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TECHNICAL ANNEX
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
According to the Food Agriculture Organisation (FAO), world food production must increase by 50%
within the next 20 years, while 80% of that increase must come from the intensification of agricultural
production. The global livestock sector is growing faster than any other agricultural sub-sector. It
provides livelihoods to about 1.3 billion people and contributes about 40% to global agricultural
output. While livestock production forms one of the pillars of the EU food industry it faces many
societal challenges, not least from the rising demand for meat protein, increasingly stringent
environmental regulations, coupled with the falling numbers of young farmers entering the industry.
Modern farm animal production is increasingly regarded as a source of solid, liquid and gaseous and
dusts emissions which can be both a nuisance and environmentally harmful. The global livestock
sector, particularly ruminants, contributes approximately 18% of total anthropogenic GHG emissions.
In the EU, the livestock sector accounts for about 13% of total GHG emissions. The FAO report
"Livestock long shadow: environmental issues and options" claims that livestock production is a
major contributor to the world's environmental problems. In 2011, the EU-27 agricultural sector
emitted a total of 3364 kilotons of ammonia, and was responsible for 94% of total ammonia emissions
across the region. The generation rates of ammonia vary with outside climate conditions, structural
specifications of livestock building and equipment, ventilation system (natural and mechanical),
growing cycle, animal diet, manure handling system, animal species and farmers practises. As
regulations and social pressure harden, there is a growing interest in scientific research in the area
of air pollution and emissions from livestock operations in Europe.
1.1.2. Relevance and timeliness
The activities in this COST Action addresses exactly the challenge mentioned above. Their overall
objective is to enhance international discipline cooperation so as to exchange ideas, share good
practices and assess technologies that could result in reducing the emissions of ammonia and GHGs
from livestock buildings and thus to lead to a more environmental friendly and sustainable livestock
production. For this purpose, techniques that could be applied to monitor GHGs and ammonia
concentration will be assessed. There is a need of a reference methodology to calibrate over
methods and to have standard protocols that will make easy the comparison of the results and to
certify the measured emissions levels. Additionally, an agreement on measurement methodologies
and techniques will allow comparing results from different experiments carried out across Europe.
Such an assessment will be achieved by exploiting results produced by experiments that the partners
have carried out but also by modelling GHG and ammonia emissions, taking into account thermal
conditions and ventilation rates. Mechanistic, computational fluid dynamics (CFD) and other
modelling techniques will be applied. Additionally, LCA analysis will be applied so as to evaluate the
overall environmental impacts of the reduction methods. Several research groups in Europe are
engaged in the areas related to the Action but the information and knowledge obtained is dispersed.
Moreover, considerable work was carried out in other countries outside from Europe which faced
similar or even more extended problems. Thus, there is an urgent demand and interest for combining
all the efforts in the area. The opportunity provided by the COST is the ideal framework for
establishment and promotion of the necessary formal cooperation. Many initiatives, currently being
performed solely through national funding, will benefit significantly through the Action, since it will
eliminate overlaps, facilitate collaboration, and make more efficient use of resources, and thus

amplify the value of the research for all European stakeholders. A dissemination and exploitation
plan will be implemented to reach the main stakeholders and end users, as well as of course the
scientific community. Special attention will be given to involve SMEs, authorities, farmers, policy
makers, authorities and other stakeholders of the livestock sector in the beginning of the Action.
Young scientists and Early Career Investigators will also benefit from the implementation of the
Action (Short Term Scientific Missions, Workshops, Training Schools).

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
The main objective of LivAGE Action is to enhance international discipline cooperation for
exchanging ideas and knowledge, sharing good practices, assess technologies that could result in
reducing the emissions of GHGs and ammonia from livestock buildings and thus to lead to a more
environmental friendly and sustainable livestock production. Focus should be on methodology
improvement and harmonization of measurements and modelling aspects. The results will be made
readily available in order to significantly enhance awareness in the livestock sector of the current
hazard level and the perspectives related to the future. Some secondary objectives include the
estimation of emission factors, the impact of the applied diets, prevailing microclimate and ventilation
schemes on emissions and the assessment of mitigation techniques and the environmental analysis
of the proposed techniques and solution. The post-2013 Common Agriculture Policy (CAP) reforms
have underlined the need to translate science and technological developments into everyday farm
practice so EU farms can improve their production efficiency while maintaining a high ecological
status. This COST Action will assist to combine techniques and technologies for a more sustainable
livestock production towards their proper implementation in the production chain.
1.2.2. Capacity-building Objectives
The consortium of the Action is interdisciplinary with experts and research teams in real-time
monitoring, modelling, design and control, animal sciences, welfare and nutrition, instrumentation
and automation of building environments and LCA. Some of the partners have a longstanding history
of working together through secondments, joint projects and publications. In this proposal new
strategic additional partners have been involved. Funding from COST will provide the opportunity to
establish a consortium that includes partners from 16 COST Countries who will cooperate and
increase individual activities in tackling a major societal issue of GHG and ammonia reduction at
farm level to assure a fast and streamlined flow of information with regard to results of research
activities from regions not directly involved in the project. Therefore, European efforts in this field will
be valorised, providing a relevant and efficient way of information dissemination. Policy makers,
agricultural and environmental authorities and other stakeholders (in particular of small farms and
SMEs), could participate in the dissemination events that will be organized by this COST Action in
order to be informed about the progress of the research, a fact that will assist them in planning their
future strategies towards a sustainable decrease or to a better management of GHGs and ammonia
emissions from livestock buildings. The European Initiatives also supported other activities in this
field within the last R&D Framework Programmes. The mitigation of emissions of GHGs and nitrogen
compounds is among the DG Environment priorities and also seriously underlined by IPCC.
Therefore, considering the continuous interest demonstrated by European agricultural and
environmental end-users, the commitment demonstrated by past and current projects, the multiplicity
of involved countries and the links with ongoing activities, the international platform to develop this
COST Action and to fulfil its goals is ensured.
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1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Environmental impacts of ammonia (NH3) and greenhouse gases (GHG) as well as odour emissions
from livestock buildings have been identified as important issues in recent decades and an
increasing number of countries have now introduced legislation that aims to reduce the emission of
pollutants like ammonia. The emissions from livestock buildings and their environmental effects have
been studied for decades over the world to provide accurate information on their magnitude and
relevance and, where needed, to develop options for mitigation. Considerable efforts (mainly on NH3
emission) have been extended to (1) understand the mechanisms of emission, (2) to solve problems
associated with measurement accuracy and (3) to reduce emissions (Takai et al., 2013). The
majority of research has been carried out in forced ventilated animal buildings or at lab scale. The
growing concern for animal welfare lead to a marked increase in naturally ventilated buildings.
Challenges and problems associated with accurate measuring and computation of emissions from
Naturally Ventilated (NV) buildings still have to be solved by agricultural engineers and scientists.
Measurements of livestock farming emission: Airflow patterns in NV buildings are a function of many
parameters including wind speed and direction, temperature, animal heat production, air inlet and
outlet constructions, which results in gas concentrations with a high and incongruous variability in
space and time. So far no clear and undisputed reference field method for emission measurement
can be identified from the variety of available methodological approaches (Ogink et al., 2013). As a
result, information on emissions from NV buildings for the main animal categories is scarce and
subject to discussion on measurement uncertainty.
Modelling for emission estimation: The time-dependence and the large fluctuations of air through the
ventilation openings provide significant challenges not only for measuring but also for modelling
emission from NV livestock buildings (Bjerg et al., 2013). Due to turbulence and the time-varying
nature of the wind, it is not known with accuracy which areas of the building are subject to high or
low velocity gradients at any time. Modelling either via deterministic or data-based techniques
provides a potential method to assess the performance of new emission abatement technologies in
a cost effective manner. These studies need to include the development of statistical models to
highlight the significant risk factors for high ammonia emissions and concentrations in livestock
buildings. Such statistical models have been successfully used for identifying various airborne
pollutant concentrations and emissions within and from livestock buildings (Banhazi et al., 2008b),
but they concern climate conditions and areas outside of Europe. Therefore, similar models need to
be developed based on EU data and conditions.
Uncertainty for emission documentation: In general terms, to calculate an emission rate from a
livestock building it is necessary to establish a mass balance in which ventilation rates and the
difference between inlet and outlet concentrations are key measurements (Phillips et al., 1998). This
process implies the occurrence of potentially significant uncertainties of different origins. To establish
future measurement strategies and priorities it is necessary to achieve the knowledge on the nature
and magnitude of these uncertainties and to identify which are the main sources of uncertainties,
including sensoring and instrumentations, methods, procedures and protocol of data acquisitions,
etc.
Low emission livestock farming: Manure management including additives, acid treatment of manure,
designs of building floor and slurry pit, in-house manure separation and air cleaning techniques of
ventilation exhaust air have been reported in literature (Kai et al., 2008; Zhao et al., 2011; Ogawa et
al 2011). E.g., Berg (1998) reported that lactic acid reduces methane and nitrous oxide emissions
by 80 to 90% and that the benefits of acidification does not only extend to the animal house, but also
to the manure storage and land application. However, few systematical assessments on
environmental technologies investigated for livestock farming are available in published literature,
including Life Cycle Analysis (Dourmad et al, 2014).
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1.3.2. Progress beyond the state-of-the-art
Many research & development projects in national levels are on-going to get improved emission
inventory for the livestock farming sector. Those activities include validation of measurement
instrumentation, sensors, measurement protocols and developments of reliable estimation models
and environmental technology for reducing emissions. In this context, cross country communication,
collaboration with focus on exchange of experiences, new knowledge and foundings, improved R&D
visions in and beyond the EU region are of great importance. High resolution modelling of gaseous
emissions from naturally ventilated livestock buildings is necessary in order to provide information
to develop appropriate mitigation strategies for the future. Three levels of modelling have been
identified to be considered when forming fully integrated gaseous emissions models. First, processlevel models can be developed to predict gas release from manure for different animal species,
depending on properties of the manure in relation to nutrition, floor types, manure handling systems,
and environmental conditions. Well established and significant progress has been made in
associated research (Montes et al., 2009). Second, microlevel building models can be developed to
predict the distribution of climatic variables and pollutants within detailed geometrical models of
livestock buildings. This will allow designers to better understand the interaction between the
ventilation configuration of buildings and surrounding environmental conditions (Banhazi et al, 2010;
Strøm et al., 2002). Third, macro-level building models, that sacrifice the micro-scale spatial
resolution to allow an efficient temporal modelling of ammonia emissions and environment within
buildings, can also be developed and have been used with great success in recent times in providing
the ability to understand the impact of long-term climatic effects on building performance and
emissions (Liberati & Zappavigna, 2007). Accurate modelling of gaseous emission requires an
integration of models at these three levels. In this context, reliable, robust and accurate
measurements techniques and methods are necessary for development and validation of the
modelling. Therefore, exchange of research experiences and findings in R&D of emission
measurement, including validation different measurement techniques, will be one of the most
important focus. This will include the methodologies and techniques for measuring gas
concentrations and emissions, as well as ventilation airflow rate of animal buildings, specially the
challenge of the naturally ventilated buildings. Accurate measurement techniques including
improvements of the measurement technology, developments of gas detection sensors (especially
low cost), and measurement protocols are also crucial (Banhazi, 2009).
1.3.3. Innovation in tackling the challenge
LivAGE Action wishes to promote (experimentally and numerically) the development of low emission
building design and environmental friendly technologies to reduce livestock framing impacts on the
environment. Developments of innovative measurement methodology and protocols is aiming at
accurate measurements and documentation of gaseous emissions from livestock farming operation.
This will including innovation and identify most reliable sensors and instrumentations for gaseous
monitoring, establish validated measurement protocols for emission evaluation at varied farm levels,
regions and for different animal species. Combining process level ammonia release models with
CFD methods provides obvious potential for modelling spatially distributed aerial conditions above
the release surface. Integration of process level models in CFD simulations makes it feasible to
model how gaseous release is influenced by turbulence intensity/turbulent scales above the release
surface. Finally the identification and developments of effective emission reduction techniques will
greatly improve the environmental behaviour of livestock buildings. The establishment and
assessment of abatement techniques, whose application can result in the improvement of air quality
inside and outside livestock buildings, will enable a wider adoption by the farmers and will create
improvements by the supplying industry.
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1.4.

Added value of networking

1.4.1. In relation to the Challenge
The LivAGE Action will bring together a critical mass of experts from a range of disciplines to create
an effective network of knowledge and expertise in the area of ammonia and GHG emissions from
livestock buildings. The establishment of such European network is relevant and strategic since it
will give the participants teams the ability: (a) to coordinate on – going measurement campaigns in
real conditions at various European sites, (b) to share knowledge and to improve monitoring,
modelling skills and protocols on accurate emission measurements, (c) to react quickly and more
efficiently to economic, social and environmental issues related to the operation of livestock facilities,
(d) to implement dissemination and training activities covering all the scientific aspects related with
the Action’s topic and presenting all recent scientific developments, (e) to enhance Early Career
Investigators exchange and scientists mobility, (f) to promote new collaborative research actions and
research projects providing synergies between partners capabilities, (g) to jointly develop a detailed
action plan and a common research and innovation agenda. Combining measurements and
modelling results offers opportunities for powerful meta-analysis in order to provide more reliable
estimates of actual European ammonia and GHGs emissions. Putting in place freely available and
easy to understand guidelines for collection of data will ensure that the data that will be collected in
the future will be comparable. The networking offers similar advantages regarding the applied
modelling techniques. Combining current national efforts will thus provide added value, promote
synergy, reduce research efforts, and save costs and resources. Even if the objective of the Action
is to assess and promote integrated innovative monitoring and modelling methods that could be
applied to reduce ammonia and GHGs from the livestock sector, significant progress in this area
may also lead to a widening of the application sectors in other fields of agriculture (e.g. greenhouses,
storing buildings) or not (e.g. energy efficiency, security, safety, industrial process control), which
can also cause releases of chemical substances, pollutants and GHGs to the atmosphere.
Consequently a flexible work plan will be developed so as to provide the opportunity to stakeholders
and end-users who are interested in the fields tackled by the project to participate in some of the
dissemination events. This open scheme of the Action is at high added value for advancements and
cooperation in science and technology.
1.4.2. In relation to existing efforts at European and/or international level
Main relevant projects and activities and the added value of the LivAGE Action are presented in the
following table.
EU FP7/H2020
http://www.animalch
ange.eu/
http://www.smethan
e.eu/en/index.html
http://www.euplf.eu/
http://www.ecofce.eu/home/
http://www.optibarn.
atb-potsdam.de
COST Actions
http://www.dairycar
eaction.org/

Short Description
ANIMALCHANGE will use cutting edge techniques and
mathematical modelling to reduce GHG in view of climate
change.
SMEthane aims to provide a platform to progress further
knowledge on the successful use of nutritional additives to
reduce CH4 emissions from ruminants.
EU-PLF project aimed to translate research results for PLF
into a practical blueprint that benefits the animal, farmer,
environment and consumer.
ECO-FCE will provide the pig and poultry industries across
the EU with production strategies and tools in an efficient
and ecologically-friendly manner.
OptiBarn is a European research project with the aim to
develop regional, sustainable adaptation strategies for dairy
cow husbandry.
Description
DairyCare is a COST Action in dairy animal health and
welfare aiming optimise interactions between farmers and
dairy animals.

Added values of the Action
Incorporation of ammonia emissions
and modelling techniques
Adding GHG and ammonia to
methane. Include also poultry, dairy
cows and pigs production buildings
Focusing
on
environmental
parameters and emission mitigation
techniques
Focusing
on
environmental
parameters and emission mitigation
techniques
Extend the OptiBarn approach to
poultry and pigs / assessment of
mitigation techniques
Added values of the Action
Focusing of GHG and ammonia
emission and assessment of mitigation
techniques. Extend the results to
poultry and pigs production buildings
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http://www.eunetair.
it/
http://www.methage
ne.eu/index.html
GroupHouseNet
(CA15134)

ERA NETs
http://www.erasusan.eu/

http://www.eragas.e
u/

EIP Focus group
Reducing emissions
from cattle farming
Other EU
initiatives
GRA
(Global
Research Alliance)
VERA

Tthe Action aims to develop new sensing technologies for
Air Quality Control on nanomaterials, sensor-systems, airquality modelling and standardised methods.
METHAGENE focusing on breeding ruminants with lower
environmental footprints resulting in less contribution to
global warming.
The Action aim is to provide the European livestock industry
with innovations in breeding and management for pigs and
poultry that are needed for a successful transition to large
group housing systems.
Description
SUSAN era-net aimed to mobilize resources and motivate
different actors from the animal production sector to
cooperate in transnational research consortia towards the
development of a more sustainable animal production
Aim of the ERA-GAS project is to strengthen the
transnational coordination of research programs and provide
added value to research and innovation on greenhouse gas
(GHG) mitigation in EU.
Description
The aim is to collect and summarize knowledge on costeffective practices, techniques and strategies for reducing
emissions from cattle across Europe.
Description
Focused on reducing the emissions intensity of livestock
production systems and increasing the quantity of carbon
stored in soils supporting those systems.
VERA is a multinational collaboration between DK, NL and
DE for testing and verifying environmental technologies
within the agricultural sector.

Combine the results of TD1105 with
livestock sector
Adding GHG and ammonia to
methane. Include also poultry, dairy
cows and pigs production buildings
Focusing on emissions monitoring and
emission mitigation techniques

Added values of the Action
Focusing
on
environmental
sustainability and emissions

Focusing on livestock sector

Added values of the Action
Introduce other livestock sectors apart
from dairy
Added values of the Action
Standardisation of the methods

Enabling a wider EU dimension

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
Throughout the EU the livestock sector is a major player of the agricultural economy and its land
use. Today, an estimated 80 percent of growth in the livestock sector comes from industrial
production systems. At the same time, the livestock sector has assumed an often unrecognized role
in global warming. It generates, e.g. 37 percent of anthropogenic methane, mostly from enteric
fermentation by ruminants, and 65 percent of anthropogenic nitrous oxide, mostly from manure. FAO
says "the future of the livestock-environment interface will be shaped by how we resolve the balance
of two demands: for animal food products on one side and for environmental services on the other".
Since the natural resource base is finite, the huge expansion of the livestock sector requires
substantial reduction of its environmental impact.
This Action will constitute an important element in cross-discipline coordination of research and
application studies related to GHG, ammonia emissions of animal production buildings. It will also
highlight the existing gaps in knowledge and help identify the most important areas for future
developments in mitigation techniques and technologies, and finally it will coordinate R&D activities
nationally and internationally on new, innovative and accurate modelling and measurement
techniques on livestock housing emission, with a focus on the naturally ventilated buildigns. The
Action will have a major impact at different levels: scientific, technological and societal which can be
summarize as follow:
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Technological impact: Increase knowledge on monitoring and measuring technologies and
techniques; harmonisation of environmental measurements and protocols, standards and methods
for calibration and measurements of GHGs and emissions; experimental datasets of GHGs,
ammonia emissions and internal microclimate of livestock buildings will enable different groups to
evaluate their models and practical results within a coordinated effort; benchmarking studies for a
variety of modelling techniques; impact assessment and environmental analysis of mitigations
techniques / technologies; it is aiming at a mitigation of ammonia and GHG emission by 60% and
50% respectively at livestock housing level.
Scientific impact: Increase of mobility of young researchers; knowledge transfer/better
understanding even from international experts; development of synergies between scientific
community, relative industry and policy makers; Identifying important areas for future research;
Providing a flexible forum for planning future R&D activities.
Socioeconomic impacts: Increase sustainability and competitiveness of animal production buildings;
improve quality of life (mainly through a better environment) especially in rural areas; improve air
quality and reduce GHGs; increase competitiveness of supplying industry; by improving indoor air
quality, the animal well-being and productivity will be improved consequently; by reduction of
emission per unit production, the total production scale can be enlarged without increasing emission
to meet the demand of the future food production.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The LivAGE Action dissemination strategy will focus mainly to address the following user groups:
Scientific community; the end users at the European technological and training providers in livestock
production; the end users at national administrative and at the European Commission (EC) level; the
EU-farmers and their representatives as well as other stakeholders related to farming business; the
general public. Stakeholders from related industries (equipment for facility management,
environmental monitoring, mitigation technologies etc.) will be invited by LivAGE Action (see WG4:
industry platform). Key representatives in the livestock production sectors such as farmer’s
associations, extension services, added value chain initiatives and agro-business platforms will be
involved as will be representatives of other stakeholder groups such as environmental NGOs and
organizations dedicated to environment, food quality and safety and rural development. The
outcome of the Action with practical relevance for farmers and the other stakeholder groups will be
made available in English in the form of recommendations for practitioners as power point
presentations, word documents (fact sheets) and other materials (graphs, maps, animations,
movies) at no charge via the Action web-site. Key documents will be translated into the national
languages of selected Action teams. In addition, information and results will be delivered to farmers
and other stakeholders, with press releases, articles in the national languages published in the local
press (including local farming publications), and via other traditional public relations methods. It is
envisaged that the close contacts developed with stakeholders over the length of the Action will
enable us to identify other suitable vehicles for dissemination of results such as meetings of local
farming groups, local forestry groups and technology societies. In order to explore policy dimensions
regarding air quality and environment in livestock sector the appropriate levels of the EU and that
of EU-member states will be addressed (see WG4: policy makers panel). Officials from DG
Agriculture, DG Environment, DG Region and DG Research will be invited to participate in special
stakeholder events. Experience and knowledge transfer from International Partner Countries will
also be addressed. Experts from Australia, Korea, China (and in a later stage USA and Brazil) have
already showed their interest for participating actively in the Action.
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2.2.2. Dissemination and/or Exploitation Plan
The timely, continuous and widespread dissemination of Action results to end users is of crucial
importance to the Action. The involvement of a wide range of stakeholders from the inception of the
research will support the proper application orientation of the Action and will aid the rapid
dissemination of results to end users outside of the academic community. The results of the Action
will be disseminated through a range of methods such as:
Web-site: The Action web-site will be a single point of access, as a knowledge repository and
communicator and as a key dissemination vehicle for Action activities and results. It will be source
of information and dissemination tool of the Action and will provide information about Action rationale,
methodologies, achievements and state of progress, etc.
Information material: Newsletters (three per year) to periodically updated information to the largest
possible number of users, press release remarking the principal goals achieved in the Action to
distribute to press agencies and journalists all over the world, brochures, leafleted and posters for
promoting the Action will be designed and printed for distribution in fairs, conferences, workshops,
exhibitions, etc.
Publications: Publication of the results of the Action will be of two types: scientific papers and
technical manuals/reports. The first should be promoted and encouraged by the MC in terms of coauthored papers in international journals and conference proceedings.
Conference: The Action will organize conferencesevery year along with the Management Committee
Meeting. Each conference will have a special focus in subjects related to the activities of the WGs.
There will be an open call for abstract and papers submission. All the material will be available online on Action web-site. In each conference special attempt will be made to involve as much as
possible industry (special industry platform sessions) and the policy makers in the field.
Social media: The Action fully exploits convergence of media. New approaches such as social
networking and viral marketing will be used in the communications activities e.g. Facebook, Twitter,
LinkedIn and other suitable tools. The Action participants will be active on social networking sites to
build up interest and disseminate information through their regional and European networks.
STSM, Training, Workshops: Short Term Scientific Missions, Training Schools and Workshops will
be also used for disseminating the results especially among potential users and for promoting COST
activities in Europe and worldwide. Wherever it is possible the Action will host workshops jointly with
other international meetings (see WG4 for more details).

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The post-2013 Common Agriculture Policy (CAP) reforms have recognised such challenges by
focusing attention on the translation of science and technological developments into everyday farm
practice so EU farms can improve their production efficiency while maintaining a high ecological
status. Resource management and food security in a changing environment due to climate change
is therefore an issue that agriculture has to take very seriously. Livestock production in the EU can
only remain competitive by ensuring the highest standard of both product quality and safety, and by
efficient production methods that are both animal and environment friendly. Although there are a lot
of existing techniques and technologies that can be used for a more sustainable livestock production
there is a severe gap between the development of new and innovative technologies/solutions and
the proper implementation of this technologies in the production chain. A real innovation aspect in
sustainable livestock production will be the proper and wide implementation of innovative
technologies by the farmers, especially in the field of air pollution and environmental protection. The
LivAGE Action will begin with exploiting the current state-of-the-art in knowledge, infrastructure and
resources to stimulate the rapid take-up of monitoring and measuring technologies and modelling
techniques that enable a better understanding of emissions of GHG and ammonia and internal
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microclimate of animal production buildings. The Action will seek to significantly go beyond the
current state-of-the-art, and the partners will leverage the unique mix of expertise which they
currently put into action in many related EU projects (see section 1.4.2). The LivAGE Action presents
a framework of operations which permit a strong and unique interaction between the multidisciplinary researchers, SMEs, technology providers, policy makers and related stakeholders. A
great issue is how to bridge the gap between technology and people using technology (i.e. farmers).
LivAGE will follow a bottom up approach to deal with this issue, including Organization (a) of
Seminars dedicated to members of farmers’ organizations to exploit their experiences and identify
their everyday farming difficulties by group exercises in order to raise their awareness about
available technological solutions and their benefits and (b) of Study Visits of farmers to scientific and
commercial facilities where technology is applied (i.e outreach activities in connection with industrial
events such as “Agricultural Tech Exhibitions”). These two measures provide the opportunity (a) to
the farmers to get information and guidance but also to try technology in real conditions and (b) to
the innovators to rank their investment policies. Additionally, LivAGE Action will support the role of
mediators as a measure to fulfil the gap between technology and its application by the farmers.
Mediators could reach those people who do not use technology because they do not know how to
use it and where it can improve their work. Moreover, LivAGE Action will consider incentives for
innovators to bring their products to a level where end users can adopt it. Through this approach
and these measures LivAGE can facilitate the real and effective interdisciplinary results required to
make LivAGE Action a ubiquitous part of sustainable livestock production.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

WG1: Monitoring indoor climate and gaseous emissions from animal production buildings
Short description: This WG is related to the experimental assessment and monitoring of the indoor
climate of animal production buildings and its related ammonia and GHG emissions. It aims at
reviewing the techniques for measuring emissions, for studying the pollutants dispersion on local,
regional and transboundary scale and for monitoring thermal conditions and ventilation rates.
Objectives: Definition of guidelines/standards on experimental protocols/ sensors used to assess
environmental and air quality for different animal production buildings; data analysis; development
of emission factors
Tasks:
WG1.1. Experimental assessment inventory: Inventory and assessment of guidelines / standards /
experimental protocols / sensors used to assess indoor environment and air quality for different
animal production buildings (dairy, pigs and poultry). Exchange on calibration techniques –
coordinate on-going measurement campaigns (funded by other EU or national projects) for
method/device calibration. Selection of crucial and additional, potentially relevant variables to
monitor/measure; and identification of reference techniques for emission measurements.
WG1.2. Data treatment: Selection and configuration of meta data (units, coordinate system of
spatially resolved measurements, file format). Define standards for basic data analysis (reflected in
the selection of crucial variables). Overall statistics (mean, standard deviation).
WG1.3. Measurement techniques: The accurate measurement of emissions is the first step for
developing models for robust qualification of emissions from livestock buildings. This task will
evaluate state-of-the-art in emissions monitoring techniques and technology in order to move
towards suitable standardization. The intention here is to assess the available published and
unpublished data to validate different measurement techniques for harmonization of measurement
variations among the techniques.
9

WG1.4. From experimental data to emission factors. Emissions factors: discussion on sound
temporal and spatial resolution. Overview on present measurement methodologies and suggestion
for their further improvement based on the selections and discussions. Analysis of spatial and
temporal patterns of indoor ammonia and GHG concentrations, correlation with boundary conditions
(e.g. outside climate, building and ventilation design, animal species and management parameters)
and emission behaviour. Identify pathways to aggregate measurement data to emission factors.
Milestones: List and characteristics of sensors and instruments for gas analysis, determination of air
flow and other relevant parameters with pros and cons (e.g. with regards to spatial and temporal
resolution) and with identification of recommended instruments; List and characteristics of
technologies for the determination of air flow rates; Common method/device calibration will be
established.
Deliverables: Definition of standard data analysis and selection of variables and meta data
accordingly; Development of a protocol for emission measurements from ventilated (naturally and
mechanically) buildings; Report on measurement methodologies; Report on relations between
indoor air quality and emission behaviour for different housing systems (including suggestions for
reduced measurement efforts based on gathered knowledge on emission processes and influencing
parameters); Report on pathways to aggregate measurement data into emission factors
WG2: Modelling ammonia and GHG emissions from animal production buildings.
Short description: The aim of this WG is to identify approaches for simulation-oriented analysis of
emissions from livestock buildings that reduces the uncertainty of simulations
Objectives: To compile a knowledgebase of benchmark cases to help modellers in the validation
and calibration of livestock environment/emission models; To define state-of-the-art approaches for
the design, validation and integration of submodel for NH3 emissions simulations; To standardize
computational fluid dynamic (CFD) approaches for livestock environment modelling
Tasks:
WG2.1: Develop a knowledgebase of benchmarking problems comprising a range of livestock
environment/emissions scenarios: In this WG, the Action will first develop a knowledgebase of
benchmark cases comprising livestock environment/emissions scenarios either known from
literature or from non-published resources within partner’s research groups. The intended outcome
will be a presentation of benchmarkcases that can be used when developing/tuning emissions
simulations.The benchmark cases will include basic airflow studies that are specific for CFD model
development (indoor room flows, natural ventilation). To support other simulation studies the
database will also include datasets from agreed ammonia emission field studiesfor different species.
The cases will be organised according to their complexity (e.g. inclusion of N excretion behaviours,
NH3 release from manure) . This knowledgebase should then serve as a reference for model
developers beyond the consortium in testing different modelling assumptions for correctness.
WG2.2: Define state-of-the-art approaches for the design, validation and integration of submodel for
NH3 emissions simulations: In order to simulate NH3 emissions from livestock buildings it is often
necessary to include submodels to complete the overall physiochemical model. For NH3 emission
modelling these submodels include, nutritional models to calculate N-excretions and pH of manure,
process models for description of emissions from the manure, and housing model to describe the
emitting areas. In this phase of work, the Action will review the state-of-the-art of submodel
development and validation in the NH3 emissions modelling field. The ultimate aim is to improve
approaches for designing and integrating emission sub-models into simulations, using CFD or other
approaches. The effort will demonstrate how a synergistic computational and experimental approach
can improve both experiment and model development.
WG2.3: Round-robin blinded simulation studies on CFD: This phase of work will be geared towards
evaluating the state-of-the-art in application of CFD modelling to livestock buildings. Participants in
this WG will perform CFD simulations of the models based on the supplied problem specifications.
This will essentially be a round-robin investigation of the CFD models to be carried out in a blinded
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fashion. For comparison and validation of the computational simulations, benchmark data from two
air physics laboratories (AU and ATB) will be identified. The simulation results will be then compared
and presented collectively in the literature. The models used in this investigation can then serve as
the consortiums new contributions to benchmarks for future CFD evaluations of livestock buildings.
Milestones: Database with benchmark cases comprising livestock environment/emissions
scenarios; Identification of state-of-the-art in submodel and validation approaches; Definition of the
main CFD studies (selection of representative buildings/animals/climate conditions)
Deliverables: Compiled benchmark cases for NH3 emission simulations; Report on advances in
NH3 submodelling and associated validation studies; Report on validation studies (CFD models
against experimental data in air physics laboratories).
WG3: Environmental assessment of housing systems (dairy, swine and poultry) and emission
reduction technologies
Short description: This WG will evaluate present and newly developed housing systems and
emission reduction technologies with an LCA (Life Cycle Assessment) approach at farm level. In this
way pollution swapping from e.g. ammonia emissions to GHG emissions or from the building to the
storage can be prevented. In this environmental assessment also the effects on the indoor air quality
will be evaluated.
Objectives: Evaluate and compare in an integrative approach different strategies of feeding /housing/
manure management on emissions of ammonia and GHG
Tasks:
WG3.1. Environmental assessment of livestock structures: Determining the most suitable LCA
approach to be used in thisAction. The LCA method should be demarcated to the main variables
varying in this study, i.e. ammonia, GHG, energy use; these variables could be extended during the
course of the Action when necessary. Environmental assessment, with the chosen LCA approach,
of present livestock housing systems without emission reducing technologies. Determining the effect
of present livestock housing systems , without emission reducing technologies, on indoor air quality.
WG3.2. Environmental assessment of innovative technologies. Determining the state of art of
technologies to reduce ammonia and GHG emissions from livestock houses and the reduction
efficiency of these technologies. The BAT list (list with Best Available Techniques) will be the starting
point of this inventory, but other measures used in one of the member states or associated countries,
and new developments will be included, as well. Environmental assessment, with the chosen LCA
approach, of these technologies and the impact of the implementation of these technologies on the
next steps of manure management. Determining the effect of these technologies on indoor air
quality.
WG3.3. Determine most suitable reduction measures for different regions. Determine most suitable
measures to reduce ammonia and GHG emissions for the different regions in Europe. Determine
how these measures could be disseminated and implemented in existing and new livestock houses.
Determining the potential impact of these measures on national emissions and compare them with
the reduction goals of the countries under investigation.
Milestones: Choice of LCA method; Environmental assessment of present livestock structures;
Environmental assessment of reduction technologies; Determination of most suitable reduction
measures for different regions.
Deliverables: Report on environmental assessment of present and innovative livestock structures
and reduction technologies; Advise report on most suitable reduction measures for different regions.
WG4: Technology/Knowledge Transfer - Dissemination – Training-Outreach activities
Short description: This WG will develop a dissemination and exploitation strategy able to reach the
main stakeholders and end- users, relative industry and SMEs, the scientific community, farmers, as
well as a more general audience. The goals of this Action will be realized by the following methods:
Organized and Specialized Workshops and Meetings, Short Term Scientific Missions, dissemination
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and sharing of information via share points, social media, conferences, scientific papers and articles
for the industry.
Objectives of the WG is: To communicate relevant Action results to stakeholders; To promote, where
applicable, the use of the resulting tools, technologies and applications amongst appropriate
research and development communities; To create two-way communication channels with
stakeholders, academic communities and industry for disseminating the Action deliverables and
conclusions; To educate and train young researchers in Short Term Scientific Missions
Tasks
WG4.1.Communicate and discuss results-activities of the Action
These will include a dedicated Website, COST reports, conference presentations, peer-reviewed
publications and advanced Training Schools for users. The work within the Action will be guided by
a detailed work description, which will include Yearly Meetings of the network members, Workshops,
scientific conferences and outreach activities for knowledge technology transfer, Short Term
Scientific Missions and Training Schools. Detailed info can be found in section 3.1.2 (Dissemination
and/or Exploitation Plan).
WG4.2. Stimulate research, education, exchange of knowledge, technical experience, and mobility
among scientists and PhD-students (STSM, Training Schools).
Short Term Scientific Missions: Special attention will be given to Short Term Scientific Missions
(STSM), and Training Schools which will stimulate mobility among scientists and PhD-students for
enchaining research, education and technology transfer. STSMs will be carried out every year (at
least 8 per year). There will be an open call for STSM for all participant countries in subjects related
to the activities of the Action. Application will be done on-line though the web-site of the Action. Each
applicant will briefly describe his plan and objectives together with a motivation plan and a short CV.
Applications will be reviewed by a STSM Evaluation Committee.
Training Schools: In addition one Training School per year will be organized in different countries.
Attempt will be made to organize Meetings and Training Schools to the participant countries for the
COST inclusiveness target counties. These courses will be devoted to PhD students and young
researchers. All the education material from the Training Schools will be uploaded to the Action website and will serve later for e-learning purposes.
Workshops: Every year, during the meeting of the MC and WGs, international agencies involved in
the fields of the COST activity, and representatives of the users, will be invited to exchange
information and to coordinate and develop synergies and collaborations. Organised workshops will
also be a means for disseminating the results especially among potential users and for promoting
COST activities in Europe and worldwide. Special efforts will be made to invite external keynote
speakers and to publicise the workshop outside the Action.
WG4.3. Manage and exchange knowledge with/to the scientific community, policy makers, primary
producers, livestock farmers, etc.
Industry platform: An industry platform will be created from industry and farms which will show
interest to the results of the Action. Industry platform will actively participate in the workshops and
conference of the Action, it will closely follow the progress of the Action. Members for the platform
industry can serve as host for STSM and they will have an active role in Training Schools and
conferences.
Policy Makers: Direct links will be established with the European Initiatives (relevant DGs, e.g.,
Research, Environment, Agriculture) and existing European networks. Links will also be established
with national and international societies interested in problem of environment air quality and air
pollution. These will include: European Federation of Animal Science, EAAP; Food and Agriculture
Organization of the United Nations, FAO; Global Research Alliance on Agricultural Greenhouse
Gases, Livestock Research Group; Animal Task Force, ATF; CIGR Task Force on Reactive
Nitrogen; International Nitrogen Initiative.
Wherever possible the Action will host workshops jointly with other international meetings. These
will include: The annual conference of European Federation of Animal Science; The International
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conference of European Agricultural Engineer; The International conference of CIGR; The
International conference of Precision Livestock Farming
Milestones: Establishment of Managements Committee and Working Groups; Education material for
Training Schools; Brochure, information material
Deliverables: Project web-site; Management Committee Meetings; Working group(s) Meetings;
Workshops, STSM, Training Schools; Reports, publications
3.1.2. GANTT Diagram
WGs / Tasks / main activities

Year 1
Year 2
Year 3
Year 4
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

WG1
Experimental assessment inventory
Data treatment
Measurement techniques
From experimental data to emission factors
WG2
Develop a knowledgebase of benchmarking
problems comprising a range of livestock
environment/emissions scenarios
Develop and test a framework of
approaches for the design and execution of
high-quality model & submodel validation
Round-robin blinded simulation studies on
CFD:
WG3
Evironmental assessment of livestock
strucutures:
Environmental assessment of new
innovative technologies
Analysis and impact assessment of
emission reduction technologies
WG4
Communicate and discuss results-activities
of the Action
Stimulate research, education, exchange of
knowledge, technical experience, and
mobility among scientists and PhD-students
Manage and exchange knowledge with/to
the scientific community, policy makers,
primary producers livestock farmers
Main activities
Kick of meeting
MC meetinga
WGC meetings
Workshops
Conferences
Training Schools
Final meeting - Final conference

3.1.3. PERT Chart (optional)
3.1.4. Risk and Contingency Plans
The LivAGE Action does not appear to present significant risks of being negatively affected by
external events. In case of any unexpected event affecting the activities of WG, the Coordinator in
collaboration with MC and WGC will propose targeted measures to ensure the continuity of the
affected activities. The risk of missed milestones/deliverables is minimal. If one of the scientists for
some reason cannot perform a task, colleagues will take over. Although participants do have their
own unique expertise, they also have common fields of interest which is an advantage in the case
of solving unforeseen problems. Also, if the time schedule is in danger other participants may be
asked to help. If any unforeseen problems arise, that cannot be solved in the above mentioned way,
and if this makes it impossible to finish certain deliverables, the annual MC Meeting will be used to
assess the progress, discuss the problem and possible solutions. Based on this meeting, the MC
will make an adjusted plan and present this to the Action. Continuity in the staffing in the Participating
Countries is very important, but is rarely the situation, so this is a risk that has to be considered in
relation to the Action management. Table 1 presents an overview of the contingency plan for the
LivAGE Action.
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Table 1. Contingency Plan for the identified risks of LivAGE Action
Risk

Consequence

Control / Management Actions

Partner(s) fail to provide the
appropriate data and information
resources both in quantity and
quality

Action faces problems of
quality completion and WG
integration

Participants will assist the partner(s) in finding and
selecting appropriate staff and perform requested
activities according to Action plan

The expected partial results cannot
be fully integrated or reach a high
integration level

The time schedule as
stated in the Action plan
cannot be fulfilled

Action and initial schedules will be reassessed and
renewed planning will be undertaken using
appropriate gap analysis and resources estimation.
A new deliverable schedule will be adapted

The cooperation between the
partners
is
not
functioning
satisfactory

Action faces delays and
problems of completion

Effective project management will ensure effective
coordination involving clear communication lines,
responsibility and accountability from the very start
of the Action process

Costs and effort are exceeded

Consortium
has
not
enough funds to complete
the Action

Careful management and budgeting of the Action
will ensure that uncertainty in final costs is within the
allocated budget margin

3.2.

Management structures and procedures

The management structure has been arranged in order to establish a defined and clear mode for the
smooth execution of the LivAGE Action, due to the scale and size of the consortium. The Consortium
consistsof 24 members from 16 COST Countries with relevant skills, knowledge and expertise in the
field of the Action. 37.5% of the participants are from COST Inclusiveness Target Countries. There
are 3 International Partner Countries :Australia, China and South Korea, whereas partners from
USA and Brazil have also shown willingness to join. 4 Early Career Investigators are already
participating in the Action. The Action is well linked with existing international programmes and
organisations, relevant COST Actions (See section 1.4.2). The Action will be coordinated by the
Action Chairand the Management Committee (MC) according to the “Rules and Procedure for
Implementing COST Actions”. The Chair will be elected by the MC Members at the First
Management Committee Meeting. MC will supervise and coordinate the implementation of the
activities based on the Memorandum of Understanding (MoU) signed by participating COST
Countries governments. The MC is responsible for the overall direction of the COST Action and will
ensure the objectives are fulfilled by fostering active interaction, capacity building, networking
activities and effective information transfer between the teams. The MC will have a main structure
based on a Chair, a Vice-Chair and a Secretary with the Chairs of the Working Groups (WGs) and
the Members from participating COST Countries (two members per participant country). The MC will
plan the implementation of the tasks, the establishment of the WGs, a series of events for each WG,
and the work scheduled to be done in between the events.
The Action Chair and the MC will be assisted by the Working Group Committee (WGC) which will
be consisted by two members from each WG. The WGC will be responsible for the operative
management work and for the smooth execution of the different activities in WPs. They constitute
the basic cells of the organic structure of the Action and will work in an autonomous and
decentralized way, with proper integration and feedback mechanisms with the MC and other
participants of the Action (International Partner Countries).The WGC will be responsible for decision
concerning the Intellectual Property Rights (IPR) management and related background/foreground
of the COST Action partnership. Members of the WGC (two per WG) will be elected by open voting
in the first MC meeting. The Management Committee (MC) and WGC will meet twice a year, usually
in conjunction with each other. WG Meetings will be organisedbased on the scientific objectives..
Apart from on-site meetings, MC and WGC will regularly (at least four times per year) will
communicate and discuss overall progress and future activates of the Action through Skype or other
communication instruments. The Coordinator and Action Chair and the members of MC and WGC
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will ensure a high level of communication among project partners through e-mail, telephone, and the
scheduled meetings.

3.3.

Network as a whole

LivAGE Action will be implemented by a multi-disciplinary consortium of 24 participants from 16
COST Countries and 3 participants from 3 International Partner Countries. Overall, LivAGE Action
network constitutes a high profile partnership fully capable to achieve objectives of the Action,
whereas each partner has complementary fields of expertise (engineering, environment, climate,
livestock, animal nutrition, welfare) for the Action and considerable experience in participating in
international projects and European consortia. Most partners are applied scientists with close links
to industry and are well recognised as following their research all the way through to implementation
and extension. Their complementary profile guarantees achievement of the ambitious goals and
objectives of the LivAGE Action. It is important to underline that all participants are highly interested
and committed to the Action,, thus guaranteeing a strong motivation for the realisation of the
objectives of the Action and the successful correspondence and flexibility to address each
inconveniences which might appear during a 4 year integrated network. Technically each partner
has: identified specific and suitable competencies according to task needs; allocated the necessary
manpower to carry out the tasks for which it has been appointed; identified the necessary equipment
and facilities in order to be supportive for the specific tasks for which they will provide a contribution;
agreed upon the availability of sharing and disclosing critical information for the progress of the work
in the prototyping and validation phases; agreed upon timeline and schedule; identified maximum
efforts to be actually made available. Overall, the Network reflects the synergy of complementary
expertise covering all areas and aspects related to the project, namely: (i) the coordination and
management aspects, (ii) the main scientific and technical areas as well as their sub-areas involved;
(iii) education and training issues; and the (iv) policy-related, dissemination and exploitation aspects.
Furthermore, the consortium is well balanced in terms of: a) Geographical representation of different
regions of COST Member States: 24participants located in 16 COST Countries, b) participation of
COST Inclusiveness Target Countries (37.5% of the partners are from COST Inclusiveness Target
Countries), c)3 International Partner Countries (China, South Korea, Australia); SMEs involvement
(Industry platform). Last but not least, the majority of Network particioants have a record of past
successful collaborations among them. This fact secures further the successful collaboration among
Network participants and, thus, the accomplishment of the objectives of the Action.
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