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    Introduction


    Pascal Bergeret


    This book focuses on opportunities and challenges in implementing a bioeconomy strategy from a research and education perspective. It is the second e-book produced by EURAGRI, following “Diffusion and transfer of knowledge in agriculture”, published in December 2016. It draws on contributions presented during the 30th EURAGRI annual conference held in Tartu (Estonia) in September 2016, as well as on other workshops organised as part of EURAGRI. EURAGRI is an informal gathering of EU research and higher education organisations and ministries interested in agri-food research. It works 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.


    The topic of the 30th EURAGRI annual conference – and of this book – was chosen at a time when an assessment of the way bioeconomy strategies are being implemented in Europe was becoming increasingly necessary and urgent. In a way, the conference anticipated the publication, one year later, in November 2017, of a European Commission “Staff Working Document” to review its 2012 Bioeconomy Strategy and Action Plan.


    The EU Bioeconomy Strategy and Action Plan[1] defines the bioeconomy as “the production of renewable biological resources and the conversion of these resources and waste streams into value added products, such as food, feed, biobased products and bio-energy”.


    The strategy highlighted the weight of the European bioeconomy in terms of annual turnover (EUR 2.2 trillion) and workforce (9%) and emphasised Europe’s need to “radically change its approach to production, consumption, processing, storage, recycling and disposal of biological resources” to ensure that the interlinked challenges of food security, resource efficiency, economic competitiveness, sustainability and environment protection are simultaneously tackled.


    The publication of the EU Bioeconomy Strategy was soon followed by bioeconomy strategy documents drafted at the national level (Germany, Norway, Sweden, France, etc.) and beyond. At the regional level, the bioeconomy also took central stage in policy documents, echoing EU and national policies and mobilising stakeholders at a more local level.


    The EU bioeconomy action plan delineated three major areas of action, with investment in research, innovation and skills as a top priority. The active involvement of research and education organisations was recognised as being key to the strategy’s success, and was also acknowledged in national and regional strategies. The EU research and innovation funding dedicated to the bioeconomy under Horizon 2020 doubled compared to the Knowledge Based Bioeconomy (KBBE) component of the 7th Framework Programme (2007–2013) and efforts to enhance research funding in the field of bioeconomy were similarly implemented in various member states.


    Five years after the publication of the EU strategy and action plan, EURAGRI considered it relevant to reflect on the way research and education organisations had responded to such expectations and how bioeconomy strategies at all levels had affected their modes of operation and their organisational structures.


    In the meantime, many major policy developments have occurred at national, EU, and global levels, creating a new policy context and resulting in additional demands for research and education systems all over Europe. The emergence of new paradigms and concepts around the circular economy, international commitments under the Paris climate agreement and the Sustainable Development Goals have all put renewed pressure on research and education organisations to take on a leading role in developing and disseminating new solutions geared towards alleviating mounting challenges and identifying new opportunities.


    To achieve these objectives, research and education organisations have been strongly encouraged to strengthen ties with industry and civil society as a way to combine scientific excellence with the demands of economic efficiency and social concerns. Such interaction with stakeholders is often framed in local/regional contexts and compels research and education organisations to permanently shift from the universality of science to the specifics of local dynamics, which represents a serious epistemic challenge.


    The following chapters in this book illustrate the way research and education organisations have coped with multiple, sometimes conflicting demands through examples and case studies set in different European countries reflecting a wide variety of situations. However, several converging trends can be identified, such as:


    
      	
        restructuring and mergers of research and education organisations so that they reach a critical mass and improve efficiency,

      


      	
        creating regional research and innovation hubs linking research, education and the industry,

      


      	
        launching large transdisciplinary research programmes to tackle societal challenges,

      


      	
        bringing data mining, new research tools and digital methods of handling data into the mainstream,

      


      	
        reforming curricula and teaching methods to enlarge the learning horizon of students and increase their autonomy,

      


      	
        strengthening the social dimension of research programmes by mobilising the social sciences and humanities and by involving civil society, and

      


      	
        distributing knowledge across vast networks of users and providers.

      

    


    Such trends are now deeply reshaping the research and education landscape in Europe, revealing a transformation process that might hopefully lead to a better use of science and knowledge for the benefit of humankind and the planet as a whole.


    
      


      
        

        1 COM/2012/060final, http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2012:0060:FIN [image: ]. Accompanying Staff Working Document: SWD/2012/0011 final, http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52012SC0011&from=HR [image: ]

      

    

  


  
    Chapter 1


    Bioeconomy, food and nutrition security


    Thomas Arnold


    The title of the 30th EURAGRI conference in Tartu – “Bioeconomy challenges and implementation: the European research organisations’ perspective” – refers to issues that are timely and important. We are surrounded by global challenges in a world where “volatility, uncertainty, complexity and ambiguity” (VUCA)[2] are the new normal. Developing a successful bioeconomy is now crucial for addressing many of these challenges, and research organisations have a critical role to play in this endeavour.


    This text deals with the bioeconomy and research and innovation for food and nutrition security, two concepts that are very closely linked. Ensuring food and nutrition security is an important – perhaps the most important – pillar of the bioeconomy. The other two pillars are transitioning from a fossil fuel-based economy to a bioeconomy and unlocking the potential of the sea and oceans. Including marine-based ecosystems in the bioeconomy is fundamental for its lasting success. These three entry points are interlinked by circular uses, such as through waste streams. The bioeconomy cannot be driven by newly produced biomass and primary products alone.


    
      [image: Fig1-1.jpg]

    


    Figure 1.1. Bioeconomy logo (European Commission).


    
      

      EU context


      In July 2014 Jean-Claude Juncker outlined ten priorities[3] in which he wanted the EU to make a difference and deliver concrete results for citizens. Since 2015, the Commission work programmes have been based on these guidelines and on putting these priorities into practice. Our activities concerning the agrifood sector and the bioeconomy at large relate directly to three out of these ten priorities:


      
        	
          A new boost for jobs, growth and investment;

        


        	
          A resilient Energy Union with a forward-looking climate change policy;

        


        	
          A deeper and fairer internal market with a strengthened industrial base.

        

      


      In his 2016 speech on the state of the Union, Juncker very much emphasised solidarity as the glue that holds the Union together. Solidarity is also a vital prerequisite to transform our societies so that they become sustainable in the long-term.

    


    
      

      Global context


      The 17 Sustainable Development Goals (SDGs), adopted in 2015[4], are a call to action to end poverty, protect the planet and ensure that all people enjoy peace and prosperity. The SDGs provide a common vision and agenda to tackle some of the pressing challenges the world is facing such as poverty, climate change and conflict. Nine of them are directly linked and all of the remaining goals are at least indirectly relevant to food and the bioeconomy.


      The planetary boundaries concept, first published in 2009 and updated in 2012[5], identifies nine global concerns relating to human-induced changes to the environment. These nine processes and systems regulate the stability and resilience of the earth system – the interactions of land, ocean, atmosphere and life that together provide conditions upon which our societies depend. The four boundaries which are currently crossed or close to being crossed soon – climate change, loss of biosphere integrity, land system change, altered biogeochemical cycles – all relate to the bioeconomy and food and nutrition security.


      Marine pollution has increased exponentially over the last decades and is a major challenge, jeopardising the health and livelihoods of many across the global.


      If left unchecked, climate change consequences will impact food security first, and time for action is diminishing every day. Decarbonisation of global activities is imperative to keep global warming within manageable limits.

    


    
      

      Bioeconomy strategy


      The deep decarbonisation foreseen in the Paris agreement following COP21[6] is impossible without the bioeconomy. Sustainably produced biomass and waste needs to replace fossil resources for a portion of energy and fuel needs, as well as chemicals and materials (plastics, construction, etc.). But this must be done within the planetary boundaries without compromising food security. Biomass production (agriculture) is a major source of greenhouse gas (GHG) emissions (to a large extent linked to meat and animal products, and also fertiliser production). But biomass is also a possible sink of CO2 (forestry, soils, carbon capture and usage). Major innovations are needed to address deep decarbonisation in the bioeconomy.


      The bioeconomy can help tackle the unprecedented societal challenges we face, in:


      
        	
          Sustainably delivering and recycling an increasing amount of biomass to feed a growing world population and substituting chemicals, plastics and fuels for a post-petroleum, low-carbon economy;

        


        	
          Maintaining biodiversity and soil fertility and exploiting new biomass sources, especially aquatic sources and waste streams;

        


        	
          Producing foods that neither harm our health nor that of our planet;

        


        	
          Meeting the CO2 emission reduction targets set by COP21;

        


        	
          Boosting industrial competitiveness and maintaining jobs in rural and coastal economies.

        

      


      The current EU Bioeconomy Strategy[7] was adopted by the European Commission in 2012. The strategy includes a bioeconomy action plan with three different pillars, and each of the pillars has a variety of actions linked to it.


      Table 1.1. Action plan of 2012 EU Bioeconomy Strategy (European Commission).


      
        

        
          
            	Investment in research and innovation

            	Policy interaction and stakeholder engagement

            	Enhancement of markets and competitiveness
          


          
            	Horizon 2020, €3.8 bn research and innovation investment in Societal Challenge 2 (SC2)

            Increase multidisciplinary and cross-sectoral R&I

            Smart Specialisation

            European Fund for Strategic Investments (EFSI)

            	Bioeconomy Panel

            Bioeconomy observatory

            EU policy coherence

            Development of regional and national bioeconomy strategies

            International cooperation

            	Sustainable intensification of primary production

            Expansion of new markets

            Increase EU competitiveness

            Bio-Based Industries Joint Undertaking €3.5 bn investment through public-private partnership in biobased industries (of which €1 bn from Horizon 2020)
          

        

      


      The EU Bioeconomy Strategy and action plan aim to “pave the way to a more innovative, resource efficient and competitive society that reconciles food security with the sustainable use of renewable resources for industrial purposes, while ensuring environmental protection.”


      The bioeconomy and the circular economy are closely linked, and in fact, some people refer to the bio-circular economy. At the conceptual level, much work still needs to be done to define, develop and optimise the many interfaces between the bioeconomy and the circular economy. The EU Bioeconomy Strategy is highly relevant to the development of the circular economy. The European Commission’s Circular Economy Package[8] includes chapters on “biomass and biobased products” and on “food waste”. It includes the “assessment of the contribution of the 2012 Bioeconomy Strategy to the circular economy” and updates to the strategy if so required. It mentions as one possible means the proposal to make the separate collection of biowaste mandatory under certain conditions, and to ban the landfilling of separately collected waste. Other bioeconomy-related aspects outlined as relevant to the circular economy are sustainable production, biodegradability, use of biowaste, and new circular value chains, among others.


      In addition to the EU Bioeconomy Strategy, there is also a growing number of EU member states and regions with their own bioeconomy strategies and action plans adapted to their respective needs, skills and opportunities, thus supporting local businesses, resources and employment. These strategies share the vision of the bioeconomy as a non-fossil, post-petroleum economy based on sustainable development that will generate new growth and enhance the well-being of the respective societies. The necessary innovations underpinning this development depend on being located in, based on or adapted to particular places and conditions. They benefit the people who live and work in the corresponding areas.


      The aim of the 4th Bioeconomy Stakeholders’ Conference[9] in Utrecht on 12–13 April 2016 was to foster stakeholder engagement and buy-in. It resulted in a concept for a Bioeconomy Stakeholders’ Manifesto[10] that lists key challenges and opportunities, guiding principles and actions. The actions focus primarily on contributions stakeholders can make themselves. The renewed Bioeconomy Stakeholders’ Panel has taken this into account. The new panel aims to support interactions between different policy areas, sectors and stakeholders in the bioeconomy, thereby leading to tangible policy actions.


      This underlines that we need a holistic and systemic approach that brings together all these policy angles (agriculture and rural development, energy, environment, climate, competitiveness, health, etc.). This is why a bioeconomy strategy is so important. We need political mobilisation now to create a renewed, ambitious European bioeconomy strategy by 2018/19, following the review of the current strategy that we are carrying out in 2016/17.

    


    
      

      Food and nutrition systems


      Food and nutrition systems are at a turning point worldwide. With COP21 agreements and nine SDGs referring directly to food systems, food and nutrition security (FNS) is becoming a key concern for science, technology, policy and society. There is no security without food security, and no food security without nutrition security. Food and nutrition are not only at the heart of Europe’s economy, they are also very much at the heart of the bioeconomy. Agriculture, food, fisheries and aquaculture represent 75% of Europe’s bioeconomy turnover (2013). These sectors employ one-fifth of the EU workforce, and represent 6% of Europe’s GDP.


      Meanwhile, food and nutrition systems globally are facing a ‘perfect storm’:


      
        	
          By 2050, nine to ten billion people will have to be fed, and it has been estimated that food production must increase by 60%.

        


        	
          Today, there are more obese than undernourished people and yet 33% of food produced is wasted.

        


        	
          Food systems in overall terms use 70% of freshwater resources, 30% of energy and produce 25% of GHG emissions worldwide.

        

      


      It is therefore crucial that we design food and nutrition systems that can endure. Both are equally important and must be dealt with together in a holistic approach. Research and innovation (R&I) must play a more central role to develop sustainable systemic responses that transform and future-proof our food and nutrition systems.[11] For the EU, world class research matters. R&I stakeholders need to raise their ambitions, align their focus, connect across disciplines, restructure and scale up to have a stronger impact in tackling our global societal challenges. We need to work in new ways with public and private organisations, and engage new actors and citizens. Most importantly, given the nature, urgency and scale of the challenges for sustainable food and nutrition security, R&I stakeholders must adopt a ‘food systems approach’ that includes all the elements across our entire food system, from inputs to primary production (agriculture, aquaculture and fisheries), harvesting, storage, processing, packaging, distribution, waste streams and consumer intake. It must be an approach that connects land and sea, and incorporates the microbial economy.


      Within the broad research field of nutrition and food systems there is a demand for a new level of ambition, focus and impact. With Food 2030[12] the European Commission wishes to:


      
        	
          Promote a systems approach to research and innovation

        


        	
          Better structure, connect and scale up European R&I in a global context

        


        	
          Step up EU investment ambitions (public and private)

        


        	
          Mobilise international stakeholders to tackle global societal challenges

        

      


      The definition of food systems[13] goes beyond the production and delivery of sufficient food for all (quantity). It must include the provision of safe and nutritious food for healthy and sustainable diets (quality) while fully considering the dimension of access. R&I will play a critical role in making our food systems future-proof so that they are more sustainable, resilient, responsible, diverse, competitive and inclusive:


      
        	
          Sustainable: with respect to natural resource scarcity and in respect of planetary boundaries.

        


        	
          Resilient: with respect to adapting to climate and global change, including extreme events and migration.

        


        	
          Responsible: with respect to being ethical, transparent and accountable.

        


        	
          Diverse: with respect to being open to a wide range of technologies, practices, approaches, cultures and business models.

        


        	
          Competitive: with respect to providing jobs and growth.

        


        	
          Inclusive: with respect to engaging all food system actors, including civil society, fighting food poverty, and providing healthy food for all.

        

      


      FOOD 2030 has four priorities: nutrition, climate, circularity and innovation.


      
        	
          NUTRITION for sustainable and healthy diets: Ensuring that nutritious food and water is available, accessible and affordable for all. It involves reducing hunger and malnutrition, ensuring high levels of food safety and traceability, reducing the incidence of non-communicable diet-related diseases, and helping all citizens and consumers adopt sustainable and healthy diets for good health and wellbeing.

        


        	
          CLIMATE smart and environmentally sustainable food systems: Building climate smart food systems adaptive to climate change, conserving natural resources and contributing to climate change mitigation. It seeks to support healthy, productive and biodiverse ecosystems. Ensuring diversity in food systems (including production, processing, distribution and logistics) including in terms of cultural and environmental diversity. Natural resources (water, soil, land and sea) are used sustainably within the planetary boundaries and available to future generations.

        


        	
          CIRCULARITY and resource efficiency of food systems: Implementing resource-efficient circular economy principles across the whole food system while reducing its environmental footprint. Circularity is applied for sustainable and resource-efficient food systems and food losses and waste are minimised throughout.

        


        	
          INNOVATION and empowerment of communities: Boosting innovation and investment, while empowering communities. A broad innovation ecosystem leading to new business models and value-added products, goods and services, meeting the needs, values and expectations of society in a responsible and ethical way. More and better jobs across the EU, fostering thriving urban, rural and coastal economies and communities. Through closer partnerships with industry and food producers, markets that function in a responsible manner thereby fostering fair trade and pricing, inclusiveness and sustainability. Scientific evidence and knowledge from a wide diversity of actors underpinning the development and implementation of FNS relevant policies, at all geographical scales (Local to Global).

        

      


      There is now a political opportunity with many initiatives and a renewed focus on food and nutrition. The overall framework for policy action includes:


      
        	
          The Juncker Commission’s ten priorities;

        


        	
          The 2030 Agenda and the Sustainable Development Goals (reduce hunger by 50% and stop food waste);

        


        	
          The COP21 commitments to reduce GHG emissions to mitigate climate change. The IPCC’s upcoming priorities will include oceans, cities and food security.

        

      


      New opportunities for research and innovation are emerging. Breakthroughs and major advances are being achieved or may soon be within reach, such as on the microbiome, photosynthesis, precision farming, agroforestry, alternative protein sources, aquaponics, smart personalised nutrition, sustainable food cities, circular farms, multifunctional business models and many others. There is not only a need for agricultural research, but for life sciences in general and far beyond. Research breakthroughs often occur when researchers from different fields work together to find solutions.


      FOOD 2030 can unleash investment opportunities:


      
        	
          The EU Industrial R&D Investment gap persists according to data from JRC, FoodDrinkEurope and the European Commission. The overall corporate R&D intensity gap widened from 2005–2013. There is low investment in the EU R&D food industry compared to the US and Japan, and the uptake of EFSI by the EU agrifood sector was low.

        


        	
          OECD and Purdue University have said greater investments in agricultural R&D would have been profitable.

        


        	
          Not acting has high costs for society and business. There are now signs that venture capital investments in agrifood have increased sharply, according to the 2015 AgFunder AgTech Investing Report.

        

      


      Several drivers can support FOOD 2030 and move it forward:


      
        	
          Information and communication technologies (ICT) must be better leveraged in research. A food systems science needs to be developed and cross-disciplinary cooperation should be enhanced and mainstreamed, as is the case with smart personalised nutrition, consumer behaviour or the multi-actor approach.

        


        	
          Regional and private sector collaboration are crucial to innovation and investment (such as the EU’s Smart Specialisation Platform for Agri-Food, S3P Agri-Food).

        


        	
          Open science will enable open access and data sharing, engagement, education and skills development. FoodCloud is a good example of an open science deliverable.

        


        	
          International collaboration is important and can be empowered through Member State R&I alignment and support (e.g., International Bioeconomy Forum, ASEAN aquaculture).

        


        	
          The European Commission’s role in this endeavour is to facilitate multi-actor engagement to align, structure and boost.

        

      


      Food and nutrition security is a key priority for EU Research & Innovation. In response to nutrition and food systems facing a ‘perfect storm’, a new level of ambition, impact and focus is needed. FOOD 2030 provides a response to these concerns.

    


    
      

      Conclusion


      As far as the perspective of research organisations is concerned, below are some check points for implementation:


      
        	
          Use a systems approach (e.g., food system, connecting land and sea, etc.) to capture complexity, interconnectedness and a holistic perspective;

        


        	
          Encourage inter- and cross-disciplinary cooperation to break up silos;

        


        	
          Embed social sciences and humanities to ascertain societal relevance and consider socioeconomic and cultural dimensions;

        


        	
          Connect or converge with ICTs to unleash the potential of a digital revolution;

        


        	
          Link and integrate research with innovation (all types of innovation, including technological, social, business model, governance, institutional, etc.) to create solutions for products, processes, services, policies, etc.;

        


        	
          Adopt a multi-actor approach and beyond to embrace the perspectives of multiple stakeholders;

        


        	
          Achieve stronger engagement with and of citizens to enhance co-creation and societal acceptance;

        


        	
          Support public-private cooperation, possibly with involvement from new actors and young crowds, to unleash disruptive and market creating innovation;

        


        	
          Move results to market, policies or society to develop job and growth opportunities and enhance the impact on tackling global societal concerns.

        

      


      Some of these issues may be challenging, but they are essential for successful projects and activities. With regard to the overall context, a number of conditions and prerequisites are important to successfully drive a sustainable bioeconomy and future-proof our food and nutrition systems:


      
        	
          Research breakthroughs;

        


        	
          Disruptive innovations that create new markets;

        


        	
          Market-creating regulation, standards for new products, use of procurement;

        


        	
          Future proof investments for a sustainable future;

        


        	
          Responsible business models, including fair working conditions;

        


        	
          Inclusive societies, addressing the challenge of growing inequalities;

        


        	
          Engaged citizens in science, innovation and society;

        


        	
          Security ‘by design’, addressing the root of causes of unrest, conflict and migration;

        


        	
          Resilience at all levels.

        

      


      Finally, a last point as food for thought: Is sustainability a sine qua non? In the nested model of sustainability[14], a “resilient and robust economy” is embedded within a “healthy society dependent on an intact and functional environment.”
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      Figure 1.2. Nested model of sustainability (United States Environmental Protection Agency).
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    Chapter 2


    Education for complex problem solving

    Is problem-based learning one answer to today’s higher education challenges? Case study: a Danish university


    Lone Krogh


    
      

      


      Problem-based learning is both pedagogical approach and curriculum design methodology. Simultaneously it develops higher order thinking and disciplinary knowledge bases and skills. It places students in the active role of problem-solvers (practitioners) and confronts students with a real-world situations […].


      Barrows, 1986, p. 481.

    


    
      

      Introduction


      The problem-based learning (PBL) model as it is practised at Aalborg University grew out of expectations for future graduates in the 1970s. Many changes and developments have taken place since then in the ways the principles and methodologies are practised, due to changes in society and governmental regulations. However, the basic educational principles and methodologies are still the same and seem to meet expectations from society and academic workplaces today, as documented by surveys and research carried out on a regular basis. (see, for instance, Krogh, 2013).


      Aalborg University, located in northern Denmark, has more than 40 years of experience using PBL methodologies. The aim of this chapter is to take a closer look at why and how a PBL approach may be a relevant educational approach for higher education today in meeting current challenges. The core principles and methodologies of the PBL approach at Aalborg University will be discussed by way of various experiences (possibilities and challenges).


      One of the key points is that the principles and the methodologies – including the aspect of inter-disciplinarity – generally support both students’ acquisition of academic knowledge, skills and competencies for the academic labour market and simultaneously correspond to research methodologies. By applying this approach throughout their education, students actually acquire competencies that are relevant for both university-based careers and non-university academic careers.


      
        

        


        What you specifically learn at university is difficult to tell somebody, for instance, being able to build a radio or something similar. This is something you have to learn later on but you have found your way. What matters is the way in which you learn at Aalborg University. It makes up 80% of the way in which we work. It is crucial because more than the exact knowledge has been put into their heads.


        Director at a large firm, see Krogh, 2013

      

    


    
      

      Arguments for applying PBL principles and methodologies


      Societal changes have had an impact on labour markets with regard to types of jobs, production technologies, company structures and industrial dynamics. Workplaces have become more complex and unpredictable, both technologically and in terms of knowledge, qualifications, competencies, values and attitudes among employers and employees. It has been explained as a shift from the industrial society to the information society, the knowledge society, and even to the learning economy and society (Lundvall, 2008).


      These tendencies influence what is required of academics in terms of professional, general and personal skills. Regardless of discipline, we see a demand for abilities in develop­ment, planning, communication, know­ledge, creativity, collaboration, theoretical reflection, problem solving, ethics, action and accountability. These abilities are often referred to as 21st-century skills (e.g., Crockett, 2016). Specific requirements obviously vary considerably depending on the kind of job – academics work in universities, public administrations, consulting firms or other types of knowledge organisations. Generally speaking, so-called 21st-century skills and competencies are in high demand. As a result, higher education institutions have begun revising their teaching strategies to prepare students to meet labour market and societal demands. Referring to Bowden and Marton (1998), students must develop skills designed for a society, which develops in yet unknown directions. Based on an understanding of the role of universities, the research community, teachers and students possess the capabilities that are necessary in building up sustainable solutions for the future world’s challenges.


      Universities are key players and partners in the diffusion of new knowledge to society by means of research and well-educated candidates.


      Understanding the relationship between universities and society is connected to the social dynamics described within the concept of the knowledge or the learning society (Lundvall, 2008). All types of jobs and other social functions within this concept must be dealt with more dynamically by individuals within a specific social context. Words such as flexibility, dynamics, human resources, quality, collaboration skills, individual and organisational learning carry particular weight. What does this mean to university education? Universities are increasingly forced to operate within the context of new management forms and new economic models. At the same time universities have to diffuse knowledge within the context of the university, characterised by significant diversity among students. The challenge is finding education strategies that will support the diversity of students in developing the relevant academic skills and competencies.

    


    
      

      Creating and using PBL principles and methodologies at Aalborg University


      Problem-based learning, project work, etc. are widely-used concepts with different meanings, integrated into varying educational designs and with different instructional goals. The original idea and theoretical foundation of the problem-oriented project work in a Danish context was formulated by Danish researcher Knud Illeris (1974) in his seminal book‚ Problem orientation and participant direction: An introduction to alternative didactics. The PBL teaching strategies at Aalborg University were developed from these original principles. Exemplarity, open curriculum, interdisciplinary and experience-based learning, peer learning, and collaborative learning in groups were important concepts (Aarup Jensen and Krogh, 2013). These concepts characterise the PBL model today at Aalborg University. They will be expanded on in the following pages.


      Illeris was central to implementing PBL strategies in Denmark from the 1970s. He lists three categories of qualifications which seemed necessary for the development of society at that time: (i) skills that can be defined in direct relation to a given task or work process, (ii) general, adaptable qualifications with behaviour-based characteristics (e.g., diligence, perseverance, vigilance etc.) – combined with a willingness to apply these characteristics to work and existing work processes, (iii) creative/innovative qualifications that may be divided into qualifications for scientific, innovative work and qualifications for continuous renewal and the ability to collaborate (Illeris, pp. 32–35). Referring to Piaget’s theory of learning, Illeris explains accommodative learning processes as a prerequisite for creativity. From this point of departure, he describes an expedient learning process that allows for the development of skills, adaptive ability and creativity in a process that alternates between accommodative processes (the creation of new cognitive structures) and assimilative processes (the incorporation of new material in an individual’s existing structures). Such alternating processes are a precondition of a student’s ability to acquire holistic competencies that comprise skills, an adaptive ability and creative qualifications, which according to Illeris’ analysis were needed by society at that time, and still are (Illeris, pp. 76-77).


      Illeris developed these ideas further to an alternative didactic concept – problem-oriented project work, characterised by the following principles:


      
        	
          Problem orientation, which means that the point of departure for the students is the subject-related knowledge, methods and theories relevant to the specific problem rather than a narrow discipline-bound theme or task. Consequently, inter-disciplinarity becomes a core principle.

        


        	
          Participant direction, which means that the students define the problems (the research questions) and choose the work methods.

        

      


      These are important principles setting out accommodative learning processes, which are necessary for developing creativity and flexibility. However, if teachers or the educational system determine which problems should be the point of departure and how students are supposed to work with problems, traditional borders between disciplines may be crossed, but new political agendas delineate and constrict in the same way as old ones and hinder students’ accommodative learning processes (Illeris, 1982).


      The chosen research questions must and should be experienced by the individual student to ensure accommodative learning processes occur, which depend on commitment. Accommodative learning processes are demanding and will only happen when an individual student takes ownership of a situation and feels they have something at stake. Otherwise, the student will either dismiss the problem or simply assimilate it, i.e., integrate it into already established cognitive structures. (Illeris, pp. 82-83). The principles are:


      
        	
          Exemplarity: This means working with the important and representative aspects, exemplifying the area of the discipline in question. Transferable skills will be developed.

        


        	
          Group work: Students collaborate in groups on problem solving to learn the difficult art of collaboration and project leadership.

        

      

    


    
      

      The work process in practice


      Ideally, problem-based project work will go through the following phases:


      
        	
          Selection of the theme and initial problem raising

        


        	
          Project development (the term ‘problem formulation’ is often used in PBL terminology)

        


        	
          Methodological reflections and decisions on how to solve the questions raised in the problem formulation

        


        	
          Project work (i.e., theoretical and empirical work, perhaps involving experiments and field work)

        


        	
          Production (of a project report), which sometimes involves descriptions of work processes

        


        	
          Product assessment (group exam), and if necessary, product adjustment

        

      


      Formative assessment and feedback from supervisors and fellow students during the semester provide valuable input in the working process. This may take place as a part of the continuous work processes and feedback from fellow students and supervisors. It can also be more formalised in debate-type seminars held on a regular basis throughout the semester.


      Problem-oriented problem-based project work may be interpreted and implemented in a number of different ways depending on the educational institution, discipline, subject and learning goals. There may be varying degrees of free choice regarding the specific problem, subject area and methods, and the project work may differ in size (ECTS[15] points), i.e., the students’ workload per semester. Furthermore, there may be vast differences in resources allocated to the project work in terms of hours of teacher supervision as well as study facilities (rooms) for the groups to work in.


      Although the facilities and resources for project work may vary, the following model illustrates the elements which generally form part of problem-oriented project work at Aalborg University (Fig. 2.1).


      
        [image: Fig2-1.jpg]

      


      Figure 2.1. Processes and resources available for the problem-based project work at Aalborg University.


      Project work is combined with lectures, seminars or laboratory work on relevant subject matters. How the study programme is actually organised depends on the learning goals, the reason for using problem-oriented project work, and recommendations put forward by a study board and professors. The aim is for all sources and methodologies to support the students in their working processes and in developing the relevant knowledge and skills. Students’ work is facilitated by the university professors who supervise them and their project work. Generally, students are expected to work in groups of three to six people during the first year of study, although in later years they may work in groups of two to three. Individual project study is accepted, but students are told that this minimises opportunities for peer learning and getting feedback from supervisors.


      Figure 2.2 shows the distribution of project work and other course activities.
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      Figure 2.2. General distribution of project work and other course activities.


      Project work can take a number of forms based on the different disciplines, needs and practices; however, they all share the core PBL principles such as problem orientation, student direction, exemplarity, group work, interdisciplinary cooperation, a group exam and professors as supervisor/facilitator.


      At the end of a semester, students finalise their project work with an oral group exam, where all students are present and with the supervisor (professor) and an external censor as discussants. During the exam the students present the problems they have been working, their results and the theories and methodologies they applied. The students are assessed individually based on the joint product and their behaviour during the exam. The more students in the group, the longer the assessment time must be. Because of the duration of the exam, the students have an opportunity to document extensive and complex knowledge in depth within the professional field in question. The assessment is based on a written project the student group worked on during the two to three prior months. During the work process, students regularly receive formative feedback from their supervisor and fellow students.

    


    
      

      The professor as supervisor and examiner 


      As mentioned previously, each group is assigned a supervisor who helps, challenges, supervises, advises and discusses the work with the students before assessing them. The supervisor’s assistance is, however, particularly important at certain times, such as when selecting and formulating problems, supporting methodological reflections and decisions, and facilitating and providing formative feedback during the working process. Finally, the supervisor must be knowledgeable about the formal requirements and explain to the students how exams will take place to ensure valid assessments of each individual student.

    


    
      

      Documentation of the relevance of a PBL approach


      Aalborg University has for many years produced research to describe, evaluate and explore what is special about the PBL-principles and methodology, (e.g., Adolphsen & Quist, 1995; Jæger, 1992; Kolmos & Rasmussen, 1994; Olsen, 1995). Some of the more recent work includes two substantial surveys conducted in 2003 and 2009 involving graduates and employers and investigating the connections between the Aalborg PBL model, students’ development of qualifications and competencies and expectations from national and international workplaces (www.cand.aau.dk, Krogh, 2013). Overally, the studies showed that the candidates generally meet future employers’ expectations in terms of skills.


      The experience at Aalborg University is a reflection of what is going on in society as well as new expectations for a more highly educated population and how universities can support people’s aspirations and hopes for the future. A changing perception that universities are no longer just for the intellectual elite has had significant consequences. The so-called ‘mass university’ came with large student numbers from diverse backgrounds (socially and culturally), putting high demands on increased supervision and guidance from professors. There is a need for more physical space, while cultural challenges and special needs for international students must be considered. As international mobility increases, universities must also understand the needs of foreign academic staff. For a university like Aalborg University, this means explaining and teaching them how to apply PBL methodologies to university teaching.


      The international society and the Danish government place expectations on universities regarding practices related to internationalisation and the Bologna process. A framework for qualifications, described as employability, mobility and lifelong learning is being implemented (http://ec.europa.eu/education/policy/higher-education/bologna-process_en [image: ]). This framework outlines expectations on flexibility and transparency in all aspects of educational programmes, which has made it necessary to focus more on leaders’ and teachers’ abilities in handling challenges. We see students from a range of backgrounds with various ambitions in terms of their studies. In fact, the challenge lies in creating learning environments and methods that meet and match expectations from society and workplaces with students’ backgrounds and expectations. Documentation from surveys and experience sharing over the years has shown that the principles and methodologies, as reflected in the Aalborg PBL methodology, could be a successful way to handle many of these challenges.

    


    
      

      Conclusions


      Developing and implementing PBL principles and methodologies at Danish universities has not been an easy process. Traditional thinking and existing teaching ideologies within the university culture and society have been both platforms and drivers for changes. However, this does not mean that teaching has not changed at the universities over the years – on the contrary there is considerable development underway within many Danish universities.


      The reason PBL principles and methodologies were implemented at Aalborg University is that the development took place as a new university, without a history, was established, with new buildings, new staff and new researchers. They strongly believed in problem-oriented methodologies as ways of initiating and supporting the development of academics who would be a part of the future society and workplaces. It should be emphasised that the university was formed and specifically built on the principles of problem-orientation and group work and with professors functioning in new roles – as supervisors.


      The way the problem-oriented approach works at the university is very much based on values and understandings of Danish society and its expectations. If PBL principles and methodologies are to be implemented in another educational culture, the specific educational context must be taken into consideration, as well as the possibilities and the challenges that may lie deep within cultures in the different subject areas. The process takes time, and each university must develop their own approach based on the basic PBL principles.
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    Chapter 3


    Opportunities and challenges in implementing a bioeconomy strategy: the university perspective


    Ülle Jaakma


    
      

      Global challenges


      To cope with an increasing global population, rapid depletion of natural resources, increasing environmental pressures and climate change, Europe is preparing to concentrate on more sustainable and responsible use of biological resources.


      The world population is expected to increase by more than 30% in the next 40 years, reaching more than nine billion in 2050 (European Commission, COM(2012) 60 final).[16] The growing population needs more food. Global food production is expected to increase by 3% annually in the years before 2030, in contrast to recent growth of just over 2%. Improvements in food productivity are needed to reach this goal.[17] Food production is coming under pressure owing to limitations of land resources, environmental problems, competition with other land users and expanding urbanisation. Earth has a finite amount of land and arable land constitutes only 1/32 of the total area of our planet.[18]


      Climate change – which includes average temperature increases, droughts and flooding, storms and hurricanes, rising sea levels, polar ice melting – is another global challenge. According to data from the European Environment Agency, the average temperature during last 150 years has increased by nearly 0.8°C and in Europe, nearly 1°C. To prevent the most severe impacts of climate change, the countries that have signed up to the United Nations Framework Convention on Climate Change (UNFCCC) agreed to limit the global mean temperature increase since pre-industrial times to less than 2°C.[19]


      The need to reduce greenhouse gases (GHG) emissions and the depletion of fossil fuels forces us to look for alternative energy resources and more efficient technological solutions. Renewable energy still remains underused in most countries. Unless we develop alternative and sustainable energy production and saving systems, the energy crisis problem cannot be solved.


      The EUROSTAT monitoring report of the 2015 EU Sustainable Development Strategy[20] shows that while the EU has made progress towards several of its objectives, a number of unsustainable trends still persist. Regarding the environmental dimensions, GHG emissions have steadily decreased in the long run and primary energy consumption has declined since 2008. Meanwhile, biodiversity within the EU has been under continuous pressure mainly due to increased use of land for agriculture, infrastructure and human settlements.

    


    
      

      Development of bioeconomy strategies


      To meet the global challenges and mitigate the unfavourable trends in Europe, we must set the course for a more resource-efficient and sustainable economy. On 13 February 2012, the European Commission adopted the strategy “Innovating for Sustainable Growth: A Bioeconomy for Europe”[21].


      The bioeconomy refers to the production and conversion of biomass into value added products, such as food, feed, biobased products and bioenergy[22]. The bioeconomy offers an opportunity to address interconnected societal challenges such as food security, natural resource scarcity, fossil resource dependence and climate change, while also achieving sustainable economic growth. The strategy is focused on reaching the aims for three pillars: investments in research, innovation and skills; reinforced policy interaction and stakeholder engagement; and enhancement of markets and competitiveness.


      Following a bioeconomy stakeholders’ conference held in Utrecht in April 2016, a manifesto was published that sets out a roadmap for the development of the bioeconomy in the EU[23]. The manifesto defines the bioeconomy as: “those parts of the economy that use renewable biological resources (biomass) from land and sea – such as crops, forests, fish, animals and micro-organisms, as well as biological residues and waste – to produce food, animal feed, materials, chemicals, fuels and energy in a sustainable way.” The manifesto sets out the main principles guiding the work towards a sustainable bioeconomy: “A foundational principle is ensuring the sound use of scarce land by promoting ecosystem resilience, nutrient balance, biodiversity and soil fertility. A bioeconomy closes the cycles of biomass and contributes to a circular economy.” Investments are necessary in the optimal production, use and reuse of biomass, in waste prevention and in the recycling of waste. The manifesto highlighted the importance of education, training and the transfer of knowledge for a future bioeconomy. The central role of regions as key actors in developing a European bioeconomy was also stressed. Regions are important to enhance vital rural economies and to close regional cycles.


      Many countries in Europe (Austria, Denmark, Ireland, Germany, Sweden, Finland, Norway, Netherlands, France, Belgium) and worldwide have already launched their bioeconomy strategies[24] and more countries are in the process of defining their national goals in the development of the bioeconomy. These strategies differ as the nature of global challenges and natural resources vary in different countries and regions. Regional collaboration is a key issues in developing sustainable bioeconomy.

    


    
      

      Regional aspects in development of bioeconomy


      Estonia together with the Baltic and Nordic countries, Poland and part of Germany belong to the Baltic Sea area. As part of the ECOSUPPORT project – a BONUS-funded project under the coordination of the Swedish Meteorological and Hydrological Institute, combined future impacts of climate change and industrial and agricultural practices on the Baltic Sea ecosystem were assessed[25]. The climate-change scenarios for the Baltic Sea show that the water temperature will increase and salinity will decrease. Warmer water changes the oxygen saturation concentrations and turnover rates of biogeochemical processes, enhancing eutrophication effects. This means increased hypoxic bottom areas, reduced biodiversity and increased risk for acidification. The results indicate that further nutrient load reductions are necessary to reduce human-induced impacts on the state of the marine environment. A sustainable green economy, including energy systems, agriculture, forestry, transport and urban development, are critical to save the ecosystems of the Baltic Sea and surrounding countries with 85 million inhabitants.


      The European Union Strategy for the Baltic Sea Region (EUSBSR), approved in 2009, is the first macro-regional strategy in Europe. It is divided into three objectives, which represent three key challenges: saving the sea, connecting the region and increasing prosperity. The strategy also includes horizontal actions, which for example, include cooperation on spatial planning or climate change mitigation and adaptation.[26] The Baltic Sea region has rich natural resources and could serve as an excellent model for the implementation of bioeconomy principles. Scandinavian and Baltic countries are famous for their forests – they are sources of wood, novel products and materials, chemicals, and biomass for energy. This region is quite rich in land for the production of food, biomass for feed, biofuels and materials. Besides the Baltic Sea, there are lakes and rivers that are important providers of ecosystem services. The region has well-developed infrastructure and technological and environmental knowledge. The Nordic Council of Ministers is taking leadership in the for the EUSBSR action plan to enhance cooperation within the bioeconomy.[27]


      Although some countries in the Baltic Sea Region have already established holistic bioeconomy policies and strategies, in other countries the processes for developing such policies and strategies are still in progress. For example, in Estonia, bioeconomy principles have until now been realised through sector policies, such as within agriculture, fishery, forestry, environment, research and innovation.

    


    
      

      Bioeconomy strategy in Estonia


      In Estonia, the development of bioeconomy-related sectors falls mainly under the government’s responsibility, namely the Ministry of Rural Affairs, the Ministry of the Environment, and the Ministry of Economic Affairs and Communications. The Ministry of Rural Affairs has coordinated the process of preparing the Estonian Bioeconomy Strategy. “The purpose of the preparation of the Estonian Bioeconomy Strategy is to create a strategic framework for binding the areas of bioeconomy, which would, for the growth of the welfare of the people, help to make the production and use of biomass as effective and environmentally friendly as possible, thus increasing the value of the existing land and water resources to the limit.”[28]


      In February 2015, a conference was held to gather input from public and private stakeholders on developing the strategy. In Estonia, there is twice as much arable land per capita than the EU 27 average (0.69 ha and 0.37 ha, respectively). The proportion of jobs in agriculture, forestry and fishery is 4.3% (around 26,500 employees); meanwhile, the proportion of value added in these sectors was only 3.6% of total value added in 2013. Nearly half of the country is covered by forests (48.2%), 75% of which is under management, making Estonia one of the most forest-rich countries in Europe. The share of renewable energy was 13.5% in 2014 and is increasing (16.2% in 2015[29]).


      There are more than 20 different bioeconomy-related strategies and action plans across the different sectors. However, but no common strategic framework exists to connect the different areas and fully utilise the value of existing land, forest and water resources or support effective and environmentally friendly production and biomass use (oral presentation by A. Noot, 04.02.2015[30]).


      The analysis and proposals to develop the Estonian bioeconomy strategy until 2030 were prepared by the Ministry of Rural Affairs in 2016.[31] As stated in the paper, the main problem in bioeconomy-related areas is the low value added per employee (EUR 23,000–25,000 versus an average of EUR 61,000 in the EU). Furthermore, we do not efficiently use all bioresources or the potential to produce these resources. For example, 11.2% of agricultural land is out of agricultural production, while the supply of meat, eggs, fruits and vegetables is not sufficient. Important components for development are food security and energy security (i.e., renewable energy, efficient use of waste, innovation) in terms of both processes and products as well as balanced regional development.


      Despite all the preparation processes, there is still no consensus on the need for a common national bioeconomy framework at government level. Nevertheless, ministries have agreed to launch an open call for the research-based analysis “Increase of value added and efficiency in the sectors of bioeconomy”, and establish a coordination committee for future activities.

    


    
      

      University and bioeconomy


      Developing the bioeconomy and the circular economy is impossible without substantial support by universities and research institutions providing well-educated and skilled specialists and the scientific base to create new technologies. However, in terms of the bioeconomy, this is a difficult task. We have already mentioned the need for well-designed collaboration between sectors and individual companies guided by well-grounded and feasible strategies. At university level, we need to develop an integrated approach involving economy, society, natural sciences, technology and lifelong learning. This involves efficient linking of new knowledge with innovative production processes, awareness of markets and the economy. The universities should rethink the traditional approach where the curricula are faculty-based. We must move towards a multidisciplinary approach.


      Estonian University of Life Sciences (EMU, www.emu.ee [image: ]) is the only university in Estonia where all academic and research activities are related to the sustainable development of natural resources as well as the preservation of heritage and habitat. It is a small university with about 400 academic staff and 3,300 students. According to QS World University Rankings by Subject (2016), EMU is one of the top 100 universities in the world in the field of agriculture and forestry, ranked 51 to 100.


      The Estonian University of Life Sciences development plan for 2016–2025 focuses on serving society and increasing the university’s competitiveness by building up and boosting the strength of the university through an integrated value chain approach in bioeconomy sectors. The university’s mission is to create and share knowledge with bioeconomy promotors for the best of nature and humans.


      The university’s academic specialisations are concentrated in six main areas – agriculture, environment, forestry, health and food, technology and engineering, and rural economy (Fig. 3.1).
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      Figure 3.1. The focal areas, tasks and strategic targets of the Estonian University of Life Sciences in 2016–2025.


      Internationally competitive research and development work, which forms a basis for teaching at all levels of higher education, as well as activities promoting the development of the society in speciality areas, are the driving force of the university. The university will gain the necessary competence to address different areas of bioeconomy in research and development activities and in teaching with sufficient coherence and from a value chain perspective.


      There is a long way to go in shifting traditional teaching and focused research towards a multidisciplinary approach. However, we already have examples demonstrating that societal needs can be excellent driving forces for the development of a value chain approach.


      Polli Horticultural Research Centre of EMU provides a good example of the pipeline of innovation and entrepreneurship (Fig. 3.2). Polli Centre is famous for breeding new apple, plum, sweet cherry, black currant and raspberry cultivars and research in new technologies for fruit and berry cultivation, plant protection and organic gardening.


      
        [image: Fig3-2.jpg]

      


      Figure 3.2. Development of value chain approach at the Polli Horticultural Research Centre – from breeding and cultivation to valorisation of raw material, product development, technology development and market research.


      Gradually, the knowledge in fruit and berry processing and storage technologies increased the build-up of advanced product development technologies and the implementation of modern storage technologies. In 2010, Polli Horticultural Research Centre, in collaboration with industry partners, established the PlantValor Competence Centre for Knowledge-Based Health Goods and Natural Products.[32] The Competence Centre is unique in Estonia as its main field of activity and niche lies in the research and development of health goods and natural products using modern, high-tech methods, including extraction of bioactive ingredients of plant origin that are used in functional foods, eco-cosmetics, household chemicals, pharmaceuticals etc. The main goal of the project is to consolidate and mobilise sectorial expertise as well as other resources and raise the sectorial competitiveness via international networking, research, and development based on both academic excellence and business innovation.


      Today, the centre has more than 20 contractual partners and provides different services like laboratory and pilot scale extraction of bioactive compounds from plant material, infrared-, spray- and freeze drying, development of food and non-food products, quality analyses, consulting and project management. The centre is actively involved in university teaching, providing excellent opportunities for training and contacts with the companies.


      Because Estonia generates more than 40% of the bioeconomy turnover in forestry[33], the university’s role in supporting the forestry value chain is of great importance. Today, forest value chain is partly covered by the academic teaching, research and innovation at EMU (Fig. 3.3). It is well developed in areas such as silviculture, production and harvesting technologies, wood construction, renewable energy and recreation services and supported with basic and applied research in these fields. Wood processing and biorefining, however, are covered in collaboration with other universities in Estonia.
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      Figure 3.3. Forest value chain – one of the most important for the Estonian bioeconomy.


      These were two examples where research and development, teaching and collaboration with the industry clearly support the value chain approach and thus contribute to development of the bioeconomy. However, there is still a long way to go. Many questions do not yet have a clear answer. We need efficient collaboration with policymakers and the bioeconomy sectors to identify what type of knowledge and competences need to be developed. Both universities and future students expect to get more information on the prospects of the labour market in the bioeconomy sectors.


      Integration of the bioeconomy in the curricula is an important action with potential outputs in the medium and long terms. It is important to analyse and decide on whether to integrate bioeconomy and value chain approaches into the existing curricula (plant and animal science, food technology, forestry, energetics, etc.) or launch a separate curriculum to address different aspects of the bioeconomy. The diversity of bioeconomy sectors is especially hard to tackle for educational institutions in small countries. Another issue is choosing between individual approaches in teaching covering many areas of the bioeconomy versus option for a select number of tracks. Improved collaboration between the university and industry is necessary for the integration of academic studies and practical experience.


      It is clear that the most promising innovation areas develop at the interface of different sectors. Development of a multidisciplinary approach is possible via active networking inside and outside the university. Exactly what the bioeconomy includes is not yet clear to society or even to policymakers at times. Often it is limited to improved use of natural resources; the ecosystem services and environmental aspects are considered secondary aspects.


      In Estonia, additional barriers for universities are related to research, development and innovation funding, which has been quite unstable as it is mainly project-based. Most companies are still small and not able to make large investments in R&D.


      Today’s research and curricula changes will guide tomorrow’s bioeconomy successes. Therefore, universities’ responsibilities in making the right decisions is particularly important given the time lag between the initiation of research or new curricula and the uptake of results by users. The right decisions can be made only through active collaboration among a broad range of stakeholders.
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    Chapter 4


    Innovative education for the biobased economy


    Gerlinde E.T. van Vilsteren


    A new thematic field – such as the transition towards a biobased economy – requires innovation within education. Educational institutes might use the momentum of innovation to take steps towards digital learning methods and open educational resources. Moreover, the biobased society requires an interdisciplinary and cross-sectoral approach, which can be learned in interdisciplinary teams working on a real-life problem, as discussed in more detail in Chapter 2.


    
      

      Towards a biobased economy and a circular economy


      Meeting the material and energy needs of a growing global population will increasingly require resources with biobased origins; biomass is also a source of food for humans and feed for animals. The challenge is to use resource efficiency to meet these sometimes conflicting needs. A biobased society also offers new economic opportunities for the agrifood and chemistry sectors, in particular, but there is new crossover between existing sectors as well. Furthermore, biobased raw materials offer new material characteristics for chemistry. To reach a biobased economy, new knowledge and expertise are required.


      Today’s economy is linear. Materials are taken from nature, turned into something else, used and then disposed of. The process starts all over again by taking virgin materials from nature. This creates two problems: it depletes nature and leaves society with a considerable amount of waste. A transition towards a circular economy, also known as cradle-to-cradle approach, is required. The circular economy features two circles: an inorganic circle that includes metals, non-degradable plastics and building materials, and an organic circle that includes composting.

    


    
      

      What is biomass and how can it be used to make products?


      Biomass is all plant and animal material, both raw and processed. Resources are agricultural, food and feed production, forestry, and natural and aquatic resources. Aquatic resources include weeds, duckweed and algae. Biomass is a collection of valuable ingredients. It contains sugars, starches, cellulose, lignin, proteins, oils, fats and other specific ingredients. Using mechanical (biotechnical), chemical and thermochemical processes, biomass can be refined and converted into new building blocks for innovative products such as paints, plastics, composites, building materials and fuels.

    


    
      

      Education for a biobased economy


      It will take a generation to transition from a fossil-based to a biobased society. Today’s students will be part of the transition during their working career. If teachers are able to inspire this current generation of students, they can help speed up this transition. The biobased economy is a perfect stepping stone for inspiration. It inspires young people and universities are seeing growing numbers of students choosing a ‘greener’ education programme.


      Wageningen University did a market survey among secondary school students in 2011. The term biobased economy was unfamiliar to them. But when explained, more than 70% became enthusiastic and 40% of them were interested in following a biobased programme. There is certainly potential for biobased curricula in education.


      In recent years, educational institutes have begun to see the relevance of bringing the biobased economy into classrooms. They have already started developing new courses, minors and programmes on the biobased economy. Some schools incorporate this topic into existing programmes while others create new programmes from scratch.


      Incorporating a new topic in education also creates opportunities for new innovative formats. In the Netherlands, new teaching material is frequently offered in a digital format.

    


    
      

      New skills: a systems approach and cross-sectoral mindset


      As stated before, new educational material on the biobased economy should include:


      
        	
          A solid disciplinary knowledge base

        


        	
          The ability to work in an interdisciplinary team

        


        	
          A cross-sectoral mindset

        

      


      Research organisations, such as Wageningen University & Research, conduct numerous research programmes to contribute to a faster transition from a fossil-based to a biobased society. Within this research, different disciplines work together through an interdisciplinary, holistic approach, as experts believe that is the key to success. Better crops and new products will be designed by interdisciplinary teams, taking into account the socioeconomic, ethical and environmental aspects related to biomass production and carbon capture in an international context. A technological solution alone does not guarantee success on the market.


      Wageningen University defined learning objectives for biobased education. First, students should learn a discipline – become a good chemist, a good process engineer or a good agronomist. Second, they should be able to relate their expertise to the bigger picture. In other words, they must be able to work in an interdisciplinary setting, and often a cross-sectoral setting as well. To learn to work in an interdisciplinary way, students must first broaden their horizons to understand the basics of other disciplines. Without understanding the basics, it is very difficult to cooperate with other disciplines and master a systems approach.


      Moreover, new business opportunities are relevant for students. Chemistry students should realise that plastic can be made from sugar as well as from oil. Agriculture students should realise that their market extends beyond the sugar company and the food business. Sugar can be used to make other products, such as the building blocks for plastics. This gives farmers more outlets for their product. However, if a farmer wants to enter this new market, they will also need to know that it involves a continuous supply instead of a seasonal one as well as more strictly defined specifications. This new cross-sectoral mindset is a crucial part of the learning process.

    


    
      

      Sharing knowledge and educational resources


      
        

        Cooperation between agricultural and chemical engineering


        To develop new learning methods, Wageningen University works in close collaboration with other partners, such as the Centre for Biobased Economy (CBBE). CBBE is a Dutch collaboration between Wageningen University and seven universities of applied sciences. Some of these educational institutes are ‘green’ and have a specific background in food and agriculture. Other CBBE partners have a background in chemical engineering. Both are relevant for the biobased economy.[34]


        The centre’s main objective is to develop teaching materials and incorporate these into the academic system. Its second objective, applied research, is carried out at the universities of applied sciences in order to develop more knowledge within the schools. One particular research line involves the PhD tracks for teachers. The third objective involves stimulating cooperation with the industry, which involves students helping companies to address specific issues. These projects offer great learning opportunities for students, lecturers and companies alike.


        The different Centre for Biobased Economy schools have developed new biobased economy courses and minors – some obligatory and some optional. During the teacher days, experiences, materials and inspiration are shared. In the Netherlands, the network tries to cover the whole educational landscape, from primary school to lifelong learning for professionals – including teachers. All digital material is made available online.[35] Several MOOCs[36] have been developed.

      


      
        

        Open educational resources: Wikiwijs[37]


        Wikiwijs, a nationwide initiative on open educational resources (OER)[38] was designed as an environment in which all teachers in the Netherlands, from primary education to higher education, can (co-)develop, share, revise and use digital learning materials, published under an open licence.


        Digital learning materials are more than digital textbooks. The site and community are designed to support a variety of educational materials including tests, labs, simulations and practice materials.


        One main principle of Wikiwijs is using the “wisdom of the crowds” (Wikipedia 2012). Therefore, Wikiwijs should become “for, from and by teachers”. A second main principle of Wikiwijs is that the learning materials should be openly accessible.5


        The CBBE developed the “Introduction to the Biobased Economy” Wikiwijs arrangement so all Dutch schools can use it – completely or partly. The learning module is set up for first year undergraduate students at universities of applied sciences and is available through the educational platform Wikiwijs leermiddelenplein (https://www.wikiwijsleermiddelenplein.nl/ [image: ]). Because the wiki module is an introductory course, it can be used by technology students as well as business and economic students. The method is very flexible. The teacher can choose the relevant part for his or her students, depending on interest and background. Teachers can add any examples and background information they want to make the course specific to their own region or incorporate the latest news.


        The wiki provides a short overview of all aspects of the biobased economy. Besides text, pictures, video and animations are also included, and the teacher can easily combine the resources with their own material. The wiki includes also tests and self-assessment tools.


        The learning objectives for the students were set while developing the wiki. Students should be able to understand the basic principles of the biobased economy, circularity of chains, the potential value of biomass from land or an aquatic source and gain a basic understanding of processing possibilities. In all, the module is estimated at a 2 ECTS study load.

      


      
        

        Co-creation between students and organisations – Academic Consultancy Training


        Often, civil society and public or private organisations have specific consultancy and research queries and have no time or resources to address them. Students and teachers can help with this.


        Within Wageningen University, the Academic Consultancy Training (ACT) course was developed. During the ACT project students work jointly in multidisciplinary teams of five to seven students addressing specific queries set by societal and private organisations. The ACT teams are supported by an academic advisor that is responsible for the academic quality of their work and by a coach guiding the team process. Almost one thousand Wageningen University & Research students are involved in ACT projects every year and provide academic consultancy services to various societal and private organisations in the Netherlands and abroad. Students participating in the ACT course are almost at the end of their Master’s programme and have a background in social sciences, plant sciences, environmental sciences, animal sciences, agro-technology and food sciences.


        The objective of the ACT is to master professional skills, such as project management and customer focus. Students will already have sufficient disciplinary expertise to start the project. They work in teams of five to seven on cases commissioned by companies, institutes, governments and non-governmental organisations. Students will invest approximately 220 hours per person over an eight-week period, equivalent to 1,000-1,500 working hours per student team. In the first three weeks, the students spend 40 hours each on writing a proposal and project plan. The practical work for the project is carried out in the following four weeks, based on a 42-hour working week. The project is finalised in a presentation and a written report. The presentation is given at the customer’s place of business.


        One example is a team of students who looked into the feasibility of managing biomass waste. The assignment was from a regional governmental organisation “De Wolden Hoogeveen”. The research questions were: What methods can be used to extract chemical compounds out of the grass in this region, and can the grass be used as fuel or soil conditioner? For the students, it was an enriching experience. Besides new knowledge, they learned to work as a group, set up a research plan, discuss with the client and present the results. For the regional government the project was also inspiring and useful to further regional development.[39] Another example is the use of water plants for cleaning waste water in a farm setting.[40]
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    Chapter 5


    The role and impact of university research on the bioeconomy in Romania


    Cosmin Salasan


    This chapter will begin with an overview of global bioeconomy trends and realities, examining existing strategies with a focus on bioeconomy policies. From the global scale, we will then look at the European Union level and the particularities of different member states. The situation in Romania (where currently the bioeconomy is mainly regarded as part of adopted EU strategies) is introduced with a summary of the contributions from agriculture and life science research and further in-depth findings on shifting research trends and contributions to all research activities. In terms of both general research and bioeconomy-related research, the academic environment and universities are the major stakeholders. Developing on recent trends and access to the EU’s Innovating for Sustainable Growth bioeconomy strategy as EU policy (Research & Innovation – H2020) underlines not only the major local players (among which universities make up a majority) as well as their assets: knowledge, experience and existing networks. More importantly, this framework is completed by shifts in strategic development orientations of universities and academic research centres, which is an indication of the priority given to bioeconomy research, particularly in the case of agriculture and life sciences and related scientific establishments. Examples are given to underline the most up-to-date orientations and developments in extending the national character of the strategies/policies by moving up to a transregional scale clustering competences and resources for regional and global bioeconomy topics. Secondary data from national and EU statistics, reports and analyses, and project implementation reports supports the examples.


    The global overview as summarised in Table 5.1 ranks the EU among the G7 members in terms of relatively weak support and a lack of funding transparency with regard to common strategies and/or policies. EU members are fairly consistent in their approaches. Those who lack strategies also lack key stakeholders (as in the case of Italy) while others are more thorough in their distribution of tasks and support, strategic programming and authorities (as in the case of Germany, which even has a dedicated federal council).


    Table 5.1. Overview on bioeconomy policy in the G7, including the EU.


    
      

      
        
          	Member

          	Strategy name

          	Key stakeholders

          	Key funding areas
        


        
          	Canada

          	Growing Forward

          	Ministry of Agriculture

          	R&D on renewable resources and biobased materials, bioenergy
        


        
          	EU

          	Innovating for Sustainable Growth

          	DG Science, Research, Innovation

          	Research & innovation (Horizon 2020) public-private partnerships
        


        
          	France

          	Bundle of bioeconomy-based policies

          	Ministry for Ecology, Ministry for Research

          	Bioenergy, green chemicals, clusters, circular economy
        


        
          	Germany

          	1. Bioeconomy Research Strategy

          2. Bioeconomy Policy Strategy

          	1. Ministry for Research

          2. Ministry for Agriculture

          	R&D on food security, sustainable agriculture, healthy nutrition, industrial processes, bioenergy
        


        
          	Great Britain

          	Bundle of bioeconomy-based policies

          	Parliament, Departments: Energy & Climate, Environment, Transport, Business

          	Bioenergy, agricultural science and agro-technology
        


        
          	Italy

          	No specific bioeconomy policy

          	-

          	Participation in EU programmes
        


        
          	Japan

          	Biomass use and industrial strategies

          	Cabinet, National Biomass Policy Council

          	Research & innovation, circular economy, regional development
        


        
          	United States

          	1. Bioeconomy Blueprint

          2. Farm Bill

          	1. White House

          2. USDA

          	1. Life sciences (biomedicine)

          2. Agriculture (multiple areas)
        

      

    


    Source: “Bioeconomy Policy (Part I): Synopsis and Analysis of Strategies in the G7. A report from the German Bioeconomy Council”, Berlin, January 2015.


    Table 5.2 highlights the national/regional perspectives and the associated strategies, policy papers or programme documents along with the adoption year or programming period. It should be noted that fewer than half of the EU member states are listed in the table based on the inclusion criteria of final and adopted bioeconomy strategies/policies or bioeconomy programme documents. This is because some of the countries and/or regions not included in Table 5.2 may have been at different stages of preparing strategic documents at the time the report was issued in January 2015. Lithuania is a very positive surprise, having adopted a national programme from the very beginning of the country’s second programming exercise as an EU member state.


    Table 5.2. Bioeconomy perspectives and policy/strategy documents in the EU.


    
      

      
        
          	Country

          	Perspective

          	Document name
        


        
          	Austria

          	Research & innovation

          	Research, Technology and Innovation Strategy for Biobased Industries in Austria (2014)

          Policy Paper on Bioeconomy (2013)
        


        
          	Belgium

          	Regional bioeconomy development

          	Bioeconomy in Flanders (2014) and Action Plan
        


        
          	Denmark

          	Green economy

          	Growth Plan for Water, Bio and Environmental Solutions (2013)

          Growth Plan for Food (2013)
        


        
          	Finland

          	Holistic bioeconomy development

          	The Finish Bioeconomy Strategy (2014)
        


        
          	Ireland

          	Blue economy

          Green economy

          Research & innovation

          	Harnessing Our Ocean Wealth (2012)

          Delivering Our Green Potential (2012)

          Towards 2030 (2008)
        


        
          	Lithuania

          	High-tech

          	National Industrial Biotechnology Development Programme (2007-2010)
        


        
          	Netherlands

          	Green economy

          Biobased economy

          	Groene Groei: voor een sterke, duurzame economie (2013)

          Groene Groei - Van Biomassa naar Business (2012)

          Framework memorandum on the Biobased Economy (2012)

          Green Deal Program (2011)
        


        
          	Norway

          	Research & innovation

          High-tech

          	Research Programme on Sustainable Innovation in Food and Biobased Industries (2012-2022)

          National Strategy for Biotechnology (2011)

          Marine Bioprospecting – a Source of New and Sustainable Wealth Growth (2009)
        


        
          	Portugal

          	Blue economy

          	Estrategia Nacional para o Mar (2013-2020)
        


        
          	Sweden

          	Research & innovation

          	Swedish Research and Innovation Strategy for a Bio-based Economy (2012)
        


        
          	West Nordic Countries (Iceland, Greenland, Faroe Islands)

          	Holistic bioeconomy development

          	Future Opportunities for Bioeconomy in the West Nordic Countries (2014)
        

      

    


    Source: Bioeconomy Policy (Part I): Synopsis and Analysis of Strategies in the G7. A report from the German Bioeconomy Council, Berlin, January 2015.


    The turnover and employment in the EU biobased economy, published by the public-private partnership Bio-based Industries Consortium (BIC) in their 2015 annual report (Fig. 5.1), offers a sharper perspective. Western European economies with a considerable high-tech advance such as Germany, Italy, France, Spain, Great Britain, Sweden and Finland have consistently more turnover compared to employment, while Central and Eastern Europe ‘cohesion economies’ in new member states report almost systematically higher employment compared to turnover, notably in Poland, Romania and Bulgaria.
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    Figure 5.1. Turnover and employment in the EU biobased economy.


    Source: Bio-based Industries Consortium (BIC), Annual Report 2015, based on Eurostat data, 2013


    Table 5.3 shows current estimates of bioeconomy opportunities and outlooks for Romania as outlined in the national/regional research and innovation strategy for smart specialisation (RIS3). According to these figures, more than one third (35.59%) of the active population works in bioeconomy-related fields and generates over one fifth (21.61%) of country’s GDP. These high employment and return rates are further completed with forecasts highlighted in Romania’s national Energy Strategy, with the country’s potential second-generation bioethanol production (from residues, by-products and secondary agricultural production) estimated to be 200,000 TOE/year. This production takes into account only 17.5% of maize, wheat and sugar beet secondary production as non-food agricultural resources. The impact of second-generation bioethanol production is estimated to also be significant in terms of:


    
      	
        Rural employment, with a minimum contribution of 3,200 jobs/year

      


      	
        Physical bioethanol production, at 200,000 TOE

      


      	
        Turnover of €1.1 billion

      


      	
        Potential greenhouse gases reduction of 1.6 billion mtCO2e

      

    


    Table 5.3. Bioeconomy estimates in Romania.


    
      

      
        
          	

          	% GDP

          	% active population
        


        
          	Agriculture, forestry and fishery

          	5.62

          	29.1
        


        
          	Industrial processing of biobased resources

          	7.91

          	3.23
        


        
          	Food industry

          	5.38

          	2.1
        


        
          	Cellulose and paper

          	1.67

          	0.82
        


        
          	Energy from bioresources

          	0.72

          	0.28
        


        
          	Green chemistry

          	0.14

          	0.03
        


        
          	Biomedical bioeconomy

          	0.12

          	0.02
        


        
          	Biopharmaceuticals

          	0.05

          	0.01
        

      

    


    Source: Bioeconomy – opportunities and perspectives for Romania, Dr. Florin Oancea, http://www.marketwatch.ro/articol/13425/Bio-economia__oportunitati_si_perspective_pentru_Romania/ [image: ], 29/09/2014, quoting processed data from the Romanian National Institute for Statistics (2012).


    Among its specific programme objectives, Romania’s national RDI Programme 2014–2020 identifies the bioeconomy as a smart specialisation priority. Allocated funding for Priority 3: Development of RD Capacity and Infrastructure (45% of the programme allocation) – Action 3.1: Large RD Infrastructure is focused on the four smart specialisation domains (SSDs), including the bioeconomy, although the programme document does not explicitly earmark or direct funding to the bioeconomy. Moreover, Priority 4: Creating synergies with H2020 (15% of the programme allocation) – Action 4.2: Attracting highly skilled foreign staff to consolidate R&D capacity includes the four SSDs and explicitly mentions the bioeconomy; however, the programme does not indicate a specific allocation for each sector.


    The Competitiveness Operational Programme (COP) includes thematic funding within Action 1.1.3: Creating synergies with the H2020 RDI actions and with other international programmes (under PA1, Specific Objective 1.2: Increase participation in EU research). The funding scheme will support European Structural and Investment Fund (ESIF) projects for (i) European Research Area (ERA) chairs, (ii) ‘teaming’ and (iii) creating support centres for drafting H2020 project proposals (or other international programmes). The National Rural Development Programme has set aside EUR 1,958,334.49 in total public and private investments at the national level for energy from renewable sources in line with Priority/DI 5C: Facilitating the production and use of renewable energy sources, by-products, wastes, residues and other non-food raw materials for the bioeconomy.


    As programming and implementing bioeconomy strategic approaches reach a moderate level of maturity, the backbone that supports progress is mainly made up of research structures, centres and institutions which receive all types of funding. The two major public (national and EU) and private funding sources have only recently starting investing in public-private partnerships. Public national funding for research, particularly with regard to the bioeconomy, has two major focus points: stand-alone research institutes or institutes/centres under the authority of academic or ministry structures; and public higher education institutions, universities and faculties. As Figure 5.2 shows, there has been a consistent decrease of more than one third of the number of RDI institutions in Romania in several sectors over the relatively short period of time from 2011 to 2014. Despite past crises and current public spending reforms, this drop is not due to public sector adjustments; rather, private sector research organisations are entirely responsible for the decrease.
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    Figure 5.2. Change in the number of RDI institutions in Romania for 2011–14 (selected sectors).


    Source: Based on data from the National Institute for Statistics of Romania, TEMPO Online data series, 09.2016


    As Figure 5.3 shows, during the period from 1993 (long before EU pre-accession negotiations for Romania began) to 2010, which corresponds to the middle of Romania’s first programming period as a new EU member state, the country experienced a first decade of relative constancy followed by rapid growth and then a rapid decline in the total number of RDI institutions. Over the last decade in the figure, higher education institutions continue to show a relative stabilisation. The changes in total number across all sectors are due to the business sector, which is again responsible for the negative trend. For the entire period, the major shifts in the total number of organisations are nearly all caused by the changes in private structures.
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    Figure 5.3. Change in the number of RDI institutions in Romania 1993–2010 (selected sectors).


    Source: based on data from the National Institute for Statistics of Romania, TEMPO Online data series, 09.2016


    RDI expenditure in Romania for the 2005–14 decade (Fig. 5.4) highlights a moderate increase for the business sector (except for 2013, for which there is no ready explanation) and a more pronounced rise for the government sector after recovery from the crisis years. Although the first half of the decade showed a parallel trajectory for the government sector and higher education institutions, their paths seem to diverge completely following the crisis.
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    Figure 5.4. RDI expenditure in Romania (selected sectors).


    Source: based on data from the National Institute for Statistics of Romania, TEMPO Online data series, 09.2016.


    This trend is explained by two different factors: cuts to relatively uniform distribution of funds for research in higher education institutions as a result of post-crisis reforms to public funds, and the potential shift from FP7 to Horizon 2020 that consistently reduced the number of projects and project-based funding from EU sources. This competition for RDI funds from both national and EU sources could be the major cause for the continuous decline in research expenditure for the second half of the analysed decade.


    Based on this background information and the bioeconomy research that is closely aligned with the priorities and opportunities set out in the national programmes and strategies – and which may be further amplified through European and international projects – there is one critical aspect that may determine the readiness and the fitness of Romanian bioeconomy actors. A brief analysis of research advantages and disadvantages at higher education institutions (HEIs) is presented in Table 5.4. Among bioeconomy research players, HEIs are in a well-connected environment, with an abundance of active contacts, frequent exchanges and fluent networking given the large number of international projects these structures have partnered on. This volume and type of experience have also helped HEIs to participate in joint RDI projects, especially in an extremely competitive international environment. Another major advantage is that usually these structures are very well staffed in certain situations – even overstaffed at times. However, the quality and skills of the research staff are extremely valuable and core assets of the respective departments, centres and institutes. These positive points offset the disadvantages, the most critical of which is a reduced funding capacity, since all public HEIs are highly dependent on ministry budgets and fundraising efforts, which tend to be quite low. Additionally, according to the type of planned market development, the legal limitations in terms of developing own or joint business structures represent can often be major roadblocks. A typical disadvantage is weak links between the business sector and society, which creates development bottlenecks across most of new EU member states.


    Table 5.4. Bioeconomy research advantages and disadvantages for higher education institutions.


    
      

      
        
          	Advantages

          	Disadvantages
        


        
          	+ Experienced in joint international research

          + Connected (contacts, exchanges, networks)

          + Well-staffed

          	– Reduced financial capacities

          – Legal limitations

          – Weak business/society links
        

      

    


    The advantages of universities doing research in bioeconomy under current circumstances can be summarised as follows:


    
      	
        Readiness to operate at regional and international scale in a global environment while supporting national bioeconomy strategies/policies

      


      	
        At the forefront of implementing research at regional transnational level compared to most other stakeholders

      


      	
        Flexible and fast in adjusting strategic priorities at institutional level given the possibility for immediate change and adjustments

      


      	
        High interest in actively joining bioeconomy clusters/networks/consortia

      


      	
        Experienced in testing new technologies, processes, approaches and developments

      

    


    For these reasons, in the short term universities and HEIs will play a central role in bioeconomy developments in terms of both the market and in stakeholder interactions. In the medium and long terms, they will also work to consolidate a key position. All agricultural science universities in Romania have made the development of bioeconomy programmes a high priority and they continue to ensure that research and innovation find practical applications. As a result, the impact they will have on the bioeconomy will considerably enhance their status and visibility as major players and joint actors over the coming decades.
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      Introduction 


      The untapped bioeconomy potential in European regions has been the main challenge of an FP7 Coordination and Support Action (CSA) project called the BioEconomy Regional Strategy Toolkit (BERST). The aim of this project is to take into account the bioeconomy potential and strategies of a range of different regions in Europe, and therefore gain understanding of the possibilities and challenges related to the enhancement of biobased economies. Its ambition is to develop a toolkit to help regions in their bioeconomy development trajectory. In addition to this, the project has attempted to assist the regions substantiate their smart specialisation strategies on regional bioeconomy potential.


      The central objective of this chapter is to provide interested readers with concise information about the BERST project and guide them through the toolkit. The research themes and roadmap to the BERST project are briefly presented. This is followed by a practically-oriented presentation of three of the toolkit’s components: (i) regional bioeconomy readiness check tool with a selected set of criteria and indicators; (ii) catalogue of instruments and measures enabling regional bioeconomy development; and (iii) development of regional bioeconomy profiles through a catalogue of good practices and case studies. The chapter ends by pointing out the transferable findings of the project, virtues and limitations of its key outputs, while placing special emphasis on their integration into the current platforms and activities encouraging the European bioeconomy.

    


    
      

      The slow and uneven progress of the bioeconomy in Europe


      From a broader perspective, the bioeconomy can be defined as an economy where the basic building blocks for materials, chemicals and energy are derived from renewable biological resources (McCormick and Kauto, 2013). It has been referred also as “one of the oldest economic sectors known to humanity” (EC, 2005). Indeed, according to Eurostat, the current turnover of the total bioeconomy in the EU-28 is already around EUR 2.1 trillion, providing jobs to 18.3 million people (BIC, 2016). It ranges from the primary sectors, i.e., agriculture, forestry and fishery (contributing about a quarter of total turnover) to the food and beverages sector (about a half of total turnover) and biobased industries, such as chemicals and plastics, pharmaceuticals, paper and paper products, forest-based industries, the textile sector, biofuels and bioenergy (rounding off the last quarter of total turnover). The bioeconomy is consistently growing. A constant increase in scientific knowledge and technical expertise in the use of biological processes brings with it new possibilities for industrial applications, such as biopharmaceuticals, biomaterials and green chemistry (McCormick and Kauto, 2013). It can be therefore regarded as both an driver of future economic growth and as a pathway towards sustainable development and reduced fossil-fuel dependency.


      Transitioning to a resource-efficient and sustainable concept of bioeconomy is becoming the leading strategic orientation of the European economy. With this goal in mind, the European Commission has set a comprehensive strategic framework (EC, 2012) and developed a coherent approach to the bioeconomy through its programmes and instruments. It has also developed a set of supporting institutions and policies to support the transition of European regions to a bioeconomy.


      The progress seems to be rather slow and regionally uneven. In their review of regional bioeconomy strategies in Europe, de Besi and McCormick (2015) report that different strategies focus on the same key priority areas for developing the bioeconomy. These include fostering research and innovation, primarily in the field of biotechnology; promoting collaboration between industry, enterprises and research institutions; prioritising the optimised use of biomass via the cascade principle and by using waste residue streams; and providing co-funding for the development of biobased activities.


      However, the bioeconomy has not yet been embedded in policy planning and implementation, nor has it been recognised as a growth opportunity in several Member States. Uneven spatial distribution and a rather clear division between the ‘richer’ and ‘poorer’ regions in devising their bioeconomy strategies spark fears that the transition to a bioeconomy will increase the gap between development levels in Europe’s different regions.


      Taking into account the current of bioeconomy in the prevailing part of European regions, challenges involved in the project BERST are still valid, although its active work ended in November 2015. Regions that are willing to develop their bioeconomy potential, bioeconomy industries and/or potential bioeconomy entrepreneurs and investors in the regions can still benefit from the project outputs, referred to collectively as the BERST toolkit.

    


    
      

      The BioEconomy Regional Strategy Toolkit approach


      The project was carried out by nine research and development institutes and research-management organisations (research partners) and seven regional authorities and their local stakeholder groups (regional partners) from eight European countries.[41] The orientation of this project was as practical as possible, which means that bioeconomy companies and other relevant stakeholders were closely involved in the project actions, through the regional partners. Research partners provided specialist knowledge whereas the regional partners provided the experience necessary to guide and validate the researchers’ work. By providing the lessons of their experience, regional partners also made a considerable contribution to the development of generic, transferable findings.


      The expected outcomes of the project were: (a) to understand the European regions’ existing and potential status for bioeconomy development (‘a bioregion’); and (b) to chart and boost their evolution with the instruments and mechanisms suggested by the research partners and validated by the regional partners. Additionally, this project aimed to give a boost to bioeconomy industries and/or potential bioeconomy entrepreneurs and investors in the regions, by offering them relevant information about the business potential or business possibilities as well as robust and encouraging practical examples from other regions. Finally, the ambition is to actively promote new ‘smart’ strategies for regional development by establishing a EU bioregion network.


      The outcomes listed above were tackled with a combination of quantitative and qualitative research, upgraded with guidance and consultation of regional partners. Project work was established along the following five building blocks:


      1. Determining criteria and indicators: following a thorough review, a set of economic, environmental and social criteria was designated. The criteria were used as a basis for establishing a database with indicators based on NUTS geographic levels. The indicators reflect various aspects of national/regional bioeconomy status.


      2. Collection of instruments and measures: a structured database with instruments and measures for regional bioeconomy development was incorporated into a publicly available online search tool.


      3. Catalogue of good practices and case studies: a catalogue was created as a result of extensive case study work. Experiences and case studies in regions developing their bioeconomy sectors were used to draw generic conclusions.


      4. Regional bioeconomy profiles: profiles were developed as a synthesis of the previous steps (criteria, instruments/measures and good practices). Their robustness and usefulness was assessed by regional partners.


      5. Regional bioeconomy network: The practical character of the project was ensured through the creation of a regional bioeconomy network with perennial status, addressing challenges of a stakeholder network at different levels – from regional to the EU.


      
        

        Indicators and regional bioeconomy readiness check tool


        To support quantitative analysis of the status of the regional bioeconomy, a set of criteria and indicators on the regional bioeconomy was identified. Criteria refer to several characteristics, including resource availability, demographics, industry mix, institutions, finance, macroeconomic trends, governance/regulation and public support. With respect to their market function, they refer to natural resources, capital, labour, innovation, consumer demand and business demand. Next, items on the list of criteria and indicators of the regional bioeconomy were assigned one of three levels of importance:


        
          	
            Essential criteria, without which it would not be possible to develop bioeconomy

          


          	
            Key criteria, which play a very significant role in development

          


          	
            Desirable criteria, which can facilitate additional growth (sometimes in specific subsectors of the bioeconomy only), but which are not necessary for the development of bioeconomy

          

        


        The bioeconomy is comprised of different sectors at different stages of the supply chain. Generally speaking, there are sectors that supply biomass, sectors that convert biomass into intermediate products and sectors that bring biobased end-products to the market. BERST distinguishes eight sectors in the bioeconomy, not necessarily distinguishing along the NACE codes[42]:


        Table 6.1. Bioeconomy sectors in BERST.


        
          

          
            
              	Bioeconomy sector

              	Subsectors included (if more than one)
            


            
              	Primary biomass sectors

              	Arable, livestock, horticulture, fishery, aquaculture, forestry/wood
            


            
              	Food & feed processing

              	Food processing, feed processing
            


            
              	Construction

              	
            


            
              	Chemicals

              	Chemicals & polymers, biorefinery
            


            
              	Pulp & paper

              	
            


            
              	Textiles & clothing

              	
            


            
              	Energy

              	Solid energy, gaseous energy, liquid energy, co-digesting
            


            
              	Biotechnology

              	R&D services in biomass
            

          

        


        To facilitate the quantitative analysis, available data corresponding to the criteria were identified and collected from a variety of sources and missing data were provided by BERST regional partners. These data were stored in the online BERST metabase tool (catalogue of criteria and indicators). This metabase serves as a tool that can:


        
          	
            Organise the data associated with criteria, over years and over regions (up to NUTS 3 level), collected from various sources

          


          	
            Facilitate the comparison of data associated with criteria across different regions

          


          	
            Facilitate the comparison of data associated with criteria between regions and Good Practice regions

          


          	
            Visualise the data associated with criteria by tables, figures, graphs and maps

          

        


        A web-based tool[43] has been developed to allow for quantitative benchmarking and comparative analysis for NUTS 2 and NUTS 3 regions of five EU Member States. By using the BERST metabase tool, the current industry mix through shares of total employment and total firms in a specific sector in a region have been compared to the national average by means of spider diagrams (Figure 6.1).
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        Figure 6.1. Spider diagrams comparing employment and firm structure in BERST case study regions with national averages.


        Selected indicators from the BERST metabase tool comprised a (single for all regions) typology for regional bioeconomy readiness assessment. An example is presented in Figure 6.2.


        
          [image: Fig6-2.jpg]

        


        Figure 6.2. Example of a graphical presentation of regional bioeconomy readiness check.


        Source: Eurostat, Eurostat and National Sources, Regional Innovation Scoreboard, National and other sources.

      


      
        

        Instruments and measures enabling regional bioeconomy development


        A web-based catalogue of instruments and measures (I&Ms) was created so stakeholders can perform targeted searches for instruments and measures that support regional bioeconomy development. The catalogue can aid stakeholders in drawing up their own strategies and business plans towards developing a regional bioeconomy and to learn from and be inspired by experiences in other regions. The stakeholders for whom the catalogue is intended include regional and national policymakers and entrepreneurs from profit and non-profit organisations. Instruments and measures are broadly interpreted as any policy, law, method, mechanism, tool or action used by governments, the for-profit or non-profit sector or society as a whole to boost regional bioeconomy development.


        The online catalogue tool remains active and is hosted at https://berst.vito.be/. The tool structure and data content was defined by VITO in close collaboration with the regional BERST partners and with a focus on data usefulness and user-friendly data mining. Populating the tool with instruments and measures was performed by regional partners, external stakeholders, VITO and consortium partners. Prior to adding the instruments and measures in the tool, VITO performed a quality check.


        The catalogue contains information on actions implemented at various levels (EU, national, regional). Extensive lists of information features have been collected for each instrument or measure. These features are divided into three categories, namely key information, contact references and advanced information.


        Table 6.2. Categories and features of information on instruments and measures.


        
          

          
            
              	Key information

              	Contact references

              	Advanced information
            


            
              	Short name (English)

              	Full name (English)

              	Feedstock type targeted
            


            
              	Country/region (up to NUTS 3)

              	Full name (native language)

              	Product type targeted
            


            
              	Description

              	Links

              	Value chain
            


            
              	Goal/aim

              	Responsible authority

              	Enterprise scale
            


            
              	Type (and subtype)

              	Contacts of responsible authority

              	Connection with national policies
            


            
              	Sector/topic targeted

              	Completed by

              	Year started/ended
            


            
              	Status

              	

              	Budget
            

          

        


        Four main types of instruments and measures were identified:


        
          	
            Economic/financial instruments and measures: actions that stimulate certain activities, behaviour or investments using financial support and price signals to influence the market. These include fiscal and financial policy instruments such as taxes, tax relief, grants or subsidies, feed-in tariffs and loans for the purchase or installation of certain goods and services. They also include direct public funding and procurement rules, and market mechanisms such as tradable permits.

          


          	
            Research and development support aims to support technological advancement, both direct and indirect, in technology research, development, demonstration and deployment activities.

          


          	
            Regulatory (binding) instruments cover a wide range of instruments and measures by which (mainly) a government imposes targets, obligations and standards on actors requiring them to undertake specific measures and/or report on specific information.

          


          	
            Voluntary (non-binding) initiatives refer to instruments, measures and ‘actions’ in a broader sense that are undertaken voluntarily either by public agencies, the private sector, NGOs, citizens, etc. Examples are strategies, roadmaps, action plans, guidelines, cluster and platform organisations, setting of indicative/non-binding targets, voluntary agreements, position papers, viewpoints, collaboration structures, etc.

          

        


        The tool currently contains 790 unique instruments and measures, the majority of which (55%) originates from the national level. About 30% apply to the EU level and one sixth to the regional level. Most of the instruments and measures can be classified as economic and financial instruments or regulatory instruments. The instruments and measures appear to be widely scattered among objectives. Creating a reliable and enabling policy framework (14%) and building competitive biobased industries (12%) are the most represented. However, most of the other objectives are just slightly behind and score between 8–10%. Only the objectives related to biomass availability (5%) and learning from other regions (5%) are noticeably less represented. Instruments and measures can be related to several sectors and topics. Instruments and measures in the tool are on average related to two to three sectors and/or topics, varying within a range of one to five. Energy is the most prominent sector/topic addressed by 313 (16%) selected I&Ms, followed by environment (200 I&Ms; 10%), agriculture (148 I&Ms; 7%) and research & innovation and industry, enterprises & commerce (each 144 I&Ms; 7%).


        The concept of the I&M catalogue is one of an open community, where users can freely submit additional instruments and measures. A user-friendly interface was developed that becomes available after log-in. This functionality is part of an overall strategy to complete the tool as much as possible through interaction with the target group and stakeholders. Prior to final publication in the tool, the instruments and measures first undergo a quality check.


        Each accountholder has a section where they can save instruments and measures in a draft version before submission. This allows the users to work on new instruments and measures in different phases, e.g., to gather more data, contact other relevant experts or have the information checked by a third party.

      


      
        

        Lessons learnt from case study analysis and action-based learning


        The qualitative part of the BERST toolkit consists of a series of eight regional case studies involving good practices and eight cases in early stages of bioeconomy development. Case studies describe the following assets affecting bioeconomy development: (i) institutional arrangements forming a cluster organisation; (ii) the actors (corporate sector, RTD institutions, government, NGOs) and their role in bioclusters; (iii) availability and supply of biomass; (iv) competitive biobased products and services; (v) funding arrangements; (vii) trends in demand for biobased products and services, and (vi) accompanying policies and measures.


        With respect to the time horizon of a bioeconomy cluster, the following three phases were distinguished:


        
          	
            Initial stage and take off: in this phase, the bioeconomy is introduced in the regional planning agenda and the policy, socio-economic and R&D landscape for its establishment and operation is created.

          


          	
            Drive to maturity: in this phase, the first competitive bioeconomy products are sold at the market. The cluster grows with the setup of new companies, cluster infrastructure (with incubator, training centre etc.) is established, and the cluster is able to attract both private and public funding.

          


          	
            Age of mature production: in this phase, the cluster is able to produce competitive bioeconomy products at an extensive scale.

          

        


        By using a protocol with questions on the interaction of entrepreneurs, policymakers and knowledge institutes in each development stage of the bioeconomy cluster, narratives on the development path of the bioeconomy clusters with good practices and in BERST regions were constructed while enabling factors and barriers were identified. Statistical data, literature and interviews with key actors were used to collect information on how each bioeconomy cluster works.


        In BERST, we first analysed the bioeconomy clusters with good practices. This provided a number of key findings on how actors in the cluster interacted. A subsequent analysis of the BERST regions examined extent to which the key good practices findings also apply to these bioeconomy clusters and which barriers they face in developing the cluster. [44]


        In the synthesis, the development path of the bioeconomy clusters in the good practice regions was reflected through the experience of the BERST case study regions. From the analysis of the development path of the bioeconomy clusters in the good practice regions, a number of key findings emerge:


        
          	
            Active actors organise the cluster as a bottom-up process and keep it moving through intensive networking. The good practices show that a bioeconomy cluster usually starts as a partnership of R&D institutions and firms, with occasional (but not decisive) involvement of policymakers. In each of the good practices there were a number of leading actors who had the capacity (knowledge, skills and attitude) to mobilise other actors and organise the cluster as a bottom-up process. Along the development path of the bioeconomy cluster, there was a process of intensive networking with local and external actors, which enabled an efficient transfer of knowledge, products and services both, within and beyond the cluster.

          


          	
            A cluster board that takes care of the organisation of the cluster and communication. The cluster can benefit from the establishment of a cluster board, which is responsible for organising the cluster and effectively communicating with actors inside and outside the cluster. If policymakers are not involved in the cluster, the development of good working relations between them and the cluster and political commitment should be taken into account. As the needs of the actors in the cluster change over time due to changing local and global circumstances, the cluster board should adapt to these changes.

          


          	
            A cluster makes use of regional assets. Study of the good practices reveals that, as a rule, the cluster is built upon regional assets, such as a well-known university, presence of R&D institutions, strong industrial networks, a robust economic sector, active actors, a well-developed transport infrastructure, etc.

          


          	
            A cluster starts with activities in one economic sector. The good practice regions concentrated their collective efforts on one economic sector. Due to crossovers with other sectors over time, a mature cluster covers several economic sectors.

          


          	
            Consistent funding. At first, the cluster is mainly supported by public funds, while private funds become available at later stages. Usually, at the initial stage of the cluster, public RTD funds prevail, which was especially true for the case studies, where no marketable products were available at that stage. In a few cases, private funds (mainly from the energy industry) were already available from the cluster’s outset. In raising public funds in the drive to maturity stage and the mature production stage, it appears that the good practice clusters do manage to raise public funds that are related to those topics being promoted on regional, national or EU political agendas. Although funding is often project based, good practice clusters were able to ensure continuous funding.

          


          	
            The supply of biomass resources as such is not considered as a barrier for clusters with good practices, since a well-developed infrastructure enables transport from both local and external supplies. However, ensuring a continuous supply of biomass resources of a consistent quality remains a challenge, as these resources often originate from seasonal feed stocks. Moreover, as biomass resources already have several end uses, an additional demand for new bioeconomy applications creates competition for raw materials.

          

        


        The BERST regions show a wide variety of cluster experiences, ranging from successful regional bioclusters, to those ‘trapped’ at the inception stage. Apart from the bioeconomy clusters in central Finland and Biobased Delta, the bioeconomy clusters in the BERST regions mainly suffer from weaknesses in their actors’ capacities. Weaknesses and risks could be explained as follows:


        
          	
            Lack of active participation of entrepreneurs in the cluster as they doubt the value of the cluster for their business.

          


          	
            Lack of an innovation culture among entrepreneurs, which is partly related to the small scale of many firms and lack of well-trained human resources.

          


          	
            Lack of cooperation and trust among firms and R&D institutes, which hampers, on the one hand, a focus of R&D institutions on developing demand-driven technologies, and on the other hand, the adoption of innovations by entrepreneurs.

          


          	
            In a number of BERST regions, the bioeconomy clusters appear to be placed as politically-led top-down initiatives in an environment of entrepreneurs and R&D institutions which are not convinced of its usefulness and who show a low sense of ownership of the cluster. As long as public funds are available for projects, both R&D institutes and firms are ready to absorb them. However, when the projects have been completed and when no new public funds become available for the adoption project results, follow-ups hardly emerge. Consequently, the cluster risks stagnation and even disintegration.

          


          	
            Although biomass resources were available in the BERST regions from local or external supply, several BERST regions experienced difficulties in transforming these resources into new bioeconomy products. These difficulties are due to varying quality, fluctuations in the supply, collecting the supply from a large number of suppliers, and competition with other users for biomass resources.

          

        

      

    


    
      

      BERST functionalities and limitations


      The key purpose of the BERST project is to demonstrate how a region can fully exploit its bioeconomy potential. In keeping with this aim, BERST designed a format for a regional profile fact sheet and completed regional profiles for seven BERST regions. The online tool (http://berst.databank.nl/) enables preparation of regional profiles for a number of other EU regions as well.[45] In this way, the BERST project may contribute to supporting and further developing regional bioeconomies in the EU. The regional profiles can be used as input for further steps in developing the bioeconomy cluster by entrepreneurs, R&D actors and policymakers in a specific region. Whether these steps will indeed be taken depends on the willingness of the regional actors to further build upon the findings of the BERST project.


      Additionally, research and networking efforts within BERST project also yielded transferable findings which can serve as a reference for regions/sectors in their initial development stage to link their resources, actors and institutions in biobased sectors and create vibrant regional bioeconomies.


      To start with biomass supply, a regional biocluster should obviously give preference to local biomass. However, physical abundance of biomass in a region can be deceiving; bioclusters compete with established uses of biomass and, especially in the initial stages, this can result in a limited access to local biomass. In this respect, it is useful to first check availability and usability of non- or underutilised biomass and energy streams, such as by-products of the existing industrial biomass processes.


      With respect to how regional bioclusters are organised, one of the key success factors lies in a strong and committed collaboration between research institutions and industrial partners. Close cooperation between research institutions and firms is a standard in good practice regions. A shared vision and inclusive governance between research institutions and industry are prerequisites for higher adoption rates of innovations and therefore committed development of regional bioclusters in the long run.


      To build trust and ensure successful cooperation between research institutions and industry stakeholders in developing competitive biobased sectors, a number of barriers must be overcome on both sides. On the research side, efforts involve activities such as training in critical thinking, entrepreneurship skills and innovative research. On the corporate side, efforts are needed to increase companies’ willingness to adopt innovations and encourage demand-driven strategic planning of their production.


      Transitioning to a bioeconomy is a knowledge- and capital-intense process. With regard to capital, public support can play a catalyst role, particularly in the early stages of regional biocluster development. Again, as a rule, regional bioclusters in good practice regions benefit from consistent policies and long-term financing models, where public support is gradually replaced with private funding. Apart from financial support, the regional partners have assigned equal importance to other aspects of enabling policy environment, such as responsive administration, clear rules and regular networking activities.


      In the end, it is also important to note the weaknesses and limitations of the BERST approach and its outcomes.


      The first relates to the ‘formal’ (versus ‘functional’) regional approach. Obviously, bioeconomy clusters are not operating within strict regional (NUTS 2 or NUTS 3) boundaries. The decision to build the BERST toolkit under the ‘formal’ regional approach has been primarily dictated by data availability. Furthermore, NUTS 2 (and in some cases, NUTS 3) regions coincide with the territorial level of regional development planning. Information gathered with the BERST toolkit can assist regions in assessing their development potential in various aspects of bioeconomy (e.g., renewable energy, green mobility, smart biomass use).


      Another limitation of the data-driven approach has to do with the objective problems of data availability and/or reliability. The standard NACE nomenclature to too vague to eliminate all ambiguity when highlighting data on bioeconomy firms. Again other data, such as research and innovation performance, does not exist. In this case, data gaps are filled with proxies, often burdened with restrictive assumptions about their linkages with the observed criteria.


      And last but not least, when using the BERST toolkit, it is important to keep in mind that context is crucial. Because regional bioeconomy performance is context-specific, the general recommendation when preparing regional bioeconomy profiles is to combine quantitative analysis with thorough qualitative information gathering. This also holds true for instruments and measures: successful options are context-specific. Building regional bioeconomy strategies based on ‘machine-reading’ of the BERST toolkit outcomes would be a serious mistake. Information on good practices should be used only as an inspiration in devising new context-specific solutions.


      To conclude with the future possibilities of the BERST toolkit, it should be noted that the BERST partnership is open to opportunities for stakeholders to build on their work on regional bioeconomy strategies. The current BERST output should be seen as a prototype and living tool. Resources permitting, the toolkit could be expanded to regions in other EU and EEA countries. Additionally, the visibility of BERST outputs for general public interested in bioeconomy could be improved (e.g., by enabling links to BERST from dedicated sites, such as the EU Bioeconomy Observatory). With the improvement of bioeconomy indicators (e.g., biomass availability, economic performance indicators for bioeconomy sectors, research and innovation quality indicators), the informative value of regional bioeconomy profiles would significantly improve as well as the potential for informed planning of regional bioeconomy strategies.
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Chapter 7
Restructuring research institutions in view of emerging trends in agricultural research and the bioeconomy: from knowledge to social innovation
Sylvia Burssens, Marku Järvenpää, Pascal Bergeret
Introduction
Restructuring of public research institutions is an integral part of the co-innovation process. Research capabilities must align with societal needs as a basis for innovation with added societal value. Research institutions should not only adapt to rapidly evolving and new groundbreaking technologies and novel trends in collecting, using and publishing scientific data such as data mining and open access, but they also need to be able to quickly respond to societal changes, new business models and global challenges such as energy, climate, water and food security. Such complex and pressing challenges require a new way of performing research with an integrated, cross-cutting and multi-actor approach based on trans- and multidisciplinary science and co-creation.
During the fourth SCAR conference (Brussels, 2015) the following recommendations were put forward for new knowledge and innovation systems (KIS) in Europe to cope with new bioeconomy developments and support the implementation of the Bioeconomy Strategy: (i) the KIS should be challenge-oriented rather than driven by scientific curiosity and strike the right balance between basic and applied research; (ii) the KIS should be transdisciplinary with multiple theoretical challenges and practical methodologies; (iii) knowledge should be diverse and socially distributed in the KIS with particular attention on social innovation and the inclusion of socially disadvantaged actors and regions; (iv) since co-creation is the main driver for new knowledge, the KIS should be reflexive and in dialogue with all stakeholders; (v) new rewarding and assessment systems should be installed to ensure high quality control; and finally, (vi) taking into account the previous recommendations, there is a need for a set of new skills and competences not only for researchers but also for all actors and stakeholders involved in the KIS.
At the 30th EURAGRI conference (Tartu, 25–27 September 2016) on Bioeconomy challenges and implementation: the European research organisations’ perspective – co-hosted by the Estonian Ministry for Rural Affairs and the Estonian University of Life Sciences, the consequences of the above recommendations for public research institutions were thoroughly discussed, in particular in relation to challenge-oriented, transdisciplinary research and social distribution of knowledge based on state-of-the art technologies. This paper is based on the discussions at the 30th EURAGRI conference, reflecting emerging trends in agricultural research and the bioeconomy.

Capacity development, innovation and the role of public researchers
According to the Capacity Development Results Framework (World Bank, 2005) capacity development is situated at several levels: individuals, organisations and an enabling environment.
Whilst the enabling environment is generally considered as the main dimension in the framework for capacity development and thus the innovation process, the individuals and organisations are central to it as core contributors. Because science and new knowledge are the basis of innovation, public research institutions have an important role to fulfil vis-à-vis society at large as knowledge producers and know-how and technology developers.
 
Innovation is the implementation of a new and significantly improved product (good or service), or process, a new marketing method, or a new organisational method in business practices, workplace organisation or external relations.
OECD and Eurostat 2005

Recent recommendations from the independent High Level Group on maximising the impact of EU Research & Innovation Programmes point to the adoption of a mission-oriented, impact-focused approach to address global challenges and mobilise researchers, innovators and other stakeholders to carry out those research and innovation missions.[46] The group also recognises the importance of mobilising and involving citizens and recommends co-design and co-creation in that respect.
Two different types of research can be identified: science-driven research and innovation-driven research.[47] Whilst the first refers to emerging science that can contribute to solving a societal issue or scientific question in a linear diffusion model, the second originates from an issue or a problem in society that can be solved by new research, or a new idea to solve an existing issue in a system or network approach.
The second type of research is becoming increasingly important in view of innovation for capacity development to cope with recent challenges at several levels.
 
Capacity is the ability of individuals, organisations or society as a whole to set and implement development objectives as well as to identify and meet development challenges in a sustainable manner. 
Capacity development is the process whereby individuals, organisations and society as a whole unleash, strengthen, create, adapt and maintain capacity over time.
OECD, GAT 2006


Challenge-oriented research
There is growing concern on the impact and economic value of research at public institutions. In general these organisations – and specifically universities – are not flexible enough to be able to respond quickly to societal needs. Academics, and especially professors in tenure track positions, can determine their own direction of research without a responsibility or immediate obligation of return to society. Since universities are often public institutions, supported by taxpayers’ money, they should in principle align with societal needs. In that respect, government investments at the national and regional levels are urgently needed to identify new structures and methodologies to effectively and efficiently employ and transfer newly gained knowledge and fully exploit its potential to bring added economic or social value in terms of innovation linked to different sectors.
There are local, regional and interregional initiatives in which several stakeholders actively participate operating in several countries. In general, these are private-public partnerships funded by the government and co-financed by private partners. Examples are clusters, demand-driven innovation projects, feasibility studies and public-private investment projects. Despite the fact that these structures exist and are successful, most researchers at academic and research institutions still do not sufficiently capture the needs of industry and other stakeholders, or society at large. Demand-driven projects funded by local, national and regional governments where emphasis is put on a multi-actor approach and projects cover the whole value chain may significantly contribute to applied and practice-oriented research. Multi-actor projects such as those in Horizon 2020 Societal Challenge 2 are good examples, and their outcomes demonstrate the added value of such an approach.
The agricultural research sector should be connected with other bioeconomy research sectors, such as the medical, food processing, biorefinery or chemistry sectors, to engage in new business models and innovative value chains. Moreover, in the current policy setting, the bioeconomy is overlapping with the circular economy, and will increasingly have to take into account reuse and recycling strategies and local production. This should be reflected in how research institutions and departments are structured. They should be organised so as to cover entire value chains with the involvement of different actors rather than maintaining a silo mentality where the focus is on individual sectors and specific themes and/or technologies and dialogue with fellow scientists from other fields and with other actors is not encouraged.
Some recent developments in the agrifood research sector are focused on innovation platforms with the involvement of different types of stakeholders, including public research institutions.
Innovation platforms are an example on how agricultural research can be integrated into the innovation process and add to regional and local development. According to Hommann-Kee Tui et al. (2013) an innovation platform is a space for learning, action and change. It is a group of individuals (who often represent organisations) with different backgrounds, expertise and interests: farmers, traders, food processors, researchers, government officials, etc. The members come together to diagnose problems, identify opportunities and find ways to achieve their goals. They may design and implement activities as a platform or coordinate activities by individual members.
Recently guidelines for the efficient of use of innovation platforms have been developed for the AR4D approche (Schut et al., 2017), particularly in developing countries. The guidelines aim to support these actors in: (i) reflecting on when and under what conditions innovation platforms are an appropriate mechanism to foster collective action and innovation for resolving agricultural development problems and capitalising on opportunities; (ii) designing innovation platforms, including the definition of realistic goals, facilitation mechanisms, timelines and responsibilities and how to measure outcomes and impact; and (iii) allocating necessary resources, creating the enabling conditions required for the effective implementation of innovation platforms, and developing metrics to assess their impact. Similar innovation platforms can be an interesting structure for public research institutions to participate in the bioeconomy innovation concept to enhance the transfer of knowledge and create impact with the involvement of other actors and stakeholders.
In the frame of the European 2020 flagship Innovation Union, European Innovation Partnerships (EIPs) have been set up as a new approach to research and innovation. EIPs are challenge-driven, focusing on societal benefits and taking into account the rapid modernisation of the associated sectors and markets.[48] EIPs act across the whole value chain, bringing together all actors at EU, national and regional level in order to (i) step up research and development efforts; (ii) coordinate investments in demonstration and pilots; (iii) anticipate and fast-track any necessary regulation and standards; and (iv) mobilise ‘demand’ in particular through better coordinated public procurement to ensure that breakthroughs are quickly brought to market. Rather than taking the above steps independently, as is currently the case, the aim of the EIPs is to design and implement them in parallel to cut lead times.
Five EIPS have been implemented, including one on agricultural productivity, sustainability, and primary production; one on water; and one on raw materials. All of these programmes are related to the bioeconomy. Although EIPs are very efficient in the multi-actor approach and based on the interactive innovation model, there is a need for cross-linking between the different EIPS and respective operational groups to tackle cross-sectoral themes such as the bioeconomy.
Another example is provided by the thematic platforms of the Research and Innovation Strategies for Smart Specialisation (RIS3) that are integrated, place-based and part of the economic transformation agendas, according to the quadruple helix. This concept involves the demand-driven aspect with inclusion of civil society representing the innovation users who own and drive the innovation process, as a fourth group next to business, research and public administration. The Smart Specialisation Strategy consists of a bottom-up and top-down approach with a clear roadmap, action plan, pilot projects and monitoring and evaluation and is a way for universities to engage with other actors and stakeholders as vital partners in the process of regional specialisation. Universities can contribute to building the capacities needed to implement the smart specialisation strategy by being generative (research related to regional priorities, multi- and cross-disciplinary approaches, connectivity, and objective regional assessment), absorptive (help build capacity to absorb knowledge, provide demand through teaching and learning, nurture social ties), collaborative (national regional brokers, reach out and reach in) and based on leadership (support regional vision and partnership, propose joint activities and place marketing). An RIS3 thematic platform in agrifood on the bioeconomy has been initiated by the Lombardy (IT) and Randstad Regions (NL) with a focus on food and feed from agrofood waste and on food and feed ingredients from algae.[49]

Transdisciplinary research
The existing regional and local public/private hubs do not always necessarily represent the whole value chain. For example, at the inception phase of the bioeconomy concept, much emphasis has been put on the biorefinery and bioindustrial (non-food) processing side. Public and private actors from sectors such as the biomass production sector, logistical transport sector and food processing industry have been less involved. Local and regional bioeconomy clusters reflect the policy or bioeconomy strategy of the regional and national authorities whose focus is often on the processing of biochemical products and bioenergy rather than on biomass production and waste recovery. Current revisions of bioeconomy strategies at national and European levels may stimulate the involvement of other sectors and proactively engage different research fields to cover not only entire value chains but also new business models. Connection of the bioeconomy with the circular economy will also require restructuring efforts at the institutional level. The European Commission recently launched the Bioeconomy Knowledge Centre[50] to lend its support to the review of the 2012 Bioeconomy Strategy, taking into account current policy frameworks and international policy developments, such as the COP21 Paris agreement, the United Nations Sustainable Development Goals and the Circular Economy Package.
In view of recent developments and emerging trends in the bioeconomy, there is an urgent need at the public research level to strengthen multi- and transdisciplinary research performance with a balanced and problem-solving attitude. Not only should different scientific disciplines be covered but several aspects such as communication, education and training, IPR management, business models, entrepreneurship also need to be addressed. To develop this new mindset and acquire these new competences scientific curricula should be renewed at the BSc and MSc levels as well as at the trainer and educator levels and for all actors involved. Youngsters and high school students should learn early on how to think smart in a holistic and multidisciplinary way to transmit this approach to future generations to meet pressing challenges. Showcasing of successful examples may help in motivation and training schemes, and demonstrate how different disciplines and expertise can complement each other. In the peer review system for publication the ‘chicken and egg’ problem prevails as there is no transdisciplinary research to be published without transdisciplinary review and vice versa. The same is true for multi-actor funded projects for which evaluators are needed with similar expertise. The EC has started to list experts with multi-actor experience in its H2020 expert database. Furthermore, a new approach in requirements for transdisciplinary approach in the coming H2020 calls or the next Framework Programme may contribute efficiently to paving the way forward.

Social distribution of knowledge
The social distribution and societal inclusion of scientific knowledge is the basis for participatory decision-making as part of the democratic process based on knowledge distribution between the scientific community, society at large and policymakers. However, the granting of social access through open data management is not sufficient to actively disperse the knowledge obtained through scientific research. Additional vectors such as massive open online courses (MOOCs) offered by universities and university colleges can be used as instruments to maintain and share newly acquired knowledge. Knowledge flow can also be stimulated between all actors in the process of co-creative innovation, but so far resources for animating active distribution and dissemination have been missing in many cases. The so-called ‘valley of death’ or innovation gap in the innovation sequence between fundamental science and commercial products is also reflected in the distance between traditional knowledge stuck at academic institutions and new knowledge that can be linked to innovation. In the pipeline from knowledge to innovation, a concerted and shared effort is needed by various groups of stakeholders to be efficient. Cultural differences may influence the way knowledge is gathered, used and distributed. This means that regionally adapted solutions that take into account socioeconomic context, including cultural aspects, oriented to regional and local innovation may be more effective. Agricultural practices especially may be subject to regional cultural preferences, which must be a key consideration in the socioeconomic context of regional innovation.

Restructuring research institutions: the case of the Natural Resources Institute Finland (Luke)
Finland is a strong investor in research and technological development (RTD) and innovation. The country’s investment in RTD has been one of the highest among developed countries: between 3.5% and 4% of GDP, versus the EU average of 1.5% to 2% in the 21st century.
In a small country of only 5.5 million inhabitants, the Finnish innovation system is rather multifaceted and diffuse. The Ministry of Education and Culture is responsible or education and scientific research; it oversees a total of 14 universities and 25 polytechnics (universities of applied sciences). These entities have recently been privatised as non-profit councils, but they are heavily dependent on budget funding. The Ministry of Education and Culture also runs the Academy of Science of Finland, the country’s most significant funding body (Research Council) for competitive academic research.
Another important source of competitive research funding is Business Finland (formerly Tekes, until 31.12.2017), which reports to the Ministry of Employment and Economy. Business Finland mainly supports strategic applied research for industrial development and provides state aid for direct development of product and innovation in businesses.
In addition, there are 12 governmental research institutes, reporting to different sectoral ministries.
The former MTT Agrifood Research Finland reports to the Ministry of Agriculture and Forestry (MMM). The project to establish the Natural Resources Institute Finland (Luke) was launched by the Ministry of Agriculture and Forestry on 17 January 2013 with the aim of merging the following organisations under MMM:
	MTT Agrifood Research Finland

	Finnish Forest Research Institute Metla 

	Finnish Game and Fisheries Research Institute RKTL 

	Information Centre of the Ministry of Agriculture and Forestry Tike 

	These institutions formed the Natural Resources Institute Finland (Luke) as of 1 January 2015. Luke is the second largest research institute in the country, with:

	Combined resources of


		2012: €95 M from budget; €45 M from competitive sources

	2016: €70 M from budget; €50 M from competitive sources



	Person-years: 1,700 in 2012, 1,300 in 2016

	Locations: 38

	Headquarters in Helsinki


Merging four different, well-established organisations with longstanding institutional cultures and each with their own operational and funding structures cannot happen overnight. What remains of old structures tends to virtually ‘haunt’ the new organisational structures. In the merger, Luke became a bioeconomy research institute, instead of performing rigidly sectoral agricultural, forestry and game and fisheries research. In the new organisation, staff from the former institutions were mixed, resulting in the new structure being divided into four new units:
	Natural resources: agricultural plant production and management of forests, game and fisheries stocks, including the relevant ecological and environmental issues.

	Production systems: animal production, genomics and breeding technologies, ICT and automation.

	Bioeconomy and environment: bioeconomy-related business models, including industrial symbioses, circular economy and bioeconomy services; economic, environmenta, political and societal aspects of bioeconomy.

	Research infrastructure services: expert staff carrying out the practical data collection work in experimental sites and in the natural observation sites.


In the abovementioned divisions, the scientists from the previous institutes were placed into different teams and horizontal domains common to the former institutes, such as ecology, environment, technology economics and societal issues were amplified, which facilitated the transition towards the new Luke.
Various lessons were learnt from that experience which could be useful to consider for future mergers:
	Updating former operational culture and structures to meet future needs takes time and effort but is well worth both. 

	The public sector merger was planned and executed by existing/former directors of the prior institutes. It might be wise to select an external merger director or even appoint the new management team in advance.

	The merger period should not be too long, as it generates uncertainty and rumours. 

	The new organisational structure should be kept simple to make sure that individuals in management positions are immediately aware of their responsibilities.

	Merging the different ICT systems should be done in advance so that they are operational from day one.

	Different salary systems are a source of discontent as long as they exist. In Finland, lowering – and raising – salaries in the public sector is nearly impossible. It would be beneficial to have a common salary system from the start. 

	Luke lost almost 25% of its state budget during the merger. It is not ideal to link heavy budget cuts with a merger. 

	It is very important to keep customers and stakeholders on board during the merger – there is a risk that the organisation may turn inwards. 


Now, after Luke has been operational for two years, many of the restructuring process have been overcome, and the new organisation is beginning to show its strength. Luke has adjusted to the lower state budget by reducing staff by 12% and decreasing the number of locations and space expenditure. Luke has been able to convince the public funding bodies and private customers that it can provide excellent scientific results and expertise for society. Luke is now smaller, more agile and more cost efficient than all the former institutions combined, and it is clear that there is no going back. However, before the next merger, it would be good to have a couple of years of stability.

International restructuring of research and higher education: the case of Montpellier, France
In France, since 2010, the government has embarked on an ambitious programme to restructure the research and higher education system with two major objectives:
	Increase the size and reinforce the research potential of universities through mergers and by establishing structural links between universities and research organisations.

	Reinforce the innovation potential of the research and higher education system by incentivising partnership with the private sector.


This reform programme relies on the mobilisation of additional financial resources through the Investments for the Future Programme (PIA[51]) and its various calls, and on the establishment of new structures at local and regional levels[52] to forge links between higher education bodies and research organisations.
In the fields of agriculture and the biosciences such a policy resulted in the establishment of new partnerships between actors of the knowledge and innovation system, incentivised by grants from the PIA as illustrated by the case of Montpellier, in southern France.
The area in and around Montpellier is considered as a major concentration of research and higher education forces in France and Europe, in the fields of agriculture and the biosciences, compared in size and research quality with places like Wageningen or Heidelberg. However such research and higher education forces are scattered among three universities and about 20 other institutions such as research centres[53], engineering schools[54], and health higher education centres.[55]
After the merger of two of the three universities in Montpellier, which requested about four years of negotiations, 19 organisations involved in research and higher education in the fields of agriculture and the biosciences decided to come together in one consortium to bid in a call launched under the framework of the PIA, to form an ‘I-Site’.[56]
The consortium won the call in March 2017 (after two unsuccessful attempts), which entails the provision of additional funding, amounting to EUR 17 m per year for ten years.
The successful consortium, called MUSE[57], comprises the university resulting from the merger, 11 research centres, four grandes écoles, and three CHU, with a total of 10,000 staff (6,000 scientific) and 47,000 students active in the fields of agriculture, the environment and health. The consortium’s roadmap, successfully evaluated through the call, sets out a ten-year vision according to which its 19 members will form a single, united university as a new legal entity allowing them to each maintain their original legal status. This calls for a legal experiment to come up with such an unheard of entity.
In the meantime the members of MUSE have agreed to:
	Sign all scientific papers under the brand name Université de Montpellier while retaining their own name in the signature

	Include the MUSE Logo in all their communication papers

	Coordinate their international policies

	Coordinate the recruitment of new scientific staff

	Engage in a new collective governance structure to initially manage the PIA funds, with more oversight responsibilities added in due time.


The MUSE consortium has established an overarching governance body in the form of a foundation including five leading local enterprises of the sector in a bid to open all its activities to the private sector, boost the emergence of start-ups and speed up technology transfers from public laboratories to economic actors.
With the money from the PIA, new research calls are being launched to enhance partnerships among laboratories belonging to the MUSE consortium members to foster transdisciplinary research and integrated approaches in agriculture, health and the environment. The innovation potential of submitted projects is a major selection factor.
In addition, resources are devoted to the progressive establishment of graduate schools at consortium level introducing new curricula including significant student participation in research conducted in consortium member laboratories.
An external review is scheduled in two years to assess progress in the implementation of the MUSE consortium roadmap. Failure to achieve the planned milestones could result in the withdrawal of the ‘I-Site’ label and the termination of funding by the PIA.
By accepting to participate in the MUSE consortium, the 19 research and higher education entities in Montpellier have agreed to renounce part of their sovereignty and autonomy in a bid to overcome excessive fragmentation and promote more integrated, applicative, research and education activities which are conducive to innovation and sustainable development. The consortium’s motto is “Feed, Protect and Heal”. The jury is still out on whether this progressive approach, which has also been implemented in other French regions and requires substantial additional funding[58], will actually deliver the expected outcomes. It will take about ten years to have a definitive answer.

Conclusions and recommendations
Innovation is based on several key dimensions and KIS is needed to guide and stimulate the transition to an innovative and modern bioeconomy.
KIS implies strong involvement from all actors throughout the innovation process from knowledge to commercial or added value products to face current and future complex challenges. A balanced problem-solving approach requires knowledge flow between all actors of science, society and policymakers as well as amongst the scientific community. Transdisciplinary research is a prerequisite in building capacities to address current global challenges such as energy, climate and food security and to be able to rapidly come up with efficient and innovative sustainable solutions and cope with new business models.
These societal challenges and rapid developments in bioeconomy research driven by ICT applications, open data and new methodologies require an in-depth restructuring and reorganisation of public research institutions to maximise their social and economic impact.
To achieve that vision, proactive changes are needed at the public research institution level as well as in creating an enabling environment. The discussion group at the 30th EURAGRI Conference recommended the following actions:
	Internal reorganisation (merging and restructuring of institutions and/or departments): Institutions should revise and reform their structure based on a bottom-up approach, looking to societal challenges as a basis for co-creating social innovation to quickly respond to emerging societal needs. Different scientific disciplines from the natural and social sciences should be combined. 

	Support systems: New support instruments are needed to link basic and applied research and create strong dialogue between all actors and stakeholders involved to ensure knowledge flow and a co-creation and co-innovation approach to maximise the impact and economic value (exploitation of knowledge). Such support systems should be created and funded by government institutions as part of the policies to create an enabling environment for innovation. Existing support systems need to be better coordinated and their interfaces aligned to improve their effectiveness.

	Educational systems: New approaches and new curricula and/or changes in existing curricula at several levels will train and retrain academic staff and public researchers to have a mix of skills and new knowledge allowing them to actively take part in the innovation process based on the quadruple helix concept (a high focus on demand). 

	Evaluation criteria: Objective (standardised) quantitative and qualitative evaluation criteria are needed to measure and monitor the social and economic (‘innovation’) impact of knowledge created at public research institutions and universities as continuous drivers of a flexible and self-correcting restructuring and reorganisation process. Such criteria can be developed and targeted at several levels (e.g., institutional, department, research group, and on an individual basis). Midterm impact reviews should be carried out to adjust research and action plans accordingly (participatory research) and stimulate a continuously evolving research system.

	Outreach activities: A pro-active strategic communication road map including outreach activities to engage and enter into dialogue with civil society, different stakeholders, and key actors in research and innovation should be at the heart of the public research institution and form the basis of research plans to quickly understand and address societal needs and work towards a dynamic problem-solving and application-driven approach.
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    Chapter 8


    Innovation and social sciences and humanities in agricultural research


    Bettina Heimann, Uno Svedin[59]


    In the following chapter, we reflect on relevant and decisive but sometimes neglected aspects concerning the development of agriculture and its societal embedding. Our considerations are connected to many current concerns about modern agriculture and its challenges. They have been directly addressed as such or indirectly covered in many EURAGRI events within a broad field of agrifood and bioeconomy research.


    
      

      Agriculture – challenges for the future?


      During the last decade, governments, national and international organisations and institutions have increasingly produced a vast number of surveys, foresight reports and strategies (see reference list for further examples). They have analysed the challenges in order to provide visions of the role agriculture could play in the future – what, how and how much should be produced and where, as well as the conditional requirements of doing so in terms of social and environmental conditions. Continued global population growth, the consequences of climate change, increasing obesity and other food- and health-related lifestyle diseases and the concerns around fossil fuel dependence have added urgency to these questions and voiced demands for change with regard to the way we are managing things.


      Governments and organisations funding agricultural sciences have developed programmes to handle the negative externalities of agricultural production systems, including the connected food processing, distribution and marketing systems. National and international legislation (not least in the case of Europe) has gradually been revised to assign greater value to ecosystem services to better balance the widened set of considerations against more conventional agricultural productivity goals.


      However, real system changes seem to be too slow compared to the needed tempo of transition. How can this be explained?


      Global food demand will continue to rise due to population growth, an expanding middle class in emerging markets and increasing urbanisation. It is generally assumed that ongoing continuing advances in science, technology and innovation will pave the way for new types of profitable but also more sustainable agrifood and bioeconomy industries in the future. Accordingly, considerable public and private investments have long been made in science, technology and innovation. But there is also the lingering question about the direction of the support to handle the broadened set of concerns:, i.e., what should be addressed, how to go about it and what it means for relative priority setting. The use of new technologies (such as satellite imaging, digital sensors, advances in plant genomics and advanced ICT and data analysis), will most certainly pave the way for distinctly more sophisticated farming practices (e.g., water-efficient agriculture). This will result in advances in increased precision in the use of support resources, leading to new processes that are more efficient and more sustainable. Similarly, the food processing systems are already improving. Limit food waste from production to consumption has already been identified as area for development. Marketing systems must handle a range of health and environmental factors that had previously been underestimated. Transparency and better assessments about these factors must be improved and the legal and administrative systems need to be better adapted to these requirements.


      As throughout agricultural history, applying these technologies and other innovations will impact the livelihoods of farmers, their families and their communities. It will have impacts on the connected businesses and industries, as well as on the people working within these agriculturally dominated areas. It will also change the relationships between all sector actors in addition to the connections to their supporting communities. Furthermore, it will affect the use of landscape and rural life, food and food availability, forms of marketing and distribution etc. and will likely change the power relations between the actors. In short, it will influence everybody in some way or another because we all depend on food and its availability, and live in and depend on some kind of landscape.


      Implementing new and emerging technologies will produce yet unknown benefits and risks, losers and beneficiaries. Farmers operating larger farms are more likely to have the human and economic resources to adopt these technologies more rapidly, while as small-scale farmers may lack the human and economic capacities to adapt to the new circumstances. Even small semi-local or regional food processing actors can now reach larger markets through smart ICT distribution applications. However, due to new conditions, rural economies could experience ‘brain drain’ and rural activities could be increasingly run by larger farming units. New types of businesses could emerge creating new interlinkages and jobs. Fertile landscapes could either be used in a more unified way, or new types of management and business ideas that increase diversity could emerge. Less fertile areas might be taken entirely out of agricultural production and being used deliberately in other ways. Some crops will become more resistant against pathogens and/or be made more resilient under varying and changed weather conditions. Some food produce might become more ‘technical’ and ‘heavily’ processed. Livestock and dairy production could become more adapted to human physiological and health needs, even better adapted to different phases of customers’ lives. The use of animal-based products could widen and become more specialised and focused on transformed product segments. This may mean changes of management styles and operative designs of new types of production units and links to other types of operational units. In this type of situation, sectors other than agriculture might provide the basic material needed for the use within other sectors, thus freeing up land for other uses (this happened with the partial replacement of wool with recycled plastic fibre from plastic bottles; Poore, 2017). Many of these potential – or already emerging – changes not only have strong societal consequences in terms of a changed distribution pattern of work, but in terms of societal conditions in general as well, including shifting the balances of gender-related tasks, distribution of economic gains and losses, and changing intergenerational relationships.

    


    
      

      Agriculture and culture


      Despite the risks and changes that new technologies and innovations are bound to bring to the sector and its connected networks, existing (often long-time) sector stakeholders will have to take on an increased load – which could also be seen as an opportunity – to find creative solutions in the sector and related interfaces. The solutions will need to address large systemic issues of a societal nature in addition to improving production, which always requires innovation. In striving to develop and implement new solutions, i.e., within daily business processes (including efforts to reduce negative externalities), it is often too easy to forget the profoundly culturally oriented aspects – or deeply societal and human side – of agriculture and food production (Barthel et al., 2013).


      Farmers are not a homogenous group, neither concerning their ideas on how to run their farms, nor concerning their attitudes towards the general policy frameworks that impact their opportunities in their region and sector. There are small- and large-scale farms, and this decision often depends on farm location: in a fertile or more marginalised area, in mountainous or plains areas that generally do not have as rich soils as those benefitting from river sediment. The societal history of the region may have an impact. For example, farms could be situated in regions with a long history of ‘free, independent farmers’ or be in an area where farming has long been linked to earlier periods of rule by landlords. Farms established in Eastern bloc countries after the fall of the Berlin Wall have yet another social and organisational history. A farm’s location influences the produce and therefore the economic drivers it is subjected to. There are farmers that regard their farms as merely a business and there are farms that have been in the family for generations. There are highly specialised farms and more diverse ones with a higher distribution of risk in case of failure. There are dynamic farmers who respond to market opportunities and adopt new technologies and others who are more conservative and risk averse. There are farmers who have easier access to capital for investment and others that mainly survive thanks to various forms of subsidies, etc. Last but not least, the beliefs and norms of farmers’ social networks, families, neighbours, advisors and other business relations, as well as the local, regional, national and EU political climate as a whole are also factors. All of these actor spheres have influence on farmers’ decisions in general, and to varying degrees in issues like choices about sustainable intensification and technology adoption (ADAS Report, 2014; Noe et al. 2015).


      Until the 1970s, most families in Europe had ties to their own families or friends and acquaintances living in the ‘country’. Even if they were living in urban areas they returned for holidays and annual festivities, indulging in the local cuisine and customs, helping them remain a part of the community. People still understood production practices and the underlying economics and dependencies, despite increasing mechanisation and intensification. That has changed. The majority of people living in urban areas have become increasingly alienated from agriculture and food production. This holds also true for the ever more complex, specialised and often multinational food industry and also the policy bodies administering primary production and its social embedding. Neither people living in urban areas nor many in the countryside have a clear, solid understanding of the sector’s complexities and dependencies. Visitors see larger and larger fields. They see the machinery operating in these areas and they see the equipment getting bigger and bigger year after year. The same is also true for livestock units managed at a single farm. Consumers hear about plant protection and fertilisation measures threatening water quality and biodiversity. They hear about food scandals in the production chains and the resulting health risks and they are shaken up by the occasional need to destroy huge numbers of livestock or produce quantities when there is a risk of infectious disease or contamination.


      However, many people still draw a substantial part of their identity from regional and national cuisine. They have strong emotional connections to taste of the season’s first local strawberries or the occasional Sunday roast prepared from a certain breed of beef. Overwhelmingly, people have very different perceptions, knowledge and interests about food and food production (including background understanding about the landscapes where food is produced). These associations and preferences differ greatly and depend on personal connections to local traditions, education level, income levels, age, tradition and where the person is from. Their values concern nature, animals, consumption and the way we should do things and why. These values vary greatly within communities, locally as well as nationally. They may change over time but they have a strong basis and exert substantial influence on the willingness to accept (and even promote) change.

    


    
      

      Agriculture – integrated research methods for SSH and science and technology


      Research and development in the new and emerging technologies will not be enough on their own. On the contrary, it could backfire if the development process neglects to take those who are directly or indirectly impacted into consideration. Modern societies, which are highly specialised, complex and often characterised by lack of transparency, demand a substantial degree of trust between their actors to function smoothly. Trust, however, is easily destroyed and can be difficult to restore, as earlier examples of prematurely enforced, non-consolidated actions throughout history have shown.


      The social sciences and humanities (SSH) are essential to improve understanding the root causes of our challenges and problems. This means research projects need better integration of SSH approaches with a basis in science and technology at an early stage of the research process. Testing hypotheses and developments, and optimising and fine-tuning specific questions, ideas and techniques must be done for curiosity’s sake as well as to test opportunities, potential and options .


      Not every research project in science and technology will need to integrate SSH approaches. Each new technology or new application of a known technology will not cause disruption, substantial change and dilemmas. But many of them do, like big data, biotechnology and nanotechnology. Quite often, the combination of new technologies such as ‘digitisation of everything’ does as well. These dilemmas have many different SSH facets, such as legal, socioeconomic, ethic, structural and political, to name but a few. All of those facets represent different disciplines with different scientific communities with their respective histories, jargons, ways of approaching questions and working with them and publishing their results. These difficulties must also be tackled by finding ways to match the respective contributions to the bigger picture of the challenges. Integration within research programmes is not only an issue for the researchers involved but a concern for research managers, policymakers and stakeholder community representatives as well.


      How can these divides be overcome? The answer is neither obvious nor clear-cut and will always depend on the relevant research complex. However, some procedural changes are indispensable:


      First, all stakeholders must be willing to get involved despite the differences in approach and research philosophy and traditions, with a clear focus on the aim. This will require all participants to be innovative with regard to their research methods and their willingness to learn and try different approaches. Second, concepts must be revised according to the task at hand. Third, the discipline with the leading role will depend on the task as well. Sometimes the natural science stakeholder will take the leading role; sometimes the problems will require the SSH stakeholder take the lead, such as when certain problems causes can be clearly identified. In other cases, both natural science and SSH stakeholders will need to cooperate from the start to incorporate SSH in the development of technologies from the earliest stages.


      Fourth, research funders and administrators must acknowledge the need to integrate SSH in the type of research and development we discussed earlier. It must be acknowledged not only as a general need but with all the implicit consequences: time and money allocated to build up necessary skills, including the development of new methodologies. Publication track records must be reconsidered and funding may have to be rewarded according to new criteria. Funders and administrators also need to be more precise in their research calls. SSH questions are often only implicitly integrated into research programmes, which creates an indirect dominance for natural science aspects. If societal adaption and change is the aim, it needs to be explicitly mentioned and programmes have to be drawn up accordingly, with representatives from both research domains included in the process.


      Finally, the process will take considerable time. Changing attitudes, approaches, reward systems and structural frameworks will not happen overnight but evolve only over time when social norms, values and traditions of the people involved have had the time to adapt (see Palsson et al. 2013 as one suggested approach).

    


    
      

      Conclusion


      Concerns about the human, cultural, value and custom-based sides of agriculture and food production must be taken into consideration, with efforts made by other knowledge production system stakeholders, including natural science and technology research and case studies. Indeed the social sciences and humanities domains of knowledge creation are the carriers of a considerable part of the knowledge base – and perhaps even a prerequisite – to understand the causes of the new challenges and problems. We must explore the way we tackle and operate things and processes, be it individually, institutionally or structurally. SSH are also vital in the way we can learn how to deal with change, its risks and uncertainties.


      However, we need to take this aspect even further. We cannot yet accurately predict the outcome of the joint development of society and the interlinked natural conditions when implementing various promising different technologies. Problems are solved with and without the help of technology. New problems will likely arise, with new implications and new causes. SSH must be regarded – and accepted – as an integral part of the knowledge creation we need to address the challenges we face, for which we have traditionally relied heavily on science and technology research. SSH contributions must not merely be seen as a complementary attachment to, for example, the communication process of disseminating various technical results to a more or less diversified stakeholder community and the decision-making community. SSH have long been a vital and fundamental part of knowledge generation activities. But its relative role should be strengthened, which also highlights the need to take in account SSH considerations at an early stage and with an integrative ambition on equal par with the other components of the knowledge production system and linked to various processes of implementation.
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          59 Throughout the years of EURAGRI activities (and especially over the last ten years), a considerable number of contributions based on themes as such these have been made to annual conferences, supportive workshops and through informal networking. We are deeply indebted to all of our colleagues, without whose contributions and skills our understanding would have been much more limited. This includes our contacts over years with key decision-makers at many levels who have shed light on policies and how they have addressed the challenges involved.
        

      

    

  

Conclusion
Külli Kaar, Helena Pärenson
The 30th EURAGRI conference “Bioeconomy challenges and implementation: the European research organisations’ perspective”, held at the Estonian University of Life Sciences in Tartu, provided space to reflect on the opportunities and challenges encountered while implementing a bioeconomy strategy and what it entails for research organisations in the agrifood and life sciences sector in terms of research contents, study programmes and interactions with old and new potential stakeholders.
There is indeed a need for informative and inspiring social dialogue and for platforms to exchange ideas, experiences, challenges and opportunities related to structural and strategic transition processes and to diffuse shared knowledge as future food for thought. Representatives of research and higher education organisations, research and innovation institutions, and innovative enterprises in the agrifood sector have been expressing such a need.
The contribution by Thomas Arnold presents the European Commission’s ideas on how to further develop the bioeconomy concept. The Commission’s approach is based on three pillars: (i) food and nutrition security, (ii) the transition from a fossil-fuel based economy to an economy based on renewable resources and (iii) unlocking the potential of the marine ecosystems interlinked by circular uses. This policy advance is very complex and demands change on many levels, not least for the scientific community and its structures. In particular he calls for interaction across disciplines, natural sciences as well as social sciences and humanities, and other sectors and non-scientific actors to secure successful and relevant research to bring these changes forward.
In Estonia, as mentioned in the opening speech of Toomas Kevvai, Deputy Secretary General for Food Safety, Research and Development of the Estonian Ministry of Rural Affairs, bioeconomy as a strategic concept has been very much in focus over the last years. Knowledge-based and innovative operations are the foundation of the rural and agricultural sector. More emphasis must be put on education, knowledge transfer, and enhancing capabilities by creating measures that would allow implementing the European bioeconomy approach. An open and active discussion is needed on how the Estonian society as a whole can gain from the more effective use of research-based technologies in the bio-economy sector.
The contribution by Ülle Jaakma provides an overview of the recently approved development plan of the Estonian University of Life Sciences, which was based on the bioeconomy concept. She reflects on the problems faced by an academic institution in implementing the bioeconomy approach and in setting up academic curricula to address the related anticipated needs of and challenges faced by future researchers and the next generation of academics. It echoes the contributions by Lone Krogh and Gerlinde van Vilsteren, which highlight the paradigm shift in higher education resulting from the emergence of a biobased economy.
It is EURAGRI’s aim and policy to facilitate the expression of ideas and opinions from Central and Eastern European countries. In their contributions, Cosmin Salasan, Vice Dean of the Agricultural Management Faculty, Romania, elaborates on the role and the impact of university research on the bioeconomy. Luka Juvančič and Myrna van Leeuwen from the University of Ljubljana, Slovenia, introduced the BioEconomy Regional Strategy Toolkit for benchmarking and strategy development.
In their contribution, Sylvia Burssens, Marku Järvenpää and Pascal Bergeret illustrate how the new demands on research institutions brought about by the development of a biobased economy have led, among other factors, to the deep restructuring of research organisations.
Bettina Heimann and Uno Svedin, reflecting on the conclusions of a EURAGRI workshop held in Brussels in 2016, remind us of the multidimensional contribution of social sciences and humanities in accompanying the evolution of agricultural research and innovation towards a modern biobased economy.
In fine the question is whether “bioeconomy” is simply a common name for a certain group of economic domains, such as agriculture, fisheries, forestry, chemical industry, the bioenergy sector, etc. applied to these relatively conventional branches of industry to make them appear more modern and attractive (in contrast to the usual and conventional “agrifood sector”), or whether there is something new vested in the bioeconomy as a notion that will empower the existing concept of those sectors with an additional edge and additional value.
It can be concluded that the most crucial aspect of the term “bioeconomy” lies in its unifying conceptualisation, which brings together the use of biological resources, production and processing and the related circular economy, as well as research and development activities, into a single, holistic approach. It will enable us to see the issues of this area with all its facets, actors and interlinkages. One of the key questions dealt in this book is how research and development and educational institutions could respond and adapt to the specific new types of approach and challenges of the bioeconomy concept. The answer is simple, yet complicated. It means that when we devise respective research programmes, or develop corresponding educational programmes, or are active in the actual R&D activities, we should follow the circular economy approach on the one hand and the problem-based approach on the other. This is certainly an important challenge for research institutions, universities and administrators alike.

The authors
Thomas Arnold
European Commission, DG RTD, Brussels, Belgium
Pascal Bergeret
President of EURAGRI
CIHEAM-Mediterranean Agronomic Institute of Montpellier, France
Sylvia Burssens
Agrolink Vlaanderen and the Institute for Agricultural, Fisheries, and Food Research, Merelbeke, Belgium
Bettina Heimann
Secretary General of EURAGRI, Aalborg University, Aalborg, Denmark
Ülle Jaakma
Estonian University of Life Sciences, Tartu, Estonia
Marku Järvenpää
Natural Resources Institute (Luke), Helsinki, Finland
Luka Juvančič
University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia
Külli Kaare
Ministry of Rural Affairs, Tallinn, Estonia
Lone Krogh
Aalborg University, Aalborg, Denmark
Helena Pärenson
Ministry of Rural Affairs, Tallinn, Estonia
Cosmin Salasan
Banat University of Agricultural Sciences and Veterinary Medicine – “King Michael I of Romania”, Timişoara, Romania
Uno Svedin
Stockholm University, Stockholm, Sweden
Gerlinde E.T. van Vilsteren 
Wageningen University / Centre for Biobased Economy, Wageningen, Netherlands

OEBPS/Images/Fig6-1B.jpg
Biomass prod sector

% Total bioeconomy . - % Food and feed sector

" % Construction sector

% Biotechnology sector

% Energy sector ' % Textile sector

9% Chemical sector % paper and pulp sector

— NUTS-3 region Keski-Suomi — (NUTS-0) Finland





OEBPS/Nav.xhtml


  

    Table des matières





    

      		

        Couverture

      





      		

        Table des matières

      





      		

        Bioeconomy challenges and implementation: the European research organisations’ perspective


        - - - - - - - Pascal Bergeret, Uno Svedin, Egizio Valceschini, editors

      





      		

            Introduction


        - - - - - - - Pascal Bergeret

      





      		

            Chapter 1 - Bioeconomy, food and nutrition security

      





      		

                EU context

      





      		

                Global context

      





      		

                Bioeconomy strategy

      





      		

                Food and nutrition systems

      





      		

                Conclusion

      





      		

            Chapter 2 - Education for complex problem solving - Is problem-based learning one answer to today’s higher education challenges? Case study: a Danish university

      





      		

                Introduction

      





      		

                Arguments for applying PBL principles and methodologies

      





      		

                Creating and using PBL principles and methodologies at Aalborg University

      





      		

                The work process in practice

      





      		

                The professor as supervisor and examiner

      





      		

                Documentation of the relevance of a PBL approach

      





      		

                Conclusions

      





      		

                References

      





      		

            Chapter 3 - Opportunities and challenges in implementing a bioeconomy strategy: the university perspective

      





      		

                Global challenges

      





      		

                Development of bioeconomy strategies

      





      		

                Regional aspects in development of bioeconomy

      





      		

                Bioeconomy strategy in Estonia

      





      		

                University and bioeconomy

      





      		

            Chapter 4 - Innovative education for the biobased economy

      





      		

                Towards a biobased economy and a circular economy

      





      		

                What is biomass and how can it be used to make products?

      





      		

                Education for a biobased economy

      





      		

                New skills: a systems approach and cross-sectoral mindset

      





      		

                Sharing knowledge and educational resources

      





      		

            Chapter 5 - The role and impact of university research on the bioeconomy in Romania

      





      		

                References

      





      		

            Chapter 6 - Unleashing regional bioeconomy potential: the BioEconomy Regional Strategy Toolkit

      





      		

                Introduction

      





      		

                The slow and uneven progress of the bioeconomy in Europe

      





      		

                The BioEconomy Regional Strategy Toolkit approach

      





      		

                BERST functionalities and limitations

      





      		

                References

      





      		

            Chapter 7 - Restructuring research institutions in view of emerging trends in agricultural research and the bioeconomy: from knowledge to social innovation

      





      		

                Introduction

      





      		

                Capacity development, innovation and the role of public researchers

      





      		

                Challenge-oriented research

      





      		

                Transdisciplinary research

      





      		

                Social distribution of knowledge

      





      		

                Restructuring research institutions: the case of the Natural Resources Institute Finland (Luke)

      





      		

                International restructuring of research and higher education: the case of Montpellier, France

      





      		

                Conclusions and recommendations

      





      		

                References

      





      		

            Chapter 8 - Innovation and social sciences and humanities in agricultural research

      





      		

                Agriculture – challenges for the future?

      





      		

                Agriculture and culture

      





      		

                Agriculture – integrated research methods for SSH and science and technology

      





      		

                Conclusion

      





      		

                References

      





      		

            Conclusion


        - - - - - - - Külli Kaar, Helena Pärenson

      





      		

            The authors

      



    



  



OEBPS/Images/Fig1-1.jpg
resources competitiveness.
inclusiveness

LONG TERM
SUSTAINABLE
DEVELOPMENT

dlimate 4 A goval

change sustainabilty

responsible development
ith aitizen
sustainable consumption

L8

. ;
‘L what we 00N

s,
,
%

2





OEBPS/Images/Fig5-4.jpg
1400000

1200 000

1000 000

800 000

600 000

400 000

200 000

0

Government sector

——"
Business sector —_— /\/

Higher education

2008 2009 2010 2014

2011

2005 2006 2007 2012 2013





OEBPS/Images/Fig6-1A.jpg
’ 5% Biomass prod sector

% Total bioeconomy % Food and feed sector

% Biotechnology sector % Construction sector

% Energy sector 9% Textile sector

% Chemical sector % paper and pulp sector

— NUTS-3 region Straubing-Bogen — (NUTS-0) Germany





OEBPS/Images/Logo-Euragri.jpg
E//.)





OEBPS/Images/Fig5-1.jpg
Tumover (BIn Euro) Employed persons (Min)
150 | 100

I Tumover @in o)

[ Employed persons (Min)

DE IT FR ES GB SE FI PL AT NL BE PT DK CZ RO IE HU SK GR LV LT EE BG HR SI LU CY MT

BilobasedDOUstiin o st i P i





OEBPS/Images/LinkedIn.png





OEBPS/Images/Fig3-1.jpg
STRATEGIC FIELDS / AREAS
Targets

Research and Development
activities
Research ot nemationalove

Studi
Rocogised unvrsty oducaton,
raduates i igh domand
on thelabour mrket

Members of the
University Community
Advancing, motivald, unted

Society
EMU promotes dovelopmont
s aras f rosponsiity.
EMU fostors economic

culural and socialdovelopment

Responsibilty areas in academic activities are aggregated into six focal areas

Organisation Agricuture Forestry Health and food ll  Envionment [§ Rural economy
Organsaton stimuatos tho mai
actiies of tho Uriversty mambors
‘2 modom and ataci
loamingand working envionment Effectivel efficient management of natural resources, food security.
and renewable energy, climate changes, animal and public health.






OEBPS/Images/Fig1-2.jpg
Environmental Integrity

Human Health and

Well-being

Robust and
Resilient
Economy






OEBPS/Images/Fig3-2.jpg
Market research

- Storage and processing

/- CA and cold storage

*New cultivars suitable for

the region technologies influence on bioactive « Innovative

«Collection and database | |*Primary processing compounds initiatives on the
of genetic resources with | | technologies *High-tech extraction research of food-
over 1000 items + Preservation technologies| methods chain

«Valorisation and
processing methods

+ Technology
transfer

of primary preocesssed

«50 ha experimental plots
e ki products

Since 1945 Since 2008 Initiated 2010

* COMPETENCE
TOOLSAND _ * *
SUPPORT SERVICES
FOR AGRICULRURAL
STARTUPS -+ -

FRUIT AND BERRY
BREEDING;
‘CULTIVATION AND PLANT
PROTECTION
TECHNOLOGIES

FRUIT AND BERRY
PROCESSING;
'STORAGE TECHNOLOGIES.

FRUIT AND BERRY
'SURPLUSPROCESSING;
EXTRACTION OF BIOACTIVE
INGREDIENTS;
BIOCHEMICAL
ANALYSIS

Storage services
« High tech product

- Valorisation of plant origi
raw material

*New culivars suitable for + Incubation ser-

commercial use development « Ingredients for develop- vices for start-ups.
«Propagation and marke- | [ Pilot scale production ment of natural health - Storage and
ings plants |+ Competence of primary products logistics
«Competenece and processing possibilties of | | + Competence of EFSA |+ Common mar-
post-harvest plant origin raw-material health claims keting

« Product develop-
ment

*Pilot scale production






OEBPS/Images/Fig6-2.jpg
BERST 2013 Total potential Bioeconomy cluster in NUTS-3 region: Keski-Suomi compared to national average (z-scores)

Univershy quality Agric areal

Popul tertiary educ] [Wood area

ncomerca
b Workforce quality fll Land use|

Pop% 16-65 yrs| Transport freigni]
Demographics| Infrastructure
Popul growth
BIOECONOMY
READINESS
[Agric biomass
[Cluster size| Biomass avalabilty
ime blomass|
Bioccon firms,
Forestry biomass

Economic history| [Innovation|

Waste biomass

R&D employ | SME birth rate,

Bioscon empioy D expenditure

‘= much lower (<-1) than national = same (-0.2 to 0.2) as national m much higher (> 1) than national = Unknown
& lower (-1 10 -0.2) than national  higher (0.2 to 1) than national





OEBPS/Images/Logo_Quae.jpg
Quz





OEBPS/Images/Twitter.png





OEBPS/Images/Fig5-2.jpg
2014

2013

2012

2011

I

o

200 400 600 800 1000 1200

Private sector ] Of which HEIs [Jlj Public sector B otal





OEBPS/Images/couv.jpg
Mat ere

a débattre & décider

Bioeconomy challenges
and implementation:

the European research
organisations’ perspective

Pascal Bergeret, Uno Svedin, Egizio Valceschini, eds

b A T

Sy
AR sk L AT
il

RN E J
VR h O






OEBPS/Images/Fig3-3.jpg
Estonia holds 3rd place in Europe in terms of volume

of standing timber per capita, making forestry and
Forest ‘Wood processing the most important industies in
ecology. Estonia.

Ecosystem-
Atmosphere Silviculture
Relations

Forest Production,
biology harvesting processing,
Biant TR technologies biorefinery

Wood
processing
Food Renewable

(berries, Wood energy

mushrooms,
3 nstruction
e constructions

Recreation






OEBPS/Icons/IconMail.jpg





OEBPS/Images/logo-CC.jpg





OEBPS/Images/Facebook.png





OEBPS/Images/Fig2-1.jpg
Literature Lectures Field studies Experiments

=

S Report Oral
z Gicbiem ! 4 Problem | (conclusions/| group
5 analysis | formulation| reflectionsand | solving |

o ol visions) exam
15 decisions

Professor’s role: Supervision - feedback - assessment

_—_—m— > Time





OEBPS/Icons/IconWeb.jpg





OEBPS/Images/Fig5-3.jpg
1000
900
800
700
600

Business sector
500 —/\/\
400

300
200 Higher education

100 —————_ S

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Total





OEBPS/Icons/Bouton1.jpg





OEBPS/Images/Fig2-2.jpg
50% Project work: a major assignment within a given subject-related
framework determined for each semester.

25% Courses supporting the project work. Evaluated as oral
examinations based on the project report.
25% Mandatory courses relating to the overall academic profile of the

curriculum. Assessed through individual written or oral
examinations.

Bapl—st-dE g B 3

Ressources: internet, books, tools for collhE‘oration, library, supervisor

Ressm%

ourse work
lecturer, internet, books, experiments, group work, study guide






