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Glossary  

The Smart Green Bio-Economy
 and the AFFM
 Sector

1. Overview

The Smart Economy combines the successful elements of the enterprise economy and the knowledge or ‘ideas’ economy.  A key feature is to combine innovation with an ability to translate these ‘ideas’ into valuable processes, products and services.  

In this paper, the bio-economy or bio-sector is regarded as the output of the agriculture, forestry, fishing sectors, the industries processing these products but also expands into relatively new technology and developments in areas such as bio-materials, bio-energy and bio-pharmaceuticals. 

Policymakers globally realise the importance of agriculture and natural resources to provide solutions to many of the key problems facing mankind, including global food security, energy and climate change. Nationally, the framework document for economic renewal Building Ireland’s Smart Economy, together with the Revised Programme for Government recognise the potential of the bio-sector to be at the heart of Ireland’s Smart Economy.  The challenge is to realise this potential by fully integrating the AFFM sector 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.

The convergence of the AFFM sector with developing 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. This synergy can create products that can compete on the basis of quality, safety and environmental attributes and will help transform the AFFM sector into a knowledge-based Smart Green bio-economy. 

This transformation will include the application of new and existing knowledge to:
· Achieve competitive efficient AFFM systems benchmarked against international standards,  

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

· Enable producers to competitively deliver agri-environmental products and public goods,

· Link agriculture, food, forestry and the marine to other economic sectors to develop bio-products to deal with climate change, environmental degradation, food security etc.

This will involve the mobilising of the knowledge capability and critical mass within all segments of the research continuum and translating this knowledge into revenue-generating economic activity. Fostering the link between basic and applied research and between academia and industry/ regulatory authorities is essential as is a fully coordinated strategic approach by the relevant funding agencies, research institutes and industry.    

Research and development (R&D) and science-based innovation are an essential prerequisite in underpinning the profitability, competitiveness and sustainability of the bio-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.

2. CURRENT Infrastructure 

Teagasc has statutory responsibilities in the area of 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, through it’s control laboratories, has research capacity mainly in the area of animal and plant health. 

The human, physical and capital resources invested in the AFFM area are extensive and have undergone significant change over the past 15 years.  Key to this infrastructural change has been the development of highly specialised research units within the principal institutions. These research groups/units have earned international recognition for excellence, have attracted international expertise and are providing research training to a level unattainable in the past. Another success factor has been the intra- and inter-institutional collaborative approach adopted on projects, such as the Food for Health Ireland and the Marine Functional Foods Research initiatives. These activities provide the expertise for R&D to be undertaken by industry either internally or in collaboration with research institutions. 

Table 1: Some examples of specialised research units 
	Institution 
	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
	Glycosciences Research Cluster

	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 performers within the food and beverage sector currently with an additional 10 – 12 companies undertaking R&D, albeit to a lesser extent.  In recognition of the importance of R&D to the bio-economy, Enterprise Ireland (EI) has supported a number of strategic initiatives on innovation, global competitiveness, knowledge transfer in the beef, dairy, beverage, bakery and dessert sectors. It has also assisted the creation of a national functional foods research centre in 2008, called Food for Health Ireland (FHI) which supports collaborative industry-led research between four of Ireland’s largest dairy companies and research universities and Institutes. This initiative is one of the most significant advances in industry–academia collaboration in recent years. Teagasc, in conjunction with EI, continues to develop linkages with SME’s to promote greater emphasis on R&D.

3.
funding Sources and agencies 
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 the bio-sector through Grant-in-Aid to Teagasc & MI, a sizeable portion of which funds are spent on research. Research funding is also provided via its three competitive programmes – Food Institutional Research measure (FIRM), Research Stimulus Fund (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 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. This programme supports development in all areas of interest to the food industry including processing and manufacturing technologies, innovative food & drink ingredients, products and by-products,  food safety as well as equipment, graduate development and specialist research networks. 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, from €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 improved infrastructure so that Ireland now boasts a progressive 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. 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 which underpins future sustainable development, and fosters the potential to deliver a wide range of bio-products and environmental services. 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. Research has focused 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 the 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 first two years (2007- 2008) €47.5m 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 supported the marine food sectors. 

The BIM Seafood Development Centre ( SDC) opened during 2009, is tasked with the development of seafood innovation, new product development and high value-added branded seafood exports. To ensure a commercially focussed, market-led approach to seafood innovation, BIM in consultation with the Irish seafood sector has developed an integrated business development and innovation programme which aims to achieve €100 million in additional value-added seafood sales over five years to 2013. 
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. 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.
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4. teCHnology AND Knowledge Transfer 

Ireland has already laid the foundations for the Smart Green Bio-economy by investing heavily in education, skills training and R&D under the National Development Plan, the SSTI and a range of other funding programmes. However, Ireland’s gross expenditure on R&D (GERD) is the lowest amongst countries which it is normally compared to such as Denmark and the Netherlands.  Business expenditure on R&D (BERD) is expected to grow to about €3.8 billion per annum by 2013. In order to valorise the investments to date, the next step involves the effective transfer of knowledge from research organisations and higher education institutes into the market place. If existing and future scientific advances and technologies are to create wealth in the AFFM sector, basic research must be complemented by appropriate applied research via effective knowledge transfer systems.   
Ireland is unique within the EU in having, via Teagasc, an integrated agricultural knowledge management system. This gives it a unique capacity to ensure that knowledge generated by research is disseminated to and adopted by the end users e.g. farmers. This advantage must be used effectively. The Teagasc model of knowledge transfer is currently undergoing redevelopment to provide the science based innovation support required by the sector in these more difficult times. 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.  It is quite different to models used in other industrial sectors. 

The laboratories at Backweston also provide a 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.  
In recent years RELAY, the food dissemination project, operating within Teagasc, ensured that the outputs of FIRM-funded research were 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. The recent launch of the EI-Teagasc Food SME Technology Support Programme, provides such an opportunity. This new Teagasc-EI Programme, 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, the State aims to widen the reach of its technology transfer activities and bridge the communication gap between public research and the general food industry.  It will also help 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.

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 with its focus on policy and its sector-wide dissemination of research outputs to end users (farmers).  The changing face of agriculture and the increasingly multidiscplinarity of Agri-research means there is now a more divergent constituency of end users involved. The questions are how to best ensure delivery to agencies who are equipped to realise market benefits and how to improve the translation of publicly funded Agri-food research into innovation and commercialisation. 

5.  Future drivers and key questions
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 to the end user but  also informs policy makers on the scientific justifications for policy development.

Developments in 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 internationally competitive AFFM sector is important to Ireland’s future development. In addition, the sector must meet growing public good objectives such as enhanced food safety, improved natural resource management, biodiversity protection, climate change mitigation, energy security and other environmental goods and services. Robust research, coupled with an effective knowledge management system, can assist science-based innovation to support sustainable development, competitiveness and public good objectives. 

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  develop its innovative capabilities but an effective technology transfer system is needed to ensure that higher levels of research outputs are commercialised. It is accepted that Ireland’s track record in commercialising research outputs is only just developing.  To fast track developments, lessons need to be shared, successful experiences and models promoted and the role of licensing to source technology from overseas countries and firms also warrants scrutiny.
Key factors that are known to enhance technology management performance and which impact on innovation potential include: 

· Securing industry involvement in setting research agenda;

· Enhancing the absorptive capacity of SMEs;

· Building links between the HEIs and industry;

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

· Developing and supporting the formation of clusters and collaborative research teams;

· Encouraging the commercialisation of research outputs where possible; and

· Encouraging the availability of integrated applied research outputs;

Future Strategic Direction and Drivers

Future research priorities across the bio-sector are likely to be driven by the need to prepare for the range of challenges and opportunities stemming from known national and international developments. 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, provides a framework from which future trends can be determined. While the table, sets out the main trends and issues, it is not exclusive as there is always the possibility of unknown or unexpected challenges coming to the fore.  In addition, there are a number of cross-sectoral areas that require a major focus including food for health, biotechnology, nanotechnology and climate change.  

Table 1 Drivers of future research, technology transfer and innovation across the AFFM sector.

	Driver
	Examples / Remarks

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

	Policy development
	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.

	Budgetary Pressures
	What should we concentrate on doing here in Ireland ourselves/

what’s best tackled in collaboration with other European or other countries via ERA-NET’s, Joint Programming, global initiatives?

	Competitiveness


	Across the board support for multiciplicity of SME’s, 

focus on certain sub-sectors where we already have an advantage (e.g. beverages, ingredients, infant formula, functional foods)?

	Env. Sustainability 


	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

	Food Security
	Ensuring food production will be sufficient to meet higher demand.

	Energy supply


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

	Health
	Food for health / the elderly; pharming, etc

	Consumer trends
	Convenience and wholesomeness; organic and conventional; etc

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

	Structural Issues


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


The challenges is to determine the priority R & D direction for agriculture, food, forestry and the marine, to set achievable goals and in the context of the limited budgetary provision decide the most effective way of achieving these objectives.
Key Questions

How can the State’s return on public good research be maximised?

What actions should be taken to improve the level of private sector investment in research in the food and drink sector into the future? 

What technology developments might significantly impact on the agri-food, forestry and fisheries sector by 2020 ?
What should be the innovation and research priorities in the sector for the next ten years? 

What more can be done to improve the transfer of knowledge and best practice at farm and factory floor level? 
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Glossary of Terms

AFFM
Agriculture, Food, Forestry and Marine 

COFORD
The National Council for Forest Research and Development 

DAFF  

Department of Agriculture Fisheries and Food

EI

Enterprise Ireland

EPA

Environmental Protection Agency 

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 

MI

Marine Institute 

RSF

Research Stimulus Fund

SCAR
Standing Committee on Agricultural Research 

SEI

Sustainable Energy Ireland

SFI

Science Foundation Ireland 

SME

Small to medium sized enterprise

SSTI

Strategy for Science Technology and Innovation 

UCC

University College Cork

UCD 

University College Dublin

UL

University of Limerick







�   This is a discussion document only and the views expressed do not purport to reflect, in any way, the views of the Minister, the Department of Agriculture, Fisheries and Food or any of 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


� Agriculture, food, fishing and marine.
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