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1 Excellence 

The global demand for livestock products is expected to increase by 70% by 2050 (Opio et al., 20131), undermining the 
efforts to minimize the environmental impacts incurred during livestock production. Livestock supply chains account for 
14.5% of global anthropogenic greenhouse gas emissions (GHG) (FAO, 20162) and 70% to the total anthropogenic emis-
sion of ammonia (NH3). FAO estimates that available improved husbandry practices can reduce emissions by 20 to 30%, 
across all production systems, proposing solutions of improved productivity, soil carbon sequestration and integration to 
circular economy field (FAO, 20173). If these suggestions could be enhanced with ICT tools they could support better resili-
ence to climate change. 

Dairy production systems (DPS) are an essential backbone of European agriculture. DPS produce high quality protein es-
sential for humans, based on fibrous feed resources that could not be utilized by humans or converted to human food by 
monogastric animals. DPS create and maintain employment in rural communities. DPS contribute to the conservation of 
species and to the maintenance of traditional agricultural landscapes, also for leisure and tourism activities. They prevent 
land abandonment. DPS generate jobs and income along the whole production chain including extension services, 
transport, industrial and commercial sectors whilst continuously adding value across the supply chain. In some regions, DPS 
are a strong element of identity, tradition and cultural heritage, which is reflected in efforts towards the conservation of local 
breeds, biodiversity and habitats. DPS can have positive effects on the quality of natural resources such as soil fertility and 
biodiversity, whilst there is an indication that grassland systems could function as carbon sinks to partially offset greenhouse 
gas emissions. 

European DPS continue to face many challenges across the three pillars of sustainability. The competitiveness and eco-
nomic viability of DPS are essential to the overall resilience of the European DP sector, especially in the context of global 
markets. The European DP sector has to face challenges associated with increased globalization and high price volatility for 
animal products, particularly for products which were historically protected by the Common Agricultural Policy (CAP). The 
end of the milk quota regime provides great opportunities but at the same time strongly increases the economic pressure. 

Animal production continues to face challenges raised by Europe’s civil society on ethical and environmental reasons. 
These include arguments against the production and consumption of animal products per se, or those which may be based 
on a wide range of complex issues for example covering diet and health, ammonia and air quality, GHG emissions and 
climate change, degradation of natural resources such as nitrates emissions and water quality, soil and biodiversity, global 
food security, global trade and animal welfare. Especially, the negative environmental impacts of greenhouse gas emissions 
and nitrogen losses to air, soil and water have created negative attention to European DPS (Gerber et al. 20134). 

Dairy production is the sector in agriculture where region-specific concepts are most prominently required. European regions 
are highly diverse and complex, consisting of different species, farmed within a wide range of different extensive, semi-
intensive and intensive production systems using multiple resources to produce a diverse range of animal products and 
other services. Dairy production strongly depends upon the regional resources and climate and no “one size fits all”-solution 

                                                           
1 Opio, C., Gerber, P., Mottet, A., Falcucci, A., Tempio, G., MacLeod, M., Vellinga, T., Henderson, B. & Steinfeld, H. 2013. Greenhouse gas emissions from ruminant 
supply chains – A global life cycle assessment. Food and Agriculture Organization of the United Nations (FAO), Rome. http://www.fao.org/docrep/018/i3461e/i3461e.pdf 
2 FAO 2016. Environmental performance of large ruminant supply chains: Guidelines for assessment. Livestock Environmental Assessment and Performance Partnership. 
FAO, Rome, Italy. FAO 2016 (Environmental performance of large ruminant supply chains: Guidelines for assessment) http://www.fao.org/3/a-i6494e.pdf 
3 FAO, 2017. Guidelines for environmental quantification of nutrient flows and impact assessment in livestock supply chains., in: (LEAP), L.E.A.a.P.P. (Ed.). FAO, Rome, 
Italy, p. 190 
4 Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. & Tempio, G. 2013. Tackling climate change through livestock – A global as-
sessment of emissions and mitigation opportunities. Food and Agriculture Organization of the United Nations (FAO), Rome; http://www.fao.org/3/a-i3437e.pdf 
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is available. Strong region-specific approaches are required that take into account region-specific conditions and can re-
spond to region-specific foci within the three pillars of sustainability. 

Likewise, dairy production is the sector in animal agriculture where conflicts between the three pillars of sustainability are 
most evident. Examples for diverging sustainability targets are: high intensity milk production versus landscape preservation 
and low consumption of human edible protein; high intensity milk production versus potential animal health issues; low in-
tensity, grass-based milk production versus mitigation of GHG emissions; high intensity milk production in large farms ver-
sus rural employment and social structures in small family farms. 

European milk production faces structural changes threatening the current mix of small, medium-size and large farms. It is 
essential that key questions are answered to ensure economic, environmental and social sustainability. Which concept for 
milk production shall be implemented in which European regions? Which function does or should milk production have in the 
key European regions? Where is production efficiency the most important criterion? Where is the focus on landscape 
preservation, biodiversity, family farms and employment in rural areas? Are the current political instruments targeted to 
achieve the desired development? What farming practices improve environmental protection, social inclusion and employ-
ment, while guaranteeing economic viability and competitiveness? How can farmers be encouraged to implement sustaina-
ble farming practises, and what role plays the social embeddedness of farmers in the farm household and rural community 
in this respect? Who is going to pay for GHG emission reductions in dairy farming and what are the distributional conse-
quences for producers, consumers and taxpayers of different choices? 

It is essential that holistic concepts are developed to ensure economic, environmental and social pillars of sustainability (3P) 
for future dairy production systems. 

1.1 Objectives of the MilKey project 

The MilKey project has a number of objects all of them aiming at developing whole system concepts for sustainable and 
GHG optimized milk production targeted to key European areas: 

• Analyse the drivers and the sustainability aspects of DPS across Europe; 
• Identify key priorities for sustainability in key European regions; 
• Assess 3P sustainability on case study farms across Europe; 
• Assess 3P sustainability interactions and emission mitigation potentials for key European areas; 
• Identify key GHG mitigation techniques for respective DPS/regions; 
• Develop and demonstrate an online monitoring tool for barn climate, and emission control 
• Develop the MilKey platform for information and communication on key sustainability parameters of DPS. The MilKey 

platform will 
o assist decision-makers (e.g. famers, extension service, policy) in making knowledge-based decisions on 3P sustain-

ability concepts for DPS and assess their consequences; 
o provide information for consumers and the public at large on key aspects of sustainable DPS in European regions; 
o continue the collaboration beyond the project lifetime and initiate follow up projects. 

• Assist dairy farmers in improving the 3P sustainability of their DPS; 
• Bring national research results into an international context and make them available to a wide audience; 
• Initiate a long term inter- and transdisciplinary collaboration among scientists, stakeholders, farmers, farm advisors, 

industry, consumers and policy makers. 

1.2 Relation to the call scope 

MilKey develops an ambitious whole system concept research design for 3P sustainability of dairy production systems tar-
geted to key European regions. This will allow for reducing negative environmental impacts of dairy production, one of most 
important European agricultural production sectors in terms of value added, employment and land use. GHG mitigation is a 
core aim of MilKey accompanied by additional environmental impacts, economic analyses and analyses of social factors of 
functioning of this sector and social expectations related to its development assessments of social structure and embed-
dedness. MilKey follows an integrated, multidisciplinary research approach by including scientists from livestock production, 
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environmental engineering, chemical engineering, technical engineering, livestock nutrition, ICT, economy, sociology, social 
sciences, socio-economic and policy research. The successful implementation of MilKey innovation requires a full multi-
actor approach that is followed from the very beginning until the end of the project and beyond by involving farmers, advi-
sors, consumers, stakeholders, industry, and policy bodies. 

Theme 1, the “holistic theme”: Agroecological approach to whole animal production systems 

MilKey follows a holistic approach to improve environmental, economic and social impacts of dairy production systems 
across Europe. WP1 sets the scene and defines a common starting point for the project. We will agree on system bounda-
ries and identify the major dichotomies of the comprehensive sustainability concept. WP1 will establish a unified analytical 
protocol to facilitate comparison and synthesis of GHG emission mitigation and sustainability assessments across the case 
studies and key European regions addressed in MilKey. MilKey partners will contribute qualitative methods like document 
studies and in-depth interviews with farmers as well as various quantitative tools, such as life cycle assessment and eco-
nomic-biophysical modelling, to the project work. WP4 is dedicated to the 3P sustainability interactions and mitigation poten-
tials assessment for key European areas. It will assess flexible concepts for sustainable milk production in key European 
regions and identify co-benefits and trade-offs in attempts to deal with individual sustainability parameters, especially with 
parameters describing different sustainability pillars. MilKey will also deliver an interactive platform for assessment and 
communication on key sustainability parameters of DPS. MilKey will finally result in a flexible tool that can design optimised 
systems to reduce emissions and enhance sustainability targeted to key European areas. 

Theme 2, the “technical theme”: Technical options for the monitoring and mitigation of GHG emissions from animal 

production systems 

The sustainability assessments in MilKey will be complemented by advances in technology and ICT to improve system 
performance. The online monitoring tool for barn climate and emissions to be developed and demonstrated in WP2 will use 
advances in sensors, communication technologies, data analytics, and modelling. It will be a decisive step forward in auto-
mating barn climate control for low emissions, and better animal welfare. Real-time visualisation of temporal and spatial 
distribution of monitored data inside the barns will be used for continuous optimisation of mitigation measures and for the 
monitoring of their effectiveness. WP2 will assess combined strategies for low emissions, improved barn climate and good 
animal welfare.  

The MilKey platform will be a decision support system to assist in tailoring DPS towards improved sustainability including 
information on the potential synergies and trade-offs associated with the proposed options. The MilKey platform will host 
technological information on animal nutrition, livestock husbandry, manure management and utilisation as well as economic 
and social effects. 

Theme 3, the “societal theme”: Social and/or economic approach to livestock production and consumption of ani-

mal products 

Improved technologies to reduce GHG emissions and increasing knowledge on mitigation options are of little use if they are 
not implemented by farmers. Moreover, even if implemented, due to the large variation in natural conditions and very nature 
of farming, a reliable measurement of actual GHG emission reductions at the farm gate is highly complex and challenging. 
Finally, not all available (and promising) mitigation options are currently covered by the National Inventory Reports (NIR) 
that report a country’s official GHG emissions. MilKey addresses the first challenge by putting focus on the farmer. We will 
explore the relevant literature, conduct in-depth interviews with the participating farmers on inter alia their habits and motives 
regarding farming, climate change, and GHG emissions mitigation options, and examine the farmers’ social embeddedness 
in the farm household and the community. An outcome of this activity will be the identification of strategies and incentives to 
remove barriers to the adoption of GHG mitigation options. 

As MilKey employs a whole farm approach, effects of consumption patterns and trends in the animal production sector in-
cluding how GHG emission reductions may feed into the prices of animal products, will not be directly studied. However, 
such trends and effects highly impact the economic, political and social conditions for dairy farms. We will therefore review 
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the most relevant literature, extract knowledge from previous and current projects, and translate the derived knowledge into 
possible future framework conditions for dairy farms by way of scenarios or storylines. MilKey will also investigate the impact 
of any measures recommended on the social cohesion of farming communities. 

MilKey will approach the challenge of actual GHG emission reduction measurement and reporting through the development 
of a biophysical-economic tool at farm level that includes necessary information of the most promising mitigation options for 
reporting purposes, and makes them directly accountable for the individual farm. 

MilKey will be in close interaction with a range of policy bodies to implement MilKey results into international regulations and 
guidelines with the aim to encourage mitigation measures and remove barriers of their adoption. The project coordinator, 
Barbara Amon, chairs two UNECE expert panels on emission guidelines (TFEIP5) and emission mitigation measures (EP-
MAN). The TFRN with its expert panels EPMAN, EPNB and EPNF consider both national and farm nitrogen budgets, mitiga-
tion measures and N in the food chain as essential tool to steer environmental policies related to nitrogen release. Interplay 
between ecological aims and economic restrictions has been central in the TFRN`s past activities. With the long-term co-
chairs of EPNB and EPMAN member of the MilKey consortium (ATB B. Amon and UZG’s Wilfried Winiwarter), TFRN will be 
easily taking up nitrogen-related results and tools developed in MilKey. B. Amon is also active for FAO and IPCC and will 
bring these contacts into the project. W. Winiwarter chairs EPNB. Both contribute to the INMS project (“Towards an Inte-
grated Nitrogen Management System”) funded under UNEP that aims at bringing together indicators, models and meas-
urements relating to environmental nitrogen and sharing the information at a high policy level, for use in international con-
ventions and protocols. 

MilKey dissemination activities include national and international policy makers as target groups. 

1.3 Concept and approach 

 

Fig. 1.1: Comprehensive perspective on Dairy Production Systems  

Sustainable dairy production requires a simultaneous consideration of economic, environmental and societal aspects (Fig. 
1.1). Sustainable dairy production requires needs system thinking which that regards dairy production as a complex set of 
interdependent system components like feed production, animal health, welfare, breeding, feeding, housing, pasture, ma-
nure management, and food quality. The sustainable dairy production system (DPS) has to be investigated in a whole sys-
tems approach. MilKey will be based on the vast experience of the participating partners. It will use data, models and tech-
nologies and develop them further within the project lifetime. At the end of MilKey, a fully developed and applicable platform 

                                                           
5 Task Force on Emission Inventories and Projections; https://tfeip-secretariat.org/ 
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for sustainable 3P concepts for DPS in key European regions and an online barn climate and emission control tool (includ-
ing visualisation of the barn climate and emission processes) will be available (TRL 7 – 9 ). 

MilKey will support European dairy production through 

• creating awareness and stimulating long-term inter- and transdisciplinary multi-actor collaboration;  
• developing an ICT supported online tool for barn climate and emissions monitoring and optimization; 
• developing an online platform (computer software) for the optimisation of sustainable DPS. The platform will integrate 

region specific input variables and will deliver output data that promote the sustainability of a range of DPS across Eu-
rope. It will show the effect of giving contrast impetus to the three pillars of sustainability in key European regions. The 
platform will integrate a decision support system to assist making knowledgeable decisions on 3P sustainability as a ba-
sis for flexible concepts for sustainable milk production in key European regions. 

It is essential that the MilKey platform is developed in an inter- and transdisciplinary multi-actor approach. The integration of 
scientists, farmers, industry, consumers and other stakeholders into the platform development and testing guarantees that 
all relevant input variables are considered and that the platform will receive acceptance and implementation.  

Case studies play an important role in the MilKey concept. They will be used to deliver data for the model optimisation and 
to characterise typical parameters of dairy production in key European areas. Several options for environmental improve-
ment, and aspects and indicators of social sustainability will be identified. Measures to optimise case study farms will be 
suggested and the system response tested. Also, the online tool for barn climate and emission monitoring will be tested on 
case study farms. In addition to their scientific value, case study farms play a decisive role in communicating MilKey to a 
broad audience. Open days, farm walks, and workshops will be held for farmers, industry, consumers and schools.  

MilKey has a strong transnational value. It uses data, models, and technologies (including advanced precision farming tech-
nologies for barn climate control and animal health and welfare monitoring) generated in the partner countries, and lifts them 
to a transnational value. By doing so, the national data, models and technologies will be put into a much wider context and 
thus will be better exploited and integrated into the European perspective. MilKey will also generate new data at a transna-
tional scale and partners will gain insights and understanding of DPS across Europe. The MilKey partners bring extensive 
experience with various complex models and technologies on emission mitigation into the project. This large experience is 
an essential basis for the development and maintenance of the MilKey platform. The MilKey platform will be hosted by the 
coordinator also after the project life time and will thus form a nexus for a long term multi-actor communication. 

Farm level strategies proposed to improve sustainability of dairy production are highly diverse, and tools to assess their 
effectiveness and their impacts across scales are scarce. Such tools must aim not only on the direct effects on farm level 
indicators, but need to target the complex interplay between local interventions and implications across scales, e.g. at the 
regional, country or European level as well as interactions between biophysical, ecological and socio-economic processes.  

LCA is a standardised method (ISO, 20066) conceived to assess potential impacts associated with producing a product by 
quantifying and evaluating the resources consumed and emitted into the environment at all stages of its life cycle, from raw 
material extraction up to its end-of-life. Each substance emitted or consumed is assigned to indicators in one or more impact 
categories as a function of its potential environmental effects, according to scientific literature. LCA is the method chosen by 
European Commission to assess the environmental footprint of the products (PEF) and FAO for the environmental and 
sustainability assessment of livestock supply chain (LEAP initiative; FAO 2016 a, b, 20177). A similar initiative was devel-
oped in France at national level with the Agribalyse® project. These initiatives developed comprehensive guidance and 
methodologies in order to elaborate standardized calculations and indicators. These guidelines provide simple models at 
farm scale and along the supply chain. These models have the characteristics to be static, valid at field and at farm scale 

                                                           
6 ISO, 2006. Environmental Management - Life Cycle Assessment - Requirements and guideline. EN ISO 14044, in: International Organization for Standardization, G., 
Switzerland (Ed.), p. 58. 
7 FAO, 2016a. Environmental performance of large ruminant supply chains: Guidelines for assessment, in: Partnership, L.E.A.a.P. (Ed.). FAO, Rome, Italy, p. 190.; FAO, 
2016b. Greenhouse gas emissions and fossil energy use from small ruminant supply chains: Guidelines for assessment, in: Partnership, L.E.A.a.P. (Ed.). FAO, Rome, 
Italy, p. 102.; FAO, 2017. Guidelines for environmental quantification of nutrient flows and impact assessment in livestock supply chains., in: (LEAP), L.E.A.a.P.P. (Ed.). 
FAO, Rome, Italy, p. 190. 
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(FAO 2017) or broader scale (LEAP a, b; Koch and Salou 20148), validated by researchers and accepted by the stakehold-
ers of the livestock supply-chain. In France, CAP’2ER, an environmental footprint calculator and decision making for rumi-
nants livestock systems has been developed to assess farm’s sustainability. It has been applied in 12,000 dairy farms the 
last 5 years. 

In order to properly operate, DPS also need people to work on. Measures defined in the framework of the project may im-
pact on the ways of functioning and quality of life of rural population. In order to understand motivation, interests and social 
cohesion in farming communities, in Poland the two very different existing DPS will be investigated – the large dairy farms 
characterizing the western part of the country, and the subsistence farms with typically less than 5 dairy cows more charac-
teristic for the southeast of the country. Structured questionnaires will be sent out to farmers and/or farming workers, with 
the help of farming extension services. The categories of analysis adopted in them will be developed on the basis of a lim-
ited number of in-depth interviews via telephone. 

National and international research and innovation activities which will be linked with the project: MilKey activities 
are intensively linked with previous and ongoing national and international projects. 

The project coordinator ATB coordinated the project “OptiBarn” (FACCE-ERA-NET+, 2014-2017). MilKey builds directly on 
OptiBarn and develops its contents further to a whole system approach on sustainable DPS. Indicators for animal welfare 
and technical solutions for climate management in the barn developed under OptiBarn will be used. ATB also brings exten-
sive modelling experience from MACSUR (knowledge hub within FACCE-JPI, 2012-2017), emission measurement technol-
ogies for naturally ventilated dairy barns (EmiDat), emission data and mitigation measures (EmiNat), and the COST action 
LivAGE (focusing on emissions from livestock buildings) into the MilKey project. 

ILVO is heavily involved in ongoing H2020 projects. The IoF2020 project (2017-2020 is dedicated to accelerate adoption of 
IoT for securing sufficient, safe and healthy food and to strengthen competitiveness of farming and food chains in Europe. 
ICT-AGRI era-net (coordination of ICT and robotics in agriculture and related environmental issues) is an EU project consor-
tium (2009-2018). ICT-AGRI is a cross-thematic ERA-NET spanning three FP7 themes: Agriculture and food supply; Envi-
ronment and climate; and Information and Communication Technology. The overall goal of ICT-AGRI is to strengthen the 
European Research Area and develop a common European research agenda concerning ICT and robotics in agriculture. 
ICT-AGRI has 18 partners and 14 observers from 21 countries. PIGWISE (2011-2013, ICT Agri) optimises performance and 
welfare of fattening pigs using High Frequent Radio Frequency Identification and synergistic control on individual level. The 
Data Driven Dairy Decisions 4 Farmers (4D4F, H2020, 2016-2020) thematic network is a recently started project addressing 
the research and innovation divide in dairy farming. The project is focused on developing a network for dairy farmers, dairy 
sensor technology suppliers, data companies, agricultural advisors and researchers, to explore ways to use data generated 
by dairy sensors to support improved decision making by dairy farmers. The main activity is to develop a Community of 
Practice (CoP) for those involved in the development and use of dairy sensors and data driven decision making technology. 
NEFERTITI (H2020, 2018-2021) “Networking European Farms to Enhance Cross Fertilisation and Innovation Uptake 
Through demonstration” will create added value from the exchange of knowledge, actors, farmers and technical content 
between networks in order to boost innovation uptake and to improve peer to peer learning and network connectivity be-
tween farming actors across Europe. National projects include BlesPigs (focus on pigs, ended in 2018), PasGerund (focus 
on dairy, started 2017) and KuikEmis (focus on poultry, started 2018).  

AUA will link MilKey to FP7 projects and a Cost action: FUTUREFARM (FP7 KBBE2007) “Integration of Farm Management 
Information Systems to support real-time management decisions and compliance of management standard”; SmartCEA 
(FP7 IRSES2010) “Smart Controlled Environment Agriculture Systems”, RoboFarm (FP7 – ICT-AGRI-2010) “Integrated 
robotic and software platform as a support system for farm level business decision; SILF (FP7 – ICT-AGRI 2013-2015) 
”Smart Integrated Livestock Farming: integrating user-centric & ICT-based decision support platforms”; LivAGE (CA16106) 
“LivAge-Ammonia and Greenhouse emissions from livestock buildings”. 

                                                           
8 Koch, P., Salou, T., 2015. AGRIBALYSE(R): Methodological report - Version 1.2, in: ADEME. (Ed.). ADEME, Angers. France, p. 385. 



Joint Call 2018 on NOVEL TECHNOLOGIES, SOLUTIONS AND SYSTEMS TO REDUCE GREENHOUSE GAS EMIS-
SIONS IN ANIMAL PRODUCTION SYSTEMS 
Description of Work for full proposals 
 

7 
 

PULS brings linkages with 5th, 6th, and 7th European Union Framework Programs: AROMIS, Light Manure, CleanCompost, 
agriXchange. NIBIO connects with PLATON, a Norwegian knowledge platform for climate policy (2019-2023) financed by 
the Research Council of Norway covering all emission sectors. INRA develops and maintains the Life Cycle Inventory (LCI) 
calculation tool for the French National database for agricultural products LCI (Agribalyse®) and the national LCI Database 
for animal feedstuff (Ecoalim).  

IDELE actually leads the LIFE CARBON DAIRY and the LIFE BEEF CARBON projects composed respectively of 14 and 57 
partners. These projects permit to reduce by 20% the beef and milk carbon footprint in more than 6,000 farms in France. 
IDELE is also managing the French Low Carbon Dairy Farm initiative which emphasis to involve 50% of dairy farmers (i.e. 
30,000 farmers) in a sustainability program over 10 years. 

MilKey will also closely liaise with ongoing projects from ERA-Net Cofund SusAn (e.g. SusCatt, SUSTAINBEEF, FREE-
WALK, ANIMALFUTURE), from FACCE ERA-GAS (e.g. CEDERS (CEDERS PhD works with ATB and TEAG). METHLAB, 
RumenPredict), and from the ICT-AGRI ERA-NET (e.g. ROBOFARM, PIGWISE, SILF, i-LEED, DairyICT, ICTGRAZ-
INGTOOLS, USER-PA, HappyCow, AgriFI, S-GAP, PAMCoBA, GeoWebAgri II, GrassQ. 

1.4 Ambition 

The Food Agriculture Organisation (FAO) projected a 60-70% increase in agricultural production by 2050, compared to 
20079, in order to cover the needs of the growing population. 80% of that increase must come from the intensification of 
agricultural production. The livestock sector contributes up to 50% of the global agricultural gross domestic product10. Cur-
rently FAO estimates that there are 12 million EU farms within livestock sector, accounting for nearly half of EU agricultural 
activity and 40% of the EU’s agricultural production value with an estimated €130 billion Euro output value annually11. The 
EU is currently the world’s leading milk producer, accounting for one third of the world cheese and whole milk powder mar-
kets each12. The livestock sector is contributing substantially to the European economy in terms of national income, em-
ployment and contribution to the trade balance. Global milk production is estimated to climb from 580 to 1,043 million 
tonnes13. This creates a huge responsibility for the European livestock sector and food chains. During the last decades, 
several detriments have been detected, mainly including issues related to the environmental impacts (GHG and N emis-
sions, water and soil pollution, loss of biodiversity), animal and human health (zoonotic diseases, antimicrobial resistance) 
and animal welfare. Therefore, while livestock production forms one of the pillars of the EU food industry, it faces societal 
challenges, such as increasingly stringent environmental regulations, coupled with the falling numbers of young farmers 
entering the industry. Environmental degradation as a result of livestock production can ultimately lead to regional tensions 
and violence, affecting economic policies and farmers’ income. 

A key objective of the European Economic Recovery Plan has been the investment in a low-carbon economy that will en-
hance the EU's resilience strategic plan regarding climate change and food security outlining also the EU's response to the 
economic crisis, and leading to a creative, knowledge-based economy14. The agricultural sector is core contributor to this 
vision. In fact, the recent proliferation of technical innovations in agriculture and emergence of the Agri-Tech Industry15 
demonstrates how socio-economic benefits to EU citizens can be derived from tackling food production problems linked with 
GHG emissions, and other negative environmental impacts. 

Emissions intensities currently vary widely within and across geographic regions and production systems, by a factor of two 
to more than four, especially for products from ruminant animals (meat and milk)16. The gap between high and low emis-
sions intensity producers indicates important mitigation opportunities. Reducing emissions intensity on-farm requires novel 
technological interventions and increased efforts to implement already existing technologies. Mitigation options include 

                                                           
9 FAO, 2017. The state of food and agriculture. Leveraging Food Systems for Inclusive Rural Transition. Rome, Italy 
10 Herrero M, Henderson B, Havlík P, Thornton PK, Conant RT, Smith P et al., 2016. Greenhouse gas mitigation potentials in the livestock sector. Nat. Clim. Chang. 6, 452 
11 http://animaltaskforce.eu/Portals/0/ATF/2017/Presentation_ATF_July2017.pdf 
12 FAO, 2017. The state of food and agriculture. Leveraging Food Systems for Inclusive Rural Transition. Rome, Italy 

13 Steinfeld H., Gerber P., Wassenaar H., Castel V., Rosales A., De Haan C. 2006. Livestock's long shadow: environmental issues and options FAO, Rome 
14 EU, 2013. Green Paper: A 2030 framework for climate and energy policies 
15 JRC, 2014. Precision agriculture – An opportunity for EU farmers - Potential support with the CAP 2014-2020 
16 https://www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-2017 
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technical and management interventions, and practices for increasing crop and livestock productivity (e.g. feed, enteric 
methane production, manure management and application). 

Implementation can be promoted by making benefits visible to the farmer. Decision support tools and demonstration projects 
have proven useful. Transfer of knowledge is an important action and a clear challenge for European agriculture, including 
the livestock sector. Networking and cooperation between research and extension services, farmers, stakeholders, consum-
ers and policy bodies are crucial for maintaining competitiveness, innovation and sustainability. This collaboration has to be 
supported and exchange and uptake of knowledge is a key requirement that has to be promoted.  

It is essential that farms can improve their production efficiency while maintaining a high ecological status. Resource man-
agement 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 environmentally friendly.   

MilKey´s advances beyond the state of the art 

It is the ambition of MilKey to progress an essential step forward in increasing productivity, resilience and competitiveness of 
European milk production while at the same time enhancing environmental and economic sustainability. MilKey will provide 
an integrated approach to identify factors and mechanisms to improve 3P sustainability of DPS in key European areas and 
shall lead the EU in the next generation of low environmental impact agricultural practices, leading to lower levels of re-
source wastage and higher farming operational efficiency underpinned with “circular economy” principles. By combined 
assessment, synergies and trade-offs between costs, social and environmental impacts can be examined. MilKey will pro-
vide context specific solutions, taking into account different farming practices, landscapes and territorial settings. 

By integrating stakeholders throughout the whole projects, MilKey takes care of farmer, stakeholder and consumer accepta-
bility and addresses societal challenges associated with animal welfare, biodiversity and provision of ecosystem services. 
The MilKey platform will promote the extensive knowledge exchange and dialogue between key stakeholders and thus re-
move one of the most serious barriers that hinder the successful implementation of advances in technology and manage-
ment: the absence of efficient communication and links between concerned stakeholders.  

MilKey will make use of latest developments in ICT (sensors, communication technologies, data analytics, online visualisa-
tion) and advance them to the next level for an online barn climate and emission monitoring tool, a welfare monitoring17, and 
a web-based decision support tool hosted in the MilKey platform.  

MilKey achievements:  

• Assist dairy farmers and dairies in improving the sustainability of their production processes; 
• Help identify key priorities for various European regions and assess their consequences on the three pillars of sustaina-

bility; 
• Make better use of recent national research results by bringing them into an international context and making them 

available to a wide audience; 
• Make optimum use of European research infrastructure and expertise and combine the high level partner input to a 

unique and unprecedented outcome;  
• Develop and demonstrate an online monitoring tool for barn climate and emissions 
• Create awareness for the necessity of an inter- and transdisciplinary collaboration between scientists, stakeholders, 

farmers, farm advisors, industry, consumers and policy makers and initiate such a collaboration; 
• Install an online platform to 

o assist farmers, extension services, stakeholders and decision makers in making knowledgeable decisions on sus-
tainability concepts for DPS and assessing their consequences 

o provide information for consumers on key aspects of sustainable DPS in European regions 
o continue the collaboration after the project lifetime and to initiate follow up projects 

 

                                                           
17 ATB will contribute their latest developments in online monitoring of heat stress, heart rate, breathing rate by an animal individual sensor, and animal activity. 
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MilKey will deliver a sustainable framework for environmentally, economically and socially acceptable DPS in Europe. Case 
study farms will provide accurate and unique verifiable data to underpin the modelling activities. System sustainability is 
assessed through novel Life Cycle Assessment (LCA) methodology taking a holistic perspective (environmental, economic, 
social). MilKey addresses pan-European variability in soils, climate, etc. by including detailed system knowledge and data 
from 6 contrasting European countries. It focuses on innovative farming systems that close nutrient cycles, mitigate envi-
ronmental pollution, and maintain productivity and quality. The multi-actor approach ensures relevance and impact. The 
dissemination activities address farmers, stakeholders, policy bodies and consumers, and include a youth education pro-
gramme which focuses on the next generation, explaining social, environmental and agronomic impacts of dairy production 
systems. 

2 Impact 

2.1 Expected impacts 

Innovation of the MilKey concept: 
• Integrate all three pillars of sustainability into the assessment of European dairy production systems 
• Enable contrasting impetus to the three pillars and allow flexible concepts for key European areas 
• Visualise barn climate for optimisation and emission control, and for animal welfare monitoring 
• Enable stakeholders, farmers and politicians to make sound, knowledge-based decisions for DPS in European regions 
• Inform the consumer about DPS and their consequences on economy, environment, animal welfare, animal health, rural 

development 
• Inform and contribute to EU policy development for the future of the CAP and regulatory framework for linking agriculture 

and sustainability 
• Follow a true multi-actor approach by including stakeholders and farmers as key element throughout the whole project 
• Create easy to use and long living online platform that assists stakeholder and farmers in finding sustainable solutions in 

their region and that informs the consumer about the key element of DPS in their region 
• position Europe as a world-leader in sustainable Dairy Production Systems as a blueprint to be copied by other world 

regions 
 

MilKey impact will be achieved through:  

• employing an excellent consortium that combines well acknowledged European centres of knowledge on livestock emis-
sions, dairy production, precision livestock farming, social sciences, and farm economy; 

• using unique national emission measurement infrastructure and knowhow, emission models, case study farms and con-
tacts to the farming community for a high added value and progress in knowledge on sustainable concepts for DPS; 

• bringing together recent and ongoing national activities in dairy production, precision farming and socio-economy for 
agriculture; 

• combining results into a publicly accessible platform and decision support tool; 
• applying a true a multi-actor approach including collaboration from science, industry, farmers associations, community 

and policy bodies; 
• installing an advisory board for the participation of industry and stakeholders to facilitate knowledge exchange and up-

take of results to deliver measurable benefits in sustainable dairy production systems.  

MilKey contribution to the expected impacts described in the call text18 

Livestock farming in Europe faces increasing and more and more binding requirements regarding environmental protection 
and animal welfare on European and national level. These requirements are reflected in the GAP (Good Agricultural Prac-
tice) definitions, in the Industrial Emissions Directive (IED, 2010/75/EU, for pig and poultry), the Directive on National Emis-
sion Ceilings for Certain Pollutants (NEC19), the Nitrate Directive (91/676/EEC), the Water Framework Directive 

                                                           
18 see also Excellence, 1b “relation to the call scope” 
19 Directive (EU) 2016/2284 of the European Parliament and of the Council of 14 December 2016 on the reduction of national emissions of certain atmospheric pollutants, 
amending Directive 2003/35/EC and repealing Directive 2001/81/EC; https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2016.344.01.0001.01.ENG&toc=OJ:L:2016:344:TOC 
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(2000/60/EC) and - for farms located close to Natura2000 areas – in the Habitats Directive (92/43/EEC), as well as in licens-
ing procedures. Basic legislation on animal welfare is set on European level, still national regulation is often stricter and 
more specific and thus more challenging for the farmers in the different Member States. 

In 2014, an EU Council decision endorsed a binding target to reduce greenhouse gas (GHG) emissions from non-ETS sec-
tors in 2030 by 30% compared to 2005 (EU Council SN 79/14). The National Emission Ceilings Directive was recently re-
vised as part of The Clean Air Policy Package. It establishes new national emission reduction commitments applicable from 
2020 and 2030 for SO2, NOx, NMVOC, NH3, and fine particulate matter (PM2.5). This means for agriculture that all technical 
potentials for mitigation must be explored. DPS are major contributors (esp. CH4 and NH3 emissions) and must take a con-
siderable share of the reduction obligations.  

A multitude of technology and management options has been developed over the last years with the aim to increase produc-
tion efficiency and income and decrease negative environmental impacts. Their implementation however stays far below 
expectations in large parts of Europe. This is commonly termed the “science-policy gap”. The impact achieved by MilKey will 
be a marked increase in the degree of implementation of concepts for optimised nutrient recovery from agricultural wastes.  

For many years, the MilKey partners have observed a clear lack of implementation of readily available technologies in the 
farming community. Through their long standing and leading involvement in national and international networks and through 
their contact with the farming community, the members of the MilKey team have a clear picture of what is necessary to 
overcome the existing science-policy-gap. The following main reasons are responsible for this lack of implementation:  

• There is insufficient communication between scientists, farmers, industry and political bodies. The lack of mutual under-
standing and insight into the specific necessities is a main barrier to the implementation of optimisation measures.  

• There is a lack of long-term continuous communication between multi-actors that contribute to the process. Many com-
munication processes have been initiated with the start of research projects and have ended with the end of the respec-
tive project. 

• Agriculture is strongly influenced by local conditions. There is no average situation to be described for Europe and thus 
no universal solutions exist. The diverse climate and topographical conditions across Europe require region-specific 
concepts for optimisation of DPS. 

MilKey will result in a web-based decision support system that offers flexible and targeted solutions for DPS for key Europe-
an regions taking into account local conditions and priorities. MilKey produces clear guidance on region-specific targeted 
concepts for sustainable DPS, suggests measures for their implementation and identifies potential barriers that have to be 
overcome. Also, policy advice is given to reach an increasing the level of implementation. MilKey will offer benefits in sci-
ence, technology, environment, economy and society: a) scientific added value, as it supports the cooperation among re-
search groups, promotes the progress of the research, and assists in developing long term synergies. Additionally, the edu-
cation & training of young scientists will be improved through the PhD projects planned in the project, b) technological added 
value, as innovative techniques, tools and knowledge will be disseminated among the partner countries, c) environmental 
added value, as measures for reduced environmental impact will be proposed, d) economical added value, as European 
DPS are one of the major backbones of agricultural revenues, e) societal added value, via the dissemination of knowledge 
and the development of new tools, via the improvement of environmental quality and via contributions to social sustainabil-
ity. 

MilKey will also create an impact to the development of short- and long-term policies regarding the management and moni-
toring of the emissions of pollutants and GHGs by DPS. The project will enhance analysis, negotiation and foster the pro-
gress towards regulation, in particular with respect to environmental protection. 

Currently, major barriers against the full exploitation of options for sustainable DPS exist:  

• lack of knowledge on potential mitigation options, and their efficiency in the context of whole system thinking and 3P 
sustainability assessment; 

• lack of proof and visualization of the effect of mitigation options in the barn; 
• lack of flexible concepts to take consideration of specific local conditions in the variety of key European areas; 
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• lack of true multi-actor and multi-stakeholder interaction and communication; 
• lack of long-term collaboration beyond the lifetime of short research projects; 
• lack of communication and implementation measures to overcome the science-policy gap; 
• lack of case studies to proof the practicality of sustainable concepts; 
• lack of consumer information and youth education. 

MilKey addresses these barriers in its research and dissemination programme and will be a decisive step forward in over-
coming them. By doing this, it will milestone in improving the sustainability European DPS and will have a decisive impact on 
GHG mitigation, better use of nitrogen, securing economic viability of DPS and addressing key social impacts. As MilKey will 
heavily rely on the huge experience of its highly recognised experts and their enormous network, measureable impact can 
be easily achieved in the time frame of 5 to 10 years as targeted in the proposal call text. MilKey will build on latest research 
and continuously integrate novel results. The novel online barn climate and emission monitoring tool will be developed from 
existing technology and can be readily available within the project lifetime. It will also include information on animal welfare 
(breathing rate, heart rate, animal activity). MilKey works on (i) flexible concepts for sustainable DPS in key European re-
gions, (ii) ICT, sensor and digitisation for efficient barn climate monitoring and control, (iii) measures to increase implemen-
tation of MilKey results. This threefold approach ensures that every potential for more sustainability and GHG mitigation is 
addressed and exploited: technological options tailored to the specific needs of key European areas, persuasive power 
trough convincing show cases on case study farms, communication and education to inform about optimisation potentials, 
close contact with policy bodies to tailor environmental regulations for more sustainability and less GHG emissions from 
DPS. This wide range of exploitation potential will allow exceeding the 20% emission reduction by technical mitigation sug-
gested by EC (2018)20 in order to minimize the need of changed human diets discussed in the same study as necessary to 
achieve the overall EU’s climate targets. 

2.2 Measures to maximise impact 

(a) Dissemination and exploitation of results 
Various communication routes will be used for dissemination in all partner countries, and beyond partner countries, to na-
tional and international end users. Dissemination of results will use a multi-stakeholder approach and will include farmers, 
industry, policymakers, consumers, national inventory compliers (from partner countries and beyond) and trans-national 
institutions, such as FAO, IPCC, TFRN, and UNECE. MilKey partners have leading roles in these organisations (see partner 
description). The outcomes of MilKey will include a long-lasting multi-actor decision support system – the MilKey platform - 
on whole system concepts for sustainable dairy production systems in key European areas. The platform will be maintained 
by the project coordinator ATB after the project lifetime to secure a long term impact of the project. WP5 details a plan for 
dissemination and exploitation of the project’s result including a dissemination and communication plan, dissemination and 
awareness activities including website construction, communication with national and international networks and bodies, 
specific promotion and updates for the dairy value chain and MilKey platform for stakeholder interaction. 

(b) Communication activities 
The MilKey communication strategy is built upon the guidelines on “Communicating EU Research and Innovation”21. MilKey 
ensures good management by allocating time and money to communication activities (esp. WP5, budget for website and 
open access publication, installation of an advisory board and steering committee). Assistance through professional com-
municators is guaranteed by involving the public relations offices of the project partners. They will assist with the drafting of 
press releases, graphic design, and maintenance of the website. Continuity is ensured through the maintenance of the web-
site, data repository and MilKey platform also after the project lifetime. MilKey will consider implementation of feedback 
loops back to the European Commission that can help with amplifying the message, for example by notifying an event. 
MilKey has clearly defined goals and objectives. Communication aims of the project have been specified with respect to 
intended impact and expected reaction or change from the target audience. Policy bodies shall make use of the sustainabil-
ity concepts and mitigation options. The scientific community shall make use of the improved sustainability assessment 
(WP4). Industry shall assist in technical mitigation options and low cost sensors. Farmers shall uptake mitigation measures 
to reduce negative environmental impact. MilKey has detailed communication activities targeted to well defined audiences 
and including all relevant target groups (WP5). Each audience will be approached by a distinct strategy using targeted mes-
sages, means and language. This strategy also comprises choosing messages by connecting what the audience wants to 
                                                           
20 EC, 2018. In-depth analysis in support on the COM(2018) 773: A Clean Planet for all - A European strategic long-term vision for a prosperous, modern, competitive and 
climate neutral economy. https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf 
21 https://ec.europa.eu/research/participants/data/ref/h2020/other/gm/h2020-guide-comm_en.pdf 
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know with what MilKey wants to communicate and using the right media and means to reach the audience. MilKey includes 
two-way communication (e.g. meetings, workshops, conferences) for an intensive dialog and feedback and one-way com-
munication (e.g. press release, papers, website, posters) to reach a larger audience. By liaising with well-established dis-
semination partners such as e.g. the policy bodies included in MilKey (TFRN, UNECE, FAO, GRA, IPCC and others), dis-
semination is amplified and multiplied. MilKey will continuously evaluate its efforts in achieving its communication strategy 
aims and adjust if required with help of the lessons learned. 

3 Implementation  

3.1 Work plan (WPs, deliverables and milestones) 

MilKey has three interactive activities: farm studies, modelling studies and a sustainability and emission mitigation assess-
ment across all three pillars of sustainability of dairy production systems (DPS). The knowledge generated will be used to 
create an interactive web application, the MilKey platform, to analyse farm data and to evaluate effects of changes in farm-
ing practice at farm, and regional level with regard to environmental, economic and societal sustainability indicators. This 
output will have farmers and other stakeholders in the primary sector as target group, and will also be relevant for society 
and policy makers. Figure 3.1 represents MilKey’s work packages and their interactions.  

Fig. 3.1 MilKey work packages and their interactions (numbers in brackets indicate those deliverables that are transferred 
between WPs). 
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Table 3.1a: Work package description 

Work package number 1 Start Date or Starting Event M01 

Work package title 
Key parameters and framework of the MilKey emission mitigation and sustainability assess-
ment 

Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 3 4 6 2 2 1 3 3 2 3 
 

Objectives WP1 identifies key parameters and develops a model framework for the 3P sustainability assessment and eval-
uation of GHG mitigation measures in MilKey.  
The WP starts with an inter-model comparison of the models used by the MilKey partners with a view of identifying system 
boundaries and the major dichotomies of the 3P sustainability concept. WP1 establishes a unified protocol to facilitate com-
parison and synthesis of GHG emission mitigation and sustainability assessments across the case studies (WP3) to be used 
in the 3P sustainability assessment (WP4). The protocol defines a standard on model input, model boundaries, model output 
etc. Finally, WP1 defines a list of key sustainability indicators for each of the three sustainability components (environmental, 
economic and social). 
 

Description of work (Lead: NIBIO, contributions from all partners) 
Tasks (T): 
T1.1 Inter-model comparison of the models used by the MilKey partners:  
- Describe and compare models used by the MilKey partners for farm level analysis with respect to system boundaries, input 
data, methodology including time horizon, and model results and with a particular focus on sustainability indicators taken 
from MACSUR knowledge-hub, TEAG economic sustainability and biodiversity metrics, SIMSDAIRY and 3-pillar-
sustainability assessment, FarmAC, ILVO sustainability assessment tool for dairy production. 
- Review and summarise recent and ongoing projects and data  
T1.2 Key parameter identification: 
- Conduct systematic review to identify key indicators relevant for emission mitigation and 3P-sustainability assessment. 
- Identify potential candidates for efficient emission mitigation  
- Make available indicators and mitigation options to online barn climate tool (WP2), case studies (WP3), 3P assessment 
(WP4) and MilKey platform (WP5)  
T1.3 Protocol development: 
Develop a protocol for the design and application of the integrated quantitative and qualitative assessment tools. The proto-
col should also cover how the assessment tools address major policy objectives, manage uncertainties, and integrate 
stakeholder knowledge thereby enabling comparability and facilitating the synthesis of results across case studies.  
Method: 
- Literature review of system analyses studies on sustainable milk production and emission mitigation for very different re-
gions in Europe (including grey literature from the partners).  
- Literature review of LCA-studies and other system analyses focusing on environmental issues in order to identify the cur-
rent environmental profile of the dairy farms across EU, and to identify critical stages, processes and indicators. 
- Environmental sustainability: Based on the literature review and the screening LCA-study, environmental key indicators will 
be selected for a broad variety of topics such as Global Warming potential, Acidification potential, Freshwater and Terrestrial 
Eutrophication potential, Photochemical ozone formation, Human toxicity, and fossil depletion. 
- Economic sustainability: the economic viability of dairy farming in different regions of concern will be established from a 
number of readily available indicator sets: farm income vs. average income in NUTS-2 region; GDP per person in the dairy 
farming industry vs GDP per person generally in region (e.g. economic parameters measured by the Irish National Farm 
Survey, which is a part of the Farm Accountancy Data Network of the European Commission and is collected annually on a 
representative sample of farm enterprises in Ireland). Specifically, economic metrics will include but will not be limited to 
gross output, total costs, farm income, additional revenues from biogas production, reliance on CAP payments, investment 
and borrowings, while the biodiversity metrics will include wildlife habitat quantity and quality, grassland habitat quality, land 
use change, farming in the high value conservation areas. 
- Social sustainability: Accessibility to basic services to dairy farmers and workers, compared to the general population; life 
satisfaction of this population group and their dependents, social and cultural network of farmers and farm households. 
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Deliverables  
D1.1 Report on model description and comparison (M6) 
D1.2 Report on the key parameters to be included in the MilKey sustainability assessment (M6)  
D1.3 Report on the protocol for the assessment tools to be applied in the case studies (M9) 

 
 
Work package number 2 Start Date or Starting Event M02 
Work package title Online monitoring and control tool for barn climate and emissions: development and demon-

stration 
Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 12 0 6 24 0 0.5 0 1 0 6 
 

Objectives  

Our objective is to develop an Online Tool for monitoring Indoor barn Climate, animal stress and Emission levels of air pollu-
tants (OTICE). OTICE should be able to give real time information on: 
• the temporal and spatial distribution of indoor air quality parameters (including visualisation) 
• the level of animal activity (e.g. individual stress monitoring via respiration rate) 
• the emission levels of air pollutants 
To achieve this goal, first a low cost sensor framework will be designed (T2.1). After calibration and validation (T2.2), the 
sensor framework will be implemented on at least four commercial farms (T2.3). OTICE data will be delivered to WP4 and 
WP5 (T2.4). OTICE will be developed and optimized throughout the different tasks, evolving from a research tool structuring 
and analysing data to an online monitoring tool for the farmer. 
 

Description of work (Lead: ILVO, major contributions from ATB, additional contributions from AUA, INRA, IDELE, PULS) 
Tasks (T): 

T2.1: Design and development of a modular sensor framework based on the relevant parameters selected in WP1 to assess 
the key indicators related to emissions, indoor air quality and animal stress. As a starting point, a literature review and a 

market study will be performed to assess the state of the art concerning spatially distributed monitoring systems and low 
cost sensors (Temperature, RH, CO2, CH4 and N2O). A stakeholder group will be formed, consisting of farmers, researchers, 
producers of ventilation equipment and if possible legislators. This group will decide on a list of prerequisites for the sensor 

framework. As this framework has to become a commercially viable product, the purchase, installation and maintenance 
cost will be a limiting factor. It is therefore essential that this stakeholder group can gain insights into the socio-economical 
gains related with the use of the sensor framework. This info will be partly gathered in WP1. As a result the upper limit of the 
total cost of the system will be decided on. A prototype of the sensor framework will be developed.  
In March 2019, the FIE (Flagship Innovation Experiment) AEMON (Ammonia emission monitoring network) within the 
SmartAgrihubs project will start. ILVO acts as a knowledge centre within the FIE AEMON. This project focusses on develop-
ing a sensor network in dairy and pig barns for climate control and ammonia emissions monitoring. A strong interaction 

between WP2 and FIE AEMON is envisioned. 
T2.2: Calibration and validation. At the research barns at ATB (Dummerstorf, Germany) and ILVO (Merelbeke, Belgium) 
high end reference monitoring systems are already present and will be optimized. These systems provide high-resolution 
measurements of gaseous emissions, temperature, humidity, air speed, animal respiration rates, animal heart rate, and 
others. Proficiency tests will be conducted by integrating relevant respective measurement systems of ATB and ILVO at one 
location in order to allow more detailed measurements, synergy effects and cross validation of measurement systems. The 
developed prototype sensor framework (T2.1) will be installed at the ILVO and ATB dairy barn. The high end systems will be 
used to calibrate and validate the low cost sensors implemented in the sensor framework. The first prototype will consist of a 
high number of sensor nodes. Through data analysis the number of nodes will be lowered (and with it the cost of the net-
work) until the lower limit of the prerequisite accuracy is reached. At month 12 this reduced sensor network (prototype 2) will 



Joint Call 2018 on NOVEL TECHNOLOGIES, SOLUTIONS AND SYSTEMS TO REDUCE GREENHOUSE GAS EMIS-
SIONS IN ANIMAL PRODUCTION SYSTEMS 
Description of Work for full proposals 
 

15 
 

be duplicated and installed at another dairy stable in Belgium and Germany. Data from the 4 farms equipped with prototype 
2 will be continuously monitored and the location of each sensor node will be optimized to ensure the gathering of the most 
relevant data. 
A prototype of OTICE will be designed as a research tool to streamline all data coming from the sensor networks and high-
end analysers, gathering detailed information while analysing and producing a real-time overview of the internal climate. 
PULS will introduce a deep analysis based on artificial intelligence methods (especially dedicated to non-linear phenomena 
like emissions). 
T2.3: Implementation and demonstration of OTICE at case study farms . Prototype 2 of the sensor network will be installed 
at case study farms chosen in WP3. The stakeholder group will decide on a list of prerequisites for these commercial farms. 
In general these farms should be representative for practice while enabling to test the framework in a variety of building 
types/management styles. The main goal is to show the possible advantages of the sensor network in different climate con-
ditions throughout Europe. A 1.5 year measurement is envisioned to allow gathering data in different (seasonal) climate 
conditions. A demonstration of OTICE will be held in some of the case study farms in WP3 when T2.4 has delivered an 
optimized version of the online monitoring tool. 
T2.4: Data processing and further optimization of OTICE. OTICE will be further developed into an online monitoring tool 
designed specifically for the sensor network, able to gather, structure and analyse data from different case study farms 
equipped with the sensor network. OTICE will be evaluated continuously both on its hardware robustness and its software 
user friendliness. These evaluations will lead to an optimized design of an online user interface for the farmer that allows a 
quick but comprehensive overview of the internal climate, with alarm levels and suggestions for actions. T2.4 will continu-
ously deliver data from the case study farms to WP4 and WP5.  
Method: 

- Use and further refinement of the high-end tool at the ATB research barn in Dummerstorf & the ILVO research barn in 
Merelbeke; based on the knowhow used and developed in recent as well as on-going projects on monitoring and modelling 
techniques for indoor barn climate and emission control, including assessment of emission mitigation techniques at barn 
level. 
- Integration of individual animal behaviour monitoring systems and indoor climate & emission control systems (ATB: sensor 
for animal individual measurement of respiration rate) to assess stress level in animals, improve animal welfare and optimise 
both emissions and animal welfare (continuation of the work from the EraNet project OptiBarn), ILVO: integration of indoor 
climate & emission control systems (continuation of VLAIO project PASGERUND, AEMON, H2020 project Smart Agri Hubs, 
iSENSE). 
- Partners in WP3 install OTICE on case study farms and deliver data for further processing at ATB and ILVO including 
emission rate estimation based on velocity and meteo data, and gaseous concentration ratios (tracergas-ratio method after 
VERA), data visualisation, data science and digitalization. 
 

Deliverables 

D2.1 Report on literature & market study (M6) 
D2.2 Front-End and Back-End design for monitoring tool, based on the data from ATB and ILVO research barns. Proof of 
concept through creation of an application working in real time (M18) 
D2.3 Publication on uncertainty analysis when using a simple system instead of elaborate system including Guideline for 
positioning sensors for a simple measurement system and with recommendations for sensors (M34) 
D2.4 OTICE data output for WP4 and WP5 completed (M34) 
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Work package number 3 Start Date or Starting Event M06 
Work package title Case study farms  
Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 8 8 8 6 19 0 8.8 3 18 10.5 
 

Objectives 

- Characterise and collect sustainability parameters identified in WP1 on case study farms in key European areas 
- Identify socio-economic aspects related to dairy production systems in key European areas 
- Suggest options to optimise case study farms and measure or model the system response 
- Knowledge transfer from the case study farms to the farming community, stakeholders, politicians and consumers via info 

days (together with WP5). 
 

Description of work (Lead: TEAG, contributions from all partners (except INRA)) 
Tasks (T):  
T3.1: Characterise parameters identified in WP1 on case study farms in key European areas (e.g. feed chain, energy:protein 
ratio in the feed, domestic protein feed sources, nutrient use efficiency, self-sufficiency feed, human-edible feed, housing 
and manure management, animal health and welfare, production, resource efficiency and economics, milk yield, nutrient 
use, stocking rate, product price relations, investments and financiering, workload, use of ICT, sensor technologies, telemet-
rics, robotic, big data phenomics) 
T3.2: Identify potentials for environmental improvements based on the T3.1 parameters (e.g. optimised feeding, low emis-
sion housing, manure management for improved fertiliser value, etc.) 
T3.3 Identify aspects and indicators of social sustainability related to various DPS in the different regions (e.g. rural devel-
opment index, employment potential, income and equity, life quality) 
T3.4: Identify potentials for economic improvements (e.g. intensification of production, biogas production, agro-tourism, 
implementation of better management practices, sustainable exploitation of economies of scale) 
T3.5: Suggest options to optimise case study farms and measure or model the system response. Selected input parameters 
or management options will be varied on the case study farms. The system response to the variation will be measured or 
modelled. Stakeholders in the participating countries will be integrated into the characterisation and optimisation to identify 
the drivers and barriers for change. Case study farms will hold info days for farmers and consumers (WP5). 
Method: 

- Partners integrate case study farms with long term collaborations; 
- Questionnaire approach to assess employment situation, income and life satisfaction of smallholder farmers as well as 
social, economic and ecological situation 
- Region specific desk study on scientific and technical literature for emission abatement. 
- Case study farms will be equipped with the simple measurement framework (see WP2, T2.4). Data measured and record-
ed in the barns will be made available in real time and centralised in the OTICE 
- The monitored data will be used to identify “low hanging fruits” of environmental improvements for test farms as well as the 
regionally typical farms and to suggest options to optimise case study farms and measure or model the system response 
- All partners transfer data via the platform (WP5) for further processing and assessment by WP4 in order to assess perfor-
mance and applicability of selected mitigation strategies for GHG. 
Case studies:  
IE: Ireland will contribute data from a minimum of three farms ranging across intensities from extensive, through semi-
intensive to intensive dairy production enterprises. Farms will be chosen from within the network of TEAG experimental 
farms and commercial farms participating in the Agricultural Catchments Programme (ACP) funded by the Department of 
Agriculture, Food and the Marine. Inclusion of farms from within the ACP will utilise existing links between dedicated TEAG 
advisors and the farmers as well as large database of various data available for the ACP catchments. Moreover, this collab-
oration will add value to the existing nationally-funded research programme. Parameters measured on the case study farms 
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will be primarily within the animal house climate and animal welfare categories; however emissions will also be measured, if 
possible, with a potential of including simple online tool measurements on the TEAG experimental farm. 
FR: IDELE has access to the Inosys network of farms representative of different regions and practices. They will do a de-
tailed analysis of WP1 and WP2 results on a small sample of case studies.  
NO: Norway will contribute data from at least four dairy farms with different housing conditions. The farms will be located 
both by the sea and inlands, but we plan to concentrate on one agro-climatic zone (most likely Northern Central Norway) in 
order to avoid too much heterogeneity. We will record changes in outdoor weather conditions continuously at each location. 
Farms will be selected in close cooperation with NLR (Norwegian Extension Service) and the Norwegian milk cooperative 
TINE. The latter is a partner in MilKey and the former a subcontractor. A key selection factor of the farms will be availability 
of and access to economic and environmental data ensuring the calculation of climate footprint on farm level by use of a 
Norwegian GHG emission calculation tool. The tool is developed within the project “Climatesmart agriculture” 
(www.klimasmartlandbruk.no), based on the HOLOSNor-model (Bonesmo et al. 201322). NIBIO collects annually economic 
data from farms similar to the EU’s FADN (Farm Accountancy Data Network). Ideally, the selected farms should participate 
both in “Climate smart agriculture” and FADN. Data on animal health can be obtained from the milk cooperative TINE which 
will be a partner in MilKey. Sensors and the ICT tool OTICE will be tested in at least two of the participating farms. Fodder 
samples from each farm will be collected and analysed in order to achieve a holistic whole-farm approach. Based on the 
individual findings, NLR and TINE advisors will provide farmers not only with goal-directed advice on improvements for 
GHG-emissions, but also on good animal welfare. The results of the OTICE-testing will be related to the calculated emis-
sions and potentially used in order to improve the GHG emission calculation tool. We will also collaborate with livestock 
breeding organization Geno by sharing GHG emission data for individual dairy cows. This will help compare and verify our 
own data. In addition to data on GHG emissions and air quality, researchers will assess data on cow cleanliness, cow traffic, 
lameness, and cleaning/scraping frequency, factors that indirectly may have implications on GHG emission through animal 
health and productivity (Özkan et al. 2018)23. Measuring fodder quantity and quality is important as it is known to relate di-
rectly to GHG emissions. Finally, we will conduct detailed interviews with the participating farmers about the farm household, 
the farm’s setting in relation to neighbouring farms and the village, and other social and cultural components so as to 
achieve a holistic picture of the three elements of sustainability.  
Greece: Semi – intensive conventional milk production systems, temperate and hot climate, on-farm monitoring of GHG and 
ammonia concentration, climate parameters, feeding strategies, milk production and milk quality. 
ILVO contributes in providing knowhow to implement OTICE on case study farms and in delivering case study farms for 
Flanders. ILVO includes work from two ongoing H2020 projects: Data Driven Dairy Decision for Farmers (4D4F, 2016-2019) 
and NEFERTIH2020 thematic network on creating added value from the exchange of knowledge, actors, farmers and tech-
nical content between networks in order to boost innovation uptake and to improve peer to peer learning and network con-
nectivity between farming actors across Europe. The project Data Driven Dairy Decision for Farmers (4D4F, 2016-2019) 
focuses on the role which dairy animal and environmental sensors play in collecting real-time information to help make more 
informed decisions in dairy farming. The 4D4F Community of Practice, comprising of farmers, farm advisors, technology 
suppliers, knowledge exchange professionals and researchers, work together to facilitate the co-creation of “best practices”. 
The network works closely with EIP Agri, and at member state level with existing EIP Operational Groups on dairy data and 
sensors.  
Poland: Central European farm types with low share of grazing. Aside from test farms, PL offers an opportunity to collect 
data from still existing smallholder farms. Poland in 2010 had almost 237,000 dairy farms with less than 5 cows – almost half 
of all dairy farms in the country, averaging at 2.3 cows per farm for that small size farms. Overall, that half of dairy farms 
contributes only about 10% of dairy cows. PULS will also contribute study cases of university dairy farms (100-120 dairy 
cows) running without and with biogas plant. The existing example has shown us that additional profit from energy produc-

                                                           
22 Bonesmo, H., Beauchemin, K.A., Harstad, O.M. and Skjelvåg, A.O. 2013. Greenhouse gas emission intensities of grass silage based dairy and beef production: a 
systems analysis of Norwegian farms. Livestock Science 152(2-3): 239-252. 
23 Özkan Gülzariv S., Vosough Ahmadi, B. and Stott, A.”. 2018. Impact of subclinical mastitis on greenhouse gas emissions intensity and profitability of dairy cows in 
Norway. Preventive Veterinary Medicine 150: 19-29. 
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tion improved strongly the farm profitability. Additionally, the heat from biogas plant is sold for very cheap price to the village 
and people stopped to use black coal for heating (less air pollution, very positive social impact etc.). 
Germany: Different farming systems: semi-intensive and intensive conventional milk production systems, temperate and 
marine climate, access to barns from the EmiDat and EmiMin network, on farm monitoring of gas concentrations and climate 
parameters, diet/performance and management. 
 

Deliverables  
D3.1 Detailed description of case study farms including optimisation potential (M26) 
D3.2 Input parameters for the MilKey emission mitigation and sustainability platform (M26) 
D3.3 Knowledge transfer from the case study farms to the different stakeholders, and consumers via info days (M29) 
D3.4 Publication on environmental, economic and socio-economic data of case study farm in key European areas (M30) 

 
 
Work package number 4 Start Date or Starting Event M18 
Work package title 3 pillar sustainability assessment and GHG mitigation potentials for key European areas 
Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 12 20 10 2 4 15.5 9 3 15 7 
 

Objectives  

- Sustainability and technological assessment of dairy production strategies in key European regions 
- Develop flexible concepts of sustainable milk production for key European regions 
- Assess GHG mitigation efficiency and potential  
- Evaluate the trade-offs and synergies between economic, social and environmental issues in dairy production systems 
 

Description of work (Lead: INRA, major contributions from ATB, NIBIO, Dublin, UZG; additional contributions from ILVO, 
PULS, TEAG, IDELE, AUA) 
Tasks (T) and Methods:  

T4.1: Environmental evaluation of the mitigation strategies (INRA). LCA of the different strategies investigated in the project 
will be conducted on selected farms, considering usual potential impacts included in LCA of agricultural products (climate 
change, acidification eutrophication, energy demand and land use) in order to provide the necessary primary data for the 
environmental assessment. Steps of LCA will include 1) collection of data on farm and on strategies of interest (WP3 and 
literature), 2) development of flow diagrams for each – defining functional unit, 3) development of Life Cycle inventories and 
4) characterization of the impacts. LCA will be performed with a cradle to farm gate perimeter, which will reveal the hot-spots 
(weak points) of the different life cycle stages of milk production on farm and then suggest potential improvements to sup-
port the mitigation of the environmental impacts. INRA will propose a general template for data collection for environmental 
assessment. ILVO and ATB: Processing and assessment of collected OTICE data in WP2 and WP3 as input to model emis-
sion factors, to assess the potential of GHG mitigation strategies and of animal stress indicators.  
T4.2: Evaluation of the social impacts and acceptance by farmers of the different strategies (NIBIO, UCD, UZG, PULS): 
NIBIO conducts detailed in-depth interviews with the participating farmers on, among others, mitigation strategies. The eval-
uations in Norway, Ireland and Poland will be coordinated so as to have a basis for comparative analysis. For Poland, the 
work plan comprises two different categories of dairy farms: large industrial-type farms which dominate in the west of the 
country, and small farms of less than 5 dairy cows prevalent in the East and Southeast. The following techniques will be 
used: (1) telephone in-depth interview 10 - 5 for small and 5 for large farms (in order to develop hypotheses and create a 
structured questionnaire) and (2) a survey using the questionnaire. The sample size will be constructed on the basis of the 
structure data referring to the dairy enterprise and is expected to consist of about 800 farms. 
T4.3: Economic assessment of the mitigation strategies (NIBIO, TEAG, UZG, PULS): NIBIO will develop a planning tool at 
the farm level, based on the GHG emission calculation tool from “Climatesmart agriculture” that assesses the environmental 
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and economic performance of various mitigation options at the farm level. The tool will be used to evaluate the economic 
costs of implementing mitigation options. Available data on cost of abatement measures will be compiled from a multitude of 
existing literature sources. These comprise expert results collected under the Task Force on Reactive Nitrogen operating 
under the LRTAP Convention (UNECE Air Convention), the GAINS database (gains.iiasa.ac.at), and extensive data collect-
ed by the participating institutions and available in “grey literature” or country reports.  
T4.4: Multi-criteria assessment tool of the different mitigation options (INRA). This task will develop and test a sustainability 
indicator tool that includes emission mitigation, socio-economic effects and economic efficiency to aggregate indices of 
efficiency for different DPS. A sensitivity analysis will support long-term scenarios showing the potential impacts that alterna-
tive to conventional practices could have. Multi-criteria analysis will compile the results obtained from the evaluation of envi-
ronmental (T4.1), social (T4.2) and economic (T4.3) repercussions of emission mitigation measures. Interactions between 
environmental sustainability (emissions of GHG gases and air pollutants) and economic sustainability (costs of these 
measures) will be assessed using concepts and data obtained from the GAINS model. As GAINS provides a rigid framework 
for emission reduction technologies that prevents easy adaption to new and more extended technologies, quantification of 
interaction will require mimicking the model’s treatment of dairy farms outside the model – which facilitates the integration of 
the resulting algorithms in the MilKey platform.  
 

Deliverables 

D4.1 Dataset for environmental evaluation (M30) 
D4.2 Dataset for socio-economic evaluation (M30) 
D4.3 Dataset for economic evaluation (M30) 
D4.4 Publication on multi-criteria sustainability assessment in key European areas (M35) 

 
 
Work package number 5 Start Date or Starting Event M01 
Work package title Dissemination, stakeholder interaction, and MilKey platform 
Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 12 8 20 12 1 1 1 3 9 9 
 

Objectives  

The objective of this work package is to maximise the impact of the project through a comprehensive dissemination of the 
project outputs including active communication to stakeholders outside the project consortium. This will ensure widespread 
understanding of the significance of the project outputs and will lead to a range of exploitation and implementation opportu-
nities in order to guarantee shift from a research and innovation project to full-scale deployment. The societal impacts will 
get particular attention as this is the main pathway to gain acceptance and implementation amongst the citizens. The objec-
tives of this work package are:  
- Ensure a widespread use and awareness of the MilKey platform for sustainability assessment of DPS 
- Disseminate and implement project results through the collaboration with multiple actors; 
- External project communication with national and international networks and bodies (EPNB, EPMAN, TFRN, TFEIP, 
RAMIRAN, UNECE, MACSUR, GRA MMN, INMS and others). 
 

Description of work (Lead: AUA, major contributions ATB, contributions from all partners) 
Tasks (T) and Methods:  
T5.1: Dissemination and Communication Plan. At the beginning of the Project, a Dissemination Plan will be defined and 
agreed. This plan will be presented and discussed with all the partners and will include a plan of action detailing the com-
munication actions to be carried out during the project (it includes: basic description, target audience(s) and partner in 
charge of its implementation), a content plan detailing the contents/materials to be created in each dissemination action, a 
timeline, indicators, estimated budget and dissemination protocols. Each partner will produce their own dissemination plan 
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taking national conditions into account, and provide updates for central coordination to maximise the impact of all activities 
and ensure good coordination.  
T5.2: Dissemination and awareness activities including website construction. A website will be constructed by and hosted at 
ATB. It will consist of two components: (i) a confidential component, password protected and available only to the project 
partners. This component will form a key method of communication between the partners, useful for communicating docu-
ments. Internal reporting documents and deliverables reports will be uploaded in this way. (ii) A publicly accessible compo-
nent monitored for hits as a measure of its effectiveness in communication. This public component will be an important 
method of creating awareness of the project and dissemination of project results. The website will be continuously updated 
with the latest organised or attended events, the published papers and the technical results. The project will establish and 
maintain a website with a public domain, and also exploit the opportunities provided by LinkedIn, Twitter and other Social 
Media in order to reach also younger stakeholders. Reports and other outcomes from the project will be available at the 
website. 
Dissemination activities will include a wide range of actions. The long-term functions of dissemination and awareness activi-
ty are: (i) the proper use of knowledge obtained through the help of public funds (ii) enhancement of research and 
knowledge creation, and (iii) to provide a platform for exploitation of project results by the industrial partners and the live-
stock farmers.  
The activities thus include: (i) Publication of results in high impact factor journals refereed by peer groups (see D2.2, D3.2, 
D4.4). Review by peer group will both enhance the reputation of the Research and Technology Organisations and European 
research generally and help to gain the confidence of prospective customers; (ii) Publications by all partners in relevant 
conferences (see travel budgets); (iii) Presentations in workshops and seminars, some of which will be organised by project 
partners (see T5.3); (iv) Events: Each partner will hold a regional event (info day) for transferring the project results to its 
main stakeholders and livestock farms (see WP3).  
T5.3: External project communication with national and international networks and bodies (EPNB, EPMAN, TFRN, TFEIP, 
RAMIRAN, UNECE, MACSUR, GRA MMN, INMS and others). The leading role of project partners in national and interna-
tional networks secures close interaction and rapid uptake and implementation of MilKey results. The project “Towards an 

Integrated Nitrogen Management System” (INMS) funded under UNEP aims at bringing together indicators, models and 
measurements relating to environmental nitrogen and sharing the information at a high policy level, for use in international 
conventions and protocols. Nitrogen budgets are already now understood as a key indicator, developing sustainability pa-
rameters more generally will be useful for INMS dissemination. The fact that the project coordinator (B. Amon) and UZG 
project leader (W. Winiwarter) are members of INMS will facilitate dissemination of MilKey outputs. The Task Force on reac-

tive Nitrogen (TFRN) with its Expert Panels on Mitigation of Agricultural Nitrogen (EPMAN), Nitrogen Budgets (EPNB) and 
Nitrogen and Food (EPNF) considers both national and farm nitrogen budgets, mitigation measures and N in the food chain 
as essential tool to steer environmental policies related to nitrogen release, i.a. in the agricultural sector. Interplay between 
ecological aims and economic restrictions has been central in the TFRN`s past activities. With the long-term co-chairs of 
EPNB and EPMAN member of the MilKey consortium (ATB B. Amon and UZG’s W. Winiwarter) TFRN will be easily taking 
up nitrogen-related results and tools developed in MilKey. Project partners are also in interaction with and contribute to 
IPCC and FAO.  
T5.4: Specific promotion and updates for the dairy value chain. This task covers more focused and targeted promotional 
activities to innovation intermediaries, experts and professionals working in the dairy and milk sector. It includes newsletters, 
information posters, and a compilation of updates and information available from workshops, journals, conference papers, 
conference attendance and presentations, and from other networks and clusters such as technology-, food- or sustainability 
focused entities Partners will be consulted for input and support this task by producing such information in national lan-
guages.  
The MilKey dissemination activities will also include education material for early stage students and for the youth, focusing 
on the next generation – the youth of today are the adults of tomorrow. By starting young (in primary schools), embedding 
the MilKey results and their social significance into the primary school education enhances awareness of how lifestyle and 
expectations place demands on the agri-food industry, the economy and the environment. The focus of the youth education 
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material is to give the students a holistic appreciation of how their lifestyle and expectations impact on agriculture, the envi-
ronment and the citizen. It explains how their choices and expectations have domino effects elsewhere in the chain – from 
farm to table and on into the broader economy. 
T5.5: MilKey platform for stakeholder interaction. The project consortium will set up the interactive web platform “MilKey” to 
assist farmers and extension service in optimising their DPS and increasing their revenues and to inform stakeholders, poli-
ticians and consumers on the key elements of region-specific sustainable DPS, to increase their understanding and ac-
ceptance. The MilKey platform will deliver region-specific suggestions for sustainable, low emission and economically effi-
cient DPS (depending upon region-specific input parameters and the weighing on the 3 pillars of sustainability). 
The MilKey platform will be a central part of the proposal. It will exchange information, tools and data (e.g. from WP1, WP2, 
WP3, WP4), comprise upload tools for WPs and download tools for users. The MilKey platform will integrate the most rele-
vant key parameters of sustainable DPS as identified, tested and explored in WPs 1 – 4. It will also host the online user 
interface for visualisation of the barn climate and emission online monitoring tool developed in WP2. The MilKey platform will 
be a long-lasting multi-actor knowledge hub to increase the level of understanding and knowledge of sustainable DPS and 
to intensify the dialogue between science, policy and stakeholders, also beyond the project lifetime (ATB will continue to 
host the platform with own resources). Farmers and extension service will be able to vary input parameters and find opti-
mum solutions. 
ATB and ILVO will write and host a website, database and interrogation software. The MilKey platform will consist of the 
following components: (i) Database = place where all the measurements, related to this project, will be stored during and 
after the project. MilKey will start from an extension of an existing database system, developed by ILVO, integrating all data 
streams available in the ILVO dairy research barn. This database is already enriched with new data stream and extended to 
other countries in the ICT-AGRI project Cow Data. The first step in MilKey will be to extend this database with project specif-
ic data from WP2 and WP3. Due to the heterogeneity of the data we propose to use a MongoDB (No-SQL) database in 
which has a flexible data scheme. This flexibility will also enable us to adapt the data storage to future sensors and data 
streams. Other advantages of MongoDB are that it is open source, the files are stored in an open format (JSON) and Mon-
goDB is built with scaling in mind i.e. it can run on low-cost commodity hardware. (ii) API for data exchange. The data col-
lected in this project will be shared with other stakeholders. Therefore, a RESTful Web API will be built for the emission 
database and made available to external stakeholders on request. This enables all parties to query the data using standard 
commands while returning a standard JSON file. The information generated from this project can then easily be integrated in 
other systems (iii) User-interface: An interface will be built for farmers, stakeholders, policy and consumers. It will allow to 
vary input parameters and to find optimum solutions. It will also be an extensive database for researchers and will enable 
knowledge exchange and match making for a multitude of actors connected with DPS. 
 

Deliverables 
D5.1 Project website online (M3) 
D5.2 Dissemination plan agreed (M4) 
D5.3 MilKey platform constructed (M18) 
D5.4 Youth education material (M24) 
D5.5 Report on science and policy communication (M30) 
D5.6 Report on regional partner events (M31) 
D5.7 Policy briefs, fact sheets, leaflets in several languages (M35) 
D5.8 Report on features of and experiences with MilKey platform (M35) 
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Work package number 6 Start Date or Starting Event M01 
Work package title Coordination and Management 
Partner number 1 2 3 4 5 6 7 8 9 10 
Short name of Partner ATB UZG AUA ILVO TEAG INRA NIBIO IDELE  UCD PULS 
Person/months per Partner 5 2 4 2 6 2 1 1 6 5 
 

Objectives  

- project coordination and management, communication between partners 
- timely delivery of milestones and deliverables 
- quality assurance and quality control via a scientific advisory board 
- communication and interaction with projects from ERA Gas, ERA SusAn and ERA ICT 
 

Description of work (Lead: ATB, contributions from all partners)  
ATB is responsible for the coordination and scientific and administrative project management, and reporting. WP6 maintains 
the overview on milestones and deliverables in order to assure a timely delivery of high quality project outputs. WP6 coordi-
nates the work, organizes meetings, and arranges project reports. ATB coordinates WP6, all partners contribute. WP6 coor-
dinates contacts to the funding agency and maintains the overview on milestones and deliverables in order to assure project 
interaction. It actively manages conflicts. The password secured part of the website (D5.2) will be used for interaction be-
tween and common understanding of the project participants. Regular internal meetings are seen as the key element of 
efficient communication.  
Tasks (T): 
T6.1: Internal project communication including Data Management Plan. Internal project communication is managed by (i) 
regular meetings (either face to face or via web conference), (ii) a project website and a Data Management Plan (iii) monitor-
ing of the status of milestones and deliverables. Work package leaders and the project coordinator form an executive team 
to discuss the project state once a month. The key results will be reported to the project partners and to an external scientific 
advisory board. Advisory board and executive team will evaluate the project state from a strategic point of view twice a year.  
T6.2: EraNet and Advisory Board interaction. The consortium will establish a scientific advisory board (Agustin del Prado, 
BC3-Basque Centre for Climate Change, Spain; Cláudia Cordovil, University of Lisbon, Portugal; Tom Misselbrook, 
Rothamsted Research, UK) for quality assurance and quality control. The scientific advisory board will also test the MilKey 
platform.  
T6.3: Work shop organisation. ATB, PULS, NIBIO and AUA will organise project workshops. At the kick-off workshop, the 
project management and work for WP1, WP2 and WP5 will be discussed followed by a field trip to typical Polish farms or-
ganised by PULS and UZG. The project meeting in the first year will be hosted by NIBIO. A review of the first project year 
and next steps (mainly WPs 2, 3, 5) will be discussed followed by field trips and research infrastructure in Norway. The third 
project meeting will be held by AUA in Athens. Here, the focus will be on results from WP2, review of case studies (WP3) 
and intensive discussion on work to be done in WP4. AUA will also organise field trips. The final meeting will be hosted by 
ATB. The final internal project workshop will be followed by a public international workshops, field trips and research infra-
structure (e.g. ATB digital field lab).  
T6.4: Reporting. This task will take care of a timely submission of the interim and the final report.  
 

Deliverables 

D6.1 Data Management Plan and consortium agreement developed (M3) 
D6.2 Online data repository for document, data and file management (M3) 
D6.3 MilKey interim report (M18) 
D6.4 Report in FACCE meetings and advisory board interaction (M35) 
D6.5 Report on project workshops: Kick-off at PULS, 1st WS at NIBIO, 2nd WS at AUA, final WS at ATB (M35) 
D6.6 MilKey final report (M36) 
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Table 3.1b: List of work packages  

Work pack-

age No 
Work Package Title 

Lead 

Partner No 

Lead Partner 

Short Name 

Person- 

Months 

Start 

Month 

End 

month 

1 Parameters and framework 7 NIBIO 29.0 1 9 

2 
Online monitoring tool for barn climate and 
emissions 

4 ILVO 49.5 2 34 

3 Case studies in key European areas 5 TEAG 89.3 6 30 
4 3P sustainability assessment 6 INRA 97.5 18 35 

5 
Dissemination, stakeholder interaction and 
MilKey platform 

3 AUA 76.0 1 36 

6 Project Management 1 ATB 34.0 1 36 
   Total months 375.3   

Table 3.1c: List of Deliverables 

Deliverable 

(number) 
Deliverable name 

Work 

package 

number 

Short name 

of lead 

Partner 

Type 
Dissemina-

tion level 

Delivery 

date 

D6.1 DMP and consortium agreement 6 ATB R CO 3 

D6.2 
Online data repository for document, data and 
file management 

6 ATB OTHER CO 3 

D5.1 Project website online 5 AUA DEC PU 3 
D5.2 Dissemination plan agreed 5 AUA R CO 4 
D1.1 Report on model description and comparison 1 NIBIO R PU 6 
D1.2 Report on the key parameters 1 NIBIO R PU 6 

D1.3 
Report on the protocol for the assessment 
tool 

1 NIBIO R PU 9 

D2.1 Report on literature & market study 2 ILVO R PU 6 

D2.2 
Front-End and Back-End design for monitor-
ing tool 

2 ILVO DEM PU 18 

D5.3 MilKey platform constructed 5 AUA DEM/DEC PU 18 
D6.3 Interim report 6 ATB R PU 18 
D5.4 Youth education material 5 AUA DEC PU 24 

D3.1 
Detailed description of case study farms in-
cluding optimisation potential 

3 TEAG R PU 26 

D3.2 
Input parameters for the MilKey emission 
mitigation and sustainability platform 

3 TEAG R PU 26 

D3.3 Knowledge transfer to stakeholders 3 TEAG DEC PU 29 

D3.4 
Publ. on environ., econ. and socio-economic 
data of case study farms 

3 TEAG R PU 30 

D4.1 Dataset for environmental evaluation 4 INRA R PU 30 
D4.2 Dataset for socio-economic evaluation 4 INRA R PU 30 
D4.3 Dataset for economic evaluation 4 INRA R PU 30 
D5.5 Report on science and policy communication 5 AUA R PU 30 
D2.2 Publication on OTICE 2 ILVO R PU 31 
D5.6 Report on regional partner events 5 AUA R PU 31 
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D4.4 
Publ. on multi-criteria sustainability assess-
ment 

4 INRA R PU 35 

D2.3 Publication on OTICE 2 ILVO R PU 34 
D2.4 OTICE data for WP4 and WP5 2 ILVO R PU 34 
D5.7 Policy briefs, fact sheets, leaflet 5 AUA DEC PU 35 
D5.8 Report on MilKey platform 5 AUA R PU 35 

D6.4 
Report in FACCE meetings and advisory 
board interaction 

6 ATB R PU 35 

D6.5 Report on project workshops 6 ATB R PU 35 
D6.6 Final report 6 ATB R PU 36 

3.2 Management structure and procedures 

Project management is detailed in WP6. The project coordinator (Barbara Amon, ATB) will ensure a close interaction be-
tween partners through regular meetings (face to face or web-based) to ensure coherence of activities and overall progress. 
Detailed work plans (including website and Data Management Plan) will be discussed and agreed upon at a kick-off meet-
ing, and decisions made here will serve as reference for the subsequent monitoring of activities towards the objective of the 
project, in order to deliver as promised in due time and according to budget. The project coordinator will monitor the pro-
gress of the project and suggest corrective actions if needed, assisted by the outcome to the assessment of the scientific 
advisory board. A General Assembly of the official representatives of all project partners will take major decisions concern-
ing the nature of the work to be undertaken or the structure and function of the project management committee (PMC). The 
PMC will consist of the WP leaders and will be chaired by the project coordinator. It will be responsible for minor decisions 
and for administrative matters.  
At the project start, the project coordinator will draft a consortium agreement for subsequent discussion and agreement 
between partners. The consortium agreement will include details of the structure and function of the management organisa-
tion. The General Assembly will meet four times during the project. The PMC will draft plans for data management, consulta-
tion, dissemination and exploitation for discussion and agreement at the kick-off meeting. A list of milestones to be achieved 
during the project is shown below. 

Table 3.2a: List of milestones  

Milestone 

number 
Milestone name 

Related work 

package(s) 

Estimated 

date 
Means of verification 

M1.1 Detailed outline of WP1 tasks WP1 M3 Minutes of kick-off meeting 

M2.1 
Outline of Front-End and Back-End design for 
monitoring tool 

WP2 M12 Outline on internal website 

M2.2 First data gathered with OTICE WP2 M18 Data on data repository 
M3.1 Overview on selected case study farms WP3 M12 Report on internal website 

M3.2 
Preliminary data from case study farms for internal 
review 

WP3 M18 Data on data repository 

M4.1 Draft of environ., econ. and socio-econ. evaluation WP4 M24 Report on internal website 
M4.2 Components of multi-criteria assessment WP4 M24 Report on internal website 
M5.1 Midterm overview on dissemination activities WP5 M18 Report on internal website 
M5.2 Prototype of MilKey platform WP5 M12 Report on internal website 
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3.3 Consortium as a whole 

The MilKey consortium is a highly experienced team of international experts in agricultural GHG and NH3 research, sustain-
ability assessment and precision livestock farming. The expertise of the individual members is detailed in the partner de-
scription. Partners have extensive experience in measuring emissions from naturally ventilated buildings, sustainability as-
sessment of livestock production systems, precision livestock farming, agricultural economy, socio-economy and/or stake-
holder interaction with on-going national and international research activities. Linkage of those experiences, national re-
search infrastructures, and activities via this proposed research consortium brings immense extra added values for the pro-
ject outcomes.  

All partners have long standing communication with a range of stakeholder groups. The project coordinator, Barbara Amon, 
chairs two UNECE expert panels on emission guidelines (TFEIP) and emission mitigation measures (EPMAN). With the 
long-term co-chairs of EPNB and EPMAN member of the MilKey consortium (ATB B. Amon and UZG W. Winiwarter), TFRN 
will be easily taking up results developed in MilKey. B. Amon is also active for FAO and IPCC and will bring these contacts 
into the project. ATB and UZG contribute to the INMS project (“Towards an Integrated Nitrogen Management System”) 
funded under UNEP that aims at bringing together indicators, models and measurements relating to environmental nitrogen 
and sharing the information at a high policy level, for use in international conventions and protocols. 

ATB (Germany) has its main expertise in systems research for sustainable intensification including expertise in dairy pro-
duction systems, barn climate, emissions, animal health, and welfare, environmental impacts, economic efficiency, and 
emission modelling. UZG (Poland) contributes in-depth knowledge on the Central Eastern European situation and on model-
ling of emission mitigation and costs with the IIASA GAINS model. The UZG team includes a social scientist. PULS (Poland) 
has 9 experimental farms and over 15,000 ha, and is a leading agricultural university in Western Poland. They have the 
largest Polish biogas and composting laboratory and are deeply involved in the area of animal production impact on envi-
ronment. AUA (Greece) is the 3rd oldest University in Greece and conducts the 1/3 of the agricultural research in Greece. 
AUA has participated 53 EU projects during the last 4 years. AUA has long year experience in monitoring GHG and micro-
environment in farm buildings, in the evaluation of the environmental impact, in agricultural engineering, automation in agri-
culture, precision farming, and robotics. ILVO (Belgium) develops innovative animal and environment-friendly agricultural 
systems with solid expertise in precision livestock farming, emissions, and energy use to be integrated in innovative produc-
tion systems. ILVO provides technical and scientific support for the Flemish government on all policy related matters con-
cerning emissions from animal production systems, e.g. permit regulations, assessment and implementation of mitigation 
techniques. ILVO also represents Flanders in the board of VERA (Verification of Environmental Technologies for Agricultural 
Production24). TEAG (Ireland) – the Agriculture and Food Development Authority – is the national body providing integrated 
research, advisory and training services to the agriculture and food industry and rural communities. Their expertise covers 
from high-level research, intensive farm advisory services and education. They have excellent knowledge on grass-based 
milk production. UCD (Ireland) works on agricultural and food economics. Research interests are predominantly in the area 
of farm-level modelling and specifically in the examination of the impact of alternative agricultural and environmental policies 
on Irish farmers. They complement TEAG expertise by expertise in social sciences. INRA (France) is the French Agricultural 
Research Institute carrying out mission-oriented research for high-quality foods, competitive and sustainable agriculture and 
a preserved environment. It is participant to Animal Task Force, and has been coordinator of several FP7 and H2020 pro-
jects with a large collaboration network. INRA studies the interactions between agricultural activities and environment using 
an integrative and spatialized approach of rural areas. The main interests of SAS unit are water, nitrogen, carbon, and 
phosphorus cycles in cultivated landscapes, as well as multi-criteria assessment of agro systems. IDELE (France) manages 
many projects fostering partnerships with advisors, and scientific networks at national and European level. IDELE carries out 
assessments of cattle production systems and their environmental impact including the development of tools for advisors. 
NIBIO (Norway) researches on farm and agricultural economics and socio-economics. The research includes the entire 
value-chains for food-products and other bio-based products and services, and policy and socio-economic problems in 

                                                           
24 http://www.vera-verification.eu/ 
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these value-chains. NIBIO will be assisted by the Norwegian Agricultural Extension Service for farmer communication and 
case studies. 

3.4 Resources to be committed 

Resources to be committed are detailed in the partner budgets. The overview on the summary of staff efforts foreseen for 
Table 3.4c can be taken from Table 6.1a, which gives an overview on person-months per partner and per work package. 
MilKey partners request funding from the call budget and also contribute funding their own resources (details see budget 
plans). Partners contribute the following in-kind person months: ATB: 11, TEAG: 2, INRA: 8, IDELE:7, UCD:2. 

Table 3.4a: Summary of staff effort: see Table 6.1a 

3.5 Data Management Plan 

MilKey is focussed around the creation of a long-lasting multi-actor decision support system – the MilKey platform for whole 
system concepts for sustainable dairy production systems in key European areas. The platform will collate and archive data 
from the key sustainability parameters defined in WP1: feed chain, energy:protein ratio in the feed, domestic protein feed 
sources, nutrient use efficiency, self-sufficiency feed, human-edible feed, housing and manure management, GHG and NH3 
emissions animal health and welfare, production, resource efficiency and economics, milk yield, nutrient use, stocking rate, 
product price relations, investments and financiering, workload, use of ICT, etc. Associated activity data that may influence 
sustainability will also be collated (both management and soil/climate data). Metadata will be tagged in XML using the Data 
Documentation Initiative (DDI) format. The project team will create a dedicated website to manage and distribute the data 
and web tools. The site will be established using a content management system and data users will be able to provide new 
data over time. In terms of long term archiving, data will be hosted by the project coordinator ATB (with own resources). 
Collected and generated data will be curated and preserved in secure data repositories complying with quality, security, 
privacy standards of EU. Also, the OAIS [Open Archival Information System - ISO 14721:2012] will be used as a reference 
model for curation and preservation. A detailed Data Management Plan will be developed under T6.1 at the beginning of the 
project. The DMP will be aimed at good practice of data collection, processing and preservation within the consortium, but 
also at making project data available to other scientists and stakeholders and to foster accessibility, interoperability and 
therefore reuse of research data. Especially for data that are needed to validate findings reported in scientific publications, 
the DMP will apply the FAIR-principles (findable, accessible, interoperable and reusable research data) of the Open Re-
search Data Pilot in H202025. The DMP will outline how research data will be collected, processed or generated within the 
project; what methodology and standards will be adopted; whether and how this data will be shared and/or made open; and 
how this data will be curated and preserved during and after the project.  

                                                           
25 http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-data-mgt_en.pdf 
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4 Gantt chart 

Task/Deliv. WP, Task, Deliverable name

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

WP1 Parameters and framework

Task 1.1 Inter model comparison D1.1 Report on model description and comparison

Task 1.2 Key parameter identification D1.2 Report on the key parameters

Task 1.3 Protocol development D1.3 Report on the protocol for the assessment tool

WP2 Online monitoring tool for barn climate and emissions

Task 2.1 Design of a modular measurement framework OT ICE D2.1 Report on literature & market study

Task 2.2 Calibration and validation of OT ICE D2.2 Front-End and Back-End design for monitoring tool

Task 2.3 Implementation and demonstration of OT ICE at case study farms D2.3 Publication on OTICE

Task 2.4 Data processing and optimization of OTICE, data to WP4 and WP5 D2.4 OT ICE data transfer (WP4,5) completed

WP3 Case studies in key European areas

Task 3.1 Characterise parameters (WP1) on case study farms D3.1 Detailed description of case study farms including optimisation potential

Task 3.2 Identify potentials for environmental improvements

Task 3.3 Identify aspects and indicators of social sustainability D3.3 Knowledge transfer to stakeholders

Task 3.4 Identify potentials for economic improvements D3.2 Input parameters for the MilKey emission mitigation and sustainability platform

Task 3.5 Suggest options to optimise case study farms D3.4 Publ. on env., econ. and socio-economic data of case study farms 

WP4 3P sustainability assessment

Task 4.1 Environmental evaluation of the mitigation strategies D4.1 Dataset for environmental evaluation

Task 4.2 Evaluation of the social impacts and acceptance by farmers D4.2 Dataset for socio-economic evaluation

Task 4.3 Economic assessment of the mitigation strategies D4.3 Dataset for economic evaluation

Task 4.4 Multicriteria assessment tool of the different options D4.4 Publ. on multicriteria sustainability assessment

WP5 Dissemination, stakeholder interaction and MilKey platform

Task 5.1 Dissemination and Communication Plan D5.2 Dissemination plan agreed

Task 5.2 Dissemination and awareness activities including website construction D5.1 Project website online D5.6 Report on regional partner events 

Task 5.3 Communication with national and international networks and bodies D5.5  Report on science and policy communication

Task 5.4 Specific promotion and updates for the dairy value chain D5.4 Youth education material D5.7 Policy briefs, fact sheets, leaflet

Task 5.5 Milkey platform for stakeholder interaction D5.3 MilKey platform constructed

WP6 Project Management

Task 6.1 Internal project communication including Data Management Plan D6.1 DMP and cons.agr., D6.2 Online data repository for document, data and file management

Task 6.2 EraNet and Advisory Board interaction D6.4 Report in FACCE meetings & advisory board interaction

Task 6.3 Workshop organisation PULS NIBIO CERTH ATB D6.4 Report on project workshops

Task 6.4 Reporting D6.3 interim report D6.6 Final report

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

Time (month)



Joint Call 2018 on NOVEL TECHNOLOGIES, SOLUTIONS AND SYSTEMS TO REDUCE GREENHOUSE GAS EMIS-
SIONS IN ANIMAL PRODUCTION SYSTEMS 
Description of Work for full proposals 
 

28 
 

5 Critical Risks for implementation 

Table 5.1a: Critical risks for implementation 

Description of risk 
Work pack-

age(s) involved  
Proposed risk-mitigation measures 

Decision on key parameters and protocol de-
layed 

WP1 
Draft already before kick-off, intensive discussion at 
kick-off, immediate finalisation after kick-off. 

Difficulties in developing OTICE WP2, 3, 4, 5 

ILVO and ATB have immense experience in emission 
measurements and can immediately find alternative 
solution in case that one intended option should not 
work. 

Case study and other data not delivered in a 
timely manner  

WP3, 4, 5 
The consortium agreement will tie partners to provid-
ing data in a timely manner. The magnitude of case 
study farms can compensate for some losses 

Preceding work packages delay progress WP1, 2, 3, 4 Close monitoring of progress in WPs by the PMC. 
Difficulties in 3P assessment and multi-criteria 
tool 

WP4, 5 
Partners are well experienced and have a huge net-
work to help if difficulties should arise. 

Lack of dissemination efforts WP5 
The consortium agreement will tie partners to a dis-
semination plan that will be monitored by the PMC. 

Poor communication All WPs 
Regular skype meetings, annual meetings coupled 
with a good communication policy from the start of 
the project. 

Intellectual property: Rights to access data sets 
that are controlled by third parties, for which 
third party consent is required; Access to third 
party IP; Issues about who will own improve-
ments or expansions of data sets and/or im-
provements to related algorithms; and Rights for 
the relevant project consortium to publish data 

All WPs 

Issues will be worked through and agreed in the 
consortium agreement, agreements with relevant 
funding agencies, the data management plan, the 
communication and dissemination plan and agree-
ments with relevant third parties. 

6 Summary of Staff Effort 

Table 6.1a: Summary of staff effort (work-package lead for each WP shown by person-month figure in bold) 
  WP1 WP2 WP3 WP4 WP5 WP6 Total Person/ Months per Partner 

1 ATB  3 12 8 12 12 5 52 
2 UZG 4 0 8 20 8 2 42 
3 AUA 6 6 8 10 20 4 54 
4 ILVO 2 24 6 2 12 2 48 
5 TEAG 2 0 19 4 1 6 32 
6 INRA 1 0.5 0 15.5 1 2 20 
7 NIBIO 3 0 8.8 9 1 1 22.8 
8 IDELE 3 1 3 3 3 1 14 
9 UCD 2 0 18 15 9 6 50 
10 PULS 3 6 10.5 7 9 5 40.5 
 Total Person/Months 29 49.5 89.3 97.5 76 34 375.3 
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7 Societal & Ethical Aspects 

The MilKey project does not include aspects that could raise societal concerns or ethical issues as it includes only farmed 
animals on commercial farms in their normal environment. The focus of the proposed project will be on modelling and data 
analysis. The project works with farm animals in the context of common agricultural practices in milk production via integra-
tion of case study farms into the project design in order to collect data and test innovative management strategies and tech-
nologies aimed at improving several dimensions of sustainability including animal welfare. NIBIO specifically states that all 
experiments performed in Norwegian Dairy barns in relation to this project will be approved after application to the Norwe-
gian Food Safety Authorities and their committee for animal research approvals (FOTS). It complies with the EU Directive 
2010/63/EU on the use of experimental animals, which was incorporated to the EEA Agreement in May 2015. Grete Jørgen-
sen (PhD) has passed courses (FELASA cat C) and annual updates for animal experiments. NIBIO Tjøtta has an approved 
animal welfare unit, and Grete Jørgensen also acts as the Person with special inspection responsibility regarding animal 
experiments within the research institution. 


