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Abstract
In order to feed the world’s growing demand for food, the agri-food sector is required to take part in the digital revolution. The current developments surrounding digital technologies are great and diverse, increasing the difficulties of decision making in the innovation process. This research assists innovation related activities by increasing understanding of valuable interactions between trends, challenges and technologies in the European Agri-Food sector, with a holistic view. This understanding, and a hierarchization of trends based on an expert survey are summarized in a visual trend map. Additionally, this research aims to support the uptake of technology by presenting a Digitech Value chain, showcasing some of the applications digital technologies have to offer in the short to medium term future. 
Keywords: Innovation, Megatrends, Drivers of Change, Trend Map, Digitech Value Chain
Resumo
Para suportar a crescente procura mundial de alimentos, o setor agroalimentar é desafiado a participar na revolução digital. O desenvolvimento atual das tecnologias digitais é elevado e diversificado, aumentando assim a complexidade da tomada de decisão nos processos de inovação.  Assumindo uma visão holística, este trabalho de investigação pretende suportar as atividades de inovação, apresentando uma visão holística das interações entre as tendências, desafios e oportunidades tecnológicas, no setor europeu do agroalimentar. A analise e seleção das tendências foi suportada por um processo de validação, através da aplicação de um questionário a especialistas do setor e apresentadas visualmente sobre a forma de um " Mapa de Tendências".  Adicionalmente, este trabalho de investigação pretende contribuir para a adoção de tecnologias digitais, com a apresentação de uma "Digitech Value Chain" na qual se mapeiam oportunidades de aplicação de tecnologias digitais a curto médio e longo prazo ao longo da cadeia de valor.
Palavras-chave: Inovação, Megatendências de Inovação, Fatores de Mudança, Mapa de Tendências, Digfitech Value Chain
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1. [bookmark: _Toc14347303]Introduction
[bookmark: _Toc55708698][bookmark: _Toc110319566][bookmark: _Toc200960083][bookmark: _Toc200961218][bookmark: _Toc200967907][bookmark: _Toc200967999][bookmark: _Toc200968099][bookmark: _Toc200968906][bookmark: _Toc200969124][bookmark: _Toc200969298][bookmark: _Toc200969551][bookmark: _Toc200969675][bookmark: _Toc200969794]The agri-food sector is facing the challenge of feeding an estimated population of 9.7 billion people by 2050 (FAO, 2017). While climate change is threatening yields of the sector through unpredictable weather and extreme weather events, the sector itself is contributing an estimated 21% of global greenhouse gas emissions (FAO, 2017). Preserving the climate and natural resources while providing worldwide nutrition makes the currently ongoing digital revolution of utmost importance to the agri-food sector. The challenges faced, and the current technological development combined open a world of opportunities for innovation. In order to improve the alignment of objectives and technology, companies and governments have been using techniques such as innovation road mapping for strategic management. In turn, such a technique relies on the mapping of global, market and business trends and drivers (Carvalho, Fleury, & Lopes, 2013). This is applicable to the European funded DIVA project (http://www.projectdiva.org/), in which the researcher is involved through an internship at a Portuguese research institution. This research supports the innovation road mapping and innovation decision process of the DIVA project by developing an understanding of trends, digital technologies and their impact along the value chain of the European Agri-food sector. Academic papers and industry reports are the basis to identify relevant factors, which in turn are rated by experts and crossed with industry demand to ensure their relevance. In order to effectively communicate results, a visual trend map and DigiTech value chain are developed providing direct value to the DIVA project and serve as a source of inspiration for a variety of stakeholders. 



[bookmark: _Toc14347304]The DIVA project
This project aims to foster the development of innovative solutions by giving support to the development of new digital value chains by setting up, and guiding collaborations between enterprises with challenges in the agri-food sector and technological companies to provide solutions. The project is a result of the collaboration of 14 partners spread out over the 6 European countries Portugal, Spain, France, Ireland, Greece and Italy. The project is of importance to this research as it provided three different resources: An analysis of literature, access to experts and a “call for challenges” serving as a representation of the industry. 

[bookmark: _Toc14347305]Motivation
Joining an internship at INESC TEC, an Institute for Systems and Computer Engineering, Technology and Science, I was given the opportunity to participate in the DIVA project. This opportunity was accepted due to a personal interest in innovation processes, the role of trends on innovation road mapping and an overlap with this dissertation for the Master Innovation and Technological Entrepreneurship. Furthermore, this research could be of personal future value as the agri-food sector within my home country The Netherlands is of great importance by contributing almost 10% to the Dutch economy, having established the position of world leader in agri-food innovation and by being the second largest food exporter of the world (Agrofood: Stille motor grootste sector van Nederland, 2011). 






[bookmark: _Toc14347306]Objective
This research aims to contribute to innovation in the agri-food sector by:
· Developing an understanding of the impact of trends on the agri-food sector, by identifying the main trends and producing a visual trend map. 
· Supporting the digitization of Agri food sector through the analysis of the impact of digital technologies along the agri-food value chain, visualized in a DigiTech value chain. 

[bookmark: _Toc14347307]Research questions
These objectives lead to the formation of the following research questions: 
RQ1: What are the main trends and forces impacting the agri-food sector?
RQ2: What are the potentially valuable intersections between digital trends and challenges faced by the agri-food sector?

[bookmark: _Toc14347308]Research Methodology and Design
This research employs an applied research approach as the result is of practical use to current activity (Rajasekar, Philominathan, & Chinnathambi, 2016), by being immediately employable within the agri-food sector. The research design stems from the discipline of foresight as it surpasses environmental scanning, by not only systematically identifying, monitoring and examining current issues (Miles & Saritas, 2012), but also dealing with potential issues and an assessment of potential future implications. For foresight activities in general it is recommended (Wiebe et al., 2018), to employ multi-dimensional activities and to combine quantitative and qualitative research methods. More specifically this approach builds on the scanning approaches of Ponomareva & Sokolova (2015); Rowe, Wright, & Derbyshire ( 2017); Wiebe et al. 2018). All authors perform such scanning in four main stages: Exploration, validation, assessment and the communication of results. Taking into account the resource limitations and time constraints, a research design is executed which combines a literature review, expert validation, industry validation and knowledge visualization. Figure 1 presents the general steps of the research. 
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[bookmark: _Toc14347569]Figure 1: Research Design

1. Literature review
The literature comes from research papers representing the academic side, and industrial/governmental reports bringing the practical vision. By employing quantitative and qualitative content analysis on the textual sources, facts from texts are expressed as frequencies, and presented in groups and themes (Bengtsson, 2016).The output is a quantitatively justified list of megatrends and drivers of change, and a preliminary list of trends and corresponding definitions.
2. Expert validation: General Trends
The DIVA project provided access to experts employed in various institutions, related to technology, innovation and agriculture, spread over six European countries. To refine and validate the output from the literature review a survey is distributed consisting of a list of (10) main trends and (25) sub-trends of which experts are asked to provide a classification between unimportant and very important following a five-point scale. The six most important main trends are additionally researched through desk research and brainstorming sessions with the project’s participants. The result is distributed among the seven experts for feedback, which in turn is used to construct the visual trend map.
 
3. Industry validation: Technology Trends, impact value chain 
Simultaneously the DIVA project launched a “call for challenges” for Small and Medium size Enterprises (SMEs), this data was made available to the researcher allowing comparison of identified trends and industry demands, serving as an additional validation for the trend map and Digitech value chain. 

According to the figure, this research yields two visual outcomes:
Outcome 1: Trend map
By visually presenting findings it is intended to effectively transfer knowledge. This map should be inspiring and time efficient by presenting trends and relationships between them suitable for interpretation by strategic managers, digital technology developers and other agri-food sector stakeholders.  For the development the framework for knowledge visualization developed by Burkhard (2005) is followed.   
Outcome 2: Digitech Value Chain
A Digitech value chain contains examples of current and future digital technology applications categorized per stage of the value chain and technology field. This visualization amplifies the importance of digital technologies and inspires innovation. 








[bookmark: _Toc14347309]Literature Review
0. [bookmark: _Toc14347310]Introduction
Structure
This literature review is divided in sections literature review 1, 2 and 3:
LR1: This part of the literature review discusses the main concepts of this research. The concept of foresight is discussed, and definitions are presented for trend related terms. 
LR2: Presents the megatrends and challenges applying external pressure on the agri-food sector. 
LR 3: Presents the drivers of change and discusses the identification of the trends, listed in the beginning of the Development phase 1.  
Data Collection
The extraction of trends and drivers resulted from two main categories of data (1) the synthesis provided by DIVA and (2) additional literature. The synthesis contains general notes and concepts from 48 publications from academic and industry sources. The synthesis provides insight in specific activities of the value chain and allows the extraction of themes throughout a wide variety of literature topics that included articles concerning the complete sector as well as technology or challenge specific articles. The additional literature of the review is based on an end to end supply chain perspective, ensuring a holistic view of the sector.  El Bilali & Allahyari (2018) and Anastasiadis, Tsolakis, & Srai (2018) mention an end to end supply chain perspective to be necessary to overcome the major challenges in the sector that greatly rely on the interconnectedness of actors and activities. 
The search database of peer reviewed articles “Scopus” provides the academic perspective. Within the literature some publications use the term “agri-food” and others “agrofood”, therefore four variations are included in the query. Additionally, articles either use ICT or digital technologies. To ensure all variations on the word digital, such as digitization or digitalization the search string includes digita* and ICT. 
The two institutions from which reports drawn directly are the FAO and the OECD. The FAO is an appreciated public actor that provides widely accredited standards with regard to food agriculture sustainability, and the OECD is an organization that gauges the impact of national agricultural policies towards global food security and sustainability (Anastasiadis et al., 2018). 
Consultancy firms are also known to publish relevant reports at the frontier of innovation and the larger consultancy firms Deloitte, Mc Kinsey and PWC are consulted for their agri-food reports. 
Furthermore, a general google search is performed with the search string “agrifood AND value chain”, obtaining results until diminished relevance. 

[image: ]Methodology for analysis
The identification of trends is divided in two stages. According to Amanatidou et al. (2012), the first stage is exploratory scanning,  focusing on “emerging issues from a wide variety of data and different signal sources and expert interviews”. The second stage involves issue centered scanning, focusing on identifying core documents and narratives.
To extract value from the large body of literature in the first stage, qualitative and quantitative content analysis are applied. This relies on clustering of found trends and drivers. [bookmark: _Toc14347570]Figure 2: Overview of approach to trend selection

Through clustering similar topics, categories are formed and defined resulting in the appearance of larger themes that will be categorized according to two dimensions. The first being the distinction between megatrends and drivers of change. The second dimension, for the macro environment is the PESTEL framework (Rowe et al., 2017). This research choses the PESTEL framework that categorizes by political, economic, social, technological, environmental and legal dimensions. Various variations on the PESTEL framework exist, excluding some categories or including others. For this research the choice of framework comes from the importance of including the legal perspective, which is not included in other variations. This categorization applies only to the megatrends and drivers of change as categorization of trends is extremely cumbersome. An example is the trend traceability: It can be considered from a technological, environmental and legal perspective with influences along the complete value chain. The validation method for the megatrends and drivers is quantitative; it should appear in a proportion of the articles. 20% is chosen as this threshold includes the most important trends and confirms substantial presence. For this quantification a subset from the literature is used, containing 23 publications between 20212 and 2019. This subset presented in table 14 of the annex, contains the results from the google search, representing the industry and various academic publications. This search includes relevant articles from world organizations including the World Economic Forum, OECD and FAO, consultancy firms McKinsey, PWC and GHK. The category other includes publications from Agricultural organizations and authorities. The academic perspective mainly comes from the Scopus database search query described before, limited to the past five years.
 
[bookmark: _Toc14347571]Figure 3: Subset literature for selection of megatrends and drivers of change

Once the exploratory scanning is completed, assessment takes place through discussion, and its result is a survey containing trends to be rated on importance in development phase 1. On the outcome of the survey, issue centered scanning is performed. This involves analyzing the result of the exploratory scanning and the collection of additional literature for specific topics. The result is presented through a narrative literature review at the end of development phase 1. 




[bookmark: _Toc14347311]LR 1: Main concepts
Introduction
This section introduces the concept of foresight in order to clarify the value of this research. In the section “trend”, the concept of a trend is presented, and a further specification is made between trends, megatrends and technological trends. The remaining sections explain drivers of change, and the concept of a trend map.  
0. [bookmark: _Toc14347312]Foresight
Many aspects of today’s world are highly volatile, uncertain, complex and ambiguous. This increases the difficulty of decision making and therefore the need for foresight: “Thinking about the future, to guide decisions today.” (Wiebe et al., 2018, p. 546). Foresight is used for a variety of objectives and contexts like strategy, regions, technologies and environments. Coates (2010) describes foresight to be a concept about some future state or condition. Depending on the time horizon, complexity and uncertainty, scenarios or quantitative models can be based on facts, but also on highly uncertain speculations. The nature of the activities can be predictive, exploring or envisioning. The first two translate to analyzing the past or exploring the present to foresee the future. The third category envisions the future and reasons back to the present. Exploratory scenarios explore the impacts of various drivers, trends and interactions from now into the future. (Wiebe et al., 2018). This research constructs such a scenario, and allows other stakeholders to do so, by providing the fundamental step of identifying trends and drivers and assessing their level of importance. 

0. [bookmark: _Toc14347313]Trend
FAO has accepted the following definition of a trend: “A general tendency of a movement/change over time”(GFAR, 2014). This lies close to the definition within statistics, where a trend is a long-term component of a times series. This definition, however, contributes to the problem of inclusions in the survey. For example, E-Commerce wouldn’t fit the definition of a trend as it is not a movement of time. “Virtualization of commerce”, or simpler said the increase of E-Commerce would be a movement over time, and therefore a trend. To keep things simple for survey respondents, the list of trends includes topics and fields which through the literature appear to be of increasing importance to the agri-food sector: “Trending topics”. The movement in these topics, making them trends is often caused by the pressure from megatrends like population growth and digitalization. A megatrend in the literature can refer to the time period; 10-15 years (GFAR, 2014) or many generations (Saritas & Smith, 2011), or its impact being global (Saritas & Kuzminov, 2017) or across all areas (GFAR, 2014). This research will make the distinction of trends and megatrends, based on a combination of both. A megatrend is longer term in nature, a development over time of at least 10 years and having a global impact. At last, a further specification can be made concerning technology. A technological trend is “a topical breakthrough and actively evolving direction of technological development, capable of having a significant on the economy and society in the future.” (Mikova & Sokolova, 2014).  
0. [bookmark: _Toc14347314]Drivers of change
The definition of a driver of change, accepted by FAO, is adopted from (Saritas & Smith, 2011, p.295)
“Drivers of change are those factors, forces or events [...] which may be amenable to changes according to one’s strategic choices, investments, R&D activities or foresight knowledge and strategies. They are both presently accessible and future relevant”

Examples given are climate policies, science & technological developments and shifts in demand. Authors note the difference between a trend and a driver of change to be the varying impact from year to year, and the influence one can have on a driver of change.  
This results in uncertainty being a key characteristic of drivers of change. A driver is accessible for stakeholders and could go one way or the opposite, influencing one’s business or institutional environment greatly. 

[bookmark: _Toc14347315]Trend Map
As mentioned among the objectives a trend map will be developed. Consulting firm FSG (Guide to trend mapping, 2017) defines a trend map as “a visual depiction of relevant trends influencing the system around a given topic”. Such visualization is generally speaking an effective strategy to overcome information overload due to the limited working memory of individuals (Gavrilova, Alsufyev, & Gladkova, 2008). This additionally allows the more effective transfer of not just facts, but insights, relations and principles that allow the recipient to reconstruct meaning (Eppler & Burkhard 2007). Within academics however, a Scopus search with the key words “trend map” returns solely results concerning the visualization of time series trends, and not with trend maps as defined previously. Within academics the trend map intended by this research is a subset of the discipline of knowledge visualization: “Examining the use of visual representations to improve the transfer and creation of knowledge between at least two persons" (Eppler & Burkhard, 2004).
[bookmark: _Toc14347490]Table 1: Definitions of trend related terms


	Term
	Definition

	Trend
	“A general tendency of a movement/change over time”(GFAR, 2014)

	Megatrend
	“A longer-term trend of at least 10-15 years with a global impact” (GFAR, 2014)

	Technological trend
	“An active direction of technological development”(Mikova & Sokolova, 2014) 

	Driver of Change

	﻿“Forces, factors and uncertainties that are accessible by stakeholders and create
or drive change within one’s business or institutional environment”(Saritas & Smith, 2011)

	Trend map
	“A visual depiction of relevant trends influencing the system around a given topic” (Guide to trend mapping, 2017)







[bookmark: _Toc14347316]LR2: Identification and analysis of external pressures on the agri-food sector based on literature review
Introduction
The agri-food sector is one of the most important economic and political areas within the Europen union. Its implications are widespread as it fulfills human needs, supports employment and economic growth, and has great influence on the natural environment (Iakovou, Vlachos, Achillas, & Anastasiadis, 2014). Even though the world has seen progress in hunger reduction and improved food security, major concerns persist. Through a number of regulatory interventions all stakeholders are under pressure to deal with environmental, social and ethical concerns. As the sector is such a center piece of society through the involvement of almost every person, the influence of changes in the macro environment affect the sector greatly. This next section presents the megatrends frequently found in the literature, followed by the major challenges resulting from these megatrends. The subsequent section presents found drivers of change. 

[bookmark: _Toc14347491]Table 2: Overview of megatrends, challenges and drivers of change
	Megatrends
	Drivers of Change
	Challenges

	1. Globalization
2. Economic growth
3. Population Growth
4. Climate Change
5. Environmental degradation
6. Digitalization
7. Market Volatility
	1. Political instability
2. Standards
3. Technological Legislation
4. Changing Patterns of Consumer Demand

	1. Food Security
2. Resource Scarcity
3. Food Waste
4. Food Safety






[bookmark: _Toc14347317]Megatrends
This section is about identifying the relevant megatrends for the agri-food sector. These megatrends are an external pressure to the industry, often forcing companies to change their way of doing business. The following seven megatrends have been selected as they occurred in over 20% of literature subset listed in table 14. In table 12 of the annex an overview is presented with the megatrends, some underlying topics and the number of occurrences throughout selected literature. Table 3 lists found trend and reason for relevance.  

[bookmark: _Toc14347492]Table 3: Megatrends
	Megatrend
	Description

	Globalization


	In the past 30 years global value chains have become increasingly complex and stretched out over the world forming global value chains (Falguera, Aliguer, & Falguera, 2012). A problem of these value chains is the potential for energy intensive logistics due to cooling and transportation (Rabobank, 2014). Additionally, some regions such as the Middle-East and North Africa have become dependent, and therefore vulnerable to volatility in global food markets (FAO & OECD, 2018). 

	Economic growth

	Developing and middle-income countries experience economic growth accompanied with an income induced change in dietary composition. This development has broad implications for the global food demand as protein consumption and therefore livestock production increases strongly. For example, China experienced a 300 per cent increase in meat consumption from 1980 to 2010, in comparison to its increase of 2 percent in rice consumption (Saitone & Sexton, 2017).

	Population Growth

	The world’s population is projected to grow to 9.7 billion by 2050 (FAO, 2017), in combination with other factors this will lead to a 70 % growth of caloric demand in the same period (PWC, 2017). As the population growth is concentrated in low and middle income countries, their regional food systems will experience additional stress with potential conflicts as a consequence. (Calicioglu, Flammini, Bracco, Bellù, & Sims, 2019)

	Climate Change

	Global warming results in climate change and is directly noticeable as weather events are more extreme and increasingly unpredictable. This is resulting in droughts, floods and other natural disasters. The consequence of varying yields influences food security and jeopardizes human livelihoods; climate change can be seen as a “hunger risk multiplier” (FAO, 2017) Scenarios predict a reduction of yields in the long run, and a growth of year on year yield variability of 50% by 2050 (TEAGASC, 2016)

	Environmental degradation

	Some examples of environmental degradation are desertification of land, the loss of biodiversity and the eutrophication of water sources. Arable land is degrading and a variety of resources are susceptible to scarcity (FAO, 2012). Resource scarcity will result in a fiercer competition for inputs and the obligation to use resources more efficient.  Preventing or minimizing environmental degradation is an important and urgent sustainability challenge of the coming decades (Bais-Moleman, Schulp, & Verburg, 2019). 

	Digitalization

	An increasing amount of data is captured which allows the analysis of physical and economic processes (OECD, 2018). This is the basis for the ongoing digital revolution that connects the digital to the physical world, also called “industry 4.0”. Sensing, smart and sustainable solutions will play an important role in meeting the sector’s challenges. (Miranda, Ponce, Molina, & Wright, 2019)

	Market Volatility
	 The core of the agri-food chain management lies in dealing with uncertainty (Fiore, Stašys, & Pellegrini, 2018). Yields and prices have always fluctuated, the degree to which however has been increasingly high due to due to the changing climate, political actions and social changes (KPMG, 2013). Farmers get caught in the middle between changing weather patterns and rising input prices (Kline et al, 2016), resulting in other supply chain actors struggling to maintain price and quality (Fiore et al., 2018). 



[bookmark: _Toc14347318]Challenges
The response to these megatrends is the challenge of forming more efficient, inclusive and resilient food systems (FAO, 2017). This is no easy task and is considered one of the most pressing challenges of this century (Rotz et al., 2019). The agri-food sector itself has been contributing to the observed megatrends of environmental degradation and climate change as agriculture uses 70% of fresh water globally (OECD, 2019), and occupies 38% of the worlds land surface (FAO, 2013). Meeting growing caloric demand while taking into account all adverse effects is the front and center of the recently announced United Nations Sustainable Development Goals (UN, 2015). Resources need to be used efficient and waste is to be reduced in order to provide food security, while maintaining food safety.  

Food security

“Food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life”. (World Food Summit, 1996).

To supply demand sustainably, innovation is needed to preserve water reserves, air quality and soil health. Additionally, diseases and pests need to be controlled and energy consumption limited.   
A growing population, increased urbanization and climate change altering the timing and distribution of water, surface levels are estimated to fall short in supplying both cities and the agricultural sector (Flörke, Schneider, & Mcdonald, 2018). Water has to be used more efficiently to prevent high-conflict water sheds. The problems are not limited to quantity, but also concern its quality. Animal manure and fertilizer for crops and fields leads to nitrogen and pesticides pollution impacting water quality downstream. 
The next element in environmental quality is air. The agri-food sector has a significant share in the emission of greenhouse gasses such as carbon dioxide, methane and nitrous oxide contributing to climate change. Additionally, the sector significantly emits fine dust and ammonia  posing dangers to populations living close to livestock farms (Smit & Heederik, 2017).
The third element is the earth itself. Soil health is not measured in terms of pollution but is defined as “the capacity of a soil to function within ecosystem and land-use boundaries to sustain biological productivity, maintain environmental quality, and promote plant and animal health” (Doran and Parkin, 1996). Land conversion and inadequate management practices can lead to desertification, deforestation, erosion and other forms of land degradation such as acidification and salinization. These dynamics and weather variability such as drought and wet events pose challenges to conserve soil quality while minimizing negative effects on productivity.
Another major challenge comes from the increasing scarcity of appropriate control measures against evolving pathogens and pests. Fighting crop diseases leads to the risk of resistant strains through which the reliance on chemical protectants is unsustainable(TEAGASC, 2016). Next to the threat of pests for crops, animals are increasingly antimicrobial resistant and do not respond to treatment. Parasite control and the passing of resistance to human pathogens are only some of the concerns surrounding livestock. 
Pesticides, antibiotics and other chemicals are not the only inputs to be limited. Energy consumption to produce, distribute and consume food accounts for up to 20% of total energy in some OECD countries (OECD, 2011b). Food production and consumption is facing the fundamental challenge of improving the ratio between energy invested and food produced in order to guarantee food and energy security (Pelletier et al., 2011). 
But not only efficiency gains in the production will be sufficient, around one third of food produced is not consumed due to loss and waste throughout the supply chain. In developed countries the losses and waste mainly relate to consumer behavior and the lack of coordination between different actors in the supply chain (Gustavsson, Cederberg, Sonesson, van Otterdijk, & Meybeck, 2011). Quality standards in terms of shape and appearance, best before dates and a careless attitude contribute to the 1.3 billion tons of food wasted globally (Gustavsson et al., 2011)
Food Safety
Food safety can be seen as a subsection of food security, as it is concerned with biological, operational and chemical hazards resulting in food borne illnesses (Potter, Murray, Lawson, & Graham, 2012). The US Center for Disease Control and Prevention (2015) estimated that contaminated food is responsible for 48 million illnesses each year within the USA. Product recalls such as salmonella contaminated eggs in the UK or the food fraud in which horse meat was supplied are only some of the food scares that have led to increased scrutinization and heightened consumer skepticism. Society increasingly demands information of food provenance and is setting higher standards for production and safety (HM Government, 2013) . The industry needs to face the challenge of increasing trust, transparency and to provide products safely. This provides an additional barrier in introducing emerging technologies as resistance from regulators and consumers has to be overcome (King et al., 2017) 

[bookmark: _Toc14347319]LR3: Identification and analysis of Drivers of Change and Trends based on Literature Review
[bookmark: _Toc14347320]Drivers of Change
Below are listed found drivers of change. All occur in at least 20% of the literature, with one exception. Despite being mentioned in only 7% of selected literature, the driver of change “Political instability” has been included due to its presence in the world economic outlook (Bank, 2018) and frequent news publications. In the following section the drivers of change and their importance for the sector are described. 
[bookmark: _Toc14347493]Table 4: Drivers of change
	Driver of Change
	Description

	[bookmark: _Toc14347321]Political instability

	The activities of value chains have spread over several countries forming a complex and extensive global agri-food system. Even though agricultural trade continuous to increase (Goedde, Horil, & Sanghvi, 2015), global trade growth is slowing and stakeholders are concerned with trade tensions, political uncertainty and protectionism (Bank, 2018). A recent example is the plummeting of soybean prices due to imposed tariffs. (PWC, 2017) coins the question if increased globalization could regress towards protectionism and (World Economic Forum, 2017) take connectivity between countries and stakeholders as one of the two key dimension for their foresight analysis. Political relationships are of importance to face the national border surpassing challenges of the sector.

	Standards & Regulation
	Food scandals and international trade have resulted in a variety of standards to assure food safety (Cucagna & Goldsmith, 2018). In the last decade substantial changes concerning food policy and legislation have been made. Hygiene packaging and livestock traceability belong to the many examples. Standards are not only imposed by public institutions but also private standards are being adopted to the new properties of today’s food related issues (Falguera et al., 2012). Regulation has always been a reason for concern, a current example is the debate in the European Union as various stakeholders are not benefitting from genetically modifiable technology, while other countries do (OECD, 2011a)

	[bookmark: _Toc14347322]Technological Legislation

	The legislation surrounding the digital technologies is causing problems in the agri-food sector. Farmers are hacking their own tractors in order to make changes to the software as corporations continue to lobby against the right-to-repair legislation (Rotz et al., 2019). Furthermore, difficulties surround legislation with respect to interoperability between devices and systems in the sector. Questions are asked what the role of policies are in this matter (OECD, 2018). The blockchain technology would greatly benefit from standards to reach scale (Tripoli & Schmidhuber, 2018) and corporate concentration could be a consequence of the lack of rights for users (Rotz et al., 2019). Furthermore, the value extraction from data is increasingly important for various research directions industry stakeholders, increasing the influence of regulation on data ownership, access and more.

	[bookmark: _Toc14347323]Changing Patterns of Consumer Demand

	Consumers are increasingly health conscious and are moving towards healthier diets that include functional foods (Goedde et al., 2015). Additionally, consumers are demanding more information about food provenance as they are concerned with product characteristics relating to sustainability and animal welfare. This is causing changes in consumer preferences and attributes to already rapidly changing consumer demands (TEAGASC, 2016)..










[bookmark: _Toc14347324]Trends
The list of trends has seen quite some evolution throughout the research due to categorization issues, determination of the level of detail and the requirement of relevance to the innovation process. Great difficulties arose from categorization in groups of trends, as it became clear the activities and the sector to be highly interconnected. Categorization was made according the stage of the value chain, or to the PESTEL framework, both failing due to extreme repetition and unclarities. Another difficulty arose from the level of detail to obtain a list with a length suitable for the survey, applicable to the knowledge of the experts and relevant for the bigger picture of the value chain. Additionally, importance was placed on selecting trends with value to the innovation process. The original survey contained 10 main trends and 25 sub trends, presented in table 13 of the annex. To prevent repetition the list with revised definitions is presented in the next section after presenting the experts, followed by figure 4 providing insight in distribution of the results.  








[bookmark: _Toc14347325]Development Phase 1
In order to validate the findings from the literature review experts take part in a survey to provide insight in the importance of collected trends.  First, the design of the survey and participating experts are discussed, followed by a discussion of the results. Second, the main trends classified as most important are additionally researched in order to gain an understanding of underlying uses of the trend, challenges and possible solutions. 

[bookmark: _Toc14347326]Survey design 
Experts are asked to provide a classification between “unimportant” (1) and “very important” (5) following a five-point scale, and to provide feedback on the correctness of the descriptions. A distinction is made between “main trends” and “sub trends”. based on judgment of the researcher. This division allows the main trends classified as most important to be additionally researched after the survey. This number has been set at 6 by the DIVA project. Following the principle of the Delphi Method (Brown, 1968) ,this survey determines the top 6 main trends based on the consensus of experts. This translates to a hierarchy of trends based on the highest number of experts rating a trend higher than 3, on the 5- point scale. 

[bookmark: _Toc14347327]Experts
The DIVA project provided access to seven experts employed within the following 6 organizations, which are highly relevant to this research as they provide an overlap between the agri-food and digital technology industries. 
[bookmark: _Toc14347494]Table 5: Organizations of participating experts
	Organization
&
Country
	Available information about function/department and organization

	AMETIC

Spain

	Digital Transformation and Innovation Manager
This organization represents the digital technology industry of Spain by promoting economic policy and regulation that facilitates the development and use of digital technologies. 
https://ametic.es/es

	Agri Sud Oest Innovation

France
	R&D and Innovation
This organization provides a network and collaboration opportunities for private and public investors, research and education organizations, companies and other stakeholders active in the agri-food sector of several French regions. 
http://www.agrisudouest.com/

	Inovisa

Portugal
	International Cooperation Manager
This organization facilitates the realization of innovative agri-food projects initiated by teachers, researchers and students in Lisbon by providing an interface between the scientific, academic and business environments. 
http://inovisa.pt/

	GRnet

Greece
	Programme Management and Administration
This organization is a research and technology network concerning network infrastructure and ICT technologies. It is involved with theeducation, research, health and culture of Greece.
https://grnet.gr/en/

	INESCTEC

Portugal
	Senior Researcher agricultural robotics
Senior Researcher
“INESC TEC is a private non-profit research institution, dedicated to scientific research and technological development, technology transfer, advanced consulting and training, and pre-incubation of new technology-based companies.”
https://www.inesctec.pt/en


	University Of Lisbon

Portugal
	Professor
Instituto Superior de Agronomia (ISA), School of Agriculture.
https://www.isa.ulisboa.pt/en




[bookmark: _Toc14347328]Results
[image: ]First the list of trends and their final descriptions is presented, followed by figure 4 visualizing the responses. This figure has been chosen to provide insight in the degree of consensus among experts. The numbers on the sides and in the middle indicate the percentage of experts to have scored the trend below, equal or higher to three. Based on consensus of the experts six main trends have been selected for additional analysis. As a general score for the trends, the percentage of experts rating the trend as important or highly important does not provide the full picture. Therefore, the sum of scores is taken, and expressed as a percentage of the maximum. By coincidence, the same six primary trends are the top 6 with both measures. 

All classifications by the experts sound reasonable to the researcher, except for the trend vocation & skills. Throughout the literature the importance of digital skill development and its barrier to technology adoption is mentioned. The low score of agroecology is understood as its relevance to the innovation process of digital technologies can be considered relatively small, leading to the conclusion of the following: Trends have been rated according to their importance for the innovation process that concerns digital technologies and SMEs in Europe. Results allow for hierarchization of trends with this purpose in mind. 

[bookmark: _Toc14347495]Table 6: Trends and final descriptions
	Expert Score
	Trend

	Final Description
*Revised

	Main trends* = Top 6

	97
	Data Economy*
	Stakeholders in data sources, exploiters and consumers create a set of economic activities around the asset that has become increasingly strategic: Data.

	91
	Digital Economy*
	A digital transformation provides social and economic benefits resulting from online connections among people, businesses, devices, data and processes.

	83
	Circular Economy*
	The value of resources is retained as long as possible by keeping products and materials within the economy through sharing, reuse, repair and recycling. *

	83
	Sharing Economy*
	Sharing is about reducing ownership and increasing access by making underutilized assets and services accessible to off and online communities.

	83
	Sustainable Intensification*
	Efficiency gains are required while conserving environmental resources and creating ecosystems resilient to climate change and market volatility. *

	80
	On Demand Economy*
	Digital marketplaces have led to the immediate provisioning of goods and services as well as employment becoming detached, agile and adaptable.

	77
	Business Model Innovation
	Increased importance of sustainability and new technologies lead to opportunities for new business models to capture maximum value from innovation.

	74
	Consumer Choice
	Consumers buy what gives them the greatest satisfaction on a variety of dimensions, with different tiers of budget restrictions. 

	60
	Agroecology
	Agroecology is the marriage of agriculture and ecology; this holistic approach addresses the needs for a sustainable and fair food system. *

	60
	Social Well Being
	Digital technologies improve people’s quality of life in a variety of ways. Some of the current topics are education & skills, self- autonomy and social inclusion

	
	Sub Trends
	 

	94
	Precision Agriculture
	Digital techniques measure variations among the field to add exactness to inputs and timing, resulting in higher yields and a lower environmental impact.

	94
	Predictive Analytics
	The practice of extracting information from data, in order to identify trends and patterns to predict future outcomes of processes and behavior. *

	86
	Bio Economy
	The invention, development, production and use of renewable biomass across all sectors to replace fossil fuels and produce other biobased products. *

	86
	Energy Efficiency
	Current energy intensive systems contain numerous opportunities for improvement based on monitoring, consumption reduction and renewable energy adoption.

	86
	Innovation Hubs
	To aid innovation and adoption these hubs and centres provide physical and digital infrastructure to facilitate connections and access to resources. 

	86
	Social Inclusion
	It is about improving the terms on which individuals and groups take part in society by increasing access to develop opportunities

	83
	E-Commerce
	By conducting business activities increasingly online, wider access exists to consumer goods, production inputs, financial services and more.

	83
	Decision Support Systems
	There is a need to make evidence-based decisions to increase efficiency, automate processes, reduce uncertainty and manage short to long term actions.

	83
	Deplastification
	The most of plastic not being biodegradable leads to the necessity of using alternative materials as well as removal and recycling of existing plastic. *

	83
	Traceability
	The ability to follow the movement of a resource through various stages. This allows faster and precise identification of a product under review. *

	80
	Act Local: Businesses
	Within regions stakeholders organize to foster local innovation, attract investment and strengthen communication. *

	77
	Act Local: General
	To solve global problems action is needed at the local level. This is part of a new mindset that increasingly re-appreciates the local environment. *

	77
	User-Centered Design
	To ensure products correspond to users’ needs they are involved in the design process, resulting in a shorter R&D phase and easier, better fit products.

	74
	Co-creation
	Actors from different environments such as science and practice, complement each other to develop appropriate solutions. *

	74
	Crowdsourcing
	Gathering information or resources from an undefined network of people to harness skills, collective knowledge and wisdom of the crowds. *

	71
	Act Local: Consumers
	Individuals can support a more sustainable food system through local consumption and initiatives

	71
	Blockchain
	The Blockchain is relevant for business because this type of database is recorded among many computers, allowing increased transparency and traceability.

	69
	Energy Efficiency: Understanding
	Understanding the relationship between inputs and outputs through monitoring and measurement aids understanding and optimization of energy usage.  

	66
	Multi Stakeholder Processes
	Such a process is about bringing together experts and stakeholders on a country level to decide on joint action and information sharing.

	66
	Vocation & Skills
	To adapt to new sources of growth, new teaching methods are required in order to develop the right skills and increase the attractiveness of the sector.

	63
	Differentiation/ Personalization: Consumers
	An increasingly complex suite of differentiated products is demanded by consumers. *



	60
	Differentiation: Farms
	Farmers are increasingly responsible for product attributes, making agricultural production itself a differentiated product industry.

	60
	Market responsiveness
	Because of volatility due to consumer demands and uncertainty of supply, companies must consider a tradeoff between efficiency and reactivity. *

	60
	Marketing Innovation
	Developments have led to new forms of marketing and different characteristics to promote. *

	54
	Certification
	Certification is a process whereby an independent third party assesses the quality and production against a set of requirements. *









[image: ]
[bookmark: _Toc14347572]Figure 4: Distribution of survey responses




[bookmark: _Toc14347329]Centered scanning of trends: Top 6
After having conducted exploratory scanning in the literature review, this section is devoted to finding information specific to the 6 main trends identified as most important in the survey. For each trend the (revised) definition is presented, followed by the relevance of this trend in the sector, related challenges and possible solutions. The objective is to increase general understanding, and more specifically the interaction between challenges and technology.

[bookmark: _Toc14347330]Data Economy
Keywords: Value extraction, Data sharing & aggregation, Traceability, Business model innovation 

Description
Stakeholders in data sources, exploiters and consumers create a set of economic activities around the asset that has become increasingly strategic: Data.
Uses
Data is generated exponentially and adds value throughout the value chain. Current efficiency gains in developed countries such as Ireland are largely driven by knowledge and data (TEAGASC, 2016) making the asset being described as “the world’s most valuable resource” (EIP-AGRI network, 2017a).  At the core of the agricultural revolution lies the use and collection of data to drive management decisions (Rotz et al., 2019). Additional uses are automation, product tracing and to gain consumer insights. Data creates value for a variety of research fields, suppliers use farmers’ data to market fertilizers, farmers optimize decision making and implement risk management practices, food processors use social media to anticipate consumer demand and consumers have access to data providing the demanded information about their food’s provenance (S. Wolfert, Bogaardt, Ge, Soma, & Verdouw, 2016). Data not only provides individual actors benefits; it has been proven that data driven leadership of global agri-food supply chains increases the chain’s productivity significantly (Akhtar et al., 2016). Data collection supports transparancy and trust, and allows the coordination of activities, strategic development and execution of radically new business models (EIP-AGRI network, 2017b). An entire economy is forming around the valuable and strategic asset, bringing along technological and regulatory challenges. 
Challenges
It is of great importance (1) to prevent the creation of monopolies withtin data ecosystems and markets (EIP-AGRI network, 2017a), and  (2) to optimize value extracted from data. This results in the European’s commision active involvement to protect data privacy, ownership and movement (EIP-AGRI network, 2017b). These objectives are in line with the two challenges identified by (Rotz et al., 2019); (1) data ownership (2) the production of technologies & data development. Many data owners are refraining from sharing data because of fear of governance issues such as data insecurity, lack of privacy or liability and others (S. Wolfert et al., 2016). The limitation of data sharing and additional aggregation inhibits optimal use for scientific, societal and industrial purposes. To improve value extracted from data the European Commission aims to achieve a free flow of data between locations, borders, and within a single data space (EIP-AGRI network, 2017a). The protectionist climate of data adds to inefficiencies in the development of technologies. A top down approach of development limits usability for smaller stakeholders, and incompatibility between data sources limits decision support systems (Rotz et al., 2019). The current climate has resulted in interoperability and legal challenges, causing companies to gain control over data generated across the food system, causing further market integration and increased corporate concentration (Rotz et al., 2019). This is one of the ways digitalization is contributing to the growing problem of power inequalities in the supply chain. 
Solutions
Distributed Ledger Technology (DLT) or better known as the “blockchain”, potentially provides a solution by facilitating scalability, interoperability and product authenticity (Tripoli & Schmidhuber, 2018). In order to increase the use of data among small and medium sized enterprises, open source platforms are developed helping to gain efficiency and allow ownership of data (Rotz et al., 2019). While regulatory frameworks are being developed the collection of data continues by sensors placed on farms, transports, packaging and more, allowing big data to be analyzed by the actively evolving fields artificial intelligence, machine learning, predictive modelling and database systems (Lehmann, Reiche, & Schiefer, 2012). 

[bookmark: _Toc14347331]Digital Economy
Keywords: Connectivity, Technology adoption, Digital skills, Innovation support services

Description
A digital transformation provides social and economic benefits resulting from online connections among people, businesses, devices, data and processes.
Uses
The value of technology in the agri-food sector has been widespread and integrated in everyday practice, change due to technology appears to have become a normal part of the agri-food sector (Kelly et al., 2017). There is however a difference in perception of the future, technologists believe a disruptive change will impact the industry, while industry participants expect the change to be incremental (Kelly et al., 2017). There are numerous investment opportunities for every stakeholder in the value chain: Automation of harvesting, additive manufacturing, smart supermarkets and other consumer engaging technologies that are stakeholder specific. The center of digitization, and a universal trend throughout the value chain is the placement of sensors (Lehmann et al., 2012). Data capturing sensors can be placed practically everywhere. On the farm sensors provide data about production indicators such as water level in soil and use of pesticides, driving lanes of farmer machines etc and within logistics sensors provide information on location, temperature and humidity to improve logistic efficiency, shell life and safety. All these sensors and more can be connected forming the Internet of Things (IoT). This connectivity allows, among others the tracing and tracking of products throughout the supply chain for remote monitoring, proof of compliance and communication of characteristics. Until recently products were traced relating to product identification while new technology allows the tracing product’s lifecycle for quality, fraud, adulteration and authentication requirements for health, marketing and business purposes (Ramundo, Taisch, & Terzi, 2016). Additionally this increasingly allows life cycle assessment and therefore an analysis of a products environmental impact (Svenfelt & Zapico, 2016). The digital economy is characterized by numerous investment opportunities through efficiency gains and transparency. 

Challenges
﻿When the benefits of new technologies are more easily captured by powerful actors one speaks of “elite capture” (Rotz et al., 2019). Apart from political and economic drivers making the adoption of digital technologies complex, real and perceived applicability are significant barriers to technology adoption for farmers (Rotz et al., 2019). One cause for such a development is the development of digital technologies being aimed at large-scale, capital rich farmers (Rotz et al., 2019). Additionally a skill gap exist hindering the development and use of innovation and new technologies (HM Government, 2013). Innovation systems may struggle with finding an appropriate balance between investment in research and the training and advisory services that enable the adoption and diffusion of innovation by farmers (Agricultural Policy Monitoring and Evaluation, 2018).
Solutions
To aid the adoption of technology various innovation support services are in development. Digital Innovation Hubs help the uptake of digital technologies by bringing together various stakeholders of the innovation process. This allows user-centered design and co-creation, resulting in products adapted to the real needs of the users (EIP-AGRI network, 2017b). Public investment in advisory services is critical to enable uptake of appropriate technologies to the needs of actors in different food system contexts (World Economic Forum, 2017). Furthermore, risk management tools, digital identities enabling automated insurance systems and improved access to capital markets are available to stimulate investment and uptake of technology.  

[bookmark: _Toc14347332]Circular Economy
Keywords: Closing & narrowing the loop, BioEconomy, Waste infrastructure

Description
More value can be extracted from resources by using them more efficiently and for longer through sharing, reusing, repairing and recycling.  
Uses
Using resources more efficiently is the main objective of the circular economy. By various re- strategies such as reuse and recycle, the nutrient loop is narrowed, slowed and preferably completely closed. Limiting resource scarcity, waste and pollution has environmental and economic benefits. The support for a biological input based system to replace the globalized chemical input based systems is growing strongly (Therond, Duru, Roger-Estrade, & Richard, 2017). A System using organic matter and producing biomass for energy gives rise to the “Bioeconomy”. For farmers this gives the opportunity of diversification and shortcutting the globalized supply chains for locally managed inputs and products (Therond et al., 2017),  other stages of the value chain can decrease their dependence on volatile commodity markets and reduce resource costs through efficiency. Engaging consumers in the recycling process allows for increased touchpoints and is one of the potential drivers of revenue. 
Challenges
The Circular Economy paradigm of closing the loop is still little adopted by companies as disposing is often cheaper than re-using because it requires transformational change, incurs transaction costs and increases logistical risks (Therond et al., 2017). Research, development and execution require the involvement of several stakeholders giving rise to the need for creating consortia of interested parties (Mirabella, Castellani, & Sala, 2014). It often requires the redesigning of the production system, infrastructure, cultural frameworks or social systems (Therond et al., 2017). Additionally, consumer awareness, acceptance and habit changes are required to accept new products, minimize waste and increase recycling (Antikainen, Uusitalo, & Kivikytö-Reponen, 2018). Current systems are not designed to exchange materials between two or three actors, examples are the absence of collection systems and incapability of transport. Furthermore such transactions bring along transaction costs and confusion around responsibility (Borrello, Lombardi, Pascucci, & Cembalo, 2016). Next to scientific, organizational and logistical issues there is a need to find financing for new business ideas and the development of new business models (Antikainen et al., 2018). 
Solutions
A great example of narrowing the loop, or  improved resource efficiency is precision agriculture; A subset of smart farming that optimizes the use of pesticides, fertilizers and water by using sensors as the foundation for decision support systems (El Bilali & Allahyari, 2018). Concerning the closing of the loop, virtualization is enabling the coordination of material and information flows. This reduces reverse logistic problems and return flow uncertainties by providing accurate information on the availability, location and condition of products (Antikainen et al., 2018). To set up such a loop, digital platforms help to create new markets and facilitate collaboration by providing networking opportunities. Social media serves as a major enabler as it increases consumer awareness and involvement through interactive relationships (Antikainen et al., 2018). Such initiatives can be at the company, local or regional level with top down or bottom up approaches, it however always involves a variety of stakeholders to close the loop, contributing to the difficulty of establishing a circular economy.

[bookmark: _Toc14347333]On Demand Economy
Keywords: Supply & Demand, E-Commerce, On demand Labour & Learning, Corporate Social Responsibility

Description
Digital marketplaces have led to the immediate provisioning of goods and services as well as employment becoming detached, agile and adaptable. 
Uses
Products and services, provided based on demand are enabled by the spread of smartphones and social media which allow the more efficient matching of supply and demand and dealing with (peak) capacity problems (Nomura, 2017). Physical products are ordered online, labor is increasingly flexible, and virtualization allows the supply of previously physical products on demand. Another essential element for the shift to E-commerce were the digital technologies changing logistics by narrowing information gaps for effectivity and enabling of algorithmic efficiency. By having a delivery system that is industry agnostic, peak capacity is spread, and aggregators achieve unbeatable efficiencies. Trustworthy and efficient logistical systems have changed the mentality of “can’t touch won’t buy” turning logistics into a competitive advantage. Next to physical products, software or cloud computing is available as an on demand service, facilitating access and growth (J. Wolfert, Verdouw, Verloop, & Beulens, 2010). The connection of people through digital infrastructures has resulted in the detachment of work and workplace, increasing labor flexibility and giving rise to “on demand labor”. The needed advisory services and technical assistance in the digital revolution could benefit from such labor availability. Another example of services virtualized is platform learning where actors can access courses and teachers on demand forming the new learning economy. These flexibilities allow for promising synergies between learning and working, causing a shift towards a “gig economy” (Means, 2018). 
Challenges
Most types of products find their way to consumers, grocery shopping however remains difficult. Consumers are not willing to sacrifice price, quality or range of products and neither are they willing to put up with inconvenient delivery or pickup arrangements (López, Gelante, & Monroe, 2013). Concerning on demand labor, several platforms have been in the news being scrutinized that workers are exploited through extreme flexibility, low pay and insecurity as a way of life. A system is created of “cloud based” labor where labor is provisioned at will, and as it is increasingly performed in bits, resulting in workers being released by the day or even hour. This is the worrisome difference digital technologies make; Subcontracting small tasks allows maximum value extraction from workers with minimum responsibility (Means, 2018). Additional moral objections exist around the blurred lines between working, learning and living, forcing individuals to hustle from one temporary gig to another. 
Solutions
Even though some parties are showing fully automated fulfillment centers and home delivery models, it is anticipated that European E-Grocery will be characterized by a “click and collect” model. The on-demand learning and labor economy are not so much hindered by technological limitations from the digital platforms, data analytics and AI, but its challenges are centered around overcoming ethical concerns through regulation and corporate social responsibility. 

[bookmark: _Toc14347334]Sustainable Intensification
Keywords: Resilience, Sustainability norms and values, Knowledge transfer, Resource efficient consumption, Multistakeholder processes

Description
Efficiency gains and output growth are required while taking into account the environmental, economic and social dimensions of sustainability. 


Uses
Sustainable intensification (SI) reaches further than optimizing agriculture inputs for yields and adverse environmental effects. The circular economy, agroecology, sharing economy and many more trends are part of SI, in this part however SI is about societal negotiation, institutional innovation, justice and adaptive management (Struik & Kuyper, 2017). It is about forming an efficient, inclusive and resilient food system that can cope with future pressure. Instead of the need for sustainability, it is even mentioned we need “sustainagility: ﻿The properties and assets of a system that sustain the ability (agility) of agents to adapt and meet their needs in new ways” ﻿(Jackson et al., 2010). Currently sustainability often focusses on environmental and economic dimensions, neglecting the social dimension encompassing e.g food security and human well-being (Struik & Kuyper, 2017). 
Challenges
Defining sustainability as “the ability to continue defined behavior indefinitely” (Thwink.org, 2014) does not solve the setting of standards. As sustainability is poorly defined and cannot be solved by science (yet), interactions with multiple stakeholders and their conflicting perspectives  is required (Struik & Kuyper, 2017). These same authors have developed a conceptualization of the required steps for consensus. They argue research has an important role to play in developing indicators, resulting in a hierarchy of issues suitable for social negotiations. This process includes setting up norms and values, and the inclusion of institutions and the public. The public has an additional role to play in the sustainability challenge; “Resource efficient consumption”. It has been shown adulterations in the human diet have the biggest environmental impact from common SI measures (Bais-Moleman et al., 2019) Even though increasing evidence shows health benefits from a plant based diets, 95% of European consumers find it difficult to imagine a diet without animal products (ING International Survey, 2017). 
Solutions
As mentioned, debate and collaboration are required to overcome challenges. The Global Food Forum supports the dialogue of economic, political, and civil society representatives from 18 EU Member states to build together coherent EU policies. The science needed to build such policies and help the sector move forward as a whole is increasingly supported and funded by governments in order to ensure the creation, coordination and transferring of knowledge (HM Government, 2013). The European Institute of Innovation and Technology (EIT) is an example of a multistakeholder community bundling R&D forces and leveraging intellectual resources to solve the highly interlinked challenges of the sector. Stakeholders are eager to benefit from such open innovation practices and for many it will be a surprise to see farmers connected and eager for training, innovation, investment and collaborative approaches (Farm Europe, 2017). Digital technologies also aid in changing human behavior by spreading information on social media and providing insights in externalities through measurement. 

[bookmark: _Toc14347335]Sharing Economy
Keywords: Waste reduction, Alternative Food Networks, Value Co-Creation

Description
Sharing is about reducing ownership and increasing access by making underutilized assets and services accessible to off and online communities.
Uses
The sharing of resources like cars and houses has shown to be a viable business model. Some argue these models to be part of an access economy rather than a sharing economy as sharing implies some altruistic nature. Alternative Food Networks are somewhere in the middle as consumers and producers collaborate. These short distribution chains like self-harvest gardens and community-supported agriculture have the objective of creating resilient communities, promote participation and social inclusion, and supporting resource efficiency through collaborative consumption (Miralles, Dentoni, & Pascucci, 2017). Urbanization has also stimulated the design of neighborhood-based sharing initiatives such as increasingly popular peer to peer home cook food models that aid food waste reduction (Ukolov, Solomatin, Solomatin, Chernikov, & Ukolov, 2016). Larger regional initiatives are Food Hubs. It is a survival strategy of small farms that is based on value-based supply chains reconstructing local agri-food systems. It is described as a survival strategy as it is a response to the unsustainable food system for the small farmer who are price squeezed due to unequal bargaining power (Berti & Mulligan, 2016). Food hubs are about sharing value through policies and operating practices enhancing the competitiveness of a company while stimulating economic and social conditions of the community it operates in. Examples are the creation of brands around regions and the attraction of talent. 
Challenges
A common challenge faced in sharing economy practices is finding the right level of control, through authority or formalized norms, without limiting the ability of community members to participate and benefit from shared resources (Miralles et al., 2017). A trade off exists between authority, community and opportunism. Furthermore, institutional norms need to be set to deal with health and safety issues, poorly regulated markets and taxation avoidance. 
Solutions
Digital technologies have the opportunity to share information in order to deal with organizational issues and decision making. Taking away unwanted tasks has the potential to improve retention and attract new members. Another way to deal with many of the challenges faced is the business model of a hybrid organization. These typically pursue the social and environmental goals that are characteristic for nonprofit organizations, while still focusing on revenue generation (Tell et al., 2016).

0. [bookmark: _Toc14347336]Outcome 1: Visual Trend Map 
For the visualization of the trend map the framework developed by (Burkhard, 2005) has been used. The meaning to be reconstructed from the map are the key challenges and objectives relating the main trends. The trend map is designed to put emphasis on the importance of data sharing, as it is essential for the successful diffusion of various trends. Following the guidelines from the framework, this visualization aims to prevent misinterpretation, to compress knowledge, to be consistent, while motivating the audience without including unnecessary decoration. The result is presented in figure 5 and the Annex, figure 8. 
[bookmark: _Toc14347496]Table 7: Visualization framework adapted from Burkhard (2005)
	Function
	Knowledge Type
	Recipient
	Visualization type

	New insight
	Declarative knowledge
	Group
	Map

	
	
	Individuals 
	





[image: ][bookmark: _Toc14347573]Figure 5: Visual Trend Map (Small format version)




[bookmark: _Toc14347337]Development Phase 2
This section focusses on the technological side of the trends. First, a benchmarking process provides the stages of the value chain used to construct the DigiTech value chain. Next, a representation of industry demand is used to gain insight in challenges from the industry and its applications. Additionally, this industry demand serves as additional validation for found trends and challenges.  

[bookmark: _Toc14347338]DigiTech Value Chain
In order to support digitization a DigiTech value chain has been chosen as a visualization. A value chain can be defined as a “set of interdependent economic activities undertaken by a group of vertically linked economic agents”(Bellù, 2013). A DigiTech value chain adds the dimension of digital technologies onto the original concept of the value chain, showcasing applications of each technological trend category per economic activity.

1. [bookmark: _Toc14347339]Benchmarking the Agri-food value chain
Combining “agri” and “food” signals a focus on both production and consumption, and the components of the food chain in between (Clark, Sharp, & Dugan, 2015). Through a process of benchmarking the agri-food value chain is specifically determined. During the literature review 8 visualized value chains retrieved from 7 documents, presented in table 14 of the annex, have been benchmarked. The number of occurrences per economic activity can be found in table 16 leading to the following set of economic activities. The sequence of activities is in a predetermined order, however, just as (Kline et al, 2016) mention. Processing, marketing/branding can happen at every stage and logistics is present between all activities. According to identified stages of the value chain, and the technology categories, applications of digital technologies were selected throughout the literature based on their presence within the validated trends, the industry demand, and the researcher’s assessment of importance and potential inspiration. The result is the DigiTech value chain of which the visualization can be found in figure 7 of the Annex. Figure 5 shows a simplified version, followed by descriptions for all applications in table 8. Four general themes can be extracted from this DigiTech value chain. 
[bookmark: _Toc14347574]Figure 6: Digitech Value Chain (Simplified)
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Transparency: By collecting and sharing data along every step of the value chain, 
transaction trust is increased, and transaction costs reduced. “Digital twins” are one example of how additional information improves transparency in the process and therefore the backtracking of problems. All this information provides the demanded information to consumers, who have additional dimensions to base their purchasing behavior on, possibly contributing to resource efficient consumption. 
Scalability: Agriculture has always been a business of scale due to machinery and vehicles. Automation adds scalability to the business in other stages of the value chain as well. Fulfillment centers have the opportunity to become cost efficient in the long term, and additive manufacturing allows the scaling of mass customization. 
Access: Digital connection allows stakeholders to unlimited access. Smallholders have the opportunity to disintermediate middleman and find partners. Furthermore, marketing agencies gain access to the ideas and opinions of complete crowds. 
Optimization: Monitoring, and adjusting real time allows for yields to be optimized, but also for quality to be maintained as fluctuations of transport conditions are monitored and waste minimized accordingly. 

[bookmark: _Toc14347497]Table 8: Applications of digital technologies, listed by activity of the value chain
	Stage
	Description

	Inputs
	

	Agri-Platforms

	As more producers come in reach of online marketplaces, farmers have the opportunity to save significantly on inputs.

	Production
	

	Automated harvesting

	Milk Robots are widely adopted already, soon unmanned tractors will find its way to farms and eventually fruit and vegetable harvesting robots. Satellites and drones provide remote sensing for mapping and monitoring and crop spraying drones function autonomous at a fraction of the cost compared to crop dusters. 


	Internet of (Living) Things

	The IoT will collect data on humidity, temperature, soil moisture and more. Cattle can be tracked by wearable sensors forming the Internet of Living Things (IoLT), or by 3D cameras measuring individual animal behavior and weight. 


	Smart Farming

	All this data about biomass development and fertilization status of crops allow for sophisticated farm management concerning inputs such as water, fertilizer and medications and general information management. Furthermore, site-specific weather forecasts, yield projections and probability maps for diseases will be part of daily risk management.  


	Cooperative platforms

	Cooperative working methods are increasingly digital. Using platforms to share data , to meet digitally and to co-create through ideation platforms.

	Processors
	

	Additive manufacturing

	3D printing has been limited to inorganic ingredients.  But development continues, the first pizzas are being printed at raw status and beverages are mixed on demand. This development creates opportunities for mass customization.  


	Optimization

	An IoT network throughout processing and manufacturing environments optimizes maintenance and quality while minimizing waste. 


	Digital Twins

	A digital model of the production facility or product is called a "digital twin". This virtualization speeds up root cause investigations, optimizes processes and more. 


	Packaging
	

	Smart Packaging

	Active packaging changes its condition to extend shelf life or improve the condition of the food. Intelligent packaging communicates based on its ability to detect, sense and record changes such as temperature or ph. 


	Smart Labels
	Smart labels such as QR codes on packaging can communicate information to the consumer about the products life cycle such as temperature conditions or proving livestock to have been range free. 


	Marketing
	

	Crowdsourcing

	Companies increasingly involve its employees and customers to come up with new services ideas and content. Tapping into knowledge and creativity of crowds leads to engagement and innovation.  


	Social media

	Capturing data through social media allows analysis of consumer confidence like never before as the data is collected from a far larger sample.


	Logistics
	

	Sidewalk Robots

	To deal with last mile logistics in urban environments so called "Sidewalk delivery robots" are already employed to deliver in San Francisco. 


	
	

	Transportation conditions

	The IoT within logistics can measure the temperature conditions on a product level, instead of ambient conditions on a pallet level. In combination with being able to make adjustments real time, food waste is minimized and food quality improved.


	Track & Trace

	Collected data allow for real-time tracking, real-time monitoring and predictions when products will leave warehouse. 


	Aggregators

	The outsourcing of delivery to aggregator platforms has become very accessible by reduced capacity problems and minimized uncertainty. 


	Retail
	

	Automated fulfillment centers

	E-grocery has the potential to be transformed by automating fulfillment centers that reduce prices and waiting times. 


	Proximity campaigns
	Cellphones in combination with electronic beacons provide new information to retail stores. When a customer is close an order will be prepared and finished upon entering the store. These beacons spread throughout the store allowing proximity marketing and customer behavior analysis. 


	Demand anticipation
	For retail companies with short life cycle products and perishables, forecast is crucial to deal with volatile demand patterns. Additional data and improved predictive models allow rapid and dynamic responses. 


	E-Commerce
	Market access for smallholders through E-commerce is a revolutionary change, removing middleman and information asymmetry


	Consumers
	

	3D Printers in the kitchen

	Some entrepreneurs are working on bypassing the manufacturing process by bringing the 3D printer to the kitchen. 


	Reviews and Likes

	The aggregation of consumer experiences in shared advisory websites like TripAdvisor has revolutionized the transparency of the hospitality industry. 


	Resource efficient consumption

	When the environmental impact of food is displayed through apps or labels, consumers have an extra variable to make purchasing decisions. Resource efficient consumption is crucial for the sustainability of the sector. 


	Sharing initiatives

	Platforms are contributing to sustainable consumption patterns by minimizing waste and enhancing social connections. Consumers participate in agriculture, community gardens or consumer to consumer meal sharing. 




[bookmark: _Toc14347340]Call for challenges. 
The DIVA project conducted a “call for challenges”, to bring together enterprises from the industry with challenges, and possible providers of solutions. In this context a challenge is defined as “a recognition of an opportunity, from the agri-food, forestry and environment stakeholders, that may be improved or solved with innovative digital solutions” (Challenges List, 2019.). Stakeholders are motivated to submit their challenge as the project will encourage innovators and solution providers to propose innovative solutions. The list of 18 submitted challenges can be found in table 15 of the annex, and a full description is available at https://www.projectdiva.eu/challenges-list/.  
The majority of challenges is concerned with smart farming: “The incorporation of information and communication technologies into machinery, equipment, and sensors for use in agricultural production systems” (Pivoto et al., 2018). Following these authors, a distinction is made between (1) precision agriculture, which is mainly concerned with optimizing yields by adding exactness to inputs and timing and (2) Information management: “an integral part of an overall management system and support tools such as enterprise resource planning (ERP), information systems, etc.” 
(Operations Management in Agriculture, 2019). 

	Activity
	
	Category
	Application
	

	Smart Farming
	14
	Precision Agriculture
	Weed Recognition
	

	Forest Management
	2
	
	Wine Cultivation
	

	Policy 
	1
	
	Pest Recognition
	

	Logistics
	1
	
	Harvesting Optimization
	

	
	
	
	Crop Management 2x
	

	
	
	
	Smart Irrigation
	

	
	
	Information Management
	Urban Risk Management
	

	
	
	
	Cost Calculation
	

	
	
	
	Supply chain Management
	

	
	
	
	Inventory Management
	

	
	
	
	Biomass Logistics
	

	
	
	
	Vineyard management
	

	
	
	Automation & Robotics
	Livestock Robotics
	

	
	
	
	Plot Spraying
	

	
	
	
	Cultivation Machinery
	

	
	
	Livestock Management
	Livestock Monitoring
	


[bookmark: _Toc14347498]Table 9: Summary call for challenges



[bookmark: _Toc14347341]Technological challenges and trends
In order to analyze the interaction between trends and challenges, technological trend categories are identified. Based on the literature review and discussion with a technological expert[footnoteRef:1], four main categories for digital technology trends are found. In order to cross challenges and trends, the 18 challenges are reduced to 6 categories of technological limitations. Table 10 shows the aggregation of technological obstacles per technological trend category. In order to clarify this concept, the irrigation management challenge (N.1) states its main obstacles to be concerned with determining when irrigation should occur (Decision Rules), how to model plant growth according to a variety of characteristics (Modelling), finding a sensor suited for the culture (Sensors) and the communication and integration of all different data sources (Digital Integration). Another example is the livestock robotics challenge (N.4) which is mainly concerned with the integration of several technologies like 3D vision, robots and plumage tools (Technology Integration). [1:  Dr. Alexandra Marques, Senior Researcher at INESCTEC. ] 

[bookmark: _Toc14347499]Table 10: Number of technological challenges per trend category 
	            Trend
                                      
Challenge

	Robotics & Unmanned 
vehicles
	IoT & Data Collection
	Cloud Computing & Data Analytics
	Digital platforms

	Decision Rules
	
	
	8
	

	Sensors
	
	9
	
	

	Modelling
	 
	 
	5
	 

	Digital Integration
	
	
	
	8

	Technology Integration
	4
	
	
	

	Machine Vision
	
	
	4
	




[bookmark: _Toc14347342]Industry demand as validation
All primary trends are additionally validated through their presence in the call for challenges, except for the sharing economy. Furthermore, listed challenges and trends found in the additional literature review of development phase one are validated by their presence in the call for challenges. This additional information has been included in the trend map. 

[bookmark: _Toc14347500]Table 11: Challenges and trends from Development Phase 1 present in industry demand
	Primary Trend
	Challenge
	Trend

	Digital Economy
	Digital Skills
Cost/benefit ratio
	Traceability
Advisory Services

	Data Economy
	Access to data
	Data Sharing
Data Aggregation

	Sustainable Intensification
	Research
Sustainability standards
	

	Circular Economy
	Waste Infrastructure
	Precision Agriculture
Bio Economy

	On Demand Economy
	Peak working load
	[bookmark: _GoBack]On demand Training
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[bookmark: _Toc14347575]Figure 7: Digitech Value Chain (Small format version)

[bookmark: _Toc14347343]




Discussion and conclusion

0. [bookmark: _Toc14347344]Discussion
This research concludes based on the opinion of 7 experts that the main trends related to digital technologies in the European Agri-food sector are the Data Economy, Digital Economy, Circular Economy, Sustainable intensification, On Demand Economy and the Sharing Economy. Additional research has revealed underlying trends and challenges to be interconnected, and that data sharing is at the core of the digital transformation as it supports research, development of products and services, and traceability which in turn increases transparency, safety and trust. Main technological challenges involve the development of sensors, decision rules, models, integration of various technologies and the digital integration of various data sources. 
The call for challenges representing the industry showed concentration in the smart farming field. This is in line with the literature that is mainly focused around the production part of the value chain. It was expected however, to find some challenge involving consumer behavior concerning food waste as this is a prevalent challenge in developed countries. Another oddity is the low rating of experts concerning the trend “Vocation & Skills”. Even though the literature mentions the attraction of talent and the development of digital skills to be essential for the transformation of the sector. In addition to the low rating of the trend “Marketing Innovation” it can be noted, scores of the experts are mainly concerned with the importance of suggested trends within the DIVA project. Marketing innovation could be prevalent in the industry, but not considered important for the project. This leads to the conclusion that some bias might exist and limits the generalizability of results for the complete agri-food sector. Furthermore, as the sector comprises such a large area, this research has been unable to include all important trends and challenges. Despite given limitations, the result of this research can provide support and inspiration to stakeholders in the innovation process by providing a transparent form of hierarchization and validation. Furthermore, the approach is holistic and centered around trends based on the interaction of current underlying trends and challenges. The objectives of this research to produce two visualizations have been achieved. To what degree they add value in the decision process of innovation activities and technology adoption is yet to be confirmed.  

0. [bookmark: _Toc14347345]Conclusion
After having conducted a literature review, followed by an expert survey an understanding was formed of trends and challenges in the agri-food sector. Analyzing technological trends and applications, in addition to an analysis of industry demands adds the understanding of digital technologies in the sector, allowing the answering of set research questions:
· What are the main trends and forces impacting the agri-food sector?
Research question 1 was presented in literature review part 2, and concluded in table 2- Trends, Drivers and Challenges of the agri-food sector. This section provided insight in the external pressures placed on the agri-food sector. This same literature review provided the basis to answer the second research question. 
· What are the potentially valuable intersections between digital trends and challenges faced by the agri-food sector?
Table 6- Trends and final descriptions, presents a full list of hierarchized trends, which are fueled by digital technologies. Additionally, table 10- Number of technological challenges per trend category, confirms the value of the four technological trends in realizing new technological applications. 

[bookmark: _Toc14347346]Future Research
A follow-up of this research would benefit from expanding the sample size of the pool of experts. Not only an increased number of experts would provide improved validation, also the origin of experts is of importance. A suggestion is to make a comparison between geographic regions throughout Europe. 
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[bookmark: _Toc14347501]Table 12: Drivers of change, Megatrends according to the PESTEL framework
	PESTEL
	Trend/Driver
	Presence
	Category

	Political
	Globalization
	21%
	Megatrend

	
	Growing agricultural trade
	
	

	
	Increased interconnectivity
	
	

	
	Political Instability
	7%
	Driver Of Change

	
	Unstable relation with Russia
	
	

	
	Increased bilateral vs multilateral alliances
	
	

	
	Paris Climate change accord exists
	
	

	
	Brexit
	
	

	Economic
	Market Volatility
	24%
	Megatrend

	
	Rising Input prices
	
	

	
	Economic Growth
	21%
	Megatrend

	
	Demand shifts
	
	

	
	Tight Labor Markets
	17%
	

	
	Aging workforce
	
	

	
	Labor shortages
	
	

	Social
	Health Awareness
	31%
	Megatrend

	
	Increased awareness of health risks
	
	

	
	Increased demand functional foods
	
	

	
	Changing patterns of consumer demands
	
	

	
	Organic farming demand
	
	

	
	Changing consumer demands
	21%
	Driver Of Change

	
	Increased demand on variety of product dimensions
	
	

	
	Different consumer spending
	
	

	
	Demand side fragmentation
	
	

	
	Population Growth
	28%
	Megatrend

	
	Urbanization
	17%
	Megatrend

	Technological
	Digitalization
	21%
	Megatrend

	
	Industry 4.0
	
	

	
	Datafication
	
	

	Environmental
	Climate Change
	38%
	Megatrend

	
	Drought
	
	

	
	Heat
	
	

	
	Flooding
	
	

	
	Extreme weather events
	
	

	
	Resource scarcity
	41%
	Megatrend

	
	Water scarcity
	
	

	
	GHG emissions
	
	

	
	Environmental degradation
	21%
	Megatrend

	
	Eutrophication
	
	

	
	Bio Diversity loss
	
	

	Legal
	Tightening of Standards
	28%
	Driver Of Change

	
	Pesticide related regulations
	
	

	
	Private standards
	
	

	
	Public standards
	
	

	
	Regulatory issues
	24%
	Driver Of Change

	
	Interoperability standards
	
	

	
	Data Legislation
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[bookmark: _Toc14347503]Table 14: Subset Literature megatrends and drivers of change
	Authors / Publisher and year of publication
* Used for benchmarking value chain
	Title 

	(AgFunder, 2017)
	Agrifood Tech investing Report

	(Ainia, n.d.)*
	Stakeholders and activities in the Agri-Food Supply Chain

	Anastasiadis et al., (2018)
	Digital technologies towards resource efficiency in the agrifood sector: Key challenges in developing countries

	(Kline et al., 2016)
	Gaps and barriers along the North Carolina agri-food value chain

	(Calicioglu et al., 2019)
	The future challenges of food and agriculture: An integrated analysis of trends and solutions

	(Cucagna & Goldsmith, 2018)*
	Value adding in the agri-food value chain

	(El Bilali & Allahyari, 2018)
	Transition towards sustainability in agriculture and food systems: Role of information and communication technologies

	(Eurchoices, 2012)*
	ICT as a driver for change in agri-food chains

	(European Network for Rural Development, 2016)
	Smart agri-food supply chains

	(FAO, 2017)
	The future of food and agriculture: Trends and challenges

	(GHK, n.d.)*
	The Agri-Food Chain

	(Iakovou et al., 2014)
	Design of sustainable supply chains for the agrifood sector: A holistic research framework

	(Goedde et al., 2015)
	Pursuing the global opportunity in food and agribusiness

	(McKinsey, 2015)
	Successful agricultural transformations

	(Miranda et al., 2019)
	Sensing, smart and sustainable technologies for Agri-Food 4.0

	(OECD, 2018)
	Global Forum on Agriculture: How Digital Technologies are Impacting the Way we Grow and Distribute Food

	(PWC, 2015)
	Megatrends impacting the industry A brief look at business issues

	(Rotz et al., 2019)
	Megatrends impacting the industry A brief look at business issues

	(TEAGASC, 2016)*
	TEAGASC Technology Foresight 2035

	(Tripoli & Schmidhuber, 2018)*
	Emerging Opportunities for the Application of Blockchain in the Agri-food Industry Agriculture

	(UNIDO, 2016)*
	Global value chains in the food sector

	(World Economic Forum, 2016)
	Building Partnerships for Sustainable Agriculture and Food Security: A Guide to Country-Led Action Contents Preface

	(World Economic Forum, 2017)
	Shaping the Future of Global Food Systems: A Scenarios Analysis



[bookmark: _Toc14347504]Table 15: Call for challenges and original descriptions
	Challenge
	Description

	1. Irrigation Management of orphan crops
	The challenge is to develop methods and tools for the irrigation management of different crops such as sunflower, haricot, asparagus, chickpeas, etc.

	2. How much grain do I have?
	The challenge is to know at any time all the existing grain in stock in our storage equipment on the whole operating area.

	3. Calculation of production costs
	The challenge is to automatically and easily determine all production costs and thus find the marketing threshold for the crop harvested.

	4. Come and pluck to avoid being plucked
	The challenge is to develop an automated or robotized solution for the plucking step of ducks in slaughterhouses

	5. Automatic image analysis to count mites & whiteflies on plant leaves
	The traditional method to evaluate insecticide efficacy consist in counting number of eggs, larva and adult insects on crop leaves before & after insecticide application at regular interval. A typical experiment requires counting thousands of leaves under a binocular lense at each evaluation date.  The challenge is to automatize this tedious work using automatic pest recognition & counting on leaf pictures, despite very small pest dimensions and variable leaf shapes, with a high accuracy

	6. Small plot sprayer with remote control
	Our routine work consist in spraying small plot field experiments (10 to 30m²) with pesticides and biologicals to evaluate their efficacy and safety. Our operators typically use a backpack sprayer with a lateral (or vertical) boom to spray the whole plot width (crop height) The challenge is to put this sprayer on wheels with a remote control : our operator stands at the edge of the field to control spraying and he is protected from direct exposure

	7. Organization of working time during calving period: remote monitoring of calving periods
	The farrowing monitoring devices available to date do not allow tracking on a large number of animals. As herd size continues to grow, a more global view of events in the building herd is a way to improve the overall performance of livestock farms. Is it possible to use a coupled night vision camera and an alert system via a smartphone?

	8. Technologies for real-time forest management
	This challenge aims at bringing the upstream part of the forest value chain to fully leverage the benefits of Industry 4.0. To achieve this challenge, new technologies based on the Artificial Intelligence concept to monitor, analyse and support decision making are needed along the supply chain.

	9. Indirect measuring systems of seed quality
	The challenge is to find a synthetic and easy-to-use method to determine the right seed harvesting time and its quality, especially related to its germinative power.

	10. Precision weeds control in organic horticulture
	To develop weed control systems for horticultural crops or other field crops grown according to biological methods. In particular, the system must also be effective in case of high-density horticultural crops or with a physiology development that may make hard the precision control.

	11. Intelligent–Precision Agriculture Crop Management
	The agricultural sector has a very important impact in terms of GHG emissions (Greenhouse Gases). Agricultural production accounts for 10% of global GHG emissions. On the other side, it is a victim of Climate Change as it reduces resilience of production systems and contributes to the degradation of natural resources.

	12. Precision technologies in fruit production
	Introduction of new precision technologies in fruit growing.  It is essential to quantify all process in fruit growth, and for this, we can and should use all new precision technologies.

	13. Weather prediction and decision support tool for urban risks
	The challenge is to have medium and long range climate forecast, through automated algorithm formulas, that allows the city council authorities to effectively make decisions, allocate resources, improve operational effectiveness and prevent natural disasters weather related events, planning and helping reduce ecological footstep and environmental hazards such as wildfires and deforestation

	14. Innovative technologies for biomass mobilization and logistics
	The upstream operations related with biomass collection, storing and transportation have a key impact on the costs of supplying the raw materials to be biomass centrals and bio refineries and thus impact on the sustainability of the value chain. There is a need to improve the cost-efficiency of biomass mobilisation and logistics processes, enabling the implementation of the cascade use concept.

	15. Innovative technology for forest management: pushing forward the forest 4.0 concept in Europe
	How can we get information about forests standing stocks (e.g. volume), sanitary status (e.g. presence of pests and diseases), and progress of forest operations (e.g. equipment productivity) in a cheaper way and with the level of detail needed for conducting forest management?

	16. WineSense - A platform to control wine fermentation and stabilization
	The aim is to monitor the whole process of wine production from the time the grapes arrive to the cellar until the wine is ready to be bottled. To control wine fermentation a set of parameters need to be measured (Temperature, pH, density, total and volatile acidity, sulphur (S02 content)). The intention is to create a sensor-based platform that monitors the entire process in the cellar.

	17. Adapted Machinery to work under steep slope vineyards
	Several tasks related either with vineyard as soil management to conduct in steep slope vineyards are areal challenge, due the lack of existence of machinery and tools able to work under this context. These machinery/tools needs be able to work in more than 40 degree of slope, be robust to work under more than 35º degrees temperature, and be able to work with tractors with less than 75 horse power and in confined spaces (less than 1.2. meters width).

	18. Precision Viticulture - From vineyard data to a solution for wine production optimization
	The main objective of this challenge is to experiment an integrated solution for wine production optimization, improving the efficiency of its farming processes and the wine’s quality. A platform innovating the precision viticulture by creating added value on top of smart agriculture best-practices, which nowadays focus mostly on monitoring processes, improving efficiency and quality of wine production through sensors-based data and advanced analytics.





[bookmark: _Toc14347505]Table 16: Benchmarking the agrifood value chain
	Final Value Chain
	Benchmark
	N. 

	Training, research and advisory, machinery, veterinary, fertilizer, breeding and other service providers
	1

	Chemical and Seed companies
	1

	Inputs
	Inputs
	2

	
	Equipment
	1

	
	Farm Suppliers inputs
	3

	
	Software Providers
	1

	Agriculture, forestry, fisheries
	1

	
Production


	Agricultural production
	1

	
	Production
	2

	
	Producer
	1

	
	Farmers, land owners, contract growers, growers urban and rural areas
	1

	
	Farmers
	2

	
	Logistics
	1

	Processing
	Primary Processors
	1

	
	Fresh Food processing
	1

	
	Manufacturing / Processing
	1

	
	Secondary processors
	2

	
	Processor
	1

	
	Food Processing & manufacturing
	2

	Packaging
	Food processors & packagers
	2

	Marketing
	Branding & Marketing
	1

	Logistics
	Food distribution and Wholesale
	1

	
	Wholesale
	1

	
	Distributor
	4 

	
	Logistics
	1

	
	Customs
	1

	Retail
	Retailers
	8

	
	Catering
	2

	
	Food service
	3

	Consumers
	Consumers
	4

	
	Healthcare and lifestyle related service providers
	1

	
	Research centers and legal requirements
	1

	
	Research and development
	1

	
	Government Policy and Regulation
	1

	
	Education & training
	1




[bookmark: _Toc14347506]Table 17: Original definitions revised from literature
	Trend
	Description                                            

	Main trends
	

	Agroecology
	Agroecology is the marriage of agriculture and ecology, this holistic approach addresses the needs for a sustainable and fair food system. 

	Business Model Innovation
	New business models are non-technological innovations changing how value is created shared and captured.

	Circular Economy
	The value of resources is retained as long as possible by keeping products and materials within the economy through sharing, reuse, repair and recycling.

	Consumer Choice
	Consumers buy what gives them the greatest satisfaction on a variety of dimensions, while keeping within their budget. 

	Data Economy
	Data has become a strategic asset that can be sold and exchanged, leading to a network of producers, distributors and consumers of data. 

	Digital Economy
	A digital transformation leads to innovation, growth and social prosperity by the interconnectedness of people, organizations and machines. 

	On Demand Economy
	The marketplace has changed by workplace flexibility and companies fulfilling demand by the immediate provisioning of goods and services. 

	Sharing Economy
	Digital platforms make underutilized assets accessible online. This allows access to, rather than ownership of tangible and intangible assets.

	Social Well Being
	People are mutually dependent and require relationships and stability. This translates to topics such as animal welfare and social inclusion.

	Sustainable Intensification
	Efficiency gains are required while conserving environmental resources and creating ecosystems resilient to climate change and market volatility. 

	Sub Trends
	

	Act Local: General
	To solve global problems action is needed at the local level. This is part of a new mindset that increasingly re-appreciates the local environment.

	Act Local: Businesses
	Within regions stakeholders organize to foster local innovation, attract investment and strengthen communication. 

	Act Local: Consumers
	Consumers are increasingly interested in field to table initiatives and concepts such as the 100 mile diet. 

	E-Commerce
	Market access for smallholders to disintermediate parties from the supply chain and remove information asymmetry.  

	Bio Economy
	The invention, development, production and use of renewable biomass across all sectors to replace fossil fuels and produce other biobased products.

	Blockchain
	The permanence of records has the potential to facilitate transparency and increase trust.

	Certification
	Certification is a process whereby an independent third party assesses the quality and production against a set of requirements. 

	Co-creation
	Actors from different environments such as science and practice, complement each other to develop appropriate solutions. 

	CrowdSourcing
	Gathering information or resources from an undefined network of people to harness skills, collective knowledge and wisdom of the crowds. 

	Decision Support Systems
	There is a need to make evidence-based decisions to reduce uncertainty and manage risk of short to long term actions.

	Deplastification
	The most of plastic not being biodegradable leads to the necessity of using alternative materials as well as removal and recycling of existing plastic.

	Differentiation/Personalization: Consumers
	An increasingly complex suite of differentiated products is demanded by consumers.

	Differentiation: Farms
	Differentiation used to be more prominent in the processing industries, but has been shifting to the farm level because of new dimensions. 

	Energy Efficiency
	There are numerous opportunities for energy savings in the current energy-intensive food chain system

	Energy Efficiency: Understanding
	A greater understanding of energy usage through measurement and monitoring is required. 

	Innovation Hubs
	These hubs allow the connection of actors, access to knowledge, expertise and technology, as well as facilitating testing and experimentation.  

	Market responsiveness
	Because of volatility due to consumer demands and uncertainty of supply, companies must consider a trade off between efficiency and reactivity. 

	Marketing Innovation
	Developments have led to new forms of marketing and different characteristics to promote. 

	Multi Stakeholder Processes
	Such a process is fundamentally about participatory decision making and information sharing. Dialogue is facilitated but also partnerships are formed.

	Precision Agriculture
	Digital techniques to monitor provide the opportunity to perform deep analysis on farming and optimize yields by adding exactness to inputs and timing.

	Predictive Analytics
	The practice of extracting information from data, in order to identify trends and patterns to predict future outcomes of processes and behaviour. 

	Social Inclusion
	Reducing the remoteness of rural areas facilitates fuller and more active participation in society and opportunities.  

	Traceability
	The ability to follow the movement of a resource through various stages. This allows faster and precise identification of a product under review. 

	User-Centered Design
	There exists a gap between the applications created by business developers and the real need of farmers.

	Vocation & Skills
	Along the value chain new skills are required to foster the innovation brought along by technological changes. 



Number of publications per category

Academic Journal	Consultancy	International Organizations	Other	10	4	6	3	
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Agroecology is the marriage of agriculture and ecology, this holistic approach
addresses the needs for a sustainable and fair food system.

New business models are non technological innovations changing how value is
created shared and captured.

The value of resources is retained as long as possible by keeping products and
materials within the economy through sharing, reuse, repair and recycling.
Consumers buy what gives them the greatest satisfaction on a variety of
dimensions, while keeping within their budget.

Data has become a strategic asset that can be sold and exchanged, leading to a
network of producers, distributors and consumers of data.

A digital transformation leads to innovation, growth and social prosperity by the
interconnectedness of people, organizations and machines.

The marketplace has changed by workplace flexibility and companies fulfilling
demand by the immediate provisioning of goods and services.

Digital platforms make underutilized assets accessible online. This allows access to,
rather than ownership of tangible and intangible assets.

People are mutually dependent and require relationships and stability. This
translates to topics such as animal welfare and social inclusion.

Efficiency gains are required while conserving environmental resources and
creating ecosystems resilient to climate change and market volatility.

To solve global problems action is needed at the local level. This is part of a new
mindset that increasingly re-appreciates the local environment.

Within regions stakeholders organize to foster local innovation, attract investment
and strengthen communication.

Consumers are increasingly interested in field to table initiatives and concepts such
as the 100 mile diet.

Market access for smallholders to disintermediate parties from the supply chain and
remove information asymmetry.

The invention, development, production and use of renewable biomass across all
sectors to replace fossil fuels and produce other biobased products.

trust. ' ' '

Certification is a process whereby an independent third party assesses the quality
and production against a set of requirements.

Actors from different environments such as science and practice, complement each
other to develop appropriate solutions.

Gathering information or resources from an undefined network of people to harness
skills, collective knowledge and wisdom of the crowds.

There is a need to make evidence based decisions to reduce uncertainty and
manage risk of short to long term actions.

The most of plastic not being biodegradable leads to the necessity of using
alternative materials as well as removal and recycling of existing plastic.
consumers. ' ' 7
Differentiation used to be more prominent in the processing industries, but has been
shifting to the farm level because of new dimensions.

There are numerous opportunities for energy savings in the current energy-
intensive food chain system

required.

These hubs allow the connection of actors, access to knowledge, expertise and
technology, as well as facilitating testing and experimentation.

Because of volatility due to consumer demands and uncertainty of supply,
companies must consider a trade off between efficiency and reactivity.

promote.

Such a process is fundamentally about participatory decision making and
information sharing. Dialogue is facilitated but also partnerships are formed.

Digital techniques to monitor provide the opportunity to perform deep analysis on
farming and optimize yields by adding exactness to inputs and timing.

The practice of extracting information from data, in order to identify trends and
patterns to predict future outcomes of processes and behaviour.

Reducing the remoteness of rural areas facilitates fuller and more active
participation in society and opportunities.

The ability to follow the movement of a resource through various stages. This allows faster
and preciseidentification of a product under review.

There exists a gap between the applications created by business developers and
the real need of farmers.

Along the value chain new skills are required to foster the innovation brought along
by technological changes.

If not correct(2)
Please provide
feedback
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