a geomembrane liner system (i.e. double-layered plastic
geomembrane) and with leakage control [ 257, France 2010 ].

Slight camber

Freeboard 750 mm

Well-graded impermeable
soil with 20 - 30 % clay content

/’ Keyed foundation

Impermeable foundation soil
containing at least 20 - 30 % clay

Source:[ 402, ADAS 2000]

Figure 2.29: Example of earth-banked slurry store, and design features

On some farms located in Mediterranean countries, a multiple earth-banked store or lagoon
system is used for biological treatment and not just for storage. In each store, slurry is held for a
certain period of time for aerobic or anaerobic degradation depending on the design, loading
rate and type of microorganism present. Transport between the different stores can be done
mechanically or by gravity, using the natural height differences of the site. In Portugal for
example, these systems are normally designed and operated to comply with treatment
requirements, although, due to legal restrictions on the quality of the discharged slurry, the
majority of farms use lagoons to store the slurry before landspreading it as fertiliser.

The size of the earth-banked storage system may not allow the installation of some abatement
techniques for the control of gaseous emissions (e.g. plastic sheets may not be applicable to
large existing lagoons).

2.6.5.3 Other types of slurry storage

For the short-term storage of relatively small amounts of slurry, flexible bags are used. They
may be moved from farm to farm (when empty). Larger bags may be sited more permanently in
earthworks to provide longer-term storage. Such stores are filled and emptied via pumps and the
larger stores can be equipped with mixing tools. Slurries can also be stored in masonry stores,
which constitute the stores with the highest risk, particularly with age.
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2.7  On-farm manure processing

To reduce nitrogen and phosphorus losses from livestock manure, it is important to manage the
manure effectively so as to improve utilisation of the nutrient content, thereby reducing the
mineral fertiliser requirement.

Where farmers have insufficient land to accommodate the manure being produced they are
encouraged to export manure to their neighbours or look to reduce livestock numbers, in order
not to exceed the limits imposed by the Nitrates Directive (91/676/EEC) concerning the amount
of nitrogen that can be applied on farm. Movement of manure is an added cost and a potential
source of odours and problems with biosecurity, but, at the same time, reduction in livestock
numbers may not be economically viable.

Some countries have opted to encourage the processing of livestock manure so as to improve its
manageability and utilisation. It is important that manure processing does not increase losses of
gaseous forms of nitrogen (NHs, N,O, NOy), or the formation and release of other (greenhouse)
gases: CO, and CH, [ 203, ADAS 2005 ].

In some EU countries, manure processing is frequently done by mobile units run by contractors
moving from farm to farm (e.g. Denmark, Belgium-Flanders and France) [ 256, VITO 2006 ]
[ 259, France 2010 ] [ 533, Baltic Sea 2020 2011 ].

A report suggested on the basis of data from Member States that manure processing reached an
average level of 7.8 % of the total livestock manure production, with a big variation from
country to country. The processing comprises 108 million tonnes of manure, containing
556 000 tonnes of nitrogen and 139 000 tonnes of phosphorus. The largest share of the livestock
manure production is being processed in Italy, Greece and Germany, with 36.8 %, 34.6 % and
14.8 % respectively of the total. Anaerobic digestion is by far the most commonly used manure
processing technology; 88 million tonnes of livestock manure and other products are processed
in this way [ 595, Agro Business Park 2011 ].

Besides on-farm treatment, manure may also be (further) treated off-site in industrial
installations such as poultry litter combustion plants and centralised composting plants. The
assessment of off-site treatment is outside the scope of this document.

FYM is not often treated, but in some cases it is composted, dried or treated anaerobically. In
some southern countries (e.g. ltaly, Cyprus, Portugal), solids separation in pig slurry is of
practical importance, possibly because of the value ascribed to the organic matter recovered.
Amongst all other treatment techniques, anaerobic and (to a lesser extent) aerobic treatments
have some use. Interest in anaerobic digestion has increased due to the rewards of biogas
production [ 264, Loyon et al. 2010 ].

Manure processing prior to landspreading may be performed for the following reasons:

. to recover the residual energy (biogas) in the manure;
. to reduce odour emissions during storage and/or landspreading;
. to separate the solid phase of slurry;

. to decrease the nitrogen content of the manure to prevent groundwater and surface water
pollution as a result of landspreading, and to reduce odour;

. to allow easy and safe transportation to other sites for application in other processes.

. to reduce the gaseous N and C losses from manure during housing, storage and
landspreading.

The latter two reasons are frequent in regions with a nutrient surplus.
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Organic compounds can be converted to methane by the anaerobic biological digestion of
manure. The recovered methane is normally used as a fuel in combined heat and power
production (CHP) systems for the production of electricity to sell in the public network and of
heat to use at the farm or in the neighbourhood. In this way, the use of fossil fuels that would
otherwise be needed to produce electricity and/or heat can be reduced.

Odour nuisance that occurs during or after the storage of manure can, in some instances, be
reduced by aerobic or anaerobic treatment or by additives [ 506, TWG ILF BREF 2001 ].

The solid phase, which is rich in phosphorus, can be separated from the liquid phase, which is
rich in nitrogen, allowing for a more adequate and environmentally balanced use of nutrients,
especially in order to avoid over-fertilisation with phosphorus.

Nitrogen compounds in manure (organic, ammonium, nitrites and nitrates) can be converted to
environmentally neutral nitrogen gas (N,). The most common technique in this regard is the
biological nitrification-denitrification: bacteria convert organic and ammonium nitrogen to
nitrites and nitrates (nitrification) and further still to nitrogen gas (denitrification).

On the other hand, reducing the N content of manure may mean that there is less N to be used as
a fertiliser (compared to raw manure). This amount of N that can no longer be provided by
manure then has to be supplied through the addition of mineral fertilisers, with the consequent
indirect emissions associated with the production of the mineral fertiliser, including N,O
emissions.

The water content and volume of the manure can be reduced. In addition, pathogenic
microorganisms present in the manure can be deactivated (this prevents the spreading of
livestock pathogens to other regions), and odour emissions reduced. Sometimes different
manure compounds are separated for market reasons. The techniques given below are often
used:

o Separation technologies (e.g. mechanical separation): separation of slurry into one or
more liquid and one or more solid fractions (see above).

o Ammonia stripping: after pH adjustment, NH; is stripped from the manure fluid and
captured.

o Evaporation: liquid manure is heated or depressurised, the resulting vapours are then
condensed and further treated.

o Drying: solid manure is dried by air or animal body heat (see also Section 4.5), by
burning fossil fuels, or by burning biogas from manure fermentation.

o Lime treatment: lime (CaO or CaO-MgO) is added to the manure, with the aim of
reducing the amount of pathogens. The resulting increase in pH and temperature also
leads to an increased release of NHj; in the air and a volume reduction.

o Composting: the volume of the solid pig manure fraction or poultry manure is reduced,
and also many pathogens are inactivated by the temperature increase caused by the
biological degradation of organic material. The composting of poultry litter is, for
example, used in the mushroom industry in Ireland. Under unfavourable conditions, this
technique increases the potential for NH3, N,O and CO, emissions.

o Pelletising: dried manure may be converted to fertiliser pellets, but with a notable
expense for energy consumption.

By regulating (reducing) the pH of slurry, a reduction in both ammonia and methane emissions
can be achieved. If performed during in-house storage, slurry acidification (mainly by adding
sulphuric acid) prevents these emissions occurring in the slurry management chain.

In the following sections some techniques used for manure processing are described in more
detail.
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2.7.1 Mechanical separators

Natural settling (gravity sedimentation) is the easiest and cheapest way to remove undissolved
material from liquid manure (slurry). It is performed in a thickener, in batch or continuous
mode. Most thickeners consist of a container that is cylindrical at the top and conical at the
bottom. Slurry is added to the top of a thickener and the suspended solids settle at the bottom of
the conical part by gravity from where they can be removed. A secondary function is the
provision of storage capacity. However, the process can be inefficient as it requires time and
space. Thickeners can also be operated in continuous mode, where the slurry is added
continuously, while solid and liquid fractions are removed at the same rate [ 594, Agro Business
Park 2011 ] [ 203, ADAS 2005 ].

Mechanical separation is another separation process that separates slurry into a stackable solid
fraction (solids or fibrous material at around 10-25 % of the initial mass) and a liquid fraction
(at around 75-90 % of the initial mass). Separating the suspended solids from slurry means that
the two manure streams can be handled separately. With this processing option, nutrients
(especially P) and organic matter can be concentrated in the solid phase and transported to other
regions without a nutrient surplus. The main process parameters (i.e. throughput, separation
efficiency, volume reduction and energy consumption) are influenced by many factors:

. type of the separator;

. sieve mesh size (or centrifugal force);
. slurry type;

. additives (water, flocculants);

. total solid content of the raw manure.

A wide range of mechanical separators are available. Commonly applied techniques include
[ 219, Netherlands 2010 ]:

. Simple screen separators: these have a metal sieve mesh in either a vibrating, inclined or
rotary screen. In rotary screen separators the sieve mesh is mechanically cleared of solids
using pressure rolls, brusher rolls or scrapers. The separation efficiency is low to
moderate.

. Screw separators: these are equipped with a rotating metal or plastic screw or auger that
forwards the liquid manure into a cylindrical metal tube fitted with small openings to
allow the liquid fraction to be squeezed out. The end of the tube is closed using a piston
that provides sufficient back pressure. A properly set back pressure can ensure this
process is capable of removing about 25 % of phosphorus from pig slurry. This type of
machine can easily be tuned to the specific needs of the farm (e.g. the production of dry
solids suitable for composting or a wetter solid fraction with a higher nutrient removal).

. Belt filter presses: these are large separators often used in waste water treatment plants.
Manure is fed between two parallel conveyor belts, one of which is permeable to water
(the sieve belt). By means of pressure rolls, the liquid fraction is separated from the solid
fraction. To establish a high separation efficiency (50-75% phosphorus removal),
additives (flocculants) such as multivalent cations (e.g. FeCl;) and/or polymer flocculants
(e.g. polyacrylamides) are applied to enhance the aggregation of suspended particles. Belt
filter presses are designed to yield a highly clarified effluent. Because of their size, belt
filter presses are not suitable for mobile separators.

. Centrifuges and decanters (vertically placed centrifuges): separation is achieved through
centrifugal forces generated by the rapid rotation of the installed sieve drum. These
separators are capable of efficiently removing small particles of high specific density, and
are used to dewater sludge in waste water treatment plants. Without chemical additives,
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centrifuges can obtain a high phosphorus separation efficiency of 50-70 %. The
drawback of these machines is the robustness, the capital cost and the high operating cost
[ 257, France 2010 ]. Centrifuges can be incorporated in mobile equipment.

Belt filter presses, screw presses and centrifuges may need an initial pre-separation stage or a
cutting machine when large solid particles are present in the slurry in order to avoid clogging in
parts of the equipment. Screw presses and centrifuges are more susceptible to wear, as a result
of the presence of sand, than the other types of separators. Process parameters can be adjusted in
slurry separation equipment, allowing optimisation of the separation efficiency.

In general, mechanical separation is performed as a first process step prior to the aerobic
treatment of slurry, to reduce the oxygen requirement, and thus the energy needs
[ 257, France 2010 ]. Composting of the solid fraction can be applied afterwards to enhance its
value. Aerobic treatment can be applied to further reduce the nitrogen surplus in the remaining
liquid fraction or this fraction is landspread without further treatment. The solid fraction can
also be treated by anaerobic digestion. Similar systems to those applied on farm also exist for
centralised facilities [ 264, Loyon et al. 2010 ].

On the contrary, liquid manure can be converted into solid manure by mixing it with peat. There
are mixers for this purpose, which makes this method practicable. Straw or sawdust can also be
used as litter material, although Finnish work has shown that peat absorbs water and ammonia
more efficiently and also prevents the growth of harmful microbes. This method has been
recommended, especially on farms in Finland where the storage capacity of the liquid manure
tank is not adequate to accommodate all the liquid manure produced and where building a new
tank is not considered profitable. Peat manure is a good soil improvement material for soil that
is poor in humus. Liquid manure mixed with peat produces less odours than liquid manure
alone; here the carefully mixed liquid manure is pumped into a machine which mixes liquid
manure with peat into litter manure.

On the other hand, peatlands are important wetlands and natural ecosystems with a high value
for biodiversity conservation and climate regulation. Inappropriate management may lead to
their degradation, with major environmental and social impacts, such as significant emissions of
carbon gases (CH,4, CO,) causing global warming, and a loss of biodiversity and fresh water
resources [ 428, GEC 2008 ].

2.7.2 Aerobic digestion (aeration) of liquid manure

On some pig farms, aerobic digestion is used to improve the properties of liquid manure such as
to reduce odour emissions from pig slurry by the biological oxidation of volatile organic
compounds, to decrease pathogens and BOD content, to produce a stabilised and homogenous
liquid manure, and, in some cases, to reduce its nitrogen content.

Slurry contains large quantities of nutrients for plants and microorganisms, as well as microbes
that are capable of utilising these nutrients. The air conducted into liquid manure starts aerobic
decomposition, which produces heat, and as a result of the aeration, bacteria and fungi which
use oxygen in their metabolism multiply. The main products from the activity of
microorganisms are carbon dioxide, water and heat. The associated heat generation can provide
pathogen control.

The main types of biological aerobic system are the following:

o intermittent aeration without any separation;

o intermittent aeration followed by sedimentation of aerated slurry;
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° mechanical separation of raw slurry followed by intermittent aeration of the liquid
fraction and sedimentation of aerated slurry;

° mechanical separation of raw slurry, followed by intermittent aeration of the liquid
fraction, and the mechanical separation of the aerated slurry with the addition of chemical
flocculating agents or polymers.

The use of continuous aerobic treatments is declining in favour of intermittent processes
(aeration in sequential batch reactors — SBR). The air supply is achieved mostly by surface
aerators or by fine bubble diffusers [ 264, Loyon et al. 2010 ]. In some cases, aerobic treatment
is performed on slurry stored in lagoons [ 204, IMPEL 2009 ].

2.7.3 Composting of solid manure

The composting of solid manure is a form of controlled aerobic treatment which can occur
naturally in farmyard manure heaps, and that produces a more stable product, with consistent
chemical properties, than the initial material. A high porosity (30-50 %) is required for
sufficient aeration. In addition, for manure to be composted it has to contain a certain amount of
water, to ensure the development of microorganisms [ 257, France 2010 ].

Temperatures in the compost heap are between 50 °C and over 70 °C and kill most of the
pathogens, thus cleansing the product. A significant water loss also takes place at high
temperatures, and compost with a dry matter of up to 85 % can be produced.

Suitability for application depends on the structure of the manure, but requires a minimum dry
matter content of 20 %. During composting the manure, which is usually arranged in windrows,
is monitored for temperature and moisture; these cannot be excessive as this would inhibit
aeration. Treated effluent from manure processing, dirty water or slurry can be added to dry
windrows. The compost is turned regularly using a windrow turner or other available farmyard
machinery. On the largest units, composting vessels can be used instead of windrows.

Typical FYM heaps do not satisfy the requirements for thorough composting. With controlled
application, manure is composted in stacks of a size that suits the aerobic conditions and the use
of machinery. Composting can also be performed in a barn (e.g. pre-dried poultry manure).
Specific systems have been developed that consist of a combination of tanks with aeration and
stirring equipment to enhance the fermentation process and containers or boxes for further
fermentation and drying.

For farmers, the main advantage of composting is the significant reduction in the volume of
material to be transported and spread. Other potential benefits include efficient decrease in
pathogens through generation of heat, reduction in odour, concentration of nutrients and a
lighter, friable and more homogeneous product (compost), which is easier to handle than
untreated manure. Generally, the physical properties, the stability, and the organic form of the
contained nitrogen make compost a good fertiliser and soil improver.

Co-composting is the composting of solid manure with other organic substrates (usually green
wastes) and, in general, it is applied to achieve an optimal C/N ratio of around 25-30, in order
to ensure efficient composting. The best results are obtained by using well chopped straw and
solid manure in the right proportions in long narrow windrows. A biological inoculum can be
added to start up the degradation. For easier handling, pelletising can be applied in addition to
composting.

Composting installations handling animal manure, which is an animal by-product, must be
approved under Regulation (EC) 1069/2009, in accordance with Article 24. The requirements
applicable to composting installations, concerning hygiene, operational parameters and
standards of derived products are set out in Article 10 and Annex V of Regulation 142/2011/EC.
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2.7.4 Anaerobic digestion of manure in a biogas installation

Anaerobic digestion of pig slurry is carried out in a digester in the absence of free oxygen, and
consists of the methanogenic anaerobic decomposition of organic matter by microorganisms.
The benefits of the process include the production of biogas, the stabilisation and hygienisation
of the digested manure (digestate) which can be landspread as a soil conditioner and a source of
nutrients (e.g. N and P) with improved N availability for the plants due to mineralisation,
compared to the untreated slurry. Less odour is also produced during landspreading. The
resulting biogas (approximately 50-75 % methane and 3040 % carbon dioxide) provides a
source of renewable energy, replacing fossil fuel use, which can be used for heating and/or for
generating electricity.

Processes can vary with temperature, process management, operating time and substrate mixing.
In practice, the mesophilic process (operated in a temperature range of 30-45°C) is most
common for digesters at the farm scale. In large reactors, where the aim is generally to reduce
the retention time (and thus the reactor volume required), the thermophilic process is applied,
which runs at a higher temperature (50-55 °C). In the case of joint biogas plants (shared by
several farmers), the thermophilic process is also preferred, in order to achieve improved
sanitisation [ 257, France 2010 ].

On the other hand, bacteria are very sensitive to temperature changes and this sensitivity
increases with higher temperatures. Moreover, a higher temperature shifts the equilibrium of
nitrogen towards more ammonia production, which renders the process vulnerable to ammonia
inhibition (too much ammonia is toxic for methanogenesis bacteria).

The anaerobic digestion can be carried out either in intermittent or continuous mode.
Continuous systems are the most common. Here the digester receives a continuous flow of
substrate (e.g. slurry), for an average residence time of the mass of 50-60 days, whilst an
identical volume of digested matter is expelled daily. The plant is in operation throughout the
year; the accruing biogas is produced continuously and may be stored in gas bags and used in
combined heat and power (CHP) production units, or burnt directly to provide heat, including
for the digester. The waste heat of the biogas engine is used to heat up the digester. The biogas
can also be upgraded for direct use in the natural gas grid, or for producing a fuel that can be
used for applications in transportation.

In discontinuous (batch) systems, the digester is charged with various substrates and is
hermetically closed. During the fermentation (2 to 4 weeks), the matter is degraded and the
digester is then emptied. In this system, the volume of produced biogas and its composition are
not constant over time. For this reason, several digesters are installed in parallel operating in
shifts [ 257, France 2010 ] [ 345, France 2010].

Slurry is ideally suited to anaerobic digestion, as it is easy to transfer and use, it has a high load
of fresh bacteria, it is easily manipulated, it can be used to dilute other substrates, and it has a
strong buffer effect (stabilises the pH), which facilitates the bacterial reactions and ensures the
stability of the environment where the reaction takes place. Organic wastes, energy crops and
solid pig and poultry manure or the solid fraction from mechanically separated slurry are
conveniently used to raise the dry matter content (which increases the yield and reduces heating
needs), but conversely incur an additional cost for the increase in energy use. Mixing of the
mass has been reported to be more difficult for dry matters higher than 10 % in the digester
[ 257, France 2010 ].

High initial installation costs are a major deterrent but can be overcome with targeted renewable
energy incentives or other rewards for the multiple environmental benefits of the anaerobic
digestion. Anaerobic digestion by the dry process based on solid manure is currently not very
developed but is a promising technique for the future as it requires less investment.
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2.7.5 Anaerobic lagoon system

Lagoons serve as a store for pig slurry and waste water, as well as for the biological anaerobic
treatment of the slurry under ambient temperature conditions. The treatment system may
involve mechanical separation of the solids and the subsequent separate treatment of solids and
liquids. A mechanical separation of slurry before entering the lagoon system can prevent the
capacity of the lagoon being reduced by sedimentation of sludge, and also reduces the organic
matter in the liquid part.

Slurry or the liquid fraction from mechanical separation is put into a settling basin or lagoon,
from which it overflows or is pumped into the anaerobic lagoon system (often three to five
earth-banked structures). The capacity of the lagoon that first receives the slurry is reduced over
time by the sedimentation of the solid fraction, and needs to be desludged from time to time.

The liquid from the second lagoon is sometimes used for flushing the pits under the pig pens. It
is believed that the second lagoon provides a certain degree of protection against disease-
carrying organisms carried over from the first lagoon.

The anaerobic conditions inside the lagoon can lead to emissions of gases like methane and
nitrous oxide which are related to the lagoon's surface size. The slurry and air temperature affect
the biological activity in the lagoon, by changing the type of predominant methanogenic
bacteria between psychrophilic and mesophilic. Methane emissions are also affected by the
wind turbulence, that removes CH,4 from the lagoon surface and the atmospheric-boundary layer
just above.

The solid fraction can be used for landspreading; the liquid part after the anaerobic treatment
may be directly applied to land, or, in a few cases, it may comply with local legal requirements
for discharge into watercourses [ 364, Portugal 2010 ]. Designs are country- and site-specific:
for example, in Italy, covers are also used to collect biogas.

2.7.6 Manure additives

Under the generic denomination of manure additives is a group of products made up of different
compounds that interact with the manure, changing its characteristics and properties. The
following positive effects are claimed and are described to different degrees in the label of every
product:

a reduction in the emission of several gaseous compounds (NHs and H,S);
a reduction of unpleasant odours;

a change in the physical properties of the manure to make its use easier;
an increase in the fertilising value of the manure;

a stabilisation of pathogenic microorganisms.

arwdE

Usually, items 1, 2 and 3 are the main reasons for their use at farm level. Below, the five groups
of techniques are detailed.

1. Additives for reducing the emission of several gaseous compounds. The decrease in gaseous
emissions achieved through their use (mainly NH; and H,S) is one of the most interesting yet
controversial points. It has been well documented that up to 90 % of the N produced by pigs is
in the form of urea. When the urease produced by faecal microorganisms comes into contact
with urea, the following reaction occurs:

CO(NHy), + 3H,0 — 2 NH4 + HCO3 + OH
coupled with the following equilibrium reaction NHs/NH,":

NH; + H,0 <> NH;" + OH’
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One mole of urea may generate two moles of ammonia. The hydrolysis of urinary nitrogen
(urea) to ammonia is rapid. Urea spread on a concrete floor starts releasing NH;z in 2—
2.5 minutes [ 277, Ji-Qin et al. 2000 ].

This reaction is highly influenced by temperature and pH, for example, under 10°C or at a pH
below 6.5 the reaction stops. Acid addition to lower the pH and the addition of urease inhibitors
to prevent the hydrolysis of urea both offer a strategy for significant control of ammonia
emissions from livestock facilities, thus increasing the fertiliser value of slurry.

2. Additives for reducing unpleasant odours. Several types of additives, with different
characteristics, may be employed for reducing odours from manure: masking, blocking,
absorbing agents, microbiological agents, and chemical additives.

Odour results from the mix of different compounds under anaerobic conditions. More than 200
substances have been identified as causing odours, such as:

. volatile fatty acids;

. alcohols (indol, skatole, p-cresol, etc.);
. H,S and derivatives;

. ammonia;

o other N compounds (amines and mercaptans).

A huge variation in the proportion and concentration of odour agents exists, depending on the
type of farm, nutrition and nutritional management, and climatic conditions. This could explain
why the effectiveness of these compounds against odours is not predictable under farm
conditions.

3. Additives for changing the physical properties of the manure. The objective of these additives
is to make the manure easier to handle by changing the physical properties of the manure,
resulting in an increase in manure flow and the elimination of superficial crusts. In particular,
these additives may have an effect on the dry matter content and viscosity of the manure;
however, these effects are not always found.

Their application might make the cleaning of the manure pits easier, and thereby might shorten
the cleaning time required and allow savings in water and energy consumption. Moreover, since
the manure is more homogeneous, it facilitates the manure’s agricultural use (better dosing).

4. Additives for increasing the fertilising value of the manure. As a consequence of the use of
additives for reducing NH; emissions (e.g. pH modification), higher levels of N are retained in
the manure. In other cases, through an increased synthesis of the microbial cells (use of
microbiological agents), higher levels of organic nitrogen are achieved.

5. Additives for stabilising pathogenic microorganisms. There are many different
microorganisms in manure, some of which contribute to the gaseous emissions and odours. It is
also possible to find faecal coliforms and salmonella and other pig or poultry pathogens, viruses,
eggs of flies and nematoda in the manure.

Usually, the longer the storage period, the higher the decrease in pathogens, because of the
different requirements of temperature and pH. The pH decreases within the first month of
storage (from 7.5 to 6.5 because of the microbial synthesis of volatile fatty acids) which has a
negative effect on pathogens survival. Some of the manure additives have been designed to
especially control the eggs of flies.
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Nowadays, there are many manure additives on the market, with different characteristics and
purposes; but their efficacy has not been demonstrated in every case. Information concerning
the performance and applicability of different additives is presented in Section 4.12.12.

It has to be highlighted that in many cases the effects on human or animal health or on the
environment of using additives are not known and this, of course, limits their applicability
[ 405, Tengman C.L. et al. 2001 ].

2.7.7 Slurry acidification

Acidification of slurry is a commonly used technique in a few countries (e.g. Denmark) with a
high potential to reduce ammonia emissions. By adding acid (usually sulphuric acid), the pH of
the slurry is lowered to around 5.5, and thereby the ammonia volatilisation is reduced or
inhibited. Nitrogen is retained in the manure in the form of ammonium and is available to crops
when the manure is spread on the field.

The technique can be applied in manure stores and/or animal houses using an automatic dosing
system (see Section 4.12.9), but it is also possible to acidify the slurry in the tank immediately
before landspreading. Another alternative is to continuously acidify it in a system directly
mounted on the slurry spreader. In this case, the acidified slurry is spread with standard
equipment (e.g. trail hoses) and an additional acid tank is placed in front of the tractor.

126 Intensive Rearing of Poultry or Pigs



Chapter 2

2.8 Manure landspreading techniques

A range of equipment and techniques are used to spread slurry and solid manure to land. These
are described in the following sections. Much of the manure was used to be landspread using
machinery which spreads manure over the whole soil surface (‘broadcast’) by throwing it into
the air. In some countries (e.g. the Netherlands, Denmark and Belgium-Flanders), the use of
band spreaders and injectors for slurry is required to reduce emissions. In many other countries,
these techniques are also becoming increasingly popular. Solid manure is broadcast after being
chopped or shredded into smaller pieces. Manure should be incorporated into soil by ploughing,
discing or using other suitable cultivation equipment and, in some Member States, this is a legal
requirement. Contractors are often used for manure landspreading and manure is not always
spread on the producer’s own land.

Directive 91/676/EEC, the Nitrates Directive, lays down minimum provisions on the manure
landspreading, with the aim of providing all waters with a general level of protection against
pollution from nitrogen compounds, and additional provisions for manure landspreading in
designated Nitrate Vulnerable Zones. The measures include nitrogen content limits for manure,
closed periods when some types of manure (high in available N) cannot be spread to grassland
and arable land (on sandy and shallow soils), and the identification of other situations when
manure should not be applied. In France for example, the dates for manure landspreading vary
according to the C/N ratio i.e. type | with C/N > 8 (solid manure except poultry manure), or type
Il (C/N <8 (solid poultry manure and slurry) [ 257, France 2010]. In other countries (i.e.
Denmark), nitrogen quotas for each farmer have been introduced, in order to avoid
unnecessarily high application levels of nitrogen per hectare of land.

In many countries, legislation governing the manure landspreading aims at balancing the
amounts of manure applied with the nutrient requirements of the crop. Indeed, the Nitrates
Directive is based on this approach, by requiring action programmes and codes of good
agricultural practice, including measures for regulating the periods when landspreading is
prohibited, in such a way that fertilisers (including manure) are spread only in periods when
there is a crop available that can benefit from the nutrients applied to the field. Depending on
legislation, weather conditions and field crops cultivated in different regions of Europe, there
are different seasons and practices applied for manure landspreading. In other countries and
areas, where landspreading is not controlled by specific legislation, spreading practices can rely
upon published guidelines, such as codes of good practice.

In a number of countries (e.g. Ireland, Sweden, Estonia, Finland, Germany, Belgium-Flanders,
Denmark, Lithuania, Latvia and Poland), the phosphorus load is used as a limiting factor as
well, either as a legal constraint or as a recommendation only.

Ammonia volatilisation is reduced by using spreading machinery which decreases the exposed
surface area of manure applied to the surface of soil or burying manure through injection or
incorporation into the soil. However, many factors influence the volatilisation of ammonia after
landspreading of the manure. Abatement efficiencies will also vary depending on these factors.

In particular, emissions of ammonia as a percentage of TAN applied are normally decreased
with decreasing air temperature, wind speed, solar radiation and slurry DM content
[ 508, TFRN 2014 ]. For example, an increase in wind speed of 1 m/s increases the ammonia
loss by 10 % (expressed as percentage of TAN) [ 260, IGER 2001 ].

In addition, emissions of ammonia as a percentage of TAN applied are normally decreased with
increasing TAN concentration and application rate. Emissions from different manure types will
also vary. Emissions are also dependent on soil conditions that affect infiltration rates. For
example, well-draining, coarse textured, dry soils, which allow faster infiltration, will give rise
to lower emissions than wet and compact soils with reduced infiltration rate. However, when
very dry, some soils may become hydrophobic, which can also reduce infiltration and therefore
increase emissions [ 508, TFRN 2014 ]. In addition, the decrease of the volatilisation rate with
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time elapsed after application is significant for all application methods [ 232, Huijsmans et al.

2009 ].

The viscosity of slurry, which is determined by the content of organic particles, and its tendency
to stick to the soil have an influence on ammonia volatilisation. A slurry with a high viscosity
will increase NH; emissions, by reducing the infiltration of liquid with dissolved TAN into the
soil during landspreading. It has been observed for example that digested slurry penetrates the
soil more easily and rapidly, not sticking to the surface as much as raw manure [ 517, Petersen

etal. 2011 1.

If properly applied, manure landspreading has benefits in terms of saving mineral fertiliser,
improving soil conditions as a consequence of the addition of organic matter, and in reducing
soil erosion. When manure is not properly applied, losses of the applied nutrients occur by
volatilisation, leaching through soil layers, running through to field drainage systems and via
run-off. Manure application techniques differ in the placement of the manure on the grass or the
soil surface. As can be seen in Figure 2.30, the contamination of the vegetation and the exposed
surface of the manure is different between application techniques.

Manure placement on grassland

Yw W)? M%WV ?Y Broadcast surface application.
Manure spread on top of the grass.
YY hY YY Narrow band application by trailing
e shoe (or foot). Manure in bands on

top of the soil between the grass
blades.

YYY YYY YYY YYY Shallow injection open slot.
\/ \/ \/ Manure in slots in the grass sod.

Manure placement on arable land
Manure spread on top of the soil.
MT/\ Incorporation of surface applied
O é) @) OO(S) OO OOO OO OO manure or injection of manure.

O
o° o @

Source:[ 232, Huijsmans et al. 2009 ]

Figure 2.30: Placement of the manure when applying manure with different application and
incorporation methods

Energy consumption and soil compaction related to the spreading equipment can also be
considered. Landspreading techniques and equipment, which are detailed in the following
sections, vary depending on type of manure, land use and structure of the soil.
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2.8.1 Slurry transport systems

There are four main types of slurry transport systems used in Europe that can be used in
combination with different slurry distribution systems. The features of these transport systems
are set out in Table 2.21 and are discussed below.

Table 2.21: Qualitative comparison of four slurry transport systems
Transport system
Features s
Slurry tanker | Slurry tanker - Irrigation
(vacuum) (pumped) Umbilical hose equipment
Range of dry matter Upto12 % Upto12 % Upto 8% Upto3%
Requires separation or No No (centrifugal) | No (centrifugal) Yes
chopping Yes (PD pump) | Yes (PD pump)
e e (Depends on
Work rate ooe oo °e field size/shape)
Accuracy of o e e (centrifugal) | ee (centrifugal) .o
application rate eee (PD pump) | eee (PD pump)
Soil compaction eoe YY) ' °
: o (centrifugal)
Capital costs. ) ee (PD pump) (YY) '
Labougr requirement coo coo .o o
per m
NB: Number of bullets (®) indicate input level or value, e.g. irrigator requires low labour input.
Source: [ 390, ADAS 2001 ]

A slurry tanker can have a built-in tractor unit or can be built on a chassis with engine and cab
for slurry transport in longer distances. When no there is independent motor unit in the tanker, a
tow-bar exists for towing by a tractor.

The slurry is sucked into the vacuum tanker by using an air pump to evacuate the air from the
tank to create a vacuum; the tanker is emptied using the air pump to pressurise the tanker,
thereby forcing the slurry out, commonly onto a splash plate. It can be used for most slurry
transport and has a versatile applicability.

Alternatively, the slurry can be pumped into and out of the tanker using a slurry pump, either a
centrifugal (e.g. impeller-type) or positive displacement pump (PD pump), such as a lobe-type
pump. Some tankers fitted with a centrifugal pump only pump manure out and must be filled
with a separate pump. The pumped tanker generally has better spreading precision (m* or
tonnes/ha) than vacuum tankers. PD pumps require more maintenance.

In the case of an umbilical hose, the slurry is fed to the distribution system from a short-term
stationary tank or directly from the store via a long flexible hose mounted directly on the rear of
the tractor. The hose is supplied with slurry by a centrifugal or positive displacement pump.
There is possible crop damage as the hose drags across the ground; hose damage and wear can
especially be a problem on abrasive or flinty ground. The umbilical hose tends to be used where
higher application rates are possible and on wetter soils where heavier machinery would mark
the land (with increased potential for run-off). In general, the risk of soil damage by compaction
caused by heavy slurry tankers is reduced. However, it is time-consuming to roll out hoses and
roll them back in again.

Slurry or waste water can also be transported through pipes, commonly underground, leading to
a length of flexible pipe on the surface connected to an irrigator (see Section 2.8.2.2). The
irrigator can be a self-propelled machine with flexible or reeled-in hoses, fed from a centrifugal
or positive displacement pump, situated near the slurry store. It is suitable for semi-automatic
operation, but anti-pollution safeguards are needed (e.g. pressure and flow switches). Irrigators
tend to be associated with high application rates.
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2.8.2 Slurry landspreading systems
2821 Broadcast spreader

Slurry is spread over the whole surface of an area of land or crop. The broadcast spreader is
often considered the reference system when comparing techniques for reducing ammonia
emissions. The technique is rapid and inexpensive, but the distribution is typically uneven,
especially in windy conditions, and the application of nutrients to the crops inconsistent, largely
due to ammonia volatilisation. The use of broadcast spreading is restricted by the risk of crop
quality deterioration or damage caused by slurry contamination. The diffusion of odours and the
risk of pathogen spreading with drifting droplets are other drawbacks of this technique.
Broadcast spreaders are not authorised in many countries (e.g. in Denmark and in Ireland where
an upward facing splash plate is not permitted).

With broadcast spreaders, ammonia losses after application are reported to be in the range of
40-60 % of the total ammoniacal nitrogen applied (TAN), although emissions outside this range
are also common [ 508, TFRN 2014 ]. Ammonia losses are greater from broadcasting slurry on
stubble than on bare soil, particularly if the slurry has a high dry matter content, because of
increased exposure to the air and a reduced infiltration rate.

The combination of a tractor with a tank with a broadcast spreader at the rear in shown in
Figure 2.31. The untreated slurry is forced under pressure through a discharge nozzle, often onto
an inclined plate (i.e. a splash plate) to increase the area over which it is distributed.

Figure 2.31: Example of a broadcast spreader with a splash plate

Figure 2.32 shows a hose-reel irrigator with a ‘raingun’ attached to a moveable trolley, which is
also a broadcast spreader. The trolley is pulled out to about 300 metres with its supply pipe and
is wound back to the reel (using the supply hose) where it automatically shuts off. Dilute slurry
is pumped to the hose-reel from the slurry lagoon via a main pipe — often buried underground
and with valved outlets in a number of places in the field. The applicator in this picture is the
‘raingun’ that operates at a high connection pressure [ 408, UK 2002 ].
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Source:[ 408, UK 2002 ]

Figure 2.32: Example of a raingun

Broadcasting can also be operated by low trajectory machines, which discharge at a relatively
low angle to the land, and at a low pressure to produce large droplets, to avoid atomisation and
wind drift. Figure 2.33 shows a tractor applying dilute pig slurry through a boom with two
splash plates to a crop of winter wheat. The slurry is supplied to the tractor/boom using an
umbilical hose from the slurry lagoon.

Source:[ 408, UK 2002 ]

Figure 2.33: Example of a broadcast technique with low trajectory and low pressure
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Figure 2.34 shows the same type of boom applicator with two splash plates, but this time on the
back of a tractor and tanker combination. Slurry is supplied from the tanker and is spread, again,
with a low trajectory and at low pressure.

Source: [ 408, UK 2002 ]

Figure 2.34: Example of a broadcast technique with low trajectory and low pressure

2.8.2.2 Irrigators

Irrigators are devices for slurry or waste water landspreading. There are static irrigators such as
sprinklers and rainguns that have to be moved manually to apply slurry to different parts of the
field, and mobile (or travelling) irrigators that are self-propelled and normally travel in preset
lines across the field. For both types, the liquid is forced through nozzles that are designed to
rotate or oscillate to distribute the liquid as relatively small droplets over a wide area. Travelling
systems can be equipped with a specifically designed application boom. Irrigation is suitable
only for slurries that can be pumped through long lengths of pipe and discharged through small
nozzles without causing blockages.

Low-pressure irrigators (e.g. sprinklers) are designed for applying irrigation water to crops at
low pressures and flow rates. Rainguns, usually fed by a hose, are devices for applying
irrigation water to crops at very high pressures in order to shoot the liquid over relatively long
distances. Systems with pressures higher than 2 bar at the hose are prohibited in some Member
States, as they can generate aerosols that are potential sources of microbiological contamination.

Dilute slurry or the liquid fraction from mechanical separation (less than 2 % dry matter
content) can be landspread by irrigation systems, including rainguns, boom-mounted splash
plates and rotary boom systems. The rear and side views of a mobile irrigation system,
consisting of a horizontal boom with splash plates, are shown in Figure 2.35 and Figure 2.36.
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Source: [ 247, IGER 2003]

Figure 2.35: Rear view of a horizontal boom with splash plate for slurry application

Source: [ 247, IGER 2003 ]

Figure 2.36: Side view of a horizontal boom with splash plate for slurry application

2.8.2.3 Low-pressure irrigator

The system is based on the use of controlled amounts of slurry or liquid fraction from
mechanical separation of slurry which are mixed with irrigation water and are distributed at a
low pressure by irrigation systems such as pivots or sprinklers. These systems are widely used.
More information is reported in Section 4.13.4.2.1, including a picture of a typical irrigator (see
Figure 4.95) [ 242, CRPA 2009 ].

2.8.2.4 Band spreader (or trailing hose)

Band spreading is commonly referred to as 'trailing hose', but it is also known as ‘drag hose’
and 'drop hose'. Band spreaders are machines for the application of slurry to the land surface in
parallel bands with no slurry applied between the bands. Band spreaders discharge slurry at or
just above ground level in strips or bands through a series of hanging or trailing pipes attached
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to a boom. The band spreader is fed with slurry from a single pipe, and thus relies on the
pressure at each of the hose outlets to provide an even distribution. Most systems use rotary
distributors to supply the slurry evenly to each outlet. The width is typically 12—-28 m with about
30-50 cm between bands (see Figure 2.37). Band spreading systems are normally fitted to the
rear of slurry tankers but they can also be mounted at the rear of a tractor (umbilical system).

The technique is applicable to grass and arable land, e.g. for applying slurry between rows of
growing crops. Band spreading applies manure more uniformly than broadcasting and enables
higher yields [ 254, Webb J.M. et al. 2009 ].

Source: [ 562, MARM 2011]

Figure 2.37: Example of a band spreader fitted with rotary distributor to improve lateral
distribution

2.8.25 Trailing shoe spreader

This is a similar configuration to the band spreader with a 'shoe' device added to each hose
designed to part crop or grass leaves and stems and deposit the slurry in bands under the crop
canopy on the soil surface. It is also known as 'drag shoe' and ‘sleighfoot'.

This technique is mainly applicable to grassland. Grass blades and stems are parted by trailing a
narrow shoe or foot over the soil surface and slurry is placed in narrow bands on the soil surface
at 16-35 cm intervals, therefore contamination of the foliage is minimised. The slurry bands
should be covered by the grass canopy so the grass height should be a minimum of 8 cm. The
machines are available in a range of widths up to 6-16 m [ 575, UBA Germany 2011 ].

2.8.2.6 Injector (open slot)

Slurry is placed in slots cut into the soil to various depths depending on the type of injector. The
slots cut in the soil are left open after filling with slurry. There are various types of injectors but
each falls into one of two categories; either open slot shallow injection, up to 50 mm deep; or
deep injection, typically about 150 mm deep. These normally comprise an array of injector units
mounted on a tanker or at the rear of a tractor (umbilical system). Slurry is normally fed from
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the tanker or umbilical hose system to a rotary distributor that serves to chop and homogenise
the manure and to supply it evenly to hoses attached to each injection unit.

Open slot injectors are mainly for use on grassland, especially on relatively short grass, e.g.
after cutting or grazing. Different shaped knives or disc coulters are used to cut vertical slots in
the soil up to 5-6 cm deep into which slurry is placed (Figure 2.38). The spacing between the
slots is typically 20-30 cm, with a typical working width of 6 m that can reach 9-12 m. The
application rate must be adjusted so that excessive amounts of slurry do not spill out of the open
slots onto the soil surface.
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Source: [ 563, MARM 2011 ]

Figure 2.38: Example of an open slot injector

2.8.2.7 Injector (closed slot)

Slurry is landspread by placement in deep, vertical slots, cut into the soil by specially designed
tines. This technique can be shallow (5-10 cm depth) or deep (generally 10-15 cm, or up to
20 cm). Slurry is fully covered after injection by closing up the slots with press wheels or
rollers, possibly fitted behind the injection tines. Shallow closed slot injection is more efficient
than open slot for decreasing ammonia emissions. To obtain this added benefit, soil type and
conditions must allow for effective closure of the slot. The technique is, therefore, less widely
applicable than open slot injection.

Deep injection can be used effectively to spread high quantities of slurry at one time. Deep
injectors usually comprise a series of tines, potentially fitted with lateral wings or ‘goose feet’,
to aid lateral dispersion of slurry in the soil, so that relatively high application rates can be
achieved. Tine spacing is typically 20-40 cm, and the working width 3-6 m although it can be
up to 12 m. Although ammonia abatement efficiency is high, the applicability of the technique
is severely limited. The use of deep injection is restricted mainly to arable land because
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mechanical damage may decrease herbage yields on grassland. Other limitations include soil
depth and the clay and stone content, the slope, and a high draught force requiring a large
tractor. Also, in some circumstances there is a greater risk of nitrogen losses as nitrous oxide
and nitrates. However, the technique is widely used in some Member States. A variation of the
technique rarely used is the direct ground injection system; this forces finely separated slurry
under pressure into the soil with little soil disturbance.

2.8.3 Solid manure landspreading systems

For landspreading of solid manure, three main types of spreaders are commonly used:

. Rotaspreader (see Figure 2.39): a side discharge spreader which features a rotating shaft
fitted with spinning flails running along its length. As the rotor spins, the flails throw the
solid manure out to the side.

~ ""'
Source: [ 390, ADAS 2001 ]

......

Figure 2.39: Example of a rotaspreader

o Rear discharge spreader (see Figure 2.40): a trailer body fitted with a moving floor or a
conveyor which delivers solid manure to the rear of the spreader. The spreading
mechanism can have either vertical or horizontal rotating beaters, spinning discs or a
combination of beaters and spinning discs.

Figure 2.40: Example of a rear discharge spreader
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o Dual-purpose spreader: a side discharge spreader with an open-top V-shaped body
capable of handling both slurry and solid manure. Fast-spinning impellers or blades,
usually at the front of the spreader, throw manure from the side of the machine. The rotor
is fed with material by an auger or a conveyor fitted in the base of the spreader. The
spreader can be adjusted to spread either slurry or solid manure, usually through varying
the aperture of the outlet adjacent to the distributor mechanism (e.g. a sliding gate
controls the flow rate of the manure onto the rotor) (see Figure 2.41).

Al

Source: [ 390, ADAS 2001 ]

Figure 2.41: Example of a dual-purpose spreader

A quality comparison of the characteristics of solid manure spreaders is presented in Table 2.22.

Table 2.22: Comparison of solid manure spreading systems

Spreading system
Features :
Rear discharge Dual-purpose
Rotaspreader spreader spreader
Suitability for slurry No No Yes
Work rate oo eee eoe
Accuracy of application rate ) YY) '
Lateral precision ° oo oo
Soil compaction (XY (XY (XY
Ease of determining o coo .o
overlapping of adjacent runs
Relative costs . oo 'Y
NB: Number of bullets () indicates the input level or value, e.g. rotaspreader has a low accuracy of
application rate.
Source: [ 390, ADAS 2001 ]

Spreaders with a narrow tank-case are most often used, allowing the use of wheels of a large
diameter that need limited traction power. High-capacity spreaders are equipped with large
tanks. Regular spreading and relatively low soil compression are possible using spreaders with a
double axle. Spreading devices used are mainly vertical drums (see Figure 2.42) and deflector
plates; the old spreaders with two horizontal drums are not favoured because of the low
spraying width.
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5

Source: [ 257, France 2010 ]

Figure 2.42: Vertical drum manure spreader

Vertical drums are suitable for solid manure with more than 400 kg/m®. Drums of a large
diameter are preferred. The spraying width is 6-12 metres. Drums are mechanically simple and
require relatively low power.

Deflector plates with horizontal drums have a more general purpose, being more suited to lower
density solid manure. The spraying width is wider, from 10 to 12 metres and adjustable shutters
optimise the transverse distribution for an achievable load of 4-6 tonnes of solid manure per
hectare. Some models allow discs to be tilted to provide an even spread right up to the spreading
boundary, in the same way as fertiliser spreaders do. Spreading is successful if three conditions
are met [ 257, France 2010]:

. the manure to spread is suitable for the equipment to be used;
o the mass is well homogenised before it is loaded on the spreader;

. the equipment is adjusted so that manure is evenly spread to the desired amount.

An accurate application of nutrients demands a uniform spread pattern. The coefficient of
variation for a machine's spread pattern is a measure of the uniformity of spread achieved, both
laterally and longitudinally. A high number indicates a poor uniformity. Research suggests that
manure spreaders should be chosen and operated to give a coefficient of variation of less than
25 % [ 390, ADAS 2001 ].

284 Incorporation

After landspreading, manure is mixed into the soil or buried using appropriate cultivation
machinery. Incorporation may be achieved with a plough or other types of equipment such as
discs or cultivators, depending on the soil type and soil conditions. Incorporating the manure
spread on the surface into the soil is an efficient means of decreasing ammonia emissions. The
manure must be completely buried under the soil to achieve maximum efficiency.

As ammonia losses take place quickly, higher reductions in emissions are achieved when
incorporation takes place immediately after landspreading. At the same time incorporation will
reduce the development of odour in the vicinity of the manure-covered land.

Efficiencies depend on the cultivation machinery; ploughing is mainly applicable to solid
manure on arable soils. Ploughs are more efficient but much slower than rotor harrows;
therefore, manure remains uncovered on the soil for a longer time, with consequent ammonia
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emissions. For this reason, the overall effect may be that ploughing is less efficient than other
incorporation techniques.

Where injection techniques for slurry are not possible or unavailable, incorporation may also be
carried out after slurry spreading, by means of conventional soil cultivation equipment.
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2.9 On-farm transport

The scale of transport operations on farms depends on the farm size, farm layout and the
location of fuel storage areas, feed stores and feed processing, livestock buildings, product
processing (for example egg packing and grading), manure storage, and fields for applying
manure to land.

Feed is usually mechanically or pneumatically handled, and in pig units using wet feed, feed is
pumped to feeding troughs.

Typically, tractors are used as the prime means of manure transport and landspreading, although
in some pig units, slurry irrigation using pumps and pipelines is practised. Many farmers use
contractors who typically possess larger equipment and occasionally self-propelled vehicles
with mounted ‘spreader’ bodies. Tractor-mounted slurry scrapers or loaders/grabs are used for
moving manure around buildings and concrete areas, but in some egg-laying systems manure is
moved mechanically by belts and conveyors.

Eggs are usually mechanically handled through to packing, where forklift trucks assist the
loading of lorries for road transport. Forklifts are also used to transfer crates containing birds
from broiler housing to road transport vehicles.

Material handlers (a specialist form of tractor) are used on some sites to undertake a variety of
tasks around the farm buildings. The movement of road transport lorries around the farm can be
extensive in large integrated egg production enterprises dealing with production output and
inputs such as birds, feed, fuel, and packaging. Some sites carry out egg grading and packing for
other producers.
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2.10 Maintenance and cleaning

Maintenance and cleaning primarily relate to equipment and housing. Paved areas of the
farmyard can also be cleaned by sweeping or by spraying with water. In the UK and Spain,
farmers report that modern building materials are easier to clean than older ones, resulting in
water and labour savings.

General building maintenance is necessary, including feed handling systems and other
conveying equipment. Ventilation systems are checked for the correct operation of fans,
sensors, temperature controllers, outlets and back-draught shutters and emergency provisions.
Drinking water supply equipment is checked regularly. The provision and maintenance of
appropriate conditions for keeping livestock are required to meet welfare legislation and to
reduce emissions of odour.

Regular maintenance (refurbishing and repairs) and cleaning of vehicles, such as tractors and
manure spreaders, also takes place. Regular checks should be made during operational periods,
also with appropriate maintenance as described in the manufacturers’ instructions. These
activities usually involve the use of oil and cleaning agents and can require energy for
equipment use.

Many farms have a supply of faster wearing parts in order to carry out repairs and maintenance
quickly. Routine maintenance and cleaning are carried out by suitably trained farm staff, but
more difficult or specialist maintenance work is carried out with specialist assistance.

Buildings are usually cleaned and disinfected after batches of livestock and manure have been
removed. As a minimum, the frequency of cleaning is therefore equal to the number of
production cycles per year.

Typically in pig units, wash-down water enters the slurry system, but in poultry units such
contaminated water is often collected separately in (underground) storage tanks, before
landspreading or treatment. Good hygiene practices are required in other building areas where
products are handled and packed ready for dispatch.

For cleaning, use is often made of high-pressure washers using only water, but surface-active
agents are sometimes added. For disinfecting, disinfection agents are applied with an atomiser
or sprayer. Disinfection is not a procedure normally applied, and is usually only carried out in
the case of disease outbreaks (e.g. salmonella), and also as a prevention measure in order to
avoid them.
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2.11 Use and disposal of residues

The operation of a pig or poultry farm gives rise to a number of different residues, some of
which are identified in the following list:

. wood,;

. pesticides;

o veterinary products and wastes, whose collection and specialised disposal is primarily
used in order to prevent inappropriate use of needles, syringes and products as well as
minimising infection risks;

) vehicle and machinery waste, such as tyres, oils and lubricants;

) scrap metals;

° packaging (rigid plastic, film plastic, cardboard, paper, glass, pallets, etc.);

. feed wastes (spilt or spoilt feeds);

. building wastes (cement, asbestos and metal);

. waste from electrical and electronic equipment (e.g. fluorescent tubes);

. waste from diagnosis, treatment or prevention of disease (e.g. sharps), whose collection

and disposal is subject to special requirements in order to prevent infection.

The processing of manure, carcasses and waste water is subject to special provisions and is dealt
with in Section 2.8, Section 2.12 and Section 2.13 respectively.

Most of the residues are paper and plastic packaging material. The most common hazardous
residues are those from medicines that have been used or that are past their expiry date. Small
amounts of residues of cleaning material or of chemicals necessary to operate special processes
(e.g. air scrubber) may be found on a farm as well.

In general, in larger farms, residues can be more economically disposed of than on small farms.
For collection, the residues are stored in containers or in small bins and collected by municipal
or special collection services. Where no public waste collection is organised, farms may be
obliged to organise collection and transportation themselves and are responsible for associated
costs and treatment (e.g. in Finland). Collection is difficult to organise in remote areas.

Off-farm waste handling includes disposal or treatment routes such as:

. landfilling;

. storage in dustbins, including in household collection;
. collection by suppliers;

. transferal to contractor;

. recovery or treatment of waste (e.g. oil recovery).

Oils are stored in purpose-designed cans/containers and are collected to be treated off farm.
Veterinary residues are stored in special boxes and sometimes collected by the veterinary
service or by licensed operators offering waste disposal services.

Plant waste residues, like feed and crop waste residues, can be mixed with farmyard manure or
slurry and landspread, or are reused in other ways. Tyres are dealt with in different ways,
varying between collection by suppliers, stockpiling, use in construction as tyre bales, use in
silage as clamps, or use as crash barriers. In general, waste management (storage, transport,
disposal or treatment) needs to be carried out in compliance with the provisions of the Waste
Framework Directive (2008/98/EC).
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2.12 Storage and disposal of dead animals

The procedures for the collection, storage and disposal of dead animals and carcasses are
prescribed by Regulation (EC) 1069/2009 of 21 October 2009 and its corresponding
implementing Regulation (EC) 142/2011 of 25 February 2011, laying down health rules
regarding animal by-products and derived products not intended for human consumption, which
repealed Regulation (EC) No 1774/2002 (Animal by-products Regulation). In particular,
Regulation (EC)1069/2009 classifies on-farm dead pigs and poultry as Category 2 material, in
accordance with Article 9, and specifies all the necessary conditions to ensure that management
of dead animals is carried out properly, in authorised dedicated plants, in order to prevent the
possible spread of pathogens.

According to Article 13 of Regulation 1069/2009, possible disposal procedures for Category 2
material are:

o disposal as waste by incineration or co-incineration;

o disposal in an authorised landfill, following processing by pressure sterilisation and
permanent marking of the resulting material;

o used for the manufacturing of organic fertilisers or soil improvers to be placed on the
market in accordance with Article 32 following processing by pressure sterilisation, when
applicable, and permanent marking of the resulting material;

o composted or transformed into biogas following processing by pressure sterilisation and
permanent marking of the resulting material;

o used as a fuel for combustion with or without prior processing;

o used for the manufacture of derived products referred to in Articles 33, 34 and 36 and
placed on the market in accordance with those Articles.

Some farms have an installation for incineration of dead animals. On-farm incinerators for the
disposal of fallen stock which incinerate only animal carcasses are exempted from Chapter IV
and Annex VI of the Industrial Emissions Directive (2010/75/EU) and are instead regulated by
Regulation (EC) 1069/2009. Specifically, they must be approved in accordance with Article 24
of Regulation (EC) 1069/2009 and must comply with Article 6 and Annex Ill of Regulation
(EC) 142/2011, in particular concerning hygiene conditions, operating conditions, residue
disposal requirements, temperature measurement requirements and requirements for dealing
with abnormal operating conditions. In addition, specific requirements for operating conditions
and water discharges are set out for high and low capacity plants.

Small-scale incinerators (< 50 kg/hr) are operated in the UK, mainly on large poultry and pig
farms for the incineration of animal carcasses. Strict controls apply to their use, including a
periodic inspection and monitoring regime. The ash may be landfilled, disposed of by other
routes, or recycled, as ashes have a high phosphorus content.

Only animal by-products, including dead animals, originating in remote areas and under specific
conditions and circumstances may be disposed of as waste by burning or burial on farm under
official supervision, according to Article 19 of Regulation (EC) 1069/2009. Several Member
States have already granted derogations in regard to the possibility to dispose of animal by-
products as waste by burial or burning in remote areas [ 492, DG SANCO 2005 ]. A remote area
is defined as an area where the animal population is so small, and where disposal establishments
or plants are so far away that the arrangements necessary for the collection and transport of
animal by-products would be unacceptably onerous compared to local disposal.

Burial and burning of animal by-products may also be justified in disease control situations
requiring the emergency disposal of the animals killed as a measure to control an outbreak of a
serious transmissible disease. In particular, disposal on farm should be allowed under special
circumstances, since the available rendering or incinerator capacity within a region or a Member
State could otherwise be a limiting factor in the control of a disease.
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2.13 Treatment of waste water

Waste water is a general term for water contaminated with faeces, urine, chemicals etc. and so
posing a risk of pollution but of little value as a fertiliser. Waste water, also called dirty water,
originates from washing livestock houses and equipment, from facilities for personnel, and
particularly from run-off from yards and open concrete areas that are contaminated by manure,
waste animal feed, etc. Cleaning water from livestock farming facilities can contain residues of
dung and urine, litter, and feedstuffs, as well as cleaning agents and disinfectants.

Waste water can be managed in combination with slurry, but can also be treated and handled
separately, in which case separate storage will be needed. On poultry farms, the aim is to keep
manure dry to reduce ammonia emissions and to allow easier handling. Waste water is stored in
special tanks and dealt with separately. On pig farms, waste water is commonly added to the
slurry and treated in combination or applied directly to land. Various treatment systems for
slurry exist and they are described in Section 2.7.

If kept separate, waste water may be landspread through low-rate irrigators (e.g. in the UK) or
treated in a common or on-farm waste water treatment plant (e.g. sedimentation treatment is a
minimum for waste water arising from solid manure systems in Finland).

For discharge into running waters or a public sewage system, waste water from intensive
livestock farming must comply with emission limits stipulated under water regulations [ 373,
UBA Austria 2009 ].

Constructed wetlands with reedbeds are aquatic plant-based systems designed specifically for
the removal of nitrogen from dilute waste water as it passes through the vegetative filter. Some
of these solutions may have limited effectiveness (with water of variable quality) or may have a
limited lifetime. They are relatively inexpensive to con