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Glossary of Terms

COFORD
The National Council for Forest Research and Development 

DAFF  
Department of Agriculture Fisheries and Food

EI

Enterprise Ireland

EPA

Environmental Protection Agency 

ERA

European Research Area 

ERA NET
European Research Area Network

EU 

European Union

FIRM

Food Institutional Research Measure 

FP7                   Seventh EU Framework Programme for Research and Technological Development

GDP 

Gross Domestic Product

HEA

Higher Education Authority

HEI

Higher Education Institute

HRB

Health Research Board 

IDC

Inter-Departmental Committee

ICT
Information and Communication Technologies

IFHRA
Irish Food and Health Research Alliance 

IOTI

Institutes of Technology Ireland

IPR 

Intellectual Property Rights 

IUA

Irish Universities Association

JP

Joint Programming

MI

Marine Institute 

NCFRP
Non-Commissioned Food Research Programme 

NUI

National University of Ireland

PhD 

Doctor of Philosophy

PRTLI
Programme for Research in Third-Level Institutions 

RTTI
Research, Technology Transfer & Innovation

RRRF

Rapid Response Research Fund 

RSF

Research Stimulus Fund

SCAR
Standing Committee on Agricultural Research 

SCAR WG
Standing Committee on Agricultural Research Working Group

SEI

Sustainable Energy Ireland

SFI

Science Foundation Ireland 

SME

Small to medium sized enterprise

SSTI
Strategy for Science Technology and Innovation 

TTO

Technology Transfer Office

UCC

University College Cork

UCD 

University College Dublin

UL

University of Limerick

UNFCCC
United Nations Framework Convention on Climate Change

1. The Smart Green Bio-Economy and the AFFM
 Sector

The Smart Economy combines the successful elements of the enterprise economy and the innovation or ‘ideas’ economy while promoting a high-quality environment, improving energy security and promoting social cohesion. A key feature of this approach is building the innovation or ‘ideas’ component of the economy through the utilisation of human capital – the knowledge, skills and creativity of people - and its ability and effectiveness in translating ideas into valuable processes, products and services.

Policymakers globally are realizing the importance of agriculture and natural resources generally in providing solutions to many of the key problems facing mankind, including global food security, energy and climate change. The importance of the sector is recognized in the Government’s framework document for economic renewal – Building Ireland’s Smart Economy- which states that the overall sustainable approach to economic development “complements the core strength of our economy in the use of natural resources in the agriculture, forestry, fisheries, tourism and energy sectors.” This is also recognised in the recently revised Programme for Government.

Scientific advances, security of the world’s food supply, consumer trends and market developments have the potential to place the AFFM sector right at the heart of Ireland’s Smart Economy. While the pressures of remaining competitive are ever present, and are especially acute at the present time, the industry must build on its indigenous base while also meeting growing public-good and service objectives in terms of enhanced food safety, improved natural resource management, biodiversity protection, climate change mitigation and energy security. These challenges will require the AFFM sector of the future to become more fully integrated into the ‘knowledge economy’. 

The long-term outlook for agricultural commodity markets is positive and Ireland is ideally placed to exploit these market opportunities. With the probable removal of production quotas, the dairy sector can play a key role in re-invigorating the economy. Another dynamic element is high-value-added processing in areas such as infant foods, functional foods and nutraceuticals. In 2008, Ireland supplied 15% of global baby food requirements. There is potential for further growth with the market growing at 15% per annum.

In addition, the convergence of the AFFM sector with key enabling technologies, such as nanotechnology, computer science, life sciences and robotics will enable agriculture to expand beyond food and feed to include bio-materials, bio-energy and bio-pharmaceuticals, creating products that can compete on the basis of quality, safety and environmental attributes.  The challenge is to drive the transformation of the AFFM sector into a knowledge-based Smart Green economy. 

The priority innovation requirements of the Smart Green economy include the application of new and existing knowledge to:

· Develop, transfer and foster implementation of competitive sustainable production AFFM systems to underpin food safety and security that are benchmarked against international standards for production efficiency, environmental emissions and energy inputs. 

· Develop high value-added products in areas such as infant foods, functional foods and nutraceuticals;

· Enable farmers and other landowners to develop and competitively deliver a range of agri-environmental products and services that meet the needs of society.

· Link agriculture, food, forestry and the marine to other economic sectors, with a strong emphasis on renewable energy, bio-industrial raw materials and strategies to mitigate or adapt to climate change

This implies not only mobilising, in a fluid and joined-up manner, the knowledge and capability generated by all segments of the research continuum from basic through to applied, but also translating this into job-creating, revenue-generating economic activity via technology transfer, commercialisation and innovation activities. In other words fostering the link between basic and applied research and between academia and industry is essential.  This in turn requires a fully coordinated strategic approach by the relevant funding agencies and by the research performers (DAFF, its agencies, the Universities & Institutes of Technology).    

Research and development (R&D) and science-based innovation are an essential prerequisite in underpinning the profitability, competitiveness and sustainability of this nationally important sector.  The current level of profitability and consequently R&D spend in the sector is very low at, on average, 0.2% to 0.3% of sales. This low level is explained by the large incidence of SMEs in the sector, which do not have the resources, background or culture to engage in R&D. A small number of large Irish-owned food companies do have significant R&D activities. It is now generally agreed that the science base underpinning the sector needs substantial development if it is to deliver its potential contribution to national economic recovery.

The following sets out the current position with respect to research infrastructure - both human and capital – research funding, and the knowledge / technology transfer activities in Ireland in the AFFM sector before going on to examine how we can make it more efficient in its operations through innovation and exploring opportunities for the future.

2.
Current RTTI Infrastructure in AFFM Sector

Teagasc, the Agriculture and Food Development Authority, has statutory responsibilities in the area agriculture and food research in Ireland, while the Marine Institute has similar responsibility for research in the Marine sector.  Both organisations are state agencies under the control of DAFF.  In addition, the Higher Education Sector (the University Network and the Institutes of Technology) are significant players in agri-food and marine research, while DAFF itself has research capacity mainly in the area of animal and plant health. The human, physical and capital programme resources invested in the Irish AFFM area are extensive and have undergone significant change over the past 15 years.  

These principal research infrastructural bodies have been in existence, in one form or another, for several decades.  However, their role, their emphasis on research, and their infrastructure have radically changed over time.  In order to facilitate this change and embrace an internationally accepted model on infrastructure for research, many of the principal research bodies have embarked on a number of measures to enhance their research and development capacity.   

A key component to this infrastructural change has been the development of highly specialised research units within the principal institutions by concentrating existing capacity and resources.  These highly equipped research groups/units have rapidly earned international recognition for excellence in research and have attracted international expertise and are providing training for under- and postgraduate students to a level unattainable in the past.  Other key measures in the infrastructural reformation has been the willingness to adopt both an intra- and inter-institutional collaborative approach, recognising past strengths of specific institutions, and allowing them to champion ad hoc research programmes on a collaborative basis such as the Food for Health Ireland Initiative and the Marine Functional Foods Research Initiative.  These activities have provided a base of expertise for R&D to be undertaken by industry either within company or in collaboration with the research institutions in Ireland.

The following is a brief description of the existing R&D infrastructure in Ireland in government, state agencies and the higher education sector and describes the base of expertise, capacity and critical mass currently available within Ireland.  The current industry R&D capability is also presented.  

Government Laboratories

DAFF - the DAFF serves a dual role, operating both as a funder of research in agriculture, food, forestry and marine (through the Grant-in-Aid to both Teagasc and the Marine Institute and operation of its competitive programmes – FIRM, RSF & COFORD) and a research performer within the state-of-the-art laboratory facilities at Backweston.  These laboratories, completed in 2005, provide DAFF with the opportunity not only to strengthen the regulatory control support work of the various Divisions (e.g. Pesticides, Bacteriology, Virology, Meat Control, Veterinary, Seed Testing, Plant Health, etc.) but also to develop research capability to aid in the control and policy aspects of these Divisions.  Currently, there is ongoing collaboration between the laboratories and the research community, particularly in the area of food safety.  However, these collaborative links could be strengthened.  DAFF Laboratories are currently designated as the National Reference Laboratories (NRL) for 15 different analytical control areas both microbiological and chemical. In developing the national food safety surveillance systems the NRL’s will play a critical role and further integration of the DAFF laboratories in the research infrastructure has the potential to add considerable critical mass to the current R&D infrastructure in Ireland.  The continued development of the labs to facilitate both their evolving regulatory role and their contribution to research and development is important in assuring the safety of our foods and the future prosperity of the agricultural sector. DAFF also provide the National Contact Point and the National Delegate for the EU Framework Programme Agriculture, Food, Fisheries and Biotechnology Theme.
State Agencies

Teagasc - established under the Agriculture (Research, Training and Advice) Act 1988 which states that the statutory responsibilities of Teagasc are to provide or procure the provision of education, training and advisory services in agriculture, to obtain and make available to the agricultural industry the scientific and practical information in relation to agriculture required by it and to understand, promote, encourage, assist, co-ordinate, facilitate and review agricultural and food research and development. As such Teagasc’s mission is to provide science-based innovation support to the agriculture and food sectors.
At the eight Teagasc research centres located throughout Ireland, over 750 scientific researchers, technical staff and postgraduate students, are working on innovative and cutting-edge projects.  Teagasc has continuously invested in world class facilities and in “human capital” through the Teagasc Vision programme, to guide the industry and aid the development of a knowledge economy in Ireland. 

In addition to the human infrastructure, Teagasc Centres also house key research platforms.  Some examples are:

· High-end laboratory equipment such as that contained in the Biofunctional Engineering Facility, Nuclear Magnetic Resonance Spectroscopy, LC/MS Mass spectroscopy; 

· Well equipped molecular biology laboratories which include next generation sequencing capability; 

· A systems biology group with a high-end in-house bioinformatics platform and access to the Irish Centre for High End Computing;

· the National Food Imaging Centre, consisting of scanning electron, confocal laser and atomic force microscopy. 

· Moorepark Technology Ltd, an ultra-modern 2,500 m2 dairy pilot plant facility which is jointly owned with the major dairy processors and is widely used by industrial and public research technologists;  

· A network of experimental farms that facilitate detailed scientific measurement on animal and crop production systems;

· Plant growth chambers, field lysimeters and extensively instrumented research farms used in our environment research programme;

· A biomass and bioenergy facility facilitating research into biofuels and biomass for energy;

· A macro-economic modelling platform (FAPRI Ireland) used to model the effect of agriculture policy changes on Irish and European agriculture;

Plans are also advanced for the construction of a Food Biotest Facility for animal studies connected to functional food development using the pig as a human model, and for the construction of new Animal Bioscience laboratories.

The integration of Teagasc’s agriculture research, advisory and education services facilitates Teagasc to not only generate/procure the appropriate knowledge, but also to transfer the knowledge and create the capacity within the farming community to use this knowledge through focused educational programmes.

Teagasc also has very close links with the food industry with which it engages in a variety of technology transfer activities including dissemination, contract research, technology licensing and technical services. These have been strengthened recently by the development of an SME technology transfer service. 

Teagasc places great emphasis on being internationally networked, and has many research collaborations with other research bodies, particularly in Europe, the USA and New Zealand. This collaboration helps to ensure that the organisation remains at the forefront of new scientific developments in each field of research, and Teagasc plays a leadership role internationally in areas where it has significant strength such as grassland related sciences, animal genetics, food safety and functional foods.

The Marine Institute (MI) has the general functions to undertake, to co-ordinate, to promote and to assist in marine research and development and to provide such services related to marine research and development that in the opinion of the Institute will promote economic development and create employment and protect the marine environment (Marine Institute Act, 1991). 

The key services delivered by the Marine Institute include: Monitoring, Data Collection and other Technical Services: e.g. in the areas of fish health, seafood safety, fisheries, oceanography, marine environment, seabed mapping and marine data management; provision and formulation of scientific, technical and strategic / policy advice to a range of national and international agencies and departments which supports both national and EU policy decisions across all marine sectors; sectoral development initiatives  e.g. through liaising closely with national development agencies in order to maximise the economic potential of existing marine sectors (e.g. marine food) and emerging marine sectors (e.g. marine biotechnology, green technologies and renewable ocean energy) and research.

The Marine Institute's activities, in relation to marine research, fall into three main areas:

Research Promoter, Coordinator and Catalyst: As the lead implementing agency for Sea Change – A Marine Knowledge, Research & Innovation Strategy for Ireland 2007-2013, the Marine Institute co-ordinates and promotes marine research, bringing together industry, higher education institutions and government bodies to support the development of Ireland’s knowledge economy. The Marine Institute also provides advice for marine researchers who wish to investigate opportunities for international funding under specific open calls.

Research Funder: The Marine Institute administers, on behalf of the DAFF, the Marine Research Sub-Programme of the National Development Plan 2007-2013 e.g. via competitive calls for research projects. In the context of the marine bio-economy projects funded include research that supports existing marine food sectors e.g. fisheries and aquaculture, and exploitation of marine resources for other uses e.g. functional foods, pharmaceuticals, cosmetics etc.  

Research Performer: The Marine Institute undertakes research (both applied and experimental development) alongside its operational programmes (e.g. in the areas of fish health, food safety, fisheries science, climate change, oceanography, knowledge and information management, , environmental, catchment management) and also through leading and participating in many national and international research projects.

The Marine Institute Research Facilities include 54 laboratories at the Marine Institute’s headquarters in Oranmore, Co. Galway.  Due to dedicated marine STI funding schemes under both the National Development Plans 2000–2006 and 2007-2013, Ireland has established world-class marine research infrastructure including research vessels, RV Celtic Voyager (1998) and RV Celtic Explorer (2003); specialist Marine Institute laboratory infrastructure at Oranmore, Co. Galway (2006) and Newport, Co. Mayo (2003); a national data asset arising from the National Seabed Survey/INFOMAR; an improved Ocean and coastal observatory system; establishment of quarter-scale inshore test site at An Spidéal, Co. Galway (2005) and preparations for the establishment of a full-scale, grid- connected wave energy test site at Bellmullet Co. Mayo (current) in association with SEI; specialist marine research equipment e.g. Remotely Operated Vehicle (2008/2009); a Marine Biodiscovery Laboratory (2008-current).  

Within MI, approximately 120 personnel are involved in R&D (averaging 50% of their time) broken down by: 43 researchers (averaging 65% time allocated to R&D); 39 technicians: (averaging 30% time allocated to R&D) and 44 others (averaging 35% time allocated to R&D).  

Bord Iascaigh Mhara (BIM): 

BIM has primary responsibility to lead seafood innovation / new product development as set out in the Government’s strategy for the Irish seafood industry  “Steering A New Course” (Cawley Report) which specifically states:  “Adopt a structured approach to providing commercially focussed R&D/NPD more effectively through BIM’s Seafood Development Centre”. This remit is further re-inforced by the new Programme for Government which states “'We will encourage and support the development, through BIM, of innovation, product development and high value-added branded seafood exports'. In order to deliver on this responsibility, BIM has set down a business plan, in consultation with industry, for the development of market led innovation with the following key elements: 

a) Development of a state of the art Seafood Development Centre in Clonakilty  - this is the only dedicated facility for the seafood sector that supports and provides industry with commercially focused New Product Development services. 
b) BIM’s integrated business development and innovation programme which includes the SDC can assist industry to achieve this shift to value-added and over a five year period, aims to achieve €100 million in additional value-added seafood sales. 

c) A cohesive approach between Agencies ( EI, Bord Bia, Teagasc and MI) in terms of funding, research, seafood promotion and use of facilities. 
d) Operating along a three hub regional approach: East Coast – Seafood Innovation Link (SIL) between BIM and Teagasc Ashdown, North West BIM Killybegs and 3rd level institutions, South West BIM SDC. 

Higher Education Institutions:

There are seven Universities in Ireland; National Universities of Ireland Dublin, Cork, Galway and Maynooth plus University of Limerick, Trinity College Dublin, and Dublin City University.  Collectively, under the Irish Universities Association, their aim is to develop and sustain a dynamic research environment.  The seven universities pursue a common strategic policy and collaborate in research efforts.  They offer state-of-the-art postgraduate level training through a broad range of taught courses and research. These universities are central in ‘ensuring Ireland continues to advance and becomes a fully-fledged knowledge society’.  The university network is supported by the DES Block Grant and most have also benefited from the HEA PRTLI programme to undertake successive capital investment projects. All are involved, to a greater or lesser extent, in AFFM research.

There are 13 Institutes of Technology (IoT’s) in Ireland.  Although historically not as actively involved (owing to a heavier lecture load), research now forms a core component of each of the institutes, with the majority now identifying themselves as: ‘a research-led Institute which has developed its own research specialists, established internationally recognised centres of excellence that have substantive collaborative links with leading universities and industrial partners’.  The IoT’s play an integral role in creating Ireland’s postgraduate research community.  They are particularly effective at pre-commercial research and have strong links with industry. Some are more active/relevant than others to the AFFM sector e.g.Waterford, Cork, Carlow, Galway, Mayo, Letterkenny, Dublin, Sligo and Tralee.   

All of the HEI’s are engaged in research at some level in all of the four AFFM areas.  Table 1 lists some of the specialised research centres that have emerged as a result of investment in research by DAFF, the HEA (via the PRTLI underpinning physical infrastructure and the Block Grant), SFI and EI, which have earned international recognition for excellence in research.

Table 1: Examples of the specialised research teams and units

	University
	Research unit

	University College Dublin


	Center for Food Safety

Conway Institute of Biomolecular & Biomedical Research

Institute of Food and Health.

PLANSFM 

CLI-MIT

Farmland Ecology Group

	University College Cork


	Food Science Research and Food Industry Training Unit

BioSciences Institute

Alimentary Pharmabiotic Center.

Aquaculture & Fisheries Development Center

PLANFORBIO

	National University of Ireland, Galway
	Martin Ryan Institute

	University of Limerick
	UL Food Science Research Center

Carbolea Biomass Research Group

	Teagasc
	Ashtown Food Research Centre – Nutraceuticals Facility

Moorepark Food Research Centre – Biofunctional Engineering Facility & National Food Imaging Centre 

Animal Bioscience Centre 

Environmental Research 

	Marine Institute
	Shellfish Safety Team

Marine Microbiology Research Group
Fisheries Ecosystem Research Group


Industry R&D

There are seven significant R&D intensive performers within the food and beverage sector currently.  There are an additional 10 – 12 companies who also undertake R&D albeit to a lesser extent.  In recognition of the importance of R&D to the many sectors of the agri-food-forestry-marine sector, EI has supported a number of strategic initiatives.  

EI have provided support to the dairy industry including financial support to increase global competitiveness, support for the expansion of a Global Innovation Centre and the creation of a national functional foods research centre in 2008, called Food for Health Ireland (FHI), supporting collaborative industry led research between four of Ireland’s largest dairy companies and the key dairy research universities and Institutes. This initiative is one of the most significant advances in industry–academia collaboration in the Ireland in recent years. In order to boost the competitiveness of the Irish meat sector, EI has supported a number of significant research initiatives including an R&D Centre which is focussed on emerging trends in the nutritional and functional food space.  EI has also supported significant in-company R&D programmes in the beverages sector and is also exploring other initiatives to support and enhance innovation for the sector.  EI has supported the bakery and desserts sector’s move towards increasing innovation through a range of strategic funding initiatives and a collaborative programme with UCD.  Teagasc, in conjunction with EI, will continue to develop linkages with SME’s to promote greater emphasis on R&D.

R&D activity in the forestry sector is low.  In terms of R&D capability, the sector would, in most cases use external providers (such as Universities or test houses in the UK and some specialised ones in Europe) for testing. Some of the research would be in process development which would all be done in house with existing machinery or customising new machinery. The board mills tend to be larger and were established by multi-nationals who would have had access to their own in-house facilities overseas. These board mills would in all cases have their own test labs for quality control and a limited amount of research capability.

Irish private sector marine related research mirrors research in other Irish industrial sectors, being essentially applied in nature, generally very close to the market and concentrated in few firms. Considerable scope exists to expand the research potential and capability of the marine industry.  Sea Change, the national strategy for the marine sector, aims to transform the sector into a vibrant knowledge driven industry that is able to harness and sustainably exploit Ireland’s extensive marine resources. This includes expanding the sector from commodity output to high-value added product development through funding for excellence in research and matching outputs to industry needs. A number of marine SME’s have been successful in attaining funding from EI.  In addition, the Marine Inst., via its Industry-Led Research Awards Scheme, has provided small amounts of SME research funding.

As well as those firms that benefit directly from R&D funds, other firms participate in an array of research projects by making their facilities available, through membership of steering groups, undertaking trials and even providing samples. Industry participation in marine research is well established and much of it was enabled by earlier NDP funds prior to the launch of Sea Change. There is a solid foundation of industry participation but the challenge of increasing numbers of marine related firms and encouraging greater involvement in research projects remains.

3.
Current InvESTMENT IN AND funding for RTTI in the AFFM sector
Research Institutions:

Research institutions engaged in AFFM research receive public funding from a variety of sources.  DAFF has invested significantly in developing the research capacity and capability in AFFM through Grant-in-Aid to Teagasc & MI (a sizeable portion of which is spent on research) and, more recently, via its three competitive programmes – FIRM, RSF & COFORD.  Enterprise Ireland, the Higher Education Authority (HEA), the Environmental Protection Agency (EPA), the Health Research Board (HRB), and Science Foundation Ireland (SFI) have also provided funding.  In addition some non-exchequer funding is received from the EU Framework programme.
Food:  The main funding bodies for food R&D are the DAFF, EI, SFI, EU, MI and HRB.  FIRM has been running since 2000 and to date 239 projects have been funded to the value of €117m, with the majority of these funded from 2004 onwards. FIRM has also expanded beyond solely funding “at the bench” research projects. Support has been provided for equipment, graduate development, specialist networks and national database maintenance and development in all areas of interest to the food industry including, processing and manufacturing technologies, new and innovative food ingredients and products, new uses for food & drink by-products and food safety. Food R&D investment has increased steadily over the last 5 years and the annual level of research funding approved has increased by 160% over this period (€16.5M to €42.9M). In addition, Teagasc invested an estimated €10m from its own core funding into food research during this period. This funding has expanded the national research base and increased facilities infrastructure and, as a result, Ireland now boasts a progressive and innovative food research capability primed for industry engagement.
Agriculture: The primary sources of funding for research in production agriculture is Teagasc, via its  grant- in- aid, and DAFF’s Research Stimulus Fund (RSF). It is estimated that since 2001 Teagasc has invested €125m of its core grant on agricultural research while the RSF spent €48m on 113 projects in the same period.  The aim of the RSF programme is to create knowledge that will enable Irish agriculture to become a vibrant, competitive industry with improved productivity that is also environmentally sustainable. The focus is on efficient animal and crop production, animal and plant health, agri-environment and rural economy.  This strategic RSF initiative, combined with DAFF Grant–in-Aid to Teagasc and targeted research funded by some other national agencies (e.g. EPA & SEI) have provided a knowledge capacity within the sector to underpin its future sustainable development both in terms of food production, the delivery of environmental goods and services and examining the potential of crops for energy and other non-food products. The DAFF has also provided financial and technical support to the Animal Health Ireland Initiative. 
Forestry:  COFORD - the National Council for Forestry Research & Development – which has now been subsumed into DAFF, implements the national forest research programme aimed at maintaining international competitiveness, providing sustainable employment, encouraging innovation and enhancing environmental harmony within the forestry sector. Research focuses on establishing and growing forests, harvesting wood products, forest economics and policy, climate change and biodiversity. Investment in forestry related research since 2000 amounted to €13.35m with €5.8m invested in the sector since 2007.
Marine:  The Marine Institute has been tasked with managing and co-ordinating the implementation of the National Marine Knowledge, Research and Innovation Strategy, Sea Change, over the period 2007-13. Sea Change aims to drive development of the marine sector as a dynamic element of the smart economy to include high value-added and knowledge-based products and services. In the 2007- 2009 period  €50million  has been committed to marine R&D projects and programmes via the Marine Research Sub-Programme of the NDP, 42% of which is in the marine food area.  This investment commitment has led to a portfolio of applied research projects in research institutions and companies that has given rise to a significant increase in marine research capability and capacity.  In contrast, €13.5m was spent on marine related research between 2000 – 2006 45% of which supports the marine food sectors.

Industry level:

Investment in R&D at industry level involves a mix of public (mainly Enterprise Ireland) and private company funding.  EI is the largest investor in commercially focussed and industry linked food R&D, with €30 million committed between 2003 and 2008 (Table 2). 

Table 2: A breakdown of the investments made by EI in R&D in the food industry (2003 – 2008)

	EI Programme
	Value €M
	%

	Commercialisation Fund
	8.7
	29

	Applied Research Enhancement
	5.0
	16

	Industry Led Research Programme/Competency Centres & Innovation Partnerships
	16.4
	55

	Total
	30.0
	100


Industry collaborative programmes account for 55% of that investment; through Innovation Partnerships, Industry-Led Research Programmes and Competency Centre initiatives (the latter two initiatives supporting industry cluster and market led research). Other strategies to support company innovation include Innovation Vouchers, European Framework funding for the SME sector, and direct EI funding to academia.

Industry self-investment in R&D is collated by Forfas.  In 2007, the expenditure on R&D by the food industry itself was €87.9m (including beverages and tobacco).  The profile of the R&D performers within the Food and Beverage sector mirrors the export performance where a small number of companies are the key performers.  There are 7 significant R&D intensive companies with annual R&D budgets consistently higher than €2m.  There are an additional 10 - 12 companies with annual R&D budgets higher than €1m and 72 companies with annual R&D budgets exceeding €0.1m.  This profile has not changed over the last 3 years (2006-2008) with 14% (92/675) of all EI Food and Beverage clients formally undertaking R&D or 37% of its active and very active clients (92/247).

EI have invested €1.5m in forestry related research in 2008. Since 2003, the grant aid given through EI R&D schemes was just over €6.97m.

Irish private sector marine related research mirrors research in other Irish industrial sectors.  Over the period 2007 / 2008 24 marine R&D projects, with 22 industry performers/partners, have been supported by a number of funding sources (both national and international). These projects span eight industry sub-sectors. Within the marine food area, industry involvement is strong, with firms participating in either a) collaborative research projects or b) industry-led awards. 

RTTI practices / investment in the AFFM sector in other comparable countries

Ireland’s gross expenditure on R&D (GERD) is the lowest amongst countries to which it is normally compared.  
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In Ireland in 2007, €1.6bn was spent on research and development activities by enterprises across all business sectors (BERD).  Small enterprises with less than fifty persons engaged accounted for €280m or 17% of the total spend with medium/large enterprises accounting for the remaining 83% amounting to €1.3bn. In the AFFM sector, figures for BERD are only available for the food and beverages sector.  It is assumed that little of no investment is made in agriculture, fisheries and forestry by the business sector.  The majority of R&D undertaken in these sectors is funded by the Government.  However, this situation may change in the future as there is evidence that EI has funded some R&D in these industries and that funding requires an equivalent investment / contribution by the company funded by EI. The OECD Stats Database does not currently contain figures for BERD in the agriculture, fisheries and forestry sector and so the following information relates only to the food and beverages sector.  The graph below depicts the expenditure on R&D by the food and beverages industry in Ireland in 2007 and 2005 and other comparable countries as a % of the total BERD for all sectors.  The comparator countries  chosen are those considered relevant from an AFFM perspective given similarities in terms of geographic size, population, relative importance of AFFM in overall economy, nature of AFFM output, competitor on 3rd country export markets, etc. 
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Data sourced from OECD.

4.
teCHnology & Knowledge Transfer – Current Practice

Ireland has already laid the foundations of the Smart Green Bio-economy by investing heavily in education, skills training and R&D under the National Development Plan, which includes delivery of the Strategy for Science, Technology and Innovation involving major investments in basic research through the PRTLI, SFI and other funding programmes. €8.2 billion was originally earmarked to research, technological development and innovation. Business expenditure on R&D (BERD) was targeted to grow to about €3.8 billion per annum by 2013. 

The transfer of knowledge from research organisations and higher education institutes into the market place has been identified as a key issue in the development of a world class research and commercialisation environment.  The current practice for knowledge and technology transfer in the AFFM sector ranges from publications in scientific peer reviewed journals through to a fully dedicated technology transfer system. 

The knowledge management systems must develop and support the adaptation of our major farming systems, both on land and in the sea, to meet the often conflicting challenges of competitiveness and sustainability, more extreme price volatility and climate change to deliver the Smart Green Bio-economy.  Basic research must be complemented by appropriate and effective applied research and combined with effective knowledge transfer systems if scientific advances and technologies are to create wealth in the AFFM sector.        

As noted earlier, Ireland is unique within the EU in having, via Teagasc, an integrated agricultural knowledge management system.  Its objective is to ensure that knowledge generated or procured by research is disseminated to and adopted by the end users e.g. farmers.  Unfortunately, over the last 25 years the relevance of the research knowledge to producers was severely reduced by the EU income support measures.  Recognition of the need to promote and develop competitively sustainable production systems was somewhat neglected.  The emphasis has changed following the most recent reform of the Common Agricultural Policy and the emergence of food security as a key world priority.  Now, the requirement for innovation and job creation in the current climate, coupled with the need for synergy between the various progressions in the research environment from basic to applied, requires more joined up thinking and more solid alliances between public good funders and representatives of industry.  

The Teagasc model of knowledge transfer is currently undergoing redevelopment to provide the science based innovation support required by the sector in this more difficult but opportunistic market place. This new model includes a number of key components to ensure the adoption and implementation of technology at farm level.  It includes, firstly, the demonstration of new or procured research knowledge in functioning systems on research demonstration farms.  Secondly, demonstrating on Monitor Farms the impact and benefits of cost effective managements and technologies. Thirdly, the use of Discussion Groups, Farm Walks and Training Courses.  The importance of this model that links applied research to farm practice through technology transfer to the end user cannot be over emphasised given the unique structure of the sector - large number of owner operated farms geographically spread across a wide range of soil and climatic conditions is quite different than models used in other industrial sectors. 

The laboratories at Backweston provide an additional mechanism for linking R&D with DAFF strategies and policies to improve food safety and animal and plant health. As mentioned previously the labs are currently collaborating with the research institutions however, in addition to transferring and applying the large accumulated reservoir of existing knowledge to various national programmes on an ongoing basis, it is important to ensure effective linkages between R&D providers and end users to generate outputs of national importance.  The cross fertilisation of ideas between the DAFF laboratories, at both central and local levels, and the research community will further improve outputs, the value of the research and its subsequent use within the wider economy. Expansion of formal collaborations between DAFF laboratories and HEIs will be mutually beneficial and would act as a catalyst to stimulate more comprehensive studies and the introduction and use of new technologies and analytical methods within the regulatory sector.

To date, the policy of DAFF funded research has been firmly rooted in the principles of “Public Good”.  This is particularly so with the RSF owing to its focus on policy and primary sector-wide support.  This direction is supported by the structures within Teagasc where its extension service can disseminate the outputs of research and so make a real difference to farmers.  

Indeed, the changing face of agriculture and the increasingly multidiscplinarity of agri-research means there is now a more divergent constituency of end users involved.  This challenges the traditional definition of Public Good.  Public Good is most definitely served by innovation and job creation, the question is to what extent does DAFF engage in this market and how do we best ensure delivery to agencies who are equipped to realise market benefits.  This is a challenge for all funders at the Public Good level who are involved in the SSTI structure.  For this reason it would be useful to establish a working group comprising representatives from DAFF, EPA, EI, SEI, MI, Teagasc, IUA, IOTI to examine ways to improve the translation of publicly funded Agri-food research into innovation and commercialisation.

DAFF has always placed great emphasis on the need for active and varied dissemination of the outputs of research funded through its competitive public good research programmes. In this regard it has been funding, since 1996, a succession of dedicated food research dissemination projects within FIRM - and its pre-decessor, the Non-Commissioned Food Research Programme (NCFRP).  In recent years this has achieved considerable prominence under the RELAY brand and takes the form of a 3-person team of contract disseminators operating within Teagasc ensuring that the outputs of FIRM-funded research are made available to all stakeholders.  Recently efforts have been made by DAFF to identify future commercial opportunities arising from research funded through the FIRM Programme.  To this end the new RELAY project will work with, and align itself more closely to, both Enterprise Ireland and the Technology Transfer Offices in the research institutions to ensure that future commercial opportunities are identified at the earliest possible stage of research projects and that steps are taken to ensure that intellectual property is protected and knowledge transfer occurs at the appropriate stage in the research.

In light of developments such as the EI assisted strengthening of the Technology Transfer Officers (TTO’s) within virtually all the HEI’s and, more importantly, the recent launch of the EI-Teagasc Food SME Technology Support Programme, a re-evaluation of the role of RELAY is required.  The new Teagasc-EI Programme, which is a welcome and timely initiative, will be staffed by technologists whose role will be to accumulate and transfer information that is directly applicable to food companies. These technologists will draw from the knowledge and expertise of Teagasc food researchers at Moorepark and Ashtown Research Centres, which they will augment from other knowledge sources, national and international. By having such a corps of technologists, Teagasc aims to widen the reach of its technology transfer activities to include a broader range of food companies and thereby bridge the communication gap between public research and the general food industry, while at the same time accomplishing its mandate for high quality research and for innovation impact at the highest level of industrial research which will be key to driving the Smart Green Bio-economy.  

Teagasc itself also has a well established innovation management system in its food directorate, which focuses on the conversion of its public research into useful products and processes for industry. It operates a variety of mechanisms for engagement with industry in knowledge transfer, mostly funded by industry directly but also involving funding from Enterprise Ireland through e.g. innovation partnerships.  

Forestry research outputs are disseminated through COFORD annual reports, e-newsletters, COFORD CONNECTS, websites of research projects, events and conferences.  In addition, forestry funded research groups publish in peer reviewed scientific journals.  Web-based advisory services are used to ensure transfer of knowledge to the end user.

Ensuring that the knowledge and outputs of marine research programmes are transferred to the end users is a key objective of Sea Change.  

5.
Innovation and future AFFM Priorities
The changing face of the agriculture, food, forestry and marine production means a constantly moving agenda needing to be informed / underpinned by sound scientific research and effective knowledge management systems.  The AFFM research programmes have been at the forefront in the development of a core expertise that is accessible and usable at end user and, importantly, informs policy makers on the scientific justifications for policy development.

Developments in science, technology and innovation presents tremendous potential for transforming food and non-food production during the next two decades. The challenge is to drive the transformation of the AFFM sector into a Smart Green bio-economy that fully embraces new technologies to create value-added outputs in an environmentally sustainable manner. This challenge will require the AFFM sector of the future to become more fully integrated into the ‘knowledge economy’.
The development of an AFFM sector which is internationally competitive is crucially important to Ireland’s future development. In addition, the sector must meet growing public good objectives in terms of enhanced food safety, improved natural resource management, biodiversity protection, climate change mitigation, energy security and meet the demand for environmental goods and services. Robust research coupled with an effective knowledge management system that is integrated with the key stakeholders has a key role to play in science-based innovation support for the sustainable development and competitiveness of the sector and in meeting a range of public good objectives. The role of licensing as a means of sourcing technology from overseas countries and firms also warrants scrutiny. 

Creating the conditions for successful innovation 

In common with most industry sectors, Ireland’s AFFM sector faces obstacles in improving its innovation performance. Before firms reach the status of being serial innovators, the conditions for successful knowledge transfer have to exist. Various research measures have enabled the sector to enhance and develop its innovative capabilities. Fundamental to this change is an effective technology transfer system which leads to higher levels of research outputs being commercialised. As is widely recognised, Ireland’s track record in commercialising research outputs is only just developing and lessons need to be shared and successful experiences and models promoted. 

Together, the relevant development agencies are creating the environment within which firms can access and utilise new and known technologies that will ultimately support them to develop their businesses.  Key factors that are known to enhance technology management performance and which impact on innovation potential include: 

· Developing and supporting the formation of clusters;

· Enhancing the absorptive capacity of SMEs;

· Encouraging the availability of packaged applied research outputs;

· Building links between the HEIs and industry;

· Developing collaborative research teams;

· Securing industry involvement in setting research agenda;

· Encouraging the commercialisation of research outputs; and

· Establishing links with the technology transfer network and working with other state institutions in developing targeted initiatives. 

SWOT Analysis of AFFM Research System (Infrastructure & human capital)

In order to chart out a strategic direction for the future of the Irish research, technology transfer and innovation system in the AFFM sector it is appropriate that we first examine some of the strengths, weaknesses, challenges and opportunities (SWOT) of the current system. 

Agriculture:

	Strengths

· strong Govt support & Exch funding in recent past mainly via Govt GIA

· main research performers well recognised with excellent reputations nationally & internationally 

· good capacity via well equipped modern laboratory and other physical infrastructure facilities following significant capital investment 

· good capability via mix of both experienced and young researchers built up over time 

· integral connection to main end users (farmers) via Teagasc

· reasonably well developed inter and intra institutional collaborative approach mainly on foot of encouragement from DAFF’s RSF programme
	Weaknesses

· over-reliance on Exchequer support (GIA & RSF) both of which are unlikely, in the short term, to be maintained at the relatively high levels of recent years.
· meaningful competitive funding focused on modern biosciences via DAFF’s RSF really only available since 2006 meaning certain expertise / teams are at early stage of development
· reluctance traditionally to compete for EU / international funding 
· shortage of experienced staff in future priority areas e.g. climate change mitigation, non-food land uses, etc.
· many young researchers on contract basis only 
· low translation of research outputs to end users despite integrated research & advisory system
· disparate competitive funding streams – need for more strategic joined-up funding from basic through to applied especially in the agri-environment/energy areas (e.g. joint DAFF-EPA/SEI funding initiatives) 
· DAFF’s own state-of-the-art laboratory facilities at Backweston under-utilised & not properly integrated into national research infrastructure 
· over-emphasis on academic outputs (publications) for career advancement in universities with little attention given to technology transfer & innovation
·  dis-connect with policymakers  

	Threats

·  cutbacks in Exch funding in short term
· public sector recruitment embargo & incentivised early retirement scheme may result in loss of experienced staff in certain key areas 
· embargo also negatively impacting Teagasc & M. Institute participation in EU FP7 programme
	Opportunities

·  food security still key global concern

·  acceptance that research has major role to play  in enabling Irish agriculture meet its Climate Change commitments especially as regards the livestock

·  possibilities to leverage funding and further strengthen expertise through involvement in EU initiatives such as ERA Nets & Joint Programming 

· New market opportunities based on exploitation of new technologies

· Opportunities in developing technologies for production of environmental goods and services


Food:

	Strengths

·  high quality public R&D support system as a result of significant investment in research through the FIRM programme

· specialised units in place in the main PRO’s 

· reasonably well developed inter and intra institutional collaboration mainly on foot of  DAFF’s FIRM programme e.g. UCD, UCC, UL, Teagasc and QUB have formed the Irish Food and Health Research Alliance (IFHRA) harnessing resources and expertise to ensure a more focused research programme & development of critical mass

· the Marine Functional Foods Research Initiative

· the Food for Health Research Initiative – co-funded programme with the HRB

· Teagasc food research programme has a strong applied mission and is an ideal mechanism for transferring novel innovative ideas to commercial companies

· Strong links between the research community and the industry 

· Dedicated knowledge transfer project, RELAY which ensures that commercial opportunities are managed effectively

· Strong engagement and collaboration with the funding agencies involved in supporting food research both within the HEI’s and PRO’s and the industry however, further joined-up thinking required
	Weaknesses

· DAFF’s own state-of-the-art laboratory facilities at Backweston under-utilised & not properly integrated in to national agri-food research infrastructure

· disparate competitive funding streams – need for more strategic joined-up funding from basic through to commercialisation spin-offs / in-company research (e.g. joint DAFF-EI-Industry funding initiatives)

· over-reliance on Exchequer funded public sector research to underpin safety/ quality and product / process development especially among multiplicity of SME’s which dominate the sector

· over-emphasis on academic outputs (publications) for career advancement especially in universities with little attention given to technology transfer, commercialisation & innovation

· lack of industry funding

 

	Threats

· cutbacks in Exchequer funding in short term
· public sector recruitment embargo & incentivised early retirement scheme may result in loss of experienced staff in certain key areas

· Research capacity and expertise built up with state investment is being lost.


· Loss of reputation internationally as a research base
	Opportunities

· food security still key global concern and demand for food set to double by 2050

·  Ireland’s clean green image

· developing the research base to support the development of high value added functional foods / ingredients, bioactives, infant formula 




Forestry:

	Strengths

· Active COFORD R&D programme with strong dissemination focus facilitating uptake of results and good communication with policy makers.
· R&D funding maintained and increased over the years 

· The recent involvement of the 3rd level collages greatly increased research capacity and resources.

· Good synergies between Teagasc forestry research and advisory service addressing practical needs and effectively communicating research to farmers. 

	Weaknesses

· Lack of critical mass of researchers in certain disciplines.

· Lack of succession planning to maintain expertise in key disciplines 

· Research infrastructure is scattered with no centrally recognised institution as a centre of excellence for forest research which can attract funding and facilitate interdisciplinary research etc.



	Threats

· Cutbacks in exchequer funding 

· Loss of expertise through lack of continuity in funding

	Opportunities

· Forests contribute positively to carbon sequestration and are a proven, reliable source of wood energy. Significant gains in efficiencies in the production, harvesting and transport of wood and wood for energy can be achieved through R&D.

· Potential to increase the use of wood as a renewable, sustainable, environmentally friendly material for construction, energy, bio-chemicals etc.

· Research playing a key role in protecting and enhancing the non-timber benefits of forests (recreation, water protection, biodiversity, landscape, protection of heritage etc) which are being increasingly recognised as important public goods and services. 




Marine:

	Strengths

· Ireland’s significant living and non-living ocean resources 

· Growing global markets  

· Strong technology platforms to link to applied research opportunities focused on new markets 

· strong Govt support & Exch funding in recent past

· main research performers well recognised with excellent reputations nationally & internationally 

· good capacity via well equipped modern laboratory and other physical infrastructure facilities following significant capital investment 

· good capability via mix of both experienced and young researchers built up over time 

· strong inter-agency collaboration in implementing national marine strategies (e.g. MI, SEI, IDA, EI, BIM, Teagasc, SFI, Udaras) 

· solid foundation of research capability & expertise

· track record in securing EU FP funding

significant role in influencing EU maritime policy / research agenda

	Weaknesses

· Low levels of private R&D engagement in traditional sectors
 

· Not enough targeting of commercialisation opportunities. ·


· Possibility of Limited national research funds post 2009.



	Threats

· difficult economic environment in the short to medium term
 

· research capacity and expertise built up with state investment is being lost.


· loss of reputation internationally as a research base

· public sector recruitment constraints related to research positions (e.g. FP and national research projects/programmes)


	Opportunities

· commercialisation opportunities stemming from research in traditional marine sub-sectors – sea fisheries/ aquaculture/ seafood processing and seaweed

· potential to further exploit marine natural resources for food/food ingredients and non-food applications e.g. new drugs & materials

· major growth potential in new and emerging areas – green technology, marine biotechnology, etc. Potential for SFI funded teams to become involved in these areas potential to exploit marine natural resources for non-food applications e.g. new drugs & materials

· establish Ireland as a global reference site for marine climate change & a key monitoring site for the NE Atlantic.




Future Drivers

Future research, technology transfer and innovation priorities across the AFFM sector are likely to be driven by the need to prepare for a variety of challenges and opportunities stemming from a host of national, EU and international developments comprising legislative, policy, economic, sustainability, etc. The following table, which draws partly on the conclusions of Foresight exercises conducted recently by both Teagasc and the EU Standing Committee on Agricultural Research (SCAR), and includes some marine examples, lists the main drivers remarking on some examples.   

Table 3 Drivers of future research, technology transfer and innovation across the AFFM sector.

	Driver
	Examples / Remarks

	Legislation

Policy development

Budgetary Pressures

Competitiveness

Env. Sustainability 

Food Security

Energy supply

Health

Consumer trends

Technology advances 

Structural Issues


	Water Framework Directive, Convention on Biological Diversity, Marine Strategy Framework Directive, Natura

Common Agricultural Policy post 2013 & WTO agreement – removal of milk quotas, exposure to more external competition for markets, more focus on provision of public goods.  The Common Fisheries Policy.

What should we concentrate on doing here in Ireland ourselves and what’s best tackled in collaboration with other European or other countries via ERA-NET’s, Joint Programming, global initiatives, etc. 

Across the board support for multiciplicity of SME’s and focus on certain sub-sectors where we already have an advantage (e.g. beverages, ingredients, infant formula, functional foods). 

Threats and opportunities to AFFM posed by Climate Change commitments and role of research in same; protect biodiversity, natural resources (e.g. fish stocks) and services

Ensure that food production will be sufficient to meet the increased demand. 

Land/ocean use for food production and / or energy …. how to strike the balance

Food for health / the elderly; pharming, etc

Convenience and wholesomeness; organic and conventional; etc 

Embracing Bio / Nano Technologies … striking the right balance so as not to be left behind yet not alienate the consumer

Continued decline in no. of farms – currently only 55% considered economically viable half of which only with help of off-farm income. 


These challenges require a response/actions by the various parties at different levels by different groups and agencies.  

Agriculture: Teagasc will continue to ensure that the main focus of its research is on the rapid delivery of results with potential for economic and social impact. While retaining its strong capacity in applied research, the organisation will strengthen its capacity in key areas of fundamental research. There will be a new focus on, and significant investment in, the biosciences. This will ensure that agri-food research is fully competitive in the national STI programme and in the European Research Area. Insights provided by this new bioscience capacity will feed directly into the organisation’s traditional strengths in applied agricultural and food research and help to broaden the scope and impact of ongoing activities

The Teagasc Research Programme is divided into ten major areas, five relating to primary agriculture:



· Animal – focuses on the key areas of Irish livestock production including breeding, nutrition, growth, reproduction, health, product quality, labour efficiency and facilities that will underpin the future profitability, competitiveness and sustainability of the sector.
· Crops – focuses on cost effective crop production systems, including crops for energy and bio-processing, which improve competitiveness, profitability and product quality, and minimise impact on the environment.
· Environment – a cross cutting programme that focuses on nutrient efficiency, greenhouse gas and climate change, water quality/risk assessment, soils and biodiversity/ ecology/environmental products & services. 

· Economics and Rural Research – a cross cutting programme that focuses on agriculture, trade and environmental policy analysis, farm and food economics, spatial analysis, innovation and rural development and environmental economics. 
· Grassland Research and Innovation - focuses on grass breeding, growth, fertilisation, utilisation, nutritional value, and develop grazing systems that will underpin the profitability, competitiveness and sustainability of the sector and enhance food security. 

In addition to the priorities identified by Teagasc, DAFF shall review the operation of it’s RSF programme especially with regard to strengthening stakeholder consultation and joint funding with others in certain sub-sectors.  

Food: The Teagasc food programme is an important component in the development and sustainability of the national and rural economies. The programme comprises five key elements:

· Food Safety - focuses on assuring the microbiological and chemical safety of food produced in Ireland.

· Food Quality - focuses on cheese and fermented dairy products; food ingredients; meat products and prepared consumer foods.
· Food for Health - focuses on the further development of probiotic cultures for food and feed use, and on the role of conjugated linoleic acid-producing cultures in gut health.
· Food Industry Development including SME Innovation Support Service, Specialist Food Training and Consultancy, Technology Transfer and Market Studies. 
· Moorepark Technology Limited, a Teagasc subsidiary, is actively marketed as a commercial pilot plant service for product development.  

Teagasc recognises that the most productive recipients for much of its front-edge food research information are the top research-performing food companies and it considers that effective linkages with these companies in knowledge partnerships and technology transfer are essential to its mission to drive the knowledge economy. Among such companies are large indigenous food firms and companies contributing to the Irish economy through foreign direct investment. This service is complemented by the afore-mentioned new Food Technology Support Programme for small and medium sized food companies aimed at increasing their accessibility to Teagasc’s technologies.
In addition to the priorities identified by Teagasc, DAFF, through it’s Industry-led Research Committee is currently developing a strategic research agenda for the food industry and, once complete, will help inform the nature of research funded in the future under FIRM. 

Ultimately the success or otherwise of the Irish food industry depends on the actions of food companies themselves.  In general, the sector is in the hands of a small number of large, sophisticated, well-capitalised, multinational firms and a large number of indigenous SME’s. In order to ensure continued success both segments – but particularly the latter with support from EI – will need to invest heavily in R&D and endeavour to be more innovative in this highly competitive marketplace. The areas / issues needing priority / focused attention in the period up to 2020 include dairy, infant nutritionals, functional foods / ingredients; prepared consumer foods; beef and beverages, bakery and desserts.

Within the dairy sector particularly, there has traditionally been a very low level of R&D investment.  Recent investments by 3 large dairy processors in Centres of Excellence have focused some level of activity on enhancing their dairy commodity activity (primary R&D activity by these companies is focused on value added ingredients sector).  Typical R&D to sales ratio for the commodities sector is 0.1% - 0.3%.  The ideal industry target, which is being achieved by best in class dairy companies elsewhere is in the range 0.6% - 0.8%.  It is important that Irish companies are encouraged to move up the R&D value chain.  
Forestry:  As Ireland increases its forest acreage, a strong knowledge and R+D base is increasingly necessary to position wood production and processing as an internationally competitive sector, as well as to assess and value the public good provision of forests

Timber and panel products in the construction market are increasingly used as components in composite panels and engineered wood products. This trend to prefabrication and building systems, such as timber frame, will drive innovation in the processing sector. Other markets such as fencing, sound barriers and timber decking are growing rapidly but require sustained business-led and publicly funded R&D to capture home- and export-based markets. 

ITC is playing an ever-increasing role in forestry in controlling costs and building competitiveness; new developments such as laser scanning for supply chain management, and decision support systems, integrated across harvesting, transport and processing need continued R&D investment at both company and state levels.

Renewable energy policies and targets have been set by government to substantially increase the use of forest biomass in the heat and power sectors over the period leading up to 2020. Ten to twenty fold increases in supplies will be needed to meet these targets. Innovation in the supply chain from forest to final combustion is required to ensure cost-effective harvesting and transport systems and ways to store and dry energy wood. 

Forestry has a significant role to play in sustainable land use, as a provider of renewable products and energy, and increasingly, providing public goods such as recreation space for an increasingly urbanised population, carbon storage and sequestration, and biodiversity conservation and enhancement.  Water quality will be a key consideration in future land-use policies and practice; here riparian woodland and bioremediation uses of forests are set to play an important role. 

The COFORD R&D programme, structured along 13 thematic areas will continue to build on existing R&D expertise and excellence in underpinning the contribution of the forestry sector to rural development and to the environment. 

Marine: Sea Change has defined RTDI priorities for each sector with the overall aim of strengthening the competitiveness and sustainability of the marine sector; building new research capacity and capability to create new commercial opportunities; protecting and enhancing environmental quality and management and informing public policy, governance and regulation of marine sector and resource.  The sectoral research priorities and all other research priorities for the marine sector are detailed further in Sea Change.
In addition to the specific sectoral research priorities, a number of cross cutting research priorities which apply across a number of disciplines are key to managing the marine environment and harnessing marine resources in a sustainable manner.  These include the marine environment & biodiversity; Climate Change & Oceanography; Engineering & Technology (including ICT) and marine biotechnology.

By exploring and harnessing marine materials, entirely new uses in areas far from the marine are likely to be found.  Already there are successful marine origin pharmaceuticals, novel industrial enzymes, food ingredients, biosensors, drug delivery systems and novel chemical compounds. As more of the marine is explored, the number of novel marine materials is set to increase offering great scope for commercial applications.

In order to restore and manage the Sea Fisheries Resource base needed for a vibrant seafood industry there is a need for high quality impartial research.  In order to support the continued development of the Aquaculture (Finfish & Shellfish) sector, continued research will be needed on: new species development; offshore aquaculture; organic seafood products; fish health and food safety; single bay management; etc.  Research will also have a major role to play in maximising the huge potential from Irish seaweed. 

Cross sectoral R&D within the AFFM sector

Food for Health

Food for health (or functional foods) has emerged as a priority area for food innovation based on multiple reports and analyses that project major opportunity for food companies in nutritional food markets, responding to consumer needs and expectations. The obesity pandemic, the aging population and the desire for improved quality of life are all drivers of future demand for food products with health benefits. This trend is captured in current Enterprise Ireland strategy for the development of the food sector which identifies Functional Foods as a key priority. It is also a central theme of the European Technology Platform, Food for Life, and is the basis for Teagasc’s Vision programme in food research. In addition, the Food for Health Research Initiative, funded by DAFF with support from D/Health & Children, will build capability in the area of nutrigenomics, the development of food consumption databases for all age groups and a deeper insight into gut health in the elderly. 

The development of functional foods poses a severe challenge to food companies because of the intense nature of the scientific and clinical evidence necessary to validate health claims. This is an area in which there is strong overlap with the sciences employed by the Pharma sector since it focuses  inter alia on the biochemistry of nutrient response, the development of biomarkers for beneficial physiological effects and the technologies for delivery of bioactives in a food matrix. Food scientists engaged in functional foods development will require close collaborative links with scientists in medical and pharmaceutical research. The APC is a notable example of a programme where these links are already well established. 

Biotechnology

The rapid expansion of molecular biology, particularly over the last two decades, has begun a revolution that will allow us to understand and alter animal, fish, algae and crop production in new directions and at a much increased rate. We are in the middle of a massive growth in our ability to analyse DNA, RNA, proteins and metabolites, with rapid increases in the throughput of analysers. Advances with next-generation sequencing of nucleic acids, and mass spectrometry-based analysis of proteins and metabolites is leading to rapid gains in throughput and dramatic reductions in cost. There is huge potential to exploit the wealth of high-throughput data through bioinformatics and systems biology and incorporate the information into accelerated breeding and improved management of terrestrial and marine plants and animals.

Application of molecular biology in agriculture has two major outcomes in traditional areas of agriculture. Firstly, increasing the rate of gain and extending the range of traits that can be included in plant and animal breeding programmes; and, secondly, providing molecular insights and tools that can be used to improve plant and animal management, based on understanding the interactions between management and genomes. It is likely that molecular biology will also generate as-yet unidentified applications.  

In animal (incl. fish) breeding one of the key challenges for the industry, and opportunities for bioscience, is the ability to incorporate a much wider range of traits into breeding indices. Future efforts will need to focus on applying more advanced genotyping tools to increase the rate of genetic gain through calibrating phenotypic measurements against single nucleotide polymorphisms (SNP) using a SNP-chip, so-called genomic selection.
Functional genomics is providing new insights into the responses of individual animals (incl. fish) and into the interaction between environmental factors, such as diet, pathogens and climate, and genomes will help us to develop novel management strategies. It will be important to understand genotype × environment interactions to refine managements for particular breeds or strains. The development of genetic and biochemical markers described above will have applications for monitoring and managing animals. For example, transcriptome profiling and identification of novel biomarkers in blood, will increasingly be used for a range of clinical purposes.  A further spin-off from these technologies will be SNP-based systems for identification of individual animals and parentage checking an important component of traceability systems. 

Metagenomics is an emerging field of molecular biology that uses high-throughput sequencers to identify genes in complex microbial systems. By providing a complete description of the rumen microbiome, metagenomics will allow us to probe the basis for the persistence of these micro-organisms in relation to interactions between micro-organisms and diet manipulations. 

In the crops area the main application of biotechnology in Ireland involves ‘marker assisted selection’ which is used alongside conventional plant breeding programmes. This allows breeders to consider a wider range of traits, and particularly to bring new traits into programmes more quickly. These approaches will be particularly important for addressing the growing list of requirements expected of those developing varieties of perennial ryegrass, clover and potato (e.g. enhanced disease resistance, increased nitrogen use efficiency, extended seasonal growth patterns) in the longer term. Biotechnology is also contributing to monitoring the population structure of the most significant fungal pathogens of Irish crop species. These same tools are being used to survey Ireland’s primary crop pathogens for novel isolates with altered fungicide sensitivity and/or increased virulence/aggressiveness.

Biotechnology-based skills are being used to provide baseline data in response to the drive for diversification into alternative crops (and alternative uses for current crops). Biotechnology is used to speed up the generation of basic genetic and cytogenetic data on aspects such as ploidy levels, crossability groups, genetic diversity of existing germplasm. This will be required to support efforts on the future breeding and domestication of alternative species such as Miscanthus spp. (for biomass) and Adonis spp. (for nutraceuticals and bioactives). 

Biotechnology tools are also being used to gain new insights into micro-organisms in soil and environmental samples, as a basis for developing new management strategies or tracking problem organisms.

Interest in and focus on marine biotechnology has gradually been growing and gaining momentum in Europe.  This largely stems from the need to meet growing demands for novel materials that cannot be satisfied from terrestrial sources alone, and the recognition that the marine environment, accounting for over 90% of the biosphere, hosts immense biodiversity, in great part due to extreme environmental conditions that have required marine organisms to adapt their physiology in unique ways. Biobased production and biotechnology are high on the policy agenda of Europe, with marine oriented biotechnology earmarked for rapid development. Considerable commercialisation potential exists. The key to unlocking the potential of Ireland’s biological marine resource is exploiting Ireland’s competences in biotechnology.  

Ireland’s marine food industry and other industry sectors draw from the comprehensive scientific and technical data on our marine resource to support the development of current products.  Next generation products and the processes required to unlock the anticipated valuable materials will rely heavily on new knowledge generated around biotechnology processes. Biotechnology draws from a wide range of biological disciplines including botany, marine sciences, microbiology, systems biology, bioinformatics, pharmacology, toxicology, genetics, molecular biology, biochemistry and cell biology. 

The potential of Ireland’s biological marine resource as a source of novel materials is reflected in a number of public good research projects that seek to use biotechnology to identify, isolate and extract compounds from marine species and other projects that seek to generate new knowledge about the bioavailability of compounds from marine species. There are many examples from the research activity in marine algae that illustrate the benefits from a focused marine biotechnology approach.  

Nanotechnology

Nanotechnology is the ability to structure and organise single atoms or molecules to create new materials and devices. This rapidly emerging science will impact on all economic sectors. It will enable the development of novel devices and materials with specific characteristics and customised to particular applications. Nanoparticles already have a role in sensors and with the promise to interact with individual microbes, there is a real possibility that novel sensors able to monitor disease states and act as diagnostic aids to detect the presence of pathogens will provide early warning systems.  Similarly, nanotechnology will enable new control systems to be developed, such that nutrients, pharmaceuticals and other substances can be released to provide immediate response to some external response. It is essential, for the AFFM sector to acquire the ability to translate the results of nanotechnology research into specific applications in order to remain competitive. 

With recent advances in our understanding of immunity in the respiratory tract and in vaccine delivery and targeting, it is now possible to contemplate the development of a new generation of vaccines, based on nanotechnology, which are aimed at stimulating long lasting immunity in the respiratory tract, and preventing the establishment of virus infections and therefore the development of severe respiratory disease. 

Climate Change

Another cross cutting AFFM area is climate change where it is generally accepted that research has a major role to play in finding a solution.  In agriculture, the major sources of GHG are methane from enteric fermentation and manure storage, along with nitrous oxide from the use of manure and fertilisers on soils. However, it is likely that there is significant carbon dioxide sequestration capacity in Irish grassland soils but very little is understood about this issue due to large variability in Irish soils. Pressure to reduce ammonia emissions from the sector may also emerge. Research is required across a range of disciplines:

· Animal nutrition and dietary interventions

· Soil processes: to improve the understanding of the soil processes and soil/plant/climatic interactions which impact on Nitrogen losses and Nitrous oxide emissions

· Soil carbon: to improve understanding of the capacity of grassland soils to sequester carbon

· Anaerobic digestion may provide an opportunity for agriculture to supply energy but the GHG balance associated with the process is unclear and needs to be investigated

· Climate change adaptation – to ensure long term threats are minimised and opportunities can be exploited 

· Economics and social science: 

· Modelling, including Life Cycle Analysis and carbon footprinting

A new initiative, initiated by New Zealand, on research into agricultural GHG emissions - "Global Alliance on International Research on Agricultural Mitigation" has found substantial support among Parties to the UNFCCC. Given the importance of emissions from agriculture in Ireland’s overall emissions profile, the established difficulty in mitigating these emissions without reducing activity, and the fact that we have been seeking recognition for this difficulty in the international target setting process, it may be appropriate for us to participate in this initiative to actively seek solutions.

In forestry, given the rapid change in the predicted climate of Ireland over the next century and the relatively long periods between establishment and final harvest (50 years approx) it is likely that some tree species may not be suited to the future climate within one or two rotations. The suitability of forest species currently used under the future climatic scenarios and consequent changes in growth and ecology of forests and their pests and diseases requires urgent consideration.

Coordination Actions:

Having detailed the research infrastructure, the investments made to date, the current practices in technology transfer and the opportunities for the AFFM sector in the future, the following is a list of actions that could be considered by DAFF and its agencies to ensure that there is a co-ordinated approach to the development of the SMART Bioeconomy for the AFFM sector.  

Actions Relevant to tackling Global Challenges:

1. DAFF to develop and utilise a robust stakeholder consultation process using various groups including the research community, clusters of existing projects, workshops, relevant networks of scientists and institutions, and the Industry-led Food Research Group in the development of future research calls under FIRM, RSF & COFORD having due regard to the European Research Agenda and the identified research priorities of national and international foresight exercises.

2. DAFF to establish an Agri-research Expert Advisory Group to advise on national and EU research priorities and policy and to enable industry involvement in setting the research agenda having regard to institutional research responsibilities and existing national research programmes.

3. DAFF to propose a “National- NET” approach to future joint funding, whereby relevant agencies (e.g. HRB, EPA, SEI) agree on a research agenda and contribute to a common pot to be administered by the lead agency.

4. Research Division to establish and chair a DAFF Agri-Food-Forestry-Marine Co-ordinating Committee comprising representatives of Teagasc, Marine Institute & COFORD in order to co-ordinate overall research efforts vis-à-vis content, timing and complimentarity of national competitive programme calls, input into IDC on SSTI, and involvement in FP.

5. DAFF to examine a potential shift from general themes to descriptive topics in DAFF funded research calls.

6. DAFF to consider running seminars/workshops on a number of projects clustered around a policy relevant theme and/or publish user-friendly end-of-project brochures.

Actions Relevant to maximising the output of DAFF funded research

1. DAFF to strengthen its relationship with Enterprise Ireland and explore the establishment of a more structured framework to enable the free flow of information from FIRM and COFORD projects with promising commercial potential to EI for follow up at an early stage in order to ensure the commercial potential is realised.

2. DAFF to examine the potential for a Working Group comprising representatives from DAFF, EPA, EI, SEI, MI, Teagasc, IUA, IoTI to examine ways to improve the translation of publicly funded research into innovation and commercialisation.

3. DAFF to examine the possibility of Fellowships with industry for postgraduates funded under DAFF programmes.

4. DAFF to develop networks amongst funded projects working in similar fields to ensure future collaboration and focus the effort towards co-operation.

5. DAFF to examine alternative funding models within RSF such as some of the initiatives developed in FIRM.

6. DAFF to review the nature, role, and relevance of RELAY in the context of the new EI-Teagasc Food SME Technology Support Programme. 

7. DAFF to examine the potential for improved dissemination of RSF projects to ensure all possible opportunities are exploited (similar to RELAY or systematically fed into Teagasc’s Advisory arm).

8. DAFF to update our policy on the management and exploitation of Intellectual Property arising from DAFF funded research and make this widely known, in conjunction with RELAY, to the relevant Principal Research Officers via their Technology Transfer Offices.

9. DAFF to develop a database for the ongoing monitoring of DAFFs performance under the SSTI indicators aimed at quantifying more accurately the value of DAFF funded research.  MI to continue to co-ordinate, monitor and track implementation of Sea  Change and related SSTI indicators.

Actions relevant to developing the Research Infrastructure

1. DAFF to ensure that Agri-Food science requirements are reflected in national and EU infrastructural policy.

2. DAFF to review current R&D issues and how DAFF laboratories might further benefit from stronger linkages with RSF and FIRM funded projects in progressing their control remit and in participation in research.

3. DAFF to examine mechanisms with the research institutes for the purpose of improving technology/ knowledge transfer by involving the DAFF laboratories in collaboration arrangements with the higher-level institutions.

4. DAFF to examine the potential for a separate Rapid Response Research Fund (RRRF) to enable it to urgently commission dedicated research when needed to respond to unforeseen events outside of Calls.

Actions relevant to internationalisation

1. DAFF to examine the possibility of a Memorandum of Understanding with relevant funding agencies in Northern Ireland.

2. DAFF to examine the potential of Memoranda of Understanding with funding agencies where existing relationships between research institutions exist eg INRA in France, New Zealand on climate change etc.

3. DAFF should facilitate the development of FP7 Focal Groups in research institutions to inform future Irish submissions, to promote the programme within their institutions and to assist the national support system in identifying suitable topics and, subsequently, to assist researchers entering FP7 for the first time.

4. DAFF to consider specific calls for early stage researchers to build capacity and, thereafter, maintain contact and assist in identifying future EU collaborations.

5. The EI-operated FP7 National Support Network should encourage idea and experience sharing between early stage researchers and seasoned FP experts on an ongoing basis.

6. DAFF to continue to ensure that each relevant European Research Area initiatives, including ERA-NET, SCAR WG, KBBE NET WG, conferences, workshops etc have Irish representation where appropriate.

7. DAFF public good programmes will expect that Irish researchers can demonstrate knowledge of the European Research scene and, where appropriate, have competed in FP7 where suitable topics arise. 
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� The views expressed in this background paper do not purport to reflect the views of the Minister, the Department of Agriculture, Fisheries and Food or the Agencies whose activities are discussed.  


� In the context of the bio-economy, marine and agriculture resources can be split into food - inclusive of sea fisheries and aquaculture (finfish and shellfish) - and non food such as pharmaceuticals, other chemicals and novel materials and a wide range of bio processes.





�These are here to provide an inventory of the current programme with a view to providing the basis for any changes to meet the 2020 challenges.





PAGE  
1

