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ABSTRACT

The Directive 96/61/EC on Integrated Pollution Prevention and Control (IPPC) is an
important element of the EU strategy of sustainable development. IPPC imposes
environmental regulation upon industries considered to have high potential for
pollution, including the intensive rearing of pigs. Having its origins in the
environmental regulation of the manufacturing and processing industries, the
application of IPPC to the agricultural sector justifies particular attention and support.

The required use of Best Available Techniques (BAT) offers a particular challenge to
the sector.

This thesis develops and applies a framework for the assessment of the impact of IPPC
on the pig industry in England and Wales. Three case study pig installations are used to
compare changes in performance between ‘without’ and ‘with’ IPPC situations.
Particular attention is paid to the impact of IPPC on capital and operating costs, and on
commercial viability. This is set against the environmental benefits obtained. The
validity of the predictions based on the case studies for the pig industry as a whole are

assessed by means of a sectoral postal survey of pig producers and a workshop with key
stakeholders.

The case study analysis confirmed that design and operation of animal housing and
waste management systems are the most critical factors for IPPC introduction.
Significant environmental improvements are possible by applying BAT to pig
installations, especially through the reduction of ammonia emissions. Estimated
abatement costs ranged between £3 and £6 per kg of ammonia abated. The total
compliance costs for existing installations were substantial, at levels unlikely to be
absorbed by the margins, but compliance with IPPC is expected to have a relatively
lower financial impact for new installations. There is a risk that the current approach to
BAT may not ensure a completely integrated approach to environmental protection.
Notwithstanding this, the IPPC regime represents a significant step towards the
internalisation of externalities caused by intensive pig production. IPPC is likely to
reinforce and guide the structural change and technological innovation in this sector to
more efficient and environmentally responsible production systems.
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ABBREVIATIONS AND ACRONYMS

AB Pigs Assured British Pigs

ADAS Agricultural Development and Advisory Service

(the) Agency Environment Agency for England and Wales

ALARA As Low as Reasonably Achievable

ALARP As Low as Reasonably Possible

BAT Best Available Technique

BATNEEC Best Available Technique Not Entailing Excessive Cost

BPEO Best Practicable Environmental Option

BREF Best Available Techniques Reference document

BSE Bovine Spongiform Encephalopathy

CAC Command-and-control (policy instruments)

CAP Common Agricultural Policy

CCLA Climate Change Levy Agreements

CE Cost Effectiveness

CEA Cost-Efficiency Analysis

COGAP Code of Good Agricultural Practice (Air, Soil and Water) produced by
the UK Ministry of Agriculture, Fisheries and Food (MAFF)

DEFRA Department of Environment and Rural Affairs (replacing DETR and
MAFF from April 2002)

DETR UK Department of Environment, Transport and Regions

DSR/PSR Driving force (Pressure) — State - Response model

DPSIR Driving force- Pressure — State — Impact — Response model

DoE Department of Environment

EERETOC European Chemical Industry Ecology and Toxicology Centre

EEA European Environment Agency

ETA Environmental Impact Assessment

HIPPC European Commission’s IPPC Bureau

ELV Emission Limit Value (for pollutants)

EMAS Eco-Management and Audit Scheme

ENDS Environmental Data Service

EPA Ireland’s Environmental Protection Agency

EP OPRA Environmental Protection Operator Performance and Risk Appraisal

EQS Environmental Quality Standard

EU European Union

FAO United Nations Food and Agriculture Organisation

FWMP Farm Waste Management Plan

FYM Farmyard manure

GBR General Binding Rules

InfoMil Dutch Centre for Environmental Information and Certification

IPC Integrated Pollution and Control

P C Integrated Pollution Prevention and Control (Directive)

LEAF Linking Environment and Farming (Audit)

LNV Dutch Ministry of Agriculture, Nature Management and Fisheries

(cont.)
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| (continued ABBREVIATIONS and ACRONYMS)

MAFF Ministry of Agriculture, Food and Fisheries (now DEFRA)

MLC Meat and Livestock Commission

NPA National Pig Association (UK)

NFU National Farmers’ Union (UK)

NVZ Nitrate Vulnerable Zone

NSPPS National Survey of Pig Production Systems

OECD Organisation for Economic Co-operation and Development

OPRA Operator and Pollution Risk Appraisal

BPC Pollution and Prevention Control: reference to national instruments
enacting IPPC in England and Wales (1999 Act and 2000 Regulations)

RIA Regulatory Impact Assessment

RSPCA Royal Society for Prevention of Cruelty to Animals

SFIR Standard Farming Installation Rules and Guidance

SRI Silsoe Research Institute

TWG Technical Working Group for BREF Note i

UN/ECE United Nations Economic Commission for Europe

UK United Kingdom

VROM Dutch Ministry of Environment

WID Waste Incineration Directive

GLOSSARY AND TERMINOLOGY

Best Available Technique (BAT): ‘the most effective and advanced stage in the
development of activities and their methods of operation which indicate the practical
suitability of particular techniques for providing in principle the basis for ELV designed
to prevent and, where it is not practicable generally to reduce emissions and the impact
on the environment as a whole [...] subject to economic and technical viability.” (IPPC
Directive: OJ, 1996).

Environmental Limit Value (ELV): the mass, concentration or level of an emission
which may not be exceeded over a given period (DETR, 2000a).

Environmental Quality Standard (EQS): refer either to 1) a requirement which must be
fulfilled at a given time by a given environment as set in EC legislation (as defined by

IPPC regulations); or 2) a domestic requirement or objective which may be relevant in
the determination of BAT (DETR, 2000a).

IPPC Directive: Directive EC/61/96 being implemented in all European Union member-
states from the end of October 1999. Its purpose is to achieve prevention and control of
pollution arising from the range of activities listed in Annex 1 of the Directive. It lays
dOV_Vn_measures designed to prevent, or where that is not practicable, to reduce
€missions to air, land and water from these activities, including measures concerning

waste. This is being done in order to achieve a high level of protection of the
€nvironment taken as a whole.
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Installation: an IPPC installation is defined as: 1) a stationary technical unit where one
or more activities listed in Part 1 of Schedule 1 to the PPC Regulations and 2) any other
location on the same site where any other directly associated activities are carried out
which have a technical connection with the activities carried out in the stationary
technical unit and which could have an effect on pollution. For an intensive livestock
unit, the installation comprises the building or buildings in which the animals are
housed will be the stationary technical units. Although the fields are not part of the
stationary technical unit, directly associated activities to pig production such as a slurry
handling system will be part of the installation and, therefore, subject to the permitting
process. (Source: DETR (2000a) IPPC: A Practical Guide).

Manures: refers to both solid manure (farmyard manure or FYM) and liquid manure
(slurry).

Member-States: countries within the European Union (currently they are 15, namely:
Belgium, Denmark, Germany, Greece, Spain, France, Ireland, Italy, Luxembourg, the

Netherlands, Austria, Portugal, Finland, Sweden and the UK).

Operator: an operator is, in relation to an installation or mobile plant, the person who
has control over its operation (Source: DETR (2000a). IPPC: A Practical Guide).

Permit: written decision granting authorisation to operate an installation under IPPC.

Regulator: is the competent regulatory authority for IPPC, which for England and
Wales is the Environment Agency.
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- CHAPTER 1

INTRODUCTION

1.1 THE CONTEXT OF THIS RESEARCH

The concept of sustainable development, which aims to harmonise the economic,
social and environmental dimensions of development strategy, is now a key feature of
policy making in the European Union (EU) (EEA, 1998 and 1999). As result of EU
Directives, member states are obliged to regulate economic activities which use or

impact on natural resources and the environment.

The United Kingdom (UK) was one of the first EU members to implement a national
scheme under the 1990 Environmental Protection Act (HMSO, 1990) to limit the
environmental impact of particular industrial operations through Integrated Pollution
Control (IPC). The IPC regime to control pollution arising from industrial activities
has now been replaced by the Council Directive 96/61/EC (OJ, 1996), which sets up
EU legislation on Integrated Pollution Prevention and Control (IPPC). This was
enacted in England and Wales in August 2000 under the Pollution Prevention and

Control (PPC) Act 1999 and Regulations 2000 (HMSO, 1999 and 2000).

The scope of IPPC is more comprehensive than IPC and relates to the prevention and
control of pollution from activities instead of processes. Under IPPC, any installation
at which a listed activity takes place above specified size thresholds, where relevant,
must be subject to regulation (Emmott and Haigh, 1996). It adopts a wide definition
of “pollution’ addressing issues such as noise, odours and vibration, and gives special

consideration to waste minimisation, energy efficiency and resource conservation. |

The IPPC Directive extended environmental regulation to a range of activities not

Previously regulated by IPC. The intensive rearing of pigs and poultry are among the
newly regulated sectors. With respect to pigs, IPPC applies to installations with more

than 2,000 fattening pigs or 750 places for breeding sows. New or substantially

modified pig units above the threshold must comply with IPPC from August 2000,
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~ whereas the sector as a whole (including existing pig installations falling into the
IPPC size threshold) will be phased in by 2007. It is mandatory under IPPC to obtain
a permit awarded by the competent regulatory authority to operate such installations.
This is the Environment Agency in England and Wales. Also, operators are required
to use Best Available Techniques (BAT) to prevent pollution (Environment Agency,
1999a and 2001a; EIPPCB, 2001). '

The principles of the IPPC Directive have their origins in the environmental
regulation of the manufacturing and processing industries. Application to the
agricultural sector justifies particular attention and support. According to MAFF
(1998a) ‘the development of indicators [to measure environmental performance and
determine pollution risk] for agriculture is not as straightforward as for other sectors

since its impacts tend to be complicated, diverse and liable to substantial local

variation’.

Although the application of the IPPC Directive to the pig sector is justified in terms of
reducing environmental risks (Environment Agency, 1998; DETR, 1998), it is likely
to have important economic implications in terms of costs for the industry, especially
during the initial adoption period (IF], 1999). It is also likely, as a consequence of
BAT, to encourage convergence of technology and practice, with possible
implications for the structure and competitiveness of the industry. However, IPPC
requires that the proportionality principle should apply whereby the regulatory burden
imposed on industry should be in proportion with the environmental risks to be
controlled (DETR, 1999). It is difficult to determine the ‘correct’ degree of regulation

for the newly regulated sectors until the environmental risks and the costs and benefits

of regulation have been ascertained.

The IPPC regulatory burden is associated with costs of applying for a permit, charges
on application, maintenance and surrender of a permit, and the compliance costs of
meeting the requirements of the permit (DETR, 2000a). In this respect, IPPC is likely
to impact on the size and composition of production costs. It could mean changes in
operating costs with respect to labour, raw materials, utilities, and time spent on
record keeping and environmental management (FRCA, 1997). Depending on

existi i . . " .
1Sting circumstances and practices on a particular installation, IPPC could also

Tiago Pellini
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- mean additional capital expenditure on buildings, fixed plant and equipment for

animal housing, feeding, and waste management. However, while BAT may involve
additional costs associated with adoption of techniques to avoid or abate pollution, it

can offer potential benefits associated with reduced use of raw materials and energy,

and reduced waste.

While IPPC is distinguished by its ‘integrated’ approach for the newly regulated
industries, these industries are in many cases already subject to environmental and
related regulations. IPPC needs to incorporate or build on these where possible to
ensure consistency, avoid duplication and reduce where possible the regulatory
burden. The main UK standards and obligations that are likely to interact with IPPC
for intensive animal rearing include those pertaining to water quality and groundwater
protection, Environmental Impact Assessment (EIA) and Animal Waste Directives
and, of course, animal welfare regulations, which have been a major driving force for
change in the pig industry in recent years. Non-statutory instruments such as
voluntary schemes have also been driving significant changes in the pig sector and

must be taken into account when implementing IPPC.

The IPPC Directive goes beyond the traditional scope of environmental regulation
and therefore poses a challenge to the newly controlled industries. Given the complex
nature of the IPPC implementation process, it is very important to achieve
constructive liaison between regulator and operators. This is particularly the case

where industries are characterised by very diverse, relatively small and medium sized

operators such as in the pig sector.

1.2_ AIM AND OBJECTIVES

In the context of the new regulatory processes applied to intensive livestock, the broad
aim of this research is to develop a framework for assessing the economic and
livironmental impacts of the implementation of the IPPC Directive in the pig sector

10 England and Wales with a view to inform policy management.

iago Pellin;
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_ The specific objectives seek answers to the following research questions:

D What is the current financial and environmental performance of intensive pig
production systems?

I What are the relevant indicators for assessment of the impacts of IPPC on the
pig industry?

III) How does IPPC relate to other statutory instruments and to voluntary
agreements that apply to the pig production and associated activities?

I[V)  What are the impacts of IPPC on the financial and environmental performance
of the UK pig industry, including impacts on business viability and
affordability?

V) Is the current policy design of IPPC appropriate for its application to the pig
sector? What are the processes whereby stakeholders interact to influence the
IPPC implementation in this newly regulated industry? What are the likely
responses of the pig industry to IPPC?

A key element of the research purpose is to develop an analytical framework to
address these research questions, drawn on secondary data, the findings of detailed

case study enquiry and a target survey of pig producers.

1.3 STRUCTURE OF THE THESIS

This thesis is structured as follows. The scope, aims and objectives of the research

are defined in Chapter 1 (Introduction). Chapter 2 confirms the purpose and boundary
of the study and, by definition of study topic, reviews the specific research issues and
possible ways of approaching the research objectives. Chapter 3 describes methods
used for data gathering and analysis. This is followed by presentation of summary
results for three case study pig units in Chapter 4. Chapter 5 discusses the results
from a postal questionnaire survey of pig producers likely to be affected by IPPC
within the National Pig Association (NPA) membership. It also reports on the
discussion of preliminary results from this research in a workshop with key

stakeholders. Finally, Chapter 6 contains the conclusions and recommendations -

drawn from this research.
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"CHAPTER 2
[PPC DIRECTIVE AND THE PIG INDUSTRY

This chapter presents the origins of the IPPC Directive and how this relates to the
broader context of EU and UK policy frameworks on Sustainable Development. The
chapter also describes the principles, concepts and instruments by which the Directive is
applied to the pig sector. Relationships and conflicts with other mandatory and
voluntary instruments are explored. The pig industry in UK is described in terms of
structure of units, predominant production systems and market aspects (prices and
competitiveness). The chapter goes on to outline how stakeholders take part in policy
implementation process. Information already available on the regulatory impact of
IPPC on the pig sector is reviewed, determining the approaches that have been used to
date and identifying possible gaps in knowledge. Having identified challenges and
opportunities posed by IPPC to the pig sector, the research questions are revisited to

confirm their validity and identify possible approaches to answer them.

2.1 IPPC DIRECTIVE AND SUSTAINABLE DEVELOPMENT

The purpose of the Council Directive 96/61/EC (IPPC Directive) is to achieve
protection of the environment as a whole based on integrated prevention and control of
pollution arising from listed activities. It is explicit in the text of the Directive that
implementing environmental protection through IPPC is expected to support the

objectives of competitiveness of industries and Sustainable Development within the

Community policy framework.

This section aims to define the underlying principles of Sustainable Development and
the emphasis they are being given in the Directive. Following this, a critical view of
principles of the IPPC Directive is presented. Recent developments in UK
environmental policy are examined, seeking to differentiate IPPC from the previous
control of industrial pollution, Integrated Pollution Control (IPC). Subsequently, the

instruments and other relevant aspects of the implementation of IPPC Directive to the

pig industry in England and Wales are critically reviewed.

T‘ . .
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'2.1.1 The broad context of IPPC: definition and principles of Sustainable
Development

The concept of sustainability was developed as an attempt to reconcile the potentially
conflicting objectives between economic development and protecting the environment.
In its route to development, society seeks to achieve improvement in economic welfare.
The environment has, from an economic standpoint, three main functions, namely, to
provide resources (renewable and non-renewable), to act as a sink for waste and to
provide environmental goods and services (Turner ez al., 1994). Therefore, the intensity
of the economic activity is often directly related to pressures on the environment, with
negative impacts in the form of declining of natural resources, pollution and damage to

ecosystems.

Sustainable Development was defined by the 1987 World Commission on Environment
and Development report (WCED, 1987) as development that “seeks to meet the needs
and aspirations of the present without compromising the ability to meet those of the
future”. This report (Our Common Future, often referred as the Brundtland Report) in
many respects provided the foundations for integrated pollution control. Brundtland
argued that the independent and fragmented work by institutions responsible for
environmental protection at that time were incompatible with the integrated and
interdependent nature of new challenges and issues facing them (Clinch, 2001). This
_identifies the very origin of the IPPC Directive, which was set to provide an enabling

framework to address the issue of protection of the environment as a whole within EU

member-states.

2.1.2 Environmental policy and instruments in the UK

The environmental policy in the United Kingdom' is increasingly dependent on the
environmental policy framework of European Union (EU). The Fifth Environmental
Action Programme of the EU - Towards Sustainability - was adopted in 1992 and
Sought to integrate environmental concerns into other policy areas in order to achieve

Sustainable Development. DETR (1999) states that ‘Sustainable Development requires

t
r;he PPC Act 1999 and Regulations 2000 apply to England and Wales. However, it will sometimes be
erred here to UK or British level following different sources of information used.
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s such as trade, relief of global poverty and

 international co-operation on matter
of influence of the European Union

environmental problems’ and stresses the high level

in the UK current policies.

Other spheres of international agreements are also influencing the UK policies on the

environment, such as the Kyoto Protocol” o

anisation for Economic Co-operation and Development

n reduction of emissions to air for the

Org (OECD) countries. Also

ammonia emissions as a source of acidification have received particular attention in

recent years and a protocol for reduction of this gas has been convened (UN/ECE,

1999).

The establishment of the British Government Panel on Sustainable Development and

the Round Table on Sustainable Development in the 1990s represented, according to

DETR (1999), substantial pro
until then of marginal importance, into the ¢

panel was established to offer independent advice on strate

gress towards bringing environmental issues, considered
ore of governmental political criteria. The
gic issues arising from the

Government’s Sustainable Development Strategy and other post-Rio reports (climate

change, bio-diversity and forestry). For instance, in its third edition, discussing the
impacts of agriculture on bio-diversity, the panel argued for a reform of the Common

Agricultural Policy (CAP), with redirection of funds from agricultural commodity

support to direct environmental payments. Moreover, it was argued that CAP should be

replaced in the long-term by an “European Rural Policy of which a central obj ective

would be to promote sustainable development, including sustainable farming, in rural
areas” (DETR, 1997a). These ideas have been highlighted again in the recent published
high level report to Government on the Future of Farming and Food by the Policy

Commission (Cabinet Office, 2002).

An important milestone in the development of the current domestic environmental

policy framework was the Environment Act 1995. Jewell & Steele (1996) state that the

2

1;;? EU members-states have agreed, under the Kyoto Protocol 1997, to take on a reduction target of
b dA) of greenh(?use gases emissions having 1990 as a base (DETR, 1998). Agriculture, Forestry and
ba:eli}f:e sector is estimated to contribute with an overall release of 12% of the UK greenhouse gas

Ti AR
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- 1995 Act “is not limited to the reorganisation, and concentration, of regulatory
functions but gives starutory recognition to 'sustainable development’ as the new
principal aim of domestic environmental law and policy”. The Environment Act 1995
created the environment agencies in the UK, which now have the duty to apply the IPPC
Directive’. It also determines that costs related to requirements by the environmental
protection authority to a regulated industry or activity need to be identified in terms of
the resulting social and environmental benefits (Environment Agency, 1996).

Therefore, the Agency is required to consider economic impacts of its policies.

The UK Government strategy for sustainable development (4 Better Quality of Life,
DETR, 1999) advocates that a more sustainable economy fulfils conditions such as: to
make better use of resources and permanently promote efficiency in production and use
of goods and services, to have stakeholders working together to achieve long term
change, and to be stable and competitive. Additionally, the strategy identified the main
areas of concern about management of the environment by the UK government as
being: the achievement of major cuts in greenhouse gases emissions without
compromising energy supply; improvement of air quality; protection of freshwater
resources and water quality; protection of sea waters health and productivity; soil
conservation and enhancement; landscape and wildlife protection; reduction of the
spreading of persistent or diffuse pollutants and improvement of waste management;
and, support international liaison to address global environmental problems. The
Government gives a commitment to achieve environmental objectives, taking into
account socio-economic criteria®. Later in this chapter (section 2.4.3) there is a

discussion on the use of sets of indicators to design and evaluate sustainable agriculture
policies and their links with IPPC.

The strategy also argues that more sustainable production should be promoted by the
government through the following actions (DETR, 1999): raising awareness of the

potential for increased efficiency through best practice programmes; minimum

3 ; L.

EThf- new bodies are the ‘Environment Agency for England and Wales’® (the ‘Agency’) and the ‘Scottish

A ?Vlronme.m Protection Agency’ (SEPA),

1 rE -t-) envxrompental improvements must reinforce social and economic objectives; acting proportionally

are(: I:Ve_l'y environmental improvement will be justifiable when all sustainable development objectives
ake Into account.’ (4 Better Quality of Life, DETR, 1999).
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' standards to eliminate processes or products with unacceptable environmental impacts
or to provide a baseline for improvements; producer responsibility initiatives, getting
producers to share responsibility for what happens at the end of products’ lives;
partnership along the supply chain to help suppliers to make improvements;
commitment by business to assess impacts and see targets (encouraging action by
individual firms and trade associations to use sustainable management systems, such as
EMAS and ISO 14001; and environmental report by companies to demonstrate business
commitment to improvement in environmental performance and to communicate with
stakeholders. The strategy implies that different instruments are necessary to achieve
better environmental performance of businesses. Regulation can be identified among
them, in form of setting up minimum standards for processes or activities. As explained

in the following section, this is the remit of the IPPC regime.

The DPSIR (Driving force-Pressure-State-Impact-Response) framework represents a
systems analysis view of the relationship between the environmental systems and the
human systems (EEA, 1999). The simplification provided by the DPSIR helps to
describe relationships between origins and consequences of environmental problems,
which is particularly useful from a policy point of view. Pressures by economic and
social activities change the state of the environment determining impacts. The latter
generates social responses that feed back on the system changing driving forces,
reducing pressures or directly affecting the state or impacts with curative actions. In this
context, the IPPC Directive can be identified as a response to pressures and impacts

Posed by industrial and intensive agriculture activities.

Driving forces Pressures |—» | State

b f :

Responses

Figure 2. 1 - The DPSIR model
Source: EEA (1999) Environmental indicators: typology and overview, p.6.
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| 2.1.3 The Integrated Pollution Prevention and Control (IPPC) Directive

Council Directive 96/61/EC (O], 1996) sets up EU legislation on Integrated Pollution
Prevention and Control (IPPC). This was enacted in England and Wales in August
2000 under the Pollution Prevention and Control Act 1999 and its provisions given by
the Pollution Prevention and Control (England and Wales) Regulations 2000 (HMSO,
1999 and 2000). Installations prescribed in the directive will be phased into the new

regime on a sectoral basis up to the year 2007.

IPPC is a major new item of EU environmental law that introduces a requirement to
apply a permitting regime for certain industrial activities, to attain a high level of
protection of the environment taken as a whole (Emmott, 1999a). The Directive
replaces the medium-by-medium approach of earlier EU legislation with an integrated,
multimedia philosophy. It applies to larger industrial installations and, in the case of
intensive rearing of pig, will apply depending on threshold capacities. New or
substantially changed installations came under IPPC control in October 1999, while

existing installations must phase before 2007.

Backes and Betlem (1999) affirm that ‘indeed, the fundamental new element of the

IPPC Directive - compared to the previous compartmentalised EC environmental law —
is the attempt to bring together the emissions to the air, water, soil, the production of
waste, the use of energy and the other environmental effects in order to achieve the best
solution on the balance’. Nevertheless, Emmott (1999b) argues that the term used in the
Directive, ‘fully co-ordinated’, does not mean in fact ‘integrated’. In practice, the use of
the former term could, according to authors such as Winter (1999) and Macrory (1999),

diminish the role of the IPPC Directive within the EU environmental policy framework.

Operators of installations under an IPPC permit have to fulfil the following basic
obligations: avoidance of waste production in accordance to Directive on Waste (71/442
and 91/156), waste recovery or its safe disposal, efficient use of energy, land and raw
material, prevention of accidents and restoration of the site to a satisfactory state

~ (Emmott and Haigh, 1996). The definition of pollution in IPPC is quite broad, covering

direct and indirect introduction as a result of human activity of substances, vibrations,

R Ti s
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' heat or noise into the air, water or land which can be harmful to human health or the

quality of the environment, result in damage to material property, or impair or interfere
with amenities or other legitimates uses of the environment” (Emmott and Haigh, 1996).
IPPC goes further than previous mandatory instruments in defining the environmental
impacts of economic activities. Emmott and Haigh (1996) suggest that as IPPC
involves the installation where a prescribed activity is carried out as a whole (they
define it as source-based approach), instead of the traditional process-by-process based
approach (focus on components or phases) of previous regulations, it should allow
comprehensive assessment of integrated activities using techniques such as mass

balances and life cycle analysis.

According to the Agency (Environment Agency, 1999a), the most important features of
the IPPC regulation are: i
e the use of Best Available Technique (BAT) by operators to prevent pollution;
e the award of permits to operate installations to which regulations apply;
e an application process for a permit, which requires information on the physical,
technical and managerial aspects of the unit;
e apublic register where all relevant information on the unit regulated by IPPC should
be available to the public (i.e. application, permit, regulators decision and
monitoring); and
s subsidiarity, whereby local issues can determine most appropriate measures for the

implementation of EU and national guidelines.

Best Available Technique (BAT) means, according to the IPPC Directive (OJ, 1996),
“the most effective and advanced stage in the development of activities and their
methods of operation which indicate the practical suitability of particular techniques for
providing in principle the basis for emission limit values designed to prevent and, where
that is not practicable, generally to reduce emissions and the impact on the environment
as a whole’. However, a more practical concept is derived from the verbatim definition
Of BAT as given in Article 2 of the Directive: Best means ‘more effective in achieving a
high general level of protection on the environment as a whole’; Available means

developed at a scale which allows the implementation in the relevant industrial sector,

e T -
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3 under economically and technically viable® conditions’ and Techniques include ‘both

" and decommissioned’.

| The UK was the first EU member to implement a national scheme based on limiting the

 environmental impact of certain industrial operations, under the name ‘Integrated

~ Pollution Control’ (IPC), which was introduced by the 1990 Environmental Protection
~ Act (HMSO, 1990). The prescribed processes under the IPC are required to use the
 “Best Available Techniques Not Entailing Excessive Cost’ (BATNEEC) to prevent,
inimise or render harmless the release of any substances — or the ‘Best Practicable

- Environmental Option’ (BPEO) where a process is likely to involve releases into more

han one medium, that is, air, soil and water (Emmott & Haigh, 1996).

The BAT concept had previously attached the term of ‘Not Entailing Excessive Cost
- (NEEC)’, and the UK representation during the discussion of the Directive would rather
‘have retained BATNEEC in the final text. In the end, it was decided to use the term

=
BAT, which was based on the German concept for those techniques described as “state-

: the-art’. However, the description of ‘available’ given by the IPPC Directive,

ely ‘developed to a scale which allows implementation in the relevant industrial
se tor, under economically and technically viable conditions, taking into account the
_'sts and advantages that are reasonably accessible to the operator’, means that, as
£Emmott (1999b) points out, *.. little difference can be observed between the

quirement of BAT and the concept of BATNEEC [as used in the UK under IPC]’.

mmott (1999a) identifies BAT as the key performance requirement in IPPC, as they
1l determine the requisites to setting permits conditions. Emission Limits Values
6
V)" for pollutants that are likely to be released in significant quantities by the
18

ts ind a@vantages are taken into consideration in determining BAT. However, it is explicitly state
LIIC . i E
iblﬂ;Chmques do not necessarily have to be used or originated from the Member State to be

is t . o : ; ;
! 288(;“;155, concentration or level of an emission which may not be exceeded over a given period
IR, a).
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| installations will be based on BAT. Environmental Quality Standard (EQS)’ would not
be provided by BAT alone, though. According to Skea and Smith (1998), the issue on
how BAT, ELV and EQS relate was rather contentious among member-states
representations doing the draft stage of the Directive. In the final version of this
regulation, a more technology-based approach has prevailed rather than an environment-

based (emission-based) one.

The PPC Act 1999 and Regulations 2000 are statutory instruments designating the
Environment Agency for England and Wales (referred simply as ‘the Agency’ from
now on) as responsible for the monitoring and enforcement of IPPC regulations in
England and Wales. Local authorities share some of these duties regarding odours and

noise (for Part A(2) and Part B activities, as defined in DETR, 2000a).

The use of BAT rﬂay potentially return benefits attributable to cleaner technology which
- uses less raw materials, generates less waste and is more energy efficient. The Directive
- determines that BAT ought to be assessed in terms of the costs and benefits it delivers,

* including social and environmental ones (Emmott & Haigh, 1996). This is consistent
with the duty placed on the regulator under the Environment Act 1995 to consider the

benefits and costs of its regulatory actions (Environment Agency, 1996).

~ In general terms, bringing an industry under IPPC regulation involve, to the regulated
party, costs associated with: applying for a permit, complying with a permit, and
surrender of the installation. Besides compliance costs, other identified challenges to

€ implementation of the Directive are its application to sectors without previous
mandatory environmental rules and its comprehensiveness. ‘IPPC regime is broader

nan [PC because [PPC brings in new sectors that have not previously been regulated in
'srintegrated way...[and] ...is deeper, introducing new factors to be taken into account

ely, raw material use, energy efficiency and site restoration after ceased activity]’
{Environment and Industry, 1999).

\

' st}ilas t;)’VO meanings, fiependmg on the context, namely: 1) a requirement which must be fulfilled at a
L stir:e Y a given environment as set in EC legislation (as defined by IPPC regulations); or 2) a
- fequirement or objective which may be relevant in the determination of BAT (DETR, 2000a).
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[PPC has the opportunity to integrate environmental and business needs. Many aspects

of its requirement may be regarded as good business practice and should support
environmental management systems already in place in some sectors (Environment and
Industry, 1999). However, the underlying concept of win-win opportunities to promote
both economic activity and environmental protection is controversial (see critics to the
so-called Porter’s model in O’Connor and Spash, 1999). That is to say, in most cases
technological innovation implies additional costs that can compromise financial
performance at least in the short term. Moreover, the emphasis of IPPC is clearly on
environmental protection, as shown in the following extract: ‘IPPC is broader and
deeper approach [for environmental protection] than the present systems [and] ... the
result should be cleaner air, rivers and groundwater, fewer dangerous chemical being
released to the environment, less waste to landfill sites, better use of raw materials, less
noise pollution and less contamination of land ... a better environment for us all’
(Environment and Industry, 1999). IPPC promotes the internalisation of existing
external costs. This is likely to increase costs to polluters through the application of
‘polluter pays’ principle. It is possible, however, that cleaner less polluting
technologies can offer efficiency gains in the medium to long term, especially in a

policy framework which consistently applies ‘polluter pays’ principle.

The IPPC Directive requires a flow of technical information amoﬂg the member states
in order to determine BAT. This is implemented through Technical Working Groups
(TWG) responsible for the compilation of the BAT Reference documents (BREF Notes)
for each sector subject to regulation. BREF Notes are being produced by the European
Commission I[PPC (EIPPC) Bureau in Seville, Spain. According to the Agency (IFI,
1999) the industry regulated by IPPC may expect the information coming from these
BREF Notes (that is, the resultant BAT) to affect decisions on new investments and
changes in major processes. It should also affect their relationships with trade

Organisations that are likely to act to influence BAT in accordance with membership
interests,

‘Tiago Pelljn;
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Although IPPC implementation is expected to raise standards of environmental

= protectlon as pointed out by Peters (1999), at EU level there is no harmonisation of

* instruments for reducing the emissions from installations below the IPPC thresholds.

" Having described IPPC in a broader context of environmental policy at national and

" European level, it is necessary now to identify the characteristics of its implementation
~ to intensive pig installations, which is one of the prescribed activities regulated by the

- Directive and focus of this research.

' 22 IPPC AND THE PIG INDUSTRY
!~2.2.1 IPPC requirements for the pig sector
The intensive rearing of poultry and pigs is captured within IPPC regulation. This
ncludes installations with more than 40,000 places for poultry, 2,000 fattening pigs or
750 places for breeding sows. The principles of the IPPC Directive have their origins in
the manufacturing and processing industries and its application to the agricultural sector
justifies particular attention and support (Pellini, Morris and Emmett, 1999). According
1
o MAFF (1998a) ‘the development of indicators [relating to sustainability] for
agriculture is not as straightforward as for other sectors since its impacts tend to be

complicated, diverse and liable to substantial local variation’.

he IPPC Directive implies important changes for the pig industry, especially in terms
imposing costs of compliance, and at a time when agriculture and the pig sector in

particular has faced economic decline (MAFF, 2000a).

‘ 'mpliance costs involve two distinct groups of costs, as follows. The first group refers
COsts associated to the permitting process, which comprises direct charges and fees by
> regulator, and time and resources necessary for obtaining and running the permit
th .refore, they could be classified as transaction and administrative costs). It is
umed here that, under the polluter pays principle, that such fees and charges cover
flministrative costs of the authority which monitors and enforces IPPC, otherwise
> COSts are also to be taken into account. The second group is associated with

0 Pellini Chapter 2 PhD 2002
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‘ additional capital investment and operation costs (or savings, perhaps) in complying
with regulation requirements. There are also opportunity costs associated to losses of
income and value added. Again, it must be recognised that some opportunities for

savings or improve competitiveness can possibly emerge.

Therefore, applying measures of integrated pollution prevention and control to intensive
pig production requires re-allocation of resources within the enterprise, changing the

~ material, human resource and financial flows

" The performance standards or minimum requirements for pig rearing under IPPC
regime are set up in England and Wales through Standard Farming Installation Rules
and Guidance (SFIR). SFIR (Environment Agency, 2001a) provide guidance to

: ~ operators and regulators during the period previous to the release of the Best Available
‘ Techniques Reference documents (BREF Notes) for intensive livestock farming (pig

and poultry), which are being produced by the EIPPC Bureau.

- The initial idea of the Agency to assess every individual installation for the purpose of

- issuing a PPC permit has been replaced by the proposal to apply, where appropriate,

~ standard conditions through the SFIR. These are a set of conditions representing
techniques or proceedings commonly applied for the industry (regarded as BAT) which
;the operator agrees to adopt (Pellini and Morris, 2000). The Directive authorises the use
_ c.)f General Binding Rules (GBR) for IPPC implementation. According to the Agency,
;he use of GBR seeks to reduce the complexity and effort for the regulatory body in

| elivering its duties of authorising permits and monitoring controlled installations, and

the costs of the regulatory system borne by the industry (Environment Agency, 1999a).

The SFIR were adopted by the Agency for practical and legal reasons’, being actually
an alternative to GBR.

_f € SFIR provide the performance criteria that should be addressed by the operator

€N applying for a permit and gives indication of their applicability to installations.

GBR are exclusively issued or approved by the Secretary of State. Therefore the Agency gave

'reégglci tg a flexible framework through SFIR in implementing the regulations into a sector previously
sulatea.

| £0 Pellinj Chapter 2 PhD 2002
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‘The current SFIR for the pig sector (Environment Agency, 2001a) includes many items

~ of general good practice and housekeeping, and covers all production processes and

related activities such as: raw materials use and storage; management of animal

3 ‘manures; management practices and record keeping. It also covers energy and water
-ébnsumption, and emissions to air, land and water (including noise and odours).

. _ Regarding their applicability (Environment Agency, 1999a), the SFIR can be of three
pes, namely:

~ A’ - likely to apply to all installations, both a) prior to the whole sector being brought
. under IPPC, any new or substantially altered plant will be expected to employ these
ﬁmmediately, and b) once the whole sector being brought under IPPC, as in item ‘a’,
 plus that any existent plant will be expected to employ these across the installation
within an agreed time scale;

:‘N’ - generally only applicable for new plant or plant where there is a major

. P.';nodification in that particular area of the plant; and

"B’ - for any new or existing plants which require site specific determination of BAT.
i3

-;. he IPPC permitting process involves the consideration by the regulator of existing
environmental standards and obligations affecting the operation of the controlled
installation. Therefore, environmental standards set up locally can go beyond BAT.
Also, although both SFIR and BREFs are likely to describe assumed appropriate

I_ tandards’, operators are expected to make continuous improvement, as BAT is a

namic concept, permanently subject to new developments and innovation

' nvironment Agency, 1999a).

." PC in England and Wales appears to be adopting a similar approach to that in Ireland
s IPC regulations to pig production, where standard conditions were used for an IPC
fence (equivalent to a permit under IPPC) referenced in BATNEEC guidance note for
8 production (EPA, 1998). The regulatory authority for IPC in Ireland, the Irish
Environmental Protection Agency (EPA) discusses that “the employment of identified

-finiques does not, by itself, meet the requirements in relation to IPC”, but that the

S discussed previously, the technology-based approach of IPPC through BAT assumes that minimum
‘itonmental standards are implicitly meet.

'80 Pellini Chapter 2 PhD 2002
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' Jicensee (operator) has also to demonstrate adoption of sustainable agricultural :

" oractices. This illustrates a core aspect of the environmental regulation also verified in _'
5 PC which is that compliance is dependent on both technological and managerial

' aspects. Moreover, operators are clearly required to commit to the principles of

- as )

‘ prevention and control of pollution rather than merely to minimum compliance with

~ rules.

'BAT and standard conditions approaches (through SFIR) are likely to favour greater

~ homogenisation of techniques used in the sector, as under the IPPC permit operators

have to demonstrate compliance. Also, innovation in the industry tends to be driven by

‘the BAT-like options. Moreover, the ‘dynamic’ nature of the concept of BAT raises the

‘degree of uncertainty in the medium or long term for operators, as mandatory

' requirements for the sector can be changed as BAT changes.

.2 Regulations interacting with IPPC in the pig sector

here are a number of UK and EU standards and obligations that are likely to interact

‘with TPPC for intensive animal rearing. IPPC needs to incorporate or build on these

existing (and forthcoming) regulations where possible to ensure consistency, avoid

duplication and where possible reduce the regulatory burden. It is important to identify

he broader regulatory framework to better understand the incremental effect of IPPC.

Regulation on water resources in UK relevant to the pig sector comprise several pieces

of legislation (Environment Agency, 1999a), such as: Statutory Instrument (1989) No
-286 and (1998) No 389; The Surface Waters Regulations; Surface Water Abstraction
Directive and Control of Pollution (Silage, Slurry and Agricultural Fuel Oil)

tegulations, which involves the design and maintenance of structures for storage of

turry. The new Water Framework Directive will require the management of water

ased on river basins. The proposed directive will possibly replace some of the above
egulations and set up EL Vs for point sources and EQSs (DETR, 2000a). The
. oundwater Regulations enact in UK the EC Directive 80/68/EEC, on the Protection
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' of Groundwater against Pollution Caused by Certain Dangerous Substances (DETR,

2000a).

' The Air Quality Directive and the Nitrates Directive also have links with IPPC (Peters,
1999). The latter directive designates the Nitrate Vulnerable Zones (NVZs) which have
specific limits for application of nitrogen per area and therefore for the maximum

amount of manures spread to land. Within a NVZ the total N applied from manures

3 must not exceed 210 kg per ha per year, limit that will be reduced to 170 kg N per ha

per year by 2003.

The EU Directive on Environmental Impact Assessment (EIA Directive, 85/337/EEC
. and its amending Directive 97/11/EC) requires the assessment of the environmental
: effects of certain public and private projects. These requirements were incorporated
A into the Town and Country Planning systems in England and Wales (DTLR, 2002).
. When applying for planning permission, projects for pig rearing installations over the
threshold of 400 sows or 5,000 fattening pigs have to undertake an assessment of their '
effects on the environment. Although the size thresholds for EIA Directive are not |
exactly those under IPPC, new large pig installations are likely to be subject to

compliance by both statutory requirements.

The removal of trade barriers in the EU brought implicitly the need of harmonisation of

the standards in health, hygiene and welfare in all member states (MLC, 1999a).

- Animal welfare regulation has been one of the foremost driving factors for change in the

Pig industry in recent years, affecting not only the on-farm structure of production

- through minimum standards for installations and ban of tethers for sows (Council

- Directive 91/630), but also transport of animals (91/628 and amendments), slaughter

(91/629 and amendments) and other issues, such as prohibition of use of hormones as

growth promoters in livestock production (Council Directive 96/22). However, MLC

1999a) pointed out that countries have been widely different “in terms of freedom for

Or O - . 3 ) ) 3 0 .
VL OCCurrence of major animal diseases, in standards of practice in meat production and

. various attitudes towards animal welfare”.

——_
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' Human health and safety regulations, such as Health and Safety at Work Act 1974,
interact with IPPC. Regulators must ensure that the IPPC and health and safety
regulation are harmonised (DETR, 2000a).

Also the legislation on conservation of wild life and natural habitats, Conservation
(Natural Habitats etc) Regulations 1994, requires that an IPPC application must have
‘appropriate assessment’ by the regulator if there is risk of a significant effect of the
proposed operation to a designated conservation site (DETR, 2000a). The permit may

not be granted if significant adverse impacts are identified.

The Directive 200/76/EC on Incineration of Waste (WID) may also affect IPPC
installations, as substantial part of pig units run small incinerators on site for disposal of
carcasses. The majority of small incinerators (operating at less than 50kg per hour) are
currently exempt of licensing and WID appears to allow such licensing exemptions to
continue, as carcass incineration can be classified as disposal of non-hazardous waste at
the place of its production. However, it is not clear whether incinerators under licensing
exemption would nevertheless still need to comply with the onerous requirements of the

WID (requiring a secondary combustion chamber, for example) (DEFRA, 2002a).

Relevant ELVs applied to certain other Directives are to be applied as minimum ELVs

under IPPC, without prejudice of stricter requirements implicitly associated to BAT or .
- EQSs (DETR, 2000a). |

It is apparent from the aforementioned that there is a substantial and increasingly
comprehensive framework that overlaps and integrates with IPPC. Therefore, it can be
implied that: IPPC pneeds to join up to the broader regulatory framework; the

_ incrementa] regulatory effect of IPPC is reduced; and, pig installations non captured by

IPPC are regulated by a series of other mandatory instruments.

r I
2.3 Voluntary control instruments in the pig sector

Ofi-Statutory instruments have also been driving significant changes in the pig

Oduction in recent years. Voluntary schemes such as the British Meat Quality
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dard for Pigmeat (AB Pigs), the Linking Environment and Farming (LEAF)
auditing process and the Codes of Good Agricultural Practices for Air, Soil and Water
: -{:he Ministry of Agriculture, Food and Fisheries (COGAPs)' have created greater
-i.'g'rcness and motivated the voluntary adoption of environmentally beneficial practices

in agriculture (LEAF, 1997; MAFF, 1998b, 1998¢ and 1998d; and ABM, 1999).

he Government argues (DETR, 1997a) that the COGAPs ‘provide a benchmark of
good practices which all farmers should be capable of meeting within the context of
mmercial farming’. Compliance with the COGAPs was incorporated, among other

;1 ired standards for producers wishing to be accepted in the scheme, in the Assured

smbinable Crops scheme of the National Farmer’s Union (NFU).

oluntary schemes indicate the growing importance of market driven approaches to

I-- provide assured environmental quality standards of production (DETR, 1997a).
any retailers now require their suppliers to meet specific standards of production,

uding good environmental practice. The protocols between NFU and major retailers

r a wide range of horticultural crops and the adoption of LEAF environmental audit

growers stimulated by retailers and processors are examples of these.

liscussions of the IPPC Pig and Poultry Steering Group meetings, pig production
esentatives argued that the compliance with other mandatory non-IPPC regulation
L the adoption of voluntary schemes duplicates several requirements posed by IPPC
ulation on the sector. Therefore, they argue the Agency should not include in the
’PC permit monitoring and control of components already tackled by recognised,
pendent auditing systems. However, the regulator does not agree that the
mework in place previous to IPPC (both voluntary and mandatory) can guarantee
eptable environmental protection. This fits with the view that applying
fonmental management systems (such as the above voluntary schemes) does not
Iarily assure achievement of environmental objectives (Smith, 1996a; ENDS,

Land 2001),

]

'- eferred as The Air Code, The Water Code and The Soil Code (MAFF, 1998b, 1998c¢ and 1998d).
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o A Trg UK PIG INDUSTRY: ECONOMIC AND ENVIRONMENTAL ASPECTS

“This section presents the characteristics and performance of the pig industry in England
: Wales. This also identifies the type and relevance of environmental issues
ssociated to intensive livestock production, particularly on the rearing of pigs.

l. . >
9 3.1 Characterisation of the commercial production systems for pigs

Traditionally, three main types' ' of commercial production units operate in the pig

dustry (Pellini ef al., 1999), namely breeding herds, feeding herds and breeding-and-
feeding herds.

'*eeding herds carry the adult breeding stock of sows and boars to produce piglets. On
n efficiently run unit it is therefore possible to obtain 2.1-2.3 litters from each sow per
ar, producing around 21-25 piglets per sow per year. These piglets are removed from

| > mother after 3-4 weeks (6kg) and further reared to 10 weeks of age (25-30kg) before

g sold to a feeding herd. Feeding herds buy-in the 30 kg weaner pig, and feed and

use them until they reach marketable weights between 60-100 kg liveweight. They

> usually indoor intensive units, justified in terms of efficient feed conversion and

anagement systems. Breeding-and-feeding herds combine both stages of the system

d finish all or part of the young piglets produced in the unit.

he UK over recent years outdoor pig production has increased considerably, and for
}Iear 2000 around 30% of breeding sows (c. 250,000 sows) were kept outside. This
arisen because of increased welfare requirements for breeding sows, which has

ned stall and tethers'?, and increased unit cost per sow place given outdoor system
advantage. There are, however, growing concerns about the impacts of intensive

door pig systems on the land and water environment. Light, free-draining soils are

atial to avoid surface damage in wet seasons (FAWC, 1996). Current stocking rate

mendations are however being reviewed in the light of experimental

Pfgdl{ction system can be further divided according to whether it is carried out on an indoor or an
" Ua51s. Outdoor systems are outside of the scope of the IPPC Directive.

ein K sow stalls are banned but across Europe for year 2000 approximately 60% of sows will be
>d in

© In individual stalls with slatted floors and no bedding, achieving a relatively higher stock density
duced building costs (R. Emmett, pers.comm.).
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‘easurements of nitrate loading on these soils. Climate and topography throughout
irope however do not allow the same scope for outdoor production, and the vast
'ority of pigmeat production in Europe will come from indoor units as described

elow for the UK. Outdoors units, even though some of them contain very large herds

ve been omitted from IPPC regulation.

e characteristics of the production systems are dependent on the particular production
ase. Each production phase requires specific conditions and management of the herd,

hich determines different feeding, housing and waste management systems, as

OWS.

¥i ypical indoor production systems for breeding herds
yusing: most housing for adult pigs are of a simple type with no extra heating supplied
ove that produced by the animals themselves. Air temperature and quality are
intained by extractor fans, and roof, walls and floor may be insulated to restrict heat
S to the exterior. In the UK, stall and tether systems (slatted floor, individual pens)
re replaced by bedded yards (solid floor, straw based pens) for group housing as
fa-za minant accommodation for dry sows. Young piglets (weaners), having left the
ection of the sow, need more elaborate housing with heating. Many specialist
llding companies provide standard housing designs, incorporating feeding, watering

waste collection systems.

ding: feed is delivered to the animal mechanically via automated systems installed in
house.
te management: in stall systems excreta is collected as slurry and stored in tanks or

i80ons. Bedded systems (or straw based) periodically collect solid manure from

Sing (excreta plus straw bedding) for storage in heaps.

ndlx 2.1 illustrates the main types of pig housing according to flooring, namely,
slatted partly slatted and solid floor (straw based).
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"; Typical indoor production systems for feeding herds

i 'u using: here controlled environment is the norm either by fan extraction or natural
ventilation systems, or a mixture of both (ACNV - Automatic Control of Natural
ntilation housing). Non-bedded pens (solid floor without straw) are common but in
e UK there is a move back to straw bedding on welfare grounds. Stocking densities
e strictly controlled by codes of practice and/or market contract terms.

ding: feed is automatically delivered with multiple drops each day or ad lib access
common.

_;i-zste management: emphasis is on slurry because of large quantities of manure
produced, as the handling of liquid material can be easily mechanised (scraped/pumped)
| ..I- is economical on labour use. It is during the feeding period of the system (30-
00kg.) that the vast majority of the faecal waste is produced by the pigs.

1e main market outlets for finished pigs are as pork, cutter and bacon. Porkers
signate animals in the range of 60-75 kg liveweight (Iw), which go to the fresh meat
de. Baconers are those between 85-100 kg Iw, destined for some form of
éervation/curing and sale to the public as bacon and hams. Cutters are between 75-
" g lw, intermediate between the two previous categories, and may be channelled to

ther fresh or cured outlets.

Structure of pig production

. 2.1 shows the number of pig holdings, number of total pigs and sows,
ightering and tonnes of pig meat produced for the UK. Pig holdings with more than
0 pigs accounted for just 7.4% of the total holdings but 54.1% of the total number

8s. For sows, holdings with more than 500 sows were 3.2% of holdings, but

ained 30% in the total sows. This indicates high concentration of the herd in the
€ pig units. This concentration is more intense in the UK than in any other EU

OCt state (Pellini, Morris and Emmott, 1999).
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Table 2. 1 — Structure of UK pig holdings and annual production
Erc Unit Value (‘000)
Jumber of pigs, total and per size of holding:
Total pigs Head 7,335
Number of pig holdings (total) Holding 13.5
Number of holdings with more than 2,000 pigs in the herd | Holding .1
Total pigs in herds >2,000 pigs Head 3,968
otal sows Head 835
Number of holdings with more than 500 sows Holding 0.3
Total sows in herds > 500 sows Head 276
al production:
laughtering Head 15,496
‘Meat production Tonnes 1,098

Source: Eurostat (1997) and SOEC (MLC, 1998a).

1

IPPC installation.

W

2 han 20 sow and/or 200 trading pigs

installations are captured by IPPC based on thresholds for number of sows or

re 2.1 presents the participation of main type of unit by specialisation of the herd in

shing pigs over 30 kg. Therefore, the concentration of the pig herd in large units
ly to surpass the threshold, suggests that IPPC may achieve a substantial level of
'onmental control of pig activity in England and Wales. It is estimated that between
(Bateman, 1998) and 500 (MAFF and Environment Agency, 1999) pig farms would

¢ under IPPC control in the UK. Of course one holding may encompass more than

 of number of holdings, total sows and trading pigs based on the 1998 National
ey of Pig Production Systems for England and Wales (NSPPS) (Sheppard, 1998).

Survey results are based on data obtained from 2,438 respondents of pig units with
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rearers
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j Pig Sows Trading
i holdings pigs

Figure 2. 2—- Pig holdings, sows and trading pigs by type of herd in England and Wales
Source: adapted from Sheppard (1998) p.11.

‘Complete cycle' units contain the majority of sows and trading pigs, even though they
3
are not the most common type of pig unit. According to Sheppard (1998) the great

Iaj ority of these breeding-and-feeding are non-contract herds — that is, the pigs are

ywhed by the operator. Contract operations, where the pigs are owned by a third party

3 . .. s 14
battoir or processing company, are common for specialist rearers and finishers'*.

Contracts indicate the degree of vertical integration of the industry.

ese data suggests that the pig industry is less integrated than the IPPC regulated

flltry industry. Vertical integration implies that all stages of a supply chain are

nirolled by a single organisation. The greater the degree of vertical integration

enerally the greater is the scale of operations at each stage of the supply chain'’, the

: 'flter the interconnections among the various stages, the greater the market .

ntation, and the greater is the willingness and ability to promote technical progress.

WEVET, a study of 351 pig herds, representing approximately 12 per cent of the
sh herd (MLC, 1997), showed that 55% of pig holdings had more than half of their

ll?;;"_te cycle is a synonymous definition of breeding-and-feeding herd.
. 'dinlzs,t ;eare:r refers to breeding-only herd and specialist finisher to feeding-only herds.
g, feeding and slaughtering pigs; processing, packing and distribution of pigmeat and products.
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farm income from the pig activity. This implies, on the one hand a high level of

b, eclahsatlon of units, but on the other that a large number of this producers do not have

pigs as the only activity.

't is important to identify type and frequency of different types of pig housing in the

:, sector to compare with IPPC (BAT) requirements. The reference systems for housing,
which provide a baseline for ammonia emissions, generally involve fully slatted floor
(Appendix 2.1). Benchmarked against the reference systems, BAT for housing'® are
xpected to deliver at least 20% reduction in the ammonia emissions. Other criteria
'an reduction in ammonia emission are also assessed in candidate techniques, such as

3 ost-effectiveness of abatement, energy use and applicability to existing housing.

able 2.2 presents predominant housing systems based on the same survey (Sheppard,
1998). The number of animals for rearing kept in fully slatted floor houses is significant
accounting for 46% of total rearing pigs. If the implementation of IPPC requires the

" provement or changes of such systems to meet BAT, there will be substantial impacts

n the sector regarding investments in new or modified buildings.

At the time of the 1998 NSPPS some units still used stalls and tethers to keep dry sows.
1 ese were banned in January 1999 under welfare regulations, now mainly replaced by
rds and kennels for group housing involving straw based solid floor system. Large
its differentiated from medium and small ones by type of feeding systems for sows.

hat s, electronic sow feeders are mainly used in large sow herds whilst individual
2ders and trough are predominant in small and medium units. Outdoor systems have

creased in use in the period, being characteristically large size herds. (Sheppard,
8).

.
-

for housing in draft BREF Note for intensive rearing of pigs (EIPPCB, 2001). This documents

I::,late housmo for the following phases: mating and pregnancy (dry sows), farrowing (lactating
/» Weaning (reamw pigs) and ﬁmshmo
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" Table 2. 2 - Number of holdings and pigs according to housing and management of herd
production Type of Housing Holdings Pigs
2 _‘ e Number %  Number* %
Farrowing Outdoor arks 271 159% 259,685 31.6%
2 Farrowing crates 1,192 69.7% 533,162 64.8%
Individual housing reduced confinement 116  6.8% 16,683 2.0%
Group farrowing systems 13 0.8% 877 0.1%
; Traditional pens 110 6.4% 10,939 1.3%
a Unspecified and other 7 04% 956  0.1%
" i Subtotal Farrowing 1,709 100% 822,302 100%
Breeding sow Indoor 1,382 83.1% 60,082 72.2%
\ccommodation Outdoor 281 16.9% 23,087 27.8%
- Subtotal Breeding sows 1,663 100% 83,169 100%
Dry sows and Stall 188  8.4% 18,031 6.4%
Served gilts Tethers 88 4.0% 7,013 2.5%
Cubicles and free access stalls 157 7.1% 13,442 4.8%
Yards, electronic sow feeders 160 7.2% 27,909 9.9%
Yards, individual sow feeders 406 18.2% 35,919 12.8%
Yards or kennels, short stall feeders 104 4.7% 18,148 6.5%
Yards or kennels, floor/trough feeders 805 36.2% 72,924 26.0%
Outdoor accommodation 292 13.1% 83,937 29.9%
Unspecified and other 26 1.2% 3,506 1.2%
Subtotal Dry sows 2,226 100% 280,829 100%
Rearing Houses with fully slatted floors (flat decks) 411 17.3% 310,212 24.6%
ccommodation Houses with partly slatted floors 562 23.7% 266,679 21.1%
4 Houses solid lying area & dung passage 764 32.2% 365,947 29.0%
Deep straw yards 478 20.1% 205,625 16.3%
Outdoors 134 5.6% 106,681 8.5%
Other 24 1.0% 6,442  0.5%
E Subtotal rearing 2,373 100% 1,261,586 100%
Finishing Houses with fully slatted floors 310 11.3% 259,885 14.5%
commodation Houses with partly slatted floors 537 19.6% 350,354 19.5%
b Houses solid lying area & dung passage 1,143 41.7% 808,648 45.1%
Deep straw yards 704 25.7% 349,639 19.5%
Outdoors 26 0.9% 16,279 0.9%
Other 20 0.7% 8,866 0.5%
— Subtotal Finishing 2,740 100% 1,793,671 100%
te: *the value ‘numbers of pigs’ for farrowing refers to number of litters per year.

dource: National Survey of Pig Production Systems 1998 (NSPPS) (Sheppard, 1998 p.9).

s

€aring pigs or weaners (up to 35 kg) are predominantly accommodated in houses with
y slatted (flat decks) or partly slatted floors. The NSPPS survey identified that
hing herds reared in deep straw yards had increased in use while more traditional
=10, such as solid lying areas with none or limited straw and with solid dunging

S, had declined. The latter type of housing was predominantly used for smaller and
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" medium herds, whereas fully slatted accommodation was clearly more common in the

B 17
gest finishing herds .

. a
: e above description of the structure of the pig industry indicates that larger size herd

.d breeding-and-feeding units contain the majority of the total pigs and sows. Also,
the predominant housing system depends on the production phase and size of herd. For
purpose of this research, it is particularly important to identify the likely changes

required under IPPC for fully slatted floor systems, as these are typically related to
ger units (those being captured under IPPC), and on straw based systems. The latter,
ording to Sheppard (1998) has grown considerably in recent years amongst finishing

herds, and now is the dominant form of accommodation for dry sows.

2.3.3 Performance of pig production systems

echnical efficiency in the UK pig industry improved considerably in the 1990s, as is
hown in Table 2.3. In the period 1992 to 2000, the number of pigs reared per litter
icreased, feed conversion ratio from weaning to slaughter was reduced and average
'cass weight rose. Furthermore, improvements in quality were achieved, with most
arcasses classified as ‘S’ or ‘E’ in the EC grade (according to the lean meat content, as

dicated in Table 2.3).

ble 2. 3 —Physical performance indicators for UK pig production, year 1992 and 2000
Icator Value Value Improvement
1992 2000 (1992-2000)
L nber of pigs reared per litter 950 9.89 +4.1%
€d conversion ratio (FCR) - weaning to slaughter*  2.60  2.62 -0.8%
age carcass weight (kg) 629 705 +12.1%
-asses classified as top grade** - 88% -
€s: *F(?R was slightly reduced in the period, but it is needed to take into account that heavier
' re b.elng finished (see average carcass weight), which tends to reduce efficiency in use of
' OY pigs; **classified in categories ‘S’ or ‘E’ according to the EC Classification System for
458es, which means having more than 60% or between 55-59% of lean meat, respectively.

ice: MLC, 1997 and MLC (2001a).

eferred : _ o ] - .
ndrr;d I section 2.2.1, finishing units involve production of large quantities of manure, being
Ore economical handled as liquid material (slurry), particularly in large units.
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A summary of the composition of production costs per pig is shown in Table 2.4.
riable costs of production account for more than 70% of the total production cost.

eed is the major individual production cost, followed by labour.

The profitability of pig production is highly dependent on the ratio of pig price to feed

cost. The break-even point for pig production occurs at a ratio of about 6.0-7.0:1
(Vaughan and Wright, 2000). The cost of feed is regarded as the most volatile of the
t costs in pig production, whereas pig prices are subject to a cyclical but regular
pattern, having generally a downturn at every 2 years, associated with an increase in the
narket supply of pigmeat. Thus, variations in gross margins, and consequently in the
st margins of pig production, are mainly dependent on relative changes in these two

variables.

BT

fable 2. 4 — Financial results per pig sold for indoor, breeding-and-feeding herd
(year ended September 2000)
Financial results £ %
ariable costs:
b 3119
terinary and medicines 1.95 3.6
ransport 1.50 25
lectricity and gas 1.89 33
ater 0.74 1.4
raw and bedding 0.83 15
scellaneous costs 1.20 2.2
_Total variable costs (V) 39.30
ed costs:
oour 8.76
lldings** 2.96 54
ichinery and equipment** 2.08 3.8
ter fixed costs 1.63 3.0
_Total fixed costs () 15.43 28.2
_Total variable and fixed costs (V+F) 54.73 100.0
CIUE — av. pig sale value (R) 59.50 -
5S margin (GM) =R - V 19.88 -
argin NM) =R — (V + F) 4.78 -
S: *feed costs refer to the average costs of home mix and purchase compound
£29.34 and £33.03, respectively); **costs include capital depreciation plus
€hance and repairs,

¢t based on MLC Pig Yearbook 2001 (MLC, 2001a p.54-5),
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‘3 4 An overview of the pig meat supply chain in Britain

secto.ral affordability of compliance costs of IPPC regulation depends on the

apacity of the pig industry to accommodate this increase in costs by: increasing prices,
reducing margins or achieving efficiency gains. The purpose of this subsection is to
characterise the competitiveness of the UK pig meat supply chain, comparing the
3 formance and structure of pigs production with major EU pig producer countries.

_ , ‘competitiveness of the pigmeat supply chain is largely dependent on structural

: ‘Itors, such as scale of production, degree of integration between suppliers and

.’e essors, taxation and regulation, and market factors, such as prices, costs, and levels

f ‘protection and subsidies. Therefore, the profitability of pig units, and IPPC

fordability, is to a great extent dependent on the overall performance of the supply

rawing on 1997 data, a MLC study compared the relative performance of UK pig units

pared with other EU countries (Driver, 1999). According to the report, the physical
‘f ormance across the countries studied has largely converged. For instance, the
mber of pigs sold per sow per year was very similar. The feed conversion ratio in the
K was the second best, only exceeded by Ireland (respectively, 2.57 and 2.39'%).
_ever, the daily liveweight gain per pig in Britain was substantially lower than the
nish, Dutch and French averages and Britain produced the lightest pigs and carcasses.
reover, MLC considers the relatively high costs of production in Britain to be the
t critical indicator of relative performance, positioning its pig industry behind the

European competitors in terms of cost competitiveness.

€asons for higher production costs, according to the above MLC study, were

ly due to the relatively high feed cost. Labour costs were also significantly higher

ting a lower use of family labour in the activity in the UK. The advanced
mentation of regulations on welfare (prohibition of tether and stall in

modation for Sows, as previously pointed out in section 2.2.2) imposed an

Onversion ratig

e (FRC) is calculated using the total kg feed given divided by the liveweight of

>elling
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mated extra cost on British production of 8 p/kg relating to buildings, machinery and

ipment cOStS. This cost is not present in any other EU country except Denmark.

s indicates that IPPC is perceived as a threat by UK pig producers because it is likely
1o lead to further increases in total production cost in an industry which is already not

cost competitive.

Co mpetitiveness is also affected by macroeconomic factors, such as the exchange rate.
For instance, the relative strength of Sterling against the Euro and the currency of EU
mbers has brought disadvantages for British pig producers. Additionally, several

pes of economic incentives such as tax reductions, if given unilaterally by an
.ividual member state, can affect competitiveness. Taxation arrangements for UK
ers are considered less favourable than for EU competitor states. The study refers
r example to the longer write-off period for buildings for tax purposes, of 25 and 15
' ars in the UK and in other EU member states, respectively. Deductions from prices

eived by farmers (levies) for transport, offal disposal and promotion and research are

:- ificantly higher in the UK than other EU countries.

pite the problems raised, the MLC report recognises that competitive costs in EU

tend to converge in the next few years due to the expected fall of Sterling against
‘Buro and indications that new welfare and environmental regulations will increase

S elsewhere, particularly in Holland and Denmark.

0, MLC (1997) points out that pig meat industry is particularly dynamic due to
g Cost-price pressures on margins over the long term, intensified since the
lishment of the Single European Market in 1993 and respective increase in trade
85t national boundaries. This has “led to more marked rationalisation and greater
. mies of scale in the pig industry than for other species”. This is evident in the 40%
| 10n in the number of pig producers and 57% drop in the number of abattoirs

102 pigs in the UK during the ten years to 1995 (MLC, 1997).

Wed concentration has been a common trend for the slaughter/processing

- In Great Britain there were 308 pig abattoirs in 1996/97 and the Top 10

Pellin;
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dustries (biggest slaughterers) had a market share of 52 per cent. From 1990 to 1997
number of specialist pig abattoirs fell from 46 to 29. Their share of total British
1 * ughput, however, rose from 54 to 87 per cent (MLC, 1998b).

pite this concentration, the British pig slaughter and processing industry has no

ajor competitive advantage over the same industries in the main EU producer

countries, namely, France, Denmark and the Netherlands (MLC, 1997). According to

h s MLC study, based on 1995 data, the British pig industry was comparatively much

: naller than those in the other three countries and highly domestically orientated,

flecting Britain’s relatively lower self-sufficiency in pig products. Relative

sadvantages of the British pig industry have been attributed to the smaller size of the

aughtering and processing companies and to the lack of linkages within the pig

pcurement and marketing chain, partly reflecting the absence of fully integrated co-
eratives found in the other countries. Other reasons pointed out related to the
ifavourable exchange rate of sterling, the costs of traceability and assurance schemes

d the ban of sow stall and tether systems in advance of other EU member-states.

e
cording to MLC (1997), throughout Europe the pig supply chain has been affected by

emands of the large retailers. For instance, in Britain the larger supermarkets

rolled approximately 65 per cent of the pork and 75 per cent of the bacon retail
es in 1996.

-

C (1999b) asserts that because the ban of stalls and tethers for sows in the UK, many

sh retailers now require assurance that their bacon imports come from pigs raised in

€ Systems. One could suggest therefore that there is possibility of similar policy to

opted with regard to IPPC, that is, environmental standards in pig production as

ined in the IPPC Directive may become a condition to export pig products to this '

Y. However, the view of producers is that the domestic industry has not drawn [

In market terms for pioneering the adoption welfare standards (NPA

PEIson, 2002). Similar worries are raised in respect to the implementation of
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s
ng environmental controls in northern EU countries resulted in migration of
ction to countries that do not have the same controls, as demonstrated by recent
,-investments in Eastern Europe (MLC, 1998b). The EU long term trends for

ck production, also according to MLC (1998b), have been towards increased
sidual herd or flock size, decline in the number and contribution of small producers,
it increase in the proportion of total production coming from larger units. As

scussed in earlier sections, IPPC could, on the one hand, reinforce the trend for

icentration of production in large units, in order to obtain lower unit cost of 1
sJliance, and, on the other, induce reduction of scale of units marginally close to the |

C thresholds, in order to avoid capture by regulation. J

aforementioned conditions suggest that, on the one side, that UK pig production has

atively limited scope to accommodate additional costs determined by IPPC

ion, because it already operates at comparatively high production cost.

ithstanding, it is recognised that the pressures determined by requirements, either

ary (market-based) or mandatory, such as by IPPC are likely to be balanced at EU

el in the medium to long term.

impacts of intensive livestock systems on the environment

pose of this subsection is to identify main types of pollutants generated by
ock activities to different environmental media. The intensification of systems for

LTearing is seen as a major cause of environmental problems associated with

ck production in developed economies. IPPC applied to pig production can be

( ".‘ as a policy response to the impacts from intensive livestock systems on the

ment.
#)

to environmental media from livestock production needs to be distinguished in

©S: point source and diffuse (non-point source) pollution. Whereas the former |

Pollution from an identified building or field, the latter can originate from

emitting sources and is caused by a single event or action (MAFF, 1998b).
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._source pollution

ion incidents from livestock units in England and Wales are mainly, but not

clusively, associated with the generation of animal wastes. Also the use and storage

.d and veterinary medicinal products needs to be carefully managed because of i

ir high potential of pollution to land or water (Environment Agency, 1999b). 1

cording to Owen (1994), 20 per cent of the serious incidents of water pollution in the

sme from farms'®, being related mainly to slurry, silage liquor and dirty water.

mber of pig related incidents for the year 1998 is presented in Table 2.5, broken

_ -, incident category and by region according to the Agency. Pollution incidents

lassified by the Agency according to their total impact on the environment, that is,

nsidering the severity of their impact on all three media, in four categories, namely

ajc significant, minor and unsubstantiated incidents (as described in Appendix 2.2).

 majority of incidents (80%) were classified as minor incidents (Category 3).

er, 19% were considered as significant incidents (Category 2) which have a

lerably impact on the environment and one was a major incident (Category 1).

ry 4 incidents, referring to unsubstantiated pollution events, are not counted.

- Number of pollution incidents that occurred as a result of pig farming,1998

Thames | Mid- | SW | Southern | Anglian | NW | Wales | NE | Total
lands

0 0 0 0 0 0 0 1 |

1 5 0 0 6 5 0 6 23

2 16 14 3 35 6 3 16 95

3 21 14 3 41 11 3 23 | 119

Environment Agency, personal communication (14/01/2000).

erms, the distribution of number of pollution incidents follows the distribution

€IS of pigs, concentrated in the eastern and north-eastern counties (East Anglia

r;] was identiﬁed as source of 26.5% of all Category 1 and 2 poilution incidents to water in
 the biggest single polluter that year (Environment Agency, 2002a).
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5 'rkshire/Humberside regions have the largest concentration of pigs according to

AFF Census).

are particular human health risk associated with pollution by untreated slurry and
ure which contain micro-organisms such as salmonellae, E. coli and

npylobacters. Surface or groundwater polluted by manures can be contaminated by

& pathogens (MAFF, 1998b).

yoint source pollution

sources of environmental pollution from agriculture are non-point source: nitrate

ing, ammonia volatilisation and phosphorous flow (Kjaer & Madsen, 1998).

onia losses from pig housing and from storage of pig manures are estimated to be

15,000 tonnes annually (Webb, 2001), representing 7 per cent of those from

Jture®®. Despite not being a major contributor to total ammonia emission,
b

fies tend to concentrate great numbers of livestock units per area®’. High

ion rates of N associated with ammonia have been verified in the vicinity of

e pig units, with risks of damage to habitats as a result of acidification and

ophication. (Environment Agency, 2000a).

#

ock production has a major impact on eutrophication® of waters. It is the main

of phosphorous input to surface waters in the UK, contributing with 29% of total

nd waters in England and Wales (Morse et al., 1993, in Environment Agency,

he Agency estimates that 70% of the total input of nitrogen comes from diffuse

namely agriculture, precipitation and urban run-off. Fertilisers are the major

of N input in agriculture.

ture alone accounts for 80 per cent of the total emissions ammonia in the UK (Webb, 2001).
an analytical difficulty here to classify type of pollution to air by source: air emissions from
SIng and storage facilities are relatively ‘point source’. However, they are a continuous and
ated to an event. Many of these can be regarded as fugitive emissions because they represent
kages from a range of positions on the installation which often escape controls. Emissions

readlng are comparatively more spatially dispersed but can be identified as an event where
' dmmonia emission is released.
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S e
sources (among them ECETOC, 1994; van der Peet-Schewering ez al. 1999;

b et al. 2000) refer that the releases of ammonia from animal processes and

| .ction into atmosphere contribute to the problems of environmental acidification.
'£iona11y, methane (CH,) releases from ruminants are a significant factor in global
arming. Gaseous emissions and odour can cause harm or nuisance to both livestock
mans (Owen, 1994). However, the impact of agricultural processes on the above
issions is complicated because they both release and absorb greenhouse gases. But it
that on the release side, most of emissions come from digestive processes in
mals, animal waste and fertiliser use. Thus, livestock systems are a major source of

regarding emissions from agriculture, especially for methane and nitrous oxide

ier and Madsen (1998), using data from Denmark, argue that nitrogen leaching is

gen 1.4 to 2.4 times higher on livestock farms than on cropping farms, reflecting
igher quantity of total N applied. However, nitrate leaching is a process related to
characteristics, being more common in lighter soils. Also, the build-up of

horous (P) in soil is more likely to occur on livestock specialised or mixed farms
cropping fields. In the latter, the total amount of P applied through inorganic

er and manures is similar to the amount of P utilised by the crops and exported at

- However, livestock farms (the study involved cattle, pig and mixed farms)

excess of application of P mainly from the considerable manure applied —

to build-up of the nutrient in the soil and potential of run-off to surface waters.

':* op and livestock systems are potentially more capable than livestock systems

0 Or mitigate environmental impacts. However, there are suggestions (Ho and

998) that industrial, land-detached livestock units can be integrated with arable

aregional perspective (which they define as a giant ‘regional mixed farm’).

| livestock systems

 livestock systems are understood here as production systems highly dependent

inputs, especially feed and energy and, also, having technology, capital and

tby inorganic plant nutrients, which results in disturbance on the balance of present
i
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R
: I_ cture based on large economies of scale (de Haan et al., 2000)23 . Also, these
can be interpreted as those with high concentration of livestock units per area,
= the mineral supply exceeds the requirements of the agricultural area with crops
land (EIPPC, 2001) or as those where the feed supply and waste absorption are
nced with the capacity of the available land (Delgado et al., 1999). The IPPC
ctive defines ‘intensive livestock farms’ based on capacity in terms of number of
‘_or pigs (above the thresholds, previously referred, of 750 sows or 2,000
ng pigs over 30 kg).

e livestock rearing systems are particularly common for poultry and pigs.

ing to the Environment Agency (1999b), high livestock densities create large
ties of animal wastes which must require suitable methods for their recycling or
' ' sed of safely. It is estimated that approximately 80 million tonnes of animal
are spread on the land each year in England and Wales. Half of this quantity,
million tonnes, is applied mechanically*® (Environment Agency, 1999b). The
g of livestock wastes to land is desirable as this recycles nutrients and organic
to soil, benefiting cropping and grazing activities. However, intensive livestock |
18, particularly pig farming, raises risks associated with pollution as it stores and |
to land large quantities of animal wastes. Handling, treatment and disposal of '

Stes requires careful management (Environment Agency, 1999b).

impacts from intensive pig production was given by the Agency in an early

e SFIR (Environment Agency, 1999a), as compiled in Table 2.6. This list

S impacts with production phase or stage (operation) and also with the

ental issues according as defined by IPPC.

(:m. used by d}? Haan et al. (2000) is industrial livestock systems, which is employed as a
9 ' Intensive livestock systems by FAO and other authors such as Delgado et al. (1999).
Mder is directly deposited by animals to land.
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9.6 - Impacts of pig rearing according to resources use and emissions to media

rials

Operation/activity

Description of impact/effect

Farrowing & Weaning

animal feed and bedding (straw)

Growing/Finishing

most of feed input is required in this phase

Farrowing & Weaning

emissions of odour and ammonia

Finishing

emissions of odour and ammonia can be
significant, particularly from fully slatted
floor "

Outdoors pigs*

direct deposition of faeces onto soil lead
to emissions of ammonia and odour

Collection and storage of
slurries, FYM and dirty
water

significant release of ammonia and
odours, especially in warm weather

Use and disposal of slurry,
FYM and dirty water

significant release of ammonia and
odours, particularly from slurry

Disposal of carcasses

smoke and odour can be a problem if
carcasses are burnt or stored on site before
disposal of

Farrowing & Weaning

slurry or manure; also small number of
carcasses

Finishing

slurry or manure; occasional carcasses

Outdoors pigs

animal wastes and straw bedding from
arks

Collection and storage of
slurry, FYM and dirty water

minimal

Use and disposal of slurry,
FYM and dirty water

minimal if spread to benefit of agricultural
land

Disposal of carcasses

carcass production is kept to a minimum
by good welfare practice

Farrowing & Weaning

potential or releases of contaminated
water from buildings

Finishing potential or releases of contaminated
water from housing
Outdoors pigs risk of run-off to surface water and

leaching to groundwater are significant

Collection and storage of
slurry, FYM and dirty water

risk of spillage and run-off

Use and disposal of slurry,

| FYM and dirty water

risk of run-off and leaching

Disposal of carcasses

minor risk of run-off as most carcasses are
kept in sealed bags

(cont.)
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Operation/activity

Description of impact/effect i

Farrowing & Weaning

heating and ventilation systems

forced ventilation systems if in place

Finishing
Outdoors pigs

Minimal

Collection and storage of
slurry, FYM and dirty water

Minimal

Farrowing & Weaning

animals, ventilation, feed delivery

Finishing

animals, ventilation, feed delivery

QOutdoors pigs

Minimal

Collection and storage of
slurry, FYM and dirty water

may be significant if slurry and manure
are transported in bulk

Qutdoors pigs

significant risk of soil erosion and build
up of soil nutrients

Use and disposal of slurry,

risk of build up of nutrients and

metals (Cu, Zn)

risk of build up of contamination

associated with burial

*outdoor production is not covered by IPPC, but its impacts are briefed in this table in

o describe a system in expansion, already with substantial % of total sows in the UK.

: compiled from Environment Agency (1999a). Interim guidance for Integrated Pollution
tion and Control for Intensive Livestock. Guide V1 April 1999.

FYM and dirty water
Disposal of carcasses

Government (DETR, 1998) expects the implementation of IPPC for intensive
d poultry rearing to deliver improvements in energy efficiency and reductions in
: nitrogen emissions. It recognises that the reduction of these N emissions
_ﬂlfocuses mainly on ammonia, which is not included in the Kyoto Protocol Z.
eless, it is argued that expected improvements in nutrients management and in
n of ammonia abatement techniques are likely to reduce the nitrous oxide losses,

should have a knock-down effect on the emission of this gas.

._C definition of ‘intensive pig rearing’ is likely to deliver environmental control
. bstantial share of the pig herd. According to the MLC, the application of IPPC
3 to existing pig units would bring approximately 58% of the total pig herd in

inder the IPPC regime (ENDS, 2000b).

‘r'l Sof Kyoto Protocol are the following greenhouse gases: CO,, methane , N;0, two
~HFC and CFC - and sulphur hexafluoride (DETR, 1998).
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(' qs a response to impacts of intensive livestock systems
teraction between livestock and environment, and thereby the associated

ironmental impacts, are dependent on the degree of intensity of the enterprise.

et al., 2000 used a Driving force-State-Response (DSR) framework to analyse

ensive livestock and environment framework. Here, their initial insight is adapted to

o

[/
PSR format®®, as follows. In the industrialised world economies external factors

1ch as increasing population, growing incomes and market opportunities (Driving

| ) had lead agricultural production systems, even the integrated ones, to
ensification (Pressures). The great amount of input imports has as consequence a
g uilibrium in the balance of nutrients (surpluses), with the overloading of water
soil causing pollution. So, the State of the environment suffers a deterioration of
land and water quality, damaging the associated ecosystems (Impacts). Response to

1ese problems comes through technology and policy options, including regulation. The

onse may influence the driving forces, changing pressures and impacts, which affect

ate of the environment. IPPC is essentially a regulatory response, but it also,

1ighout BAT, involves economic and technological elements.

'ybsection provided a discussion on environmental aspects of livestock production,
. _' trating particularly on impacts of intensive systems. Point source and diffuse
on were differentiated. Livestock units are associated with a significant part of
al pollution incidents, especially those cause by accidental release and run-off of
or dirty water into surface waters. Diffuse pollution is associated mainly to nitrate
ling, ammonia release and phosphorous flow. It was identified that whereas the
ity of studies of N emissions from livestock production focus on nitrates to water,

T for pig production (see section 2.2) the focus is clearly on control of ammonia

The environmental impacts of livestock activities depend on site specific

OIS, particularly characteristics of soils and land availability for spreading of
 Which confirms these are a central aspects to be considered when determining

4sures. In summary, considerable impacts on the environment arise from

tter, Drivi . 4
ve, 11VIng Forces and Pressures are differentiated, as well as Pressures and Impacts. The
. 18 the same originally

used by the OECD.
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I ive rearing of pigs and other livestock. In this respect, environmental regulation,
as IPPC, is essentially a policy response to the pressures and impacts imposed on

nvironment by intensive livestock production.

4 ECONOMIC AND ENVIRONMENTAL ASSESSMENT OF REGULATION

--lation is an option among other policy instruments. Therefore, it is important to

and monitor its efficiency in addressing policy targets. This is the remit of

eulatory impact assessment, which comprises environmental and economic analysis

5

4

Defining environmental regulation

ution control instruments can be classified (Perman et al., 1999) in three groups:

‘a and and control instruments, economic incentive instruments and institutional

aches. Command and control (CAC) instruments involve quantitative and

tative controls and regulations on output produced or input used, as well as to

ology used in production processes, location and timing of pollution activities

man ef al., 1999). Economic incentive instruments (also known as quasi-market or

t-based instruments) refer to application of taxes on emissions or on use of inputs,

44
s of subsidies on pollution abatement measures and use of transferable emissions or

_ion permits. Institutional approaches to facilitate the internalisation of

168 involve methods such as encouraging education and social awareness on

imental issues, and bargaining solutions for environmental problems.

1tion, regulation through a directive, such as IPPC, is a command and control

) approach to environment protection. Baumol and Oates (1989), quoted by

1(2001), define CAC as “a directive to individual decision makers requiring them

~ Of more output or input quantities at some specified levels or prohibiting them

eeding (or falling short of) some specified levels”.
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conomic terms, the criticism of the application of CAC to environmental

icymaking is that this approach is relatively inefficient if compared to flexible
chanisms, due to its higher costs of compliance?’. Market-based approaches (such as
. <sions trading or charges on emissions) are generally preferred by economists.
derlying their superior cost effectiveness in relation to other instruments is the
oument that market-based instruments benefit from the operator (or a firm) knowledge

ow best to allocate resources.

.ersely, because of the considerable information required, the regulator is unlikely
hieve total costs of compliance and administration as low as those by the market

S 'ITietenberg, 1990; Clinch, 2001). However least cost (cost effectiveness) is an

: ant but not exclusive criterion for selection of one policy instrument. The

ent and regulatory authority take into account other criteria, such as

idering to what extent they can rely on a given instrument (dependability) and how
ceable it is (enforceability). Also dynamic efficiency (which is concerned with the |
cts of chosen instrument on continuous incentives for improvement of the product or .
ises involved), administrative feasibility, flexibility and equity are important ;
a (Perman ct al., 1999). |

nand and control instrumetits may assume distinct formats. That is, ‘control’ may

1o the quantity of output produced (usually the undesired output, emission of

__t), to the quantity of input consumed, to the production technology used, or to

location) or temporal (timing) distribution of an activity (Perman et al., 1999).

lassification, [PPC falls into the category of instruments that impose minimum

gy Iequirements (technology-based or process-based regulation). Technology-

truments have been those dominant for environmental protection in OECD

' S according to the above authors.

Avironmental Limit Values (ELVs) and Environmental Quality Standards

i Objectives (EQO, using the OECD denomination of environment-based

 evi
'diggnce of comparative costs of CAC and market instruments can be found in Tietenberg
3 N, cost for monitoring, administering and enforcing compliance can be substantial.
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. ents) are examples of instruments regulating the permissible quantity of
(DETR, 2000a). The IPPC regime is based on the use of BAT, therefore, it is
[y an instrument imposing minimum technology requirements (Rajotte, 2000) or,
1(2001) defines, a process-based approach. Of course there are ELVs

ing BAT and IPPC is subject to EQS posed by other mandatory instruments
1996; DETR, 2000a).

'n;‘ origins, definition and use of Regulatory Impact Assessment (RIA)

momic analysis of regulations or Regulatory Impact Assessment (RIA),

g to Morgenstern (1997), draws on the discipline of environmental economics,

articularly expanded in the 1980s and 1990s. It applies modern concepts of

 economics to regulatory issues, including environmental regulation.

am environmental economists, according to this author, identify three main

ns for the economic analysis of regulation, namely: presenting information about

' and costs associated to the regulation, determining cost-effectiveness and

 how costs and benefits are distributed.

an extensive theoretical and practical literature on valuation of benefits, in
he economic results from these methodologies reflect the value that individuals

Otection of a given environmental good. However, several difficulties

these tools, such as what discounting rate to use, how to define a baseline for

150n, and treatment of risk and uncertainty (Morgenstern, 1997).

i

‘of the complexity of benefits estimation in such methodologies determines

f the assessment of policy options has been confined to the comparison

€Xtra costs determined by compliance and the reduction of release of

Defined as Cost-Effectiveness (CE), it is usually presented in an annual

nore details in section 2.4.3).
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economic models were developed for assessment of the application of the ‘As

| As Reasonably Achievable’ (ALARA) Principle®®, such as MIOW" model applied
I Netherlands (van der Woerd, 2001) and Belgium (Vercaemst, 2001). The

F AR A principle was introduced in Dutch legislation and means that the
vironmental impacts of economic activities must be ‘as low as reasonably possible’.

Y JOW" model combines environmental costs (compliance costs, in this context)

h business resilience and market indicators to determine sectoral or corporate

sibility of compliance.

: o most important aspects on economic analysis of regulation are: 1) cost
e -. veness of measures which operators are required to comply, and 2) sectoral

rdability of the policy being implemented (Sorrel, 2001). Determining impacts of
ures based on a framework concept such as BAT and BATNEEC represents a |

nge. The implementation of the IPC regime showed that even though guidance is i

ed through documents, the assessment of conditions for application and

iance with a permit involves a degree of subjectivity (Sorrel, 2001). There is a

in degree of discretion for the regulatory authority staff in determining whether or

iditions offered are sufficient to meet requirements for a permit to be granted.

s such as specific conditions of the site and management of the unit are unlikely |

€ covered in standard rules and guidance.

theme in the literature on environmental regulation (Smith, 1996b; Gouldson 1
phy, 1998) is that compliance with regulation is better defined as a process than

£. This notion of compliance with regulation as a process defines

entation as that of continuous negotiation and as a product of the interaction of
ders involved,

!' of regulatory compliance as negotiation process, for Bailey and Haq (2001),

mine that the implementation may turn out rather different than originally

by regulators, According to the authors, it also partially explains the

the Health anq Safety Executive (HSE

) employs for similar purposes the concept of ‘As
Onably Possib]e’ (ALARP). e PP °

Chapter 2 PhD 2002



Cranfield

UNIVERSITY
Silsoe

- ence between estimated ex ante and ex post compliance costs. They suggest that
e
ted compliance costs are usually higher than realised costs, reflecting the over-

“ation of environmental measures by the industry during the negotiation of

1lal ion.

.+ factors besides the strategic behaviour of stakeholders may make the ex ante
casting of compliance costs of regulation difficult, namely: unpredictability of
ological innovations likely to emerge during, and in response to the process, and

bility of a business to reduce the compliance costs once legislation is introduced
sy and Hag, 2001).

se factors must be acknowledged as important sources of bias in the results when

igating impacts prior or at the very beginning of the policy implementation, such
s research.

ork by Porter and van der Linde (1995), frequently referred to in the
ntation literature on environmental regulation, put the regulatory process as a
or novations in the firm or sector regulated. These innovations would lead

‘ authors, to efficiency gains or increase in value of produce, which offset

tal cost of environmental protection. Therefore, environmental regulation is

Porter and van der Linde as a factor with potential to increase the
iveness of regulated entities.

»

vironmental Impact Assessment (EIA) of intensive pig rearing

.ental Impact Assessment (EIA) is defined as a technique or process involving

@nd analysing the effects of a project on the environment. Methods used for
de the use of checklists, matrices, flow charts, ecological modelling and risk

t 18 argued that EIA is a suitable assessment approach to capture the
features of IPPC regulation.
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of the most widely used tools in environmental impact assessment (EIA) is the use

w charts or process diagrams. A flow chart enables a systemic representation of
weses and activities and their effects on relevant environmental issues. In showing
< petween processes and effects, the flow chart technique can portray the dynamics

system and provide an overall view of the impact of a given activity.

ing EIA, an important step is the identification of environmental effects and
: cts of a project or activity being assessed. They include: emissions to receiving
onmental media (air, land and water), generation of wastes, use of inputs and

ik
esources, generation of noise, odours and visual impact and effect on
tems.

attempts to where possible to measure the environmental effects or impacts by

bjective indicators, as follows.

environmental and economic indicators
ors have been used or proposed to design, monitor and evaluate policy associated

inable development in general and sustainable agriculture in particular. Several

’

1 _ s with issues addressed by IPPC.
ors provide a practical and reasonable way to deal with complex nature of the
_ tainability’ and have been increasingly used in agriculture (Pannell and
| 1999). Pannell and Glenn (2000) suggest that two main groups of indicators

ferentiated for policy purposes: indicators recommended and promoted to

nd indicators to assist policy making.

11ness of indicators in assessment of policy is pointed out by DoE (1996),
SeSts that a framework of indicators enables an overview for considering
ntal problems and the associated interconnection between them. That is, it

Stematic way to approach issues (not only environmental ones), reducing the

rlooking relevant elements.
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ining environmental impacts in agriculture can be complicated, diverse and
osubstantlal local variation (DETR, 1997a). Therefore, selecting and monitoring
mental indicators and targets need to take this into account. Moreover, DETR
notes that working with indicators is not without its challenges. For instance, to
ingful the assessment of performance using indicators has to consider four key
..,..:namely: target, timescale, prioritisation, and measurement (Pretty, 1998).
rability and comparability and are particularly disputable issues when someone is
use of such indicators. Notwithstanding these limitations, the Government
1999) produced a revised? national set of sustainable development indicators,
.‘ing that indicators provide a better understanding of the links between policies,

the application of integrated approaches rather than tackling issues

ually.

._{7 presents some sectoral indicators of sustainability from DETR (1999), some
are relevant for assessing the impact of intensive pig systems and a potential

rk related with IPPC for intensive livestock farming.

7 - Selected indicators of sustainability for the UK based on the DETR list
omain Indicators IPPC
relevant

ndicators Energy and water consumption

tors) Waste and hazardous emissions
Adoption of environmental management systems
Environmental and sustainable development reporting
drink Producing affordable and good quality food and drink
: in accordance with high environmental and welfare
standards
ountryside | Pesticide residues in food
Area under agreement under the Environmentally
Sensitive Areas and Countryside Stewardship agri-
iy environmental schemes
Area converted to organic productlon

-
.stamable Access to rural services
S

NSNS S

NS

(cont.)

S€t was later revised (HMSO, 1996). In the new set of indicators, which are about 150,
are related particularly with the social issues.
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‘ed Table 2.7)

omain Indicators IPPC
relevant
the Concentration of persistent organic pollutants v
ent and
'(mosphere Emissions of greenhouse gases; v
: (In this research, acidificator — ammonia is relevant)
Rivers of good or fair quality v
Water demand and availability v/
Water affordability
Water leakage v
Nutrients in water v
ated land Net loss of greenfield soils to development
Concentrations of organic material in agricultural
_ topsoils. v
al co- UK public expenditure on global environmental
and agreements ((In this research could be company
nt expenditure on pollution control techniques ) v
Sustainable Development footprint (are the systems
) causing unsustainable production in other countries?) v

piled from A better quality of life: a strategy for sustainable development for the
edom. DETR (1999).

vel indicators, such as those selected in Table 2.7, can provide some
insights into the environmental performance of livestock production.
§pecifically indicators need to be developed for pig systems, in order to help
dlement and monitor environmental regulation such as IPPC.
!
ce indicators at farm level
.99) reports that significant effort is being expended in the search of
indicators of sustainability at the agricultural sector level. Illustrative of this
series of 13 ‘priority issues’ and suggested potential indicators identified by
B using a ‘Pressure — State — Response’ (PSR) framework™, focusing on
fagri-environmental schemes. Also the UK government proposed a series

al indicators based on 13 themes (MAFF, 1998a). Table 2.8 compares

S and MAFF’s (now DEFRA) themes and notes the potential link to IPPC.

Previously, the PSR framework was more recently (EEA, 1999) redefined as DPSIR

Pressure 3 State - Impact — Response), but the principles behind it are basically the same
CD version.
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9. 8 - OECD issues and MAFF themes and set of indicators for agriculture

Silsoe

MEs and indicators).

ssues’ MAPFF ‘themes’ MAFTF indicators IPPC
rele-
vant
1  Nutrient losses to N losses in selected catchments v
freshwater
2 Soil P levels P losses in selected catchments v
3 Nutrient % land sampled for P v
management Slurry storage and timing of
practices application v
Nutrient application techniques 4
4  Ammonia emissions | Quantity emitted v
5  Greenhouse gas CH, emissions v
emissions NO emissions v
6  Pesticide use Pesticide in rivers v
Pesticides in groundwater v
Quantity of active ingredient v
‘Spray area’ treated v
Number of wildlife ‘incidents’
Residues in food
7  Water use Storage capacity as % of
irrigated use v
Economic value of irrigated crops
8  Soil protection Topsoil organic matter content v
Topsoil heavy metal content v
Soil management practices v/
9  Agricultural land Area lost to non-agricultural
resource development
Area restored following mineral
! extraction or landfill
ife habitats 10 Conservation value | Area under environmental
i of agricultural land | conservation v
Area under organic production
Length of hedgerows and walls
Population of key farmland birds
Area of semi-natural grassland
. Upland management
fagement | 11 Environmental man- | Adoption of EMS by farmers v
1 agement systems
ftural 12 Rural economy EU producer subsidy equivalent
Environmental payments as % of
CAP expenditure
Agricultural productivity v
Rural unemployment v
13 Energy Area planted with energy crops v
Webster (1999) The challenge of sustainability at farm level. p.9 (OECD and
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Jbster (1999) regards as there is broad agreement between many of OECD’s “issues’
AFF’s ‘themes’, and on the relevance on the use of indicators for policy purposes. |
r. it is noticeable the emphasis of the former document upon the adoption of

- management practices and financial viability.

ot of environmental indicators (mostly response indicators) for intensive livestock

. tion systems are suggested by the de Haan et al (2000), as shown in Table 2.9.

9 — Set of indicators for industrial livestock production systems

/Indicator IPPC relevant
elated

| use changes and land requirements for food production

sntage of grains in concentrates and diet

eland requirements for young stock

tock breeds used

s to feed production (fuel, fertiliser)

tion-related

ersion efficiencies for N and P by animal species

m gate N and P balance

nia emissions

‘ € emissions

Il energy consumption

| welfare index

al use

-related

re discharge

ent balance

lilising value of manure

€ emissions

of liveweight slaughtered

 of raw meat

> Storage

dapted (set of indicators) from de Haan et al (2000). Livestock and the !
nment: finding a balance. !
)

NN N N N R N N N N NEN

Considerable convergence between the issues addressed by IPPC and sets of
> Proposed for assessment of policy strategy” " towards a sustainable agriculture ‘

Oped economies in general and at UK level. Therefore, it can be inferred that

ves agri o ) .
agricultural, agri-environmental and environmental policies.
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- nergy between [PPC regulation and the emerging policies and initiatives with

' 10 sustainable agriculture.

< on the one hand IPPC implementation can potentially contribute to a more

e agriculture and livestock production. On the other hand, the overall policy
vork and independent initiatives (such as voluntary schemes) are likely to

3 IPPC and, therefore, reduce the burden associated with this regulation. In

"" s, to an extent, what is now being required as compliance with IPPC is likely

aght about in the sector by other instruments in due course.

proaches to benefits and costs of regulation

gulatory authority has a duty to balance its role of protecting and enhancing the
ent with the costs involved in doing so (Environment Agency, 1996).

e, it is recommended to the Agency to work collaboratively with the involved

| luding regulated parties) in order ‘to develop approaches which deliver

ental requirements without imposing excessive costs (in relation to the benefits

That is the condition of proportionality? for the policy being implemented.

Y has a duty to account for the costs and benefits of its actions (as required by
ent Act 1995). The Agency has issued guidance (Environment Agency,
suggest that in determining the means to achieve environmental objectives or
Agency should use: cost-effectiveness analysis where those environmental
are non-discretionary (e.g. statutory); cost-benefit analysis where costs and

: action need to be decided and the monetary valuation of non-financial costs

S is achievable (‘reasonably acceptable’), and multi-attribute analysis where

enefits of action need to be decided but the monetary valuation of non-

Sts and benefits is inappropriate.

1Y here refers to the condition where the cost determined by a policy in question are
O the benefits delivered by this policy.
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' , Directive is empowered in England and Wales through a governmental act.
¢ a situation where the regulator should use cost-effectiveness analysis to assess
ons in delivering the requirements. However, the challenge is that BAT

ves assessment of economic viability of pollution prevention and control measures.

challenge is that IPPC involves an integrated approach. This is a BPEO-like
n process (HMSO, 1997), but the analysis tends to favour elements already
ed by scientific evidence in terms of techniques, such as performance in terms of
ions of ammonia. Therefore, a risk assessment of trade-offs and inclusion of other

to select techniques is important, giving regulators and operators necessary

ity and, possibly, widening the scope of a single factor focused BAT.
"l or and Spash (1999) argue that Cost Efficiency Analysis (CEA), synonymous of

tiveness in this context, can avoid some complex and disputable assumptions

ic to CBA when trying to establish monetary valuation of environmental benefits.

" ectiveness (CE) can be defined (de Jonge, 2000; InfoMil, 2002) as presented in

However, other costs such as permitting costs for operators and administrative
e regulator are not explicitly described.

- Calculation of Cost effectiveness of an environmental measure
1

)'t:

extra annual costs
tal annual reduction in emissions

e

St effectiveness of the environmental measure;

a annual costs is a sum of extra capital investment costs
- disinvestments
extra operating costs

less  extra revenues and savings;

and

_ al reduction in emission is the difference between

annual emission without measure and
{ annual emission with measure.
oMil (2002).
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detailed approach to calculate the annual costs of proposed BAT (investment

or cash flow of technological change) is suggested by Schultmann et al. (2000).

prises determination of costs related to additional investments and operation

required), determination of relevant material and energy flows related to BAT
es and their costs and, finally, determination of other decision relevant costs and

:s (e.g. personnel costs, follow up costs, overhead, revenues for products of

-ling measures). From this, the cost concept for BAT can be expressed as in Box

N

) 2 - Calculation of BAT annual cost

BAT _ 1-BAT BAT BAT BAT
K =K 1 +K ME +K Process +K Other

= total cost for the evaluated BAT
= costs related to investments
= costs for inputs and outputs induced by material and/or energy flows
Process = process costs for relevant unit operation
ther = Other decision relevant costs

(All of them expressed in currency units/ annum).

i adapted from Schultmann et al. (2000).

definition of available in BAT (see section 2.1 .3) incorporates the consideration of )
¢ criteria for the selection of environmental techniques. By implication, the
S determined for compliance with IPPC regulation are subject to sectoral 1

lity. The IPPC regulatory authority has a statutory duty to account for the

ality of its actions. Thus, the estimation and evaluation of likely 1

iental and economic impacts of IPPC are elements necessary to support the

e

ation process of IPPC and policy review. This research is set in this context,

contribute to the implementation of IPPC to the pig industry by developing

g 2 framework for assessment of the its regulatory impact.
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keholders Analysis and Policy actors network for IPPC

n plementation process necessarily involves a wide range of stakeholders. These
4

gulators, the regulated and many other agents who have interest or influence
oulatory process applied to the particular sector of concern. The representation
o

ver and interest of stakeholders on IPPC indicates some challenges and synergies

ed with the IPPC implementation process.
r:
x of power/interest (Johnson and Scholes, 1997) is useful to indicate the type
onship between each stakeholder group and the issue of concern, in this case
plementation. Figure 2.3 places stakeholders according to the power they hold

 extent to which they are likely to show interest in the implementation of IPPC.

mple, British pig and farmers associations, on the one hand, are concerned about
ent of IPPC Directive, because they believe that they will lose competitiveness
> new IPPC regulations. They claim that rules must be flexible and consider
ases. On the other hand, these associations acknowledge that this new
On represents an opportunity to enhance and/or establish common standards of

> production and meet market demands for produce quality and safety (Pellini ez

3

players in IPPC implementation are shown in segment D, and these include

Stry participants and the regulators. Players in segment C are in general
t have potential influence if they choose to use it, particularly through

placed on those organisations contained in segment D. Segment B players,
oducers and those consumers with focused environmental concerns, have high
dtexert their influence through lobbying other more powerful stakeholders.

S in segment A, containing perhaps the majority of consumers, are not likely

bstantial relevance to the development of the IPPC strategy. This segment

ises producers not likely to be captured by the IPPC, who do not have, at

diately, major interest in the new regime.
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- :ure 2.3 it can be inferred that farm level producers, despite having high interest
C implementation, have relatively low influence in the definition of changes
-;}1}; technological ones) in the supply chain, although this fragmentation of

4 Sty addressed by trade associations. There is evidence that more recently

mobilised their interest with a great degree of participation, particularly in the

= pig Steering Group and supporting technical groups.

C o D
Retailers Government (UK, EU)
®
Slaughtering and meat Regulator
processing ° e
Trade association (NPA, NFU)
Inputs industry and equipment R

suppliers Vertically integrated companies

A B ]
® =
Pig producers (small and - Pig producers (indoor, large scale)
medium sized) e e
' Researchers and consultants

I

Outdoor producers

L o

Consumers (majority) Consumers (minority)

Low INTEREST High

: 3~ Power/interest matrix of stakeholders for IPPC implementation
ellini et al. (1999).

, despite having a high degree of power, are not likely to be involved in the
ntation of IPPC due to relatively low degree of interest. Consumers can
the policy through interest groups concerned with particular issues such

ing, food safety and quality, and animal welfare. Clearly, the major role
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ng changes in production systems associated with IPPC lies with the regulators®

34
= Government™ .

holders influencing the evolving process of IPPC implementation in the sector

resented. The interdependency among these stakeholders for policy

entation gives raise to policy actor network.

"\'ﬁe characteristics of an EU directive is that it defines principles and scope of a

ation. The enforcement, though, requires its transposition into the national legal

ork of each member state. In this process there is a degree of flexibility, and

tunity for the interested parties to exert political influence. In the core of the

assion on IPPC is the determination of a sectoral BAT, from which most of the

: rds for the regulated activity are derived. Defining BAT, and especially

eting BAT against current systems, is a complex task, particularly for newly

ed industries. As much of the environmental performance of current systems

ins unknown, the regulator has to rely on technical information provided by

s, industry bodies, and research organisations. The role of researchers and

consultants is also critical in terms of definition of regulatory standards and

ols, filling knowledge gaps, and providing particular competences to support the i

ntation process. This confirms that an overview of the political dimensions of

implementation process, as this describes the interaction of key actors, is 4

for the general understanding of the evolving process of IPPC regulation.

and Spash (1999) argue that proper analysis of policy requires the
anding of the broader context of institutional change, conflict resolution and
iegotiation. Martinez-Alier et al. (1999) pose that in general environmental

this context, EL.Vs and EQSs) are set by practical judgements, a process

VES not only scientific expertise but also social evaluation (or, as referred to

Or, “extended peer review’). Soderbaum (1999) suggests that economic

O 1 B s e . . . .
€€ In activities and are connected in relationships and networks. This non-

d guidance produced b

Vhether or not operators applying for an IPPC permit comply with them.

| he ;
i€ as Government at national and European levels.

y the Agency define in practical terms what BAT is and set the basis
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+ interaction can be as important as market ones for social and economic change.

. economic, institutional and social context can be interpreted in actor-network

96b), examining the case of IPC in the UK, suggests the use of policy
s to analyse the implementation of pollution regulation. This approach focuses

“the interactions between the actors interested in influencing policy decisions.

1996b) argues that modern policy problems (including pollution control) are
mplex and, therefore, policy actors (see Figure 2.3) trying to address the issues

of time, interdependent on the resources of others. The basic premise

ing the policy networks concept is that such resource interdependency ‘brings

§ together into policy network arrangements and constrains and influences the

process’. In other words, ‘resource interdependenoy35 means organisations have

with one another if they are like to secure policy outcomes’. The lack of

on held by from the regulator about the process being regulated relative to that

the operator who is subject to regulation (sometimes known as information

means that ‘pollution standards will reflect, at least to some extent, political i

nt and industrial lobbying pressures, as well as technical feasibility and costs’

8, 1992 quoted by Smith, 1996b).

i

fore, technical proposals may affect interests of the parties involved with IPPC,

reactions leading to influence the policies (lobbying) to reduce the pressure on
omain. It can be verified that, among other pressures on the sector, the !
on of IPPC has caused (or at least, reinforced) an important re-organisation of
. Operators into a new association. Particularly in previously unregulated
regulatory authority has to work in liaison with the industry, as the basic

1 0N systems relies on operators. Financial and economic sound information '

ul input in such a situation, which is more easily obtained from a well

rade body where the sector contains relatively small businesses such as

L the pig sector, the most important aspects involving negotiation during the

our " J p
IMtﬁeS.(Rhodes, 1986 quoted by Smith, 1996) central to the interaction between network
Ority; money; political legitimacy; information; and organisation.
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ntation process have included definition of BAT, scope and format of SFIR,
“hanisms to Support implementation. Therefore, it is important to identify the
akeholders in the process of IPPC implementation. This, as reported later, was

by participation in IPPC Pig Steering Group and by means of stakeholder

VIARY OF THE CHAPTER AND CONCLUSIONS

amentation of the IPPC Directive to pig industry is seen as a step towards

b g environmental performance of livestock production systems. However,
jith the environmental benefits, IPPC is likely to have important implications in
f costs for the industry. The effectiveness of IPPC regulation will be reduced if
. can avoid legislation, either by scaling down the units to below the thresholds

ifting to outdoor systems. There is a risk that significant aggregate emissions

e from livestock units not regulated by IPPC.

n 2.3, it was confirmed that the application of IPPC to the pig sector is justified

'of the pursuing the achievement of sustainable development by reducing the

| negative impacts on the environment (Environment Agency, 1998; DETR,

dowever, it was verified in section 2.4 that the implementation of the IPPC

€xpected to have important cost and benefit implications for the industry,

during the initial adoption period. It is also likely, through BAT and SFIR to

's€ convergence of technology and practice, with possible implications for the

and competitiveness of the industry. Under the 1995 Environment Act, the

fas a duty to consider cost and benefit impacts of policy implementation,

HI0S€ Impacts borne by those whose processes are regulated, in order to

th the proportionality principle (DETR, 1999). Thus, the relevance of the aim

arch is confirmed, namely to develop a framework for assessing the

d environmental impacts of the implementation of the IPPC Directive in the
onsidering the integrated nature of this regulation.
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- :rly for previously unregulated sectors, the regulatory authority has to establish
— with the industry to obtain information on the environmental and economic
ance of systems. In this respect, access to reliable data is a powerful input in
ining the feasibility of BAT. There is an important role for research to provide

tical methods to assess BAT options and guide impact assessment of regulation.

L plementation using a technology-based approach (BAT) and standard permit
t s (SFIR) is likely lead to a greater homogenisation of pig production systems.
rger scale pig units are more likely to be able to afford the IPPC compliance
even greater concentration of producers in large units can have negative

nd economic consequences.

b ental [mpact Assessment (EIA) is appropriate for analysing IPPC as it
: an integrated approach to pollution regulation. A flow chart approach can
‘:, the link between resource use, emissions and processes involved in a pig
o n. The changes in the systems associated with IPPC can be captured with use
tors. Also, IPPC Directive is predominantly a command-and-control
‘ t, delivered through the concept of BAT, which is predominantly based on the
) !f promoting the most cost:effective measures for prevention and control. This

€ use of CEA as an analytical tool.

>fined the scope and boundary of the study in this chapter, the research

 posed in Chapter 1 can be revisited and their validity confirmed. This chapter

- Some way to addressing these questions, and in so doing prepares the way for
Y research.

question (RQ) I (What is the current Jinancial and environmental performance
nsive livestock systems?) is relevant to define the baseline for the study and
iParative unregulated scenario. This question was partially answered in this
has been shown that there are substantial pollution problems associated to

vestock production, and that the UK pig industry has, in recent years, been
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+ creasing competitive pressure from other competitor producer countries because

3 ency, structural and macroeconomic factors.

at are the relevant indicators for assessment of the impacts of IPPC to the pig

9) is relevant to verify the interrelation between the main financial and

ental issues for pig production and those addressed by IPPC. Also, the answer

s question help to scrutinise the regulation against its design criteria, that is as a

ctive mechanism for delivering ‘integrated’ pollution prevention and control.

ering RQ 111 (How does IPPC relate to other statutory and voluntary

- 5?2) helps a broader understanding of the forces driving technical and

ural change in the pig sector and how producers perceive and respond to them.

eeded to assess the relative importance of role of IPPC in promoting change,
w [PPC interacts with other legal and voluntary frameworks covering the

1t is also important for determining the incremental effect of IPPC over and
: isting or likely future environmental legislation. Partially, this question has

¥ been addressed by the review of the literature.

er to RQ IV (What are the impacts of IPPC on the financial and

] ntal performance of the UK pig industry?) is the core element of this
0. This will provide useful insights into the likely compliance costs of
1on, which will be compared to the baseline performance in order to assess |
ity. This will require cost-effectiveness of alternative BAT options to be
' enabling different sets of environmental measures suited to site specific

to be explored. Even though it is recognised that there are inherent

S In undertaking ex ante estimation of compliance costs associated with
tal regulation, it has been argued here that answering the proposed research

1 valid. Firstly, this is because it appears that no other works have
|

analysed the likely [PPC impacts on the pig industry. Secondly because,
methodological and practical difficulties (lack of economic and technical
Clermination of magnitude and relative participation of costs of permitting

€ompliance with BAT can help to identify necessary policy adjustments

YOCess of implementation. Also investigating the affordability of IPPC by
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rs can help to select suitable policy measures to support the pig industry as a

rino the transition period.

5_:_-_ ering RQ V (Is the current policy design of IPPC appropriate for its
'l_ 1o the pig sector?) and its two sub-questions (what are the likely responses
7 industry to IPPC and what are the processes whereby stakeholders interact to
e IPPC implementation in this newly regulated industry?) will provide the
or recommendations to the regulator based on the identified strengths,
s and challenges of the IPPC regime as regards its implementation in the pig

 literature review partially answered the second sub-question, identifying
ing stakeholders.

pter, identifies data needed to answer these confirmed research questions

es the methods used to collect and analyse these data, including the

of an analytical framework to assess the likely impacts of IPPC on the

ndividual pig installations and for the industry as a whole.
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\PTER 3

HODOLOGY

“hapter describes the selection and development of the methods used to address the

c| uestions. Procedures and techniques used for gathering, checking and

ne data are reported. The chapter also points out the main limitations of this

: 9 osed by the inherent problems with methodologies, data availability and/or

“ ‘:d also by time constraint. The selection and application of analytical tools for
gent for IPPC impacts on the case studies pig units in this research are described

. ical reasons in Chapter 3. However, the process of ‘assembling and

ving’ the analytical framework for assessment is also, in its very own, an output of

earch.

"_VlEW OF RESEARCH APPROACH

1 summarises the main components of the research process and their
y. The research comprised three main phases. Phase I refers to the proposal
: ation of the validity of the research questions (RQ) through the literature
(“hapter 2), expert opinion and exploratory surveys. Also, in this phase the
framework was drafted. Once data needs were defined, in Phase 2 the
methods were applied to approach them: a set of case studies pig installations,
an in-depth analysis of production systems and techniques and also
ion of site specific conditions involved with IPPC (as presented in section
Sectoral survey in the pig industry, to extrapolate the findings based in
Case studies and explore awareness of operators with IPPC and their
110 comply with its requirements (section 3.5). The analytical framework was
tdeveloped. Phase 3 comprises the validation and review of the results;
orised a workshop with main stakeholders involved in the implementation
| getting feedback from regulator and operators and a peer review through

ion and €ngagement in academic and IPPC forums (section 3.6).
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Literature (PHASE 1

Review Formulation and
confirmation of
Exploratory research questions
surveys (RQ), identification

| . T of issues and draft of
RQIV: IPPC imp Discussion with the analytical

.- RQ I current performance
| RQ II: indicators
' RQ [IL:incremental effects

= : stakeholders k framework )
_RQ V: policy design and researchers S

PHASE 2

Case  |... > Detailed design
studies of analytical
e < framework,
Sectoral data collection

- and analySIS

- &

Workshop B 3
HASE

i Validation
Feedback to case study and revision

\LT operators and regulators . A of results
I H g

Conferences, seminars, papers and participation in
the consultation process and Steering Group for IPPC lime ‘

- Representation of the research process: linkages and chronology

REQUIREMENTS

arises the data needs to answer the research questions and methods for
ion. '

estions [ and I required detailed technical and economic information on the
OnS. RQ I refers to the definition of a baseline for the impacts of regulation

ndividua] installations (current or ‘without IPPC’ situation). RQ II requires
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fication and compilation of some performance indicators for the pig activity as

IPPC.

| - Summary of the data needs and methods used for their collection

e Data needs Sources and collection methods
“urrent Production systems and | Case studies, using checklists and
orformance waste management records.
F- Inputs and outputs Emissions using standard values
Financial results based on secondary sources.
Emissions
Site-specific features Sectoral survey (questionnaire)
icators Environmental and Literature review (selection).
Financial parameters Case studies, as above described.
isting Mandatory instruments Literature review
ntrol and voluntary schemes | Case studies
C impacts | Compliance costs Simulation of SFIR and BAT
Emission abatement applied to the baseline (current
Resources use situation) on case studies, using
Business affordability a spreadsheet model
Sectoral survey
icy design | Cost —effectiveness Conclusion drawn from the

Power and interest of
Stakeholders
Performance indicators

analysis of results and their
discussion with key stake-
holders in workshop and
feedback meetings

Literature review

ted to the identification and role of other pieces of legislation influencing the

work and voluntary instruments of control was approached though the

View and discussions in the IPPC Pig and Poultry Steering Group.

red investigation of the impacts of IPPC on individual installations. The

SCenario required a simulation of application for and compliance with an

based on the requirements determined in the SFIR (Environment Agency,
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d complementary documents (application form and guidance; draft guidance

s and odours; general guidance on IPPC). Economic and environmental data on
e of BAT and reference systems for pig housing and for storage and disposal

res was gathered from the drafts of the BREF Note (EIPPCB, 2000 and 2001)

“ber states contributions to the documents (specially the Dutch and Italian

)ther technical information such as applicability to existing installations was

sed on BREF.

; to the overall results of this research: evaluation of strengths, weaknesses
nges of the [PPC regime as regards its implementation to the pig sector, based
; gs obtained from the case studies and confirmed through a structured

ire survey send to producers likely to be captured by IPPC regime within the
smbership. The latter was focused on the identification of circumstances and
._large pig installations as IPPC is regarded and also captured some

of pig farmers on environmental issues and IPPC. Results of case studies

] 'survey were discussed with stakeholders in a one-day workshop.

NALYTICAL FRAMEWORK OF RESEARCH

ned the overall steps and data needs for this research, it is necessary to
] ata analysis was carried out. The flowchart shown in Figure 3.2 outlines
€al framework of this research. The figure identifies applied methodologies

es during the course of the research project.

:echniques and procedures for data analysis are differentiated in the dashed

Figure 3.2. First, the top box describes the approach to case study pig

Chapter 3 Methodology PhD 2002
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ow of the issues, including exploratory visits and discussion with specialists,
sliminary appraisal of case study pig installations using an IPPC-focused EIA

oh to the draft of an analytical framework for assessment. The framework was

. d: first, it sought to identify and quantify inputs and outputs of the systems,

emissions; and, second, it sought to determine financial values associated with

. s of inputs and outputs. The framework enables comparison between the

sut-IPPC’ and the simulated ‘with-IPPC’ situations. This is indicated by use of

.d performance indicators and cost-effectiveness analysis of proposed abatement

¥

dle box of Figure 3.2 indicates the elements of the regulatory framework for

‘A detailed review of the European and national documentation on IPPC as it

'_:,:'_ the pig sector enabled setting up scenarios of compliance with IPPC regime
10 as the ‘with-IPPC’ situation) defined in terms of SFIR and candidate BAT
| F Notes.

dashed box in Figure 3.2 shows the sectoral survey. This was undertaken
litial analysis of the case studies in order to confirm the relevance of the case
dings at sectoral level. Available information on pig holdings, mostly from the
: nsus and the National Survey on Pig Production Systems (NSPPS) were not

o1 this purpose, because categorisation of producers by size of herds and type

‘Was not detailed enough for the assessment of IPPC impacts. Therefore, it
ded that a questionnaire survey of large pig operators was necessary for the

of practices and circumstances of pig installations relevant to IPPC. This
d out within the NPA membership.

8€nerated were scrutinised by the stakeholders. This was accomplished
orkshop attended by the case study operators, pig industry representatives,
ves of r egulatory authority and researchers. This feed-back enabled the

S0me of the results and further analysis of some of the aspects of particular
gulators and operators.
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shows the heuristics of the research process in separated, independent

ts. In practice, these elements were inherently linked and overlapping, and it
to determine a precise chronological order among them. It is worthy to say
en the research started there was not a clear definition of how the IPPC regime

'_implemeﬂted in the pig industry and, therefore, the analytical framework was

inual development in order to capture the evolving process of regulation.

ch to case studies and sectoral survey are presented in detail in the next two

ESSMENT OF IPPC IMPACTS ON INTENSIVE PIG PRODUCTION INSTALLATIONS
G CASE STUDIES

ymain aspects of the economic analysis of regulation, as referred to in Chapter 2,

st effectiveness of measures required to meet the objectives of the regulation,

;-toral affordability of the regulatory policies being implemented.

ned earlier (section 2.2.1 of Chapter 2), IPPC compliance costs can be
in two groups, namely: a) costs associated to the permitting process (fees

$, time and resources necessary for obtaining and running the permit), and b)

l investment and operation costs in complying with the regime (cost |

to changes in management and operation of the unit, including transaction

nity costs).

ase study approach was appropriate to investi gate the compliance costs,
.' vironmenta] performance (effectiveness) and affordability, as it enabled an
depth view of pig installations, allowing examination of particular aspects
¢ implementation of IPPC. Also, as the IPPC implementation process was

g in England and Wales, and thus very much in the agenda (interest) of

1t offered favourable conditions for establishment of good rapport with

SSentlal aspect when using the case study approach (Green and Tull,
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" <e the case study approach has its limitations especially linked with difficulty in
-eneralisations based on findings from cases. This research dealt with this

m by making careful selection of the case study pig installations, being cautious
retation of the results (including discussion with key stakeholders) and

im0 2 sectoral survey to validate the extrapolation of findings and messages

from these case studies.

time of these pilot or exploratory surveys, in the beginning of 1999, the IPPC
ive had already been approved by the European Commission. However, it was

ow the implementation would be carried out. There was a need to define a

| : ZIAT through the issuance of BREF Notes. This task was attributed to the

eal Working Group (TWG) headquartered in Seville. The transposition of the

Jirective to national level was enacted by the PPC Act 1999 and Regulations
whereas specific rules and guidance for intensive rearing of pigs in England and

iwere set up through the SFIR. The opportunity to attend the Steering Group

hich started in 1999 and have been convened periodically, provided a
ed view of the evolving regulatory process and constant update of technical

on being made available. Dates of meetings and main documentation

d and produced are reported in section 3.6.

f aspect of the forum provided by the IPPC Pig Steering Group was how the

ons of the industry representatives on the impacts of the regulations shifted as

entation framework emerged. In the beginning, the reaction of industry

IVes mostly focused on two identified threats: first, that regulation would be
ble for the national industry as stricter control would apply in UK compared

ember states or overseas competitors; and, second, that the direct costs

ith fees and charges by the regulators were an excessive burden to

mall businesses. Subsequently, as familiarity with IPPC requirements

oncerm has been with the incremental costs for the activity associated to
® with BAT.
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"ﬂ'xat we (T. Pellini and J. Morris) have been involved in the consultation |
th for BREF and SFIR, on the one hand allowed access to relevant 1
) for the research project and, on the other, was able to feed back to the ‘i

s and research collaborators some of the results emerging from the study.

.

Selection of pig installations and development of an assessment framework
or case studies '

squires a thorough, integrated appraisal of prescribed installations. The use of

ies involving pig installations over the thresholds determined by the IPPC

‘would provide detailed information on production systems and site specific

This level of detail is required for a correct evaluation of IPPC impacts.

i

s, compliance with IPPC is evident through the adoption of BAT, and this requires

éonsiderations that can only be assessed at installation/site level.

on of case studies needs to ensure that they are representative of major

of installations from the viewpoint of IPPC. It also requires guaranteed !

ation from the respondents (operators). These conditions are described as

al stage in conducting the case studies was to decide the criteria for selection of

: allations. As reported in Chapter 2, a review of literature identified that pig '

Systems differ according to: specialisation of the herd, type of animal !
d Waste management (Appendix 3.1). It was necessary to corroborate these
NS with representatives of the industry. This was realised by a meeting with i

of the recently established National Pi g Association (NPA). This was very

nfirming relevant production systems and identifying possible installations
4as case studies.

T

Waste management are closely related, given that building design
OW manure (animal waste) 1s collected, as slurry or FYM, and therefore
led for storage and landspreading. Three main groups were identified for '

Slinguished by type of floor, namely: fully slatted floor, partly slatted floor

Chapter 3 Methodology PhD 2002



Cranfield

UNIVERSITY
Silsoe

_and straw based floor. According to herd specialisation, there are also three
s of pig units, that is, breeding-only, feeding-only and breeding-and-feeding

ter 2). These were the criteria used to guide the selection of case studies.

jig installations were selected for case study, as this number could represent main
systems according to the classificatory elements referred above and also
limited resources of the research project. The pig installations which

d as case studies for this research are described as follows.

installations 1 and 3 are complete cycle, that is, breeding-and-feeding, pig
units, whereas case study installation 2 is a feeding-only unit. From here
referred to as Case study 1,2 and 3. Case study 1 was selected to represent
'Id system for finishing herd, but growers and dry sows are reared in straw

d floor pens. Case study 2, the feeding-only pig production unit, was selected
a straw-based system for finishing herd. Case study 3 was selected to

fully slatted system for pig rearing, as pigs are kept on fully slatted floors in

on phases with exception of mating and pregnancy (where sows are kept

lid or partly slatted floor with limited straw). Appendix 2.1 illustrates these

f flooring systems. These pig units are described in detail in Chapter 4.

Production units belong to agricultural businesses that operate multiple pig
England. Case 1 and 2 are part of the same pig production company but
€parate sites and are distinct installations, situated in Suffolk in East
3 is situated in Oxfordshire, in the South Midlands. The case studies
be considered as independent, self-contained pig production units, for
at10na1 links between the activities being carried out on these installation
ig farms owned by the group (except milling and mixing of feed
€ase units 1 and 2, which is done in a common central facility).

an assume that some management and marketing aspects are common

ates under the umbrella of a major business organisation.
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velopment of the analytical framework applied to case studies

yratory exercise was carried out with operators and managers of case studies 1
‘viding an overview, based on the scope of IPPC, of flows of use of resources,
!d emissions. This participatory approach with researchers and operators also
determine which of these flows were quantifiable (or with readily available
"5. and non quantifiable. These flows can also be represented in monetary
gure 3.3 presents the diagram drawn by one manager on a flip chart during the

instorm’ for IPPC applied to a pig unit.

Mw

3 Exploring IPPC issues in a pig unit using a participatory method
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.‘ suggests a flow model of input and outputs in a pig installation. Associated
racteristics of IPPC, which requires dealing with resource use and emissions
ent environmental media, it suggests that an Input-Output (I/0) model would be
ate to describe the overall performance of pig production units.

: ale for using an 1/O model to capture the IPPC impact to pig installations is

| ted by the flow chart in Figure 3.4. As referred previously in Chapter 2, an
ermit involves the majority of production processes and related activities in a
installation. Therefore, the following elements are required, linked with data
-'iously summarised in Table 3.1: identification and consumption levels of

j and raw materials; use of energy and water; type of animal housing; type of

;. techniques used for landspreading of manures; quantity of manures produced,
sion levels for ammonia. All these elements require monitoring and evaluation

: IPPC permit, which involves manpower use.

Installation
(processes
and activities)

Ea— /AN

. . management of animal
Intensive breeding wastes (FYM & slurry)
and/or feeding of
pigs I odours and noise >

gaseous (NH3) emissions

Wat
| dirty water = e

f 4 - Representation of the input-output model for IPPC applied to a pig unit

0 and waste management activities impact on different environment
Y air, water and land. The impacts of generation of outputs such as solid |
Ures, emission of ammonia and odours are particularly important.
derstood that the production of inputs needed for pig production, such 4

dunds and machinery, have impact on these environmental media, the
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, does not tackle this issue, as this aspect is not currently being considered by
o, [PPC is not a cradle:—to-grave1 approach to pig production. Therefore, only
. ing flows directed associated with pig production within the boundaries of
eallations are subject to analysis here. Analogously, outgoing flows are limited to

e. with exception of the disposal of animal waste to the land of third parties.

erred flows of materials and energy have equivalent financial flows, comprising
.ry values (costs and prices) associated with products and services provided to
erated by pig production. Given the current focus on the regulatory burden on
ers, and related affordability issues, the analysis focuses on financial impacts

ser income rather than broader economic costs and benefits to the national

further defined the focus and remit of the framework to assess IPPC
ation to case study pig installations, its initial representation (Figures 3.3 and
further developed as shown in Figure 3.5. Emphasis was placed on the three
mponents earlier presented for classification of pig installations, namely type of
' }ated feeding regimes, housing design, and management of organic waste.
ummarises the main inputs, components and outputs of pig production
.h particular reference to environmental performance and IPPC. IPPC
istic perspective, linking inputs, technology and management processes, and
ecially environmental ones. Figure 3.5 shows the comprehensive and
ture of IPPC as it applies BAT and SFIR to herd and feeding regimes,
Waste management. The figure provides a framework for developing
0 assess the impact of IPPC regulations on pig installations, both in terms of

performance and related financial performance. This analytical

 considered to be an important output of the research effort.

1alysis of the

£ oy _pigmeat production would be more appropriate in the context of assessing the
SESUPply chain for pork meat products as a whole.

Chapter 3 Methodology PhD 2002
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77 Cranfield I

work was made operational via a series of spreadsheets, referred to here as
heet model, which uses a MS Excel 97 platform to enable handling and

ing data collected from the case studies. This is shown in Figure 3.6.

Resources use

------

Capitalitems | nr,p00ement Water :

buildings, plant, |.

ol and labour use consumption |
machinery and |t i

contracting .:

’ breeding herd Energy i

consumption L

Operational and E E Environmental

Financial ' i Performance

Performance Pig L - energy use

labour use . ! - water use/discharge
installation

gross/net margin
abatement cost
cost-effectiveness

- wastes and emissions
- land use (disposal)
- environmental risks

1
)
1
]
)
]
]
1
i
]
- raw materials use !
3
]
1
1
)
]
1
)

reared/finished pigs

e

= Representation of the spreadsheet model applied to case studies

‘I

otk for environmental and economic assessment was first drafted and then
three selected case study pig units. This enabled the generation of a

ation. The framework was subsequently modified and improved through its

Tequirements for an [PPC permit defined in the current SFIR (version 3 of

dalso in the BAT candidates contained in the BREF Notes (2" draft of

) Changes were simulated for the case studies, involving technical and
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al measures. The framework was then re-applied to capture the impact of
ince with IPPC.

' .ce indicators were compared between both situations, that is, baseline and

DO, determining the environmental and economic impact of the IPPC regulatory

sctiveness assessment (see Chapter 2) of different arrays of IPPC measures was
Extra annual costs were evaluated against abatement in ammonia emissions

bith-IPPC situation for the case study pig installations, considering different

date options.

ranalysis was carried out to assess the potential effects of variation in the
e of the output (pigmeat) and items of pig production cost particularly

r analysis, namely feed, interest rate and period of return of capital

athering and assumptions for calculation of costs and revenues in the
dy units

I 'ing

‘ evaluation are primarily based on records of the case study pig units. An

the site, taking about half a day for each selected installation, provided an

location of the installation, herd management, buildings and waste stores.
hic file wag produced for further reference. Available records or
1€ obtained at the first visit but most of the data was collected through a

Iy checklists subsequently sent to the managers for completion. Table
information requested and obtained.
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_ Information gathered from the case study installations

Description

Area

Predominant soil (s)

Other agricultural enterprises than pigs, land use in the farm

Maps or sketches with location of unit and main landscape features —
watercourses, access, dwellings.

Organisational flowchart of management (pig business within the farm or
company)

Processes and operations in the installation: flowchart of main inputs,
production phases, outputs and emissions to media. Identification of those
measured or quantifiable elements.

Inventory of input: feed, bedding, veterinary and disinfectant products.
Characteristics of feed: protein and energy content by feed type

Outputs: FYM and slurry production; mortalities; pigs finished per year,
Number of pigs by category

Type of housing accommodation and herd management by category
Sketch of pig installation, including waste stores

Inventory of buildings: housing type, size and capacity; insulation, ventilation
and heating systems; feeding and watering systems; and age and condition.
Inventory of stores for FYM and slurry: type, capacity in volume, surface area,
and waste conveying equipment.

Inventory of machinery and equipment: specification, power (tractor), and age.
Techniques used for landspreading of manures: timing, application rate,
incorporation.

Breeding herd: several, such as pigs sold per sow per year, mortality, %
replacement and kg feed per sow per year.

Feeding herd: several, such as feed conversion ratio, liveweight at slaughter
and mortality.

Manpower for management of the herd

Labour needs by pig production phase
Supervision and business management activities
Hours of work for spreading of manures

Use of contractors and expenditure

Electricity consumption by type of use, such as heating, fans and lightening.
Clean water consumption: drinking and added to feed, cleaning of pens.

Accounts according to pig operator system

Prices received per pig sold; water and electricity bills; labour rates; contractor
Charges; cost of feed; cost of vet products; trade of manure; period of

| amortisation of investments, average gross and net margins per pig sold

Management systems in place: quality assurance schemes.

Mandatory regulation: NVZs, Control of Storage of Fuel and Slurry.

Impact of [PPC (given the knowledge of operators at the time of the survey)
On: training, BAT, record keeping, direct costs and charges by regulator.

St applied to case studies.
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- to the checklist, other case specific data were used to describe the case study
as company profiles, Farm Waste Management Plans and previous surveys®
. Jations. Aerial photographs of the site were acquired to help the assessment

eatures and comparison with information provided by operator.

_  p data request form helped to reinforce some aspects not clear in the original
ation provided and to obtain data not provided in the first round or confirm its

" lity. Contact was maintained on an ad hoc basis with the operators during
of analysis of the data to confirm and complement information (by e-mail,
‘and meetings). During the period of study pig farms had their direct access

d for sanitary reasons twice: first, during the Classic Swine Fever (CSF) by end
nd, second and more seriously, with the Foot-and-Mouth Disease (FMD)

.

2001. Despite these problems, contact was kept with operators as reported

their continued assistance under these very difficult circumstances was most
a

X
n of costs and revenues Jor baseline

ata was explicitly requested from units. However, in some cases operators

10 offer only partial information. This was because data was not available in

€quired or data was regarded as commercially sensitive (and it was considered

0 press unduly for such data). Thus, data was drawn from multiple sources.

lace site specific data was used, as reported for the checklist data form.

available, secondary data is used, based on values published by, among other

€at and Livestock Commission (MLC, 2001a), SAC (1999, 2000 and 2001), |
AAFF (2000b) and DEFRA (2001a and 2002b). Data were also obtained J

With suppliers of equipment and services.

4100 of production costs for the three case studies follows conventional

1 between variable and fixed costs, focusing on the key elements as

€ase units | and 2, which
I‘lty at Silspe (Gibbs, 2000) o

have been subject of an undergraduate dissertation at
n manure handling and also an ADAS energy audit (case 2
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1P pC. All costs are estimated in an annual basis, following guidance contained
F Note (EIPPC, 2001). Where reported data was missing, estimations were
b, put back to operators for scrutiny and approval. This method was also used to
stimates of data which otherwise might be considered confidential.
"- :vestment costs for buildings assume a life span of 20 years (unless otherwise
nd an annual average interest rate of 6% (using a standard conversion factors’,
| d in Appendix 2.1). Depreciation of machinery and equipment (except those

al housing) is determined by the linear method based on standard tables for

tion according to average use in hours per year.

] annual pig production cost comprises the sum of variable and fixed costs per

, when breeding phase is involved, average annual replacement costs of

animals (sows and boars).

comprise the value obtained by the pigs sold annually plus, if appropriate, any
he manure sold. Also, the potential value of the nutrient contents (N-P-K) of
s applied onto land was calculated. This was compared with the value
0y operators to slurry and FYM applied to land.

escribes source of data used in the framework for assessment to determine
for case study pig installations. As referred to above, priority was given to
data obtained directly from the case study units. Where not available,

data were applied and checked with operator for goodness of fit.

b

ll)li:;la conventional amortisation formulae: Ca = Ci . [r(1+r)"J/[(1- )" 1], where Ca is the

. Ci is the initial capital investment,  is the average interest rate and # is the
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2 _ Data SOUICES used for determination of the baseline situation for the case

study installations
. Source for information on:

Physical data (quantity Financial data (price or
used, size, characteristics) value)

case studies (installations) case studies; SAC; MLC
case studies case studies; SAC 4

case studies Case studies; SAC

case studies SAC; Environment Agency
(abstraction charges)

' tracting etc) | case studies case studies; SAC; Nix

case studies SAC
case studies SAC, Nix (depreciation and
repairs), suppliers
| management case studies SACII
| case studies case studies

refers to The Farm Management Handbook published by the Scottish Agricul-
ge (SAC), 19" to 22™ editions (SAC, 1999 and 2001); SAC Il is the Farm Building
£ (SAC, 2000). MLC refers to the Pig Yearbook 2001 (MLC, 2001a) and Nix is

s Farm Management Pocketbook (Nix, 1999). Environment Agency’s water
harges are available in DEFRA (2002c).

scenarios

y ions for simulation of the ‘with-IPPC’ situations on the case study

S were based on the adoption of candidate BAT and the compliance i

s specified in the documents SFIR and BREF Note (second draft version).

4

arises assumptions for changes in input use, infrastructure and practices

he simulation, referring the respective sources of data.
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4 _ Assumptions and references sources for determination of ‘with-IPPC’

situation applied to the case study installations

Degree of change in__performance

Reference

Environmental financial
Up to 50% reduction Increase of 20 to 30%
in NH; emissions from | in the feed cost

housing

DEFRA (2001a) Environmental
R&D Newsletter.

Generous use of straw | Increase in use of
bedding lock up NH; labour hours to handle

DEFRA (2001a); case studies

w | from urine straw and FYM, straw
' cost
Potential reduction of | 75-80% of reduction in | MAFF (2000b) Opportunities
[ 5to 10% by improving | energy cost as net for saving money by reducing
- | efficiency saving waste;
Peirson (1999)
Potential reduction of | Equivalent level of MAFF (2000b)

5 to 10% by improving | reduction in water

to reduced ploughing

efficiency cost; reduction of slurry

Reduction of Increase in cost for Chambers et al. (2001) Making
emissions from contracting, either for | better use of manures, booklets
landspreading of incorporation or for 1,2 and 3.

manures by up to 70% | use of other BAT.

of potential level Scope for savings due | EIPPCB (2001): BREF Note for

the intensive livestock
production of pigs and poultry

Reduction of NH; Costs involved with
emissions vary for abatement techniques
each production phase | vary largely depending
and whether involves | on abatement level,
in-process or end-of- phase (animal

pipe measures. category) and type of -
Reported reductions technique applied.
applying BAT
candidates range
between 25% and 90%

Mostly BREF Note;

CRPA (1999): Italian
contribution to BREF;

Hendriks and van de Weerdhof
(1999): Dutch Notes on BAT
for Pigs;

SFI Rules

Peirson and Brade (1999)

Reductions between Considerably higher

| 90 and 95% of NH, by | costs involved (double
use of flexible or rigid | the typical cost for

| COVers in slurry stores storage)

SFIR
SAC (2000): Farm Building
Costs

Potential reduction of Extra costs for

Up to 70% depending incorporation and

On timing and applying BAT
technique used techniques (to replace
traditional practices by
farmers or contractors).
Scope for savings by
reducing soil
movement for some of
BAT.

Chambers et al. (2001)
BREF Note

Note: applicability is subject to
technical restrictions of
landscape and soil
characteristics

(cont.)
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[ Degree of change in

performance

Environmental

financial

Reference

Higher concentration
| of nitrogen (TAN) in

t | the manure applied

| into soil reduce use of
bought fertiliser

Higher risk of
pollution in spreading
| /disposal of stage

Savings in bought
fertilisers if allowance
for nutrients in manure
is considered

Increase in landspread-
ing costs as extra area
is needed to comply
with 250 kg/ha/year

MATFF, 2000b (value for NPK
in manures)

Webb (2001): TAN in manures

| | Non referred.

Extra costs

case studies; Housley (2001)

~ | Reduced odours
| associated with
l reduction of gaseous

emissions (NH;).
However, trade-offs
may occurs with
| increased production
| of methane in storage
| due to cover.

Extra costs if further
measures are required
under the IPPC permit
due to special
conditions of the site.

Environment Agency (2000b):
Draft Odour management at
intensive livestock installations

| Significance depends
| on site specific
condition

Re-scheduling of some
operations such as
stock movements and
truck traffic on site

Environment Agency (2000c):
Draft Noise management at
intensive livestock installations;
Metcalfe (1999)

Direct costs:
application and
subsistence charges by
regulatory authority
Indirect: costs to
prepare an application
for a permit

Environment Agency (2001b
and 2001c¢): IPPC Permit for pig
and poultry installations and
guidance for applicants;

DETR (2000a): IPPC practical
guide

alysis

Alysis was carried out with respect to financial results of installations,

tmine the variation in the results if different assumptions were made in

tS Or valuing output, as shown in Table 3.5. The ranges for variation

from the literature, as follows. Prices of pigmeat and feed refer to

Ninimum valyes verified in the period 1992-2000. The applied interest

aried by +/-

2% and the amortisation period for buildings by +/- 10 years.
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3 5 - Variables and range of variation used for sensitivity analysis
: Range of values

minimum maximum

f pigmeat (includes reduction in price of piglets) - p/kg lw 75 125
- variation in relation to 9-year average cost -21% +13%

isation period of capital investment in building (years) 10 30

t rate of capital 4% 8%

noe of variation for feed costs: -21% to +13% and -15% to +11% respectively for home
purchase feed range of variation for a nine year period 1992-2000, based on MLC
inimum cost of feed relates to year 2000; if costs were as average, that is +21%,
uld be of £41.03 per pig.
‘case studies (current values); feed costs variation (MLC, 2001a); amortisation tables
996; SAC, 2001).

4

TIONNAIRE SURVEY ON LARGE PIG PRODUCERS WITHIN NPA MEMBERSHIP

udy approach was adopted because it allows an empirical enquiry to
the phenomenon of the implementation of IPPC regulation within the real-
of pig installations. Bearing in mind that the subject of this research project
impact of IPPC on particular installations but the impacts of such
ntal regulation on the industry as a whole, a postal survey through a
questionnaire was carried out involving a large number of indoor pig units.
ICe from the case studies and issues raised by the review of the IPPC

ton were checked against a circumstances and practices in the sector

D Ostal questionnaire survey of selected pig producers was carried out to
ariations in current circumstances (systems, resources) and practices as
Hect the impacts of the IPPC implementation on pig installations in

‘Wales, Perceptions of operators on the main issues addressed by IPPC and

8 Of IPPC regulations were explored. Relationships amongst the various

t0 influence IPPC effects were explored based on the response from

1€ broader viey, of the pig sector offered by this survey enabled the
fﬁndingS of the case studies to industry level.
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ics (data need) and questionnaire design

nnaire design draws on the review of IPPC as it applies to the pig sector and
Jiminary findings from case studies. The topics covered by the questionnaire

ted in Table 3.6. The complete questionnaire form is provided in Annex 3.1.

embership is based on pig businesses or pig producers, and therefore a NPA

be associated, by ownership or management, to one or more pig units.
uestionnaire was designed to collect individual information in relation to
systems and site specific aspects from separate pig installations under a

bership.

- Topics covered in the questionnaire survey

Topics

1 of the Type of system(s) by specialisation of herd and the number of
and site | pigs typically kept in the installation.

1 Type of housing system(s) for each pig production phase
Original construction and refit of buildings

Predominant soil in the adjacent area of the installation.

Environmentally sensitive features in the vicinity of the

installation.

t and Membership of pig assurance schemes

Other voluntary and assurance schemes and environmental
guidance

Training activities for staff

igement | Farm Waste Management Plan

Type of storage system and capacity for slurry and manure
Techniques of treatment for slurry and manure

Spreading of manure and slurry — land availability
Spreading of manure and slurry — techniques and practices

Use of raw materials
terand | Clean water use
Clean water source(s)
Energy use

the Current knowledge on IPPC as it applies to the pig sector

Perceptions on the impacts of intensive pig farming
Perceptions on the key environmental issues associated with
indoor pig production

IPPC likely impacts on the current management of the pig
Installation (changes) |

Dnaire form (Annex 3.1).

Chapter 3 Methodology PhD 2002



Cranfield

UNIVERSITY
Silsoe

I ionnaire was pre-tested with two pig producers and two livestock consultants

i+ was sent to respondents. It was posted between April and May 2001 and

he NPA, to guarantee confidentiality.

tion of respondents to the questionnaire and rate of response

stionnaire survey was applied within the membership of the National Pig

; (NPA). The NPA represents commercial British pig producers. As the
SFIR refers to England and Wales, the 403 NPA members from these countries
'_. ed in the survey prior to selection based on the IPPC thresholds for herd

| ist of pig producers is organised according to size of the pig herd, in the

hree categories: a) by number of sows where progeny is not finished; b) by
f sows where progeny is finished; and ¢) by number of pigs finished per year.

rposes of the questionnaire survey it was necessary identify those producers

® captured by IPPC threshold, namely with more than 750 breeding sows or
12,000 fattening pigs.

roducers with 750 sows or more (for both above categories a and b) were
0 wever, other considerations were made to capture breeding-and-feeding
he number of sows was below 750 but which would potentially be
der [PPC according to the number of pigs finished per year. It was
3 ed on Peirson and Brade (1999), that breeding-and-feeding pig units with
U sows could fall under IPPC because they are likely to operate above the
2,000 fattening pigs. Therefore, for units where progeny is finished

P0Ve referred), the questionnaire was to send to all producers declaring 450

10 do indirect estimates for category ¢ too, where producers declare the
finished pigs annually. It was assumed that a breeding-and-feeding

average, 2.3 complete production cycles per year (from mating to

Chapter 3 Methodology PhD 2002




Cranfield

UNIVERSITY
Silsoe

o phase). Thus, if a unit has in any period of the year 2,000 pigs in finishing
squals to the [PPC threshold for fatteners), and considering an average of 2.3

3 year, such unit is likely to finish at least 4,600 pigs per year (result of 2,000

3 cycles). Therefore, the questionnaire was sent to all producers declaring 4,600

jigs finished per year. Feeding-only units have more cycles per year than a
g-and-feeding one, as they do not have production phase related to breeding of
that case, the minimum number of finished pigs per year would be higher than

| present an average 2,000 fatteners in the herd. Here, it was considered better

feeding-only units marginally below the threshold rather than risk omitting

y eligible installations from the survey.

umber of producers within NPA membership selected for the survey was
 questionnaire was sent out by post, with a covering letter from the NPA
g the survey. The period of time for return of the questionnaire given to
I s was of between two and three weeks, considering two days for delivery by
rvice. A free post, pre-addressed envelope accompanied the questionnaire
 return by respondents. The completed questionnaires were returned from
1t directly to the NPA, and then from the NPA to researchers. This procedure
ed to provide confidentiality to respondents and also because it was thought

s would be more likely to complete and return a questionnaire form to the
an external institution.

estionnaires were returned completed, a response of 35% which is

excellent response rate for a postal survey. However, some of the

lonnaires were discarded and 75 questionnaires were used for analysis.
1t, or in the case of this survey each NPA member, may comprise more

15tallation, the information obtained referred to a total of 117 pig

The 12 returned forms not used for analysis were discarded for one of the

Ons: they involved breeding-only herds kept outdoors*, had numbers of

t0 respondents at the beginning of the questionnaire dismissed completion by
of the respondent

$ reported this system, which is not subject to IPPC regulation.

ance
SOme
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: pigs smaller than those determined for selection’, they were insufficiently
D
or omitted information on the size of pig herd. Incomplete or inadequate

s were not eligible to be checked or followed up as respondents remained

i ‘ S.

om the questionnaires were coded and entered into the software Statistical
s for Social Sciences — SPSS for Windows - for analysis of the results. Data

rere double checked to reduce the possibility of errors.

sssment of the data obtained from the questionnaires, the first step of the analysis
ponses was to explore the patterns of the data collected. This assessment
hat the most data obtained in this survey did not comply with parametric

ons® and, therefore, their analysis required non-parametric tests.

urrence of a foot and mouth disease (FMD) outbreak early in 2001 threatened

tion of the survey. Advice and support by NPA were crucial to successfully

fe , and the membership of the NPA is thanked for their kind responses.

IMUNICATION AND DEBATE OF RESEARCH AIM AND RESULTS

ary results of the case studies and sectoral survey were presented to pig

» Industry and regulatory authority representatives in a workshop organised at

iversity at Silsoe in J anuary 2002. The workshop consisted of two main

amely: the preliminary results of the case study analysis, and the findings of

€Y. They were followed by discussion in small groups on issues arising

asession. Recommendations for action were drawn from the workshop.
01 of results with people working within the industry and in IPPC

OVided important inputs to this research, as it raised relevant issues from

- Uel fo out of datg information in the membership database. The information reported
Classify the unit within the selected for the survey.

ZSSUme the following conditions: normal distribution, homogeneity of variance, interval
ence (Field, 2000).
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. .of view of different stakeholders to the policy implementation and identified

. or further enquiry and analysis.

uts contributed to the research by directing its focus on particularly relevant
otimes disputable) aspects of the application of regulation and, moreover,
effects of the regulatory framework on the structure of the industry
fegy of businesses to deal with IPPC. The research results also raised awareness
e that compliance costs associated with BAT were likely to be more significant
- associated with permitting; that straw based systems in finishing housing

on yet at the time excluded from candidate BAT, and that the scale of

costs associated with [PPC was likely to exceed affordability criteria on many

nstallations.

lvities involving communication and contact for information related to this

re listed as follows.

elated forums and activities

ents were submitted on the following IPPC consultation papers: 3™ and
ation paper on IPPC to DETR (via the Anglian Regional Environmental
Advisory Committee - REPAC); 1% and 2™ draft consultation of BREF Notes
€ livestock rearing of pig and poultry by the EC IPPC Bureau (Seville,

at the IPPC Pig and Poultry Steering Group meetings, 1999 to 2002, on the
ates:

»at MLC, Milton Keynes, 22 November 1999.
U'Y, at British Poultry Meat Federation (BPMF), London 2 December 1999

after the two above meetings between the industry and regulator, they were
*TIng Group meetings).

nng Group meeting 18 April 2000
rlng Group meeting 28 June 2000
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.ering Group meeting 11 September 2000
ing Group Meeting 6 November 2000
ing Group Meeting 1 February 2001
i Group meeting 19 July 2001
and Poultry Steering Group meeting 4 February 2002
eeting 19 February 2002

F Meeting 22 July 2002

' to the TPPC related forums

lorris, J. and Emmett, B. (1999) Review of the European Pig and Poultry
h particular reference to IPPC Implications. Report for the Environment

1gland and Wales. Silsoe: Cranfield University at Silsoe.

of research project in the First Postgraduate Conference 2000 and Second

Conference 2001, Cranfield University at Silsoe, respectively in 28-29
] 21 22 June 2001.

t framework of this research was presented in the following conference:
d Morris, J. Assessing the Impact of IPPC Directive on the Performance of

- In: Proceedings of the 2000 Business Strategy and the Environment

eeds UK, 18™-19" September 2000. Shipley: ERP Environment, 311-318.

18 of the EU Directive on Integrated Pollution Prevention and Control to
Vin England and Wales presented in the Agronomic Institute of Parana

Brazﬂ) and National Research Centre for Pig and Poultry, from the
prise for Agricultural Research — EMBRAPA (Corcordia, Brazil) in

- A paper originated from the seminar was submitted as a contribution

_Published by the National Research Centre for Pig and
\PA).
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results from case studies were presented at:

;an d Mortis, J The compliance costs of the IPPC Directive on an intensive pig
i unit: an UK case study. Environmental Policy and Costs of Compliance 4
> London: London School of Economics, 17-19 September 2001. E

ch also generated one paper submitted and published by:

T and Morris, J. A framework for assessing the impact of the IPPC directive on
formance of the pig industry. Journal of Environmental Management, 63 3)
| (November 2001, doi:10.1006/jema.2001.0501).

' -ts below mainly refer to discussion of the scope and objectives in initial

f the research project and, more recently, to obtain information on the specific

d. Their assistance is gratefully acknowledged.

aden (IPPC Pig and Poultry Project manager, Environment Agency) - 1999
ewer (FRCA) -1999
hardson (Environment Agency) - 1999

€1s (exploratory survey): Bedfordia Group, Milton Ernest, Beds and David
son Ltd, Stowmarket, Suffolk - 1999

win (Pig Strategist, Meat and Livestock Commission — MLC) - 1999

(predominant pig production systems, chairman of National Pig
n) - 1999

hl (low emission landspreading techniques, Cranfield University/MLC) -

T Phillips (control of aerial emissions from livestock buildings, Silsoe
istitute -SRI) - 1999

ther (co

-ordinator of the BREF Note for intensive rearing of pig and poultry,
PC Bureau) - 2000
\Control of emissions from animal housing and waste stores, SRI) - 2001

bers (author of series of booklets on Management of Livestock
AS) - 2001

IS (app}ication of low cost ammonia reduction measures for pig housing, ,
h Institute -SRI) - 2002.
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Jant as a consultee in the following research projects:

__ ion of indicators of sustainability and evaluation of externalities
ntal costs) of pig and poultry production in Santa Catarina State, Brazil, part
oject by Airton Spies, EPAGRI/ CNPq and School of Natural and Rural

‘Management, University of Queensland, Australia.

Delphi Technique in the context of a poultry unit where the concern is to

trogen pollution to meet the requirements of the IPPC Directive, MPhil project

w Angus, Department of Land Economy, University of Cambridge. Research
art of the Natural Environmental Research Council' s (NERC) Global

 Enrichment Programme.

IQUE

imitations of this research approach are related to isolation of IPPC effects,

ility, definition of sectoral BAT, and use of case study analysis.
:
mitation refers to the practical difficulties to define the process of compliance
C. The requirements of IPPC may also be subject of other legislation and
difficult to see it in isolation of the broad regulatory framework or predict

tal cost associated directly with IPPC regulation.

'Ithe impacts of measures based on a framework concept such as BAT
articular challenge. Even though guidance is provided through documents
IR and BREF Notes, the determination of compliance or not with BAT is

Ive a degree of subjectivity (which for permitting purposes will depend on
of the regulatory authority).

:Stimate additional costs were based on secondary data. The applicability

* Candidate BAT in UK conditions was not confirmed yet. Determining
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cability of abatement measures is particularly complex for existing

view, participation in the [PPC Steering Group and in the consultation
sarticularly on BREF Notes, were factors that helped to elaborate the ‘with-

senario in practical terms, enabling its application to the case studies,

ik

¥

ssed in Chapter 2, ex ante costs associated with regulation are likely to be
pated in comparison to observed costs (ex post), because it is difficult to

effect of efficiency gains likely to be generated by the widespread use of

hniques and constant innovation.

f case study approach has inherent methodological problems. The main
ones are that, first, it is difficult to make generalisations from results from a
nd, second, there is need to rely on different sources of data, sometimes

for different purposes. In this research the case study pig installations were
lected to partially overcome the “specificity’ problem. Also the sectoral
:planned to support the generalisation of the evidence generated from case
ifferent data sources, if available, were compared to the data gathered or
Tom the case studies to check their consistency. A good rapport with the

fthe case study installations was established, which was an important factor
0d quality data.

Veys have an associated risk of obtaining a biased response. In this
S risk was reduced by careful questionnaire design and trial and by

Lof the survey results with other similar surveys or data available for the

fature of some of the issues addressed by this research suggests that
0f results must be treated cautiously. However, bearing in mind the

®ITed, its outcomes are stil] valid and justifiable.
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IMARY OF CHAPTER

uirements to answer the research questions comprise major inputs and outputs
g installations and associated financial flows. An analytical framework to
s [PPC impacts on the pig industry was developed and applied. A case study

as adopted to capture the environmental and financial performance of main

pig systems likely to determine the effects of IPPC. A sectoral survey was

sut to confirm the validity of results from the case study installations to the
awhole. Other elements supporting the analysis comprise a workshop,

unication in conferences and involvement in the discussion forum with

holders. Limitations of the research approach are reco gnised but the outcomes

dy are thought to contribute towards a formal, objective assessment tools for

ementation of IPPC to the pig sector.
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TER 4
\vSIS OF THE IMPACTS OF IPPC ON CASE STUDY PIG
\LLATIONS

anter assesses the impacts of IPPC Directive on intensive pig rearing

’ .ns by applying the analytical framework described in Chapter 3 to three case
"nstallations. Indicators to enable the assessment of environmental and
performance of pig units are suggested. A baseline situation is determined
se, focusing on resource consumption, emissions levels and financial

ance associated with current production systems and techniques. A simulated

a
|
|
.l

PC” situation applied to each case study installation is then compared with the

“without-IPPC” situation to determine the degree of impact.

RACTERISATION OF THE CASE STUDY PIG INSTALLATIONS

1sly referred to in Chapter 3, herd type, housing and waste management were

d to be the key elements for classification of pig installations as regards IPPC.,

tter elements are closely related, given that building design determines how

: collected, as slurry or FYM, and therefore how it is handled for storage and

ing. On this basis, and in collaboration with representatives of the National

ation (NPA), three case studies were selected for detailed study, as described

4.1. They represent the predominant types of pig units according to the

variables referred to above, being consistent with the relevant commercial
tion systems described in Chapter 2.

istallations 1 and 3 are complete cycle, that is, breeding-and-feeding, pig
nits, whereas case study installation 2 is a feeding-only unit. From here
eferred to as Case study 1, 2 and 3. Case study 1 has been selected to

Partly slatted system for finishing herd, but growers and dry sows are reared

% solid floor pens. Case study 2, the feeding-only pig production unit, has [
10 represent a straw based system for finishing herd. This unit is also '
S€ of its relatively low availability of land for disposal of manures, relying

land of thirg parties for this purpose. Case study 3 has been selected to
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a fully slatted system for pig rearing, as pigs are kept on fully slatted floors in

\ction phases with exception of mating and pregnancy (where sows are kept

2 solid or partly slatted floor with limited straw).

1 — Case studies pig installations according to size and type of system

llation and | Classification of system
¢ of herd by herd by housing / waste management
specialisation | Production phase System

Breeding & | Mating & Pregnancy |Solid floor, straw based

Feeding Farrowing Fully slatted floor, slurry based

Weaning Fully slatted floor, slurry based
Growing Solid floor, straw based
Finishing Partly slatted floor, slurry based
Feeding only Finishing Solid floor, straw based

Breeding & |Mating & Pregnancy [Solid floor, straw based (70%)
Feeding Partly slatted floor, slurry based (30%)
Farrowing Fully slatted floor, slurry based
Weaning Fully slatted floor, slurry based (85%)
Partly slatted floor, slurry based (15%)
Growing Fully slatted floor, slurry based
- Finishing Fully slatted floor, slurry based
umber of sows = total sows (breeding and farrowing sows plus served gilts); ** total
ime of the survey, comprising, in addition to sows and finishers, boars, suckling

ners and growers; *** number of finishers is equal to total pigs in this installation.
|
]

g production units belong to agricultural businesses that operate multiple pig
S England. In spite of this, the case studies installations have been
as independent, self-contained pig production units, for there are no

links between the activities carried out on these installation and the other pig
€d by the group (except for the milling and mixing of feed compounds for
and 2, which is done in a common central facility). However, one can

" dnagement and marketing aspects of units are associated when these

the umbrella of 5 major business organisation.

Study installations are located within farms with arable crops and,

dis available for the disposal of animal manures by spreading. The
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req is, however, substantially more restricted for case study 2. Table 4.2

arms on which pig units are sited.
o5 Jand use on the f: pig

'and set aside areas are used for the disposal of manures in the case study

ose areas represented a significant part of total farm area for all units

ely, 91%, 87% and 92%, for case studies 1, 2 and 3). However, the area
.vailable for spreading is smaller than the sum of these areas. For instance,
o the Farm Waste Management Plan (FWMP) of case study 3 unit, the total
a for spreading is 176 ha, or 75% of total farm area, having considered

s close to watercourses and streams, neighbouring dwellings, steep slopes

to flooding.

and use in the farm area belonging to the case study installation

Area (hectares)
Casel Case 2 Case 3

6,1 19.1 77.4
10.7 - 423

- - 11.8
36.0 - -

€ 8.5 - -
area with crops 12253 . 1319
ng area
rotation - - 64.6

ads and other L1s7 29 9.4

- - 9.0
ass - - 21.0
otal other areas 11.7 ' 2.9 104.0
+b 134.0 22.0 235.5
e for spreading 1223 19.1 217.1
oil type Clay grade 2/3 | Boulder clay Boulder clay
fer to cropping for harvest year 1999/2000.

major proportion of the total farm land is suitable and used for disposal

ires, the operators of the case study installations have agreements w1th
‘match the |and requirement for appropriate disposal of animal wastes

4l of manures involves costs in order to guarantee enough land for
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eading. Moreover, all potential benefits from use of manures, such as nutrient
iliser, are not be attained by the pig operator. Therefore, there is a relative
for the pig operator to have a pig production unit integrated with other
ral enterprises, such as cropping and grazing, which can benefit from the
.-manures onto land, compared to a pig unit without or with very restricted
able for landspreading. In practice, however, even where there is farm land

for spreading, the arable farm manager may prefer to avoid the necessity to

animal waste, particularly slurry.

ly sites, most farmyard manure (FYM) is spread using a broadcast spreader
d equipment (loaders and muck spreader). Part of the solid manure is sold to
armers, being collected on site by the third parties. Slurry, however, is spread
ting tanker or irrigation (rain gun) systems, which are mainly undertaken by
The expenses for the landspreading of slurries, even where done on third
, are paid by the pig operator. Even though manures have potential monetary
dsubstitute for purchased inorganic fertilisers, the market in organic fertiliser is
Ieloped, and pig operators generally regard manures as a waste to be got rid

[ part, arable farmers are often reluctant to take pig waste because of

ficulties of achieving beneficial use. This issue is further explored in the
tvey, as presented in Chapter 5.

re the pig units are located were examined in respect to presence of
'ronmentally sensitive receptors. Ordinarily, the identified

ly sensitive receptors consist of neighbouring dwellings and

. The sensitivity of dwellings is associated with the potential nuisance
urs arising from housing and storage facilities on the pig installation and

landSpreadmg of manures. If a given IPPC controlled installation is

focus of complaints related to nuisance by odours (and noise), it may be

0 . ) R
th Specific measures for monttoring, avoidance or abatement of these
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e
i and 2 reported that occasionally there are complaints about odours from
Surprisingly complaints have not been reported from case study 3, which
F pig installations, the closest one to a major residential area (see sketches
ase study areas in Appendix 4.1). Natural features, such as the landscape of the
in the transport of odours. Therefore, a hilly area between the case study
ilt area works as a natural barrier to dispersion of air emissions and may
the absence of problems with odours in its neighbourhood. This illustrates how
is the issue on nuisance, which depends on local site characteristics, is

! jective, depending on individual perceptions and sensitivity, and therefore

t deal from place to place.

entified aspect was the occurrence of watercourses close to the pig housing,

facilities and areas used for landspreading of manures, which increases

pollution incidents to water by direct discharge of dirty water. Indirect

‘occur through the percolation of water carrying nutrients in the water

ndwater. However, as clay soils are predominant in the pig units studied,
i

ng that clays are not excessively drained soils, one can infer that the farm

dfor landspreading are not particularly at risk to pollution caused by nitrate

phate leaching (although surface run-off can be si gnificant in these soils).

none of the pig units are within a Nitrate Vulnerable Zone (NVZ).

ION OF PIG PRODUCTION SYSTEMS IN THE CASE STUDY UNITS

_‘ fficiency of a pig production system can be described through physical

1al parameters. The physical parameters obtained from the case studies are

IS section. This section also describes the use of manpower (labour and
) and provides an inventory of capital assets existing in the case study pig

E ed to in Chapter 2, these are important elements to assess the

] f Systems and determine the baseline for effects of IPPC.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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ical results

: n discusses the most commonly used physical parameters for assessment of

. ce of pig systems, presenting the results for case study units.
presents the duration of each phase and the transfer out weights in the case

installations. They represent typical production systems. Diagrams

- pig production cycle in each of the pig units are given in Appendix 4.2.

.- The pig production cycle in the case study units — duration and liveweight

Case 1 Case 2 Case 3
(Phase Stay | Departure | Stay | Departure Stay | Departure
(days) | Weight (kg) | (days) | weight (kg) | (days) weight (kg)
| : 147 154
Service 12 - - 12 -
Pregnancy 114 - - 114 -
Farrowing 21 6.2 - 28 6
153 140
eaning 50 25 - 28 2
Growing 57 55 - 35 35
inishing I - - - 21 50
Finishing IT 46 98 120 95 56 97

€ study 2 unit, pigs enter at 40 kg liveweight from an outdoor herd.

duction efficiency parameters for the pig herds in the case study units are
ble 4.4. Other production performance indicators, such as the use of feed,

Igy by the pig herd are presented and discussed later in section 4.3, on the
ces.

f performance indicators requires cautious interpretation because case
Ction techniques may differ substantially. For example, case studies 1
letely cycle indoor pig production units, while case 2 receives pigs at
Weight (Iw) from an outdoor rearing unit o be finished. Therefore,
are provided for breeding-and-feeding and feeding-only herds, based on

Pigplan Recording and Costing Service, which is regarded as a sectoral

Chapter 4 IPPC impacts on Case Studies PhD 2002

-



102 Cran/geld

NIVERSITY
Silsoe

. pig production indicators. These averages can be compared, respectively,

ues reported for case 1 and 3 and for case 2.

i

arison of physical parameters reported for the case studies and average
ires, indicates that the physical performance of unit 1 and 2 is about or

below average, whereas case study 3 shows a better performance than the

commercial pig units. Also, Table 4.4 shows the size of case units is well

sctor average.

? Physical parameters of the case studies herds and average figures of
~ commercial breeding-and-feeding and feeding-only herds

Breeding & feeding Feeding-only
Casel | Case3 | MLC® | Case2 | MLC®
1 average average
herd

v/year 2.26 2.46 2.26 - -
orn/litter 98 | 122 | 111 - -
efore weaning (%) 12.3 104 123 - -
aned/sow/year 19.4 26.2 214 - -
aning (days) 21 28 26 - -
t at weaning (kg) 6.2 6.5 Tl - -
/year 18.2 23,1 19.8 - -

S replaced annually 41 50 354 - -
sow/year (kg) 1,120 1251 1,299 - -
ion ratio (FCR) 2.59 2.49 2.48 2.88 2.85

) 602 626 603 - 702

it sale (kg) 970 | 976 | 857 | 940 | 958

at slaughter (kg) 722 71.0 T3 70.0 AL

e 1 (%) 95 95 - 82 -

OWing/finishing (%) 7.3 6.1 50 73 3.1

Id per year head) 19,360 | 18,306 | 5,564 | 11,857 | 6,965

erage ﬁgures refer to breeding-and-feeding herds using all feed sources.
feeding herd, home mixers.

dies data reported by operators; MLC Pig Yearbook 2001 (MLC, |
= aVerage for year ended Sept.2000.

¥ LC, the more financially successful herds are those with: more litters

4%, more piglets born alive per litter; lower mortality; better feed

Chapter 4 IPPC impacts on Case Studies PhD 2002
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n (which means lower FCR); more pigs sold per sow per year and heavier pigs

onmental performance of the pig unit is often directly associated with the
fficiency of its herd (EIPPC, 2001). If better performance can be obtained in
yarameters such as feed conversion ratio, number of pigs sold per sow and
mplete a pig cycle (agfe in days), lower level of emissions per pig produced
pected (as they are directly correlated with feed intake, number of animals
of the cycle). Even though the intensification of livestock systems is
ociated with an increased potential of pollution to the environment. some

arge scale, intensive animal production units could lead to a better
al performance.

ir and management

ows the distribution of the labour force and management according to the
on phases or activities carried out in the case study pig units. Relatively,
herd (comprising the Mating and Pregnancy and also Farrowing phases)
labour per number of animals being reared. It demonstrates how crucial
€S are for a successful accomplishment of a pig production cycle, and the
ful husbandry at these phases. After weaning, the mortality of pigs usually
: tantially and there is no longer need of strictly controlled environment

ide animal housing for growers and finishers. It is possible to rely on

tems for feeding which require very low use of labour

ng herd, the use of labour was similar for case study units 1 and 3, given
) ystems for service and pregnancy (solid floor, straw based housing) and

Y slatted slurry based farrowing crates). However, the farrowing period

S€ study unit 3 than for unit 1 (28 and 21 days before weaning,
S shown in Table 4.3).

ult to compare labour use between the different production phases of a

fause of differences in ages and liveweight for weaners and finishing

Chapter 4 IPPC impacts on Case Studies PhD 2002
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ver, broad conclusions can be drawn from the data collected. The intensity
by the production systems appears to decrease in the following order: solid

pased system (case study 2 unit); partly slatted floor, slurry based (case L

—

tted, slurry based floor (case 3). More labour is needed to clean pig pens

are solid floors and to manage bedding materials when straw based systems

= e

ome specific activities are carried out using general farm labour, such as

ng of manures. Also contractors are often used for spreading of slurry.

Distribution of total labour force and management by phase/operation

" [Description |{Phase or activity Case 1 Case 2 Case 3
“[Number of |Service&Pregnancy 1.5 - 1.75
FT stockman |Farrowing 1.5 _ 175
per phase  |Weaning 2.5 - 1.75
Finishing 2.5 2 173
: Complete cycle 8 2 i
- [Sows/FT*  |Service&Pregnancy 585 - 368
Sows/FT Farrowing 101 - 59
(Weaners/FT {Weaning 729 - 1,787 )
.~ |Fatteners/FT |Finishing 2,306 2,038 2,256 -
Pigs sold/FT Complete cycle 2,420 5,929 2,471
General staff |Agricultural, mill and 0.13 0.05
office staff, drivers y
Manager pig unit 1
general or farm 0.16 0.03 0.25

udies

ll-time equivalent) = 1 permanent worker (stockman) working 47 hr/week

¢ Study pig units operate under the rules of the Assured British Pigs —

cheme (AB Pigs) whereby required practices for pig production are

ified, especially those related with the welfare of pigs and quality of meat

+ Compliance with this voluntary scheme involves routine monitoring

aspects related with animal husbandry and use of materials such as vet

disinfectants. It can be assumed that such practices have a positive effect

Management of the unit and the ability to accommodate some of the

W being brought about under environmental regulation, such as by the
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+1al housing and general buildings

" sscribes the existing animal housing buildings in terms of their technical
__:;;'. and also presents estimated total and annual capital investment costs.
- ise indicated, capital costs are estimated over a 20 years investment life at
st rate of 6% per annum. It is noted that costs per animal place are substantially
breeding herd compared to the feeding herd. This evidence confirms that,
strict environmental conditions required, relatively greater capital
int is necessary in the breeding phase than in the feeding phase (as well as more
- wever, as a greater number of pigs are concentrated in the feeding herd, the
otal capital cost in buildings is associated with the feeding phase, which

56% to 60% of the total housing cost (case study 3 and 1, respectively).

: of animal housing varies between the case studies for the same production
oes the estimated building cost. Stocking densities also affect the unit cost
per pig place. Notwithstanding these variations, it is possible to identify a

degree of agreement among estimated building costs for each production
e 4.6).

unitary building costs are for farrowing sows, with an investment of around
*sow place (prices for year 2000). This reflects the relatively tighter
control systems in place to guarantee ideal conditions for sow and litter
: Owing phase. Control systems involve substantial capital investment in

I heating and ventilation, as well as pen design and materials.

nsiderable differences in terms of space allowance among the case study
_mplicates the comparative analysis of costs per pig place. For instance,

t for housing in the growing phase (pigs from 25 to 55 kg Iw) in case
estimated as being £138 per pig place, assuming a stocking density of
OWer in deep straw yards. For the equivalent growing phase in case study

Finishing 1, which comprises pigs from 35 to 50 kg Iw) the estimated cost

ig Place, but for a space allowance of only 0.34 m? per grower in a fully

Chapter 4 TPPC impacts on Case Studies PhD 2002
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o5 housing costs in the finishing phase presents similar difficulty. Case study 1
_ capital costs for housing in the finishing phase (pigs from 55 kg Iw to
weight) are £258 per pig place, referring to partly slatted finishing pens with
nee of 1.06 m” per finisher. These costs are £109 in case study 2 unit, relating
loor, straw based finishing pens and allowance of 0.54 m’ per finisher (pigs

o Iw to slaughter weight). Case study 3 unit has estimated capital costs of

lly slatted finishing péns with an allowance of 0.62 m? per finisher (pigs

to lw to slaughter weight).

Ice allowances are determined on welfare grounds, and must assure pigs are
omfortable (ABM, 1999). Therefore, space allowance has to deliver an
ensity inside the pen that does not have an excess of pigs per unit area, and
_--:;_ temperature stress. Factors such as the use of bedding and

) tal controls may affect the stocking density capacity per pen, but there are
requirements under the MAFF Code of Recommendations for the Welfare of
Pigs (MAFF, 1996). Also, as environmental control systems (heating and

) have been identified as major uses of energy in the case study units. One

. t pig farmers prefer to operate at a high density of animal per pen. That is,

economically sustainable, within the law or agreed under assurance
I

Iaw based systems are relatively more expensive than slatted floor systems
f Iequire more space allowance per animal, which partially offset the initial
Lterms of lower unit construction costs. Slatted floor housing systems

2 eqlﬁpment and infrastructure work (manure pit underneath slats and slurry

€m), but proved to be cheaper per pig place.

 Variations in the baseline situations have repercussions for additional
d with IPPC measures (section 4.5). However, as cost data for BAT
andard’ or ‘pilot-scale’ systems, it is difficult to capture the variations that
the}’ are applied to specific site conditions. However, applying technical

IStlng Installations is to a great extent ‘tied’ to current space and design of

Chapter 4 IPPC impacts on Case Studies PhD 2002
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d standard figures may not be robust enough to represent the actual impact

ges in every pig unit.

to the specialised buildings for animal housing (presented in Table 4.6),
facilities are of general or common use. These are referred to here as

s buildings, as shown in Table 4.7. Costs are derived from standard cost

.'-plied by reported or estimated building size from the case studies. The

nt aspect of these other building is the sizeable capital costs represented by

storage of straw used as bedding material.

Miscellaneous buildings in the case study installations and their capital

costs
Case 1 Case 2 Case 3 .
Size | Capital cost Size | Capital cost Size | Capital cost
| (m® | total annual | (m*) | Total Annual |(m%)| total annual :
(£) (£/year) (£) (£/year) (£) (£/year) |

- 20 2,820 245 | 14 2,042 178

440 | 20,615 1,794 | 48.4 6,824 594 |106 14,946 1,300

2,628 | 59,394 5,168 | 844 18,556 1,614 - - - .
450 | 20,980 1,825 - - - | 64 9,073 789 "_
: 100,989 8,787 28,201 2,453 26,061 2267 '
st of buildings based on Farm Building Cost Guide (SAC, 2000). Annual
of capital estimated assuming a 20 year payback period and 6% a.a. i
Dimensions (area of buildings, m?) are from the case studies.

of animal wastes

0 from animal housing, manures need storage before they are spread to
ly, liquid manure is pumped from the slurry pit underneath pig housing
hirough a mechanic separator to reduce its solid content. Solid manure
_.ed from solid floor house and pilled up in a stack outside the buildings.

he manure heap is drained into the slurry lagoons by gravity.

bes the size and annual capital costs for slurry lagoons and manure heap

Y units. The storage facilities for case study 1 and 3 units are typical of

Chapter 4 [PPC impacts on Case Studies PhD 2002
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liatiOnS namely earth-banked lagoon for slurry and muck slab for FYM. Case

| unit also stores slurry in a lagoon but has a covered, walled building for the

":'.;.:";: FYM

tary capital costs (£ per cubic metre or, roughly, £ per tonne) needed for storage

using muck slabs, which consist of open yards with a concrete base, are

iy much lower than lagoons. Based on SAC (2000) data applied to the case

its, the estimated capital cost for storage of FYM in a muck slab is of about

rm’ capacity, whereas the respective value for storage of slurry in earth-banked
s of £19.80 per m’ capacity. However, FYM storage using an purpose made

uch as in case study 2 is estimated to have capital costs of £36.00 per m’

- Storage facilities for slurries and manure in the case study units and their
associated capital costs

- Unit |Type of Size Storage | Capital cost
_ Storage surface volume | capacity Total Annual
facility (m?) (m?) (months) (£) (£/year)
Casel |Lagoons 5,640 18,269 16 364,910 | 31,746
| Case?2 [Lagoon 600 1,200 3 23,760 | 2,067
Case 3 |Lagoons 7,000 10,000 9 198,000 17,226
' Casel |heap slabs 3,250 6,500 16 21,613 1,880
Case 2 |Covered
: building 1,400 3,500 8 126,067 10,968 i
Case 3 |heap slab 180 360 12 2,394 175 4
asel 386,523 | 33,626
~as¢ 2 149,827 | 13,035
Lase 3 200,394 17,401

.:' ed on SAC (2000) p.14 and 21; includes slurry reception pit in case study 1.
= aSSume a 20 years period for return of investment and 6%a.a interest rate.

Osts for Storage of manures are dependent on the existing waste storage
°h, as shown in Table 4.8, varies a great deal among the units. Also, |

relative simplicity of storing FYM in open yard heaps, there is no

S of capacity unless the area is not suitable for storage of animal waste.

do not define a minimum period to be matched by the storage capacity,

Chapter 4 IPPC impacts on Case Studies PhD 2002
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gto The Water Code (Code of Good Agricultural Practice for Protection of

(AFE, 1998c) the capacity of storage facilities must comply with The Control
on (Slurr, Silage and Fuel Oil) Regulations 1991 (as amended), which

e that they must hold at least 4 months of slurry production, unless the

-'-'._,, of the system allows intervening disposal of manures. If this is required,
unit would need to expand its current capacity. Case study 1 and 3 units
capacity to match the rule, but have disposal of slurry by landspreading

in post-harvest period (Autumn). This means that the storage capacity has

east 9 months. The existing storage capacity for case study 1 unit is well above

'requirement of the pig installation and results in relatively high estimated

sts for manure storage for this pig unit.

:and equipment for the case study pig units are presented in Table 4.9.

ly, as referred before, tractor plus driver from general farm resources are used

- Annual depreciation and maintenance costs for machinery and equipment in
the case study pig units

Case 1 Case 2 Case 3
Il New | Depre- | Repairs| New Depre- | Repairs| New | Depre- Repairs
price | ciation & price | ciation & price | ciation &
spares spares spares
&) |(Elyean) | (Elyear)| (£) (Elyear) | (£lyear)| (£) |(£/year)|(£/year)

15,600 1,170 1,014} 15,600 1,170 1,014| 33,400 2,505 2:171
SI600 1,170 1,014 : - - 15,600 1,170 1,014

027,000 2,025 1,755 27,000 2,025  1,755{ 27,000 2,025 1,755

: 3,200 360 08 R

9,100 1,024 592 B

4,500 356 293 = = - 4,500 356 293

. i o : 2,481 295 - | 1
4500 . ] 1,800 143 - 1,800 368 -

5,600 665 . 5 - - 2,800 222 =
450 iz . 450 56 - 450 56 -
8’931 7,533 4,875 44850 3394 2.769] 88,031 6,996 5,233

=Aup (£/year) 12 408 6,163 12,229

- I®W equipment based |

: n SAC (1999); linear depreciation based on estimated
use (Nix, 1995). Fuel ¢

Osts are presented separately further in this chapter.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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ke the incorporation of manures by ploughing. Most of the capital cost of
involves depreciation of tractors, which are used mainly for transport of
.n the unit, handling of straw, removal of FYM from housing and its

ent during storage and disposal.

study units make use of contractors to, completely or partially, undertake the
of slurry (Table 4.10). Also, two of them (units 2 and 3) hire equipment for
ding of FYM. This widespread use of contracting and hiring means, in
terms, that individual pig units avoid capital investment costs related

and equipment for spreading of slurry and FYM by paying third parties to do

This also suggests that contractors are likely to offer landspreading

at a lower total cost than those achievable by the pig operator because of
I of scale of their businesses. Therefore, contractors, having relatively
apacity to make investments, may be able to offer low emission landspreading

€s as required under IPPC rules (and adopt such practices more rapidly than pig

 themselves).

E Expenditures with contracting and equipment hiring for disposal of
- manures in the case studies

of service unit Case 1 Case 2 Case 3
 landspreading of slurry
volume m’ 13,600 4,546 9,821
itracting cost total £/year 8,228 2,750 10,057
spreader for FYM
al hours hr - 25 15
Quipment hiring cost £lyear - 418 160
102 and hiring f/year 8,228 3,168 10,217
1ties and rates paid reported by case studies’ operators.

E CONSUMPTION AND POLLUTION EMISSIONS LEVELS

S10nS Jevels of 5 given production system are often directly associated
Tption of materials and energy. On the consumption side, the IPPC

On use of feed, water and energy. IPPC requires a minimum of two

Chapter 4 IPPC impacts on Case Studies PhD 2002
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diets for sows and finishers according to their production phases'. Energy and
¢ be audited and a plan to achieve efficient use drawn up. Inventories of
‘medicines and biocides are required but no rules on use are set under IPPC

isposal of packaging and residues). Emission levels focused on ammonia

(="

dours arising from animal housing, and the storage and landspreading of

ed consumption

 production phase requires specific characteristics of feed defined in terms of

nd protein content, as shown in Table 4.11 for the case study units.

1 - Feed characteristics and usage by production phase in the case studies pig

~ units
of feed/production phase |Characteristics Usage !
Crude DE Lysine | tonnes % of :
Protein |[(MJ/kg) | (g/kg) | per year ~ total |
3 (%)
sreeding herd
OW meal (dry sows, farrowing 16 13.5 0.86 1,028 21%
WS)
aning (purchased, up to 12 kg 22 16.0 1.59 130 3%

ing herd
€aning (home mix) 22 14.7 1.45 325 6%

owing (grower pens) 18 14.1 1.20 1572 31%
hing 18 13.7 1.10 1,945 39%
 feed (Breeding & Feeding) 5,000 | 100%
Shing 1 (40 to 70 kg) 18 14.3 1.23 785 40%
Shing 2 (70 to 95 kg) 18 13.9 1.24 1,178 60%

tal feed (Feeding-only) 1,963 100%
ding herd

SOW meal 13 13

S0 541 12%
ating sow meal 17 13.5 353 8%
~P feed (1st stage weaners) 22 15.6 230 5%
ing herd
ers d-iet 12 up to 35 20 15 563 12%
ers diet 35 up to 55 kg 19 14.5 o ., 514 11%
1ng diet 19 13.3 2,403 | 52%
€€ (Breeding & Feeding) 4,603 | 100%

stible energy.
Studjes,

( CS - . . . . . .
b _Ifjlg:]h as manipulation of diets to reduce N emission techniques are likely to be

rther, as they become available.

Chapter 4 IPPC impacts on Case Studies PhD 2002



113 Cranﬁeld

" S
g phase (for pigs above 12kg) accounts for the 75% of the feed consumption
roduction cycle (Table 4.11). Even though production of excreta varies
.. ction phases, as younger animals have higher conversion of energy and
imeat than older, heavier pigs, these feed consumption figures also imply
‘.i_:excreta production and, therefore, most of the emissions from the pig

“are associated with the feeding herd. The production of excreta is discussed

on 4.3.6).

r consumption

gsents the water consumption in the case study pig units based on standard
ater intake by pigs (referred as theoretical consumption), and total actual
ater consumed reported by operators. Detailed water use by activity or

ory was not available from available data, but standard estimates show that

% of water use can be ascribed to the feeding phase in complete cycle

Water use in the case study units

Case 1l Case 2 Case 3
e (m3/year) 25,550 100% 8,286 100% 11,753  100%
Theoretical Estimated Estimated Estimated
Consumption use water use water use water

(litres/pig/day) (m’/year) I % | (m’/year) I % (m’/year) ] %

5-9 2629  13% 1,177 12%

9 95  0.5% 36 04%

18-23 LI137 6% 679 7%

' 29 1,330 7% - . 1,240  12%
2-9 6717  34% s = 2278 23%

2-9 7950  40% 8,181 100% 4530  46%

L @ 19,859 100%|  8.181 100% 9.040 100%
he herd B, . 4701 40%
(wet feed) 2351 20%
€DS area 4701  40%

?gl Water consumption reported by case studies’ managers; theoretical
(2001) and MAFF (2000b). n.r. = no reference available.

. _d- - i i | il
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> to the type of water use, based on case study 3 unit data, drinking and
equally important uses of water. However, if water added to feed is

4 a5 drinking water, drinking would account for 60% of total water

rtant to determine the contribution of processes and operation in the total

on of water in the pig unit. Under IPPC, the operator is expected to review

water and identify potential opportunities to reduce consumption or avoid

_'total water consumed in the case study units is substantially higher than
n estimated unit values , except for case study 2 unit. For the complete
__ .and 3, actual consumption exceeded, respectively, 28% and 18% the

' sumption. However, the use of typical values as a benchmark for actual
ption in case study units needs caution because of the large variation

ge of standard values per pig.

od energy consumption

presents non-food energy consumption in the case study pig units by source.

the major source of energy input to the case study 2 and 3 pig units,

for, respectively, 53 and 78% of total energy used. Conversely, case study 1

nly (77%) on fuels - heating oil and diesel - for its energy input.

S 1ot been possible to quantify the use of energy against each individual

it managers consider the heating system for farrowing houses and flat
€aning phase as the major user of energy in complete cycle pig unit (case
). Lighting and ventilation systems using fan motors consume the most

eding-only unit (case study 2). The latter unit does not require heating in
Sing.
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_ Energy use in the case study pig units
1 Use by type” Unit Case 1 Case 2 Case 3
~|Buildings (lightning) 7
~ lair control systems v
feeding equipment:
milling, mixing and conveyors
cold/frozen storage
heating system (electrical) 7
slurry conveyors (pumps)
Total electricity kWh 300,945 | 158.430 T
~ [Transport of materials on-farm | Litres 2,000
* [Spreading of manure/slurry 4000
~ {Incinerator v v oo
" |heating system (oil fuelled) 4 ‘
 |Total fuel Littes 95.416 13353 TaT
(fuel converted into kWh) kWh 982,021 | 139,623 190,440
) 1,282,966 | 298,053 | 859.207

rators could not determine use against individual production processes. However,
bol v indicates identified major energy consumers.

‘studies (annual consumption); conversion factors for fuel based on Peirson (1999),
10.22 kWh per litre for heating oil and 10.58 kWh per litre for diesel and gas oil.

ich use home-mix feed usually require more non-food energy input in |
to those using purchased feed, because of operations of milling and mixing }
_:_ounds. However, as feeding preparation is undertaken in a central milling-

for case study units 1 and 2, this has not been accounted for here. Peirson
5 10 an energy use of 15 to 22 kWh per tonne of meal produced? in pig units.
0n feed tonnage in Table 4.11, a minimum of 75,000 and 29,295 kWh

ed to the total energy consumption of case studies 1 and 2, respectively,

milling and mixing of feed. If included they would increase the current
S€ by 5.9% and 9.8%.

small incinerators for disposal of carcasses, which, based on case 3 data '

2

Slzeable share (about 14%) of the total energy consumption of a pig unit.

T mill and Pneumatic transfer from mill to mixing or meal storage. If feed is pelleted or
AAPUt needs further 20 k'Wh.
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survey3 on energy use in 60 pig farms (Peirson, 1999) determined that a

energy consumption in large breeding-and-feeding units (referring to those
ore than 2,100 pigs per year) is between 41 and 147 kWh per pig produced.
. n among pig units is possibly associated with considerable variation on

| according to the production systems. These estimates do not consider,

pergy use in the carcass incinerator. Comparing them with the estimate 66
Wh per pig produced for, case studies 1 and 3 respectively (also complete cycle
’ons), suggest these units have good energy use performance, as they are

e minimum value in the benchmark range (i.e. 41 kWh per pig), even though

ide energy consumption of the incinerator. Case 2 has an estimated average

mption of 25 kWh per pig produced, but no benchmark for feeding-only unit

e for comparison.

ary and cleaning products

: ; terinary products in the pig units mainly refers to worm control and
- Disinfectants are mainly used for cleaning of pens between production

der IPPC, it is required the inventory of stock and the keeping of records on

S€ products. Some of the most commonly used commercial products are

endix 4.3. The case study pig installations are part of the AB Pigs quality
éme. The use of veterinary products and disinfectants, as well as growth
€ closely monitored and recorded within a Veterinary Health Plan and
for the pig unit (ABM, 1999). COSHH data must be available on-farm
als used with pig husbandry and disinfectants, and these must be MAFF

ples of pig carcasses are taken periodically from the slaughterhouse for :

» and these must comply with limits for antimicrobials under the EEC
ive 86/469 EEC.

I. ;_ntrol of Energy in Pig Units, August 1999,

1€e Agriculture, Environment and Fisheries Department and Welsh Office

! :m- List of Disinfectants Approved for the purpose of the Diseases of Animals
Bis) Order 1978 (as amended) April 1999.
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ation is added to feed and therefore present in animal excreta, and disinfectants
od in cleansing water and collected as dirty water, in practice the disposal of
y products is simultaneous with the disposal of manures. Excessive discharges
ical active and derivatives can affect the biological processes occurring
storage of manures and also after their spreading onto land. Also, they can cause
roundwater contamination through run-off and leaching processes.
:
of veterinary and sanitary products is mostly related with the breeding phase
. ge of feeding, as it is shown by comparison of the costs per pig sold for the
' pig units (Table 4.14).

4 — Overall cost of veterinary medicines in the case study pig units

Pig unit
of vet products Case 1 Case 2 Case 3
£/pig sold 332 0173 3.56
- pence/kg meat 4.60 1.09 3.01

1se studies.

|

he complete cycle units (1 and 3), the cost of veterinary products is

ly 9% higher for Case 3. This is likely to be associated with a better
formance and health status in the latter, as previously discussed in section

Ver, it could also be needed to support a more intensive system involving

INg rates in the fully slatted floors.

equires that an inventory detailing quantities and relevant environmental

S of raw materia] used. Disinfectants, pesticides and veterinary medicines
. AFF’s approved list, MAFF/HSE Book Reference 500 or National Office
lealth (N OAH) compendium do not need to be individually listed.

lucts not listed in the above documents require specific information. In

Will promote the use of “listed’ products only.
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service phase for case study 1 and 3 units.

5 - Bedding material use in the case study units
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fpedding material is dependent on the housing system and production phase.
onsiderable variation in the amount of straw used among the case study pig

ble 4.15), even within a same pig category and similar system, as for the dry

Use of bedding by category or phase

ype of bedding unit dry sows | growers | finishers | Total
and service herd
. straw tonnes/year 350 900 1,250
kg/pig/year 386 52 -
~ straw tonnes/year - - 350 350
1 kg/pig/year . - 30 B}
traw + wood | tonnes/year 94 - 2 94
- shavings kg/pig/year - - 134 -

straw is put into the pens three times per week after scraping the FYM.
ase studies.

ons from housing, storage and landspreading

1in Chapter 2, ammonia (NH3) emission factors have been used as the key

f environmental performance of BAT for IPPC application to intensive

hree main reasons underpin this IPPC focus on ammonia emissions to air.

Ct that there is control of pollution to other media, such as by legislation on
Aler quality. Second, the substantial amount of scientific results recently
lich have been able to attribute ammonia emissions to livestock production
luding storage and processing or disposal of animal manures. And, third,

plement policy instruments to achieve the national target for reduction of

the Gothenburg Protocol® (UN/ECE, 1999).

ntlon on Long-ra

A ! nge Transboundary Air Pollution, The 1999 Protocol to Abate
TOphication ang

Ground-level Ozone. Gothenburg (Sweden).
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o and measures selected as BAT mainly on their potential ammonia abatement
ult in increased emissions of other pollutants or increased resource

ton. Covering slurry stores, which is regarded as BAT for storage of liquid
._-.:;;’ illustrative example of the trade-off between different environmental
"ee criteria. On the one hand, this substantially reduces ammonia emissions
%e other, it favours énaerobic conditions in storage, which increases the

on and release of methane, a greenhouse gas.

. this NH;-based approach offers a quite straightforward tool for assessment

jronmental performance of techniques and systems, as ammonia emissions are

all the individual pig production and waste management phases. . Therefore,

jose of this study such a NHj-based approach has also been adopted to

Irrent systems and compare proposed BAT options.

sions factors used to estimate NH; emissions for the case study units are based

piled in other studies, mainly in the first and second drafts of the BREF
ltensive animal rearing (EIPPCB, 2000 and 2001) and in the new Inventory

onia Emission from UK Agriculture (Pain et al., 1998; Misselbrook et al, 2000).

missions throughout the production cycle up to the disposal of animal
based on the Total Ammoniacal Nitrogen (TAN). TAN is made up of labile

18 in animal excreta, mainly urea and acid uric, which readily hydrolyse to 4

NH,) form. These labile N are the source of almost all NH; emissions
I). Such an approach was used in the MARACCAS® (Cowell and
98) and SALAAM’ models (Cowell et al. 1999), and by Misselbrook et al.

Webb (2001). The following figure illustrates how the TAN is calculated in

Production and waste management.

1 Figure 4.1, from the total nitrogen given to pigs in feed (N total or

OUnd 33% is converted into animal protein (pigmeat) and other 67% is

 th . . .
ie: acronym for Model for the Assessment of Regional Ammonia Cost Curves for

Of Livestock Ammonia Abatement Model.
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in Figure 4.1, from the total nitrogen given to pigs in feed (N total or
around 33% is converted into animal protein (pigmeat) and other 67% is

" [ osses of feed by spillage or during transportation are considered

exported as pigmeat from N-total results in excreta-N. This contains
inorganic forms of N. The organic N does not cause direct emission, but is
sformed into inorganic N, which can potentially be released in the form of

N>0. Therefore, the total available or ammoniacal nitro gen (TAN) is the

|

rm of N as far as emissions are concerned. TAN is estimated as being

pately 70% of the excreta-N.

Total ammoniacal (or available) nitrogen - TAN

—p conversion into pigmeat 33% - feed losses (not relevant)
ed-N) DA .
losses to excreta by urine and faeces 67%

excreta-N

TAN inexcreta ammoniacal or available-N 70% of excreta-N

- NH3 and N20 losses
- immobilisation of TAN in bedding material

TAN in manure (fresh)

\ - losses of NHs and N20 in storage

TAN in manure prior to lands preading

- losses of NH; and N20 during and
immediately after application to land

TAN in manure after lands preading
ipted from Webb (2001), (or TAN from manure in soil)

TAN in different stages of pig production and waste management

Y nexcretq is the valye given for this ammoniacal fraction of excreta-N at

eXCreta is released from the animal’s digestive system. Thus it is
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o discount losses of N during the housing period to determine the TAN in

se losses are dependent on the housing system. In turn, the TAN in

7 to spreading to land requires reduction for losses of N during the storage

re are N losses in manures associated with the landspreading operation,

s on, for example, weather conditions, dry matter content of manure,

ed for distribution of manures onto land and the length of time prior to
At on of the material into the soil. Discounting these losses from TAN prior to
ves TAN in manures after landspreading.

'

mple, for a pig fattened to 100 kg liveweight, the total N-ingested is 8.03 kg,

.81 kg N is retained (converted into meat) and 5.22 kg N is lost to excreta

1999). Ammonia emissions to air (from housing and during waste storage
zading) can be as much as 2.74 kg. Only2.57kgN (respectively, 34% and

-_-;;‘;:; is available in soil after spreading (Relandeau, 2000 quoted in

sed approach offers a useful representation of the N pathways throughout
lion cycle and waste handling stage. The first step for the calculation of TAN

ate estimate for excretion of manures, which is described as follows.

: 0N of manures and estimated Total Ammoniacal Nitrogen (TAN)

production of slurry and FYM for the case study pig units is presented in

itities of nutrients in excreta estimated for the case study pig installations,

. € shown in Table 4.17. These calculations are based on manure

Orted by the operators of the case study units (Table 4.16) and average

tin manures a5 presented in Appendix 4.4.
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E-

Quantity of pig manure produced annually

ion Case | Case 2 Case 3

G slurry FYM Slurry FYM slurry FYM
: (m’) (tonnes) (m’) (tonnes) (m®) (tonnes)

e - 2,000 421 312

nd gilts ] ) .

1,360 = 1,398 .

1,360 = 687 .

= 3,000 2,232 -

10,880 - 4,546 5,000 9,291 =

13,600 5,000 4,546 5,000 14,029 364

studies.

ates of total excreta production were checked against estimated values

feed inputs (Table 4.18) assuming standard N consumption and losses by

n Appendices 4.5 and 4.6.

[ ables 4.17 and 4.18, there is a good agreement between the two methods to

utrient content in manures for case study installations! and 3, as figures

fered by less than 1% and 5%, respectively. This suggests that data

perators appears reliable. However, case study 2 installation showed a

fference between TAN based on manure production and TAN based on

: consumption and losses (the former one ¢.70% higher). Such difference

cts a likely overestimation of manure and slurry production for this unit.

t€ase study unit 2 the N content in manures based on average standard N

has been adopted.
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: yated TAN in excreta, the next step is to estimate NH; losses from the current

ms in the case studies( Table 4.19).

g .- 'Current NH; emissions from housing systems in the case study pig units
{

Current housing system [Category NH, Efissions
(kg NH; /year)*
/pig place Total

CSF full litter
Dry sows and gilts 3.70 2,717
Boars 3.70 107
Maiden gilts 1.85 265
subtotal 3,089
Farrowing sows in crates
with storage pit underneath |Lactating sows . 1,259
Flat deck (FSF pens with
slurry pit underneath) Weaners 1,093
CSF full litter (straw) Growers 6,023
PSFpit Finishers 5,808
17,272
CSF full litter (straw) Finishers : 12,225
12,225
CSF full litter Dry sows and gilts 1,605
PSFpit (Ita) Maiden gilts 623
subtotal Mating&Pregnancy 2,228
FSF farrowing crates with Lactating sows
storage pit underneath 103 : 857
Flat decks Weaners 2,656 ! 1,593
PSF pens 472 J 184
subtotal 1,777
ing _ |FSF pens Growers 1,316 : 2,369
iing  |FSF pens with storage
- pit underneath Finishers 2,632 3.0 7,897
15,129
1 EIPPCB (2001). It was considered here that gilts intended for breeding would have an
30% of those for dry sows. Emission for farrowing sows includes suckling piglets.

for emission 0.60 was used to convert emission from finishers to growers (based on Iw
Owers and 55-95 kg for finishers).

r floor, PSF = partially slatted floor and CSF = concrete solid floor.

E the emissions estimated from the current storage of slurry and manure.
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) _ Current NH; emissions from storage facilities for slurry and FYM
- Facility Surfaccza Emission factor®| Emission per year
° area (m’) | g NHy-N/m%day |(kg NH;-N)
P per m” total
Sury  |lagoon 1 1,640 | 24*-30%% | 088-11
p: lagoon 2 1,200
lagoon 3 2,800
subtotal 5,640 6,176
VM heap slab 1,500 4.8%%% 1.75 2,847
9,023
Slurry lagoon 600 24-3.0 0.88-1.1 657
building 1,400 4.8 1.75 1,226
1,883
lagoon 1 3,000 24-3.0 0.88-1.1
lagoon 2 4,000
subtotal 7,000 7,665
slab 1° 1,500 4.8 1.75
slab 2 180
subtotal 180 158
Total 7,823

lips et al. (1997); ** Pain et al. (1998) quoted by Scotford and Williams 2001
ns (unpublished) quoted in Misselbrook et al. (2000

.0 g NH;-N per m” is the range of emissions for slurry lagoons surface, of which

t0 1.1 kg NH;-N per m2 per year) was used to calculate annual ammonia emission
e UK Inventory of Emissions Jrom Agriculture).

S not in use currently, therefore no emissions are accounted for it.

N'values throughout the pig production cycle and waste management are
ble 4.21. Emissions from landspreading of manures are also presented in

use they are based on TAN in manures after losses of N from housing and

note that other N losses can occur besides those already mentioned, such
nitrogen peroxide (N,0). However, these losses have not been estimated
ation is not available for emissions according to different housing

»¢€ Management. These losses occur mainly during storage and after
anures and are regarded as much lower than N emissions as ammonia.

Onsidered negligible. Calculating TAN throughout the pig production and
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dling phases is considered to be a robust account of N content in manures (B.J.

Current TAN and ammonia emissions estimated for the case study units

o~

niacal Nitrogen (TAN) and NH; emission | Case 1 Case 2 Case 3
Kg N/year Kg N/year Kg N/year
- based on pig consumption (a) 68,591 22,878 (1) 65,552
based on manure production (b) 69,090 (1) 38,820 68,670 (1)
sn methods (a/b) 99% 59% 95%
din (1):
m slurry 42,840 8,439 66,887
a from FYM 26,250 14,439 1,784
om housing Kg NHy/year |[Kg NH,/year |Kg NHjy/year
B 3,089 2,228
' 1,259 857
1,093 1,777
6,023 2,369
. 5,808 12,225 7,897
s in housing (2) 17,272 12,225 15,129
s(3)=(1-2) - Kg N/year 51,818 10,653 53,542
i storage
6,176 657 7,665
2,847 1,226 158
3 from FYM and slurry storage (4) 9,023 1,883 7,823
s before spreading (5) = (3 - 4) - kg N/year 42,785 8,769 45,719
ifter spreading Kg NHy/year| Kg NHy/year| Kg NH,/year
 before spreading from slurry 26,556 3,273 44,486
before spreading from FYM 16,260 5,497 1,233
idspreading losses*
Y (6) 3,893 491 3,203
L(7) 5,632 4,178 412
3 0n landspreading (8) = (6 + 7)** 9,525 4,668 3,615
<L Spreading (9) = (5 - 8) kg Nfyear 33,271 4,101 42,104
: during production and disposal (2 -9) 35,819 18,797 26,567

dther and soil con
lowever, the timi
lied 1o growin
I volume of g

ding emission factors based on Misselbrook et al. (2000):15% of TAN applied in slurry
fatter); 76% of TAN applied in FYM. Abatement factors based on Hendriks and

.MAFF (1999) in BREF (2001):80% reduction with incorporation <4 hrs slurry/FYM;

Sl INCOrporation <24 hrs for slurry and 70% (range 50 to 90%) reduction with incorporation

€I undertaken, FYM incorporation is effective for 80% of total FYM landspread, as
ditions affect operational performance. For slurry, there is the same 80%
ng is even tighter to achieve a good abatement with incorporation and

g crops and in areas not suitable for incorporation. Therefore, an effective

d lurry spread is assumed to be subject to ammonia emission abatement.
4.18 (TAN) and 4.19 and 4.20 (emissions of ammonia).
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: ses of ammonia from housing range for the case study units between 22% and

AN in excreta. Another 8% to 14% of TAN in excreta is estimated to be released

e of manures, and 5% to 13% from landspreading. Therefore, the for current
ce. the case units are estimated to be losing a minimum of 38% and a
1% of the TAN as ammonia emission during the production cycle and waste

1 Stage'

NT FINANCIAL PERFORMANCE

_‘l‘)asis, according to the output and use of inputs and resources presented in the

getion. The potential value of nutrients in manures applied to land is also
dowever, it is recognised that valuing the nutrients content in manures based on

ue of bought fertiliser is a disputable issue, because of the inherent physical
Organic manures.

Hon costs and Returns

COsts and revenues for the case studies presented in this section provide the
ich IPPC compliance costs are to be added.

Sents a Summary of the costs and returns of the case study installations on an
__he Overall results are compatible with the MLC data for year ended

00 (MLC, 2001a), which estimated a gross margin per pig sold of between

96 for breeding-and-feeding units (top third producers), similar to case units

ding-Only herds, MLC’g sale value less feed and weaner purchase gives
4gainst £10.10 for case study 2.

ate that variable costs are the major component of production cost, -

least two-thirds (67%) of total annual production costs. Feed is, by far,
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dividual cost item, representing around 60% total pig production cost and

of the variable costs

energy costs are a relatively modest part of the total production cost, having a
y£0.6% and 2.8%, respectively, less than expenditure on either veterinary

edding materials (except for case 3, which used limited straw).

e case studies, most of the fixed costs relate to capital costs in animal housing
d management costs. Capital costs in housing ranged between 13.5% and
® total production cost in the case units. Labour and management count for

the total production costs in the complete cycle units and for 5% in the

unit.

2d average unit costs of production for the case study installations vary between

Ice per kg of pigmeat (carcass deadweight), against a reported sale price at the

ice per kg. This price covers the total production costs for the breeding-and-

case studies 1 and 3). However, it is not able to recoup the totality of the
ts for the feeding-only unit (case study 2).

i

i purposes, the total animal throughput of each case study has been

‘astandard 95 kg liveweight pigs in order to determine a reference
per pig produced. These costs have been calculated as £66.32, £68.78 and

Sold, respectively for case study units 1, 2 and 3, for an average price
/.53 per pig.

€8S prevailing at the time of the survey, breeding-and-feeding pig units

I the totality of their production costs and obtain net margins in a range of
teeding-only case study unit 2 has been operating with losses around 1% of

Ol Cost. An increase from 1.2 pence per kg to the current pig price would
Unit 2 to breakeven.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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of the estimation of the production costs in this research is to provide a
”compariSOn of the incremental costs associated with the [IPPC regime. It is
hat these estimated costs appear consistent with sectoral cost estimates, such
_ odically published by MLC, and that the methods used to estimate them
conventions. However, production costs figures may vary substantially
n the purpose and use of data (Warren, 1992). The main uses of production
; :;.__;.v. accountability and management of pig unit, calculation of insurance or

ility (loan) by bank, political pressure by trade representatives to buyers

d -versa), and the design of government policies.

‘on the purpose and underlying purpose for cost estimation, different

Iare taken to account for cost items. An illustrative example is the period
'amortisation of capital investment. Farm management reference books
gest the use of 15 years for agricultural buildings, after that period the

1ld achieve technical obsolescence. The MLC uses a 10 year payback
ggeries, whereas operators said they think in terms of a 25 year period, that
‘depreciation against tax liability. In this study building are amortised

Par period has been adopted. Of course many agribusiness may apply

ay back periods when they appraise possible capital investment projects.
-.= bigger or smaller time allowance for recovery of capital investment is

D€ next section, which also verifies the sensitivity of production costs to

dther important elements used to estimated costs, namely, feed cost,
nd pig prices.

of production costs to variations in capital investment and feed

S 10 assess to what degree different assumptions on payback period and
€apital costs would affect the total production cost estimated. Also, it

e in the production costs if feed costs vary and the chan

ge in financial
fpigmeat vary,

based on level of prices and costs of a 9 year period
These evaluations enable a better understanding of and expand the
S 0f the results from the case studies.
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' resents the results for changes in the cost components in the total

2 cost. Feed costs variation, as referred before, refers to the variation observed
d cost per pig in the period 1992-2000 (MLC, 2001a), from a minimum of
w to a maximum of 13% above the average feed cost for the referred period

ot pig produced). Changes in feed costs significantly affect total production
case studies, a 5% change in feed cost has an estimated increase or decrease
in total production cost, equivalent to 2 to 3 pence per kg (p/kg). At the

s survey (year 2000) feed costs were at the lowest point in the 9 year historical
ecting downward trends in CAP support prices for cereals. Assuming feed
‘equivalent to the 9 year mean (+21%) would mean an increase in the

-sts between 7 and 11 p/kg of pig produced. If costs rose to the maximum
pe period, the increase in production cost would be between 12 and 17 p/kg.

3 ‘e average annual interest rate from 6% to 4% would decrease the production

en 1.5 and 3 p/kg, whereas increasing the interest rate to 8% would increase
3 p/kg.

ion cost is more sensitive to reduction in the payback or amortisation period

id increase on it. That is, when the referred period is reduced in 5 years to 15

fect is an increase between 1.2 and 3 p/kg in the production costs, whilst an

years to 25 years reflects in a decrease between 0.6 and 1.5 p’kg in costs.

ted figures confirm sensitivity of units to relatively small changes in costs.

onsidered that such cost movements can be multiple. Therefore, it shows

3 lnerability of units and indicating that IPPC compliance cost could, even

_‘ gnitude, substantially affect the financial viability of units, especially if

108t items change unfavourably.

* Pigmeat price result in directly proportional changes in the results for |

€ complete cycle units (1 and 3). However, for a feeding-only unit, it is

Chapter 4 IPPC impacts on Case Studies PhD 2002
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. j'opO rtional as the increase in price also increases the costs to buy reared pigs
als). For the period 1992-2000 pigmeat peaked in 1996 at 136.5 p’kg and
o 78.7 p/kg deadweight (based on AAPP UK adjusted, in MLC, 2001b

A, 2002D).

>

he potential benefits from the use of manures generated in the case study units !
ed in Table 4.24. |

) the figures in Table 4.24, there is considerable potential financial benefit
L the nutrients content in the manures spread onto land. The estimated
lue of nutrients in manures is well above the costs paid to contracting

iring equipment for their disposal.

 there is no evidence to date (the sectoral survey corroborates this point) of
ped market for pig manures, the availability of land in the pig holding is a
ndition to draw benefit from this resource. That is, pig operators only are

t from the nutrient value of slurry and FYM produced if either they can

) their own crop land or they can sell it. Thus, only pig units integrated
Olding with activities such as cropping and grazing can benefit from use of

S through savings in bought fertiliser. Otherwise, disposal of manures is an

M of the pig production cost.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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llowance for nutrients in manures is generally underestimated by farmers.
se the availability of nutrients in organic manures, especially N, is subject
umber of factors, such as meteorological conditions, season of application
of time between application and incorporation into soil. Comparatively,

rtilisers are much more predictable, easy to apply and manage.

avers of case study units 1 and 2 attribute some value for F YM, which is
ichanged for straw with other farmers. However, they do not regard any

. efit for slurry. They argue that manure is not a reliable source of N and

in the target N application can be as big as 20 per cent. This may

fop yields when using manures instead of bought fertiliser. For these reasons,

it perceives pig manures as wastes to be got rid of rather than as a potentially

sanic resource.

, the manager of case unit 3 was more enthusiastic about the benefits derived
; ading of animal manures onto land. He mentioned that continuous work

I s and soil provided better experience, helping to overcome the difficulties

: application of manures and total N need by crops. He considered that

€d to land on his unit had a value of about £50 per ha. Case unit 3 spreads

ha of its own land, a benefit of £8,800 per year, sufficient to more than

05ts of landspreading on this unit.

eristics of pig manures, particularly slurry, render them difficult or simply

'-'5' handle and apply, including the release of obnoxious smells.

SOF IPPC on CASE STUDY UNITS

ines the incremental costs and affordability of IPPC measures applied
Y units. Associated emission levels for ammonia and change in resource

© also estimated. Performance indicators are compared between
- and ‘With-IPPC’ situations.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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rmance standards or minimum requirements for a pig installation under the
e in England and Wales, as referred to in Chapter 2, are delimited by the
Farming Installation Rules and Guidance (SFIR). The changes simulating the
of IPPC applied to the case study pig units are based on the SFIR

. Agency, 2001a), draft versions of the BREF Note for intensive rearing of
ind] pigs (EIPPCB, 2000 and 2001) and their contribution documents (such as

u' ) :

ady applied BAT ‘candidate’ options based on information available in the
pns of BREF Note, the scope of this impact assessment of IPPC is beyond

ures required under SFIR. For this reason, the simulated changes are likely

requirements which operators have in practice to comply with IPPC at

ytwithstanding this, SFIR have an intrinsic link with BAT, being therefore

fevision over time. Therefore, the adopted approach is justified as the BAT

3REF anticipates that technological change in the pig sector is likely to be

Directive.

irawn from the application of IPPC to the case studies units are reported in

 Which covers: a) compliance costs, reduction of ammonia emissions,

Water use of applied measures; b) assessment of economic and

al impacts based on indicators; c) risk assessment; and d) financial

id ammonia abatement with IPPC compliance

; entifies the additional costs associated with IPPC and the likely impacts

e financia] performance of the selected case study units. These costs were
_ntO Costs of permit application and costs of compliance with the permit,

4 ‘lating to adopting BAT measures, and to monitoring, control and record
Conditions of the permit,

Chapter 4 IPPC impacts on Case Studies PhD 2002
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' Costs associated with the application for a permit

~ Qperators of prescribed activities must apply for a permit under IPPC. The application
fee and subsistence charges applied to the case study installations are those for a
standard conditions permit (i.e., using the SFIR). An installation qualifies for a standard
JPPC permit if it is able to meet the requirements in the SFIR or to do so within a
timescale agreed with the regulator (Environment Agency, 2001b). As described in
Chapter 2, charges are reduced for a standard conditions permit, based on the fact that
the regulatory duty is simplified. Moreover, the time required by the operator to

complete the application (and comply with the permit conditions) is also expected to be

less compared to a non-standard conditions permit.

- Table 4.25 summarises the required information, statements and other documentation to
be submitted by the operator when applying for an IPPC permit for a pig installation
based on the current regulatory scheme (Environment Agency, 2001b and 2001c).
~ Detailed information on the installation processes is required, including on topics not
typically addressed by traditional agricultural management, such as emissions of
pollutants and relevant environmental characteristics of raw materials used. Moreover,
the application involves considerable activity planning, some far into the future, such as
decommissioning of the installation. It is argued here that these factors render the
application for an IPPC permit in this newly regulated sector a relatively complex task
| for the operator. These requirements for applying for a permit reflect the integrated
nature of the IPPC regulation, and considerable effort is doubtless needed to complete
the application form. Therefore, it is assumed that the services of a consultant will be
fiEcessary to complete the application process for the case study installations. At the

fime of writing, no IPPC applications have yet been made to the Environment Agency
for pig installations.

The operators of the case study units were asked to identify those aspects of the IPPC
fquirements (based on the list in Table 4. 25) which were already in place under current
Management. Their response confirmed the novelty of several issues and, consequently,
it can be inferred that additional human resources will be needed for the adequate

fulfilment of the conditions determined by the IPPC permit.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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Table 4. 25 - Summary of the requirements in an IPPC permit application for a pig
installation
Requirement in the | Description of requirement
—Egp_licfm:iOH form
1 Description of Comprises a report on the site condition, maps and plans indicating
installation and site the location and nature of activities related to the installation
2 Proposed Comprises plans (and schedules) for: inspection and maintenance of
techniques by the structures and plant; training of staff in relation to IPPC; selection
operator to run the and use of raw materials and foodstuffs; water, energy and waste
permit minimisation audits; manure management (including storage and

spreading measures); accident prevention and management
(emergency plan); monitoring of emissions; and decommissioning.
Plans for control of odour and noise may be also required depending
on site-specific conditions.

3 Environmental Impacts of the emissions from the installation including whether they
assessment are likely to affect sensitive sites (SSSIs, European sites etc.)

Source: Environment Agency (2001b and 200 1c).
Note: copies of all applications shall be provided in order to be distributed to the statutory

consultees, including Environment Agency, Health Authority, Food Standards Agency and
- Local Authority.

B For feeding-and-breeding units (cases 1 and 3) the estimated time to complete relevant
parts of the application form (see Appendix 4.7) is assumed to be 12 ¥ days or 100
hours. In addition to the time by consultant, it is assumed that at least an equal time of
the Mmanager or relevant staff must be allocated. A reduced time, that is, 80 hours, is
assumed for feeding-only unit, where description of processes (involving finishing herd

only) and site conditions (limited land) are relatively straightforward.

One could argue that these time requirements are underestimated and that in practice it

probably would require more manpower resources. However, DEFRA is
COmmissioning ADAS to support applicants in the initial period of implementation of
IPPC, Also, the regulatory authority (the Agency) is willing to be consulted by
Perators on the status of specific matters before they formally apply for an IPPC
®Iit. A 15-hour allowance is given by the Agency for pre-application consultation on
Prospective IPPC permit. A 1995 study on IPC applications by the then DETR (now

EFRA) Teported that a complex industrial installation on average spend 22 person-

tago Pellinj

Chapter 4 IPPC impacts on Case Studies PhD 2002




139 Cranfield

UNIVERSITY
Silsoe

o put together an application for a permit (DETR, 2000b). This order of input
suggested as the manpower needed from start to submission of an application
o (Housley, 2001). However, the latter report, based on a review of IPPC

in the public registry and postal questionnaire to operators, suggests that

ver needs may be greater for applications not previously regulated under IPC.
pplicants it says a 26 person-week period is more appropriate.

standing that IPPC regulation is wider than IPC, the level of complexity of a pig
s, of course, substantially lower than that of other manufacturing industries
g regulated by IPC). Moreover, there is scope for use of standard permit

s as SFIR are applied. The minimum time reported for an IPPC application in
of permits in the public registry was 6 person-weeks (Housley, 2001) but

: ' reference to any permit for pig or poultry installation. Therefore, the total of

m-weeks (2 weeks for consultant plus 2 weeks for staff) appears to be a

able estimate®,

ant to bear in mind that the manpower requirements for an application for a
or an existing installation do not end with the award of permit. Several plans

dules for improvement or replacement of measures and practices not regarded
nay need to be produced within the following 12 to 24 months, in accordance

nsitional timetable (for instance, for covering external slurry stores).

es and charges by the regulator and for preparation of the application, the
Process also involves costs related to the mandatory public advertisement of

 application for an IPPC permit in a local newspaper and the London

0mplying with BAT
AT for Pig rearing relate to the main phases or stages of pig production
hNamely: mating and pregnancy, farrowing, weaning, and

Bing, generally referred to as BAT for animal housing. There are BAT for

he : o L
Te that consultancy input tends to fall once expertise is developed on the application

Chapter 4 IPPC impacts on Case Studies PhD 2002
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—d BAT for disposal of manures. There are also BAT proposals for good
practices, which can be defined as ‘stewardship BAT’. For the case study
“e end-of-pipe pollution abatement measures are assessed, which in themselves |
icient to comply with use of BAT by the operator, but may be acceptable if |
d with other in-system changes. BAT are, by definition, in-process rather than

- e measures. However, the evolving process of definition of BAT in the

Jotes already concedes that measures such as use of additives in the manures to

missions are acceptable as BAT. The above aspects are revisited later in the

on of the chapter.

26 — Summary of requirement for compliance with BAT

What BAT means
There are specific techniques for housing referring to different

pig production phase (see Annex 4.1 for detailed description).

In general terms, in-process BAT involve: reduction of slatted

area in the pen floor and/or reduction of open surface area of

slurry pit (underneath the pen), frequent removal of slurry from ]
buildings, and cooling slurry systems. End-of-pipe techniques
refer to the application of bio and chemical scrubbers.

External slurry stores must be impermeable and covered

Application rate must not exceed 250 kg of N per hectare per
year

Disposal to land must follow a FWMP

Use of low emission spreading techniques such as
bandspreading or soil injection

Broadcasting can be use if followed by incorporation into soil by
ploughing within 6 hr

Incorporation is required within 24 hr
and BREF Notes.

© 10 assume as suggested by FRCA (1997), that good practices are already

*Use in the sector amongst the larger scale operators captured by IPPC.

Chapter 4 TPPC impacts on Case Studies PhD 2002
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teason it is assumed that existing management regimes on the case study

ons already conform to ‘stewardship BAT’. Indeed, under existing legislation,
« [PPC, operators have a ‘duty of care’ to properly manage identifiable risks
with their undertaking. In the event of a pollution incident, an operator is

o be prosecuted if evidence is given of the use of good practices. Treating

. ' BAT’ in this way avoids the complexity of describing and valuing many
ent activities. The sectoral survey (Chapter 5) explores the subject of adoption

55 0n good practices by pig operators likely to be captured under IPPC

sed approach to IPPC. This involves an assessment of operator management
d environmental risk associated to the activity together, referred to as
nental Protection Operator Performance and Risk Appraisal System (EP
ironment Agency, 2002b). The principle underpinning the EP OPRA

that well managed installations require less resources and costs for

N and assessment of proposed BAT and emission abatement techniques

€ case studies are discussed below.

ima /) housing

2 ,_ ference costs and technical information on BAT candidates for housing in
tes including their applicability to existing buildings, comes from the
Belgium, Italy and Denmark. Some 30 BAT candidates for housing were
applied to the case studies, including some end-of-pipe measures, as listed
8. The latter shows the emission rates of ammonia associated with each

d the tota] cost per pig place (converted to £ sterling at prevailing
S) necessary to implement them.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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--;'u oduction phases are distinct and have specific building design, they can be
..ules of a production line. Therefore, BAT techniques for a particular phase |
snlied independently of the option chosen for another phase. Thisis an

Ssumption, because it means that several ‘baskets’ of techniques can be

: ‘ ions for the installation as a whole. However, this means that some

within the same production phase are mutually exclusive.

oduction phases as a rule share facilities for storage of manures and

nd distribution systems for disposal of slurry and FYM onto land. Therefore,
."_, ically connected as manure removed from housing is sent to a common

" spreading. Usually, pig installations deal with both liquid and solid

S b

g

nows extra average annual costs (capital and operating) and abatement
ig place per year for the selected in-process BAT techniques applied to the
mits (Annex 4.1 and Appendix 4.8). Each bar in this chart represents the

SIS

lying BAT measures for housing, whereas the abatement level is described {
ed mark. It can be said, broadly, that more expensive techniques are those

et higher reduction in ammonia emissions (as shown by the trendline in Figure

. 10 bear in mind that F igure 4.2 gathers together BAT referring to all
Mases (and herd categories), and costs and abatement vary substantially ¢
niques at different stages. Additional unit costs and unit NH; abatement
higher for farrowing (phase which technique codes 8, 9, 10 and 13 refer

When these additional unit costs are multiplied by the number of pigs in

Production phase, BAT measures for growing and finishing account for a

On of tota] annua] costs for housing.

Chapter 4 TPPC impacts on Case Studies PhD 2002
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Extra cost and ammonia abatement BAT for housing

WL
000 - + NH3 abatement | ( 7.00

——Linear (NH3 abatement ), []
.00 + 6.00

* T =
©
.00 | . 2
| o 5.00 g
©
o [+%
S 1 400 2
2
00
300 2,
i x
5
F s 2.00 g
0 + » 3 o 3
+ 1.00 <
E‘nnrﬂfﬂﬂHH”ﬂﬂ”””” e -
16111227281917182223 32526 5 24 4 2 § 131 910
BAT code (see Legend below)
Legend
ase Description of BAT for housing and code in the BREF (in brackets)

lating and PSF with flush gutters or tubes (4618)

gnancy PSF with flush gutters or tubes (4618_belgi)
Refurbish PSFpit to PSF flush tubes [CRPA]
Manure surface cooling channel (4619)
Refurbish CSF alley pit to CSF alley flush tubes [CRPA]
Arrowing Board under slats (4621)
' Manure cooling (4625)
Flushing + manure gutters (4623)
FSF w&manu channel (4622)
: FSF w&manu channel iron slats (4622b)
. FSF manure pan (4624)
ning Refurbish FSFpit to FSF pens with flush gutters or tubes (4633)
Manure channel with gutters PSF triangular iron slats (4637)
Manure channel with gutters PSF triang. Iron slats (4637_belg)
3 Manure surface cooling channel (46310)

ing/ Refurbish from FSFpit to FSF flush tubes [CRPA]
hing PSF with flush gutters or flush tubes (4641) concrete slats
. PSF with flush gutters or flush tubes (4641b) iron slats
Refurbish from PSFpit to PSF flush tubes [CRPA]
PSF-sswiiron (4642b)
Manure surface cooling channel PSF (4615 concrete slats |
Manure surface cooling channel PSF (4615b) iron slats

Ammonia abatement and extra costs of BAT measures for housing
€ase study pig units (values per pig place per year)

arises the extra costs, ammonia abatement and extra use of energy of

measures for housing applied to the case studies 1 and 3, presenting the

Chapter 4 TPPC impacts on Case Studies PhD 2002
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Jeast cost, maximum abatement and most cost BAT for each production

e Appendices 4.9 and 4.10 for detailed results). The cost of additional energy

 accounted for in the annual extra cost.

_ ‘ solid floor accommodations for finishers are not regarded as BAT, as these
_. "e levels of ammonia emission similar to those of the reference system for
using. At the time of this study no in-process measures were available for
to straw based finishing systems, such as that used in case study 2 unit. This
A er discussed in Chapter 5. In the context of case study units, it implies that

ge is required to case study 2 for compliance with BAT for housing.

: in possible compliance costs for BAT for housing estimated for case studies 1
onsiderable, from about £19,000 to over £94,000 per year per installation
g on options considered. The estimated reduction of ammonia emissions from

§ between 19% and 58% of the current levels. Average abatement costs for

y their very definition end-of-pipe options are not BAT, bio- or chemical

€ included in the BREF Note draft as candidate techniques as they are very
reducing MOnia emissions from housing (70% and 90% abatement,

). However, as they require buildings with controlled air systems, they are
1€ 10 natural ventilated buildings, including automatically controlled natural
(ACNV). For the case studies, these techniques achieved an estimated

i Ween 53%and 67% of the current levels of ammonia emissions from

18- Abatement costs varied between £6.32 and 8.30 per kg ammonia per

lical wet scrubber and between £9.08 and 12.24 per kg ammonia per year
°r (Table 4.23).

Chapter 4 IPpC impacts on Case Studies PhD 2002
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Sers require substantial energy input. For breeding-and-feeding units (1 and 3) the
energy use was between 5% and 16%. Much greater impact in energy use was
the feeding only unit, where use of such techniques would increase energy

by between 48% and 75% respectively compared to the baseline situation®.

would also require an increase the total consumption of water by 9%, 49%
- 'ectively for case studies 1, 2 and 3. This relative increase is much higher than
15% or so saving in water use associated with good practices or ‘optimising’

%, 2000b).

broad assessment of end-of-pipe measures suggests they are not a suitable
benefit offered in terms of abatement of ammonia emissions is offset by poor
tal performance against use of energy and water resources, and by high costs.
consumption, and very high incremental costs have reportedly ruled out

BAT (TWG for intensive livestock farming meeting, February 2002).

u 2
al costs presented already account for additional use of energy and water.

Chapter 4 TPPC impacts on Case Studies PhD 2002
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wrage and landspreading of slurry and farmyard manure

sures for storage of manures mainly relate to the siting of the stores and cover of
a ns. The feasibility of some proposed measures in BAT to be applied to cover
s for storage of slurry remains unclear. Therefore, the costs of replacement by
fype store are presented along with the costs for covering the existing lagoons.
_____ ed here that additional costs of maintenance of such covers are negligible.

extra costs and ammonia abatement for BAT storage measures applied to

udies

ubstantial potential reduction of ammonia emissions from slurry stores.
ers provide an average abatement of 80% (70 to 90%) of ammonia emissions
g stores, whereas rigid covers can abate about 95%. The abatement costs are

1be of £1.84 per kg of ammonia abated per year using rigid covers and between

3.53 using floating covers.

' adlng of slurry and farmyard manure to land refer mainly to the application of
o1 techmques compared to the conventional broadcasting method, such as slurry
. 501l or deposition close to surface using a bandspreader or trailing shoe.

rapid incorporation of manures after conventional broadcasting is accepted as

dertake the landspreading of slurry on the case study units. Therefore the
ission methods (BAT) such as soil injection has implication for operating
the operator for disposal but not for capital investment costs. The same is

OIporation is required, that is, contractors will charge for this extra service.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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applying BAT for landspreading of manures by contractors does not have a direct

farm labour resources in the case studies, the work rate of low emissions
echniques (hectares spread/hour) is lower than that of the current method of

; using a splash plate and without immediate incorporation into soil. Therefore,
hours of work are necessary to apply manures according to the rules, which will

he overall cost for landspreading.

‘shows extra costs and ammonia emission reduction estimated for the use of

ndspreading of manures in the case study units.

orporation and soil injection reduce up to 80% of the potential emission of

mitted with broadcasting and without incorporation. Not all the areas are

.= AT for landspreading and there are operational restrictions related to weather
ditions. For this reason, it was assumed that a 70% ammonia abatement rate
ieved. Odour emissions are reported to be substantially reduced by use of low

andspreading techniques, especially with the soil injection.

0sal abatement costs vary between £2.10 and £2.68 per kg of ammonia reduced
cases 1 and 3. Case 2 does not offer a reliable estimate of abatement cost as

fslurry produced reported by the operator is probably overestimated (as it is
i the TAN calculation).

BYM, it is considered that the case study units 1 and 3 have enough machinery

D satisfactorily comply with the SFIR for incorporation within 24 hours after

Case 2 does not.

,_that, based on the estimated figures in Tables 4.27 to 4.30, BAT measures
1 landspreading of manures are more cost effective in terms of ammonia
tI-process and end-of-pipe measures for animal housing. However, these

Ot be seen in isolation, as operators must comply with BAT in all stages.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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ts
of IPPC may result in changes in the use of manpower in pig
cons, based on the results from the case study installations. For analytical
s, three IPPC-related groups of activities requiring manpower may be
éted, namely: a) applying for an IPPC permit; b) monitoring, evaluating and
o records of the compliance conditions of the IPPC permit; and, ¢) applying BAT
n turn, may be separated into techniques - animal housing, storage and

wo of manures — and stewardship measures).

31 presents the estimated additional time required to comply with IPPC in the
dy installations. The rates presented in Table 4.31 were checked by operators

sted where appropriate.

€ commitments for application are considerable. Experience to date suggests a
to underestimate these (Environment Agency, 2000d). The additional work
to comply with IPPC in the case study installations was estimated at around

3 per year (approaching half a full time worker equivalent) for the compléte-

§ and 200 hours per year for the feeding-only unit, mostly concerned with
hagement and record keeping. It is recognised that economies of experience

to be achieve over time, reducing manpower requirements.

rved that the case study units already conformed to good practice and for this
0 additional costs were assumed for ‘stewardship BAT’. This is likely to be the

st large scale operators regulated by IPPC (FRCA, 1997).

Chapter 4 IPPC impacts on Case Studies PhD 2002
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_ Estimated additional manpower for compliance with IPPC in pig units

- operation related to IPPC Manpower needed
; (hours/year)
Case 1 Case 2 Case 3
ion for the permit: time from managerial staff 100 80* 100
o collection and record keeping;
s of plans; training 148 89° 148
liance wit BAT: .
B cices nil nil nil
ues for animal housing .
hases, excluding Mating & Pregnancy 374 0 467
iques for storage of manures nil nil nil
es for landspreading of manures*
nediate incorporation of slurry 118 64 0
jjection 42 27 ~79
tional area (broadcast + rapid incorporation) 57-69 34 71-101
jonal area using soil injection - minimum 39-46 2-3 48-68
d incorporation FYM (within 24 hours) - 16 .
andspreading (broad-+rapid incorp.), min. area 176 83 71
landspreading (soil injection), min. area 80 46 -31
Irs) 798 254 786
jection, min. area 703 215 684
how above hours are distributed):
erial personnel (1% year)® 228 161 228
3 (2™ year onwards) 128 81 128
394 8 487
ictor (broadcast + rapid incorporation, min. area) 176 83 71
actor (using injection, min. area) 80 46 -31
rs)’, 2™ year onwards 698 172 686
ljection, min. area 603 135 584
' 1¥ year® £4,599  £1,336  £5252
2" vear onwards £3,805 £700  £4,458

% reduction for permit application and 40% monitoring for case study 2;
ar involves application process (hours exclude services of consultant).

liance costs

pliance costs comprise the estimated costs presented in previous

Ost of applying IPPC to the three case study pig installations.

iStraw based systems are acceptable as BAT for dry sows; techniques for animal
not account for Growing phase in case study!1; c) excludes hours of work and
acting; d) assumes immediate incorporation as BAT measure for landspreading;

Amely costs associated to BAT and additional manpower plus direct costs
and charges by regulator related to the permit. End-of-pipe measures are

» These costs are compiled in Table 4.32, which presents the overall

Chapter 4 IPPC impacts on Case Studies PhD 2002
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somplete-cycle installations the estimated extra costs of IPPC are between

nd £54,000 per year for cases 1 and 3 respectively, with an overall average
ost of £4 per kg NH3. The extra cost of maximum abatement options ranges
£77,000 and £99,000 per year for these cases, with overall average abatement
£6 per kg NH;. The feeding-only installation (Case 2) shows a compliance

sout £10,000/year and an overall average abatement cost of £3 per kg NH;

ts do not include those associated with any possible modifications to the

straw based finishing system, due to the reasons that, as previously discussed,
of writing it is not clear whether this system will conform to BAT. Ifit does

vill be significant additional costs for case 2.

Chapter 4 1ppC impacts on Case Studies PhD 2002
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Summary of incremental annual costs with [PPC on the case study units

Sescription Extra [Reduction Cost
) cost | Emission | effective-
(£/year) | (kg NH; | ness (£/kg
per year) |NHj abated)
m 2,594
ur and Managerial 3,805
nges for Least cost BAT ‘basket’ 18,976 3,267 5.81
Wnimal housing ~ Maximum abatement ‘basket’ 52,856 5,103 10.36
3 Most expensive ‘basket’ 65,154 4,857 13.41
Sto age of manure Least cost &max abatement 10,795 5,867 1.84
nd slurry Most expensive & max abatement; 18,394 5,867 3.14
Landspreading Least cost & max abatement 1089 1,244 2.48*
B Most expensive &max abatement 7,422 1,244 2.61*
otal case 1 Least cost 43,208 10,379 4.16
i Max abatement 77,089 12,214 6.31
Most expensive 97,370 11,968 8.14
rmit 2,526
abour and Managerial 700
hanges for animal housing N/A
torage of manure Least cost &max abatement 1,148 624 1.84
nd slurry Most expensive & max abatement 2,203 624 3.53
ndspreading ~ Least cost & max abatement 1,939 319 6.08
Most expensive &max abatement 2,213 319 6.94
FYM on-farm 467 307 1.52
otal case 2 Least cost & max abatement 9,430 2,905 8.25
Most expensive 10,759 2,813 3.82
Tmit 2,594
ibour and Managerial 4,458
ototal 7,052
anges for Least cost BAT ‘basket’ 29317 6,371 4.60
imal housing ~ Maximum abatement ‘basket’ 74,293 8,807 8.44
' Most expensive ‘basket’ 94,051 8,491 10.68
1age of manure Leass cost & max abatement 13,398 7,282 1.84
d slurr Most expensive &max abatement | 17,835 7,282 2.45
dspreading Least cost & max abatement 4,405 b/ 2.10%
2 Most expensive &max abatement 5,039 17 2.17*
case 3 Least cost 54,172 13,670 3.96
Max abatement 99,148 16,106 6.16
Most expensive 123,977 15,790 7.85

Wal capital costs refer to a 20 years payback period and 6%a.a. interest rate.
_ fee of £2,950 plus £1,975 annual subsistence charge by the Agency (also

] Manager time). c) BAT options assumed as not mutually exclusive (i.e. not
O€tween phases and stages of production). d) End-of-pipe measures for housing
€re not included. e) None BAT in-process for housing were applied to case 2
.~c1g-only pig unit). * Cost efficiency here was calculated based on NH;

Mt the potentia] emission (not against the baseline).
4270431

Chapter 4 1PPC impacts on Case Studies " PhD 2002
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entioned earlier that the determination of TAN enables an overall view of the
E hroughout the pig production phases and waste management. The TAN
d for the current (‘without IPPC’) situation was presented in Table 4.21.

ying BAT to the case study units, TAN was estimated again, as presented in

__-_5__I_ TAN values showed in Table 4.33 for cases 1 and 3 reflect the fact that
an one BAT option could be applied to a given phase of pig production or
age and landspreading of manures. However, this condition was not

or case 2, where BAT measures for the straw based system of housing were

;ribed and, therefore, no ranges for alternative BAT options, produced.

were applied, the reduction in ammonia emissions resulted in significant
1 TAN. Figure 4.3 compares the TAN estimated for the baseline (current)
(Table 4.21 ) and the ‘with BAT’ estimated TAN in Table 4.33 for the three
. It is important to note that TAN in excreta is equal for both situations

mbers in Figure 4.3 are percentages of TAN in excreta.

illustrates N losses through release of ammonia at each stage of pig

(housing) and waste management (storage and landspreading of manures)

30w TAN varies among these different stages. It also shows that the

! dmmonia emissions by applying BAT for housing and BAT for storage

€ase TAN before spreading (as shown by the difference in TAN values in

Chapter 4 IPPC impacts on Case Studies PhD 2002
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» two immediate consequences for this increase in N-content (TAN) in
- spreading. First, this requires an increase in the area of land available
eading, as the application of N must not exceed 250 kg per ha per year. This is
jlarly relevant because the operators would need to find the extra land area off
mrms, which already is producing surpluses of manures. Second, the transfer of
. ;d which was previously released in the form of ammonia in housing and

e to the landspreading stage results in a reliance of the overall efficiency of the
t measures on the last stage of waste management. The performance of
iques for the spreading of manures is particularly sensitive to atmospheric

jons and to variations in the quality of the material being disposed of. It can be
special attention is required at this stage to actually guarantee abatement of

n from the system as a whole, and to reduce risks of pollution from what is

nutrient rich product for land disposal.

mpact assessment based on the selected indicators

lytical framework helped to derive a set of indicators to determine the impact of
1 the pig production units. Table 4.34 applies these indicators to the case study
Ving existing ‘without-IPPC’ baseline values and the relative change predicted
“w ith-IPPC’ regime. Although the set is not exhaustive, it captures the main
mental and financial implications of IPPC at the level of the individual

1on. The indicators show that the biggest impact will be in terms of capital

tin animal housing and the storage of manures, the cost of landspreading, and
abour and management costs. There is also an increase in energy consumption.

Sed later, there is a negative impact on financial margins per pig.

".'I Ors show that IPPC can deliver substantial reductions in emissions of
» Mainly associated with modifications to animal housing and storage of
NO value has been attributed in the analysis to the value of N contained within
Ures because, for the most part, they are commonly regarded as ‘wastes to be

. There are signs that new waste management technologies may encourage
be Considered as a ‘resource’.

Chapter 4 IPPC impacts on Case Studies PhD 2002
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45.5 Financial Impacts

In the UK, the regulator has a duty to determine the cost:benefit impacts of its
regulatory actions on third parties and to demonstrate that the regulatory burden is
minimised and proportionate to the alleviation of environmental risks (Environment

- Agency, 1996).

The costs of compliance for the case study installations were equivalent to between 1%
and 10% of the value of output depending on the BAT options adopted and the degree
of environmental improvement achieved. Comparing additional cost and current farm
net margins, it appears that, at the pigmeat prices for the year 2000, compliance with
IPPC regulations would render the installations unprofitable. Even the least cost

- proposed BAT measures would not be covered by the estimated net margin currently
obtained by pig unit. The breakeven 'without IPPC' pigmeat price was calculated to be
between 93 and 97 p/kg for these case study units, for an average price of 96p/kg at the
- time of the study. Implementing IPPC measures would require extra returns of between

3p/kg and 10p/kg of pigmeat (between £0.81 and £6.77 per pig sold), depending on the
type of BAT selected.

Minimum prices would need to be between at least £0.97 and £1.06 per kg

approximately to guarantee profitability under IPPC regime. This would require a return
to the pigmeat prices of the mid 1990s to allow the pig units to cover the estimated

IPPC compliance costs. This may not happen in the short term given the context of the
Pig market as described by MAFF (2000a).

There is, however, some scope for gains which will partially offset compliance costs,
Such as rebates of 80% of Climate Change levy in energy use for IPPC controlled
installations. However, potential synergy for environmental and commercial gain
appears to be very limited for existing installations. There would appear to be scope for

efficiency gains in feeding regimes which remains, in the context of the UK sector a

relatively underdeveloped topic.

Tiago Pellini Chapter 4 IPPC impacts on Case Studies PhD 2002
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[PPC and BAT, together with ongoing structural changes in the pig industry, are likely
: to encourage larger scale, specialist production units, and convergence of production

" and management systems.

4.6 DISCUSSION

* The implementation of IPPC is required to deliver the objectives of the Directive
efficiently, that is, guarantee proportionality of policy measures when providing
necessary environmental protection. Based on the results of the case studies, it is

I possible to draw some conclusions on the major issues, impacts, risks and uncertainties
associated with the implementation of IPPC regulation. A summary is shown in Table
4.35.

Table 4. 35 - Summary of key factors associated with [PPC compliance emerging from
the analysis of case studies

Issues Case 1 Case 2 Case 3

Feeding Need to move from one | Already comply with Already comply with
to two diets for sows BAT BAT

Water and Increase in the use of Increase in the use of Increase in the use of

: energy energy applying BAT energy applying BAT energy applying BAT
measures by 1% to 3%. | measures to spreading measures by 3% to 6%.
However, it is of manures. More However, it is
recognised that there is | limited scope for recognised that there is
scope for savings. savings if compared to | scope for savings.
the other two
installations.

Housing BAT measures Uncertainty to have BAT measures
associated with weaning | current straw base associated with
and finishing phases housing for finishing growing/finishing
account for the majority | pigs accepted as BAT in phases account for the
of extra housing costs. the future majority of extra
Uncertainty to have housing costs
current straw base
housing for growing
pigs accepted as BAT in
the future

(cont.)
Tiago Pelfin; Chapter 4 IPPC impacts on Case Studies PhD 2002
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Issues
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Case 1 Case 2 Case 3

~ Waste storage

Disposal of
waste to land

Labour and
management

Emissions

TAN

Compliance
costs

Cost-
effectiveness

Affordability
(for least cost
and maximum

abatement
BAT)

Covering the existing
slurry lagoon is costly
and difficult

Incorporation after
spreading is needed or
replacement of current
practice by a lower
emission technique

Increase in control and
monitoring activities,
possibly accommodated
within current work
force and some extra
contracting

Reduction of 25% to
33% of NH; emission

Increased in TAN in
soil after spreading
between 31% and 36%

Extra annual cost
estimated as from
£43,000 to £87,000

Abatement cost in a
range between £4 and
£6 per kg NHj; abated

Extra cost recoup would
require increase in price
or reduction of other
costs between 2p and 4p
per kg of pigmeat

Covering the existing
slurry lagoon is costly
and difficult

Likely to require
expansion of capacity of
slurry storage

Incorporation after
spreading is needed or
replacement of current
practice by a lower
emission technique

Increase in control and
monitoring activities,
possibly accommodated
within current work
force and some extra
contracting

Reduction of 15% to
16% of NH; emission

Increased in TAN in soil
after spreading between
69% and 71%

Extra annual cost
estimated as from
£9,000 to £11,000

Abatement costina
range between £3 and
£4 per kg NH; abated

Extra cost recoup would
require increase in price
or reduction of other
costs by 1p per kg of
pigmeat

Covering the existing

slurry lagoon is costly
and difficult

Already incorporates
manures into land but
requires extra
service/power to comply
with rapid incorporation
(<6hr)

Increase in control and
monitoring activities,
possibly accommodated
within current work
force and some extra
contracting

Reduction of 41% to
61% of NH; emission

Increased in TAN in soil
after spreading between
27% and 38%

Extra annual cost
estimated as from
£54,000 to £99,000

Abatement cost in a
range between £4 and
£6 per kg NH; abated

Extra cost recoup would
require increase in price
or reduction of other
costs between 3p and 6p
per kg pigmeat

It is important that IPPC, and its constituent BAT, provides robust and reliable solutions

for environmental protection which are compatible with other standards, such as those

Tiago Pellini
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. relating to health and safety, and in the case of farming, animal welfare. F or example, if
not well managed, partly slatted floor housing systems might produce dirtier pens than
fully slatted ones, increased emissions of gases and odours, and lower standards of

animal health, wellbeing and ultimately performance.

The majority of the proposed BAT for housing require an increase in the use of energy
in comparison with existing systems associated with flushing and other transport
systems for slurries and with more frequent mechanical removal of solid manure. This
is also the case for BAT for landspreading, where BAT measures generally require more
power than conventional techniques. So, an increase in the total energy consumption
can be expected with IPPC requirements on existing installations. In this respect, there
appears to be a trade-off between reducing emissions levels and energy intensity. There
is, however, scope to reduce energy input by optimising its use in other processes and

activities associated with pig production, such as heating, ventilation and lighting.

Reducing emissions throughout the pig production phases, especially by in-process
BAT housing, results in N-enriched manures going to storage. The same principle
applies to the landspreading phase: if measures are taken to reduce releases during
housing and storage, N- richer manures are available for spreading onto land. This fact
has two immediate implications: greater risk of pollution by these nutrient-enriched

Tanures; and, higher N-content manures require more land suited for spreading.

The previous point is core to the assessment of BAT. That is, the approach to BAT
focuses on solutions for each identifiable process or phase within the system. However,
at present, the approach to BAT does not offer an integrated assessment of options

applied to an installation as a whole, which is, after all, the very purpose of the IPPC
Directive.

By focusing on the reduction of ammonia emissions, some proposed BAT may actually
Promote the release of other pollutants. For example covering slurry stores can

S’JbStantially reduce the release of ammonia. But this favours anaerobic processes in the

Tiago Pelin; Chapter 4 IPPC impacts on Case Studies PhD 2002
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' liquid material which contribute to formation of methane, a greenhouse gas. Odours are

also likely to increase under anaerobic conditions (Williams and Nigro, 2000).

Conversely, the proposed low emission landspreading techniques offer a more precise
distribution of slurry, which contributes to a more reliable use of manures as fertiliser.
The drawback here is that these techniques are less flexible than conventional spreading
methods, requiring chopping/separation of dry matter from slurry, do not operate on
slopes over 6% and operations cause more damage to standing crops (Chambers et al.,
2001).

Methods to abate ammonia emissions at the point of disposal of animal manures
generally offer relatively high cost-efficiency, compared to storage and housing

- measures. For this reason, they have been a favoured instrument of environmental
policy in countries with particularly serious problems of pollution from intensive
livestock production, such as in the Netherlands (LNV, 1999). However, this is not the
approach adopted for IPPC implementation where measures relating to the production
phase per se and measures for associated activities such as storage and disposal of
animal manures are being assessed independently. Rather, they should be regarded as a

whole. This criticism challenges the very nature of the ‘integrated’ concept of the IPPC
Directive.

The current approach to BAT may not deliver the principle of ‘integrated’ pollution
control on a number of counts. F irst, it focuses on one major pollutant: ammonia/N to
 the possible exclusion of others. Second, it tends to focus on discrete phases of the
Production cycle, rather than considering the whole cycle abatement. Third, most of the
N-related candidate BAT for pig sector could be regarded as ‘end-of-pipe’ rather than
‘in-_process’ unless the amount of excreta TAN value produced per pig is reduced.
Current BAT are predominantly trying to better manage emissions from fundamentally

the same production process.

One further point is worthy of comment. The case study evidence, consistent with

®0eral experience of environmental abatement strategies, suggests that achieving
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' reduction of direct emissions to air from relatively diffuse (non-stack) sources is one of
the most expensive, and in this respect potentially less efficient, pollution control
methods. BAT for the pig sector has placed particular emphasis on the reduction of
ammonia emissions, which suggests that the IPPC regime is likely to involve relatively
costly measures for regulated installations. Although pig installations are (relatively)
point sources of potential pollution and therefore potentially easier more easy to control
at the housing stage, field disposal of N-enriched animal waste switch to a diffuse
source of potential pollution which is more difficult to control. This portrays an
interesting case of switching from a point source to a diffuse one. The BAT abatement
in [PPC housing does not really abate: it stores up pollutants for diffuse disposal, which

- unless carried out properly, exacerbates the potential risk of diffuse pollution.

The cost effectiveness analysis of IPPC showed that the ammonia abatement costs
estimated for the case study units were in a range between £3 and £6 per kg of NH;
abated (this range refers to the least cost and maximum abatement ‘baskets’ of BAT).
There are few references to assess whether these abatement costs are reasonable, that is,
if IPPC is efficient in controlling emissions from pig installations. One reference was
found in the results of application of the MARACCAS model in a European wide

survey (Cowell and ApSimon, 1998) involving different measures to control ammonia
emissions from livestock (including pigs). The marginal costs of abatement of potential
control measures were calculated, which can be regarded in this case as analogous to
cost efficiency. The “knuckle-point’ to select potential options was establish as being
ECU 10, which is approximately to the £6 value obtained in the case studies. Therefore,
the overall IPPC ammonia abatement cost seems to be efficient as it appears not to
determine excessive costs. However, more evidence is necessary to a correct evaluation

of efficiency of regime as it applies to pigs.

Effectiveness is another criterion for assessment of policy performance. As IPPC
assumes use of BAT and candidate BAT were selected if they could deliver at least 20%
abatement of ammonia emissions compared to the reference systems, it could be
assumed that it is effective. Therefore, BAT is inherently effective. However, thelcase

Studies analysis showed that the overall effectiveness of abatement depends on the
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es carried out in each stage of production and waste management. Using the
sterion of 20% abatement to be considered BAT, for the ‘with-IPPC’ simulation

- | abatement achieved in the case studies 1 and 3 would comply with BAT;

or. case study 2 had an estimated abatement of 15% of the baseline emissions and

. --- uire additional abatement measures to those applied be considered BAT

ant.

':abilily, it is recognised that the standard conditions approach through the

. adopted seeking to simplify the application for a permit and also the

ring and evaluation of granted permits. However, the case studies suggest that
dard’ approach still requires a considerable effort for completion by the

or, being, it could be inferred, equally challenging for the regulator. A learning
s involved here, and the process is likely to become more cost and time

it as experience is obtained by all parties. It can also suggest that newcomers
PPC applicants) are likely to confront more difficulties and have a more costly

ing process. These transaction costs are likely to decrease with experience gain

) improvements to the permitting process itself.
P ?tionality, it can be said that the abatement levels estimated in the case studies
atible with those required by the UK strategic target for ammonia abatement

> UN/ECE protocol. However, the compliance costs of IPPC estimated for the

8 Were significantly high and unlikely to be absorbed by the current financial

: .pture Captures large pig units, which contribute with the majority of the
emissions from the sector, it is expected to meet equity criterion. However, as

tof the [ppC Directive is only the pig and poultry sectors, it leaves out of the

... ntrol regime the major individual contributors to ammonia and methane

] the livestock sector, namely dairy and cattle activities. It also does not

0T pigs, which are often considerable large units.

[

Chapter 4 IPPC impacts on Case Studies PhD 2002



168 Cranfield

UNIVERSITY
Silsoe

_;! the case study evidence suggests that BAT can deliver significant reductions in
amonia emissions, thereby meeting the principle of prevention contained in

 Emphasis is placed on containing emissions during the housing and waste

e stages, the benefits of which are realised by subsequently adopting low emission
ol methods to land. The overall effectiveness and efficiency of the [PPC

therefore, rest heavily on the efficacy of land spreading, which is of course

] part of the total process. Compared to earlier stages in the process, however,
sosal stage is subject to considerable risk given its dependency on climatic and

a jtions. Furthermore, where land spreading is carried out by a third party,

the case for some non-farm pig installations, the IPPC regulation does not

o the disposal process. The point at issue here is that disposal of animal waste to

. ptentially the weakest link in the ability of IPPC to deliver its key

mental objectives. It is a critical topic for BAT, SFIR and subsequent

,,,,

work for assessment of IPPC impact on pig units was developed and applied to
' studies. The framework and its constituent set of indicators can help to
robust and integrated assessment of environmental and financial performance
tallations. That is particularly important when the applicability and

_ ness of some of the emerging BAT are not yet confirmed.

‘Study evidence suggests that the IPPC regime involve relatively costly

I regulated installations. Compliance costs associated with BAT measures,
y for animal housing, account for the majority of the additional cost

With by IPPC. BAT for storage and BAT for landspreading of manures

€ relatively more cost-effective in reducing ammonia emissions than BAT

but of course they cannot be seen in isolation.

Onia emissions from animal housing and storage of manures increases the

tem of manures to be applied to land. Therefore, the overall effectiveness
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res for the reduction of ammonia in BAT rests on that of disposal techniques.

i strongly affected by weather and field conditions, thus increasing the risk

dy analysis shows that IPPC is likely to impose a significant regulatory burden
ing installations which, given current conditions in the UK pig industry, could
se the financial viability of some businesses. Caution at this early stage of the
plementation process is required in order to avoid promoting techniques which

e financially expensive and of limited environmental benefit.

alysis reported here adopts an ex ante perspective and in this respect many
mate the potentially more flexible, less costly responses to IPPC in practice
¢ industry faces up to the reality of the new regulation. This new regulation is
) encourage innovation in pursuit of compliance and efficiency gains, such that

tude of the regulatory burden may be actually less than predicted here.

tical framework developed here and the results of the case study analysis

basis for assessing the likely extent of IPPC induced change at sectoral level.

ssessed in the next chapter.
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vsiS OF THE IMPACTS OF IPPC DIRECTIVE IN THE PIG
OR

presents the results from the survey to pig producers in England and

The specific objectives of the survey were to: 1) characterise systems, resources
niques in place on pig installations captured by IPPC; 2) identify awareness and
of pig operators of IPPC regulations; and, 3) extrapolate findings of the case
the industry level. The chapter reports on each of these aspects in turn. The
so reports the outcomes of a workshop which engaged stakeholders in a

y review of the results of the case study analysis and the sectoral survey.

ACTS OF IPPC AT SECTORAL LEVEL

¢ assistance of the National Pig Association (NPA), a survey of pig producers

e captured by IPPC was carried out as described in section 3.5 above. 75

ere obtained and used for analysis, covering 117 pig installations. The

g sections discuss the findings of the survey and the implications for the likely

'PC at sectoral level.

aracterisation of respondents by type of system
'Specialisation of the herd

815 of the case studies confirmed that the impacts of IPPC on pig installations
Msiderably depending on systems by specialisation of herd, showing that

] Ng breeding herds have more intensive use of capital and labour resources
-Only units,

inaire response according to system by specialisation of the herd is
Table 5.1 Breeding-only pig units accounted for 6% of total responses.

Sidered low ag they represented 18% of the NPA membership. However, it
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t to bear in mind that a substantial proportion of sows is kept outdoors and,
] d previously, was beyond the remit of the survey. Such a low number of cases

1) raise problems of validity of data for this system, as well as limiting the

of freedom for the statistical analysis.

g-and-feeding systems accounted for the major share of fattening pigs (54%)
gh they represented only 39% of the units. It suggests that these complete

eeding-and-feeding units have a larger scale of production than specialised

|
.only ones

1 - Number of responses and total pigs according to specialisation of the herd

by Response No. of pigs

ation of herd | Frequency | % of total | Total sows Total fatteners

(pigs over 30 kg)

only 7 6.0 5,055 -
only 65 555 - 118,127

& Feeding 45 38.5 31,252 140,256

117 100.0 36,307 258,383

questionnaire survey.

1ve larger scale in terms of number of pigs being finished for breeding-and-

nits is confirmed by the calculated mean values presented in Table 5.2.

the same was not verified in terms of number of sows: breeding-and-feeding

similar average number of sows if compared to breeding-only units.

= Number of sows and finishing pigs by type of herd

tem Category Number of heads
Mean Minimum Maximum
?nly : total sows 722 300 1,200
Feedin « 709? 175 6,000
nly Fatteners over 30 kg| 1,962 280 6,400
Feeding “ 3,184° 180 7,500
here 18 10 statistical difference between mean values for sows, based on the
tney test; b

1 ; b) mean values different at significance value < 0.001.
€stionnajre survey.
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whereas the maximum number of sows was 8§ times the threshold (6,000
__ppendices 5.1 and 5.2 show the distribution of pig units by number of sows

mber of finishing pigs.

llts in Table 5.2 show that although the average number of sows in breeding-

: g units were below the threshold for this category (i.e. 708 against a threshold
sows), these units would fall under IPPC regulations. This is because the

of finishing pigs is well above the 2,000 fatteners determined in the Directive.

) breeding-and-feeding units are more likely to be affected by IPPC than

2d units (breeding-only and feeding-only). Although they may have an average
. fsows lower than the IPPC threshold for sows, in practical terms breeding-

ng units with more than 400 sows are likely to be captured for having more

eshold number for finishing pigs (over 30 kg).

gic responses to regulation by IPPC, as discussed with pig operators and
atives of the pig industry in the workshop organised in Silsoe (section 5.2),

e options of scaling down the size of pig herd (number of sows and finishers)
0 avoid being captured by the threshold. Alternatively, breeding-and-feeding
gt split their feeding phase in a number of smaller units to avoid the threshold,
anging the breeding herd status, or yet become specialised breeders, keeping
elling piglets to be finished in another unit. However, such conversions
imited on grounds of bio-security: a complete system is relatively closed,
beneficial factor for herd health and control of disease outbreaks. A

of great number of complete units to specialised breeders would require the
units to increase their capacity,
€ Units.

leading to further concentration of fatteners

YPe of anima housing

OWS the frequencies of housing systems in each pig production phase. This
Y high incidence of straw based housing systems in the service (mating)
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ith 81% of total responses. Straw based systems comprised around 85% to
sows in the survey'. This confirms the widespread use of such systems,
jally following the ban of stall and tethers in the beginning of 1999. The effects of
re regulations on animal housing are further discussed in section 5.2 on

wetion and refurbishment of premises.

3 - Housing systems according to the pig production phase
tion phase Housing system Frequency Percent*

straw based 42 81%
solid floor 7 13%
straw based + solid floor 3 6%
partly slatted floor 21 46%
straw based 10 22%
fully slatted floor 7 15%
fully + partly slatted floor 3 7%
mixed (straw based + fully or partly slatted) 5 11%
fully slatted floor 21 35%
partly slatted floor 16 27%
straw based 16 27%
fully + partly slatted floor 3 5%
mixed (straw based + fully or partly slatted) 4 7%
straw based 60 53%
fully slatted floor 23 20%
partly slatted floor 17 15%
solid floor (no or limited straw) 4 4%
mixed (straw based + fully or partly slatted) 10 10%

percent of the total installations reporting type of housing for the phase.
questionnaire survey.

i

1001 systems (either partially or fully slatted) are predominant in the SJarrowing
ing phases. They were present in about 67% of the pig installations involved

&Y, excluding mixed slatted and straw based housing.

€d systems showed quite a high incidence (of 53%) in the finishing phase

10 the I€sponses obtained in the survey. Other sources of data, such as the

Trefe : . o -
=TS 1o the fact that some installations reported a combination of straw based and non-straw 1
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. National Survey on Pig Production Systems (NSPPS) 1998, suggested that the

predominant housing system for finishing phase is the solid floor (with solid dung
passage). Straw based systems, defined in the NSPPS 98 as deep straw yards, were
present in 26% of pig holdings for finishing phase. The slatted floor systems were
expected to have a higher presence in this production phase, because they are large
installations (see section on structure of Dpig production, Chapter 2). However, partly or
fully slatted were reported to be the dominant housing system for finishers in only 35%
of the units in our survey, similar to 30% published in the NSPPS 98, which involves all

pig farms declaring 20 or more breeding sows or 200 or more pigs.

Figure 5.1 shows the distribution of finishing pigs (over 30 kg) according to type of
housing based on the information by respondents to the questionnaire survey. The

figure confirms the importance of straw and fully slatted systems.

mixed
slatted +
straw  \
. 15%
mixed
slatted-
8%

straw based
41%

partly
slatted
13%

fully slatted
23%

Figure 5. 1 - Number of finishing pigs by housing type, % of
total installations
Source: Table 5.3.

Itis still unclear what BAT measures are required for some housing systems for
Compliance with IPPC. Great uncertainty remains on the definitive acceptance or not of
Straw based systems as BAT at European Union level. The results from the case studies
pig installationé suggest that compliance with BAT for housing may be the most costly
 individual item of the IPPC compliance costs. The characterisation of predominant

Production systems for housing by the sectoral survey indicated that particularly for the
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| finishing phase, the sector is far from compliant with BAT. There is the risk that
imposing replacement of predominant housing systems will force a substantial
proportion of pig producers out of business because they are not prepared to make or

capable of making the necessary capital investments.

Solid floor, straw based systems are accepted under BREF Note as BAT for dry sows.
However, the negotiation for inclusion in BAT of the straw based housing for finisher
pigs, which is particularly widespread in the UK, was a more contentious issue within
the Technical Working Group (TWG) for IPPC. The outcome was a moratorium on the
use of straw based systems until more scientific evidence is generated on their
performance in terms of ammonia emission. Therefore, there is a risk that in the
medium to long term (the BREF is due for revision every 4 years) straw based will no
longer be accepted as BAT for housing for finishers pigs. In that case IPPC would have
a great impact of IPPC on the pig industry as a whole. Straw based systems are
associated with feeding-only units, whereas slatted floor systems seems to be associated

with breeding-and-feeding units.

Cross tabulation of types of unit by herd specialisation and by types of housing showed
significant association for finishing phase (Pearson Chi-squared test, Appendix 5.3).
That is, straw based finishing houses are associated with feeding-only herds whereas

slatted floor systems are more associated with breeding-and-feeding herds.

In fact, solid floor and solid dung passage systems (which do not use, or have very
limited use of, straw) seem to have been recently converted into straw based pens or
yards. This conversion needs little change in animal buildings, other than the
introduction of bedding material, usually straw, and its management (replacement of
Dew bedding three times a week, mucking out the old plus excreta). This profile of low
investment by the pig industry in recent period was confirmed in the workshop
Organised at Cranfield University at Silsoe to discuss the preliminary results of this
T€search (section 5.2). One of the consequences of this phenomenon is that there is

: divergence between direction of pig systems in the UK and that of systems currently

being accepted as BAT. In spite of their common incidence, straw based did not feature
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in BAT in January 2002. For this reason there is the risk that a large part of the UK
sector would be rendered potentially non-compliant with BAT, with major implications

for additional costs to switch to slurry based systems if required by IPPC2.

5.1.2 Current profile of pig installations: age and refurbishment

The case study analysis confirmed that IPPC compliance costs are likely to be relatively
high for existing installations rather than for new ones, and that the need for extra

capital investment was a major element of compliance costs.

The sectoral survey identified that two main structural change have recently took place

in the pig industry, namely: the conversion of sow accommodation to group housing,

straw based systems, and, the conversion of solid floor (no straw) and solid dung
passage housing for finishers towards straw based systems. The former one was driven
by welfare regulation, which banned stall and tethers for sows. However, the latter one
reflects a more complex set of reasons. Among them, and possibly the most important
reason, is the strategic view of operators of the pig market. Competition by other pig
production countries, relatively higher costs of production and a long term low price for
pigmeat® have discouraged major investments in housing. As a result, the stock of

housing and related facilities have in many respects been run down, and operators have

adopted short term measures to accommodate change.

The argument that the low investment in buildings is a reflection of the low expectations
in the pig market by operators, who therefore prefer to avoid the risk of making
Substantial capital investments in their activity, appears to be confirmed by the fact that
the Tunning costs of straw based systems are higher than those for slatted systems.
Acéording to a major UK supplier of pig housing and equipment (Pyramid Ltd., pers.
omm.) the total production cost is comparatively lower for fully slatted floor systems

than straw base ones (approximately 7p per kg pigmeat produced). The difference is

3 4
Stt’r'f’oW based systems were given a provisional BAT status in the forthcoming BREF Notes, after the 2™
ublic Consultation. However, BAT predominantly is associated with partly slatted, slurry based systems.

b €S€ are arguments continuously raised by sector representatives and other industry forums. They do
are necessarily reflect the opinion of the author here.
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‘ mainly due to more intensity in labour use required by straw based systems. Thus, if in
the long term straw based systems are more costly, the immediate preference for them

by operators reflect a short term response to uncertainty about future industry prospects.

Suffice it to say that a fully slatted floor with a full width manure pitis not BAT.
However, the secondary information in the BREF drafts suggest that for new
installations the additional costs of abatement measures to this system, or of alternative
BAT for housing, are negligible. That s, compliance with BAT does not imply
substantial change in the overall cost of new housing. Adapting existing installations to

BAT, however, is more of a challenge.

Figure 5.2 presents the distribution of buildings by year of construction in the pig
installations surveyed. Around 75% of the buildings for animal housing were built after
the year 1970. Assuming a 30-year period as life span for such constructions, this
means that 25% of the current (year 2001) installations are now completely depreciated.
- Italso shows that more than 60% of the total buildings were already built by 1980,
suggesting that a major part of animal housing is at the end of its operational life.

Around 25% of these buildings are reported less than 10 years old.

Continuous improvement and refurbishment of buildings for animal housing are
common practice in the sector, as reported by 56% of pig units. It was reported that in
some cases pig production had been carried out on the same site for more than 140
years. Information on refit and refurbishment was gathered in order to help to better

qualify the current condition of the buildings, as presented in Figure 5.3.
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Figure 5. 2 Year of construction of animal housing
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Figure 5. 3 Year of refit/refurbishment of pig buildings

igure 53 shows that more than half of reported refit or refurbishment of animal
OUsing was carried out between 1996 and 1998. Table 5.4 summarises type or
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| category of refit in buildings reported in the questionnaire survey. These mainly refer to
changes in the housing system to comply with welfare regulation which banned keeping
breeding sows in stalls or tethers from 1999, Pig producers switched from individua]

stall or tethers systems for sows, usually on slatted floor, to group housing for sows on

solid floors with straw.
Table 5.4 confirms that many refits involved incremental modifications and

improvements rather than complete or extensive works in the pig units. Only 7 out of

82 responses, or 9%, reported a complete refurbishment of the unit at once,
p % p

Table 5. 4 — Type of refit in pig installations

Type or category name for refit Frequency
Absolute %
Change from individual to group housing for sows 23 28%
New building or expansion of animal housing 20 24%
Conversion of existing house to new use or system 10 12%
Replacement or improvement of the feeding system 9 11%
Changes in housing for finishers 7 9%
Complete or extensive refurbishment 7 9%
Continuous improvement of buildings 4 5%
Insulation l 1%
Ventilation 1 1%
Total 82 100%

Source: questionnaire survey.

Expansions of facilities were mostly associated with the finishing phase. The most
¢ommon new feeding technique was the installation of electronic sow feeders (ESF),
Wwhich enables each sow to be individually fed in group housing by use of a transponder

 linked to an automated computer controlled system.

The profile of refit in pig buildings as above mentioned confirms the trend for the
breeding herd (sows) to move towards straw based, group housing. However, this was
10t evident for other production phases. Three units reported refit related to the
tonversion from finishing pens to straw yards, an equal number of units reported they

had converted their finishing systems for slurry based ones.
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These results show that pig installations involve relatively old buildings and much
refurbishment is needed and, therefore, considerable capital expense is required.

However, much of the stock is already depreciated or approaching the replacement

nvestment period.

;.1.3 Characteristics of the sites where the pig units are located

ite specific features of the installation, especially possible impacts on loca] sensitive

eceptors, are an important aspect of IPPC. These include soil type, proximity to water

ourses, conservation sites, and local settlements.

The characteristics of the soil relate with the aptitude of area for landspreading of
nanures and with the intensity of processes associated to this practice such as nitrate
aching and surface run off, The predominant soil reported for the pig units and

djacent areas is presented in F igure 5.4. This figure shows that clays and loams are the
0St common types of soils. Light, well-drained soils such as sands were predominant
only 16% of the cases. This Suggests most of areas surrounding the pig units and,
iherefore land likely to be used for disposal of manures, are not particularly risky for the
Ching of nitrates. However, surface run-off can be a problem in heavier soils,

pecially when dealing with disposal of liquid manure (slurry).

r\;
J .
|

loams
28%

| 14%

Figure 5. 4 - Predominant soils in Pig units and adjacent areas

Source: questionnaire survey.
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Table 5.5 presents the reported information by respondents on the occurrence of
environmental features potentially sensitive to the pig production activity and associated
processes. The most common potentially sensitive receptors verified (71% of
responses) were residential areas near to the pig unit (within a three-kilometre radius,
following criteria used by the Agency). The closest neighbouring house to the pig unit,
not including farm dwellings, was on average 568 metres away (mode value 500 m),
whereas a major residential area, such as village or town was on average at 1,237 m
(mode 2,000 m) far from the unit. The sensitivity of receptors here is related mainly
with the potential nuisance cause by emission of odours to dwellings from the pig

buildings, storage and landspreading of manures.

Table 5. 5 - Occurrence of potentially sensitive environmental features in the vicinity of

the pig unit
Sensitive receptor No Yes Don't know
residential area in the vicinity* 34 &3 -
watercourses, spring or borehole 44 73 -
areas within a NVZ 86 27 4
nature conservation or protected areas** 98 14 5
other environmentally sensitive features 114 3 -

Notes: *within a 3 km radius; **such as SSSI and woodland, in a 2 km radius
Source: questionnaire survey.

The majority of the pig units (62%) reported proximity to watercourses or some other
Ratural water source. This highlights that special measures are need to reduce the risks
associated with run-off of dirty water from yards and by spillage of dirty water or slurry
. from storage, transport and distribution systems. Watercourses were on average 168
Mmetres distant from the installation (mode = 100 m). Springs or boreholes were on

average 88 metres from the installation (mode of 10 — 100 m).

Around 23% of the pig farms were reported to have areas within a Nitrate Vulnerable
Zone (NVZ). Also, 12% reported the existence of a nature conservation or protected

A2 within a two kilometres (km) radius. Only 3 out of 117 installations reported other
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sensitive features in the vicinity of the pig installation, referring to non-agricultural

pusinesses and historic site with tourist interest.

. Having areas within a NVZ implies a reduction of the allowance of nitrogen application
from organic manure on arable land, that is, limiting N loading to a maximum of 210 kg
per ha per year. This current threshold will be further reduced to 170 kg per ha per year
by December 2002 (EC Nitrate Directive 91/676). A considerable expansion of NVZs
is expected in England (DEFRA, 2001b), which in practice will require an increase in
the total area for spreading of manures. The Government announced that NVZs will
- cover 55% of the total agricultural area (DEFRA, 2002d), being concentrated in the
Midlands and eastern counties (therefore, coinciding with major pig production areas).
| Drawing on the case studies results, a maximum of 63 cubic metres of slurry per hectare
(slurry with 4% N in content) can be spread if the limit of 250 kg N per ha per year is
not to be exceeded. If this limit is reduced to 170 kg N per ha per year (according to
Nitrate Directive, from 2003) the maximum slurry to be spread is 43 cubic metres per ha
per year. The average areas for spreading varied between 211 and 330 ha, and the
- increment to the average spreading area required under NVZs would be, respectively, of
100 ha and 155 ha (i.e. 47%).

Furthermore, the existence of nature conservation or protected areas close to a pig unit
may determine the demand of additional measures in the installation under the IPPC
permit to reduce the risk of damage to these special sites. Ammonia emissions are
Particularly associated with negative effects to these ecosystems, although it is difficult

1o determine with certainty the local effects®.

3.1.4 Waste management

The case studies analysis showed that waste management stage, involving the storage
and disposal of manures to land, is very important for the achievement of the overall

effi‘liency of BAT. As TAN in manures increases during animal housing, especial

aReSUIt_S from Ammonia Distribution and Effects Project (ADEPT) showed that local redeposition of
MMonia onto farmiand can be as high as 30% (DEFRA, 2001b).
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ttention is necessary in the waste management stages (storage and disposal of manures)

o guarantee reduction of emissions of ammonia.

Around 67% of the installations reported a Farm Waste Management Plan (FWMP),
which indicates that there is already a degree of planning and monittoring for use of
manures in pig farms. Although the sectoral survey did not assess the degree of
ompliance, the fact that a majority of pig operators holds a FWMP at least suggests

hat there is awareness of good practices for handling farm wastes. Drawing on the case
tudies, the operators have the FWMP as guidance but they are not necessarily

ollowing them in the way required under IPPC.

torage of slurry and FYM

he type and capacity of manure and slurry stores are important features of waste
anagement both because they are associated with the gaseous emissions during
torage and for they determine the flexibility that the pig operator has for the timing of
¢ landspreading operation. The case studies suggest that compliance with BAT for

orage of slurry, which requires covering of surface areas of slurry stores, involve

nsiderable costs.

he incidence of types of storage facilities for slurry and solid manure is shown in

gure 5.5. Slurry is predominantly stored in earth banked lagoons and below ground

S Or structures (with, respectively, 38% and 31% of the total installations reporting
urry storage). Also above ground circular tanks are commonly used for slurry storage
1% of responses). It was also reported that 8% of installations managing slurry do not
V€ an external facility for storage, which means the slurry stays in the pit underneath
1S and then is directly transported from there to be disposed of. This long term

Tage is not recommended as gaseous emissions are likely to increase inside the pig
USing.

2dly, these responses agreed with the characterisation of slurry stores by Smith et al.

00), which refers to a 1996 survey on pig units with more than 100 pigs in England
Wales, However, our sectoral survey identified higher participation of earth banked
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lagoons and circular tanks and, conversely, lower use of below ground type structures.

This possibly reflects the fact that lagoons are more frequently used in the relatively

Jarge scale pig units involved in our survey, whereas below ground tanks are possibly

best suited for units not handling great volumes of slurry.

8%

Slurry storage

above
ground
circular
tank

earth
banked
lagoon
38%

Solid manure storage

other/not outside
no permantly usin:
; informed g
outside covered -temporary
storage 2% area

4%

outside

storage
area
94%

21%

below
ground
tank or

structure

31%

Figure 5. 5 - Storage facilities for slurry and farmyard manure, % of total
Source: questionnaire survey

There was association between type of specialisation of herd and type of slurry storage.
Barth-banked lagoon seem to be linked to breeding-and-feeding units whereas below
ground tanks or structures are associated with breeding-only herds. Appendices 5.4 and

3.5 contain cross tabs and statistical tests supporting these assertions.

Discussion with specialists and farmers suggested that slurry stores are as a rule
Uncovered structures, independently of their type. Therefore, the sectoral survey did not
asked whether or not slurry stores were covered. One of the respondents (out of 109

installations reporting slurry stores) did report slurry storage under a covered area.

Lagoons are difficult to cover as they have a relatively large surface area compared to

tanks (gencrally deeper, thus having more volume capacity per surface area) and no

Tiago Pellini
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A rigid structure to fix cover materials (Williams and Negri, 2000; Scotford and Williams,
2001). Floating covers are possible alternatives but more sound evidence is required of
their applicability at a commercial level (I. Scotford, pers. comm.). Notwithstanding,
more than half (52%) of the respondents reportedly use tanks, either above or below
ground, which means the implementation of mandatory coverage of slurry stores could

be more practicable for them than for those having lagoons.

So far, the case studies evidence suggests that is more feasible the replacement of
existing large surface lagoons by other new structures with reduced open area than
covering them. Substantial compliance costs are involved whichever the option is

taken, based on the estimated costs for the case study units.

Regarding solid manure, storage is mostly outside. External areas close to the pig
buildings, uncovered and without any or very little structural work such as concrete
flooring, are commonly used to store manure removed from the animal housings,
usually piled up to form heaps or stacks. Only 4% reported roofed (permanently
covered) areas for storage and as little as 2% had temporary covering for storage of

solid manure.

Often a pig unit will have both types of organic waste, slurry and manure, as different
production phases may comprise different housing and waste handling systems. Also
the way by which waste is handled produces more than one type of manure. For
instance, solid manure usually produces effluent, especially if it is exposed to rainfall as
: oceurs in outside storage, which need to be stored (adding to dirty water from yards) as
Slurry. Conversely, slurry pumped from the reception pit underneath animal housing
often requires partial removal of solid content before entering the lagoon or tank. This

mechanically separated fraction of the slurry is handled as solid manure.

Most of respondents (75) reported existing capacity for storage of slurry in terms of a
Period of time to full capacity, which was on average five months (mode two months).

As shown in F igure 5.6, the majority of pig producers have storage capacity between 2
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;and 6 months. 15 informants provided volume of stores, with average capacity of about

6.500 cubic metres (m?) for slurry storage.

Solid manure is considered to have unlimited storage capacity in an outside storage

: (basically it only needs a fraction of land). So it does not make sense to refer to this

' capacity in terms of volumes of solid manure stored, being more appropriate to
determine length of time (months here) required to full the storage yard. A substantial
part of the units have storage capacity for solid manure equal to or greater than 12

‘ months (Figure 5.6).

Treatment of manures is not common practice in the pig installations surveyed. Only 18
units (15% of respondents) reported treatment for slurry or solid manure. Mostly,
treatment was mechanical separation of solids of slurry (14 of the respondents), which
involves reduction of solid content by separation using sieves of major granules, mainly
to avoid blockage of pipes used for transport and distribution systems for liquid manure.

Only 4 units informed composting and 1 reported doing some aerobic treatment of

manure.

Slurry storage capacity Manure storage capacity
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30 301
25 25 |
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Figure 5. 6 - Storage capacity of slurry and FYM in months
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Disposal of manures through landspreading

The great majority of the units (86%) declared disposal of manures by spreading them

onto their own land (owned or managed by the pig operator). Also, 37% make use of
third party land for disposal of animal waste. These results suggest that, first, in

' general, pig units are integrated with other on farm enterprises as far as waste

’ anagement is concerned and, second, the management of animal wastes (disposal of

' manures) is a shared operation between the pig enterprise and other enterprises such as
arable crops. It can be inferred from the latter that the pig unit may obtain advantages

of scale on the use of machinery and equipment such as tractor and cultivation

equipment. Integration of enterprises or agricultural systems is one crucial aspect to

I ealise the potential benefits of using by-products from one system (animal waste from
ivestock) as an input to another system (fertiliser for crops and pastures). Based on the

tesults of the case studies there are potential financial benefits of use of manures in

Lable 5.6 presents the average areasavailable for landspreading of animal manures in the
died pig installations. Not all installations reported estimations of area and, in
.ddition, some data have been discarded for calculation purposes as they were likely to
ontain errors (often by double counting of available spreading area for installations
ithin the same farm holding or managed by the same operator). Thus, based on the

alid data, the average area available for disposal of manures was of 211 hectares on

Staj

llations declaring disposal of manures exclusively on own-farm land. The land

Vailable for spreading for installations declaring to spread manures exclusively onto

Ud party land was of 240 ha on average. Finally, the average landspreading area for

0S¢ installations declaring to use both on-farm and third party land was 330 ha.

tereSting to note that for the latter group, the third party area was greater than the on-

only area for spreading of manures.
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Table 5. 6 - Average available area of land for spreading of manures

Type of spreading No. of units |Available area in hectares(ha)
on-farm  third party [total
Only on-farm 60 211 - 211
Only on third party area 18 - 240 240
On-farm and third party 16 119 201 330

Source: questionnaire survey.

These data reveal that although most pig units rely on their own land for the disposal of
animal manures, a considerable number of pig units make use of areas on other
agricultural holdings to meet their land requirements for this operation. Also, they show
- that a considerable number of pig units depend exclusively of the land of third parties.
This means these units would not benefit from the use of manures as fertiliser and, also

important, they have to bear transaction costs related to the establishment and

maintenance of agreements between pig operators and third parties for the use of land
for spreading of manures.

There is association between type of system by specialisation of herd and use of third
party land for disposal of manures, that is, breeding—and-feeding units tend to be

associated with landspreading on third parties land (see cross tabs and Chi-square
results in Appendix 5.6).

The average distance from the pig unit to the on-farm spreading area was 824 metres

and 4.7 km for the third party land. These data suggest that cost of transport may be

Signiﬁcantly higher for the disposal of manures undertaken off-farm.

Figure 5.7 shows that main systems used for transport and distribution of slurry involve
tankers (55% of responses), with considerable use of umbilical hose and irrigation
®Quipment. The distribution of slurry is mainly undertaken using broadcast spreaders
(68% of Tesponses) followed by band spreaders (16%). Slurry soil injectors, trailing

shoe Spreaders and irrigation Systems presented similar frequency of use, that is, were
**ported for around 5% of respondents.
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Rear discharge spreaders are dominant technique for disposal of FYM to land, being

used by 88% of respondents, with the balance using a rotor- or side discharge spreader.

There appears to be an association between transport and distribution of slurry and
FYM, type of herd and housing. That is, as shown in Appendix 5.7, transport of slurry
using umbilical hose tends to be linked with breeding-and-feeding herds, which are
relatively bigger and, therefore, manage considerable volume of animal waste.
Significant association was also determined between the use of slurry tankers and
broadcast spreaders (transport and distribution methods) and straw based housing

systems for finishers (Appendices 5.8 and 5.9).

1 - Slurry transport systems 1 | Slurry distribution systems
| tra”ing irrigator
shoe 5% |
I | spreader |
I-oYv rate 59, |
irrigator

|| injector

=% 6%

umbilic
al hose
26%

broadcast
spreader
68%

discharge
spreader
88%

=

Figure 5.7 Slurry and FYM transport and distribution systems, % of respondents
urce: questionnaire survey.
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After spreading, as shown in F igure 5.8, slurry and FYM involve very different
management practices. Whereas 75% of respondents said F YM is incorporated, only
36% incorporated slurry after application. With respect to guidance on good practice,
only 12% of respondents informed that slurry was incorporated within § hours from

spreading, and 26% for FYM within 24 hours next to landspreading operation.

—_—

65%

49% O notincorporated
into land

!

|

|0 same day or within

! one day after

| application

/m more than one day
after application

24% 25%

% of responses

| 12%

!
{ Slurry FYM
L -— ]

Figure 5. 8 - Incorporation of manures onto land

The spreading of manures to land is predominantly undertaken by the pig operator
(Figure 5.9). It is also common to use contractors, especially for the spreading of solid

Manure (FYM). Use of contractors for spreading of slurries is associated with breeding-
and-feeding units (Appendix 5.10).

|
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37% 03 unit or farm staff |

29%
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% of respondents

Slurry FYM

Type of manure

Figure 5. 9 - Operator and contractor spreading of slurry and FYM onto land

Respondents were asked to indicate the use of methods to calculate the quantity of
slurry and FYM which is spread per area of land. This is important because the volume
or tonnage of manures determines the total N applied per area of land (subject to a

‘maximum of 250 kg N per ha per year). Around 50% of respondents said they use one

or more techniques to calculate N in manures, as follows.

The slurry application rate is mainly based on the volume of slurry pumped by time
(pump capacity, with 15% of responses) or control of volume of slurry inside the lagoon
(14%). This means standard values (standard estimates of N per volume of slurry based
Ol average nutrient content tables) are used to estimate N applied per area. Only 9% of
fespondents reported use of a slurry rapid N tester on farm. Also only two respondents

Teported use of a rainfall measurement and laboratory analysis to calibrate N application

and consultation with a farm advisor.

Application rates of FYM are also almost exclusively based on estimates of tonnage

‘26%) by weighing loads of vehicles or volume of FYM heap (16%) and use of standard
Ulrient content tables.
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| There is little evidence that robust methods are used to assess the nutrient value,
particularly of nitrogen, of manures applied to land. A waste approach to manures,
rather than a resource-based one, is still dominant. However, exploring this issue with
the managers of the case studies units suggest that there is increasing awareness of the

potential value of manures as a source of nutrients for crops, and greater integration to

the farm practices as a whole.

The predominance of rough methods for calculation of application rates of manures
indicates that pig farmers have limited means to measure the contribution of manures as
. soil nutrients. In fact, there is indication that in the UK there is little difference in
(bought) fertiliser input between fields where manures are applied and those not
recetving manures (Smith and Chamber, 1995 quoted in Smith et al. 2000). Smith et al.
(2000) suggest that a lack of confidence by farmers to rely on nutrients applied in
manures, especially for N, is the main factor why they often do not significantly reduce
the use of bought fertiliser following application of manures. There is a need for
guidance on improving the assessment of the potential contribution of manures in
supplying nutrients for plants, such as that contained jn the advisory software
- MANNER® by ADAS (MAFF, 2000c).

According to the secondary information used to estimate costs for the case studies, low

emission landspreading techniques such as slurry soil injection cost more per hectare
and are operationally less flexible than broadcasting. However, a manager of one of the
case study units referred that they moved from broadcasting plus incorporation to soil
injection technique (done by contractors) and that no limitations were verified in terms
of Operating the technique for the whole area. Rather, the new technique enabled

difficulties related to material handling to be overcome, for it does not need reduction of

Solids by a dry matter separator.

The above point illustrates well the difficulty of determining ex ante costs based on

Several assumptions and data sources. The agents tend to innovate and advantages not

5
Manure Nitrogen Evaluation Routine (MANNER).
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perceived before are generated. However, they are only perceived when the new
technique 1s actually in place.

Disposal of carcasses

Figure 5.10 shows the methods used for disposal of carcasses in the pig units surveyed,
as reported by the respondents.

burial pit

smalil
299, incinerator,
on site

37%

knackerman
30%

authorised
___incinerator, off
site

4%

Figure 5. 10 - Disposal of pig carcasses (mortalities) in the pig units
% of responses

Source: questionnaire survey

The disposal of carcasses is predominantly carried out on-site, most commonly (3 7%)
using a small incinerator (up to 50 kg per hour capacity). The other option for on site

disposal of mortalities is the burial in a proper pit, reported by 29% of respondents.

Off site disposal of carcasses is mainly undertaken by knackermen (30%). Only a small

Percentage of respondents (4%) informed to contract an authorised incinerator.
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| 5.1.5 Use of raw materials, water and energy

~ This section describes the use of feed, use and management of clean water and of
energy in the pig units based on the questionnaire responses. Therefore, the
characterisation of practices is focused on IPPC requirements, which intends to assess

the readiness of pig units for the regulation.

Feed preparation and management

To date, IPPC requirements for feed refer to use of a minimum of two different diets for
sows and two or three diets for finishers, which is already predominant practice in the
pig sector. As feed cost accounts for a major proportion of the total production cost, as

- confirmed by the case studies, there is little scope for very prescriptive feed

requirements by IPPC to be applied to the current feeding regimes. Feeding tend to

remain a commercially driven feature of pig production.

Around half of the units (51%) use home-mix feed. Home mixing foodstuffs involves
two elements relevant to an IPPC permit, as follows. First, on the resource consumption
side, it involves a relatively higher energy input (on farm) associated to milling, mixing
and conveyance equipment (see case studies). Second, on the emissions side, home
mixer units are more likely to generate nuisance by noise with operation of the above

described equipment, and to produce dust.

Preparation of swill within the premises was only reported by one respondent. The

Preparation of swills can be source of odours and cause nuisance problems. Following

the foot-and-mouth disease outbreak in 2001, the government imposed tighter

Iegulations on use of swills as feed for livestock.

The great majority of respondents (75%) reported the use of multiple diets for pigs.
This confirms that the use of different diets, which vary in content, especially for
Protein, according to the production phase where pigs are in, is a commercially driven
Phenomenon. Tt is important to bear in mind that it is not the same as having multiple

Phase feeding regimes, which is still a novel feeding management technique.
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Water use and management

About 58% of respondents reported water supply by mains (an additional 9% reported
mixed mains plus abstraction), which suggest that permitting tariffs apply to the use of
this resource. Therefore, no misuse is rationally expected as water is a priced resource.
The common practice of several measures identified in the sectoral survey confirm the
results {rom the case study analysis suggesting that there is limited scope for
improvement in the use of clean water. Therefore, IPPC is unlikely to determine a

major change in the use of this resource.

Figure 5.11 shows the participation of different sources of supply of clean water
according to the respondents of the sectoral survey. Predominantly clean water is
supplied from mains (58%), or by a combination of mains and groundwater abstraction
(9%). However, a substantial part of the respondents (32%) informed to rely on the

abstraction of groundwater for water supply of their pig units.

Usually there is no measurement of water use against individual operations in the pig
units surveyed. Only 14% of respondents indicated to have in place water meters for
monitoring of consumption of activities such as cleaning and washing pens or drinking

water for livestock.

Abstraction Mains +
from groundwater
surface ; 9%
water

1%

Figure 5. 11 - Clean water supply by source, % of responses
Source: questionnaire survey.
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| Respondents were also asked to report on equipment and practices which are regarded
as good practice in the use of water. Some of them are already predominant practices,
such as use of high pressure washers (for cleaning of pens) and byte type drinkers,
which were reported by respectively 93% and 92% of respondents. Also practices such
as scraping or scrubbing floor and walls before the washing down of pens and yards,
and covering tanks and reservoirs of clean water (to avoid evaporation) are significantly
disseminated in the sector (both were verified in 44% of the responses). However there
is scope for diffusion of other simple measures such as fitting k68 use trigger nozzles,
which were reported by only 24% of respondents. Additionally, 8% of respondents
informed collection and storage of rainwater for washing and 3% reported re-use of

dirty water in flushing systems of slurry pit.

Clean rainwater from roofs is separated from the dirty water systems and run-off from

yards in the pig units according to 76% of respondents.

Use and management of energy

Most of the respondents (84%) reported not having separate metering for electricity in
the pig unit, which sﬁggests a poor level of monitoring of the energy consumption.
However, the sectoral survey identified the use of measures and equipment which are

regarded as good practice on use of energy, presented as follows.

Some of ‘good practice on energy use’ techniques are associated to environmental
control systems already predominant in the pig units. Thus, 77% of respondents
informed their pig units apply insulation of buildings and 57% use Automatically
Controlled Natural Ventilation (ACNV).

Lighting and heating systems were identified as major sources of energy consumption in
the pig unit (see Chapter 4). 64% of respondents reported use of independent switching
of lightening systems, 46% reported having heafing systems controlled automatically
(thermostats and timers) and 37% the use of piglets creep lamps fitted with dimmers. In
addition, 36% of respondents reported use of low energy consumption lamps and 16%

fnergy efficient motors and equipment.
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The majority of respondents reported regular checking and servicing of machinery and
equipment (74%). Also, 12% reported training for drivers and equipment operators on

how to economise fuel. Buying premixed feed was reported by 37% of respondents as

an energy saving measure. Only 2% of respondents did not identify an

Yy energy saving
techniques in their units.

The cost of energy and water, based on estimated values from case study units, did not
have a substantial impact on total pig production cost. Therefore, comprehensive
review of use of these resources in the pig unit has a limited scope in terms of
substantially change the way they are being used. However, energy and water costs
tend to increase and it could promote the use of measures to reduce the use of these
resources. Also, an IPPC permitted installation may benefit from reduced costs of other

compliance requirements, such as the relief of 80% of charges for energy use under the

Climate Change Levy Agreement (CCLA).

5.1 6 Management and Training in pig units

Evidence of the case studies suggests that management systems in place in the pig units
can be used to help compliance with IPPC. The sectoral survey assessed the existence

of management systems and training as indicators of the level of readiness to adopt the

monitoring and control measures required under the [PPC regime.

Memberslzip lo assurance schemes

Virtually alj respondents (95%) reported membership of a pig production assurance

Scheme®, predominantly Assured British Pigs (AB Pigs), comprising 90% of pig units.
11% of units also reported (including some of members of AB Pigs) auditing by the
Royal Society for Protection of Cruelty to Animals (RSPCA). One of the respondents

6

The term ‘pig production’ was used because assurance schemes for pigs can involve ‘quality assurance’
(focus on pig meat), ‘pig farming assurance’ (how pigs are reared) or, more comprehensively, both of
them (FAWC, 2001).
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declared to be an organic producer for the Soil Association (possibly part of the

installation only, as organic pig production applies to outdoor systems).

In addition, 59% of respondents reported that the farm where the pig installations is
located also follows other farm assurance schemes. The most frequent responses
identified the Assured Combinable Crop Scheme (ACCS) and Linking Environment and
Farming (LEAF) Audit, with respectively 17% and 11% of total responses. Two

respondents informed organic production (not specified for which product).

It appears that the majority of pig installations and associated farms follow quality and
farming assurance schemes. It can be inferred that there are associated management
systems in place to guarantee ‘certification’ and therefore a substantial part of the

requirements of monitoring and control of operations by IPPC are likely to be in place.

Training

Respondents were asked to report about involvement of staff (managers and stockman)

in training activities in the previous two years (Table 5.7).

Table 5. 7 - Issues and type of training activities in the pig holdings according to

respondents

Tl‘aining issue Number of responses* hours Certification
Inservice Outside Total** % oftotal ** given

General farm management 6 6 18 24% 15 5
Emergency plan and risk

management 7 5 20 27% 3 2
Health and safety 6 12 28 37% 8 7
Pig husbandry 7 12 27 36% U} 9
Animal welfare 13 10 34 45% 2 I
Good agricultural practices 7 3 18 24% 3 5

Notes: * here responses refer to holding level (75) and not for each installation;
**includes responses non specifying venue of training; and, *** hours refer to average
duration informed by respondents.

Source: questionnaire survey.

Table 5.7 shows that the training issues reported by respondents predominantly focus on

Pig production (animal welfare and pig husbandry). However, training on subjects

Tiago peflini Chapter 5 Sectoral Survey PhD 2002




172 Crcmﬁeld

NIVERSITY
Silsoe

: linked to safety of staff and how to act in emergency situations were reported by a
substantial part of the respondents. Also about 24% of respondents informed training

related to general management of farm and on good agricultural practices.

There is an association between training issues and type of systems by herd
specialisation. Pig units involving breeding phase, namely breeding-and-feeding and
breeding-only units are, are associated with greater participation in training in general

farm management, risk management and health and safety (Appendices 5.11 to 5.13)

The training activities were carried out similarly in service and outside the units,

according to the respondents. Only a minor part of the training awarded a certificate.

5.1.7 Awareness and perceptions of operators on environmental issues and IPPC

Respondents were asked about the perceived relevance they attribute to a series of
environmental issues associated to indoor pig production, in a scale from zero (not

relevant at all) to great (very relevant).

Table 5.8 presents the mean ranks obtained from statistical analysis of the responses
using the Friedman test. This shows that in the opinion of the pig operators, emission of
pollutants to water is the most relevant environmental issue associated with indoor pig

production, followed by emission of pollution to land and nuisance by odours.

There is no statistical difference in the ranks for the next four issues, which suggest a
similar relevance is attributed by respondents to the use of energy and clean water,
emission of ammonia and use of raw materials. Nuisance caused by noise was ranked

as the least relevant issue.

Although other pieces of legislation are addressing control of pollution from agriculture,
it is interesting to point out that the IPPC focus on ammonia is somehow disconnected
from the main issues from the point of view of pig operators. This can be partially
attributed to the relatively low level of knowledge of operators about IPPC (in their own

View). This is reinforced by the fact that the issues and impacts foreseen by respondents
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are divergent of the evidence given by case studies. That is, whereas the monitoring
and record keeping activities were identified by respondents as those with the greatest
perceived impact for their units, the results from the case studies suggest that
compliance with BAT for housing and waste management is the element of major

impact.

Table 5. 8 - Key environmental issues of indoor pig production according to operators

Environmental issue Mean Rank® Relative position
Emission of pollutants to water 6.15 |
Emissions of pollutants to land 5.24 2
Nuisance by odours 4.89 3
Use of energy 4.44 4
Use of clean water 4.44 4
Emission of ammonia 427 4
Use of raw materials 4.25 4
Nuisance by noise 2.32 8

Note: a) Friedman Test (Test Statistics:N = 65, Chi-Square = 113.601, df = 7 and
Asymp. Sig = 0.:000).

Figure 5.12 presents the frequency of responses for the current level of knowledge on

IPPC. This shows that the majority of respondents at the time of the survey felt
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Figure 5. 12 - Knowledge level of respondents on IPPC
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uninformed about IPPC; 56% said their level of knowledge was virtually non-existent or

limited. Only 11% felt they were well informed on IPPC.
Table 5.9 presents the mean ranks obtained from statistical analysis (Friedman test) for
the responses related to the expected level of change associated to the current to

operation and management of the pig unit with the IPPC regime.

Table 5. 9 - Degree of change required for specific activities with [PPC

Activity Mean score” | Relative position
Planning, Control and record keeping 3.30 1
Animal waste storage 3.2 1
Disposal of animal wastes 317 1
Staff training 3.05 1
Housing 2.20 5

Note: a) Friedman Test (Test Statistics: N = 735, Chi-Stjuare =35.052, df = 4, Asymp.
Sig.= 0.000)

Table 5.9 shows that pig operators identified activities of planning, control and record
keeping as those were major change would be required for compliance with IPPC.
However, the mean rank estimated for this variable is similar to those obtained for
animal waste storage, disposal of animal waste (slurry and FYM landspreading) and for

staff training.

The mean rank of change required for housing was significantly lower than the mean
ranks of other activities though, suggesting the respondents did not expect major
changes for their housing systems. However, as the case study analysis shows, it is
likely that, reflecting a lack of knowledge on IPPC, respondents underestimate the

impacts of IPPC on housing and waste management.
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5.1.8 Summary of main issues analysed in the sectoral survey

The main results based on the responses to the sectoral survey and their interpretation

are presented as follows.

Breeding-and-feeding units are more likely to be affected by IPPC than specialised units
(breeding-only and feeding-only).

Some 60% of building were already built by 1980 and only 25% were less than ten

years old, being completely or to a great extent, written-off,

The characterisation of predominant housing systems indicated that particularly for the

finishing phase, the sector is far from complying with BAT.

Great uncertainty remains on the definitive acceptance or not of straw based systems as

- BAT at European Union level.

There is the risk that imposing replacement of predominant housing systems will force a
substantial proportion of pig producers out of business because they are not prepared or
capable of making the necessary capital investments. In that case IPPC would have a
great impact of IPPC on the pig industry as a whole. Straw based systems are

associated with feeding-only units, whereas slatted floor systems seems to be associated

with breeding-and-feeding units.

Recent structural change in the pig industry is associated with: the conversion of sow
accommodation to group housing, straw based Systems, and, the conversion of solid
floor (no straw) and solid dung passage housing for finishers towards straw based
Systems. Secondary data suggest that for new installations, the additional costs of
abatement measures for this system, or of alternative BAT for housing, are negligible.

Adapting existing installations to BAT, however, is more of 2 challenge.

As for housing, the predominant practices for storage and landspreading of manures

T®ported by respondents to the sectoral survey are not BAT.
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The slurries are mainly stored in earth-banked lagoons and below ground tanks. It is
technically difficult and expensive, as required by IPPC, to cover slurry stores,

especially lagoons.

A substantial proportion of operators used land of third parties for the spreading of

manures.

There is little evidence that robust methods are used to assess nutrients, particularly

nitrogen, in manures applied to land. A waste approach to manures, rather than a

resource-based one, is still dominant.

Use of multiple diets for pigs is common practice in the sector. There is little scope for
very prescriptive feed requirements by IPPC to be applied to the current feeding

regimes, as feeding tend to remain a commercially driven feature of pig production.

Although the review of use of clean water and energy in the pig units indicated that
there is limited scope for change in their use, the fact that their costs tend to increase can

promote the use of measures to reduce the use of these resources.

The expansion of current NVZs in England could affect considerably the costs of

disposal of manures.

The great majority of pig units, according to the respondents of the sectoral survey,

Were operating under a quality assurance scheme for pigs.

The most relevant environmental issues related to indoor pig production appear to be, in
order of importance, emissions of pollutants to water, emissions of pollutants to land

and nuisance cause by odours.

Operators perceive a relatively low level of knowledge about IPPC. The issues and

impacts foreseen by respondents are divergent of the evidence given by case studies.
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5.2 WORKSHOP ON PRELIMINARY RESULTS OF THIS RESEARCH

A workshop was held at Cranfield University at Silsoe on IPPC Directive and the Pig
Industry in England and Wales, to discuss the preliminary findings of the case studies
and sectoral survey with key stakeholders, namely producers, trade associations,
regulators and researchers. The workshop objectives and schedule are described in
section 3.6. The report of the workshop circulated among the participants after the

event, including the list of participants, is provided in Annex 5.1.

Drawing on the outputs of the research reported above, the workshop identified major
areas of concern and uncertainty, implications for business operations and strategy and

possible actions to be taken by stakeholders. These are discussed in turn.

Stakeholder perceptions of key issues and uncertainties

On the issues and uncertainties associated with IPPC identified by stakeholders in the

workshop (Table 5.10) the main points are as follows.

Producers found the comprehensiveness and detail of the IPPC regime ‘frightening’ in
terms of the cost of compliance and the management burden, and that pig units already
operate under a regulatory framework relating to health and safety, environment and

animal welfare which have implications for costs and management practices.

Producers said that there are too many unknowns at this stage with respect to the [IPPC
requirements and therefore it was difficult to make informed judgements. They also
questioned the benefit:cost aspect of IPPC applied to the pig sector, and questioned
Whether the application of IPPC would meet the principle of proportionality. Moreover,

IPPC is likely to render pig units financially non-viable.

Tiago Pellini Chapter 5 Sectoral Survey PhD 2002
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Pig producers perceive that BAT is being biased towards continental pig rearing
systems, reflecting a relatively well organised lobby by interests in EU member states,
leaving UK systems under-represented. Partially this situation is caused by the
fragmentation of interests in the UK pig industry, and a reactive attitude towards
environmental regulation perhaps reflects a broader pessimism in the sector as a whole.,
Straw based systems, which are predominant in UK, were not regarded as BAT, which

could represent a major impact on the industry.

It was strongly felt that so far, candidate BAT appear to almost exclusively focused on
ammonia emissions, and questions were raised on whether IPPC is effectively

delivering an integrated approach to environmental protection.

It was pointed out that the initial phase of IPPC implementation clearly involves a
learning process for all relevant stakeholders, requiring a degree of flexibility on the
part of regulator and the regulated for the newly regulated industries such as the pig
industry.

Regulators argued that pig manures should be regarded as a potential resource with a
value as an agricultural nutrient rather than a waste product with no value to be disposed

of, however the view that pig manure is a by-product to be got rid of at least cost is still

dominant.

Stakeholders remarked that the pig sector did not have, or had not adopted, the
equivalent of a LEAF type externally accredited environmental auditing scheme, which
could be an efficient, industry regulated means of demonstrating a high standard of

environmental management and a commitment to improvement.

Implications Jor Operations and Business Strategy

The main points expressed by stakeholders on operations and business strategy as IPPC

is concerned (Table 5.10) are as follows.
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Producers predicted that production costs will increase due to compliance with IPPC,
but that they would not be able to recoup these through any increase in the producer
pigmeat price. It was appreciated that IPPC has major relevance to business strategy as

it affects operating costs, determines investment in housing and waste management, and

defines the competitiveness of the business.

Producers thought that industry representative organisations should assess the value of
advising pig producers to try to avoid IPPC regulation by adjusting the size of their
units to below the IPPC thresholds, through the scaling down of existing pig
installations. However, it was discussed that if this was a common practice, the
regulator might respond with modifications to the threshold limits. The point was raised
that restructuring existing installations into smaller ones could result in efficiency losses

and offset expected benefits of avoiding compliance costs.

Stakeholders confirmed that for systems above the [PPC thresholds, it is likely that
IPPC will force convergence in production and management systems as defined by BAT
and SFIR, so that there is likely to be less variation in large scale units than at present.

Below threshold installations will continue to demonstrate greater variety in practices.

IPPC could encourage a more strategic approach to pig production, which might include
significant changes not only in production systems, but also perceptions about what is
feasible or desirable. A re-examination of pig production processes, including dietary
Systems, under UK conditions could identify alternative strategies for pig producers.

These changes might be encouraged by other legislative and market drivers.

Action Points

The action points on IPPC identified by participants of workshop (Table 5.10) are

discussed ag follows.

Pig sector representatives must continue to engage in the process by which BAT and

SFIR are defined. Also, producer organisations should undertake a review of producer
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needs with respect to IPPC adoption, informing the need for research, development,

demonstration and advice.

Producer awareness and understanding must be enhanced to help the industry prepare
itself for IPPC adoption, especially as the regulation will have critical implications for
business management and strategy. Communication and promotion strategy will be
needed to support the IPPC process, working through producer organisations.
Appropriate messages and communication channels need to be identified to meet
producer needs. The need for workshops, conferences and training courses requires to
be assessed. A targeted IPPC support service, web based answering frequently asked
questions, and listing sources of information and help, including advisors and

consultants. Advice and practical demonstration of BAT/ SFIR will be needed to

support producers.

Research and Development: targeted research and development is needed to support the

UK IPPC process for the pig sector. Main themes are referred to in Table 5.10.

The feasibility and acceptability of an accredited environmental management system for
pig producers should be explored. This could support the IPPC permitting process as
well as quality assurance for the product and its supply chain. Such a scheme would
constitute a significant strategic response by the industry. Experience in other
small/medium business sectors with respect to business response to environmental
regulation should be drawn on. This has included business networks and clubs to help

the adoption of cleaner technology and share good practice which can exploit potential

business advantage.

Outcomes of the workshop

The results of research confirmed that straw based systems for finishing housing are
Widespread, but were not regarded as BAT at the time. The workshop drew the
attention of stakeholders to the issue and action was taken in form of political preséure
by the UK representatives on the Technical Working Group (TWG) responsible for the

elaboration of the BREF Note for intensive rearing of pigs to accommodate straw based
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systems for finishers in the forthcoming BREF. DEFRA has ongoing projects for BAT
solutions in existing housing and specifically on the performance of straw based

systems.

5.3 SUMMARY AND CONCLUSION OF THE CHAPTER

This chapter has reported on the sectoral survey on large pig producers and a workshop
with key stakeholders, with a view to verifying and extrapolating the findings of the

case studies to industry level.

IPPC impacts are likely to have relatively greater effect on breeding-and-feeding pig
units than specialised (breeding-only or feeding-only) either because their relatively
larger scale or by being captured by IPPC thresholds for finishing pigs even though
keeping 400 sows or less. Straw based systems account for a substantial share of
finishing pigs, but there is still uncertainty on whether or not they are accepted as BAT.
Broadly, large pig units in England and Wales are far from compliant with requirements
for BAT. This is particularly concerning as most of the respondents reported low
degree of awareness on IPPC and associated issues. This also explains the negative
reaction of the regulated parties to IPPC, as explored in the workshop. In a sector on
the borderline of profitability, timing is not favourable for negotiation of compliance, as

the requirements are mainly perceived in terms of their cost implications.

The next chapter presents a summary of the research survey and the conclusions and

T€commendations that can be drawn from it.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

Following a summary of the whole research process, this chapter presents the
conclusions set against the research questions of the study. In addition, drawing on the
conclusions and research outputs, recommendations on future work and prospects for

IPPC and the pig sector are discussed.

6.1 SUMMARY

The IPPC Directive regulates economic activities which use or impact on natural
resources and the environment, and is an important element of the EU strategy of
sustainable development. IPPC extends integrated environmental regulation to a range
of activities not previously regulated, including the intensive rearing of pigs, where it
applies to installations with more than 2,000 fattening pigs or 750 places for breeding
sows. The Directive is in force in England and Wales from August 2000 and the whole
pig industry will be phased in by 2007. The principles of the IPPC Directive have their
origins in the environmental regulation of the manufacturing and processing industries
and its application to the agricultural sector justifies particular attention and support.
Although the application of the IPPC Directive to the pig sector is justified in terms of
reducing environmental risks, it is likely to have important economic implications in
terms of costs for the industry. However, to meet the required proportionality criteria,
the regulatory burden imposed on industry should be in proportion with the
environmental risks to be controlled. It is difficult to determine the ‘correct’ degree of
regulation for the newly regulated sectors until the environmental risks and the costs and

benefits of regulation have been ascertained.
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' In this context, the broad aim of this research was to develop an analytical framework
for assessing the economic and environmental impacts of the implementation of the

IPPC Directive in the pig sector in England and Wales to inform policy management.

This research was driven by a number of research questions (RQ), posed in Chapter 1.
In order to address the research questions, a framework for the assessment of IPPC was
developed and applied to selected case study pig installations. The analysis used
regulatory impact assessment as a theoretical backgrouﬁd, incorporating environmental
impact assessment, cost effectiveness analysis and the use of performance indicators.
Also, stakeholder analysis was employed to provide an overview of actors and interests
involved with policy implementation. Thus, the process of the implementation of IPPC
to the pig industry was analysed focusing on its potential environmental and financial
impacts, based on the use of emerging Best Available Techniques (BAT) and the
requirements of the standard permit conditions applying to England and Wales. In
essence, the research involved an exploratory appraisal of sectoral impacts of the IPPC
environmental regulation, using the pig sector as it focus. The research outcomes reflect

the ex ante nature of the analysis.

An assessment framework was simultaneously developed and applied to three case
study pig installations (Chapters 3 and 4). These case studies were selected to represent
predominant pig production systems in England and Wales, based on the key factors
which differentiate performance of pig installations as far IPPC is concerned, namely:
specialisation of the pig herd, type of animal housing, and waste management. A
detailed flow of inputs and outputs was obtained for every case study unit. This
physical flow comprised data on: use of materials, water and energy, animal stock and
movements, production of wastes, labour and management requirements, type, capacity
and condition of pig housing and other buildings, waste storage facilities and related
maChmery and equipment. Also ammonia emissions were estimated based on standard
€missions for housing and waste management systems present in the case units. The
fepresentation of physical flows in the framework enabled an overview of the maln links
between i Input, components (processes) and outputs of pig installations. A

Corresponding financial flow was generated, identifying, on an annual basis, costs and
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revenues associated with pig production in the case study units. In addition, the

condition of the sites where the pig installations were located was assessed with
particular reference to the existence and proximity of environmentally sensitive

receptors, predominant soil type, land use, and on-farm and off-farm availability of land

areas for animal waste spreading. These two elements, physical and financial
description of the actual pig production system and the characteristics of the site where
the pig installation is located, provided the empirical evidence for interpretation of
current environmental and financial performance of the case study pig units and a

realistic basis for simulating the likely impacts of IPPC compliance at the level of

typical production units.

Once the baseline situation was constituted, IPPC requirements were simulated for each
of the case study units. These requirements were defined according to the Environment
Agency’s Standard Farming Installation Rules and Guidance (SFIR), which defines the

standard conditions for an IPPC permit in England and Wales, and on the draft technical

guidance on the Best Available Techniques (BREF Note) for intensive rearing of pigs

by the European Commission’s IPPC Bureau. In addition to general rules, if
appropriate, BAT options (which were candidate BAT at the time of the study) were
selected for application to the case study units, involving measures for housing and

Waste storage and disposal. These candidate BAT focused on abatement of ammonia

emission. Simulating BAT consisted of assessing the impact of candidate BAT on the
financial and environmental performance of the units compared to that obtained under
the baseline situation, Information on candidate BAT was drawn from secondary data
sources, mainly collated in the draft BREF Note. The framework of assessment was re-
applied and comparison between the baseline and ‘with-IPPC” situation, for various

BAT options, was supported by a series of financial and environmental performance
indicators.

Estimated compliance costs and abatement levels enabled the cost effectiveness of BAT

Options to be obtained for the case sfudy units. The impact of BAT adoption and IPPC

“ompliance on annual income and expenditure was determined, and a measure of

affOrClélbility obtained. The latter was defined in terms of the ability of the case study

Chapter 6 Conclusions and Recommendations PhD 2002
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units to absorb the additional financial burden of [PPC compliance and stil] retain a
satisfactory return to management and investment. Additionally, sensitivity analysis
was carried out for factors likely to determine substantial change in results. The

potential financia] benefits of the use of manures ag fertiliser were also estimated.

The validity of the predictions of IPPC impacts based on case study units for the pig
industry as a whole was assessed by means of a sectora] survey of pig producers and a

workshop with key stakeholders (chapter 5).

The questionnaire design reflected the contents of the application for an IPPC permit
and the emerging issues and results from the case studies at the time. This questionnaire
was sent by post to large, indoor pig production units likely to be captured by IPPC
within the National Pig Association (NPA) membership in England and Wales. The
sectoral survey sought information on circumstances and practices in the sector,
covering site specific conditions (installation and surroundings), management of energy,
Wwater and waste, readiness of units for IPPC in terms of good practices, training and
management. Perceptions of operators on IPPC regulation and environmental issues

involved with intensive pig production were also explored. The response covered a

total of 117 pig installations.

A workshop was organised to present and discuss the preliminary results of case studies
and sectora] survey with key stakeholders. The researchers, regulators and operators
and their Tepresentatives attending the workshop contributed qualitatively to this
Iesearch by identifying relevant [PPC 1ssues according to their different perspectives
and interests, Moreover, the workshop provided an opportunity for the scrutiny of the
Preliminary findings of research. Corroborating or challenging the results, the

Comments from this workshop helped to identify issues and factors requiring further
attention.

Throughout the research pro gramme, the researcher participated in the industry Steering
GYOUp on IPPC for the pig sector, and actively contributed to the consultation process

for Ippc regulation and supporting BREF with respect to pigs.
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The research coincided with a difficult period for the pig sector, not only regarding a
deteriorating business environment, but also one containing the most severe epidemic of
Foot and Mouth Disease ever experience in Britain. The research gratefully

acknowledges the support of the research collaborators during this difficult period.

6.2 CONCLUSIONS

The objectives of this research were pursued by seeking answers to a number of
research questions. The conclusions of the research can be based on the analysis of

these research questions and on the review of associated issues, as follows.

Answering RQ I ‘What is the current Jinancial and environmental performance of
intensive pig production systems?’, the literature review confirmed that intensive pig
production systems are linked to significant environmental and pollution risks. It also
indicated that the UK pig industry is less cost competitive than major players in the

pigmeat market and that pig producers have been facing financial problems in recent

years.

The detailed assessment of the case studies provided the baseline for the application and
comparison of the simulated with-IPPC situation. BAT for pigs particularly seeks to
reduce ammonia emissions. Most emissions of ammonia occur from housing for all
types of systems. The estimated losses of ammonia during storage and landspreading
were found to be relatively higher for animal waste managed as FYM than for slurry.
The financial results from the case studies and secondary sources suggested that pig
Producers are operating at very low or negative margins. Under present conditions,
there is very limited scope to absorb any additional financial burden that may be

imposed as a consequence of IPPC.

Answering RQ 11 ‘What are the relevant indicators for assessment of the impacts of

IPPC on the pig industry?’ the following conclusions can be drawn.
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A list of performance indicators was generated for comparison of the baseline and the

with-IPPC situations. Performance indicators were relatively easy to define and are

commonly used by operators in the in current management and by those reporting on
the physical and financial performance of the industry. Most of the environmental
indicators, however, were not immediately available and they needed definition and
estimation, with estimation often bein g based on standard values using secondary
sources of data. By requiring the description and monitoring of environmental
performance in controlled pig units, IPPC favours the development and use of farm
level indicators within the sector. Compliance with the IPPC permit, starting from the
application, is likely to promote the increased awareness and use of environmental
indicators within the management systems of the pig units. This is a step towards a

better understanding of and a commitment to manage the effects of pig production on

the environment.

The use of indicators can help to provide a robust and integrated assessment of

environmental and financial performance of pig installations. This is particularly

important when the applicability and appropriateness of some of the emerging BAT are

to be confirmed.

Environmental regulation through the IPPC Directive affects different dimensions of
sustainability of intensive pig rearing. European Community or national indicators level
of environmental performance are more likely to come under the scrutiny of regulators,
Wwhile operators are mainly concerned with on-farm indicators. Financial performance is
emphasised by the latter group whilst environmental performance is the focus of the
former. Benefits to the environment can be offset by losses in the financial performance
of the production unit. Sustainable businesses involve reduced environmental costs, and
in the short term this may mean they carry a higher financial burden as these
environmental costs are internalised. In the medium to long term, providing all

businesses are treated equally, competltlve advantage will not be compromlsed But the

adjustment period may be challenging.
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' The research question IIT “‘How does IPPC relate to other Statutory instruments and to
voluntary agreements that apply to the pig production and associated activities?’ was
partially answered by the literature review, which indicated the main voluntary and
statutory instruments interacting with IPPC in England and Wales. Farm assurance
schemes, such as AB Pigs, introduced several control and monitoring practices in the
pig units which are now being required under the [PPC permit. Important interactions
were identified between IPPC and NVZs (Nitrate Directive), water and groundwater
mandatory instruments and planning permitting system (including EIA Directive) in
England and Wales. In general, the IPPC is reinforced through the conditions set by
these other instruments. However, some conflicts were identified in relation to animal
welfare regulations, such as the promotion of straw based systems by the latter. RQ III

has, in many aspects, common characteristics with RQ V below.

The great majority of pig producers, according to the respondents of the sectoral survey,
were operating under a quality assurance scheme for pig production. Other assurance

schemes, for different agricultural enterprises on the pig holdings, were often identified.
Also, most units were reported to already have a Farm Waste Management Plan. These

elements suggest that there is existing experience of monitoring and control systems on

many installations.

Pig units below the thresholds escape IPPC regulation, but they are subject to other non-
IPPC environment constraints which are in place and are likely to increase in their
comprehensiveness. Guidance on good practice and quality assurance schemes have an

important role to play in improving environmental performance of the pig production.

Answering RQ IV ‘What are the impacts of IPPC on the financial and environmental
Performance of the UK pig industry, including impacts on business viability and

affordability?’, the following conclusions are drawn.

The results from the case studies suggest that BAT can deliver significant reducnons in
the total ammonia emitted from pig installations (housing and waste management

Stages). Generally, measures aimed at reducing ammonia emissions also promote
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' reduction of emissions of nitrous oxide (N20) and odours. However, by focusing
almost exclusively on the reduction of ammonia emissions, some proposed BAT may
actually provoke an increase in the release of other gaseous pollutants, such as methane
by covering slurry stores, or nitrates leaching by incorporation of slurry in some soil

conditions.

Case study analysis also suggested that I[PPC is likely to impose a significant regulatory
burden on existing installations which, given current conditions in the UK pig industry,
could prejudice the financial viability of some businesses. Comparing additional cost
and current farm net margins, at the pigmeat prices at the time of the study (2000),
compliance with IPPC regulations would render the case study installations
unprofitable. Even the least cost proposed BAT measures would not be covered by the
estimated net margin currently obtained by pig unit. Implementing IPPC measures
would require extra returns of between 3p/kg and 10p/kg of pigmeat, depending on the
type of BAT selected. Minimum prices would need to be between at least £0.97 and
£1.06 per kg approximately to guarantee profitability under the simulated scenario of

compliance with IPPC.

Compliance costs associated with BAT measures, particularly for animal housing,
account for the majority of the additional cost associated with IPPC. BAT for storage
and BAT for landspreading of manures appear to be relatively more cost-effective in
reducing ammonia emissions than BAT for housing, but of course they cannot be seen
in isolation. The costs of permitting, which were initially perceived by operators and
industry representatives as a major additional cost associated with IPPC, account for a

relatively small proportion of the total compliance cost on the study unit.

Potential synergy between environmental benefit and commercial gain appears to be
Very limited for existing installations. There is, however, some scope for gains which
will partially offset compliance costs, suchas rebates of Climate Change Levy in energy
use for IPPC controlled installations. Also, IPPC may induce adoption of techniques in

anticipation of their mandatory enactment by other policy instruments, such as the
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design requirements for waste stores under the Nitrate Directive. These conditions may

lessen the regulatory burden exclusively associated with IPPC.

As feed cost account for a major proportion of the total production cost, as confirmed by
the case studies, there is ljttle scope for very prescriptive feed requirements by IPPC to
be applied to the current feeding regimes. However, it was identified that there 1s great
potential for reduction of emissions from pig production through modifications to
feeding regimes, such as use of low nitrogen (protein) and low phosphorous diets and
multiphase feeding, which have had their adoption prevented to date by perceived
excessive costs. Therefore, they do not comply with the ‘availgble’ definition implicit
in BAT, that is, they are not presently ‘developed at a scale which allows the
implementation in the relevant industrial sector, under economically and technically
viable conditions’. The analysis suggests, however, an important role for ‘clean

technologies’ which, through modified feed intake, reduce waste and potential pollutant

at source.

The approach to N flows in the case studies using Total Available Nitrogen (TAN)
showed that reducing ammonia emissions throughout the pig production phases,
especially by in-process BAT for housing, results in N-enriched manures going to
storage. The same applies to waste Mmanagement: if measures are taken to reduce
releases during storage, N- richer manures are available for spreading onto land. This
fact has two immediate implications: greater risk of pollution by these nutrient-enriched
Manures, and increased requirement of land for spreading. This approach to BAT,
which focuses on solutions for each identifiable process or phase within the housing and
Waste management, appears not to offer an integrated assessment of abatement optiong
applied to an installation as a whole. This is, after all, the very purpose of the [PPC
Diréctive. Therefore, sectoral BAT does not appear yet to reflect the necessary

Integrated approach required by IPPC.

The overal] efficiency of BAT as currently identified rests heavily on the efficacy of

Slurry and F ™ landspreading. Compared to earlier stages, disposal of manures is

Subject o considerable risk given its dependency on climatic and field conditions and
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the common practice of disposing to third party land, the latter often without direct
control by the pig operator. Housing and waste storage are (relatively) point sources of
potential pollution from a pig installation, but field disposal switches to a diffuse source
which is much more difficult to control. The BAT abatement measures for housing and

waste storage do not really abate ammonia: they store up pollutants for diffuse disposal.

Besides the risks above referred, IPPC may support the use of slurry and FYM as
festilisers by requiring more control on waste management. This is reinforced by
requirements of periodic soil analysis. More N is available in manures as a consequence
of reduction of ammonia emissions with BA_T prior to disposal. The proposed low
emission landspreading techniques offer a more precise distribution of slurry to land,
which contributes to a more reliable use of manures as fertiliser. The drawback here is
that low emission landspreading techniques are generally more complex, less flexible,

more costly and more difficult to manage than conventional spreading methods.

As pig installations often do not rely exclusively on their own land for disposal of
animal wastes, more dependency on third parties’ land may reduce the control of
disposal by the pig operator. There is usually no or only very low payment for the
organic waste by third parties, generally attributed for purposes of exchange between
FYM and straw. The case studies indicated that the disposal of manures remains almost
entirely a cost burden cost for the operator, with no evidence of development of a
market for these nutrients rich, organic materials. However, exploring this issue with
the managers of the case studies units suggest that there is increasing awareness of the
Potential value of manures as a source of nutrients for crops, and greater integration
with the farm practices as a whole. The potential economic benefits of application of
Mmanures as a fertiliser is generally not realised if the pig operator applies these to the
land of third parties (especially where no sale value is attributed to manure). However,
the value attributed by farm managers to manures is only a fraction of the theoretical
value of nutrients in terms of equivalent bought fertiliser. This is bécause farm
Managers feel they can not rely on rﬁanures the same degree that they can on inorganic

fertiliser to provide nutrients to crops when needed. Furthermore, handling these large
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quantities and volumes of manures is operationally challenging. Organic wastes can be

particularly offensive in terms of odours for operators and neighbours.

It is still unclear exactly what BAT measures are required for some housing systems for
compliance with [PPC. Great uncertainty remains on the definitive acceptance or
otherwise of straw based systems as BAT at European Union level. The results from
the case studies pig installations suggest that compliance with BAT for housing may be
the most costly individual item of the [PPC compliance costs. The characterisation of
predominant production systems for housing by the sectoral survey indicated that,

particularly for the finishing phase, the sector is far from compliant with BAT.

Competition by other pig production countries, relatively higher costs of production and
a long term low price for pigmeat have discouraged major investments in pig housing in
the UK in recent years. Most of the change in housing has been driven by welfare
regulations. The sectoral survey indicated that most of buildings were, from a
technological or accounting point of view, completely, or to a great extent, written-off,
This could imply that shutting down existing buildings by 2007 (sectoral deadline for
phasing in of existing installations to IPPC) would have a relatively low impact in terms
of dis-investments for the industry as a whole. In this respect, however, IPPC will

© remove the sector’s common coping strategy of temporary extending building life by

minor refurbishment or other similar measures.

Information in the BREF Notes drafts suggest that for new installations the additional
costs of BAT for housing are negligible or even negative (having lower cost than
current systems). That is, compliance with BAT does not imply substantial change in

the overall cost of new housing. Adapting existing installations to BAT, however, is

much more of a challenge.

As for housing, the predominant practices for storage and landspreading of manures
Teported by respondents to the sectoral survey do not conform to BAT. For example, it
Was reported that slurries are mainly stored in earth-banked lagoons and below ground

tanks. Slurry lagoons are associated with breeding-and-feeding systems, which, because
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. they are relatively large scale, generate large volumes of manures which require sizeable
storage facilities. It is technically difficult and expensive, as required by IPPC, to cover
slurry stores, especially lagoons. So far, it seems more feasible to replace existing large
surface stores by other new structures with reduced open areas, Substantial compliance
costs are involved whichever the option is taken, based on the estimated costs for the
case study units. Storage of farmyard manure (FYM) requires more straightforward

measures of which most are already common practice,

The results from the case studies suggest that the costs of compliance associated with
incorporation of manures into soi] can be substantial, especially because incorporation
has to be done within 6 hours for slurry and 24 hours for FYM in order to reduce
ammonia. According to secondary information, low emission landspreading techniques
such as slurry soil injection cost more per hectare and are operationally less flexible
than broadcasting. However, evidence from one case study showed that it was possible

to move from broadcasting plus incorporation to slurry soil injection with operational

advantages.

The above point illustrates well the difficulty of determining ex ante costs based on
assumptions and data sources which reflect existing practice and knowledge. In reality,
new conditions encourage agents to innovate and relative advantages can be obtained
which were not previously perceived. Necessity, or in this case IPPC, can be the mother

of beneficial invention and innovation.

Based on the responses to the sectoral survey and results from the case studies, it
appears to be that there is some, albeit limited scope for further improvements in the use
of water. Also several good practices for energy use are already adopted in the sector as
a whole. The cost of energy and water, based on estimated values from case study units,
did not have a substantial impact on total pig production cost. Therefore,
Comprehensive review of use of these resources in the pig unit has a limited scope in
terms of substantial changes of use. However, energy and water costs are expected to

Increase and this could promote the use of measures to reduce the use of these resources

over time,
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The expansion of current NVZs in England could affect considerably the costs of
disposal of manures and reinforce the IPPC pressure on obtaining extra land for disposal
of animal manures. This could restrict location of pig farming in areas where
availability of land for landspreading is scarce. NVZ is an example of where non-IPPC
regulatory measures will in fact reduce the incremental burden on IPPC regulated
installations, but also require non-IPPC regulated installations to adopt similar

environmental practices to those required on IPPC units.

Answering RQ V “Is the current policy design of IPPC appropriate for its application
to the pig sector?’ and sub-questions ‘What are the likely responses of the pig industry
to IPPC?’ and ‘What are the processes whereby stakeholders interact to influence the

IPPC implementation in this newly regulated industry?’, the following conclusions can

be drawn.

The UK environmental regulatory tradition is that of site specific approach (Skea and
Smith, 1996; Smith, 1996b). Although standard conditions limit the range of
techniques regarded as acceptable as BAT within a permit, there is scope for
interpretation of particular conditions of the unit based on the expert judgement of the
regulator. The intention to extend the same approach taken by IPC’s OPRA to IPPC is
a sign of the regulator’s understanding of the important role of site specific conditions,
and a recognition that environmental risk is dependent on the combination of the
environmental risks inherent to a process, the sensitivity of local receptors and the

environmental management systems in place.

The strategic responses fo regulation by IPPC, particularly for pig breeding-and-feeding
units, as discussed with operators and representatives of the pig industry in the
Workshop included scaling down the size of pig herd (number of sows and finishers) in
order to avoid being captured by the threshold, and splitting the finishing herd into a
greater number of finishing units below the threshold (modulation). The NFU response
to the Agency consultation of the IPPC charging scheme (NFU, 1999) argues that

additional cost would become ‘a major driver in determining the structure of the
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intensive livestock sector, polarising it into units below the threshold for regulation and
very large units which might be able to sustain the cost of regulation by spreading it

over many [...] pig places’.

The above points imply that IPPC and BAT, together with ongoing structural changes in
the pig industry, are likely to encourage larger scale, specialist production units, and

convergence of production and management systems.

The most relevant environmental issues related to indoor pig production according to
operators were, in order of importance, emissions of pollutants to water, emissions of
pollutants to land and nuisance cause by odours. Although other pieces of legislation
are addressing control of pollution from agriculture, it is interesting to point out that the
IPPC focus on ammonia is somehow disconnected from the main issues seen from the
point of view of pig operators, namely emissions of pollutants to water and land. This
can be partially attributed to the low level of knowledge of operators about IPPC, which
is reinforced by the fact that the issues and impacts foreseen by respondents to the
sectoral survey diverged from the evidence given by case studies. This suggests that
operators were not well prepared for IPPC implementation, although existing

installations have until 2007 to be phased into the regime.

Major stakeholders involved in the IPPC implementation were identified and classified
in the literature review, which also indicates that their mutual dependency and
information asymmetry determines the establ'ishment of a network of policy actors.
These aspects were confirmed through the participation of the researcher in the IPPC
Pig Steering Group, in the consultation for IPPC implementation in England and Wales,

and consultation on the sectoral BREF Notes.

The analytical framework of assessment of IPPC for pigs can also be reported as an
output of this research. The development and application of this framework provided a
methodological contribution, enabling the assessment of the effects of IPPC

Implementation process on the newly regulated pig sector.
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6.3 RECOMMENDATIONS

On the basis of the conclusions drawn from this research, it is possible to make a
number of recommendations. These recommendations indicate actions which can
contribute to more informed policy management, and target the regulator and policy
makers, pig operators and researchers. The recommendations refer to research topics
and methods, definition of BAT and related BREF Notes, industry awareness and the

regulator’s approach to implementation.

It is still unclear what BAT measures are required for some housing systems for
compliance with IPPC. Great uncertainty remains on the definitive acceptance or not of
straw based systems as BAT at European Union level, which accounts for the majority
of dry sows and finishing pigs in England and Wales according to this research’s
sectoral survey. Therefore, it is recommended that research effort targets such pig
housing systems, in terms of determining their environmental performance and also
identification of appropriate, low cost techniques for their improvement regarding IPPC
criteria. Assessment of the applicability of BAT techniques to UK conditions is an
important element at this initial stage of policy implementation, enabling reassurance to
operators and regulators on the efficacy and viability of the proposed measures. This
does already seem to be under way according to information given by researchers and
regulators (T. Demmers, M. Brade and J. J ames, pers. comm.), especially under projects
funded by DEFRA (A. Brewer, report to the IPPC Steering Group), involving
institutions such as Silsoe Research Institute (SRI) and Agricultural Development and
Advisory Service (ADAS). The review of literature suggested that applying BAT for
housing to new pig installations may not involve additional housing costs. Indeed there
may be potential savings compared to existing systems, based on gains of efficiency in
capital allocation or reduced operation costs. However, this should be confirmed for
UK conditjons. Therefore, it is recommended that these R&D responses are

strengthened to support policy implementation and decision making.

Sectoral BAT mainly consist of containing ammonia emissions from pig housing and
Waste management stages (EIPPCB, 2001). The emphasis is therefore essentially on

nutrient output-BAT, as it attempts to contain the release of ammonia from manures.
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' By comparison, nutrient input-BAT which reduces N in diets fed to pigs and could
reduce the level of nutrients in excreta, have received little attention to date. Rather,
one perhaps radical interpretation is that N (ammonia)-related BAT for pig sector are
predominantly end of pipe techniques unless they result in a reduction in the amount of
excreta produced per pig, or its TAN content. Current BAT candidates for the most part
attempt to improve the management of emissions from fundamentally the same
production process. The recommendation from this research is two fold here. First,
there is need to consistently pursue nutrient input-BAT options, which reduce the
production of nutrient rich wastes in the first place rather than focusing on their
containment. These involve for example feeding strategies such as multiphase feeding,
lower protein content diets and other modified diets. Possibly it also involves
reconsidering the “design’ of pig production itself, looking at aspects such as finishing
weights and breeds. Second, assessment of ‘baskets’ of BAT, involving housing and
waste management together, could provide a better integrated view of abatement

measures, in accordance with the underlying philosophy of IPPC.

Pig housing techniques, involving building design and management of herd, have been
driven in the last decade by welfare regulations. Some conflicts were identified
between welfare and environmental objectives, with straw based systems being an
illustrative example. Although environmental protection objectives are discretionary
acéording to the Agency, IPPC implementation has to consider limits imposed by other
pieces of legislation in the broad regulatory framework covering the sector. Therefore it
is important that IPPC, and its constituent BAT, provide robust and reliable solutions
for environmental protection which are compatible with other standards, such as those
relating to health and safety, and in the case of farming, animal welfare. The
recommendation here is that the regulator must permanently keep an open forum with
other stakeholders, such as the current IPPC Pig Steering Group, for discussion and

advice on policy issues,

The research showed that the overall efficiency of BAT in terms of reducing ammonia
emissions depends on the extent to which emissions are controlled at the final stage of

spreading wastes to land. However, where manures are disposed onto land of third
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. parties and not controlled by the pig installation operator, there is no obligation to
comply with BAT for landspreading. The recommendation of this research is that more
explicit arrangements on the measures to apply manures on land of third parties should
be part of the IPPC permit. This could reduce the possibility of disposal practices which

fail to meet the required controls.

BAT measures refer mainly to management of manures as slurry. As straw based
systems are widespread in UK, a significant proportion of animal wastes manure is
handled as FYM. Therefore, it is recommended that researchers, equipment suppliers
and contractors should explore the development of improved systems for storage and
landspreading of FYM. It is important to note that solid manure is a material more
suitable for long distance transport than slurry, which means there is more opportunity

for trading this waste with other farms or businesses.

The critique of research methods presented in chapter 3 pointed out the difficulty of
determining ex ante performance and costs based on several assumptions and data
sources. Moreover, the context of the pig industry suggested a picture of businesses
struggling to overcome ‘pressures’ associated with competition from other EU member-
states, the relative strength of UK currency, tighter requirements related to food safety
(post-BSE) and welfare of animals. Some of these challenges are particular to the pig
industry but broadly they reflect the recent fortunes of the agricultural sector at a time of
considerable structural change. Therefore, determining the viability of the pig units
under the new emerging policy framework is a difficult task. Tt is necessary to consider
prices of inputs and outputs over a period long enough to avoid the biases related to
short term market cycles or crisis. It is recommended that pig units continuous

monitoring to provide reliable data on costs of compliance.

The power of the regulatory authority is limited in terms of resources and lack of
knowledge and experience in monitoring a new sector. This provides a need and an
Opportunity for operators to play a major role in the implementation process of bringing
about IPPC without compromising the overall purposes. In view of these two elements,

and variable market conditions accompanied by a longer term trend of structural
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) adjustment in the industry, it is recommended that the regulator undertakes continuous
monitoring of the compliance costs in pig units, particularly the costs associated to
BAT. This could be through pilot units or, as used in this research, selected commercial
pig units agreeing to participate in intensive monitoring programme. This also

reinforces the above recommendation of maintaining a pig industry ‘IPPC forum’.

This research did not investigate whether IPPC impacts, and therefore, viability of pig
units, vary within the industry according to the size of the units. Although the IPPC
thresholds assume the capture of large units, possibly there is scope for identification of
different categories of pig holdings by size, described by number of pigs. This is
recommended as a possible research topic as it would enable identify different degrees
of impact and, possibly, helping to guide policies. Also, research on sensitivity analysis
of key factors of production systems, circumstances and management systems can help
to design of the sectoral EP OPRA.

This research used a cost-effectiveness analysis of IPPC, as justified in chapters 2 and 3,
limiting itself to the comparison between compliance costs of regulation and emission
abatement. However, at a different analytical level, that of cost:benefit, abatements can
be valued in monetary terms. In doing so, monetary units expended in environmental
control (IPPC compliance cost) could be assessed against the attributed value of the
benefits delivered. However, the methodological (if not philosophical) assumptions
Necessary to carry out valuation of benefits of environmental goods are rather complex
and, moreover, often highly disputable. Despite these limitations, policy makers and
regulatory authorities increasingly seek cost:benefit ratios for the policy instruments
they impose on economic activities. It is recommended to support future research

addressing the cost:benefit analysis of IPPC implementation to the pig sector.

It is expected that principles similar to those being applied by IPPC to pig and poultry
Sectors will also cover other intensive livestock activities, especially dairy and cattle
feed lot Systems, as a basis for voluntary codes or move towards compliance
requirements generally for agriculture. Therefore, the assessment framework developed

and applied by this research could be adapted to estimate effects of regulation in other
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sector. Comparative cost-effectiveness of IPPC across different sectors is also
recommended so that environmental enhancement measures adopted in the pig sector

can be benchmarked against indicators in other sectors.

The standard conditions for IPPC under the SFIR offer an opportunity of a reduced
permitting cost for pig installations and a relatively simpler application process.
However, SFIR tend to generalise some important aspects of the performance of pig
systems. For instance, estimation of emissions from housing are based solely in two
types of flooring systems; landspreading techniques focus only on type of equipment,
with little consideration given to timing aspects; and management systems are not
objectively assessed. This does not allow the complete ‘capture’ of the site specific
conditions and could lead to misinterpretation of the real performance of the installation.
Therefore, it is recommended that an approach is developed to facilitate performance
assessment and benchmarking robust enough to accommodate both physical conditions
(‘the installation’, as a hardware element) and management capacity (as a software
element). There is evidence that initiatives in this direction are being proposed (EP
OPRA consultation, Environment Agency, 2002b) but more work is needed to make

them appropriate for intensive farming installations.

It is recommended that the Government, the Agency and pig industry representatives
join efforts to inform pig producers on the implementation of IPPC to the sector,
particularly on minimum requirements and emerging BAT for pig installations. Actions
could involve: promoting campaigns of awareness on IPPC, set pilot farms and

demonstration units, and monitoring and supporting of the application process.

6.4 CLOSING STATEMENT

The integrated approach which underpins the IPPC regime represents a significant step
towards the internalisation of externalities caused by economic activities such as
- Intensive pig production. It also can reinforce and guide the structural change and

technological innovation in this sector to more efficient and environmentally
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responsible production systems. However, this research has identified the considerable
challenge to ‘operationalise’ the integrated principle, as confirmed by the process of
definition of sectoral BAT. This showed that BAT requires a multidisciplinary
approach and can be biased towards specific aspects of environmental performance,
while at the same time financial data and applicability are uncertain. Sectora] BAT for
pigs should offer an integrated ‘best option’ for production and waste management but,
rather, there is a risk that they may apply separate, uncoordinated measures for each
different stages, namely housing, storage and landspreading. BAT accounted for the
biggest apportion of the compliance cost estimated for implementation of IPPC to case

study pig units.

It is crucial, therefore, that, especially in the initial period of IPPC implementation for
existing installations, a careful assessment is made by the regulator when determining
compliance requirements for operators under the permit. Excessive compliance costs
can harm the ability of the pig units accommodate the measures, which in the extreme
may persuade them to leave the business. This research developed and applied an
analytical framework from which outputs and lessons can be drawn to support the IPPC

implementation process for the pig industry and, potentially, for other sectors.
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Appendix 2. 1 - Main types of pig housing according to the flooring system
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Figure 3.1A — Straw based systems: solid concrete floor and full litter
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Figure 3.2A — Fully slatted floor system
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Figure 3.3A — Partly slatted floor system

Source: adapted from CRPA, 1999 quoted in 1* draft of BREF (EIPPC, 2000).
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‘ Appendix 2. 2 - Description of categories of pollution incidents by the Environment
Agency

Category 1 is a major incident involving one or more of the following:

(a) potential or actual persistent effect on water quality or aquatic life.

(b) closure of potable water, industrial or agricultural abstraction necessary.
(c) extensive fish kill;

(d) excessive breaches of consent, conditions;

(e) investigation of extensive remedial measures;

(f) significant adverse effect on amenity value;

(g) significant adverse effect on site of conservation

Category 2 is a significant incident involving one or more of the following:
(a) notification of abstractors necessary;

(b) significant fish kill;

(¢) readily observable effect on invertebrate life

(d) water unfit for stock watering

(e) bed of watercourse contaminated;

(f) amenity value to downstream users reduced by odour or appearance.

Category 3 is a minor incident resulting in localised environmental impact only. Some of the
following may apply:

(a) notification of abstractors not necessary;

(b) fish kill of less than 10 fish (species of no particular importance to the effected water);

(¢) no readily observable effect on invertebrate life;

(d) water not fit for stock watering

(e) bed of watercourse only locally contaminated;

(f) minimal environmental impact and amenity value only marginally affected.

Category 4 is defined as a reported pollution incident that upon investigation proves to be
unsubstantiated, that is, no evidence can be found of a pollution incident having occurred. Since
these incidents are by definition not found, they are omitted from the breakdown of incidents by
category.

Tiago Pellini Appendices and Annexes PhD 2002




243 Cranfield

NIVERSITY

Silsoe

Appendix 3. 1 - Key factors used to differentiate environmental and economic
performance of indoor pig production systems

Key 1
Specialisation of herd

Breeding Finishing Breeding &
-only -only Finishing
(Complete
| Importance:

There are different quantitative and qualitative feed requirements by animal

There are different housing design, consumption of energy and water use for

each stage of production

category. :

Key factor 2
Type of housing

Slatted floor, Solid floor

(partly or fully )
and

predominantl}
~
Key factor 3
Waste Management (manures)
! Importance:

Determine the level of emissions from housing
Determine practices and emissions from storage
Define the practices and emissions from spreading

_______________________________________________________________________________

Tiago Pellini Appendices and Annexes PhD 2002

—




N

244 Cranfield

NIVERSITY
Silsoe

Appendix 3. 2 - Factors used for conversion of capital to annual cost

Life Annual cost (£/£1,000 initial expenditure)
(years) Real interest rate 4% 6% 8% 10%
5 225 237 250 264
10 123 136 147 163
15 90 102 L7 131
20 74 87 102 117
30 58 i, 89 106

Source: Farm Building Cost Guide 2000 (SAC, 2000 p. 9).

Note: marginal tax rate of 0%. Most of buildings considered 20 years life span.
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Annex 3. 1 - Sample of the questionnaire form used for the postal sectoral survey

SURVEY ON THE IMPLEMENTATION OF IPPC DIRECTIVE TO THE PIG
INDUSTRY IN ENGLAND AND WALES

This questionnaire is designed to obtain information from producers running either a single pig

production unit or more than one pig unit. If you have a single pig unit, please answer in the
Unit 1 column throughout the questionnaire.

Please exclude outdoor pig units, as they are not covered by IPPC.

iption of the

pig unit and site

A.1 For each of your pig units, please indicate the type of system (tick v as appropriate)
and complete with the number of pigs typically kept (sows and finishers only).

Pig Unic @ 0
Features Unit] |  Unit2 Unit3 | TUnit4
| Name®: | Name:  Name: | Name:

a) System by specialisation of herd

Breeding-only | D D :; D | D
Feeding-only | D | D | D D

Breeding & Feeding (cotpplete cycle) | D D D .. D ‘

b) No. of pigs by category (please
complete no. animals for edach unit)

P r 1 : T 1 g ; : i : oy i
Total sows ! : ! | 1 !

! el
{ i e

Fattening pigs over 30 kg i . B o

Notes: ' If you have more than four units,b please answer the questions for the lafgest four units
here in Table A.1. Also please complete Table A.1.1.

Completion with the name of unit is suggested for your own reference purpose only.

Table A.1.1 is to be completed if you have more than four pig units. If not, please go to
question A.2 in the next page.
A.1.1 What is the total number and type of units? Please complete below.

System by Number of pig units | No. of pigs by category (please complete
Specialisation of herd | (please complete with no. | total no. animals Jor each system) :
(tick " as appropriate) of units for each system) ~Total sows Fattening pigs over 30 kg
Breeding only ] . |
Feeding only L] 1
Breeding & feeding . B
CEEER L | e e
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A.2 Housing systems - Where relevant, for each unit please indicate with a tick ¢ the

type of housing system(s) according to pig production phase. If more than one
system is used, please indicate an approximate % for each.

- Phase

Housing system

Pig unit

 Service
 (Mating and
- Pregnancy)

Other

' Straw based, solid floor

Solid floor (none or limited straw)
( please specify if other)

Other |

Farrowing

| Other |

Straw based, solid floor

Slurry based, fully-slatted floor

Slurry based, part-slatted floor
( please specify if other)

. Other |

Weaning

- Other

Straw based, solid floor

| Solid floor (none or limited straw)

Slurry based, part-slatted floor

| Slurry based, fully-slatted floor

(please specify if other)

Other |

: iﬁiéhing

 Straw based, solid floor
Solid floor (none or limited straw)

Slurry baséd,{part-slat_ted floor

Slurry based, fully-slatted floor
( please specify if other)

Other |

Other |

00 000000 DO0000 o000 0o -

N0 OO0000 000000 00000 oo -

1 0 o i

OO0 OOOO00 Ooooioo Cocioo ool -
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~ A3 Original construction and refit of buildings

Construction and refit

Pig Unit

p

a) When was most of the unit (i.e.
buildings) originally constructed?

Please, complete with year (e.g.1978)

e

b) Since then, has major refurbishment
or expansion been undertaken?

No
Yes
Ifyes, please complete with year of refit

[fyes, please give details of refit (e.g. from
individual to group pens for sows):

L0

LI

DI

1]

A4 Please indicate the predominant type(s) of soil in the adjacent area of the unit.

i’_Predominant soil
i

Pig Unit

ES_ands

i

mninlininln
O OO0 0d

o o o o o

ninininialn
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A.5. Please mark with a ¢ if there are potentially sensitive environmental features in the
vicinity of the unit.

Relevant environmental features and Pig Unit
Sensitive areas 1 2 3 4

a) Are there any watercourses, spring or borehole
nearby the unit?

No

Yes
If yes, please give approximate distance of-
- watercourse from unit (metres)

- spring or borehole from unit (metres)

b) What is the distance to the closest neighbouring house
from unit (do not include farm dwellings)? g
Distance from unit (in metres) o o H™

c) Isthere aresidential area in the vicinity of the unit
(village, town etc. within 3 kilometres from the unit)?

No : D D D
Yes ': D =' = D Dﬁ

If yes, please inform approximate distance from unit (metres)

d) Are there any nature conservation or protected areas
(e.g. site of special scientific interest —SSSI, woodland etc.)
which are within 2 kilometres from the unit?

No
Yes |
Don’t know

¢) Is the unit and adjacent area partly or completely
within a Nitrogen Vulnerable Zone (NVZ)?

No
Yes
Don’t know

f) Are there any other particularly sensitive features in
the vicinity of the unit?

No

Yes
If yes, please name them and markv” for unit:

— P L

OO0 00 D00 {000
000 OO0 |[000 (000
I LI LI
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B.1 Does the unit have or is covered by a Farm Waste (Manure) Management Plan?

Farm Waste Management Plan Pig unit
1 2 3 4
No Ll T [T |
Yes D D D D
Not applicable D D [:] D

B.2 Please indicate the type of storage system and capacity for slurry and manure.

Pigunit

Type of waste Storage system 1 2 3 4
a) Slurry earth banked lagoon [] [ ] D | |
slurry based below-ground tank or structure | T ] | [ |
where slurry is -above-ground circular tank D D D D
stored after ol
removal from no storage D ’ D D D
animal house? ( please specify if other) _ f

ot . 5N

What is the slurry | in cubic metres @’ or
Storage capuacity? '

| in months

b) Manure (FYM)| outside storage area

: side usi ary cover or
s boe outside using temporary cover o

where FYM is measures to reduce rainfall entry
stored after ) ; .

removal from | permanently covered area (roof over)
animal house?

( please specify if other)
other {

O 0o o ||
o oo ol |

500
500 [

What is the FYM in cubic metres (m3) or i i P I
storage capacity? : I 111 il =
in months s ot [ |
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B.3 Do you carry out any treatment for slurry and manure?

250

Treatment of slurry and manure

Pig Unit

No

Yes - please complete below

If yes, please indicate treatment(s) with v :
mechanical slurry separation

Anaerobic digestion

Aerobic digestion

Fermentation (production of biogas)
Composting

Other please
specify

A o o

IO = I o | -

ma'EaeE e

o o o

B.4 Spreading of manure and slurry —Tand avail

ability

Spreading — land availability

Pig Unit

2

oY)

a) Is manure or slurry spread on-site
(i.e: fields adjacent to the unit which are
owned or managed by the pig operator)?
No

Yes

If yes, please indicate area of land available
Jor spreading of slurry and manure in:
hectares or

Acres

If yes, what is the average distance from
Storage to on-site spreading area?
in metres

(.

[]
U

Imm

[ 11

b) Is slurry or manure spread onto. a third
party’s land?

No

Yes
If yes, please indicate area of land available
For spreading of slurry and manure in hectares
or w
If yes, what is the average distance from

Storage to off-site spreading area?
in metres

LI |

LI

]

o —
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B.5 Spreading of slurry and manure — techniques and practices specific to the unit(s)

Type of waste Technique or resource used Pig unit

1 2 3 4
Shurry
a) If slurry is spread slun-y tanker

onto land, what
transport system

is used?

b) If slurry is spread
onto land, what
distribution system

is used?

f slurry is spread
onto land, who

undertakes the

umbilical hose
low rate irrigator

( please specify if other)

other

other

broadcast spreader (splash plate or nozzle)

band spreader

| trailing shoe spreader

injector

( please specify if other)
other |

other

unit or farm staff
contractors

( please specify if other)

I o o [ [

slurry spreading? other i |
Manure (FYM)
d) If FYM is spread rotaspreader

onto land, what
distribution system

is used?

eIf FYM is spread
onto land, who

undertakes the
Spreading?

rear discharge spreader

dual purpose spreader

( please specify if other)

other !
other I

unit.or farm staff
contractors

( please specify if other)
other | |

N D000 000 |0 0000 0000 00 00

O 00 00 0odg O™ DD L0 O0O00d 00 ood

0 0000 000 |0 00 00 0000 00 000

0O 00 oo ooo o OO
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B.6 Spreading of slurry and manure — general techniques and practices. Please note that
information asked here do not refer to each unit but to the practices in broader terms.
a) If saurry is applied using a broadcast spreader (such as splash plate or nozzle)
for distribution, is it incorporated into land after spreading?
No L]
Yes, with slurry incorporated into land in the same day of application D
Yes, with slurry incorporated in more than one day after application l:l
Not applicable ]
b) If manure is applied to uncropped land or bare soil, is it incorporated into land
after spreading?
No D
Yes, being incorporated within one day after application D
Yes, incorporated in more than one day after application D
Not applicable : ‘ D
¢) Do you calculate the amount of slurry and manure that is applied to a given area of
land?
No ]
Yes D If yes please.complete below _
How do you calculate this amount? It is based on:
volume of slurry in the lagoonor tank [ ]
volume slurry pumped by period of time [
weight loads of transporting vehicles D
volume of manure in a heap or storage facility D
' rapid on-farm slurry N tester D

other D pfease;spe&z]jz: |

C Use of raw materials, water and energ .
Please indicate with  the appropriate answer for the following questions.

C.1 Use of raw materials

Feed  please indicate withe” the practices in Pig unit
your unit(s)

use multiple diets for pigs
preparation of swill within the premises

oo| -
oo
o0 -
Ao -

milling and preparation of feed (home-mix)
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C.2 Clean water use

Water aspects Pig Unit
1 Z 3 4

a) What are the sources of water for the unit?
Indicate v if relevant.

mains
abstraction from surface waters

abstraction from groundwater (borehole)

.
i
HiNNN
Lo

other please specify |

b) Do you have water meters which measure water
consumption for different uses within the unit
(e.g. livestock drinking, cleaning and washing, domestic)?

No Clop Ol e L
Yes l:] |:] D D
Don’t know D D D D

c) Please indicated whether the following water use
equipment or practices are adopted in the unit:

trigger nozzles for hoses

high-pressure washers

scraping or scrubbing before washing down pens and yards
bite-type drinkers

tank or reservoir cover

using rainwater for washing

re-using dirty water in flushing systems for slurry pit 1

other please specify ; |

other please specify l ‘ '

none

d) Is clean rainwater from roofs separated from dirty
water systems and run-off from clean yards?
No

Yes
Don’t know

i 0
1 O e
o
R o o e e
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C.3 Energy use

Energy use aspects Pig Unit

a) Are buildings metered separately for electricity?

No D : D D D
Yes D D D l:’
Don’t know [] [ ] (] ]

b) Please indicated whether the following energy use
equipment or practices for are adopted in the unit:

low-energy lamps for lighting
independent switching of lighting systems

automatically controlled heating system (by
thermostats or timers)

building insulation.

piglet creep lamps with dimmers
natural ventilation system (ACNV)
buying premixed feed |

energy efficient motors and equipment

training for drivers and equipment operators to
economise fuel

regulér checking and servicing of machinery
and equipment.

" other please specify |

other please specify |

OO0 O 0o0000 o0
N000 O 000000 00
OO0 O O0Eo00 0o
R e

None

C.4 Disposal of pig carcasses

Disposal of carcasses Pig Unit

How is the disposal of pig carcasses carried out?* _
on site, using incinerator with capacity up to 50 kg/hour
off site, by authorised incinerator o
off site, by knackerman, rendering plant or hunt kennel

other please specify |

OO0
OO0
0000
OO0

Note: *Considering ordinary procedure, not in an emergency or abnormal situation.
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D Management and labour

D.1 Does the pig production in your unit(s) follow a farm assurance scheme?

Assurance schemes for pigs Pig Unit

No
Yes (Ifyes, please indicate below)

Assured British Pigs - ABM
retailer scheme (e.g. Tesco, ASDA etc.)
Freedom Foods — RSPCA

Soil Association (Organic Pig Production)

other please specify |

A O O
N

other please specify |

N A
N A O

D.2 Do you follow an assurance or voluntary scheme for other livestock than pigs or crop
enterprises on your farm (where the pig unit is comprised)?

Other farm assurance schemes Pig Unit

None
Linking Environment and Farming — LEAF Audit
Organic production

I
I

NN
Coo0)-

other please specify |

D.3 Please indicate training activities in the last 2 years which have involved the staff in
charge (farmer/manager and stockman) of your pig unit(s). Please note that here is
bemg asked general information only, regardless each individual unit (if it is the case).

o Venue J ;; Dura-i Certification

Training issue ifyes f'In Outslde | tion | given,ifany
; [ service | Install. | (hours) | ¥/=¥es

general farm management

emergency plan and rlsk management
health and safety ‘ :

pig husbandry (produc’uon)

ammal welfare

good agricultural practices
;,cher please specify I

l

o o o o

L
U
= |
o
0
L
L]
O

DEQDDUDD
ﬂﬁﬁmmmﬁm
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E Awareness on the IPC Directive

E.1 As a pig producer, which do you think are the key environmental issues associated
with indoor pig production?

Environmental Issues - <—— degree of relevance ——> + ’
Emissions of ammonia and None  Small Moderate Substantial Great | Don’t know
gases to air ¢) &, (2 855 () & O
Emissions of pollutants to land None  Small Moderate Substantial Great | Don’t know
it ) () (‘8 ) &) O
Emissions of pollutants to { None Small Moderate Substantial Great | Don’t know
surface waters and groundwater (o () () () 2] ®)
Nuisance by odours None Small Moderate Substantial Great | Don’t know
GO W) () G Q) o
Nuisance by noise { None Small Moderate Substantial ~ Great | Don’t know
) () () () L0 S0
Use of energy None Small Moderate Substantial Great _i Don’t know
) (=) (&) ) ] O
Use of clean water | None Small Moderate Substantial Great Don’t know
) (£2) () () () () @)
Use of raw materials (feed) | None Small Moderate Substantial Great Don’t know
' () () () ) () O
E.2 Would you describe your current knowledge of the Integrated Pollution
Preventlon and Control (IPPC) Directive as it apphes to the plg sector to be:
s e mowledee &
L V1rtua11y non-existent  Limited Rea_sonable Good ‘ Complete Don’t know
: (3 £ ¢) () 0 o

E.3 The Integrated Pollution Prevention and Control (IPPC) sets guidance on particular
aspects of managing the pig unit. Given your understanding of IPPC, to what
extent do you think IPPC will require you to make changes regarding:

Aspect of unit | - « degree of change required — + |
Housing None  Small Moderate Substantial  Great | Don’t know
ih () () () () (6] ®)
Animal waste storage I None  Small Moderate Substantial  Great Don’t know
% () (3 () €] (RO
Disposal of animal wastes ~ None Small Moderate Substantial Great | Don’t know
(slurry and manure spreading) (=) () (3) &) () ©)
Planning, control and record None  Small Moderate Substantial = Great | Don’t know
keeping ; () (B (¥ () (3 O
Staff training None Small Moderate Substantial ~ Great Don’t know
{¥) (%) () () €] O
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Appendix 4. 1 - Sketches of pig units and sites
Residential area
=)

- fom) external road ]

= &

3

neighbouring farm f

10.7 ha winter bartey 2

neighbouring farm

24.37 ha wheat

36 ha sugarbeet

28.62 ha wheat

eed

14.13 ha wheat
neighbouring farm

village 1.7 km

neighbouring farm

Figure 4.1.A - Sketch of the site where case 1 pig installation is situated

9.45 ha wheat

9.65 ha wheat

pig installation

External road

Figure 4.1.B - Sketch of the site where case 2 pig installation is situated
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. (continued Appendix 4.1)

prevailing windg

water course

downstream

set aside
14.4 ha

set aside
8,7 ha

direction of

water flow woodland

wheat
43.50 ha

N external road

ng
6[ [ Village

(400 m from pig unit)

Figure 4.1.C - Sketch of the site where case 3 pig installation is situated
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Appendix 4. 2- Flowchart of pig production in the case units

Gilts in Servicing:

boars 50%, Al 50%
Dry sow = straw based,
liguid feed 12 days

Scraping: 3 times/week,
converted building

pregnancy 114 dg

Breeding herd

Flatdecks: fully sIatted
heating by radiation
above

sexed and separated

20 days Weaning Farrowing sow = fully

slatted, heated floor

weaners 23 kg
Straw-based
grower pens

58 da
ﬁrﬂy slatted floor,
quuid feed

growers 55 kg

45 days finishing Slaughtering
liveweight = 95 kg

Figure 4.2.A - Representation of the production cycle at pig installation case study 1

I Growers E . p

! 40 kg, 12 weeks old ! Grpwer pigs vome flom
i ) an outdoor breeding unit
Bhpdf Bk e M i (Freedom Foods

assurance scheme)

[]

I

I

i

+ Straw based solid floor,
.W liquid feed

scraping: 3 times/week

120 days finisking

Slaughtering
liveweight = 95 kg

Figure 4.2.B - Representation of the production cycle at pig installation case study 2
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(continued Appendix 4.2)
. Servicing:
Gilts in ars 50%, Al 50%
] : Sow yards = dry feed,
ﬁwfsez\z = shavings (floor), 12 days scraped 3
o ' times/week,

cleared out daily converted building

Breeding herd
piglets 6 kg

Flatdecks: fully slatted lac
heating by radiation

above

sexed and separated

4 weeks weaning

pregnancy 114 days

tlon 28 days

Farrowing houses= fully slatted,
creep lamps, dry feed

weaners 12 kg

Y
@ LG/ARM,
dry feed

5 week

Fully slatted floor,
wet feed

growers 35 kg

Finishing 1
shed 1

3 weeks

Finishing 2

finishers 50 kg shed 2,3 0r4

8 weeks Pigs sold for
slaughtering at
\'L liveweight = 97kg

Figure 4.2.C - Representation of the production cycle at pig installation case study 3

Appendix 4. 3- List of the most used veterinary medicines and disinfectants

Pig Unit |Vet medicines Disinfectants Cost (total)
£/pig sold (p’kg meat)
Case 1 |Excenel Farm Fluid S 3.32 4.06
Pen/Strep VirKon S
Engemycin
Leddex
Colisorb.
Case 2 |Excenel Stulosan F 0.73 1.09
Alamycin
Symitrim Fortesol
Case 3 |Suyvaum M Myd Antec VirKon S 3.56 5.01
Panacure (worm pellets) |OO-cide
Gutval Zac Drysan
Planate Antec Farm Fluid S
Luytalyse

Source: case studies.
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Appendix 4. 5 - Standard excreta values for pigs
Values for excreta production by pig category

Animal category Excreta production, m3/year/place

FRCA (1997)" [MAFF (2000b) [LNV (1993-4)
Sows and gilts
Gestating sow 2.59 197 1.9-3.3
Farrowing sow il
Gilts 1.46 1.3
Boars for service 1.46
Pigs <20 kg; weaner 0.73 (.55 0.5-0.6
Finishing pigs >20 kg 2.04 1.46 1.1-1.5
Finishing pigs > 110 kg 197
Notes: feeding and drinking systems account for variation in feed intake and slurry
production;

1) including clean down water produced;
2) range refers to minimum and maximum values.

Appendix 4. 6 - Average N consumption and losses per pig produced
Nitrogen consumption, retention and losses in the production of a standard pig

Country kg N per pig av. Pig weight at
Consumption  Retention  Losses Slaughter (kg lw)
Denmark 8.03 2.81 522 100
France 8.64 2.87 5.76 108
Netherlands 8.39 2.86 5.53 118

Source: Dourmad et al. 1999 p.263.

Notes: it is assumed that N losses per pig are equal to N in excreta; the figures
comprise N feed to sows.

Denmark has similar production indicators to the UK and was used as reference for
losses per pig for the case studies.
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Appendix 4. 7 - Estimated time for completion of an application form for IPPC permit

Application form requirement Manpower needed for
completion (days)

Description of activities and processes in place 2

Water audit 72

Energy audit V2 (nil if already under Climate

Change Levy Agreement)

Manure Management Plan 2

Proposed measures for slurry storage 7

Accident prevention and management plan 1

Site report and decommissioning plan

Subtotal 9%

Overhead time (20%) — edit, formatting, filing etc. 2

Total 12 2 (or c. 2 weeks)

Notes: 1) time shown refers to requirements in days for the consultant contracted; in
addition, an equivalent time is assumed for manager/operator.
2) if odour or noise management are required, this would increase this time.
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Annex 4. 1 — Selection of candidate BAT (for existing pig installations on the BREF
Notes) to apply to case studies

4.1.1 - Housing for mating and gestating sows

The solid concrete floor with full litter (CSF full litter) can be applied as a reference housing system
mating and gestating sows (Figure 4.1.1).

Description: The solid concrete floor is almost completely bedded by a layer of straw or other
lignocellulosic materials to absorb urine and incorporate faeces. Solid manure is obtained, the removal of
which has to be frequent in order to avoid the litter to becoming too moist. Frequency of removal of 1-4
times a year has been reported depending on litter type, depth of bedded area and general farm
management. In case of one cleaning per year it is directly spread onto the field. With more cleanings the
litter is generally stored, such as in a field clamp.

Corncrete floar wilh
rermanient fuli ier

Figure 4.1.1 - Solid concrete floor and full litter (CSF full litter) [59, CRPA, 1999] BREF, 2000 p.51

Table 4.1.1 - Performance of housing techniques for new installations for mating and gestating sows.

Housing system % NH;- NH; (kg/sow Extra cost
reduction place/year)2 EUR/kg NH;

Reference system for loose housing 3.69 (D

3.12 (DK)

Process integrated measures

1. Reduce surface

Small manure pit 33 1.04 (DK) nr.’
42 2.40 (NL,B) 3.25 (NL, 1998)°

3.82 (B, 1998)

20 295D

Solid concrete tloor and fully slatted 20 295 ()

external alley

2. Fully slatted floors (FSF)with frequent

and fast slurry removal

ESF with vacuum system 25 2.77 (D

FSF with flush canals 30 2.58 ()

ESF with flush gutters or flush tubes 40 221 ()

| 3. Partly slatted floor (PSF) with

requent and fast slurry removal

PSF with vacuum system) 30 2.58 (I)

PSF with flush canals 40 2.21 ()

PSF with flush gutters or flush tubes 40 2.50 (NL,B) 34.05 (NL,, 1998)
40 221 (D 19.16 (B, 1998)

PSF with scraper 40) 2211

(cont.)
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4. Manure cooling
Manure surface cooling channel n.r. 2.20 (NL,B) 10.20 (NL, 1998)
12.15 (B, 1998)
5. Solid concrete floor (CSF)+ external
alley (EA) with frequent and fast slurry
removal systems:
CSF + EA flush canals 40 221 (D)
CSF + EA scraper 40 221 (D
6. Straw systems:
CSF full litter (reference) 3.70 (D
5.20 (DK)
CSF + EA litter 20 2.96 (I)
CslatF bedding 20 4.15 (DK)
PSF fast removal + EA litter 30 2.59 () n.r.
End-of-pipe
Bioscrubber 70 1.30 (NL) 5.75 (NL)
Chemical wetscrubber 90 0.40 (NL) 6.65 (NL)

3 n.r. not reported
BREF, 2000 p.124

() Member State from which the data originate
1 reference year of ecu exchange rate
2 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1999], | [59, CRPA, 1999]

Table 4.1.2 — Selection of BAT for housin

for mating and pregnancy

Housing system % NH;3- NH; (kg/sow Criteria for selection or
reduction place/year)2 rejection
Reference system for loose housing 3.69 ()
3.12 (DK)
Process integrated measures
1. Reduce surface
Small manure pit 33 1.04 (DK) Individual housing;
42 2.40 (NL,B) applicability
CSF + fully slatted external alley 20 2.95 () Use refurbish.
2. Fully slatted floors (FSF)with frequent
and fast slurry removal
FSF with vacuum system 25 2.77 () Ful]y slatted system
ESF with flush canals 30 2.58 (1) (not commonly used)
FSF with flush gutters or flush tubes 40 221 (D
3. Partly slasted floor (PSF) with
requent and fast slurry removal :
PSF with vacuum system 30 2580 For new installations
PSF with flush canals 40 2.21 (D) Use refurbish.
PSF with flush gutters or flush tubes 40 2.50 (NL,B) 34.05 (NL, 1998)
40 2.21 (D) 19.16 (B, 1998)
| PSF with scraper 40 2.2, (D)
Refurbish from PSFpit to PSF flush 40 221 13.29
tubes [CRPA, 1999 table 4.9]
4. Manure cooling
Manure surface cooling channel n.r. 2.20 (NL,B) 10.20 (NL, 1998)
12.15 (B, 1998)

(cont.)
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(continued Table 4.1.2)
5. Solid concrete floor (CSF)+ external
alley (EA) with frequent and fast slurry
removal systems:
CSF + EA flush canals 40 2210
CSF + EA scraper 40 221 (D
Refurbish from CSF alley pit to CSF 40 2.21 1551
alley flush tubes [CRPA, 1999 table 4.9]
6. Straw systems:
CSF full litter (reference) 3.70(D
5.20 (DK)
CSF + EA litter 20 2.96 ()
CslatF bedding 20 4.15 (DK)
PSF fast removal + EA litter 30 2.59 (D) n.r.
End-of-pipe
Bioscrubber 70 1.30 (NL) 5.75 (NL)
Chemical wetscrubber 90 0.40 (NL) 6.65 (NL)
() Member State from which the data originate
1 reference year of ecu exchange rate
2 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1899], | [59, CRPA, 1999]
3 n.r. not reported
BREF, 2000 p.124

4.1.3 - Selected techniques for mating and pregnancy

Housing system % NH3- | NH; (kg/sow | Extracosts | (Euro) Energy
: reduction | place/year) /pig place use (+)
investment | operation | kWh
Reference system for loose housing 3.69 ()
3.12 (DK)

Process integrated measures

3. Partly slatted floor (PSF) with
frequent and fast slurry removal :

PSF with flush gutters or tubes 40 2.50 (NL,B) 161.80 57.90 0.5

(4617) 19.16 (B)
Refurbish from PSFpit to PSF flush | 40 221 15.95 +

tubes [CRPA, 1999 table 4.9]
4. Manure cooling

Manure surface cooling channel I, 220 (NL,B) 112.75 20.35 8.5
(4619)

5. Solid concrete floor (CSF)+
external alley (EA) with frequent
and fast slurry removal systems:

Refurbish from CSF alley pit to 40 2.2 18.62 +
CSF alley flush tubes [CRPA, 1999
t. 4.9]
CSF full litter (reference) 3.70 (D
- 5.20 (DK)
End-of-pipe
Bioscrubber 70 1.30 (NL) 111.35 16.7 35
Chemical wetscrubber 90 0.40 (NL) 62.75 25.05 52.5
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4.1.2 - Housing systems for farrowing sows

A typical housing system is shown in Figure 4.1.2. The slurry manure is stored under the slatted floor of
the crates in a deep pit from which the manure is removed only at the end of the lactating period or less
frequently. The emissions of these houses vary and have been measured or derived:

8.30 kg NH3/ sow place/ year (NL, B)

8.73 kg NHa/ sow place/ year (I)

fren and plastic statted floor

h

e Ve U il

Deep pit

|

Figure 4.1.2 - Housing of farrowing sows in crates with storage pit underneath [59, CRPA, 1999] BREF, 2000 p-53

Table 4.2.1 - Housing techniques for new installations for farrowing sows.

Housing system % NH;- NH; (kg/sow Extra cost
reduction place/year)* EUR/kg NH;
Reference system 873 (D)
8.30 (NL, B)
1.57 (DK)
Process integrated measures
Crates with fully slatted floor and 33 1.04 (DK) nr.
reduced manure surface
Board on a slope under the slatted floor 30 6.11 (D n.r.”, but =ref.
40 5.0 (NL, B) 8.95 (NL, 1998)"
10.56 (B, 1998)
Manure surface cooling channel 70 2.4 (NL, B) 9.20 (NL, 1998)
10.88 (NL, 1998)
Combination of a water and manure 50 4.0 (NL, B) 0.25 (NL, 1998)
channel 0.32 (B, 1998)
Manure pan 65 2.9 (NL,B) 8.80 (NL, 1998)
Manure scraper 35 5.67 (I) n.r., but =ref.
4.0 (NL, B) 34.20 (NL, 1998)
40.53 (B, 1998)
Flushing system with manure gutters 60 3.3(NL, B) 17.20 (NL, 1998)
20.35 (B, 1998)
End-of-pipe
Bioscrubber 70 2.5 (NL) 5.65 (NL, 1998)
Chemical wetscrubber 90 0.8 (NL) 10.40 (NL, 1998)

{) Member State from which the data originate

1 reference year of ecu exchange rate

2 sources NL {10, Hendriks and Weerdhof, 1999] B [37, Berckmans, 1999], | [59, CRPA, 1999]

3 n.r. not reported BREF, 2000
| p.140
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Table 4.2.2 — Selection of housing BAT for farrowing sows for case studies

Cmnﬁeld

INTVERSITY
Silsoe

Housing system % NH;- NH; (kg/sow Criteria for selection or
reduction place/year)® rejection of BAT
Reference system 8.73 ()
8.30 (NL, B)
1.57 (DK) Relatively too low!
Process integrated measures
Crates with fully slatted floor and 33 1.04 (DK) Too low to compare;
reduced manure surface no reference to costs
Board on a slope under the slatted floor 30 6.11 () n.r.’, but =ref.
40 5.0 (NL, B) 8.95 (NL, 1998)"
10.56 (B, 1998)
Manure surface cooling channel 70 2.4 (NL, B) 9.20 (NL, 1998)
10.88 (NL, 1998)
Combination of a water and manure 50 4.0 (NL, B) Adopted, despite not
channel being in latest selected
60, 0.25-0.32
Manure pan 65 2.9 (NL.B) Technically similar to
‘Board...” (despite best
reduction performance)
Manure scraper 35 5.67 (1) For partly-slatted floor
4.0 (NL, B) systems
Flushing system with manure gutters 60 3.3(NL, B) 17.20 (NL, 1998)
20.35 (B, 1998)
End-of-pipe
Bioscrubber 70 2.5 (NL) 5.65 (NL, 1998)
Chemical wetscrubber 90 0.8 (NL) 10.40 (NL, 1998)

4.2.3 - Selected techniques for farrowing sows

Housing system % NH;- NH; (kg/sow | Extra costs | (Euro) Energy

reduction | place/year) /pig place use (+)
investment | operation | kWh

Reference system 8.30 (NL, B)

Process integrated measures

Board on a slope under the slatted 40 5.0 (NL, B) 260 29.5 Not

floor (4621) relevant

ESF crates and combination of 50 4.0 (NL,B) 60 0.25

water and manure channel (4.6.2.2) 032

conc/iron

Manure surface cooling channel 70 2.4 (NL, B) 302 54.25 18

(4625)

Flushing system with manure 60 3.3(NL, B) 535 86 8.5

gutters 4623

FSF and manure pan (4624) 65 29 280 45.85

End-of-pipe

Bioscrubber 70 2.5 (NL) 111.35 32.75 35

Chemical wetscrubber 90 0.8 (NL) 83.65 28 100

Additionally, bioscrubber require an extra | m> of water per pig place.
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4.1.3 - Housing for weaners

In Figure 4.1.3 an example of a commonly applied rearing unit for weaners is shown, where the manure is
handled in the form of slurry. It is drained mainly through a pipe discharge plant where the individual
sections of the manure channels are emptied via plugs in the pipes. The channels can also be drained via
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 6-8 weeks.

Om-1Mn
e A R e T a2 T e sl ey e e e e Y L) s 3

Figure 4.1.3 - Cross-section of rearing unit with fully slatted floor and plastic or metal slats [DAAC, 2000
#87] quoted in BREF, 2000.

Table 4.3.1 - Housing techniques for new installations for weaners

Housing system %0 NH;- NH; (kg/pi Extra cost

reduction place/year) EUR/kg NH;
Reference system 0.80 (DK)

0.60 (1)
0.60 (NL)

Process integrated measures
Rearing units, Partly slatted floor, two- 34 0.53 (DK) n.I.
climate
Flat decks or pens with concrete sloped | 30 0.43 (D n.r., but =ref.
floor underneath to separate faeces and
urine
Flat deck with a scraper underneath 35 0.39 () n.r., but =ref.
Pens with fully slatted floor with flush 40 0.36 (D 5.30 (1, 1998)
gutters or flush tubes
Partly slatted or convex floor with iron 43 0.34 (NL) ~0
or plastic slats
Shallow manure pit with a channel for 57 0.26 (NL, B) 1.35 (NL, B, 1998) 1
spoiled drinking water '
Manure channel with gutters, partly 65 0.21 (NL, B) 10.65 (NL, 1998)
slatted floor with triangular iron slats 11.75 (B, 1998)
Manure scraper under partly slatted floor | 70 0.18 (NL, B) 19.84 (NL, 1998)

40 0.39 () 89.54 (B, 1998)
Pen manure channel with side wall(s) on | 72 0.17 (NL) 1.70 (NL, 1998)
a slope, partly triangular iron bar slatted
floor
Manure surface cooling channel 75 0.15 (NL, B) 9.75 (NL, 1998)

11.20 (B, 1998)

End-of-pipe
Bioscrubber 70 0.18 (NL) 7.95 (NL, 1998)
Chemical wetscrubber 90 0.06 (NL) 5.55 (NL, 1998)

() Member State from which the data originate

1 reference year of ecu exchange rate

2 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1999], | [59, CRPA, 1999]
3 n.r. not reported

| BREF, 2000 p.148
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Table 4.3.2 — Selection of BAT for weaned piglets for case studies

Cranﬁeld

NIVERSITY
Silspe

Housing system % NH;- NH; (kg/pi% Criteria for selection or
reduction place/year) rejection
Reference system 0.80 (DK)
0.60 ()
0.60 (NL)

Process integrated measures
Rearing units, Partly slatted floor, two- 34 0.53 (DK) Part slatted floor;
climate no data available
Flat decks or pens with concrete sloped 30 043 (D No data on cost
floor underneath to separate faeces and
urine
Flat deck with a scraper underneath 35 0.39 (D) Not applicable to

existing installations
Refurbishing FSF pit to Pens with fully 40 0.36 (1) 5.30 (1, 1998)
slatted floor with flush gutters or flush Lit 28150 (CRPA, 1999)
tubes
Partly slatted or convex floor with iron 43 0.34 (NL) Applicability to existing
or plastic slats depending on design;

Partly slatted. No data.
Shallow manure pit with a channel for 57 0.26 (NL, B) Part slatted
spoiled drinking water
Manure channel with gutters, partly 65 0.21 (NL, B) 10.65 (NL, 1998)
slatted floor with triangular iron slats 11.75 (B, 1998)
Manure scraper under partly slatted floor | 70 0.18 (NL, B) Difficult to apply to

40 0.39 () existing installations

Pen manure channel with side wall(s) on | 72 0.17 (NL) Partly slatted, despite
a slope, partly triangular iron bar slatted being applicable to
floor existing installations
Manure surface cooling channel 75 0.15 (NL, B) 9.75 (NL, 1998)

11.20 (B, 1998)
End-of-pipe
Bioscrubber 70 0.18 (NL) 7.95 (NL, 1998)
Chemical wetscrubber 90 0.06 (NL) 5.55 (NL, 1998)

() Member State from which the data originate

1 reference year of ecu exchange rate

2 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1999], | [59, CRPA, 1999]

3 n.r. not reported BREF, 2000

p.148

Table 4.3.3 - Selected techniques for weaned pigs

Housing system % NH;- | NH; (kg/pig | Extracosts | (Euro) Energy
reduction | place/year) /pig place use (+)

investment | operation | kWh

Reference system 0.60 (I, NL)

Process integrated measures

Refurbish FSF pit to Pens with fully 40 0.36 (D 2.2, 1.27 + Not

slatted floor with flush gutters or flush reported

tubes (4633)

Manure channel with gutters, partly 65 021 (NL,B) | 25 10.65 0.75

slatted floor, triangular iron slats (4637) 11.75

Manure surface cooling channel 75. 0.I5(NL,B) | 24 9.75 6.5

(46310) (note: partly slatted; high energy) 11.20

End-of-pipe

Bioscrubber 70 0.18 (NL) 10 3.35 8

Chemical wetscrubber 90 0.06 (NL) 9 3:. 10

Additionally, bioscrubber require an extra 1 m° of water per pig place (possibly lower for weaners).
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4.1.4 - BAT for housing of finishers

As a reference technique, a type of housing system is used that has been widely applied
throughout the EU-15. It is comprised of a fully slatted floor and a deep underlying pit
(Figure 4.1.4) from which the slurry is removed at the end of a finishing cycle or once a
year (or less). The performance level is set at about 3.0 kg NHs/pig place/year.

———

Concrete slats

Figure 4.1.4 - Fully slatted floor with flushing of a permanent slurry layer in canals underneath [CRPA,
1999] quoted in BREF, 2000 p.128 (note it is originally representation of service house)

Table 4.4.1- BAT for new installations for finishers.

Housing system % NH;- | NH; (kg/pig | Extra cost | Extra cost
reductio | place/year)” | EUR/kg EUR/kg NH;
n meat’
Reference system 3.0, NL,
B)
2.39 (DK)
Process integrated measures
1. Reduce manure surface
PSF pit 20 2.40 (I) 0.0005 () 0.09 ()
33 1.59 (DK) | nr. nr.t
Solid concrete floor and fully slatted | 20 2.4 (D) 0.017 (1, 6.05 (I, 1998)
external alley 1998)
2. Fully slatted floors (FSF) with
frequent and fast slurry removal
FSF with vacuum system 25 2.25 () -0.026 -7.42 (1, 1998)
FSF with flush canals 30 2.10 (D) -0.023 -5.47 (1, 1998)
FSF with flush gutters or flush tubes | 40 1.80 (D) -0.020 -3.59 (1, 1998)
3. Partly slatted floor (PSF) with
requent and fast slurry removal
PSF with vacuum system 30 2.10 (D) -0.024 -5.86 (I, 1998)
PSF with flush canals 40 1.80 (D -0.023 -4.10 (1, 1998)
PSF with flush gutters or flush tubes 40 1.80 (D) -0.012 -2.19 (1, 1998)
concrete slats | 60 1.2(NL,B) | nr. 5.25 (NL, 98)
iron slats 65 1.O(NL,B) | nr 6.25 (NL, 98)
PSF-ssw/concrete 60 1.2(NL,B) | nr. 0.28 (NL,98)
PSFE-ssw/iron 65 1.0 (NL, B) 2.70 (NL,98)
PSF with scraper 40 1.80 () -0.023 -4.07 (1, 1998)
(cont.)
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(continue Table 4.4.1)
4. Manure cooling
Manure surface cooling channel n.r. 2.20(NL,B) | n.r. 10.20 (NL, 98)
Iron slats 12.15 (B, 98)
5. Solid concrete floor (CSF) +
external alley (EA) with frequent
and fast slurry removal systems:
CSF + EA flush canals 40 1.80(I) -0.0021 -0.38 (I, 1998)
CSF + EA scraper 40 1.80 () -0.0015 -0.25 (1, 1998)
0. Straw systems:
CSF full litter (reference) 3.0
CSF + EA litter 20 2.4 () 0.0005 0.10 (I, 1998)
PSF fast removal + EA litter 30 2.1 (D) n.r. n.r.
End-of-pipe
Bioscrubber 70-90 0.80 (NL) n.r 7.60 (NL)
194 -29.75 (B)
Chemical wetscrubber 90 0.30(NL) n.r 5.20 (NL)

() Member State from which the data originate

1 reference year of ecu exchange rate

2 negative amount means technique cheaper than reference

3 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1999], | [59, CRPA, 1999]

4 n.r. not reported
BREF, 2000 p.160

Table 4.4.2 — Selection of BAT housing for fattening pigs for case studies

Housing system % NH;- | NH; (kg/pi§ Extra cost | Criteria for
reduction | place/year)” | EUR/kg selection or
meat’ rejection
Reference system 3.0, NL,
B) No data.
2.39 (DK)
Process integrated measures
1. Reduce manure surface
PSFpit 20 2.40 () 0.0005 (I) Applic.to exist
33 1.59 (DK) nr. nrt

Solid concrete floor and fully slatted | 20 2.4 () 0.017 (1, 6.05 (I, 1998)
external alley 1998)
Refurbish from CSF alley pit to CSF | 40 1.80 () 0.09 15.51
alley flush tubes [CRPA, 1999 table
4.9]
2. Fully slatted floors (FSF) with
requent and fast slurry removal
ESF with vacuum system 25 2250 -0.026 -7.42 (1, 1998)
FSF with flush canals 30 2.10 (D -0.023 -5.47 (1, 1998)
FSF with flush gutters or flush tubes | 40 1.80 () -0.020 -3.59 (I, 1998)
Refurbish from FSFpit to FSF flush 40 1.80 (D) 0.06 11.63
tubes [CRPA, 1999 table 4.9]
3. Partly slatted floor (PSF) with
requent and fast slurry removal _
PSF with vacuum system 30 2.10 (I) -0.024 -5.86 (1, 1993)
PSF with flush canals 40 1.80 (1) -0.023 -4.10 (I, 1998)
PSF with flush gutters or flush tubes 40 1.80 () -0.012 Use refurbish.

concrete slats 60 1.2 (NL, B) n.r. 5.25 (NL, 98)

iron slats 65 1.O(NL,B) { nr 6.25 (NL, 98)

(cont.)
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(continued Table 4.4.1)
Refurbish from PSFpit to PSF flush 40 1.80 () 0.07 13.29
tubes [CRPA, 1999 table 4.9]
PSF-ssw/concrete 60 1.2(NL,B) | nr. 0.28 (NL,98)
PSFE-ssw/iron 65 1.0 (NL, B) 2.70 (N1.,98)
PSF with scraper 40 1.80 (D) -0.023 Not potential
4. Manure cooling
Manure surface cooling channel 50 1.5 (NL,B) n.I. 3.65(NL, 98) 4.50
iron slats 60 1.2 (NL.B) n.r. (B, 98)
5. Solid concrete floor (CSF) +
external alley (EA) with frequent
and fast slurry removal systems:
CSF + EA flush canals 40 1.80(1) -0.0021 Use Refurbish.
CSF + EA scraper 40 1.80 (D -0.0015 -0.25 (1, 1998)
6. Straw systems: .
CSF full litter (reference) 3.0
CSF + EA litter 20 2.4 (D) 0.0005 0.10 (I, 1998)
PSF fast removal + EA litter 30 2.1 (D) n.r. n.r.
End-of-pipe
Bioscrubber 70-90 0.80 (NL) nr 7.60 (NL)
19.4-29.75 (B)
Chemical wetscrubber 90 0.30(NL) n.r 5.20 (NL)

() Member State from which the data originate
1 reference year of ecu exchange rate

2 negative amount means technique cheaper than reference
3 sources NL [10, Hendriks and Weerdhof, 1999], B [37, Berckmans, 1999], | [59, CRPA, 1999]

4 n.r. not reported BREF, 2000
p.160
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Table 4.4.3 - Selected techniques for case studies
Housing system % NH;- | NHj (kg/pig | Extra costs | (Euro) Energy
reduction | place/year) /pig place use (+)
Investment | operation | kWh
Reference system FSFpit (slurry) 3.0(NL,B)
CSF full litter (straw) 3.0
Process integrated measures
1. Reduce manure surface
Refurbish from CSF alley pit to CSF | 40 1.80 (I) 18.62 +
alley flush tubes [CRPA, 1999 t.4.9]
*Not applicable, difficult to compare to current systems in the cases.
2. Fully slatted floors (FSF) with
frequent and fast slurry removal
Refurbish from FSFpit to FSF flush 40 1.80 (D) 13.96 +
tubes [CRPA, 1999 table 4.9]
3. Partly slatted floor (PSF) with
frequent and fast slurry removal
PSF with flush gutters or flush tubes
(4618/4641) concrete slats | 60 1.2 (NL,B) | 59 9.45 L5
(4618/4641b) iron slats | 65 L.O(NL,B) | 79 12.50 L3
Refurbish from PSFpit to PSF flush 40 1.80 (D) 15.95 +
tubes [CRPA, 1999 table 4.9]
PSF-ssw/concrete (4642) 60 1.2(NL,B) | 3 0.50 No
PSF-ssw/iron (4642b) 65 1.0(NL,B) | 23 15 No
4. Manure cooling
Manure surface cooling channel
Concrete slats (4615) | 50 1.5(NL,B) | 30.40 5.50 14
Iron slats (4615b) | 60 12 (NL,B) |43 8 14
End-of-pipe
Bioscrubber 70-90 0.80 (NL) 49 16.7 35
Chemical wetscrubber 90 0.30(NL) 43 14 55

Additionally, bioscrubber require an extra 1 m’ of water per pig place.

Regarding BAT for finisher the codes were revised according to BREF 2001 only in this table.

Tiago Pellini

Appendices and Annexes

PhD 2002

[




275 Cranﬁeld

UNIVERSITY
Silsoe

Appendix 4. 8 - BAT techniques for pig housing applied to the case study installations

Phase Housing system* Case NH; | Extra Cost
study emission| costs efficiency
1|23 |[(keNH,| (£ f/kg NH,
/ pig /pig abated/
place/ | place/ year
year)** | year)**
Mating& |Current CSF full litter v v 3.70 = -
Pregnancy PSF pit (Ita) v | 295 = -
Selected None v |N/A -
BAT 1 PSF with flush gutters or tubes (4618) v/ 2.50 50.78 42.31
candidates 2 PSF with flush gutters or tubes (4618_belgi) v/ 250 2345 19.54
3 Refurbish PSFpit to PSF flush tubes v/ 221 11.25 7.55
4 Manure surface cooling channel (4619) v 2.20 21.28 14.18
5 Refurbish CSF alley pit to CSF alley flush v 221 13.14 8.82
End-of-pipe 6 Bioscrubber v/ N/A| 130  22.46 9.36
7 Chemical wetscrubber v N/A| 040  23.69 7.18
Farrowing |Current Crates with storage pit underneath v/ v 8.30 - -
Selected 8 Board under slats (4621) JOAN/AL S 500 36.77 11.14
BAT 9 Manure cooling (4625) v v/ 2.40 56.81 9.63
candidates 10 Flushing + manure gutters (4623) v v/ 330 9350 1870
11 FSF water & manure channels (4622) v v 4.00 3.86 0.90
12 FSF w&m channel iron slats (4622b) 4.00 391 0.91
13 FSF manure pan (4624) v/ v 290  49.53 9.17
End-of-pipe 14 Bioscrubber N/A v 2.50 33.79 5.83
15 Chemical wetscrubber N/A v 0.80 27.78 3.70
Weaning |Current Flat deck FSF v v 0.60 . -
Selected 16 Refurbish FSF pit to FSF flush (4633) v |INA| vV 0.36 2.46 10.26
BAT 17 Manure channel gutters PSF iron slats (4637) | v v 021 9.05 23.20
candidates 18 Manure channel gutters PSF (4637 _belg) v/ / 0.21 9.82 25.19
19 Manure surface cooling channel (46310) v/ v/ 0.15 8.35 18.56
End-of-pipe 20 Bioscrubber v v/ 0.18 3.32 791
21 Chemical wetscrubber v/ v/ 0.06 2.98 5.52
Growing |Current CSF full litter (straw) T 1.80 - -
FSF pens v 1.80 - -
Selected None o/ - - -
BAT BAT candidates for finishers number 22 to 28 v/ | (see note below)
End-of-pipe ~ Bioscrubber (29) N/A| V| /
Chemical wetscrubber (30) N/A V | vV
Finishing |Current PSFpit v 2.40 - -
FSFpit (slurry) v/ 3.00 - -
CSF full litter (straw) v 3.00 . =
Selected None v/ - - -
BAT 22 Refurbish from FSFpit to FSF flush tubes v/ 1.80 9.85 8.21
candidates 23 PSF flush gutters/ tubes (4641) concrete slats v 1.20 10.29 5.72
24 PSF flush gutters/tubes (464 1b) iron slats v/ 1.00 13.67 6.83
25 Refurbish PSF pit to PSF flush tubes 4 v | 180 1125 938
26 PSF-ssw/iron (4642b) v v 1.00 11.99 6.00
27 Manure cooling PSF (4615) concrete slats v/ v/ 1.50 5.75 3.83
28 Manure cooling PSF (4615b) iron slats v v 1.20 8.28 4.60
End-of-pipe 29 Bioscrubber ST 0.80 16.48 7.49 |
30 Chemical wetscrubber SIS 0.30 14.00 5.19 '

Notes: v - if housing technique applies to the case study; N/A - not applicable, as the installation does not operate the
referred phase or, in the case of scrubbers, natural ventilation system does not allow required control of air flows.

* Number in brackets as technique is referred in the BREF Note.

**Abatement levels and extra costs of BAT are compared to the emission and cost of the reference system for the phase. ﬁ
Growing phase applied BAT for finishers using conversion factor for emission and cost by weight and space allowance.
Source: compiled from the BREF Notes (EIPPCB, 2001) and CRPA (1999).
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Appendix 5. 1 - Histogram: pig units according to the number of sows (breeding-only
and breeding-and-feeding herds)
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Appendix 5. 2 - Histogram: pig units according to the number of finishing pigs
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Appendix 5. 3 - Cross tabulation: typ
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¢ of system by finishers housing and type by

specialisation of herd (SPSS output)

Type by specialisation of | Total
herd
Feed Breed&Feed
Type of  [Straw based and / or [Count 45 13 58
system by [Solid floor % of Total 43.30% 12.50%| 55.80%
finishers |partly slatted floor |Count 5 8 13
housing % of Total 4.80% 7.70%| 12.50%
fully slatted floor Count 4 15 19
% of Total 3.80% 14.40%| 18.30%
mixed (straw and Count 3 9 14
slurry based) % of Total 4.80% 8.70%| 13.50%
Total Count 59 45 104
% of Total 56.70% 43.30%] 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 24.417(a) 3 0.000
Likelihood Ratio 25.432 0.000
Linear-by-Linear Association 18.761 1 0.000
N of Valid Cases 104

a 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.63.

Appendix 5. 4 - Crosstab: type by specialisation of herd and slurry earth banked lagoon

Slurry - earth banked Total
lagoon
no yes
Type by Breed Count 7 7
specialisation % of Total 16.00% 6.00%
of herd Feed Count 47 18 65
% of Total |40.20% 15.40% 55.60%
Breed&Feed |Count 22 23 45
% of Total |18.80% 19.70% 38.50%
Total Count 76 41 117
% of Total |65.00% 35.00% 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 10.423(a) 2 0.005
Likelihood Ratio 12:5 2 0.002
Linear-by-Linear Association 10.299 1 0.001
N of Valid Cases L7

a 2 cells (33.3%) have expected count less than 5. The minimum expected count is 2.45.
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Appendix 3. 5 - Crosstab: type by specialisation of herd and slurry below ground tank
Slurry - below ground Total
tank or structure
no Yes
Type by Breed Count 2 5 7
specialisation % of Total |1.70% 4.30% 6.00%
of herd Feed Count 49 16 65
% of Total {41.90% 13.70% 55.60%
Breed&Feed |Count 32 13 45
% of Total |27.40% 11.10% 38.50%
Total Count 83 34 117
% of Total  |70.90% 29.10% 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 6.719(a) 2 0.035
Likelihood Ratio 6 2 0.05
Linear-by-Linear Association 1.123 i 0.289
N of Valid Cases 117
a 2 cells (33.3%) have expected count less than 5. The minimum expected count is 2.03.
h Appendix 5. 6 - Crosstab: type by specialisation of herd and spreading of manures onto
third parties’ land
Manure spread onto | Total
third party's land
no yes
Type by Breed Count 4 3 7
specialisation : % of Total 3.40% 2.60% 6.00%
of herd Feed Count 49 16 65
% of Total 41.90% 13.70%| 55.60%
Breed&Feed Count g 24 45
% of Total 17.90%| 20.50%| 38.50%
l Total Count 74 43 117
% of Total 63.20%|  36.80%| 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 9.554(a) 2 0.008
Likelihood Ratio 9.591 0.008
Linear-by-Linear Association 5322 i 0.021
N of Valid Cases 117

a 2 cells (33.3%) have expected count less than 5. The minimum expected count is 2.57.
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~ Appendix 5. 7 - Crosstab: type of system by finishers housing and slurry transport with
umbilical hose

Slurry transport - |Total
umbilical hose
no yes
Type by specialisation |Breed Count 6 1 7
of herd
% of Total 5.10%| 0.90% 6.00%
Feed Count 56 9 65
% of Total | 47.90%| 7.70% 55.60%
Breed&Feed |Count 24 21 45
% of Total | 20.50%| 17.90% 38.50%
Total Count 86 31 117
% of Total | 73.50%| 26.50% 100.00%

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 15.277(a) |2 0
Likelihood Ratio 15.088 2 0.001
Linear-by-Linear Association |12.662 1 0
N of Valid Cases 117

a 1 cells (16.7%) have expected count less than 5. The minimum expected count is 1.85.

, Appendix 5. 8 - Crosstab: type of system by finishers housing and transport with tanker

Slurry transport - |Total
' tanker
no yes

Type of system by |straw based and / or |Count 33 23 58
finishers housing [solid floor % of Total 31.70%| 24.00%| 55.80%
partly slatted floor |Count 4 9 13

% of Total 3.80%| 8.70%| 12.50%

fully slatted floor  |Count 6 I3 19

% of Total 5.80%| 12.50%| 18.30%

mixed (straw and  |Count 1 13 14

slurry based) % of Total 1.00%] 12.50%| 13.50%

Total Count 44 60 104
% of Total 42.30%| 57.70%| 100.00%

Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 13.755(a) 3 0.003
Likelihood Ratio 15.453 3 0.001
Linear-by-Linear Association 12.741 1 0
N of Valid Cases 104

a 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.50.
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. Appendix 5. 9 - Crosstab: type of system by finishers housing and manure distribution
with broadcast spreader

Spread distribution - {Total
broadcast spreader
no yes
Type of system by |straw based and / |Count 32 26 58
finishers housing |or solid floor % of Total 30.80%| 25.00%| 55.80%
partly slatted floor |Count 5 8 13
% of Total 4.80%| 7.70%| 12.50%
fully slatted floor |Count 2 17 19
% of Total 1.90%| 16.30%| 18.30%
mixed (straw and |Count 2 12 14
slurry based) % of Total 1.90%| 11.50%| 13.50%
Total Count 41 63 104
% of Total 39.40%] 60.60%| 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 16.377(a) 3 0.001
Likelihood Ratio 18.109 0
Linear-by-Linear Association 14.763 1 0
N of Valid Cases 104

a 0 cells (.0%) have expected count less than 5. The minimum expected count is 5.13.

Appendix 5. 10 - Crosstab: type of system by specialisation of herd and use of
contractors for slurry spreading

Slurry spread - Total
contractors
no yes
Type by Breed Count 6 1 7
specialisation of % of Total 5.10%| 0.90% 6.00%
herd Feed Count 53 12 65
% of Total 45.30%| 10.30% 55.60%
Breed&Feed [Count 27 18 45
% of Total 23.10%{ 15.40% 38.50%
Total Count 86 31 117
% of Total 73.50%| 26.50%| 100.00%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 6.904(a) 2 0.032
Likelihood Ratio 6.799 0.033
Linear-by-Linear Association 6.168 1 0.013
N of Valid Cases L7

a1 cells (16.7%) have expected count less than 5. The minimum expected count is 1.85.
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Appendix 5. 11 - Crosstab: type of system by specialisation of herd and training — farm

management
Training- General Total
farm management
no yes
Type by Breed Count 3 4 7
specialisation of % of Total 3% 3% 6%
herd Feed Count 59 6 65
% of Total 50% 5% 56%
Breed&Feed |Count a1 8 45
% of Total 32% 7% 39%
Total Count 99 18 LT
% of Total 85% 15% 100%
Chi-Square Tests
Value | df Asymp. Sig. (2-sided)
Pearson Chi-Square 11.466(a) 2 0.003
Likelihood Ratio 8.76 2 0.013
Linear-by-Linear Association 0.655 | 0.418
N of Valid Cases 117

a 1 cells (16.7%) have expected count less than 5. The minimum expected count is 1.08

Appendix 5. 12 - Crosstab: type of system by specialisation of herd and training — risk

management
Training -Risk Total
management
no yes
Type by Breed Count 4 3 %
specialisation of % of Total 3% 3% 6%
herd Feed Count 39 6 65
% of Total 50% 5% 56%
Breed&Feed {Count 34 11 45
% of Total 0.291 0.094 0.385
Total Count 97 20 117
% of Total 83% 17% 100%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 7.830(a) 2 0.02
Likelihood Ratio 7.392 2 0.025
Linear-by-Linear Association 0.399 1 0.528
N of Valid Cases ¥y
L a 1 cells (16.7%) have expected count less than 5. The minimum expected count is 1.20
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Appendix 5. 13 - Crosstab: type of system by specialisation of herd and training — health

and safety
Training - Health Total
and safety
no yes
Type by Breed Count 4 3 7
specialisation of % of Total 3% 3% 6%
herd Feed Count 55 10 65
% of Total 47% 9% 56%
Breed&Feed [Count 30 15 45
% of Total 0.256 0.128 0.385
Total Count 89 28 117
: % of Total 76% 24% 100%
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 6.171(a) 2 0.046
Likelihood Ratio 6.109 2 0.047
Linear-by-Linear Association 1.16 1 0.282
N of Valid Cases 117

a1 cells (16.7%) have expected count less than 5. The minimum expected count is 1.68

Appendix 5. 14 - Frequency of responses for relevance of environmental issues —
percent (%) of total

Environmental issue Degree of relevance
none small moderate substantial great don't | Total
know
emission of ammonia 4 29 43 9 7 8 100
emissions of pollutants to land 4 20 37 24 9 5 100
| emission of pollutants to water 3 13 27 35 20 3 100
nuisance by odours 4 23 4] 21 i 41 100
nuisance by noise 23 48 21 4 0 4 100
use of energy 5 27 37 29 0 5 100
use of clean water 9 31 32 17 7 4 100
use of raw material 16 ) 29 17 7 5 100
Note: total of 75 respondents.
Tiago Pellini Appendices and Annexes PhD 2002
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Annex 5. 1 - Report of the workshop [PPC and Pigs

REPORT OF THE WORKSHOP ON INTEGRATED POLLUTION PREVENTION AND CONTROL. (IPPC) DIRECTIVE
AND THE PIG INDUSTRY IN ENGLAND AND WALES

University of Cranfield, Silsoe Campus, Bedfordshire, 10.30 am to 4pm, 17" January 2002.

This document provides a summary of the proceedings and outcomes of discussion during the above
workshop. The workshop was supported by the National Pig Association and the Environment Agency.

A list of participants is appended.

BACKGROUND

Aim

The broad aim of the workshop was to share an understanding of the main features and likely impacts of
IPPC with a view to assisting the pig industry to adapt to the new regulation.

The workshop posed and sought answers to the following questions:

What is IPPC? That is to refine the understanding of IPPC concepts and instruments as it applies to the
pig industry in England and Wales.

What does IPPC mean for pie producers? That is to identify and discuss the key issues associated with
the implementation of the IPPC regulation, focusing on the likely impacts on the industry.

What do producers do about it? That is to identify and discuss the ways in which the industry and its
constituent producers can prepare themselves for the implementation of the IPPC regulation.

REPORT ON WORKSHOP PROCEEDINGS

Overview of IPPC

1 The introductory part of the workshop comprised a general presentation of the IPPC principles in the
context of the policy commitment to sustainable development and how IPPC is being implemented in
the pig sector in England and Wales. The workshop was briefed that ‘candidate’ Best Available
Techniques (BAT) are being defined for the pig industry (currently in the form of the BREF Notes)
and Standard Farm Installation Rules and Guidance (SFIRG) have been provisionally defined as a
basis for formulating General Binding Rules (GBR). The latter are intended to simplify the process of
application for and ward of an IPPC permit,

2 Participants drew attention to the fact that the IPPC regulation has to deliver environmental
protection subject to the economic criteria implicit in BAT. Concern was expressed that some
versions of BAT, given the current economic condition of the pig sector, may render many
businesses non-viable. It was also pointed out that IPPC is part of, and needs to integrate with, a
broader regulatory framework which covers things like surface and ground water quality, health and
safety, and animal welfare. The latter, for example has been a major driver for modifications to
buildings for breeding herds.

3 The workshop was briefed about the regulator’s approach to [PPC implementation and the issues
arising. There have to date been no [PPC applications by pig producers. It is understood that 2
applications for poultry units have been made and one application for a variation on a unit. Comment
was made that applications did not meet the regulator’s requirements regarding assessment of
environmental effects. It seemed that applicants drew on assessments used to gain planning consent
and these were inadequate for the purpose of IPPC. A point was raised about the competency on the

part of applicants and their advisors to provide satisfactory environmental statements to support the
[PPC application.

Impact Assessment: Case Studies
4 The findings were presented of research carried out by Cranfield University at Silsoe involving three
case studies of pig installations qualifying for IPPC regulation. These case study units, selected to
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represent dominant UK pig production systems for housing and management of manures, were
assessed using an analytical framework developed to examine the environmental and financial impact
of IPPC. Compliance requirements applied to the case studies were based on the Environment
Agency’s SFIRG and the European Commission IPPC Bureau’s draft version of the BAT Reference
Document (BREF Note) for intensive livestock farming.

5 Inaccordance with the regulation, the assessment of environmental performance focused on
ammonia emissions throughout the production cycle, including the disposal of manures. The
financial performance of the baseline situation (without-IPPC) was compared to the with-IPPC
situation by using a set of environmental and financial indicators. The results estimated that
applying IPPC can deliver substantial reductions in ammonia emissions from housing, storage and
landspreading phases on the case study units. These reductions ranged from 9% to 70% depending
on the candidate BAT and related practices involved.

6  The cost of compliance and achievement of ammonia emissions varied according to the combination
of BAT options (in-process and end-of-pipe measures) tested. Average abatement costs were
between £1.30 and £9.10 per kg of ammonia abated per year. The latter costs are associated with
high performance but very expensive bio-filter systems, (which due to their excessive costs are
unlikely to qualify as BAT).

7 The analysis shows that the major compliance costs relate to measures for the reduction of ammonia
emissions from housing, the need for extra labour and management inputs, and actions to reduce
emissions from storage and disposal of manures.

8  Financial assessment suggests that existing financial margins (revenues less costs) at the time of the
survey would not be sufficient to cover the incremental costs of compliance with IPPC, even at the
most modest application of BAT/SFIRG. This reflects the low margins currently obtained in the
sector, and the changes that would be needed in housing, waste management, and management
Systems to meet IPPC requirements.

9 Market prices for pigmeat would need to increase between 1 and 15 pence per kg to recoup
incremental costs associated with IPPC, in other words, minimum prices of £0.97 to £1.11 would be
needed to guarantee coverage of total production costs under an IPPC permit regime.

10 It was emphasised that these results are based on an appraisal of ‘candidate’ BAT options which are
not necessarily those that will be adopted as BAT under the IPPC permitting regime. Also the
analysis considered a range of technically applicable solutions which themselves constitute ‘baskets’
of techniques. It is likely that other types and combinations of BAT will emerge in due course
(especially when producers and regulators review the performance and impact of candidate BAT).

11 It was also emphasised that the estimated costs on the case study units refer to the implementation of
IPPC to existing installations. It is likely that new build installations would be able to achieve lower
compliance costs per unit of saleable output or emission because IPPC requirements would be built
into initial design and subsequent operation.

Results of a Survey of IPPC Target Pig Producers

12 Results were presented from a questionnaire survey amongst members of the National Pig
Association (NPA) deemed at or above the IPPC qualifying thresholds. This aimed to capture the
current circumstances and practices on IPPC target installations. Following a 37% response rate, the
survey drew on eligible 75 questionnaires, comprising a total of 117 pig installations, completed in
the period between April and June 2001.

13 The results suggest that although average number of sows on Breeding-and-F eeding units is in some
cases below the threshold of 750 places, these units would fall under IPPC regulations because they
are linked to fattening units which are often well above 2,000 places. Breeding-and-feeding units

account for 54% of total fattening pigs by number although they count for only 38% of total
installations.
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The survey revealed that existing waste management systems are predominantly straw-based.
Eighty-one percent sow units use mainly straw. Over half (53%) of finishing-only installations are
predominantly straw based. More than 60% of installations were built before 1980 and 25% of
installations were less than 10 years old. With a depreciation life of say 25 years, clearly much of the
housing stock is beyond its economic life.

It was reported, however, that there has been significant refurbishment or refit on 56% of the
installations, mainly associated with the group housing of sows between 1996 and 1998 in response
to welfare requirements.

IPPC requires that due regard is given to local site conditions as these define the likely environmental
effects of installations. It was reported that the predominant soils in the vicinity of the units are clays
and loams (63% of installations). These soils are less prone to the leaching of nutrients from
manures than lighter, sandy soils. Respondents perceived that the main environmentally sensitive
feature was that of a neighbouring residential area (71% of installations). Around 23% of the
installations had areas at least partially on a Nitrogen Vulnerable Zone (NVZ) where the allowable
application rates of N to land are lower than on areas outside these protected areas.

In terms of management of manures, the survey showed that slurry is mainly stored in earth banked
lagoons (38% of slurry installations ) or in underground tanks or structures (31% of slurry
installations). The landspreading of slurry is predominantly by broadcast spreader and tanker. Solid,
straw-based manures are predominantly (91% of solid systems) stored in outside, non-covered areas
and disposed to land using a rear discharge spreader. Although the great majority (86%) of all
installations spread manures onto their own land, a significant proportion (37% of all installations)
rely partially or totally on third party land for landspreading.

>

In the context of producers’ understanding of IPPC, the survey identified perceptions of key
environmental issues associated with indoor pig production. For the sample as a whole, emission of
pollutants to water and emission to land were ranked first and second respectively, followed by
nuisance by odours. Emission of ammonia, which is the focus of much of the IPPC regulation, was
ranked only sixth in terms of perceived importance, preceding only the use of raw material and
nuisance by noise.

Regarding awareness and understanding of IPPC, 56% of pig producers reported that their current
knowledge of the regulation was limited or virtually non-existent. In terms of perceptions of the
change that might be required by producers for them to conform with IPPC, producers ranked the
following in order of perceived degree of change required: management systems (planning, control

and record keeping), storage of animal waste, disposal of animal waste, staff training, and, with the
lowest rank, animal housing.

The results of the survey are revealing with respect to circumstances and practices of the group of
producers who are likely to be captured by the regulation. Straw based manure systems are common
and yet at the present moment these do not appear to comply with the emerging definition of BAT,
and would therefore be rendered infeasible. Many installations are old and have reached the end of
their design life. The widespread use of straw reflects continued use of housing stock which, under
more favourable economic conditions, would probably have been replaced by now. The emerging
BAT favours partly slatted floors which are not common place.

Slurry lagoons are for the most part uncovered. Covering them is likely to prove expensive, if indeed
it is feasible on existing designs. Disposal of waste to land mainly uses broadcasting methods which
also may not conform to IPPC regulations.

Regarding perceptions, the survey showed a limited understanding of IPPC amongst the target group.
Furthermore, and consistent with this, the perception of what is likely to be of most concern under
IPPC (perceived to be water impacts and management systems) does not fit with the major issues that
producers are likely to face in practice under IPPC, namely controlling ammonia emissions and
housing improvement.
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DISCUSSION GROUPS AND QOUTCOMES

Th.e workshop participants formed two discussion groups which subsequently reported the following
points.

Key issues and uncertainties

Compliance Costs

23 Producers find the comprehensiveness and detail of the IPPC regime ‘frightening’ in terms of the
cost of compliance and the management burden. It was argued that pig units already operate under a
regulatory framework relating to health and safety, environment and animal welfare which have
implications for costs and management practices.

Unknowns

24 It was felt by pig producers that there are too many unknowns at this stage with respect to the
requirements of BAT and GBR to determine the likely impacts and the best way to respond to the
regulation. It was difficult to make informed judgements. Reference was made to lack of definition
of BAT/GBR, to lack of information on emissions from current or proposed pig units and
management practices, and to lack of information about the improvements that might be achieved by
changes in practices in specific circumstances.

And Uncertainties

25 The point was made that unless there is clear information on existing types and levels of pollution,
and the reductions that can be achieved by changes in practices, it is difficult to argue that IPPC will
(a) deliver environmental benefits and (b) do this at reasonable cost. Producers questioned the
benefit:cost aspect of IPPC applied to the pig sector, and questioned whether the application of IPPC
would meet the principle of proportionality raised earlier in the workshop.

Impact on Financial Viability

26 Producers expressed concern that any increase in the costs of pig production is likely to render pig
units financially non-viable, as they have been operating at or below the margin of profitability for a
number of years. It was felt that there was a risk that principle of economic viability included in the
definition of BAT is not being applied. (It was pointed out that the analysis presented earlier referred
to a range of ‘candidate’ BAT and that BAT *for real’ had not yet been defined). But it was argued
that the industry could not carry additional cost given prevailing market conditions.

Defining BAT

27 This latter point was further elaborated. BAT in the pig sector is in the process of definition, and
what will be decided is not clear. It is difficult to give or receive advice on how to accommodate
IPPC while this remains the case. However, it was discussed that BAT is, by definition, a dynamic

process and is likely to change over time. But at least, it was argued, point of entry BAT should not
damage a fragile industry.

UK Representation

28 Pig producers perceive that BAT is being biased towards continental pig rearing systems, reflecting a
relatively well organised lobby by interests in EU member states (including supplier companies),
leaving UK systems under-represented. One of the reasons for this, it was suggested, could be the
lack of technical information about the type and environmental performance of common UK
installations , especially housing systems. However, it was pointed out that the references for
manure landspreading techniques in the BREF draft mostly draw on data generated in the UK. (This
perhaps confirms that BREF notes tend to reflect the information which is provided to, or most easily
accessible to, the BREF writers at a given point in time).

Structures and Attitudes

29 It was suggested that the fragmentation of the UK pig industry and possibly linked to this the limited
engagement by the UK pig sector in the processes by which BREF are defined, may be acting against
this representation. It was also argued that, compared to EU member states with large pig sector
interests (such as Netherlands, Denmark and Germany), the UK pig industry has demonstrated a

| more negative attitude towards environmental regulation, perhaps reflecting a broader pessimistic
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attitude in the sector as a whole. Partly, it was felt, this reflected frustration that expectations of
benefits to UK producers of previous attempts to achieve market advantage through quality
differentiation and early adoption of welfare standards had not been realised.

Ammonia Focus

30 It was strongly felt that so far, candidate BAT appear to almost exclusively focused on ammonia
emissions. This selected emphasis on the emission of one pollutant (NH;) to one media (air)
questioned whether IPPC is effectively delivering an integrated approach to environmental
protection. However, the workshop was informed that the Technical Working Group for sectoral
BREF is considering other criteria for selection of BAT, such as local relevance of techniques,
emissions of pollutants other than ammonia, and cross media issues such as use of energy and water.
The point was made that an excessively NH; driven approach to IPPC BAT may conflict with other
statutory obligations by farmers such as N disposal to land and animal welfare. (The point was made
earlier in the day about the need to ensure BAT and GBR adopt a broad definition of environmental
performance consistent with the principle of Best Practical Environment Option).

Straw

31 Questions were raised about relevance of BAT in that they currently exclude straw based systems
which are predominant in UK. These systems have witnessed considerable expansion due to animal
welfare regulations (banning tethers and stalls for sows) and, given the economic fortune of the
sector, a preference to extend the use of the existing housing stock rather than make new investment.

Learning Process

32 It was pointed out that the initial phase of IPPC implementation clearly involves a learning process
for all relevant stakeholders, requiring a degree of flexibility on the part of regulator and the
regulated for the newly regulated industries such as the pig industry. There was a clear need for a
much better understanding of the IPPC regulation, its requirements, and its likely impact. This was
needed, it was suggested, to encourage the industry to participate in the process of defining BAT,
ensuring that what emerges in BAT and GBR is relevant and will not impose costs which clearly
exceed the benefits to be gained.

Environmental Assessments

33 Although there had not been IPPC applications from pig producers to date, experience from the
poultry sector suggested that environmental assessment submitted for planning permission to Local
Authorities have not proved inadequate in scope and level of detail to satisfy the requirements of
IPPC. It would appear that further guidance is needed on this.

Waste Values

34 It was argued that pig manure should be regarded as a potential resource with a value as an
agricultural nutrient rather than a waste product with no value to be disposed of. It was argued that
local site circumstances determine whether or not this is the case. Restrictions on application rates
(associated with NVZs), tighter controls on application methods, lack of accessible land to receive
manure, and the particular attributes of pig waste often encourage the view that pig manure is a by-
product to be got rid of at least cost.

An Environmental Standard

35 It was remarked that the pig sector did not have, or had not adopted, the equivalent of a LEAF type
externally accredited environmental auditing scheme. Such a scheme could be an efficient, industry
regulated means of demonstrating a high standard of environmental management and a commitment
to improvement. It could be linked to the adoption of IPPC type practices. It is not clear whether
such a voluntary approach would be recognised by the regulator in the IPPC permitting process.

Implications for Operations and Business Strategy

Increased Costs

36 Producers predicted that production costs will increase due to compliance with IPPC, but that they
would not be able to recoup these through any increase in the producer pig meat price. They saw
that IPPC will affect not only operating costs but also capital investment costs. It was identified that
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the industry has run down its investment stock, and there was little incentive at present to make new
investment. It was appreciated that IPPC has major relevance to business strategy as it affects
operating costs, determines investment in housing and waste management, and defines the
competitiveness of the business. It was apparent, however, that these medium to long term issues
were not being addressed at present (partly because there remain too many unknowns, and partly
because the industry is in a relatively depressed condition with a focus on survival).

Structural Adjustment

37 Producers thought that industry representative organisations should assess the value of advising pig
producers to try to avoid IPPC regulation by adjusting the size of their units to below the thresholds
of 750 sows and 2,000 fatteners. This could be achieved, it was thought, through the scaling down or
‘modulation’ of existing pig installations. However, it was discussed that if this was a common
practice, the regulator might respond with modifications to the threshold limits. The point was raised
that restructuring existing installations into smaller ones could result in efficiency losses and off-set
expected benefits of avoiding compliance costs. From an environmental perspective it was pointed
out that a greater number of smaller pig units may reduce emission at any one point source, and
possibly spread emissions such as those from waste over a larger area, but this would not reduce the
overall burden on the environment.

Convergence and Common Practices

38 For systems above the IPPC thresholds, it is likely that IPPC will force convergence in production
and management systems as defined by BAT and GBR, so that there is likely to be less variation in
large scale units than at present. Below threshold installations will continue to demonstrate greater
variety in practices. However, over time, it is likely that tightening non-IPPC environmental
regulation on intensive livestock production generally will increasingly require below threshold
installations to use techniques similar to, and benchmarked by, IPPC BAT.

Alternative Systems

39 The point was made that IPPC could encourage a more strategic approach to pig production, which
might include significant changes not only in production systems, but also perceptions about what is
feasible or desirable. (This point refers back to the idea of BAT as a dynamic which, as intended,
promotes further beneficial change.) The view was expressed that producers may question the
business sustainability of intensive pig systems under IPPC, and, as evident in the Dutch case,
develop alternative lower-input : lower-output systems which are just as , if not more, commercially
viable, as well as environmentally benign. A re-examination of pig production processes, including
dietary systems, under UK conditions could identify alternative strategies for pig producers. These
changes might be encouraged by other legislative and market drivers.

Action Points
Engaging
40 Pig sector representatives must continue to engage in the process by which BAT and GBR are

defined. This was essential. At present, UK housing systems are under represented in BREF
documentation.

Reviewing Needs
41 Producer organisations should undertake a review of producer needs with respect to IPPC adoption.
This will inform the need for research, development, demonstration and advice.

Creating Awareness
42 Producer awareness and understanding must be enhanced to help the industry prepare itself for [PPC

adoption, especially as the regulation will have critical implications for business management and
strategy..

Communications
43 A communication and promotion strategy will be needed to support the IPPC process, working
through producer organisations. Appropriate messages and communication channels need to be

identified to meet producer needs. The need for workshops, conferences and training courses
requires to be assessed
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44 A targeted IPPC support service, web based answering frequently asked questions, and listing
sources of information and help, including advisors and consultants

Extension
45 Advice and practical demonstration of BAT/GBR will be needed to support producers Consideration
should be given to inclusion of an IPPC demonstration unit at the MLC’s pig unit at Stotfold.

Research and Development

46 Targeted research and development is needed to support the UK IPPC process for the pig sector,
especially:
e the environmental (and related business) performance of existing systems. There is an urgent
need for data on UK pig buildings, especially for straw based systems to support the drafting of
BREF Notes;
e the identification and comparative analysis of UK relevant candidate BAT and GBR, especially
regarding housing and waste management,
e BAT development to address key UK issues, such as straw based systems, slurry management,
lagoon covers, alternative treatments and uses of manures; and address the ‘integrated’ element of the
IPPC regulation;
e the link between BAT, GBR and business performance;
e alternative production systems for indoor pigs, including dietary regimes and alternative input :
output systems;
e environmental management systems for pig producers;

o attitudes towards and adoption of environmental management practices amongst pig producers in
support of IPPC.

Environmental Management Systems

47 The feasibility and acceptability of an accredited environmental management system for pig
producers should be explored. This could support the IPPC permitting process as well as quality
assurance for the product and its supply chain. Sucha scheme would constitute a significant strategic
response by the industry. Experience in other small/medium business sectors with respect to
business response to environmental regulation should be drawn on. This has included business
networks and clubs to help the adoption of cleaner technology and share good practice which can
exploit potential business advantage.
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