











Figure 6.3. Typology of innovation actors

The In-Sight final report further articulates that traditionally AKIS encompasses
research, extension and educational organisations, which are structured and
governed by governments through sectoral agricultural policies, with the aim of
increasing the productivity of the sector, where farms are exploited by
professional farmers. The AKIS (in the countries under scrutiny in the In-Sight
project) are thus characterised by high fragmentation, which in turn creates
coordination problems.

Some of the persistent and continuing problems in regard to AKIS that have
been discussed in various analyses and studies on both global and European
levels are the role of small farmers in knowledge creation and sharing, their
involvement in AKIS, the role of consumers and the civil society sector, the
extension services, and education and life-long learning.

Research

Agricultural research, development and innovation activities are nowadays
truly global activities, facilitated by decreased barriers to trade and by the
advances in ICT. Internationalisation is a major driver of change in agriculture,
respectively in agricultural R&D and innovation (Gijsberg, 2009). On the global
level ~80% of agricultural R&D is concentrated in the developed countries,
dominated by key private players (the ‘big six’: BASF, Bayer, Syngenta, Dupont,
Dow and Monsanto, in 2006 spending together 3.62 billion USD on research
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and development, out of 9.02 billion USD spent by all big 446 companies, incl.
the ‘big six’) (Piesse and Thirtle, 2010). The top five countries, in terms of
agricultural R&D spending, are the US, Japan, China, India and Brazil (Beintema
and Eliot, 2009). Considering the less-developed countries, 90% of agricultural
R&D is public, while in most industrialised countries private expenditures on
agricultural R&D are much larger than public, complemented by the increasing
concentration of R&D in a small number of multinational companies; the
effects of which are not yet studied and thus remain unclear (Gijsberg, 2009).

Extension services

Agricultural extension plays a pivotal role in promoting productivity, increasing
food security, strengthening rural communities, and underpinning agriculture
as the engine of pro-poor economic growth. Though it did not feature on the
development agenda for a number of years, recent emerging issues—such as
rising food prices, renewed government and donor interest in agriculture, and a
broad commitment to restructure global agricultural development
organisations—has led to a renewal of interest (IFPRI, 2010). Extension also
continues to play a role in supporting agriculture in the developed world and
there has also been a reawakening of interest in the topic here (The Royal
Society, 2009).

Extension has proven itself to be a cost-effective means of achieving higher
economic returns for farmers with significant and positive effects on knowledge
adoption and productivity. Studies of extension productivity report rates of
return ranging from 13 to 500 percent. Extension is thus a cost-effective tool
that can play an important role in dealing with a range of agricultural and rural
issues while at the same time helping to increase productivity and reduce
poverty (IFPRI, 2009).

Despite the proven economic benefits of extension services, in many countries
services have been cut in line with the reform of public institutions; in others,
the knowledge base and extension services have been hit hard by HIV-AIDS
(FAO, 2009). In the developed world, extension services have been restructured
and the emphasis on economic liberalisation has resulted in the radical
reorganisation of systems, leading to privatisation of delivery, multiplication of
extension organisations and direct payment by farmers (AKIS, 2010).

Small farmers

“In 2007, in 17 Member States half of the holdings had less than 10 ha and
there were still 6.4 mio farms in the EU with a (potential) gross value added of
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less than €1,200 per year, employing 23% of the total labour force but covering
only 7% of the utilised agricultural area.”” These small-scale farms remain
largely overlooked by research and innovation policies, and in reality can
neither benefit from advances in science and technology, nor participate in
knowledge creation as co-producers. Since they cannot reach a certain level of
output, and thus do not qualify for government-supported programmes, they
also remain excluded from the public support measures for agriculture.

Reality is much different in regard to demand for knowledge and new
technologies - small farmers and businesses in rural areas have quite diversified
interests and are keen in having access to new knowledge, on one side, and in
its application, on the other.

Experience from Bulgaria

The municipalities of Maglij and Harmanli receveid support under the LEADER approach
for the elaboration of local development strategies. What farmers and businesses on
the territory of municipality of Maglij (~12,000 inhabitants) and municipality of
Harmanli (~28,000 inhabitants) consider important to know:

e Organic farming — legal basis, certification, distribution channels, new
technologies, good practices

e EU standards for the production of high-quality agricultural products

e New technologies in plant growing and animal breeding

e Bulgarian scientific advances in agriculture — dissemination of national ready-
for-exploitation research results for agriculture and forestry, in collaboration
with the Agricultural Academy and the universities

e  Marketing of agricultural products

e Quality management systems: ISO 9001, ISO 14000, HACCP

e Rural tourism — legal basis and requirements, marketing and advertising

Thematic trainings have been budgeted on the above topics in the Local Development
Strategies of the two municipalities (2011-2015), with two trainings per topic. The
topics have been identified based on interviews and focus group discussions (carried
out in the summer of 2010) during the development of the strategies. In-depth
trainings are also budgeted for each measure of the LDS on how to prepare a good
proposal. Further, the following studies have been identified as important for the
development of the local economies and are envisaged in the strategies:

e Potential for organic farming — analysis of local conditions (soil and climate),
readiness of the local farmers and businesses, mapping of the territories
suitable for organic farming, identification and transfer of good practices in
organic farming.

e Qutsourcing of services, focused on transferring some of the public services,

2 European Commission, Directorate-General for Agriculture and Rural Development.
Situation and Prospects for EU agriculture and rural areas, December 2010
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currently provided by the municipal administrations, to local NGOs and
entrepreneurs.

e Potential of the territory for the development of tourism and touristic services
as an opportunity for reviving the local economy.

Consumers and civil society organizations

Nowadays, consumers are increasingly interested in every aspect of the food
being consumed daily. As consumers, we all expect to have abundant food at
affordable prices, yet safe and healthy. We want a great variety of food
products, but we also want to have the opportunity to make informed choices
about what to consume. More and more we are interested in food produced in
a way which cares about the environment, which is natural/organic, and
produced and delivered locally. We also demand from agriculture non-food
products — natural fibers for clothing, in recent years bio-energy, and plants for
the pharmaceutical industry. We have a diversified range of demands,
sometimes conflicting, placed to agriculture. Thus, in the years ahead, another
challenge agriculture will have to address is how to balance the potentially
conflicting demands of consumers. On the other hand, especially with regard to
green technologies and sustainable lifestyles, consumers are more and more
recognised as active players in innovation.

A recent experience in engaging citizens in research agenda-setting is
presented in the box below.

CIVISTI - Citizen Visions on Science, Technology and Innovation

CIVISTI is a research project, supported by DG Research of the European Commission
under the call Blue Sky Research on Emerging Issues Affecting European S&T, Socio-
economic Sciences and Humanities programme of FP7, ending up in Feb 2011.

CIVISTI is based upon the idea that the process of defining relevant and proactive
research agendas could in many respects gain from consultation of citizens. Our
societies are changing rapidly as a consequence of globalisation, new technologies,
multi-cultural societies, media developments, environmental and climate challenges,
new energy futures, increasing welfare and consumption, etc. Developments, which all
involve an interface between science, technology and society. Linked to these
developments, issues arise about societal management of the involved needs and
uncertainties — for society as well as for the individual. The citizens are the carriers of
the concerns and expectations to the future and with the right facilitating methods,
such concerns and expectations can be collected and transformed into relevant
research agendas.

For Europe to become the most advanced knowledge society in the world, it is
imperative that legitimate societal concerns and needs concerning science and
technology development are taken on board, entailing an enhanced democratic debate
with a more engaged and informed public and better conditions for collective choices
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on science issues. The expectation is that knowledge and innovation will become the
main sources of wealth creation globally, and that societal relevance of science and
technology will enhance the European economy in the global competition. This is why
the Seventh Framework programme aims to increase the societal relevance of
research, and thus encourages greater public engagement and promotes the
participation of society in research and science policy-making. The change in
perspective recognises that research activities are a special type of social activity that
are embedded in a wider societal context.

CIVISTI was centered on identifying emerging and potential issues in European Science
and Technology by developing, combining and using a future oriented participatory
process that combines the citizens' knowledge and experience with the knowledge on
research policy of experts and stakeholders. Panels of citizens (from 7 EU Member
States - Austria, Belgium, Bulgaria, Denmark, Finland, Hungary and Malta) with varied
educational and professional background; males and females at different age produced
69 visions of the future (time horizon 2050). Professional facilitators helped to organise
the discussions. Thus, the data resulting from brainstorming and future deliberations by
the seven national citizen panels provides an authentic sample of European citizens’
visions of future. The CIVISTI methodology builds on the interplay of foresight and
participatory technology assessment, where citizens describe their visions of the future
following the normative approach, while stakeholders and experts have the challenging
task to “translate” these visions in S&T issues and policy options, thus supporting the
programming process of FP8.

The citizens have extensively discussed seven broad topics in their visions: healthcare
and medical services; education and learning; ICT, automation and artificial
intelligence; legislation; quality of life and life style; employment and new modes of
work, and energy. It is worth noting that five of the least prominent topics addressed in
the citizens’ visions are “big issues” for humanity, including natural and technological
disasters, genetics, religion, space technology, and developing countries. During a
workshop in June 2010 experts and stakeholders ‘extracted’ from the citizens’ visions30
policy recommendations for research and innovation, targeting different levels of
governance.

Source: www.civisti.org

According to the draft Reflection Paper of SCAR-CWG on AKIS, “NGOs have an
increasingly important role in innovation. In most of the cases they provide
ideas and motivation to innovate. They are particularly fit to perform activity of
brokerage, as it happens in the cases of Latvia (in the organic and in the rural
tourism sector) in Italy (mainly in the local food sector but recently also in the
energy sector).”

Education

More and more we can consider agriculture today as “scientific agriculture.”
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Genomics, ecology, chemistry, engineering, and other science disciplines
play essential roles in 21st-century food and agriculture. As these
disciplines become increasingly intertwined with food, fiber, and fuel
production, agriculture has lost a little of its distinct identity. Agriculture
now so thoroughly combines basic and applied aspects of the
traditional STEM disciplines of science, technology, engineering, and
mathematics that the acronym might rightly expand to become STEAM,
joining agriculture with the other fundamental disciplines. Agriculture
can also connect with social science disciplines in areas such as
ethnobotany and rural development, with medicine in areas such as
pharmacognosy and nutrition, and with a large range of emerging and
traditional fields from throughout the university. (NRC, 2009)

IAASTD (2009) concludes that the “Organised AKST in the form of public sector
R&D, extension and agricultural education across world regions, are based
upon a linear top-down flow of technologies and information from scientific
research to adopters”. Further, the report alarms that the actors and
organisations in the AKS are not able to deal with the current pressing
challenges due to the very ‘narrow’ output goals, thus in return the advances of
ecological, environmental, social sciences and acquired knowledge remain
largely excluded.

Drivers

Never before has it been so important for the world to generate and use
agricultural knowledge, science and technologies, given the complexity of
challenges to be addressed by the AKS today: to increase environmental
sustainability, to improve social sustainability and increase equity, to decrease
hunger and improve health and human nutrition, to decrease poverty and
improve rural livelihoods, and to propose governance mechanisms for
improved institutional and organisational arrangements (IAASTD, 2009).

The major shortcomings of AKIS, as identified in the final report of the In-Sight
project, are the following:
e The institutional knowledge system is disconnected from the
innovation processes and knowledge flows
e In regard to innovation, AKIS remains fragmented and weak, especially
when the emergence phase and needs, and ‘cutting-edge’ innovations
towards regime change are taken into consideration
e Remoteness of the institutional domain from the actual innovation
processes
e AKIS action is insufficiently oriented towards territory.
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The report further states that

On the one hand, certain parts of the knowledge system are quite advanced
(such as universities, laboratories, research institutes), but they have
difficulties in responding to the demands of rural innovators and
respectively the innovation process is interrupted. Other knowledge and
educational institutes like agricultural schools/colleges have a strong sector
orientation and are standing apart from the innovation agenda and needs.
On the other hand, farmers, producers, processors and other actors across
the agro-food chain, who create innovations, have established their own
quite efficient knowledge networks with peers and private consultants and
bypass the ‘official” AKIS as primary source of information and advice. The
IN-SIGHT study confirmed the gap identified by previous discussions
between advisory services/training and farmers/rural actors’ needs and
willingness to diversify business. As part of the recommendations, a plea is
made to bridge this knowledge gap.**

The conclusions of the In-Sight project continue to be valid today, although
some actions have been launched (i.e. projects under FP7), their effects are yet
to be seen, and concerted efforts in the direction of addressing the deficiencies
of European AKIS are still missing.
In regard to innovation, we can consider the following major changes that drive
agricultural development:
1. Agricultural development is increasingly influenced by the
internationalisation and globalisation processes.
2. Growing dynamics of production, trade, and consumption of
agricultural products.
3. Markets.
4. Agricultural knowledge and technologies are predominantly generated,
diffused, and applied through the private sector.
5. Changing knowledge structure of the agricultural sector.
6. The ICT growth and penetration have tremendously increased the
ability to benefit from knowledge developed elsewhere and for other
purposes.

SCAR-CWG on AKIS advocates in its Reflection paper that in order to
understand AKIS, one needs to apply both the system and the network
approaches. While systems are based on tradition, networks today are more
related to specific targets, and focus on more pressing issues. The paper further

> The In-Sight project, SSP 44510, Final report — Comparative analysis and synthesis,
January 2009
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articulates that knowledge systems are institutionally embedded, but they are
not static. In order to transform existing AKS towards future AKIS, we should
not neglect parts of the old system (research, extension etc), but let them
interact and be more open.

Link to scarcities and narratives

The greatest challenge faced by agriculture is to meet simultaneously both the
development and sustainability goals while increasing agricultural production,
and these have to happen in the context of a rapidly changing world
characterised by strong urbanisation processes, deepening inequalities,
internationalisation and globalisation, changing dietary preferences and
increasing global population, negative effects of climate change and
degradation of environment, depletion of natural resource for agriculture (like
phosphorous) growing share of biofuels in the energy mix, and their
competition with agriculture for land. (IAASTD, 2009).

Policy and research implications

Although we are aware that no agriculture is fully sustainable, we still want to
have agriculture which produces sufficient quantities of safe food at affordable
prices in a way which is as sustainable as possible. This in turn demands from
the AKIS to account for both technological and non-technological issues,
incorporating as well challenges like overall rural development and
employment, management of natural resources, diversification of local
economy (incl. non-agricultural activities), etc. This kind of AKIS will have to
attract the small farmers as co-producers of knowledge and innovation, and
promote and facilitate networking in the rural areas, attracting all stakeholders.
It will further require more participatory approaches involving much more
actors than now.

In the EU, the growing emphasis on promoting and rewarding the multiple roles
of agriculture, not only as a producer of food but also as a provider of a wide
range of ecosystem services of benefit to society, highlights the need for
effective extension services capable of transferring the knowledge and
technologies needed by European farmers to respond to these developments.

A comprehensive definition of AKIS at the European level is still missing. The
multi-functionality of agriculture and the concept of broadened AKIS suggest
that it includes also research / science (e.g including fundamental and applied
research in plant breeding or animal science) and the drivers in that area.
However, science drivers influence AKIS in controversial ways: research
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agendas, priorities and evaluation criteria are set within the academic domain,
whereas diverse users of knowledge and innovation actors need more ‘gray
knowledge’ translated and communicated in more customer- tailored ways
(SCAR-AKIS CWG Draft Reflection Paper on AKIS, 2010).

6.6. The KBBE as overall concept?

Trends and developments

The KBBE concept is a fusion between two concepts: knowledge-based
economy and bioeconomy. The ‘knowledge-based economy’ was launched in a
1993 white paper, and extended at the 2000 Lisbon summit of the EU Council,
which launched the Lisbon Agenda to turn the EU into “the world's most
competitive knowledge-based economy” by the year 2010. The key elements of
the agenda are: research and development (R&D), lifelong education and
information and communication technologies (ICT). Hence, research and
scientific innovation are the driving force behind wealth creation.

The emphasis is on an incumbent threat, global competition and aging of the
population, to which Europe has to respond with a far sighted strategy. The
Aho report (European Commission, 2006) concludes that “Europe and its
citizens should realise that their way of life is under threat but also that the
path to prosperity through research and innovation is open if large scale action
is taken now by their leaders before it is too late”.

The bioeconomy has a more uncertain origin. According to the OECD, “Over the
past two decades, the biological sciences have provided a motor for innovation
and sustainability in our economies, by developing new processes and
products. We have called this development a bioeconomy” (OECD, 2009). In
other words, according to the OECD, a bioeconomy emerges when
biotechnologies are turned into business.

For the EU, however, it is a different story. “The bio-economy is one of the
oldest economic sectors known to humanity, and the life sciences and
biotechnology are transforming it into one of the newest” (European
Commission, 2005). From this quotation, one can argue that the bioeconomy,
an old activity, becomes the KBBE when new knowledge is provided by life
science and biotechnologies. In the context of the Commission’s Framework
Programme 7, ‘The term ‘bio-economy’ includes all industries and economic
sectors that produce, manage and otherwise exploit biological resources and
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related services, supply or consumer industries, such as agriculture, food,
fisheries, forestry, etc.” And “Life Sciences and Biotechnology in convergence
with other technologies provide the knowledge-base for the sustainable
management, production and use of biological resources, provides new, safe,
affordable and eco-efficient products, supports competitiveness and
sustainability of major European industries”.

KBBE covers three spheres—primary production, health and industrial
applications—and implies “transforming life sciences knowledge into new,
sustainable, eco-efficient and competitive products” (OECD, 2009). As for
primary production, KBBE “can lead to applications and products in a wide
range of fields, such as new agricultural products and practices, novel foods,
biodegradable plastics, as well as sustainable, environmentally friendly
biofuels” (European Commission, 2005). This development could bring,
according to the OECD, a contribution of 5,6 to EU-25 Gross Added Value in the
2030. The European Technology Platform ‘Plants for the Future’ (2007), uses
the concept of “plant raw materials”, that is, output to be further processed
and transformed. “To address this challenge, European plant scientists should
focus on the development of diversified and affordable high-quality plant raw
materials for food products”.

This emphasis is even more evident in the recent document of CleverConsult
(2010), under the auspices of the EU Commission, that defines KBBE as: “... the
sustainable production of biomass, for a range of food, health, fibre and
industrial products and energy, where renewable biomass encompasses any
biological material to be used as raw material”. Apparently, the authors of this
document set the boundaries of KBBE to the whole agro-food sector, as it
states that “.it is estimated that the European bioeconomy has an approximate
market size of over 2 trillion Euro, employing around 21.5 people”.

Levidow (2008) underlines that under the umbrella of the KBBE, the output of
agriculture is downgraded to mere “biomass”. “KBBE encourages the idea that
biomass is a cornucopian renewable resource which can substitute for oil and
minimise pollution, hence be sustainable. Plant characteristics as resources
whose economic value must be extracted, or as barriers which must be
overcome, especially through genetic changes. Metaphors of industrial,
mechanical, information technology are invested in nature: flywheels, cell
factories, cells as micro-computers, etc.”

Seen in this way, does KBBE really cover the whole range of issues related to

agriculture? In the KBBE concept, the human factor disappears, industry is
considered the main player of the bioeconomy and rural territories are
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mentioned only as beneficiaries. In other words, the framework built around
KBBE covers only a part of what agriculture is and should be. In this regard, one
can detect several contradictions with recent EU elaboration around agriculture
and rural development. How does KBBE respond to the challenge of agriculture
producing public goods? How does it respond to the need for “maintaining
diversified farming systems across Europe, particularly in remote areas, and to
ensure delivery of multiple public goods”? How can it take into account
farmers’ knowledge and motivations, not just to align them to the industry
requirements but taking into account the need of creating a resilient business?

Drivers

Exploiting the full potential of the KBBE does not require only investments in
research. “How biotechnology is used and the rate and direction of
technological developments will be affected by scientific serendipity,
regulation, intellectual property rights, private investment decisions, the supply
of highly skilled scientists, technicians and managers, public attitudes towards
biotechnology and the cost of capital” (OECD, 2009). From the OECD reports it
emerges clearly that technologies are only a part of a broader socio-technical
systems. In order to evaluate societal benefits, it is crucial to understand the
characteristics of the socio-technical systems into which technologies are
inserted”.

Link to narratives and scarcities

According to the OECD, governments will have to remove barriers that
constrain the full development of a KBBE society, primarily those relating to
regulation costs and societal concerns. As for societal concerns, they are largely
considered 'prejudices', which may be overcome with good communication and
education. Such a vision implies: a) a clear hierarchy among knowledge and
scientific fields; b) a clear definition of the set of applications of the new
technologies. In fact, life science and biotechnologies are clearly given a higher
status than 'old' science, for example crop management, soil science, etc.

In this regard, it is important to highlight that the current interpretation of the
KBBE has not generated a consensus within the scientific community. From
what was said above, the most common interpretation of KBBE implies a
scheme by which market opportunities leads research strategies, which in turn
produce outputs that can be protected under IPRs and sold to the market. For
example, it envisages separation of nutrition from food, with a growing

%3 See also Stone (2004)
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industry of supplements, novel food engineering (by disaggregation and
recombination of nutrients), isolation of functional traits existing in nature from
their original environment and reincorporation into commercial seeds,
fertilizers or pesticides. A group of scientists that follows the idea of
'biotechnologies for development' (Louwaars et al., 2008; Kloppenburg, 2010),
for example, highlight that present IPRs are a barrier to employment of science
into genuine development goals, and suggest a different IPR model based on
open-source protection.

Barriers and policies

The European Commission intends to launch a Communication “European
strategy and action plan towards a sustainable bio-based economy by 2020”
(STRAP) during 2011. A draft report commissioned by SCAR formulates the
following recommendations among others:

e Apply an integrated approach, addressing not only biotechnological
processing into products and considering both material and immaterial
values, e.g. ecosystem services and socio-cultural values.

e Focus inter-sector (e.g. chemical industry and agri-sector) and
crosscutting issues with respect to synthesis between productivity and
sufficiency perspectives.

e Fully acknowledge all the three principal ways to meet the increasing
global need for food, i.e. increased environmentally-friendly production
per unit area, reduction of the present significant losses in the food
chain, and changes in consumption patterns in favour of a larger share
of vegetables.

e Address a number of important thematic aspects presently lacking in
many “key documents” from EU and OECD, i.e., (1) means to
strengthen sustainability of the agri-sector, (2) potential of the agri-
sector to contribute to sustainability of the society as a whole through
substitution of fossil-based energy and products with renewable
alternatives, (3) scarcities challenging the agri-sector, and (4) ongoing
serious negative environmental impacts of the agri-sector itself.

e Highlight that the development of the bio-economy strongly needs a
significant contribution by human-related research (social sciences and
humanities) and find means to effectively increase its contribution (e.g.
on consumers’ participation and attitudes, and on food-chain
management).

e Encourage a continuous dialogue between scientists and stakeholders
throughout the whole research and innovation process, from initiation
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of research ideas to communication and implementation of final results
of relevance for societal development.

Acknowledge that stakeholders and end-users within the Bio-economy
are highly diverse groups and find ways to both positively use this
diversity and to adapt the research and innovation dialogue with
respect to it.

Consider a European Innovation Partnership or a JPI for the Bio-based
economy as a tentative long-term output of the STRAP.

Acknowledge the need for a strengthened integration of education,
research and extension for promotion of efficient innovation and
consider especially the establishment of small-business innovation
research (SBIR) aimed at involvement of SMEs
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7. IMPLICATIONS FOR RESEARCH

Smarter and more targeted application of existing technologies will help
resolve many of the challenges facing agriculture over the next 50 years, but
new science and innovation will be required to address the more deep-seated
and changing challenges. These challenges cover climate change, land
degradation, water and energy availability, biodiversity loss, as well as changing
patterns of pests and diseases. Advances in science and technology in areas
such as biotechnology, nanotechnology, remote sensing, ICTs, and better
understanding and use of agroecological processes hold the potential to greatly
change our approach to sustainable use of resources and production of a
secure supply of food. Breakthroughs in science and technology must
complement and underpin new approaches for farming systems. In this
chapter, we will review the issues of scarcities and the need for transitions in
light of needs for new approaches in science and technology.

7.1. Scarcities and transitions in the productivity and
sufficiency narratives

Between now and 2050, growth in global population and changing diets in
emerging countries are projected to bring about a 70% increase in food
demand (FAO, 2009a). Simultaneously, depletion of fossil hydrocarbons will
increase the demand for biofuels and industrial materials, which may compete
with food for biomass. At the same time, the sources of the rapid food supply
growth in the 20™ century are being depleted. Global land and water reserves
are dwindling. In addition, ‘new scarcities’ are emerging in the form of
depletion of ecological assets and pollution as a consequence of resource use in
agriculture. Meanwhile, climate change and biodiversity have arrived as new
challenges on the resources agenda. In a business as usual scenario, the
adverse resource impacts related to agricultural production are unlikely to be
reduced, instead they are more likely to be amplified (UNEP, 2010).

Continued and increased investment in relevant research and innovation at EU
and national levels is critical in addressing these challenges. In particular, the
Expert Group recommends that the EU must prioritise the development of an
8" Framework Programme that will place a primary focus on resource-
conservation and a sustainable and knowledge-based economy, which will
secure prosperity and social participation for all citizens in the European
Union. The Programme should progress the transition towards a mission-
orientation for European research aiming to solve, as the Lund Declaration
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(2009) states, “the Grand Challenges of our time” (global warming, tightening
supplies of energy, water and food).

The increasing natural resource scarcities represent a real threat not only to
future food supplies, but also to global stability and prosperity, as they can
aggravate poverty, disturb patterns of international trade, finance and
investment and destabilise governments. They may cause greater mutual
mistrust between states and carry the risk of protectionism and resource
nationalism (van Schaik et al., 2010). Such developments do not accord with
the need for greater mutual trust, enhanced cooperation and global
agreements to ensure that the world uses natural resources in a sustainable
manner in the future.

The Ecological Footprint Indicator, which compares humanity’s impact with the
amount of productive land and sea area available to supply key ecosystem
services, shows that humanity now uses the resources and services of 1.3
Earths. In other words, mankind is using about 30% more of the available
capacity of the Earth, thus undermining the resilience of the very ecosystems
on which humanity depends (WWF, 2010). This Report goes on to state that
under a “business as usual” scenario, the prospects for the future is serious:
even adopting the UN’s modest growth projections for population,
consumption and climate change, by 2030 mankind will require the capacity of
two Earths to absorb CO, waste and maintain pace with natural resource
consumption.

Global demand for resources is placing increasing stress on the environment
and has resulted in significant environmental degradation, which so far has
largely been confined to a local or regional scale. If current patterns of resource
use do not change, these impacts will be greater and more widespread and,
particularly in the case of climate change, are likely to be global in scale, and
partly irreversible in the case of biodiversity.

Higher demand globally is likely to be accompanied by higher and/or more
volatile prices for raw materials. In the case of food, such price trends will add
to the level of food insecurity suffered by the world’s poor. In the case of
critical raw materials that are highly insecure, the lack of access may impede
the development of new and existing commercial applications. In other cases,
the imbalance between supply and demand may be relieved by exploiting new,
less abundant reserves, but this is likely to have a higher environmental impact
than exploiting current reserves.
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To ensure a sustainable future, radically different patterns of resource use will
be needed. This presents both a major challenge, and a major opportunity for
the EU Member States to generate wealth.

7.1.1. How to speed up transitions

It is vital to start using resources much more efficiently, to reduce unnecessary
and wasteful resource consumption and to identify the actions which will be
taken at EU level to speed up the necessary transition towards a more
sustainable economy. The drivers of the necessary transitions will primarily
reside in social innovation and changes in consumer and producer behaviour,
production systems and the market, flanked by technological innovation (van
Schaik et al., 2010). This approach is more consistent with the assumptions and
approaches underlying the sufficiency narrative rather than those of the
productivity narrative.

Ensuring the availability of, and access to, necessary resources into the long-
term future requires far-reaching changes based on social and technological
innovation and behavioural changes. Time itself is becoming one of the
greatest scarcities and highlights the need to bring forward solutions that will
help speed up the necessary transitions. Time is particularly urgent in the case
of the productivity narrative. Here the urgency is such that the scope for new
policy interventions is limited and rather the emphasis must be on creating the
necessary conditions to enable the necessary demand-driven technological
innovations to emerge. On the other hand, the depth and extent of change
required is such that solutions must emerge much more slowly and result from
a greater variety of approaches which are constantly tested through pilot
projects.

However, there are many obstacles in the way of these necessary changes and
speeding up transitions will not be easy. In this regard, it is important to
determine what enabling conditions can be improved and what developments
need to be restrained. Progress is dependent on acquiring a thorough
understanding of links between scarcities, but also of the underlying
mechanisms that may hamper transitions. This requires development of long-
term scenarios and foresight, and also learning embedded in the programmes
and policies based on effect-based indicators, monitoring and social research.

So far the focus of research, foresight and policy has been on the supply-side
aspects of the challenge to improve resource efficiency, as technological
innovation was deemed to have the greatest potential to reduce the impacts of
production on resources. Social innovations in the domain of production are as
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important as technological ones, for instance changing the chains and circuits
of supply may have huge impacts on costs and also on creating closer links and
confidence between producers and consumers. We recognise that it is equally
important, however, to address demand-side issues, and to understand how
technology can contribute to reducing levels of consumption; for example,
through extending product lifetimes through more durable and/or serviceable
products.

In the longer term, substantial improvements in resource efficiency will require
a transition to (more) closed-loop models of consumption, taking full account
of the resource lifecycle. Ultimately this implies adoption of a zero-waste model
whereby all ‘wastes’ are eliminated or become raw materials for other
processes (Technology Strategy Board, 2010). In the case of biomass, resource
use efficiency calls for a prioritisation of uses of agricultural products for food,
feed and high-value fibre compounds before the products, residues or wastes
are used for lower-value, mass services, including bioenergy. As cascading or
recycling pathways often multiply resource use efficiency per unit of
agricultural product, the current dominant concept of producing bioenergy
from agricultural primary products is incompatible with a future, sustainable,
resource-efficient agriculture.

The EU can take a leading role in bringing about the necessary global transition
towards a more sustainable future in 2050 and influence global processes in
securing more sustainable uses of land and other resources. For a start, the EU
is well positioned to initiate a global policy debate on the use of land and water
for agriculture and ecosystem services as a global resource issue. Once
underway, this debate could result in agreement on the idea of a single global
food system, just as the reality of one global climate system has assisted in
progressing  the political debate on climate change in recent vyears
(Netherlands Environmental Assessment Agency and Stockholm Resilience
Centre, 2009).

Within the EU itself, the drive towards resource efficiency and sustainable
consumption needs to take on a new dimension of urgency, involving closer
cooperation between a number of Commissioners and between the Member
States. Enhanced EU coordination will increase the possibility of the Union
exerting greater influence in moulding a sustainable world economy. If Member
States fail to create greater internal cohesion, Europe will grow ever more
dependent on the world market for resources and will be faced with higher and
more volatile prices and have less influence in bringing about a more
sustainable planet (van Schaik et al., 2010).
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Addressing scarcity, however, is not solely a technological problem.
Institutional and behavioural changes are also important. Technological
innovation can help speed up transitions, but not without some kind of
interventions to alter our collective behaviour and the manner in which we
manage our natural resources. Policy in the context of scarcity and transition
should therefore also focus on influencing lifestyles, taking on board new
trends and developments in the social sciences. An important contribution
from these sciences is in identifying the economic, political and social
conditions needed for the socio-ecological transition of our existing model of
production and consumption (EU, 2009c).

7.1.2. A better understanding of scarcities and how they are interrelated

Due to the success of technological advances and substitution, the issue of
resource scarcity did not feature on either political or research agendas until
very recently. However, concerns about the availability of essential natural
resources is now firmly back on worldwide agendas. This concern has been
further heightened by the emergence of ‘new scarcities’ of climate and
biodiversity. A feature of today’s concern is the attempt to understand the
complexities surrounding scarcities, involving a number of different dimensions
of scarcity, of the interactions between these different dimensions and
between the different scarcities themselves. A better understanding of the
complexities surrounding scarcities and how they are linked is essential to
ensuring that decisions are made that are conducive to the emergence of a
more sustainable world. The EU could aid in the development of this
understanding by including specific lines on these issues in the 8" Framework
Programme.

Uncertainty is a basic characteristic of all of the scarcities discussed here. There
is a range of possible outcomes on population projections to 2050. Estimates of
the amount of available arable land vary enormously; no one can be certain as
to how water availability will be affected by climate change; methodologies for
assessing energy use in agriculture and the food chain vary considerably; the
effects of climate change are uncertain at the global level and even more so at
a local level; the depletion of agrobiodiversity and of marine biodiversity can
lead to a non-linear or even irreversible breakdown of the basis of food
production in critical world regions.

The high degree of interlinkages between various scarcities further compounds
attempts at understanding and analysis. The production of food requires fertile
land, ample water supplies, mineral inputs in the form of fertilisers and diesel,
while biotic resources are being degraded through nutrient leaching, pesticide
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emissions and physical destruction, including the initial land-use transition from
nature to agriculture. Future interaction between scarcities are shaped by
complex feedback loops and by human efforts to mitigate them, making it
difficult or impossible to predict how these linkages will develop in future
(Evans, 2009). Most trends in scarcities tend to speed up or amplify trends in
others. The interconnection between climate change, biodiversity and water is
particularly complex and non-linear. Surprises and extreme events with
catastrophic yield losses in world regions will become the rule rather than the
exception.

Despite these caveats arising from our current levels of understanding, it is
clear from the foregoing analysis that resource scarcity issues are set to impact
in a significant way on world agriculture and food production over the coming
decades and poorest countries stand to be affected most severely, both
because of their weaker capacity to adapt to the impact of scarcities and
because of the fact that problems of population growth, land degradation,
water shortages and climate change impacts are heavily concentrated in poorer
countries. Migration and potential for armed conflicts, driven by scarcity issues
including concentration of resources in the hands of oligopolies, will increase
and negatively impact on European security.

Accordingly, there is an increasing and urgent realisation that in order to make
better use of limited resources, the world needs a transition to an economy in
which energy, food, water and mineral resources are used in a sustainable way
so as to protect ecosystems and combat climate change and the loss of
biodiversity. The precautionary principle to avoid disruptions and “tipping
points” calls for an immediate change in policy.

7.1.3. Geopolitical and global governance

The transitions required to an economy which sustainably uses scarce natural
resources is dependent for success not alone on technological breakthroughs,
changing consumer behaviour and market reforms, but also on the successful
operation of some system of multilateral governance that will promote
consultation and cooperation between nations.

The questions arise as to who will lead these transitions and who will take the
decisions? Despite long-standing acceptance of the need to conserve
biodiversity and achieve sustainable development, both of these goals still
remain as aspirations, representing failure both on the part of governments
and of the market (WWF, 2010). While some individual governments are
responding to the opportunities presented by investment in the “green
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economy”, national-level efforts will not be enough. International collective
action will also be needed to tackle the global level challenges described in the
preceding chapters.

However, the prospects for such global collective action are not propitious. The
WTO still has much to do to harmonise international trade. The 2009
Copenhagen climate summit did not succeed in concluding a global agreement.
Similarly, little progress has been made in recent times regarding the
international protection of endangered species. Meanwhile, the issue of ‘land
grabbing’ in Africa and the presumed power politics of Russia in the 2006 and
2009 gas crises gain international attention. These developments point to the
priority of the political dimension in international resource policies, and seem
to suggest that the protection of national interests rather than that of the
global community as a whole in the area of resources is the prime concern.

This apparent focus on defending national security of resource supply is
occurring at a time when globalisation has made the world a smaller place and
increased mutual dependency between nations. For example, growing
transport and storage capacities have boosted trade from 21% of GDP in 1970
to 52% in 2008 (World Bank, 2010). Examples of resource nationalism such as
China’s blockage of rare earth exports or Russia’s gas policy have recently
highlighted the vulnerability of Europe’s import-dependent industry. Europe’s
agriculture is similarly vulnerable with regard to phosphorus and feed imports.
Such developments should add weight to the desirability of reaching global
agreements to tackle issues of resource scarcity and seek to ensure security for
all.

Various attempts have been made over the years within the context of the
existing system of multilateral governance to set up consultation and
cooperation fora in the areas of water, energy, food, minerals and other natural
resources. (Passenier and Lak, 2009). However, these efforts have, for the most
part, not been successful. It is only in the areas of food and climate change
policies that there are global frameworks in place for consultation and
cooperation. In particular, the FAO has sought to develop an integrated
approach in the area of food scarcity by linking sustainable agricultural
development to issues of water, food security, climate change, biodiversity and
bio-energy.

Prominent status is accorded the issue of resource scarcity In the Europe 2020
Strategy. Pressure on natural resources is identified as one of three long-term
challenges confronting the EU and one of the seven flagship projects s
‘resource-efficient Europe’, which aims at decoupling economic growth from
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the availability of resources. EU policies and the EU’s external actions have
implications for, and can influence, the international debate on resource
scarcity and the move towards a more sustainable global economy. The
current reform of the system of EU external relations may open up the
opportunity to highlight the issue of resource scarcity in the EU’s geopolitical
positioning and strengthen its efforts to promote sustainable management of
natural resources at international level.

7.1.4. Challenges to existing agriculture and food systems

Traditionally agricultural science has focused on delivering component
technologies to increase productivity on farms, with market and institutional
mechanisms being the main drivers of the adoption of such new technologies.
Over time, this model has been sustained by ongoing innovation designed to
reduce costs and externalise some of the major costs involved in agricultural
production. The model underpinned the growth in agricultural productivity in
industrial countries following World War Il and the remarkable success of the
Green Revolution from the 1960s. But in light of new challenges, risks and
uncertainties, there is a growing consensus around the need to look at new
models and systems (World Bank, 2007; IAASTD, 2009; The Royal Society, 2009;
NRC, 2010; The Government Office for Science, 2011).

Some of the risks, challenges and uncertainties that lead to the questioning of
existing systems include:

e Uncertainty about the capacity to produce sufficient food sustainably
for a growing and more wealthy population allied to new demands for
non-food and ecosystem services

e Uncertainty about the future of world food prices in light of climate
change impacts, changing trade patterns, new dietary trends and
growing demand for biofuels

e Dependence of existing systems on cheap oil, expensive machinery,
synthetic fertilizer, pumped water and transport

e The concentration of critical resources such as phosphorus in the hands
of few companies and governments including China

e The weakening of the market power of farmers and growing
dependence of farmers on companies and retailers

e The emergence of new competitors such as China, India and Brazil for
scarce resources
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The increase in human health problems, including obesity, that
increase morbidity and mortality rates and are partially related to poor
nutrition and dietary quality

Projected changes in the frequency and severity of extreme weather
events in addition to fire hazards, pests and diseases, all of which will
have negative consequences for agricultural production and food
security

Major risks of maybe irreversible damage to coastal and marine
biodiversity, which forms the nutritional basis of 20 % of the world
population

Increasing awareness of human responsibility for the maintenance of
global ecosystem services and sustainable growth

Existing agricultural science and technology is mainly geared towards
meeting the needs of mainstream, input-intensive, irrigated
monocropping systems — principally cereals, livestock and other trade —
oriented commodities, to the relative neglect of arid/dry land
agriculture, mountain ecosystems, and other non-mainstream
production systems

Need for systems that are focused on ‘green’ processes, reducing
waste and enhancing consumer protection

Deal with the increasing pressure on agricultural production conditions
caused by ongoing climatic changes, as well as the need for farmers to
reduce their contribution to GHG emissions, play an active role in
mitigation and provide renewable energy and raw materials for other
industrial sectors

Growing demand for food, fibre and fuel has contributed to the
conversion of approximately 2.2 million hectares/year of new
agricultural land. A significant share of this comes from converting
natural forests and grasslands. Agriculture is responsible for at least
55% of habitat loss in the last few decades.

In light of these major new challenges and uncertainties, the IAASTD (2009)
concluded that our existing farming systems and the knowledge system that
supports them are no longer fit-for-purpose and that a new approach is called
for. Such an approach must enable the world to raise the productivity of
agriculture in a sustainable manner and increase the resilience of systems to
deliver food security, feed, fuel, fibre and other ecosystem services under
current and future climate and resource availability. The IAASTD Report
summed up the existing challenge by stating that “the food security challenge is
likely to worsen if markets and market-driven agricultural production systems
continue to grow in a “business-as —usual” mode” (IAASTD, 2009, p.22).
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According to Godfray et al. (2010), the new challenges “require changes in the
way food is produced, stored, processed, distributed, and accessed that are as
radical as those that occurred during the 18th- and 19th-century Industrial and
Agricultural Revolutions and the 20th-century Green Revolution. Increases in
production will have an important part to play, but they will be constrained as
never before by the finite resources provided by Earth’s lands, oceans, and
atmosphere” (p. 812).

Even allowing for the capacity of existing systems to supply adequate food,
feed, fibre and energy crops to meet the burgeoning needs of a growing and
richer world population, further questions arise about the trade-offs and risks
involved. Simultaneously, new constraints are emerging in the form of scarcity
of water, fertile land and the depletion of the agrobiodiversity resources. Along
with climate change, these factors are presenting enormous challenges to
agricultural production and productivity.

With rapidly rising global population, EU and global agriculture must address
the challenge of producing enough food, feed and fibre to meet increasing
demand in conditions of changing climate and scarce natural resources.
Innovative policies and new farming practices built on a sound scientific
foundation are required to deal with these new challenges. The EU also has a
strong responsibility to support the development in vulnerable regions (e.g.
Africa) and in the “bread baskets” of the world such as in former Soviet Union
states.

While past research has resulted in the development and adoption of many
technologies designed to enhance aspects of sustainability, progress has not
been adequate to simultaneously meet all of the many challenges. In part this is
due to the fact that not all farmers have taken up the best practices developed
by research and also because research, in the main, has concentrated on
relatively narrow aspects, placing far less priority on understanding how all of
the components of farming systems interact and how specific technologies
could be integrated to tackle multiple challenges simultaneously. Technologies
developed under these circumstances have engendered high productivity and
low costs, but many have also led to negative social and environmental
outcomes (or externalised production costs) that could limit progress towards
more sustainable agriculture (NRC, 2010). A redirection of such technologies
towards the goals of sufficiency requires the definition of new targets and
benchmarks and thorough monitoring. The future CAP will be instrumental in
managing this transition.
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7.2. Research needs and priorities

Science-including the social sciences-is critical in addressing the sustainability
challenge. Science permits us to broaden the range of options that can be
implemented at all stages of the food chain and also produces the knowledge
needed to predict the likely impacts of these different options. Transformation
of the EU agricultural sector in line with the transition described above will
require a long-term investment in research, education, extension and
innovation by the public and private sectors in partnership with farmers.

There is already widespread consensus on the need to reverse the trend of
declining investment in agricultural R&D. The IAASTD (2009) calculate that an
investment of a 1000 billion USD over the next 50 years is needed to deliver the
step change needed in global productivity and to underpin the transition to
sustainable production. Success will depend on both the development of new
technology and the transfer of existing technologies and best practices

Future technology and innovation designed to meet the needs of a rapidly
changing agricultural sector must go well beyond the objective of raising yields
and adjust to meeting the challenges of increasing resource scarcity and the
structural transformation of the economic and social role of agriculture.
Notwithstanding the importance of generating and transferring new and
improved technologies for achieving sustained productivity gains, science today
must also address the many new challenges already referred to. Such a
transformation will grant new significance to the multifunctional role of
agriculture and acknowledge the complexity of agricultural systems within
specific contexts (Purvis et al., 2011).

The EU and Member States have a particular role to play in increasing public
investment in the innovative research needed to create better management
techniques that combine high agricultural production with low inputs, low
emissions and high biodiversity value (Netherlands Environmental Assessment
Agency and Stockholm Resilience Centre, 2009). This will require a focus on a
new and differently targeted programme of R&D which will enable the
development of new food supply models built around the principle of eco-
efficiency aimed at production with least environmental cost (Ambler-Edwards
et al., 2009). This will require a diversity of scientific approaches using and if
possible integrating the modern tools of biotechnology, advanced knowledge of
ecological processes, and more traditional crop and animal production
knowledge and practices (using agronomic and agroecological methods).

172



The development of new technologies for sustainable intensification will
require a cross-disciplinary approach combining new disciplines of molecular
biology and genomics along with traditional subjects such as agronomy, plant
physiology, soil science and entomology (The Royal Society, 2009). Across
Europe, there is a growing shortage of expertise in universities and research
centres in these traditional subjects and there is a serious danger that valuable
skills in these areas will disappear as researchers and lecturers retire. There is
an urgent need for universities and research institutes to take urgent action to
reverse the decline in these critical areas of food production.

This necessary transformation will not happen in the short term, and in light of
this, we propose that two parallel and overlapping approaches are needed to
ensure the realisation of the elements of a long-term vision for European
agriculture outlined above.

7.2.1. Building on existing technologies and knowledge systems

The first approach expands and intensifies ongoing research on productivity
and sustainability. This approach is referred to by NRC (2010) as the
“Incremental Approach” and by The Royal Society (2009) as ‘Sustainable
Intensification’. In exactly the same way that yields can be increased with the
use of existing technologies, many options currently exist to reduce negative
externalities. Fundamentally, it involves an expansion of ongoing research
aimed at improving productivity while enhancing natural resources and
addressing environmental concerns. The goal of this ‘component-type’ research
is to identify and develop farming techniques that can improve specific aspects
of sustainability. Such practices include: conservation (or reduced) tillage
systems; cover cropping; crodiversity, including rotations, intercropping, and
using different genetic varieties; new strategies for water conservation;
nutrient management plans; precision agriculture; integrated pest
management; and genetic improvement of livestock. This type of research
would be funded from both private and public resources.

The adoption and impact of these practices could be accelerated by further
biophysical, social and economic research, which would enable farmers to
adapt their systems to changing environmental, social, market, and policy
conditions to ensure long-term sustainability. In particular, there is a lack of
research on the economic and social dimensions of agricultural sustainability,
which would complement the work on productivity and environmental
sustainability. Such socio-economic research is needed in developing the
knowledge base to design systems that balance various sustainability goals and
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strengthen overall sustainability (NRC, 2010). This type of research would rely
on public resources.

There is a growing consensus that many of our existing technologies have
neglected important pieces of knowledge and retarded or prevented innovative
solutions to emerging problems. In some cases, capacity building in some fields
of research has to be recreated from scratch, as in the field of agroecology.
Research policies should give specific emphasis to building research capacity on
ecosystem services looking at the ecological, social and economic conditions of
production. At the same time, a much greater emphasis should be placed on
socio-economic impact assessment of technologies, with specific reference to
the impact on scarcities.

The socio-economic and cultural dimensions should be integrated with the
technological dimensions of production from the very beginning of research
processes. There are many new technologies which don’t work because they
have been applied to unsuitable socio-technical systems. If in the past the most
common approach was to adapt socio-technical systems to new technologies, it
is now time to overturn the approach by starting from specific conditions of
existing socio-technical systems and developing appropriate technologies to fit.

Conditions for a higher productivity in terms of ecosystem services should be
based on awareness of the importance of four dimensions: a) farmers’
knowledge, values and practices: farmers are the most important resource
managers and potential nodes of information and knowledge networks; b) rural
socio-economic configurations that provide the mechanisms of production and
reproduction of livelihoods and ecosystem services at territorial level; c)
agricultural and food systems that provide the conditions of food production,
consumption and marketing and for their sustainability; d) priority of
ecosystem services and functions, in particular for regulation and as buffer,
over production functions in vulnerable zones.

Accordingly, the Expert Group recommends that sufficient publicly funded
research be maintained at EU and national levels to ensure the development
and adoption of new technologies that will enable farming practices to meet
the diverse challenges of sustainability and increased production demands.
We would also recommend that increased support be provided for research
on the economic and social dimensions of these new technologies and
farming practices. Approaches that promise building blocks towards low-
input high-output systems, integrate historical knowledge and agroecological
principles that use nature’s capacity, should receive the highest priority for
funding.
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7.2.2. Developing radically new farming systems

This second approach will require the development and extension of S&T which
recognises agriculture as a vital component in the management of natural
resources, and emphasises the importance of a holistic and systems-based
approach to knowledge production and sharing. “Systems are needed that
enhance sustainability while maintaining productivity in ways that protect the
natural resource base and ecological provisioning of agricultural systems”
(IAASTD, 2009, p.5). The current knowledge infrastructure has historically
excluded ecological, environmental, local and traditional knowledge and the
social sciences. Agricultural science will need to embrace a much broader set of
understandings and data if future knowledge challenges are to be addressed.
The challenges ahead demand more emphasis on management systems-from
crop to whole farm to natural resource area, landscape and catchment scales.

This approach is based on designing farming systems that balance the various
dimensions of sustainability from the beginning. The resulting systems must, of
necessity, differ in significant respects from current mainstream production
systems. Developing these new systems will result in a different approach to
farming practices and the natural environment, the use of scarce resources,
food markets and the ecological systems in which the farming systems are
operated. Systems could include those with higher dual contributions, i.e., to
both food production and aims such as bio-energy, landscape and biodiversity
values. These new approaches will need to be based on multidisciplinary
research, and the challenge will be to develop new practices that maintain or
increase productivity whilst also advancing environmental, economic and social
goals with maximum synergies and minimal trade-offs (NRC, 2010).
Accordingly, we recommend that priority funding be allocated to integrated
research and extension on farming systems that takes account of the
interactions between productivity, environmental, economic and social
sustainability goals and how such systems can be made more robust and
resilient in the long run. Furthermore, in order to enhance two-way
information exchange and strengthen adoption of new technologies, we
recommend that new systems research programmes should involve
participation by farmers or farmer-managed trials as one element. As these
approaches only work if they are embedded in the regional context, they
could be developed in pilot regions (cf. LEADER programmes). In general, this
type of research does not attract private funding, so will need to be funded by
EU and Member States.

This approach to future research would build on the many interlocking
strengths of natural systems and would aim to encourage agricultural diversity,
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which is fundamental to creating resilient agricultural systems (Netherlands
Environmental Assessment Agency and Stockholm Resilience Centre, 2009).
CAP post-2013 must aim to include diversity as one of its strategic objective”:
this is essential in maintaining and increasing current agricultural productivity
in the EU, as well as providing a buffer against shocks... and in helping to
maintain biodiversity and cultural landscapes that define Europe” (Netherlands
Environmental Assessment Agency and Stockholm Resilience Centre, 2009,
p.16). Therefore, payments for ecosystem services and for targeted
programmes in vulnerable zones and hotspots of environmental problems have
to become a major building block of the future CAP.

7.2.3. Sustainable intensification of crop and animal production

Science, especially publicly funded science, must play a key role in the
sustainable intensification of food production. It is not our intention here to
provide a long list of research priorities; such are to be found in, for example,
The Government Office for Science (2010); European Technology Platform
(2007); FACCE (2010); TP Organics Technology Platform (2009). However, it is
important to highlight how and where science can contribute to addressing
constraints on crop and animal production and how to better use nature’s
mechanisms for smart production systems.

Crop production will have to increase by 70-100% to meet growing food and
feed demand by 2050 (FAO, 2009a) unless consumer choices deviate from
current projections. Moreover, because of limits on land and water resources, a
significant increase in production must be derived through the acceleration of
the rate of technological change by optimised input-output ratios on land that
is already in agricultural use. There is widespread agreement that what is
needed is not a single technological direction, but a varied range of
technological options based on a wide variety of systems that are appropriate
to a range of specific agroecological and socioeconomic contexts (The Royal
Society, 2009).

In the area of crop production, we need genetic improvement of crops and new
crops and soil management practices. Genetic improvements to crops can
occur through breeding or genetic modification to introduce new desirable
traits. Genetic methods have the potential to introduce both incremental and
radical improvements to crops; the latter could be achieved, for example, by
raising the photosynthetic efficiency of plants. More traditional crop
management and agricultural practices can also address key constraints in
existing crop varieties. New cultivars with durable disease resistance and other
characteristics to adapt to changing conditions need to be developed. Better
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nutrient and water management needs to be adopted. Genetic modification is
only one of several technologies that will play a role here.

Livestock provide a valuable source of food and play important agricultural and
cultural roles in societies worldwide. Livestock support almost one billion of the
world’s poorest people. With livestock constituting the world’s largest user of
land resources (80% of all agricultural land is under grazing or feed crops) and 8
% of global water use, the sustainability of livestock production systems is
increasingly being addressed (Steinfield et al., 2006). There are arguments on
health, environmental and food efficiency grounds to reduce overall meat
consumption in the western diet, but global demand for meat and dairy
products is predicted to continue rising at a rapid rate, and so science must
address the many challenges facing the sector.

The livestock sector faces many challenges, such as the need to adapt to
climate change. Furthermore, the sector generates 37% of anthropogenic
methane, in addition to carbon dioxide (9%) and nitrous oxide (65%) (Steinfield
et al., 2006). The options for specific livestock systems will need to be defined
and the trade-offs assessed. Solutions are needed that are matched to diverse
livelihood systems so that they can meet the demands for livestock products in
an environmentally sound and economically sustainable manner.

Technological progress in the production, processing, and distribution of
livestock products will be central to the realisation of positive outcomes to the
rapidly growing demand for livestock products in developing countries. Rapid
advances in feed improvement and genetic and reproductive technologies can
potentially overcome many of the technical problems posed by increased
livestock production. Institutional and regulatory initiatives will also be needed
to secure desirable environmental and public health outcomes (Delgado et al.,
1999).

In particular, research must pay renewed attention to the exploitation of feed
resources in order to develop feed sources that are not competing to the same
extent as they currently do with humans for food, in particular by taking
advantage of the ability of ruminants to produce high quality products from
grassland that is not suitable for other food crops and by maximising the use of
by-products and co-products in non-ruminant systems. In this regard, extensive
pasture-based production systems are inherently more sustainable than
intensive feedlot systems (Purvis et al., 2011).
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7.2.4. Resource scarcities and research priorities

In order to take scarcity seriously, a new set of priorities should drive research
policies. In an era of scarcity, the imperative cannot be to respond with
production to increasing and changing food and resource demand, but rather
to address production and consumption jointly in order to introduce the
necessary feedbacks among them. As prices do not signal scarcity in an efficient
way — and even less so with increasing globalisation — research in agriculture
and food area will have to deal with the need to reframe consumers’ choices.
This implies, first of all, developing a process of change of values, knowledge,
information, and material infrastructures. Ideally, consumers should be able to
have all the necessary skills and information to assess the effects of their choice
on their health and on the environment. There is a strong acceleration of the
debate about strengthening the links between food, health and environmental
research. From these research fields a new approach to consumers’ needs may
emerge, and a concept of ‘sustainable diets’ could be developed. Social,
economic and political research can help identify enabling conditions on how to
influence dietary choice and establish stronger food-health links.

Sustainable food production needs a systemic and integrated approach. Food
research cannot separate production from packaging, transportation,
conservation, and waste management without losing the capacity to assess
present and potential costs, benefits, conflicts and dilemmas. There is an
increasing demand for access to reliable and simple-to-use information about
the sustainability of processes and technologies, but in order to make this
information easily accessible new knowledge is required as well as new
approaches to communicating with consumers about the food they eat.

A transition to sustainable consumption requires a strong effort to develop a
cross-disciplinary agenda of research, linking together agricultural,
environmental, social and health concerns under the principle of sustainability
and applying them to daily consumption practices. Cross-disciplinary
frameworks should look at the complexity of food production and consumption
to put into evidence invisible links, possible synergies and critical points for
change. They may foster innovation from society itself, to encourage good
practices and facilitate their diffusion through support to learning processes,
institutional and regulatory facilitation and technology brokerage. At the same
time, they could give enterprises new instruments to face the competition in a
new scenario.

Lines of research could be to apply the criteria of sustainability to lifestyles,

diets, consumption technologies and food provision systems. They could also
provide enterprises with necessary knowledge to redesign products and
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processes in a sustainable way and to communicate relevant messages to
consumers and to the public.

Reducing waste and improving efficiency of resource use are other major
challenges under conditions of scarcity. There is a pressing need to find new
ways of reducing waste throughout the food supply chain. Post-harvest losses
are estimated to be currently 40% worldwide, with waste and losses occurring
in storage, during transportation and processing, from the retail sector and by
consumers. Novel research on how to minimise food wastes during food
process, transport and retail is required, while options for recycling and reuse
(e.g., composting and bioenergy) should also be further explored, while taking
account of health issues (FACCE, 2010).

Primary production on agricultural land must be seen as a precious, scarce
resource itself. Therefore, uses that target the quality of the resource, e.g. for
food, feed or specific chemical compounds must be given a priority over mass
uses, e.g. for energy. This priority also holds for competing uses further down
the recycling cascade. The rationale for such a prioritisation is that the biomass
use most efficient when it is kept in the use system as long as possible, opening
a wide range of re-use options. Furthermore, recycling and cascading uses help
reduce the pressures on productive land from competing uses.

7.2.5. Climate change

Climate change is now one of the greatest challenges facing humanity and it
will impact agriculture in many ways, some positive and some negative. The
already difficult challenges of producing more food employing fewer inputs is
compounded by the need for agriculture to adapt to climate change, whilst also
reducing GHG emissions from agriculture in order to mitigate climate change.
Agricultural systems in the coming decades must develop resilience to climate
change as a significant element of sustainability, particularly in those areas
expected to experience ecological changes due to a changing climate at critical
limits of traditional crop and animal production. The Agriculture, Food Security
and Climate Change Joint Programming Initiative (JPI) addresses the scientific
priorities involved in integrating adaptation, mitigation and food security in the
agriculture, forestry and land use sector in Europe and identifying measures to
reduce emissions and increasing resilience of farming, forestry and biodiversity
to climate change (FACCE, 2010). It aims to develop scientific understanding to
assist European farmers in adapting locally to climate variability and climate
change and to ensuring that European farming and food systems contribute to
reducing GHG emissions.
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7.2.6. Bioenergy and biofuels

First-generation biofuels competing with food crops are not sustainable. Agro-
bioenergy in general does not match the criteria of sufficiency. Arable land
resources are limited and further expansion into forest, grassland and
woodland areas will result in significant carbon emissions, which offset the
primary justification for using biofuels. The main challenge for commercial
second- generation biofuels is to develop conversion technologies at industrial
scale and at competitive prices that do not use primary biomass but rather
waste and residues from the food and feed production chain. These
technologies, still at the laboratory experimentation and demonstration stage,
require large scale feedstock supplies and pose logistical and sustainable
management challenges. A substantial potential for producing lignocellulosic
feedstocks also exists on currently unprotected grassland and woodlands
worldwide, but its exploitation is likely to increase pressures on biodiversity
and ecosystems. Integrated studies on land use changes and competition
between food and non-food production systems will be required, assessing the
consequences of European policies for a range of options concerning bioenergy
and biofuels targets. Moreover, integrated systems combining food and energy
production will be studied and assessed in terms of climate change adaptation
and mitigation and contribution to global food security.

7.2.7. Research priorities for the KBBE

The KBBE Conference held in Brussels in September 2010 concluded that
“developing the Knowledge-Based Bio-Economy is the way forward for a
prosperous, sustainable future for Europe.” The Conference also concluded
that investment in multidisciplinary research will need to be increased.
Continued investment in research is also needed to fulfil the potential of
agriculture to underpin the bio-economy. The report launched in association
with the conference recommends an increase in the level of R&D funding in the
bio-economy through multidisciplinary research programmes at both national
and European level and encouraging more cooperation between the private
and public sectors. The report also identifies the need for better integration of
the different research areas and public-private partnerships to stimulate
innovation (CleverConsult, 2010).

7.2.8. Technology transfer and innovation

Innovation lies at the heart of the Europe 2020 Strategy, underpinning the
Strategy’s objective of smart, sustainable and inclusive growth. The “Innovation
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Union” is one of the seven flagship projects identified in the 2020 Strategy. This
initiative identifies innovation as representing the best way of tackling major
societal problems, including resource scarcity. It sets out an integrated and
strategic approach in which innovation is seen as the overarching policy
objective for the Union.

It is particularly important that in the context of a future R&D programme the
focus is firmly fixed not only on the generation of new knowledge, but also on
ensuring that the supports and mechanisms are in place to help convert this
new knowledge into viable new products and services, particularly in the
context of creating the KBBE and in addressing critical challenges such as
climate change and resource scarcities. Innovation will be fundamental in
enabling farmers to deliver increased yields while using more resilient and
sustainable practices. Joint research and an active involvement of farmers and
extension services from the very beginning of research, e.g. via on-farm
research, has to be strengthened.

Agricultural extension services are a vital component of a strategy to ensure
that science developments and innovative practices are appropriately
developed and targeted. These services provide a means for informing farmers
about innovative technologies, as well as providing a channel for feedback from
farmers to researchers.

7.3. Implications for future research policies at EU and
Member State levels

Arising from our discussions in the current and previous chapters, we identify
the following as being significant implications for future research policies at EU
and national levels:

e In view of the absolute priority for producing a secure supply of safe
and quality food in Europe and globally, the case for increasing the
current low level of priority accorded to agri-food research is
overwhelming. The body of evidence supporting the value of investing
in such research is substantial, whilst new advances in science and
technology present new opportunities to address the environmental
and resource challenges which now threaten the security of our future
food supplies.

e The Eighth EU Framework Programme should accord a much higher
level of priority to research in agriculture and food, funding research on
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both component technologies and the development of sustainable and
competitive new farming systems.

Pursue multiple scientific approaches to achieve growth in sustainable
intensification and sustainability and climate change adaptation; and
rigorously assess the benefits and safety of novel technologies. A broad
perspective that encompasses the entire food system is needed and a
mixture of approaches will therefore be required. This should include
biotechnology, but also areas of science such as agronomy and
agroecology that have received less recent investment. Research in the
social sciences is also essential to understand how best existing and
new knowledge can be implemented by food producers.

Sustainable intensification means simultaneously raising yields,
increasing the efficiency with which inputs are used and reducing the
negative environmental effects of food production. It recognises the
multifunctionality of agriculture and requires a redirection of research
to address a more complex set of goals than just increasing yield.

There is a critical need to prioritise research on climate change
adaptation and mitigation in agriculture.

Researchers and research policy makers must communicate in a more
effective manner with the public, specifically to build trust in new
technologies. New technologies, including GM and nanotechnology,
must form part of the portfolio of technologies to address the goal of
“sustainable intensification”, but these technologies must be accepted
by the public and consumers.

Modern extension services are needed to deliver innovation in
technologies and practices in the food chain. They must be
accompanied by investment in agricultural training to ensure the next
generation of researchers, extension workers and farmers. The
revitalisation of extension services to increase the skills and knowledge
base of food producers is critical to achieving sustainable increases in
productivity.

Our current food system relies on the provision without cost of a
variety of ecosystem services. The food system may negatively affect
the environment and hence harm the same ecosystem services it relies
upon, or affect those that benefit other sectors. Incorporating the true
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costs (or benefits) of different productions systems on ecosystem
services is a powerful way to incentivise sustainability.

e New partnerships and better coordination and integration are needed
between the different sectors engaged in research and development to
create and drive the multiple processes required to achieve sustainable
productivity and innovation.

7.4. Conclusion

Global food production has, to date, maintained pace with population growth.
However, the scale of this challenge will be exacerbated in the future owing to
increasingly unpredictable weather events and the changing pattern of disease
in crops and livestock caused by anticipated climatic changes. Impacts of
further biodiversity losses or even collapse of marine food webs are potentially
even larger and less predictable. This, combined with an increased level of
competition for scarce natural resources, particularly energy, land and fresh
water, creates the scenario described by Professor John Beddington, the UK
Government’s Chief Scientific Adviser as the ‘perfect storm’. “Navigating the
storm will require a revolution in the social and natural sciences concerned
with food production, as well as a breaking down of barriers between fields
(Beddington, 2011).. The goal is no longer simply to maximise productivity, but
to optimise across a far more complex landscape of production, environmental,
and social justice outcomes” (Godfray et al., 2010).

Europe and its Member States cannot divorce themselves from these dynamics.
Europe cannot take its own long-term food security and high level of feed
imports for granted, nor can it withdraw from its responsibility to contribute to
meeting the food security needs of poorer countries unable to raise their own
food output. Europe cannot be immune from the impacts of possible disruption
to food trade in the future and disruption in supplies of essential inputs such as
phosphates. Neither can it close its eyes to the growing health costs arising
from poor diets, nor the care costs of an ageing population whose capacities
could be extended through a healthy diet.

These various challenges arise as climate change is both a product of and an
influence on agricultural production. Continued investment in R&D and
translation into innovation are crucial for the long-term production of
sustainable and safe food in Europe and meeting food security globally.
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8. CONCLUSIONS

8.1. Building a vision for 2050

It is clear from the foregoing that a new vision for agriculture is required. In this
concluding section, we will put forward what we consider to be the main
building blocks for such a vision. A new vision itself must be based on a
definition of a core purpose which is based on the core societal needs from
agriculture, on the one hand, and the core principles or values with which
these needs should be achieved, on the other. Both purpose and values will
require a collective input by all relevant stakeholders. At present, Europe is
characterised by a wide variety of visions for a future agriculture, and it will not
be easy to formulate a clear uncontested vision. Accordingly, we will confine
ourselves to identifying what we consider to be the basic building blocks for a
long-term vision and highlight key priority areas of research needed to put
these building blocks in place.

The Commission’s Communication on the CAP toward 2020 recommends the
following strategic aims (European Commission, 2010b):

e To guarantee long-term food security for European citizens and to
contribute to growing world food demand

e To provide European citizens with quality, value and diversity of food
produced sustainably, that is, in line with requirements of natural
resources and public health

e To maintain viable rural communities, thus contributing to employment
and to territorial balance.

Based on these three aims, the Commission has formulated three objectives for
the future CAP: (1) viable food production, (2) sustainable management of
natural resources and climate action, and (3) balanced territorial development.

it is clear that future food and agricultural systems in Europe will have to be as
productive as at present or more productive, but they will also have to be more
sustainable. This basic requirement for the agriculture of the future will
necessitate a radical transformation of agricultural and food systems, and of
the knowledge and innovation system supporting them. This is consistent with
the conclusions and recommendations of a wide number of influential reports
and policy documents published in the recent past (IAASTD, 2009; The Royal
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Society, 2009; NRC, 2010; The Government Office for Science, 2011). On the
basis of the conclusions emerging from the analysis conducted in the foregoing
chapters, we have derived a set of principles upon which our food system in

general and research concerning our agriculture and food system in particular
should be based:

1. Well-being: food and agricultural systems should serve the well-being
and quality of life of all stakeholders involved: farmers and agribusiness
should earn a sufficient income producing secure, safe and healthy
food for consumers as well as public goods (environmental services);
fair access by all to a healthy food is critical for food security and well-
being.

2. Resource use efficiency and optimality: given the increasing scarcities
of vital resources, resources should be used as efficiently as possible
(by avoiding waste, recycling and reducing our footprint), but they
should also be used optimally, that is, where their contribution is
greatest (by applying the cascading principle of resource contribution);
this might imply radical changes in the way we look at the use of
resources, shifting from an approach in terms of productivity to an
approach in terms of sufficiency, where changes in consumption
patterns play an important role.

3. Resource conservation: to avoid the irreversible loss of natural
resources, critical natural resources, including biodiversity, land and
water should be maintained, taking into account the interaction
between scarcities.

4. Diversity and inclusion: food and agricultural systems should reflect
the territorial diversity present within the EU and worldwide; diversity
is instrumental for the resilience of our systems, and will also enhance
the equitable access to affordable and healthy food and to natural
resources.

5. Transdisciplinarity: research and innovation underpinning future food
and agricultural systems should be truly interdisciplinary, that is, fully
integrating the various sciences, including the social sciences and
humanities, but be also transdisciplinary, that is, fully integrating the
end user into research and innovation. Only in this way, can the
innovation gap between findings and adopting novel technologies be
overcome.
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6. Experimentation: in order to develop the key breakthroughs needed to
address the Grand Challenges of our time, research should be diverse,
that is, ranging from blue sky research (fundamental research with no
immediate applications) to applied research, but also based on
different paradigms and narratives. Transdisciplinary research should
have sufficient room for experimentation, not only in the technological
realm, but also in the social.

7. Coordination and impact evaluation: research should be better
coordinated across thematic domains as well as Member States. At the
same time research impacts should be better monitored and evaluated.

8. Public involvement: strong public investment in research remains
crucial to safeguard all previous principles.

A radical change in food consumption and production in Europe is unavoidable
to meet the challenges of scarcities and to make the European agro-food
system more resilient in times of increasing instability and surprise. Inspired by
the fact that Europe is taking up the climate change challenge in industry and is
intending to make new energy technologies a win-win-win strategy for market,
labour and human welfare, the European agro-food sector should now consider
that there is an opportunity to positively take the challenge and be the first to
win the world market for how to sustainably produce healthy food in a world of
scarcities and uncertainty.
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8.2. Main messages

To conclude, the FEG3-experts would like to formulate the following main
messages:

1. The increasing scarcity of natural resources and destabilization of
environmental systems represents a real threat not only to future
food supplies, but also to global stability and prosperity, as it can
aggravate poverty, disturb international trade, finance and
investment, and destabilise governments. Price volatility, access
restrictions and the interconnectedness of global commodity markets,
as well as the increasing vulnerability of food production systems to
climate change and loss of agrobiodiversity, will make food even more
inaccessible for the poor in the future.

2. Many of today’s food production systems compromise the capacity of
Earth to produce food in the future. Globally, and in many regions
including Europe, food production is exceeding environmental limits or
is close to doing so. Nitrogen synthesis exceeds the planetary boundary
by a factor of four and phosphorus use has reached the planetary
boundary. Land use change and land degradation, and the dependence
on fossil energy contribute about one- fourth of Greenhouse Gas
emissions. Agriculture, including fisheries, is the single largest driver of
biodiversity loss. Regionally, water extracted by irrigation exceeds the
replenishment of the resource.

3. Drastic change is needed in regard to both food demand and supply.
In an era of scarcity, the imperative is to address production and
consumption jointly in order to introduce the necessary feedbacks
among them and to decouple food production from resource use.
Efficiency and resilience are the new priorities over production levels.
This transition cannot be met by following the common narrative of
increasing productivity. The narrative of “sufficiency” opens
opportunities for transition into sustainable and equitable food systems
by a systemic approach that deals with the complex interactions of the
challenges founded on a better understanding of socio-ecological
systems.

4. The average Western diet, with high intakes of meat, fat and sugar,

represents a risk to individual health, social systems and the
environmental life support systems. Obesity, type 2 diabetes,
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hypertension, osteoarthritis, and cancer are wide-spread diet-related
diseases. The promotion of a healthy diet also reduces the
environmental footprint of food consumption in Europe and globally.

Coherence between food, energy, environmental and health policies
and across all levels of governance are prerequisites for a timely
transition to sustainable and equitable food systems. A new quality of
governance is needed at local, national and global level, with a
substantial contribution by the State and civil society. Research should
strongly support this improvement, and the role of social sciences may
be crucial.

Diversity and coordination are key for increased efficiency and
resilience of the future agro-food systems. It is a fact and a strength
that food consumption and production systems are diverse. This
diversity has to be maintained, or diversification be fostered, between
different regions and farming systems. Diversity in research directions
will keep all options open for reacting to surprises.

Research, innovation and agricultural knowledge systems must be
fundamentally reorganized. To speed up transitions, tightly and
actively integrate: 1) multiple disciplines from ecology, economy,
agronomy, social science; 2) research, innovation and communication;
3) farmers, food retail, technology, industry and agricultural research,
and organise research and innovation as learning processes.

Make Europe the world leader in efficiency and resilience research of
food consumption and production. Ensure a strong role for public
research, in particular to guarantee a better understanding of the
underlying processes of ecosystem services and the interactions among
the scarcities. The continuation of cooperative thematic research in
environmental topics and food production and consumption is as
critical as the maintenance and further development of European
research infrastructures in these areas.

Sufficiency-oriented research, innovation and communication must
become the priority. Explore new opportunities and ecological
approaches to boost research and innovation on efficiency in resource
use in agricultural production, including new farming systems, that
balance the three dimensions of sustainability, and food processing,
including cascading uses and waste reduction. Address consumer
behaviour and supply chain strategies (including information and
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communication) in favour of healthy sustainable diets that save food
and feed resources and can help curb the increase in global food
demand.

10. A radical change in food consumption and production in Europe is
unavoidable to meet the challenges of scarcities and to make the
European agro-food system more resilient in times of increasing
instability and surprise. Europe has already taken up the climate change
challenge in industry and is intending to make new energy technologies
a win-win-win strategy for market, labour and human welfare. Now the
European agro-food sector has an opportunity to positively take the
challenge and be the first to win the world market for how to
sustainably produce healthy food in a world of scarcities and
uncertainty.

Key-words: efficiency, resilience, reduced demand side pressure, reconciliation
between production and other ecosystem services, active stakeholder
integration in research, strong continued public research, systems
understanding, sufficiency transitions, healthy diets.
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Annex 3: Main fields of applications in nanotechnology

Application | Technology Function Product Concerns
Nanosized Processing to - Improved Nano additives Need to
ingredients | create texture, (colours, show that
/ additives nanostructure flavour, taste | flavouring agents, | they are
- Reduction in | preservatives, solubilised/
the amount antioxidants) digested in
of salt, fat, - Nano-salt, WOW | the gut and
sugar, and Mayonnaise that
other insoluble
additives free
- Enhanced nanoparticles
bioavailability do not
/ health enter the
benefits blood
Ingredients | Nanoencapsulation| Taste Food additives e Need to
additives masking, (benzoic acid, ensure that
and protection citric acid, greater
supplements from ascorbic acid), bioavailability
degradation Supplements does not
during (vitamins Aand E, | lead to
processing isoflavones, R- increased
* Enhanced carotene, lutein, health risks
bioavailability | omega-3 fatty e Tissue
of nutrients/ acids, coenzyme- distribution
supplements | Q10) is not
e Antimicrobial | Tip Top UP Bread | different
and other contains from that of
health microencapsulate | conventional
benefits d tuna fish oil forms
Food Incorporating To improve Several types of Potential
packaging nanoparticles into | flexibility, package risks due to
plastics durability, migration of
temperature/ ENPs into
moisture food and
stability, drinks
barrier
properties
* antimicrobial
properties
* monitor
condition of
the food
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