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Introduction
Professor Gerry Boyle, Director, Teagasc
This book deals with the business of doing research in Europe’s public research and development organisations, with a particular focus on their strategic management challenges. It is the third e-book produced by EURAGRI and draws on contributions made at the 31st EURAGRI annual conference held in Dublin in September 2017.
EURAGRI is a network of EU research and higher education organisations and ministries interested in agri-food research. It operates as a platform of exchange and discussion on topics of common interest pertaining to the organisation, orientation and outlook of agri-food research in Europe in connection with global changes. It holds annual conferences and organises workshops twice a year.
In the course of the Dublin conference, delegates considered these strategic management challenges within the context of the changing role and expectations of agricultural and food research; new partnerships and stakeholders needed to deliver this type of research; the structures and tools required in addressing new research questions; and the requirement for more extensive reporting and evaluation. These themes are reflected in the selection of papers presented in this book.
A particular area of focus at the conference was the role that agricultural research and innovation will play in tackling many of the most serious challenges facing humanity in the coming decades. The world must produce more high-quality and safe food for a growing, increasingly affluent global population while vying for access to increasingly scarce natural resources, preserving biodiversity and water quality, restoring fragile ecosystems and mitigating the effects of climate change. It must also adapt to new plant and animal disease threats.
In response, agricultural and food research is being asked to address a new and pluralist research agenda that requires both multi- and interdisciplinary responses and the deployment of a broad assortment of new and potentially disruptive technologies, in addition to traditional agricultural and food technologies.
The “smart farming ecosystem” of the future will involve a complex range of players in the public and private sectors, requiring public sector research managers to re-evaluate their role in the national innovation system and to embrace partnering and collaboration on a global scale. To ensure continued relevance with regard to the rapidly changing needs of society and policymakers, public research organisations will also need to strengthen procedures for involving stakeholders in programme design, priority setting and evaluating outcomes, while enhancing communication with society about the risks and benefits of new scientific applications.
Moreover, they will have to adapt and strengthen their strategic management competencies in order to maintain scientific excellence and enhance social relevance while addressing new questions with larger and more diverse teams and a range of new partners from the public and private sectors. This, in turn, will require public research organisations to develop a strong capacity in foresight, to build core organisational competencies and to put in place new structures to facilitate greater openness to stakeholders and society.
Properly executed, new governance capacities will not only enable public research organisations to become more flexible and proactive, but to take on a new leadership role in the development of the agriculture sector as well.
The following chapters present reflections on aspects of the strategic management challenges facing agri-food research organisations arising from new policy rationales and resulting demands.
The first two chapters, presented by the Irish Minister for Agriculture and DG Research and Innovation, respectively, examine the issues from a policymaking and funding perspective. The next two chapters reflect on the challenges from the heads of the Irish and New Zealand national agricultural research organisations. Their considerations are further developed in the chapters from the Teagasc Director of Research and the Head of Postdoctoral and Fellows’ Development at Imperial College London. The final chapter deals with the numerous levels of “diversity” and the opportunities and challenges they represent, and thus exemplifies the demands and complexities the research area must navigate given the diverse interests of different actors, stakeholders and users.
The valuable contributions compiled in this book are an indication of the strategic challenges, dilemmas and complexities that research performing organisations in the broader bioeconomy face today. Most research performing organisations in Europe have their roots in an agricultural orientation, often with a narrow agricultural commodity focus. The importance this historical legacy has on investing in new scientific skills and overcoming deeply rooted cultural inflexibilities cannot be overstated with regard to efforts to shift to systems such as the wider bioeconomy, the food and health nexus, and providing public goods while keeping the industry competitive and able to confront future challenges. The way many such organisations operate must be completely overhauled if they are to capture the full potential of all possible approaches. Although trans- and multidisciplinary approaches are key to addressing society’s major challenges, they are difficult to successfully implement.
The path to success will be different in every country, with each dependent on its own competitive advantages. The respective national research strategies will reflect these advantages (Michael Creed, Ireland), and the accompanying funds to implement them will influence not only the research to be carried out at the national level but room for manoeuvring in terms of strategic research management at the research organisational level as well.
European research strategies (Bioeconomy Strategy, Food 2030, Blue Growth), drawn up to tackle global challenges and which include an extensive consultation process, are implemented through different instruments. The main current funding mechanism is the EU Framework Programme for Research and Innovation, Horizon 2020; Horizon Europe, which is slowly taking shape, will succeed it in 2021. The emphasis is on “mobilising a diversity of actors and sectors to deliver R&I solutions and to produce the scientific and technological results and outputs and wider societal impacts needed to achieve its objectives” (Ciaran Mangan, EU COM). Such funding schemes call for multi-actor approaches and societal impact, which requires research organisations to adapt how they conduct research. The influence on the strategical management of research performing organisations is limited.
Teagasc strives to provide solutions and opportunities for the Irish agricultural and food industry within a constantly changing global context. Greenhouse gas emissions, digitalisation, new bio-based products and environmental goods are some of the challenges and opportunities that require “developing a knowledge-based, sustainable and secure food system; embracing social, environmental, health and economic goals, and developing new policies, systems and procedures” (Gerry Boyle, Teagasc). To fulfil its role, Teagasc consults widely, both internally and externally each year, to set out research priorities and decide on new project topics. This process has a regional and national scope that ensures cooperation with researchers, extension officers, the private and investment sector and the Irish Department of Agriculture (Frank O’Mara, Teagasc).
Volatility is the point of departure for Tom Richardson (AgResearch). A science reform agenda implemented in New Zealand in the 1990s transformed the country’s public service science organisations into smaller commercial institutes with a strong emphasis on impact. This led to the development of impact tools starting at the agency’s board and strategic levels right through to the science project teams and, ultimately, in the transfer of science to the institution’s users. All major science programmes are required to develop a “programme logic” and an “evaluation plan” so the research team itself can apply and measure the methods and outcomes.
Education and capacity building is the other crucial output of research performing organisations. Young researchers need to attain the skills to take on and come up with solutions for the challenges ahead. The current competitive funding systems offer very few permanent academic jobs, allowing research funders to be agile and flexible in their research focus. Fixed-term contracts, however, do not incentivise inter- and multidisciplinary work, and employment and career insecurity are unconvincing arguments for researchers to follow this pathway (Liz Elvidge, Imperial College London). This area needs further strategic consideration, especially at a time when recruitment of young talent has become more difficult.
The case of a new drive for diversity exemplifies the many challenges and opportunities the agri-food sector is currently facing. The drivers are the result of various developments and operate at several levels (society at large, governance and organisational structures, demography and rural-urban interlinkages, technical and digital developments) and include production systems and new markets. They have an impact on strategic research management, particularly with regard to including the human dimension in tackling the challenges and identifying potential solutions (Uno Svedin, Bettina Heimann, EURAGRI).

Chapter 1
Challenges in the agri-food sector and rural areas –Irish expectations for research
Mr Michael Creed, Minister for Agriculture, Food and the Marine, Ireland
The agri-food sector is Ireland’s main indigenous industry, making a vital contribution to jobs and growth in every part of the country. The sector also plays a critical role in protecting the rural environment and landscape, as well as contributing to social sustainability.
Ireland boasts a number of competitive advantages with regard to agriculture and food production, including its grass-based production system, food safety and traceability systems and abundant water resources. However, it also faces a number of challenges, such as needing to curb agriculture greenhouse gas and ammonia emissions, managing agri-food waste to maintain the country’s high water quality status, ensuring farm safety and providing a skilled workforce for the agri-food sector.
Ireland and its fellow EU Member States are also now facing the impending departure of the UK from the European Union. To date, Brexit has already had a significant impact on Ireland’s agri-food industry in numerous ways, including with respect to currency values and increasing uncertainty regarding future access to the UK market. Brexit, of course, is now also affecting the discussions concerning the European Union’s multiannual financial framework; this in turn may have repercussions on the Common Agricultural Policy (CAP) and the EU Framework Programme for Research and Innovation.
Over the past several years, Ireland has had a coherent strategic framework in place to guide the development of its agri-food sector. Currently, Food Wise 2025, Ireland’s industry-led national agri-food strategy, ensures that while the country strives to capitalise on and maximise growth opportunities for the sector, it also addresses competitiveness and sustainability in a balanced manner. This is enshrined in the principle set out in Food Wise 2025 that “environmental protection and economic competitiveness are equal and complementary: one will not be achieved at the expense of the other”. Food Wise 2025 also strongly promotes the development of the skills and innovation capacity of Ireland’s people, its technologies and its business processes.
On the innovation front, Food Wise 2025 identifies the following specific priorities:
	At producer level, Ireland must research and innovate in processes that improve productivity and the sustainability of primary production.

	At governance level, there is a need for coordination between industry, state agencies and research institutions to support research and innovation which will deliver commercial outputs and products. This coordination also extends to international cooperation, which is viewed as being key to strengthening scientific and innovation excellence and as a means to address key societal challenges.

	At industry level, agri-tech, food and bio-based companies must improve their capacity to absorb research and innovation output from research and innovation bodies.


Innovation by the agri-food sector is an essential response to increase its resilience to the considerable challenges posed by Brexit as well as environmental and climate challenges and to maintain and further develop vibrant rural communities. Continuous innovation provides ongoing opportunities; however, it also presents challenges for research funders, research institutions, research performers and all actors along the agri-food sector value chains. For example, precision agriculture offers opportunities to develop smart, sustainable climate and environment practices and agri-food production as well as to implement circular and resource-efficient food systems. The circular bioeconomy may offer opportunities at farm level to recycle and capture inputs to reduce reliance on fossil fuel-based nitrogen and finite resources like phosphorus. It may also potentially generate value-added products in addition to food, such as through diverse grass sward management. Nevertheless, innovative technologies have to be customised, integrated, tested and validated, not only by technology developers, but also by the farming community and food processors before being brought to market. Actors must play a strong role in delivering on Ireland’s innovation potential, supporting new opportunities and tackling the country’s challenges.
As a Department of Agriculture agency, Teagasc is an excellent example of a public research and development organisation that provides integrated and seamless education, research and advisory services. The Department of Agriculture, Food and the Marine cooperates with Teagasc in many areas, including policy advice, leading cutting-edge research and innovation to support the agri-food sector, and dissemination of knowledge to farmers and food companies. Delivering this service is a complex task that requires smart and skilful management.
Funded researchers and innovators are increasingly being asked to not only be experts with in-depth knowledge in specific areas such as soil science, animal breeding, precision agriculture and the bioeconomy, but to also be able to work within a whole food-systems approach that takes into account impacts on climate, the environment, animal and human health, and the economy. Furthermore, there is a growing expectation that researchers and research organisations should work in an ever more integrated and transdisciplinary manner. This poses key questions in terms of the appropriateness of current research structures, education and training programmes and collaborations with research partners and users.
The Department of Agriculture, Food and the Marine’s Research Division is actively participating in the development of science and innovation policy alongside organisations such as Teagasc and Irish universities at national, EU and international level to continuously evolve and develop the research and innovation system to address the needs of the agri-food sector and societal challenges. Ministry officials are actively involved in the discussions concerning the EU bioeconomy strategy and how it should consider EU circular economy policy developments. The agency is also active at the interface between the developments of vision and strategic recommendations concerning future EU research and innovation programmes and the Common Agricultural Policy.
Now and in the future, efforts must be made to create an appropriate space for leadership and innovation to address Brexit, climate change and integrate suitable technologies. Activities must be coordinated coherently nationally and internationally to allow research ideas to be validated and integrated. Collaborative partnerships and networks need to be built and maintained for effective cooperation and to integrate expertise and investment. Ultimately, practising researchers must recognise that research and innovation is a two-way street that requires open and honest communication with end users, whether farmers, food processors or consumers.

Chapter 2
Bioeconomy research and innovation after Horizon 2020
Mr Ciaran Mangan, European Commission, DG Research
This chapter considers how European Research and Innovation (R&I) policy in the area of the bioeconomy is implemented. The main funding mechanisms of the EU – the current Horizon 2020 framework programme and the next Horizon Europe programme – are described, along with the different evolving R&I policy drivers underpinning the direction of EU bioeconomy initiatives.
Horizon 2020
Horizon 2020, the EU Framework Programme for Research and Innovation spanning the 2014–20 period, is unique in the world in terms of its scale, duration and scope. A wide range of evidence has shown that Horizon 2020 (H2020) has already been a huge success in mobilising a variety of actors and sectors to deliver R&I-driven solutions. Through better and simpler processes and procedures, it has managed to broaden its participant audience. It is well on track to produce the scientific and technological results and outputs and wider societal impacts needed to achieve its objectives.
There are, however, still issues to address, such as providing more support for breakthrough market-creating innovation and achieving greater involvement of end users and citizens in co-designing and implementing such programmes. A monitoring system with indicators to track impact is needed, and despite the efforts of H2020, the EU still spends too little on R&I: the 3 percent expenditure target has not been met, and the innovation gap with key competitors still exists.
Nevertheless, the externalisation of resources to the executive agencies in H2020 has been a success and has kept administrative expenditure below the 5 percent target. Although simplification has nearly halved the time to grant, the programme’s attractiveness has led to low success rates (11.6 percent compared to 18.5 percent in FP7), leaving some parts of the programme underfunded. So far an additional €62.4 billion would have been needed to fund all of the high-quality proposals submitted. The focus on excellence has also led to much more diverse participant and geographical representation, even though the actual number of participants from third countries has declined compared to FP7.
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Horizon 2020 is producing excellent science through multidisciplinary international networks, research training and mobility, and the creation of strong research infrastructures. Support for innovation and industrial leadership has been effective, outputs contributing to tackling societal challenges have been generated, and civil society outreach has been improved.
Economic models estimate significant socioeconomic impact from the programme of over €400 billion by 2030.[1] However, technological and regulatory obstacles, a lack of standards and access to finance, as well as low societal acceptability of new solutions still need to be overcome. The three-pillars approach in H2020 gives the programme more coherency, but the large number of instruments make the landscape for EU R&I support difficult to navigate and may result in less coherent activities.
Other areas for improvement include excessive focus on high technology readiness levels (TRL) in some parts of the programme, the complexity of reinforcing synergies with other EU funds, and the lack of influence on Member State national research policies and strategies.
However, the critical mass to tackle global challenges enhances the EU’s attractiveness as a place to carry out leading research. The strong and direct pan-European competition guarantees benefits, particularly in the SME Instrument and the European Research Council.
By the end of Horizon 2020, Societal Challenge 2 “Food security, sustainable agriculture and forestry, marine and maritime and inland water research, and the bioeconomy” will have selected and funded around 600 bioeconomy projects with an overall EU investment of almost €4 billion. Most of these projects will be large and transnational in scope, delivering innovative practical tools and answers to the challenges set out in the topics of the calls for proposals.

Horizon Europe
Horizon Europe[2] is an ambitious €100 billion research and innovation programme that succeeds Horizon 2020. The Commission’s proposal for Horizon Europe is part of the EU’s proposal for the next EU long-term budget, the multiannual financial framework (MFF 2021-2028). To draft the Commission’s proposal, various building blocks have been taken into account, including the interim evaluation of Horizon 2020[3], the Lamy report[4], foresight studies and various other reports. Horizon Europe will also incorporate policy missions[5] to ensure the effectiveness of research and innovation funding by pursuing clearly defined targets. The Council and European Parliament will negotiate and subsequently adopt the programme in 2019 with a view to launching Horizon Europe on 1 January 2021.
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The bioeconomy strategy
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Underpinning bioeconomy development under both Horizon 2020 and Horizon Europe are a number of dedicated research and innovation strategies and initiatives, which have been created to support policy direction in this area.
The bioeconomy covers all sectors and systems that rely on biological resources. It is one of the EU’s largest and most important sectors, encompassing agriculture, forestry, fisheries, food, bioenergy and bio-based products, with an estimated annual turnover of around €2 trillion and in which around 18 million people are employed. It is also a key area for boosting growth in rural and coastal areas. The EU already funds research, demonstration and deployment of sustainable, inclusive and circular bio-based solutions, with around €4 billion allocated under the current EU funding programme Horizon 2020 Societal Challenge 2. For the 2021–27 period, the Commission has proposed allocating €10 billion under Horizon Europe for food and natural resources, including the bioeconomy.
The Commission has put forward an action plan to develop a sustainable and circular bioeconomy that serves Europe’s society, environment and economy.[6] The new bioeconomy strategy is part of the Commission’s drive to boost jobs, growth and investment in the EU. It aims to improve and scale up the sustainable use of renewable resources to address global and local challenges such as climate change and sustainable development. In a world of finite biological resources and ecosystems, innovation is needed to feed people and provide them with clean water and energy.[7] The strategy has the potential to generate one million new green jobs by 2030. Delivering a sustainable circular bioeconomy requires a concerted effort by public authorities and industry. To drive this collective effort three key action areas are proposed:
	Scaling up and strengthening the bio-based sectors through the €100 million Circular Bioeconomy Thematic Investment Platform and facilitating the development of new sustainable biorefineries across Europe.

	Rapidly deploying bioeconomies across Europe through a strategic deployment agenda for sustainable food and farming systems, forestry and bio-based products, an EU Bioeconomy Policy Support Facility, and pilot actions for the development of bioeconomies in rural, coastal and urban areas. 

	Protecting the ecosystem and understanding the ecological limitations of the bioeconomy through an EU-wide monitoring system to track progress towards a sustainable and circular bioeconomy, enhancing the knowledge base and providing guidance and good practices.


Various sub-actions will be launched in 2019 to meet these objectives.

FOOD 2030
At the heart of sustainability lies the need to transform our food systems. The compound effects of population growth, urbanisation, climate change and increasing pressure on natural recourses and the environment have put food systems in the eye of a perfect storm. FOOD 2030[8] is a research and innovation policy framework to future-proof our food systems and ensure long-term food and nutrition security, and the sustainable management of land and sea-based natural and biological resources. It also includes the provision of safe and nutritious food for healthy and sustainable diets accessible to all.
The FOOD 2030 initiative advocates the need and urgency to adopt a “systems approach” that connects the entire food supply chain: from producer to consumer and back. FOOD 2030 will be a major R&I force under Horizon Europe and a modernised CAP, generating upstream knowledge for accelerated downstream uptake and scaling up by a wide variety of actors. These include farmers, food producers and food service sectors, public health workers, consumers and citizens, across the four priorities of Nutrition, Circularity, Climate and Innovative Communities.
In 2016, the Commission published its Communication on the Sustainable Development Goals (SDGs)[9], which ensures that all EU policy measures take SDGs on board at the outset. R&I is mentioned as crucial to implementing certain SDG targets, with a particular reference to FOOD 2030.
[image: Fig2-4.jpg]

Things have moved forward from the Milan World Expo in 2015 where the seeds were sown for FOOD 2030. Moreover, since the FOOD 2030 conferences held on World Food Day in 2016 and 2017[10], significant events have helped build up the FOOD 2030 profile. In June 2018, the FOOD 2030 EU Presidency Conference in Plovdiv[11] called to action Member States and public administrators at all levels (national, regional and local), the research community, industry and civil society to work together and help bring this about on a European and global level.
The Horizon 2020 Societal Challenge 2 had a €4 billion budget. It has funded many leading research areas and disruptive technologies, which will provide food and nutrition security solutions and drive the competiveness of the EU food system. Areas of focus include feeding cities, food safety, post-pesticide agriculture, increasing biodiversity, soil/plant/animal health, food waste solutions, the food system microbiome, personalised nutrition, sustainable aquaculture, blockchain technologies, the internet of things, traceability, the blue economy, new biological techniques, digital farming, alternative proteins and the food cloud. The structure, objectives and outcomes of these projects are well described in recent FOOD 2030 publications.[12],[13]
The current H2020 programme offers extensive food systems-related R&I and Horizon Europe will build upon this portfolio with an expected €10 billion allocated to this area. Horizon Europe will emphasise cross-cluster collaborations, hardwiring innovation and advanced technologies, all forms of innovation from social to business to institutional, and creating synergies with the CAP, marine, food safety and regional policies.
Horizon Europe will aim to structure and leverage EU R&I systems and funds, connect the “whole food value chain” via R&I from land to sea and scale up R&I through digital take-up, open innovation and open science, investment, education, skills and capacities. A further aim is to make systemic upstream knowledge generation and solutions more accessible for downstream uptake and deployment by end users in projects.
To this end, the European Commission has developed, through the operational groups in the EIP-AGRI initiative,[14] a “successful participatory and multi-actor process” within the farming sector and agricultural research. This approach will be developed further in Horizon Europe by involving farming and rural communities and other downstream actors in co-designing projects and programmes leading to a better understanding and consideration of their needs.

The blue economy strategy
Oceans cover more than two thirds of the Earth’s surface and contain 97 percent of the planet’s water. The global ocean economy contributes significantly to economic output and employment. The OECD has estimated it at US$1.5 trillion in value added in 2010, or approximately 2.5 percent of world gross value added.[15] Moreover, the OECD identified emerging ocean-based industries as having particularly high potential for growth, innovation and contribution to addressing global challenges such as energy and food security, the environment and climate change. If traditional activities are put on a sustainable pathway, they may also contribute to sustainable growth of the blue economy. Marine and freshwater areas will be crucial to meet the demand for food generated by a rapidly growing world population.
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Blue economy activities depend on the broader macroeconomic environment and the complex and uncertain interactions with the rest of the marine and maritime activities. Ocean resources are crucial and their observed declining health has been attributed to climate change; however, this is still an unexplored and poorly understood link. Sea temperatures, sea levels and ocean acidification are all rising, bringing about an unbearable burden on the marine capital. Meanwhile, only 4.1 percent of the ocean is classified as protected and only part of that is effectively managed.
Our knowledge about features below the sea surface remains limited, particularly when compared to what we know about the land. Horizon 2020 makes substantial R&I efforts to gain insight into the impacts of maritime activities on marine ecosystems. It provides a greater understanding of ocean resources and the marine environment and helps to underpin sound policies and better assess and weigh opportunities and potential risks. Expanding our knowledge of the marine can help tackle current global challenges.
The EU is stimulating action to increase understanding of ecosystem-based, cross-border and integrated spatial planning, management and surveillance. The Blue Growth Strategy[16] and the Circular Economy Action Plan[17] offer opportunities to rethink growth models and extract more value out of our limited resources. R&I is progressing towards exploring the best possible ways that the ocean can continue to be both a healthy and productive life support system. Many scientific initiatives in place will enhance knowledge, improve governance and policymaking and make the most of marine resources. With respect to the management of marine living renewable resources, the insistence on “best available scientific advice”, stipulated in the Common Fisheries Policy basic regulation, could serve as a paradigm for other areas to ensure the integration of scientific knowledge in policy and decision-making.

Agricultural knowledge and the CAP
Through its Common Agricultural Policy, the EU aims to secure viable food production, sustainable management of natural resources and balanced territorial development. It does this by creating, sharing and implementing new knowledge and technologies as well as new products and ways to organise, learn and cooperate.
In July 2016, the Commission published a paper on a strategic approach to EU agricultural research and innovation.[18] Over 600 experts contributed to the paper through workshops, consultations and events. The paper outlined a strategy for agricultural research and innovation to tackle the challenges facing agriculture, rural communities and greater society across five priority areas,[19] different cross-cutting issues and cooperation strategies. These objectives are pursued and funded mainly through the Horizon programmes and rural development policy.[20]
Of the €4 billion allocated to Horizon 2020’s Societal Challenge 2, around €1.8 billion is directly linked to the funding of agriculture, forestry and rural development, and R&I. Aside from Societal Challenge 2, there are additional areas within Horizon 2020 where agriculture, forestry and food are funded.
In synergy with the above-mentioned initiatives, the EU has set “Fostering knowledge transfer and innovation in agriculture, forestry and rural areas” as the first priority for Rural Development Policy 2014–20, with the European Innovation Partnership for Agricultural Productivity and Sustainability (EIP-AGRI[21]) as a main feature. EIP-AGRI brings together farmers, advisors, researchers, agribusinesses, NGOs and other actors as partners in agricultural and forestry innovation. Rural development programmes can finance agricultural and forestry innovation through several measures. These can support the creation of EIP operational groups, innovation services, investments or other approaches.

Strategy binding
The drafting, approval, implementation and oversight of these different EU Bioeconomy R&I strategies is performed by a broad range of actors and pursued under the current Horizon 2020 framework. In this context extensive consultation and drafting is carried out within Commission services, and across a wide range of committees and Member State bodies. The Horizon 2020 Specific Programme sets the scope and content for implementation. On this basis, Directorate-General for Research and Innovation (DG RTD), Directorate-General for Agriculture and Rural Development (DG AGRI) and other associated European Commission Directorates-General prepare multiannual work programmes. The preparation of the work programme includes an open public consultation with the stakeholder community. Commission services through the DG RTD and DG AGRI for Societal Challenge 2 consult their Advisory Groups and other stakeholders, such as European Technology Platforms, European Innovation Partnerships, Joint Programming Initiatives, contractual Public-Private Partnerships, the Standing Committee for Agricultural Research (SCAR)[22], and other representatives from professional organisations and civil society, such as EURAGRI.[23] Co-creation with the Member States takes place through the Programme Committee, and the work programme is adopted based on the priorities identified through the consultation processes.
Taking into account the specificities of Societal Challenge 2, Horizon 2020 provides powerful opportunities to develop new knowledge, approaches, innovative products and services to create growth and jobs in Europe. In addition, the process allows major policy drivers to be addressed (e.g. demographic change, an ageing population, digitalisation, globalisation, resource constraints, climate change and environmental concerns), the mobilisation of resources to build scale and critical mass, the exploitation of well-developed research and innovation agendas, and the securing of excellent scientific and innovative breakthroughs.
In addition, the Sustainable Development Goals will be core drivers for the creation of post-2020 EU policies. Their implementation will require a wider vision, with novel approaches and collaboration across several EU policies. To achieve the SDGs, closer alignment of agriculture and R&I policies under Horizon Europe is critical.
Along with these changes, a reformed CAP[24] will rely on research and innovation to address many of the systemic challenges facing European food systems. These challenges include adhering to the international agreements, increasing the use of digital technologies and big data, improving sustainability and ensuring coherence with other policy domains.
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Chapter 3
New challenges and opportunities – the role of Teagasc
Professor Gerry Boyle, Director, Teagasc
The agri-food sector continues to play an integral part in Ireland’s economic activity, accounting for over 173,000 jobs (2016), or 8.6 percent of total employment, and adding 7.6 percent to GDP (2014). It is the country’s largest indigenous industry, contributing over €26 billion in turnover and generating 10.4 percent of merchandise exports in 2016. Food and beverage exports totalled €12.6 billion and recorded an estimated increase of 13 percent in 2017, representing growth of almost 60 percent or €4.7 billion since 2010.
The share of exports to the UK market has continued to fall but is still substantial; market share is now estimated at 35 percent. Exports to other EU countries have risen, while shipments of Irish food and beverages to international markets grew by 17 percent in 2017 to €4 billion, bolstered by increases in sales of dairy, beverages and prepared foods.
The long-term competitiveness and sustainability of the sector are a priority concern for national policy. In 2015, the Irish Department of Agriculture, Food and the Marine launched a new industry-led national strategy, Food Wise 2025. This strategy outlines an ambitious vision for 2025 and highlights a range of actions needed to ensure that the industry realises the many opportunities in expanding global markets while also addressing difficult challenges, and particularly sustainability.
New challenges and opportunities through 2050 and the need for transformation
The global context for Irish agriculture and bioeconomy is changing rapidly, introducing both challenges and opportunities for an industry that seeks to strengthen its global reach and become a leader in sustainable food production and processing.
While challenges undoubtedly lie ahead, global megatrends at play will also present major new opportunities for Ireland. The underlying trends in population growth, expansion of the middle class in emerging markets and increasing urbanisation will continue to underpin the expansion of global food demand well into the future. Meanwhile, the abolition of dairy quotas and the continued widening of market access for Ireland’s beef industry have eliminated some of the constraints that have restricted the Irish industry’s capacity to exploit the opportunities generated by expanding export markets. Major opportunities are being created for Irish agri-food businesses which are capable of expanding and innovating to service the demands of consumers who value the quality, taste and origin of their food.
Dairy farming remains Ireland’s most profitable farming system, and notwithstanding the extreme price volatility witnessed in recent years, Irish dairy farmers are among the most economically competitive farmers in the world. However, Ireland’s livestock sector will come under increasing scrutiny as the ongoing challenge of meeting the country’s agreed EU gaseous emissions targets and the resulting consequences gain greater prominence.
While dairy farmers are well set to exploit the opportunities arising from quota removal, this is in stark contrast to the other farm sectors. The beef farm sector continues to be characterised by very large numbers of small producers, some part-time, with comparatively low farm incomes and a very high reliance on EU direct payments as a source of income. Innovation and technology adoption rates remain low on many small and part-time farms with little incentive to innovate given their high reliance on direct payments. Improving the productivity and profitability of these farms will be a persistent challenge for both research and knowledge transfer over the next ten to twenty years.
After several years of contracting sheep flock numbers across Europe and Ireland, the economic situation on sheep farms has recently improved. However, as with the beef sector, reliance on direct payments is still very high. While tillage farms in Ireland are large (in area) relative to beef and sheep farms, they are small by international standards. They have been particularly exposed to price volatility in recent years with a number of very difficult years of low to negative margins.
New opportunities for the Irish agri-food sector will not be confined to food production only. Additionally, the development of new technologies for the use and transformation of biomaterials has opened up a wide range of potential new economic opportunities for rural areas. Markets for new bio-based products, biofuels, green chemicals and biomaterials are projected to grow. They have a real contribution to make to the rural economy. Investing in growing these domains creates opportunities in many sectors that will result in more highly skilled jobs, more competitive and sustainable rural economies, as well as openings into new markets. To realise this potential, investment will be required in new technologies, business models, models for the organisation of supply chains and value chains, policies and infrastructures.
Moreover, agri-food and forestry have an important impact on the provision of public goods, while sector players have opportunities to increase the provision of environmental goods and services by reducing the impact of their own activities on the environment and by offsetting the impact of other economic actors.
Dealing with the foregoing challenges and taking advantage of new opportunities requires developing a knowledge-based, sustainable and secure food system; embracing social, environmental, health and economic goals; and developing new policies, systems and procedures with the evidence base to support marketing strategies.

The role of Teagasc
Teagasc – Ireland’s 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. The organisation is funded by State Grant-in-Aid[25]; fees for research, advisory and training services; income from national and EU competitive research programmes; and revenue from farming activities and commodity levies. Around 70 percent of Teagasc’s yearly operations budget comes from the Irish exchequer with the balance generated from earned income. Some 40 percent of the budget is devoted to research, with the remainder split evenly between advisory and education services.
Teagasc’s annual research portfolio comprises around 370 research projects undertaken by 500 scientific and technical staff. The agency collaborates extensively with its colleagues in Irish institutes of higher education. Its Walsh Fellowships postgraduate programme supports more than 250 PhD and MSc students annually and enhances this collaboration. Teagasc competes successfully in EU research programmes and has developed bilateral agreements with research organisations in Europe, the USA, Canada, South America, New Zealand and Africa, as well as with a number of the Consortium for International Agricultural Research Centres (CIGAR).
The challenge for Teagasc is to provide scientific leadership of the agri-food industry and rural communities by generating new knowledge and innovation to support competitiveness and sustainability. Teagasc research priorities continue to be informed by the aim of delivering a primary agriculture sector with greater economic, social and environmental sustainability. In addition, Teagasc has a very important role to play in researching and analysing the implications of changes in the external policy environment for agriculture and food to inform decision-making in both the agri-food sector and at national level.
Teagasc ensures that the main focus of research is on the rapid delivery of results with the potential for economic and social impact. While retaining its strong capacity in applied research, it has also strengthened its capacity in key areas of strategic research. This will ensure that agri-food research is fully competitive in the national Science, Technology and Innovation programme and in the European Research Area.
While emphasising the need for developing solutions for farmers and food companies, Teagasc scientists are also expected to publish in international scientific journals. In this regard, international comparisons show that over the 2013–17 period, Teagasc was ranked seventh of all organisations across the EU by number of publications in World of Science (WoS) for the “Agricultural, Dairy & Animal Sciences” category, and fourth by number of citations. Over 20 percent of Teagasc documents were ranked in the top ten percentile for this period and category. In the “Food Science & Technology” category, Teagasc ranked ninth by number of publications (WoS) and seventh by number of citations.
The Teagasc Advisory Service supports innovation by farmers in the management of their businesses and provides access to the technologies they can apply to improve their competitiveness. The Advisory Service is provided by advisors in 12 regional advisory areas. These advisors are in contact with some 80,000 farmers and rural residents each year, of whom approximately 45,000 use the agency’s intensive farm consultancy service.
The best technologies and the latest research is transferred to farmers using a variety of methods, including discussion groups, individual consultations, farm management newsletters, education and training, and a large number of public events. The Advisory Service is supported by subject-matter specialists within the Research Directorate to ensure effective transfer of new information and to focus on meeting the development needs of a diverse farming and rural population.
Teagasc is the primary education provider for the overall land-based sector and is a significant training provider for the food sector. The agency also provides specialised and customised training to the agri-service and the wider “rural professional” sector as required through its newly established ConnectEd service. Teagasc is a registered Quality Qualifications Ireland (QQI) training provider and works in partnership with many other education stakeholders, including universities and institutes of technology to deliver quality-driven, applied education and training programmes. Teagasc’s education programmes are provided through a network of colleges and regional education centres, with full-time, part-time and distance learning courses offered as appropriate. Lifelong learning is now an essential requirement of the farming sector and the agency’s advisory and education services are committed to expanding its role in this area in line with increased demand in recent years.
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Chapter 4
Processes and implementation issues: programming and funding management
Professor Frank O’Mara, Research Director, Teagasc
Key aspects of the Teagasc research and innovation process include stakeholder consultation; generating, prioritising and evaluating ideas for new research projects; and disseminating research results. This process and the Teagasc research programmes are driven by industry needs and the desire to contribute towards increasing the competitiveness and sustainability of the Irish agri-food industry. To achieve this, Teagasc uses its unique capability as an integrated organisation of research, advisory and education services to successfully translate and disseminate its research results through the agency’s research and knowledge transfer activities into real benefits and impact for its stakeholders.
Research portfolio
The Teagasc research programme consists of over 370 projects, with approximately 45 percent of those funded by Teagasc core resources and the remainder funded externally through competitive grant awards and industry levies. Between 60 to 70 new research projects commence each year, resulting in continuous renewal and re-prioritisation of the research programme.
Teagasc mostly conducts applied research, but it also conducts a significant amount of strategic research which has a longer term focus. This is necessary for the continued development of new technologies for the future, and to ensure that Teagasc is able to rapidly adopt new techniques and technologies as they are developed.

Overview of the research call process for new internally funded projects
Over the past three years, Teagasc has implemented a number of new initiatives to enhance the consultation process for generating ideas for new research projects and to streamline the application and assessment process for the internal call for new research projects.
There are a number of key steps in the Teagasc new research project call process, beginning with an extensive consultation process for generating new ideas, followed by the application and evaluation processes and final approval.

Consultation
Teagasc consults widely, both internally and externally, to set out research priorities and decide on new project topics. This process typically begins in April each year at department and regional management meetings, in-service training sessions and stakeholder group meetings. The Teagasc Authority (or Board) also provides important input on the prioritisation of research areas. Additionally, there is ongoing interaction between researchers within and between programmes, and amongst researchers, specialists and extension officers. Teagasc also discusses its programmes of activities with the Department of Agriculture, Food and the Marine and consults widely with other agencies and industry players.

Externally funded projects
Teagasc research is funded by a mixture of grant-in-aid from the Department of Agriculture, Food and the Marine (DAFM), industry funding, operational income and external, competitively-won funding, both from national and international sources. Teagasc research involvement in externally funded projects provides significant benefit in terms of added value to core investment in programmes, capacity building and knowledge generation opportunities.
The agency’s main source of international funding is secured through its involvement in various EU research programmes. Teagasc researchers and, more recently, its specialist advisors, regularly compete for EU research funding. For the current Horizon 2020 programme, Teagasc’s target is to win €19 m in funding awards and it is making good progress towards that goal.
Research today is a very internationalised and collaborative endeavour. Collaboration is very important to keep up with and stay involved in the latest advances in research. Furthermore, many of the research areas Teagasc works in are global issues such as food and nutrition security, climate change and antimicrobial resistance, or areas that are relevant globally, such as competitiveness, water quality, food processing and genetic progress. A coordinated international effort is essential to solve these challenges. Teagasc is fortunate to have the EU framework programmes to help organise this coordinated effort.

Industry funding
Teagasc uses various models to allow all of industry to engage with its research staff, at varying levels of complexity, from short-term consultancy to large-scale company sponsored collaborations. The agency’s Technology Transfer Office (TTO) is responsible for facilitating and negotiating collaborations with industry, including those that are fully or partly-funded by industry and benefiting from state support, or which are fully collaborative or contract research in nature. Teagasc also works directly with various research departments to provide consultancy and fee paying speciality services such as DNA sequencing and residue analysis.
By engaging with industry, Teagasc’s TTO aims to improve and increase socioeconomic activity through the following means:
	Training. High-quality graduates are employed by agri-tech and agri-food businesses in Ireland.

	Licensing. Teagasc intellectual property is transferred to ensure it is brought to market in a way that realises its social and economic potential.

	New company formation. High-potential companies based in Teagasc intellectual property that give rise to high-value jobs in the community are created and supported.

	Increasing company competitiveness. This is achieved by partnering with companies through collaborative projects that solve innovation needs and lead to the new products and services that improve their resilience and ability to retain and create new jobs.

	Foreign direct investment. This helps make the agri-tech/agri-food sectors in Ireland more attractive for investment.





  
    Chapter 5


    Strategic management of agricultural and life sciences research organisations – AgResearch, New Zealand


    Dr Tom Richardson, Chief Executive, AgResearch, New Zealand


    New developments in technology, changes in society and shifts in political influence around the globe not only influence the work AgResearch[26] does but who the organisation works with, whom the research is for, and how it is evaluated. The world seems to be a particularly volatile place at the moment. No one is immune to change or upheaval regardless of geographic location or line of business. This is why it is essential to constantly reconsider the way we work, what we can offer, and who our audiences are.


    As a way to illustrate this point, take potatoes – or more specifically, potato peelers. There are two types of potato peelers that are likely familiar to everyone. There is the old-fashioned peeler that up until roughly 1990 was the go-to potato peeler for most households worldwide. It was cheap and functional, and there seemed to be no need to change it. But today, there is another type of peeler with a no-slip, comfort-grip handle that arose from being intentionally, purposefully designed for and with people in mind.


    The wife of the man who designed this new peeler suffered from arthritis. One night she asked her husband to design her a better handle for peeling potatoes. At first glance, designing a new handle may seem simple and straightforward. The design team could have made what they considered to be an improvement and launched the product, and it might have been successful. But the designer, Sam Farber, was committed to making a real difference in the lives of people who use peelers on a regular basis – the extreme users, people for whom the old-fashioned peeler was quite problematic.


    Mr Farber and his team worked closely with the American Arthritis Foundation and prototyped hundreds of different handles, testing their designs with people who would benefit most from the change. They eventually created something that is a great example of how working with extreme users can lead to transformation. They did not just refine the handle. They reinvented it and created a solution that not only benefited all extreme users (people who struggle to grip as well as people peeling potatoes and other vegetables for extended periods of time, namely cooks and chefs in kitchens around the world) but also the larger group of folks who regularly peel potatoes at home. The innovation was transformational and of benefit to the largest cross-section of primary users.[27]


    What does this story have to do with agriculture? With global food demands, food safety concerns, recognition that environmental performance must improve, and changing eating patterns and expectations, maintaining the status quo is simply not possible anymore. The world must look for inspiration and disruptive ways of doing things that place people – consumers – front and centre. We must re-evaluate the way we have always done things and apply some human-centred design thinking to develop innovations to transform the agricultural industry.


    Like all countries, New Zealand’s own history shapes its current economic and social context, and AgResearch contributes to both the current and future environments. There is much about the New Zealand experience that means it is always working in the extremes, at the edges, particularly when compared to Europe. But “extreme” has become the new normal, so it is best to start shifting our mindsets now.


    
      

      New Zealand geography


      New Zealand is a young country; it is one of the last land masses to be colonised, first by Polynesians in around 1250 and later by Europeans in 1642, before becoming a permanent European settlement from 1809.


      Isolation has created a country that thinks for itself. New Zealand is a long way from the established institutions of Europe, which meant New Zealanders had no choice but to figure out a lot of things out for themselves. This distance created greater opportunities to look for different approaches, greater freedom to try something new, and a greater expectation to do things differently.

    


    
      

      First in the world


      In 1857, New Zealand was first country in the world to introduce the eight-hour workday. In 1893, New Zealand women were first in the world to be able vote. In 1985, New Zealand took a no-nukes stance. Still today, New Zealand remains one of the most socially progressive countries in the world. It was one of the first to allow same-sex marriage and it long ago banned smoking in bars.


      New Zealand is a country that prides itself on doing its own thinking. It has also had to find a way to make a living from a small land mass a long, long way from its customers. However, a later start and independent mindset does not mean mistakes were not made. To be truly innovative, you must learn to not only accept mistakes but to expect them. For New Zealand, these mistakes tend to happen faster and they are felt harder, but this also means that New Zealand is able to move and adjust more quickly.

    


    
      

      Thinking big


      The European settlement of New Zealand was driven by the need for timber, specifically the need for spars for the British Navy. A spar is a thick, strong pole that is often used for a mast on a ship. The Britain Navy had been unable to secure suitable timber from Great Britain since the 17th century and Captain Cook’s assessment in 1769 was that New Zealand had an inexhaustible supply. By 1794, just 25 years later, New Zealand was in the global spar export business.


      Of course, New Zealand did not have an inexhaustible supply of giant trees with straight trunks for spars, so by the 1840s, the country was already struggling and had shifted its timber exports toward sawn timber for the rapidly growing penal colony now called New South Wales, as well as Australia and the California gold fields.


      This is an early example of the impacts of globalisation and market pull. Transport costs were much lower from New Zealand than from the United Kingdom, so the country provided “inexhaustible” amounts of sawn timber and suddenly found itself in the global sawn timber business. However, it was clear by the mid-1920s that at the rate it was going, the country would soon be unable to even meet its own domestic needs for sawn timber. A sustainable supply of wood was needed, but given the country’s faraway location, the only solution was to plant forests with faster growing exotic species. This had never been done before, but necessity is truly the mother of invention.


      New Zealand created the world’s largest human-made forests, the world’s first forest tree domestication programme, and the basis for the country’s and most of the world’s soft wood plantation forests. As the country was cutting down its native forests, it had also started supplying its first agricultural products to those distant markets.

    


    
      

      Refrigeration


      New Zealand agricultural exports started with non-perishables such as wool and leather. Being months away by sea posed no problems for non-perishables; it was relatively straightforward to create a global textile business. But while shipping products such as wool was easy, it was – and still is – a big problem for perishables. It was simply impossible for New Zealand to be in the global food business with its markets 20,000 kilometres and three months away. Meanwhile, the country had more sheep meat than it needed to feed its own population of half a million people.


      Again, necessity is the mother of invention. New Zealand innovated and did something that had never been done before. In 1882, New Zealand led the world in successfully sending refrigerated shipments of meat overseas to Great Britain.


      The ship known as Dunedin carried 4331 mutton, 598 lamb and 22 pig carcasses; 250 kegs of butter; hare, pheasant, turkey and chicken; and 2226 sheep tongues. All of the cargo made it to London still frozen 98 days after setting sail. And just like that, New Zealand was in the global food business.


      Within five years, 172 shipments of frozen meat were sent from New Zealand to the United Kingdom. This made small-scale farming much more economically viable by allowing the export of other perishable goods like cheese, milk and butter, and this in turn sparked the expansion of the dairy industry to cater to wider markets. More and more sheep farmers diversified as their meat, as well as wool, became a successful export product.


      Over the next 50 to 60 years (by the mid-20th century), these economic successes underpinned a society whose citizens enjoyed one of the highest per capita incomes in the world, just 150 years after the first permanent European settlement. New Zealand had become Great Britain’s farm, with subsidies during tougher times but always with a confident backdrop.


      The only constant is change. Just as New Zealand was thriving in a state of relative economic comfort, the United Kingdom shifted its focus to Europe and the country lost the comfort and protection of that market practically overnight. As a tiny nation with limited resources, New Zealand had to find new customers in new faraway markets. In other words, it had to compete against the countries in the rest of world, almost all of which had geography on their side. The response was dramatic and the New Zealand government was quick to make changes.

    


    
      

      Public sector and science reforms


      In 1965, New Zealand was the world’s sixth wealthiest country per capita. By 1980, it had slipped to number 19. The twin evils of rising inflation and unemployment had hit the New Zealand economy hard. The Labour government embarked upon a programme of free-market reforms that swept away the heavily regulated economy.


      Many government departments were corporatised and restructured into commercially oriented organisations, some of which were then sold to private investors. The financial market was deregulated and controls on foreign exchange were lifted. The removal of tariff protection exposed local producers to greater competition from imports which led to the loss of thousands of manufacturing jobs.


      The abolition of subsidies (up to 40 percent) hit farmers hard, with some losing their farms as a result. It was a painful process. But it meant that from that point on, every New Zealand firm and farm knew it had to be globally competitive. For most that meant – and still means – a strong focus on innovation, which created a “pull” for New Zealand science.


      New Zealand first shifted its export focus to North America, and later to Asia where New Zealand was first to sign a free trade agreement with China in 2004. Discussions with industry stakeholders – the extreme users in the agricultural sector – have shown that despite the turbulent journey of the 1980 reforms and all of the hardships that change brought, they would not go back to a subsidised market.


      To this day, New Zealand remains the only country that is not bolstered by subsidies of some sort. It floats alone in the sea of market complexity. The country’s desperate need to innovate makes its farmers, who are AgResearch’s extreme users, very demanding of the organisation.


      In 1991, the New Zealand government reformed the science system with the aim of meeting and further encouraging the demand for innovation by creating smaller commercial Crown Research Institutes out of the large public service science organisations.


      There was a greater focus on aligning parts of the economy and environment, with a strong emphasis on business investment, driving commercialisation and impact from the work AgResearch does to benefit New Zealand. Many other national science systems have experienced this shift more recently as a result of the global financial crisis. Today, 75 percent of the value of Research & Development work commissioned externally by private business in New Zealand comes to the Crown Research Institutes. AgResearch is closely connected to its customers.

    


    
      

      Impact


      AgResearch has been asked for the last 25 years to focus on “impact”. The organisation defines impact as a long-term change or benefit to the economy, society or environment that goes beyond the contributions to academic knowledge.


      This focus on creating impact starts at the Board and strategic levels right through to AgResearch’s science project teams and ultimately in the transfer of science outputs to the users of that science, which in turn gives rise to impact. This process has required AgResearch to think more creatively about how it approaches impact.


      AgResearch develops innovation pipelines and maps all stakeholders who contribute to creating impact. It has a diverse portfolio that enables strategic research, applied research, and product and knowledge development and transfer. Impact is planned right from the beginning, from how AgResearch engages with industry to where the gaps are in the innovation pipeline.


      The organisation is at the coalface, which is what makes it possible for impact to be integrated into every one of the roughly 600 to 700 projects it runs every year. It has developed impact planning tools[28] which are best used as part of a facilitated project team discussion that includes AgResearch stakeholders. The focus is on the organisation’s stakeholders, collaborators and partners who contribute to project delivery. AgResearch clarifies roles from problem identification through to project delivery, ensuring results transfer, as well as the individuals who will continue to ensure impact beyond the life of the project. This process helps to identify gaps and key contributors and provides a document for ongoing discussion in order to clarify expectations right from the beginning and throughout the lifetime of the project.


      All major science programmes are required to develop a “programme logic” and an “evaluation plan” with the focus on the short-, medium- and long-term outcomes, as well as practical ways that these can be measured by the team itself. AgResearch staff report that although it is not an easy process – or a comfortable one – it is incredibly valuable and worth the effort. A programme logic is used for planning and developing an evaluation plan for major research projects. This is done as a participatory and facilitated process. Some of the key components of the logic are:


      
        	
          Critical issues. AgResearch takes the time to clarify the issues that the research will address and whom the issue affects.

        


        	
          Outcomes. The focus is on the short-, mid- and long-term impacts, often starting with long-term (after completion of the project) and then working through the changes that will occur in the short- and mid-term (times are adjusted according to the length of the project). This is often where changes in behaviour, awareness and skills occur in order to get adoption.

        


        	
          Societal impacts. These are also considered and recognised as AgResearch’s work is not the only contributor to the impact; there will be other influences.

        


        	
          Evaluation plan. This plan is developed based particularly on the outcomes and how they will be measured. Where possible, simple methods to collect evidence that project teams can apply themselves are used; however, teams can also draw on the support of the AgResearch social science team when needed.

        

      


      Incorporating this approach as a natural way of working is a long process. There is still more progress to be made, but AgResearch is already seeing results. Evidence of change is monitored through anecdotal narratives, tracking projects as case studies and an “Attitudes & Behaviours” survey.


      A good example is the Wool Runner by the New Zealand firm Allbirds. These shoes were dubbed the world’s most comfortable shoes by Time magazine in March 2016. AgResearch helped develop them, providing assistance by obtaining and testing woollen fabrics for the shoe upper fabric, a critical component of the shoes, during the development of the Wool Runner prototype shoes.


      AgResearch also worked with Allbirds (then operating as Three Over Seven) to submit a joint bid for funding to the New Zealand Wool Industry Research Limited consortium, which in 2011 funded the majority of NZ$90,500 for the early work and production of the prototype. AgResearch also connected Three Over Seven with initial supply chain partners overseas with specialist expertise in the areas of fabric manufacturing, fibre processing and finishing. The company is now known around the globe.

    


    
      

      Leading thinking


      With New Zealand’s pastoral agricultural-based economy, it comes as no surprise that AgResearch leads the world and partners globally in developing new cultivars of forages (grasses, clovers etc.). AgResearch also leads the way in traditional genetic approaches, scouring the world for interesting germplasm, bringing it back to New Zealand through the Margot Forde Germplasm Centre to test, introgress, select, multiply and commercialise it. This is the organisation’s biggest royalty earner.


      Additionally, AgResearch is world class in plant biotechnology and has had some very exciting results with its high metabolisable energy (HME) ryegrass. With funding from the government and industry partners, the genetically modified HME ryegrass has been shown in laboratories to grow up to 50 percent faster than conventional ryegrass, to be able to store more energy for better animal growth, to be more resistant to drought, and to produce up to 23 percent less methane from livestock (the largest single contributor to New Zealand’s greenhouse gas emissions). Modelling also predicts less nitrogen excreted into the environment by animals feeding on the ryegrass, and consequently less nitrate leaching and lower emissions of nitrous oxide, another greenhouse gas.


      While this is outstanding science with real potential benefits, it poses a conundrum for New Zealand, which is a GM-free country with extremely tight controls on the testing and development of GM materials. Yet its economy is based on biology, and the science mandate at AgResearch is to explore options to enhance the environment and economy. As a result, AgResearch has partnered with US scientists to test its leading candidates in the field there while New Zealand continues to debate the role of advanced genetic technologies.

    


    
      

      A national science system focused on impact


      One way the New Zealand government addresses the tough questions is by setting up National Science Challenges. The government drew from extensive input from scientific communities and the general public to identify 11 important challenges facing New Zealanders. These challenges cover diverse fields and focus on people, the natural environment, the urban environment and economic development. Launched between 2014 and 2016, the Challenges are at different stages in their development and research and they are wholly funded by government.


      AgResearch hosts the largest challenge, Our Land and Water, which aims to enhance primary sector production and productivity while maintaining and improving land and water quality for future generations. The way land and water are used and managed will be transformed by consumer trends and opinions, innovation in farming, collaborative capacity and greater value in global markets.

    


    
      

      Reaching out to stakeholders


      Farmers now receive data from across their farms straight to their mobile phones. Some of AgResearch’s new stakeholders are the latte-sipping set in the urban high streets who expect prosperity and one hundred per cent pure environments. They are also voters.


      A new kind of interface mechanism is needed to ensure that science continues to make an impact. For AgResearch, this meant trying something completely different, and so the organisation turned to movie theatres and social media. AgResearch designed a campaign that would send a simple message in a way that told the story about its most impactful science using its own version of emojis, called “agmojis[29]”.


      As well as running these in theatres during the pre-movie adverts, they were widely shared on AgResearch’s social media accounts (Twitter, Facebook and Instagram). The cinema adverts were viewed by close to a quarter of a million people (from a population of about 4.7 million) across New Zealand. The number of users visiting the organisation’s corporate website increased by 63 percent during the course of the campaign, and the AgResearch Facebook reach increased by 4,344 percent on the previous 28-day period.


      AgResearch will have to continue to innovate and adapt to reach new stakeholders. The world is ever-changing and communication must change accordingly.

    


    
      

      Extreme is the new normal


      New Zealand has always been at the mercy of the volatile global markets, whims of politicians abroad, and international consumer demands. The country is unique in the world, with change as is its only constant and a deep understanding of complexity. This makes “extreme” the new normal.


      As a science organisation in this complex environment, AgResearch is significantly different compared to its counterparts in other parts of the world. As a nation, New Zealand changes market focus often – and so must its industry and science system, and therefore AgResearch as well.


      One example that illustrates this ability to change is the America’s Cup, a sailing contest which began in 1851. It is the oldest international sporting trophy with a singular pursuit of sailing excellence. For most of its first 150 years, it has been contested in much the same way with broadly similar yachts.


      From 1851 to 1983 the United States won it every time. When globalisation kicked in, the Australians won it in 1983, followed again by the US, then New Zealand and again back to the US.


      In recent times, the rules changed most drastically when former cup-holder Oracle decided to move from traditional yachts to catamarans with foils in 2010. Speeds went from 10 knots in 2007 to 40 knots. Big sponsors wanted broader appeal and the event needed to be more spectator-friendly with short racing formats. It became more like Formula One racing. These changes were a game-changer for the sport. But that is the exact kind of extreme use and design thinking New Zealand is used to taking on.


      The most recent America’s Cup was held in the Bahamas. While the other potential challengers all moved to the Bahamas to prepare for the Cup racing series against each other, learning from each other, Team New Zealand stayed away, down at the edge of world, away from the competitors and the group think. The team knew that if they had any chance to compete with syndicates with the financial resources of Oracle, they needed to be extreme innovators.


      Where the old thinking was focused on grinding, Team New Zealand turned to cyclists. Initially they looked to cycling for sheer power and aerodynamic advantages. But then they realised that cycling also left their hands free. Where other teams tethered ropes to change the sails, Team New Zealand were able to have operators using hand-held gaming consoles. And hands-free grinding meant there could be a redistribution of work. In a complex, high-stakes sailing environment, this was a huge innovation.


      As Tim Meldrum, the mechanical designer at Emirates Team New Zealand told The Daily Telegraph[30], “I think one of the main reasons others discounted it is the influence of sailors in dominant roles who felt threatened by such radical change. It really goes against the tradition of an America’s Cup and grand prix sailing culture that has been strong in grinding for 30 years. Thankfully we took a rational scientific approach that let the numbers speak for themselves.”


      Taking risks can lead to disaster, too. This was not the case in this example, but only 10 percent of innovations end up as intended. It all depends on how risk is managed.


      The New Zealand approach has to be different to anyone else in the world, just so that it can be in the game. As a nation, New Zealand firmly believes that fortune favours the brave and New Zealanders are willing to give whatever it takes to make things happen.


      As the world remains a volatile and changing place, consider what you might do if change suddenly forces your hand. What if you no longer have the luxury of subsidised markets and you have to fight with the rest of the world for every dollar? How would you manage that situation?

    


    
      


      
        

        26 https://www.agresearch.co.nz/ [image: ]

      


      
        

        
          27 The full story of the Oxo peeler can be read at https://www.fastcompany.com/90239156/the-untold-story-of-the-vegetable-peeler-that-changed-the-world [image: ]. Accessed on 24/09/2018.
        

      


      
        

        28 https://www.beyondresults.co.nz/ [image: ]

      


      
        

        29 https://www.agmoji.co.nz/ [image: ]

      


      
        

        30 https://www.telegraph.co.uk/sailing/2017/05/24/new-zealand-embrace-pedal-power-americas-cup-bid/ [image: ]

      

    

  

Chapter 6
Changing research agendas: working with researchers in new ways
Dr Liz Elvidge, Head, Postdoc and Fellows’ Development Centre, Imperial College London
Two of the main challenges involved in engaging researchers are their employment on fixed-term projects (which have fixed-term funding) and the need to adopt interdisciplinary working approaches, which moves them away from their subject specialism.[31]
Defining researchers and what they want
In the UK, researchers (postdocs) are defined as staff who have a PhD and are normally employed on an externally funded grant for a fixed-term project. They are staff but not Principal Investigators (PIs) and they work on the PI’s research project. The definition of researchers does not, in the UK context, include fellows, who are usually defined as researchers who generally have their own independent research funding, including salary (e.g. Royal Society University Research Fellowships).
Most researchers want a permanent academic job. This is understandable, bearing in mind the number of years they have worked and studied in academia. Many will have drifted through to a PhD (particularly if they have stayed with the same institute, department and group). There is then the natural drift to a postdoc position in the same institute, department or group. Having spent a significant number of years as a student, followed by a number of years on a fixed-term contract, it is understandable that both their life and career aspirations are to have more stable employment. In terms of their life aspirations, they face a perfect storm of challenges; often they are in established relationships, aiming to start a family and (particularly in the UK) to own a house or a flat. Being on a fixed-term contract with the uncertainty of future funding adds significant stress to postdocs. What they want in most cases is a permanent academic job. What they do not want are continuous fixed-term contracts.

What researchers do not know or understand
The main focus for postdocs is their research. They generally have limited understanding of how research is funded, how much staff actually cost and how much facilities cost to run. Many are focused solely on their research and the nature of their fixed-term contracts means that they are more concentrated on extending or renewing that contract than on new/wider developments in research.
Postdocs are often resistant to skills development because they believe they already have the skills to do the job they want and often do not see the relevance of acquiring a wider, transferable set of skills. Although interdisciplinary research is important, tends to receive significant funding and is key to future research, it requires researchers – who are experts and specialists in their field – to become more generalist. Therefore, unless there is a clear reward or motivation for focusing on interdisciplinary work (after all, interdisciplinary work can be hard work), it can be hard to understand its appeal.

Convincing postdocs to support the European research agenda
One option would be to offer postdocs permanent research scientist roles, which could prove attractive to a number of postdoc researchers. This solution could appeal in particular to those who do not want to move to an academic position which would involve additional responsibilities such as fundraising, teaching and administration, or moving to a fellowship (e.g. in the UK context as a Principal Investigator) or applying for fellowships, which again in the UK context, would involve running a research group. Many postdocs just want to undertake research without any management responsibilities. They also want employment security.
One of the arguments, however, for fixed-term research funding is that it allows research funders to be agile and flexible in their strategic focus and priorities. New discoveries can be funded relatively swiftly. Permanent research funding may reduce this flexibility. Who decides when enough research has been done in a particular field? Who would decide to shut down research programmes to focus on something new? Perhaps most importantly, researchers also have a very finely tuned set of research skills as specialists in their own right and discipline, so what guarantee is there that they would be able to transfer the knowledge and skills they have to a new or different problem, and would they want to?

An example of an initiative to develop interdisciplinary collaborative projects
The Dame Julia Higgins Engineering Postdoc Collaborative Research Fund at Imperial College London was launched in 2017. Funding of GBP 20,000 was made available to support collaborative research projects. The aim of the fund was to promote collaboration between postdocs in the Faculty of Engineering, where submitted funding applications must involve a minimum of two postdocs from different departments in Engineering. For the first round, 34 applications were received and five were funded, leading to new areas of work including proof-of-concept work which resulted in a successful fellowship application. This type of initiative could be used in other broad discipline areas to demonstrate that undertaking interdisciplinary work is perhaps not as difficult as some perceive it to be and that it can lead to new and exciting research.

Pending questions
What would motivate a postdoc to continue in a research role if it entails continual fixed-term contracts with the associated employment insecurity?
If funding schemes change, will this lead to less adventurous research and reduce the ability for research managers to swiftly move to new projects and research fields? How would this be addressed?
Are there enough researchers in the pipeline to cover the work that needs to be undertaken or do priorities need to be changed earlier in the pipeline, i.e. at undergraduate and postgraduate level?
It is not reasonable to expect researchers to continue working on short-term contracts. In essence, what is the appeal for them to continue to be funded on short-term contracts that do not lead to employment, financial or career security? It is a difficult task to convince them to take this career pathway.


 31For a more comprehensive discussion of these issues please consult: What every postdoc needs to know, 2017. Elvidge EM, Spencely C, Williams EJ, World Scientific Royal Society University research fellowships. Available at https://royalsociety.org/grants-schemes-awards/grants/university-research/ [image: ]



Chapter 7
Diversity – a strategic issue for future European agri-food and bioeconomy research
Bettina Heimann, Uno Svedin
Introduction
In general, the post-World War II strategic approach of the European agri-food domain has been to ensure the security of the food supply for Europe’s population. Over the decades, the main drivers of agricultural production have been economies of scale and optimisation, mechanisation, mineral fertilisation and other chemical inputs and advanced breeding technologies. Economically integrated developments have also dominated the sector’s processing and marketing. These trends have been supported by national and international policies and research activities. Thus, the traditional European pattern of national specialisation of production systems based on environmental, historical and cultural factors has been eroded and replaced by increasing homogeneous and uniform processes and products, as well as impacts on landscape patterns.
However, with changing conditions for commodity products in competitive global markets, including a greater awareness of the negative environmental impacts arising from the current types of animal and dairy production systems, Europeans are increasingly questioning this approach to production as the only solution.
Today in Europe, food production is about much more than nutrition; it also encompasses widely-debated issues such as health, trade, rural and regional policy, employment and economic growth, climate and the environment, development policy and economic market speculation processes, as well as “entertainment” aspects.
Urbanisation and economic growth are very important factors in the increasing consumer demand for diversity of choice and having some control over purchase options driven by a set of new values that prioritise local products and identity, and cultural factors in general. There is also a call for increased transparency regarding product origins and characteristics related to product quality and value based on authenticity, sustainability and traceability. These concerns also include health and wellness, social impact and animal welfare. Such preferences are increasingly important and have emerged as significant drivers of change. They have encouraged and supported the establishment of not only local farmers’ markets in cities but have also led supermarket chains to expand their portfolios to include more regionally/locally produced and organic products. These changes hold considerable promise for the rural-urban nexus, and even more so since urbanisation is expected to continue to be a dominant trend for the rest of the century.

The new drive for diversity
These contemporary pressures on food systems can also be viewed as key drivers of the rising interest in an expanding conception of diversity. This diversity relates not only to production and consumption but also to the processing and disposal of materials originating from agriculture, forestry and fisheries, including the necessary inputs and outputs generated at each stage. Food systems also involve the people and institutions that initiate or inhibit change in the systems, as well as the socio-political, economic and technological environments in which these activities take place. These considerations can help us address future challenges and generate opportunities to bring about the required transformation towards sustainable and resilient agriculture and food systems that provide diverse and safe food of high quality at affordable prices.
Europe’s many regions have a long common history of economic, cultural and ecological diversity that has shaped a variety of interwoven infrastructures as well as networks of different actors within the sector(s) and beyond. André Torre and Frederic Wallet stress that rural areas near cities should be more or less integrated with them, and intermediate regions with both urban and rural characteristics have a high potential for development through market access and the possibilities to provide for the diverse food demands of an urban population. Rural areas without these links face very different challenges (see Torre and Wallet, 2015).
Yuna Chiffoleau has provided an example (Chiffoleau et al., 2016) of a demand-driven project that helped create an open-air market in 2008 in Grabels, France, a peri-urban city with a population of 7,000 near Montpellier. This project highlighted the “social link” between the urban community and small-scale agriculture. The market was based on a charter drafted by a collegial committee comprising sellers, consumers and local government representatives. To overcome objections to the terminology normally used to describe such markets (e.g. “organic” or “farmers’ markets”) that were considered to either be “too elitist” or to have too “irregular” a supply, the concept of a “short food supply chain” market was endorsed to demonstrate the core essence of the endeavour. This description acknowledges the short chains that exist between producers and consumers and the connection to “local” and “sustainable” products. This means the production of products within 150 km of their sale that are characterised as non-industrial and environmentally friendly seasonal products. Furthermore, in response to consumer mistrust, a coloured labelling system was developed and posted on market stalls to indicate the origin of the products being sold and details of the sustainability criteria involved in their production. This provided a local “collective brand” controlled by the collegial committee and that enjoyed broad public support.
Allison Loconto has described a project that included 15 cases in developing countries conducted in cooperation with the FAO (FAO/INRA, 2016). This project showed how developments in markets have enabled farmers to transition to sustainable practices. The term “sustainable agriculture” was defined in various ways depending on local conditions; for instance, it could refer to organic farming, integrated production systems, agroecology, agroforestry and/or integrated pest management. This meant that local actors had adopted sustainable practices within their local contexts and created new market outlets for their products in line with local social values. These were related to such aspects as trustworthiness, health (nutrition and safety), food sovereignty, youth development and farmer and community livelihoods. However, increased revenues are not the only market incentive. Revising market rules and expanding access to markets are also powerful incentives, thus allowing the actors to play multiple roles and adapt the rules according to changing needs. Innovation in governance structures, including a wider array of private as well as public actors, along with consumers and investors can lead to increased diversity at different levels. Examples are the production system and related products, marketing channels and related regulations and forms of investment tailored to different entrepreneurial needs and business plans.

The rural-urban interlinkage and the broader scope of the bioeconomy
It is also important to reflect on the broader relationship between rural and urban areas (Svedin and Liljenström, 2018). Torre and Wallet pointed out that rural peripheral regions may have varying potential with regard to their access to food markets. Complementary value can also be generated by exploiting other possibilities, such as creating tourism appeal at natural, cultural and heritage sites where local food is served in rural environments. Another option could be marketing specialty high-value foodstuffs through e-commerce.
But the sector’s diversification strategies need to go beyond the purely territorial approach by trying to more generally connect agri-food products to other high-value sectors such as health (e.g. foods that can relieve medical or age-related conditions), materials for non-food uses (e.g. plastics, insulation materials) and energy (e.g. bio-based energy solutions, wind or solar power that are all land-use related in some way). This calls for new structural alliances and new forms of land-use prioritisation. These possibilities can be considered new expressions of the emerging bioeconomy and circular economy. This also creates an opportunity for new forms of structural “nexus” connections between various sectors such as food-water-energy (for example, see the revised bioeconomy strategy, EU COM, 2018). Furthermore, the production conditions in certain parts of Europe have already been altered due to climate change. Wine and horticulture production in certain regions of Europe have become increasingly difficult and risky. In these areas, diversification of production approaches have helped spread the risk in the event of harvest failure or other adverse impacts.
Globally, agricultural biomass for feed from cropland and permanent pasture accounts for about 85 percent of total human biomass use. Non-food use of agricultural biomass for energy and materials is still relatively small – around 7 percent overall – and consists mainly of by-products and residues from agri-food materials. The production of dedicated crops on agricultural land for materials (e.g. fibre) or energy (e.g. fuels) is, in comparison, negligible (at about 1.5 percent). However, in the coming decades, production of dedicated energy and materials crops are likely to rise substantially and at a faster rate than conventional food crops (Wirsenius, 2007).

The right level of diversity
Food and non-food systems will have to deliver significantly larger quantities of biomass. More diverse food products must be made available in increasingly convenient forms and be produced reasonably close to consumers. These products need to be safe and nutritious for people of all income levels. Biomass for non-food purposes, especially for medical and fibre purposes, will have to meet specific and high quality standards. These needs must be met more efficiently through the use of scarce land, water and energy resources while also generating a smaller climate footprint. Innovations in new technology and structural organisation will be critical to achieve improved system productivity and competitiveness. The continued changes, often in exponential forms driven by digital, data/information (including big data) and communication technologies will come to play an important role in underpinning future biomass production systems for both food and non-food uses.
Simone Sterly has argued that within the relevant sectors approaches exist with the potential to increase the diversity of pertinent systems while also being sufficiently innovative to be both sustainable and provide an array of consumer choices. Examples include:
	the development of heterogeneous wheat populations that can cope with changing and erratic weather conditions due to climate change;

	diversified financing and income-generating structures such as citizen shareholder corporations and “community-supported-agriculture”;

	the possibility of generating additional income through care farming, tourism and landscape maintenance; 

	the potential establishment of new forms of cooperation between diverse value chain actors in the generation of bioenergy.


Yet for the key actors and decision makers in the relevant sectors, “diversity” remains a challenge, since it is not necessarily easy to achieve and may not readily allow for efficient use of scarce resources, whether human, capital or natural. However, food and non-food biomass production must deliver for an increasing global population dealing with climate change and related insecurities.
Optimised systems require work processes and input and output streams to be perfectly attuned to secure the highest possible value creation. Farmers will tend to increase field sites and cropping systems that will have to be adapted to best utilise expensive mechanisation. Additionally, livestock genetics will be continuously optimised to enhance productivity and disease resistance, namely with the help of modern gene technologies. Biomass production for medical, fibre and energy use will diversify cropping systems; these systems will be managed in highly efficient and specialised ways, likely tending towards monoculture if no other considerations apply. Land use could become more diverse compared to today, largely due to a more diverse demand matched by high-intensity production systems.
Certain consumer segments demand more differentiated products and more varied marketing channels, thus leading to increased diversity in both product choice and production systems. However, multinational food retailers with highly technological processing and logistics (in Europe) will continue to dominate food production and marketing. They will respond to changes in consumer preferences as long as new market segments remain reasonably profitable, thus continuously challenging the extent of divergence and plurality. New developments in information and communication technology (i.e. e-commerce) can complement traditional retail marketing only to a certain degree.
Finally, many policymakers are already inclined to favour increased diversity, but with different preferences at different policy levels. For example, city councils will have an interest in open-air markets to add to their city’s appeal as well as to ensure fresh and cheap food for their citizens. On a regional policy level, additional business models beyond direct marketing will be needed, in order to create value and jobs outside of primary production, such as large-scale food processing and logistics. Non-food biomass production and waste flows for energy and fibre generation will also be very attractive. On a national or even international policy level, food security and safety, health issues and overall sustainability criteria (such as in the UN Sustainable Development Goals and the Paris Agreement) will all be points of focus. At all of these governance levels, policymakers want to sustain system resilience, both with regard to environmental as well as economic factors, but they act within different scopes and frame policies differently. The various political levels do not necessarily align their policies, nor do they always have the same priorities in mind – especially when it comes to balancing economic and environmental considerations. The environmental pillar of the EU Common Agricultural Policy has been strengthened. Cities are increasingly becoming aware of the need to maintain minimum environmental standards with regard to clean air. Meanwhile, severe global competition in agricultural markets and increasing land prices in cities and the need to transport daily commuters are counteracting forces. Regional policies must maintain or even increase employment in rural areas to decrease movement to urban areas, which could compromise environmental aspects. As a result, “diversity” will be considered and used in different societal discourses by policymakers with very different perspectives, interests and priorities.

The human dimensions and the interdisciplinary challenge in research
Anne-Françoise Schmid has described the difficulties faced in developing interdisciplinary cooperation in research. Different disciplines must be integrated beyond the purely natural science and technological sphere, particularly with the inclusion of disciplines that focus on the “human dimensions” (historical, cultural, psychological etc.) of facing challenges and finding potential solutions in the context of “diversity”. The task of identifying the core questions must be given more attention. There is also a need to agree on how best to answer those questions. Given the difficulty of achieving consensus within broadly similar disciplines, it will be even more challenging to agree on the appropriate questions to be raised and to establish common ground when the approaches and potential outcomes are not well defined. This is needed nonetheless to develop the necessary new intellectual landscapes that could permit the definition of a common language and integrated methods necessary for moving forward.
Institutional, policy and governance dimensions all contribute to the diversity of innovation approaches. The interplay between public government and private and civil society stakeholders at regional, municipal and local levels is especially important to bring about sustainability-oriented change in urban (and rural) food systems. Urban food issues are inherently multi-sectorial, thus requiring greater attention to diverse, but often complementary, inputs from multiple actors. The research that must accompany this innovation effort to find new solutions also has to be based on a variety of approaches. It certainly means that not only natural science and technology approaches will be sufficient, but also the social sciences and humanities will have to play a greater role.

Conclusion
There is no doubt that our societies need further diversification, especially in the bioeconomy sectors, to maintain food security and safety, satisfy consumer demands and ensure healthy diets. In the non-food segment, diversification will support the development of more diverse markets and thus has the potential for increased economic growth.
But we also need diversity in our primary production systems to maintain diverse genetic pools, farming systems and landscapes in order to stop further biodiversity loss. We need this diversity, not least to maintain system resilience in the face of climate change and the insecurities it entails. However, with regard to single production units such as farms or SMEs, there will likely be a continued strong drive towards optimisation and economies of scale to permit single businesses to survive in a competitive global market. The emergence of big investment firms that increasingly buy and manage land and the resulting impact on primary production systems and rural communities should be closely monitored.
Policymakers must continuously balance these different interests and provide opportunities and space to develop new pathways that ensure the development and establishment of diverse systems in a world where resources are scarce and under pressure.
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