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Section 1 Introduction
This document summarises the evidence that has been collated by the Department of Agriculture, Environment and Rural Affairs (DAERA) to inform the development of the Science Strategy Framework and operational Innovation Strategy. The document is live and ever-changing with updates and additions as required and should be recognized as such. The document is divided into sections which, along with this short introduction section, include:-
Section 2 - provides the background to the strategies.
Section 3 - sets out the strategic objectives and scope of the strategies.
Section 4 - gives details of the policy context that is used to shape the 
                   strategies.
Section 5 - sets out the industry context providing a synopsis of the sectors 
                   over which DAERA has responsibility.

Section 6 - explains what is meant by innovation, the need for innovation and 
                    outlines the barriers to innovation. 

Section 7 - sets out the role of Government in innovation.

Section 8 - sets out the evidence base within the UK and Ireland, providing 
                    summaries of relevant science and innovation reports and 
                    strategies.

Section 9 - provides detail of science and innovation within education, 
                   training and scholarships.

Section 10 – explores innovation in agri-food
Section 11 - gives background information on science and innovation support 
                     and funding 
                      streams. 
Section 12 - provides summaries of international collaboration opportunities.
Section 13 - gives details of Innovation Hubs.
Section 14 – provides information on Digital Innovation hubs
Section 15 - provides information on Intellectual Property and Capital 
                     Funding
Section 16 - outlines the key priorities in innovation including Big Data, the 
                      Bioeconomy and Artificial Intelligence.

Annex 1 Glossary of terms

















Section 2 - Background
The Department of Agriculture, Environment and Rural Affairs (DAERA) was formed in May 2016. It brought together the agriculture, fisheries and rural functions of the former DARD (with the exception of Rivers Agency), the environmental functions of the former DOE, the inland fisheries functions of the former DCAL and policy responsibility for sustainability.
DAERA assists the sustainable development of the agri-food, fishing and forestry and rural affairs sectors of the Northern Ireland (NI) economy, having regard for the needs of the consumers, the protection of human, animal and plant health, the welfare of animals and the decarbonisation, adaptive capacity, conservation and enhancement of the natural environment.
DAERA’s Vision can be defined as: 

                            ‘A living, working, active landscape valued by everyone’.

DAERA’s Permanent Secretary has lead responsibility for the Programme for Government Outcome 2:
                            ‘We live and work sustainably – protecting the environment’.
In addition the Department contributes to a number of the other PfG Outcomes to different degrees.
The draft DAERA Business Plan for 2018/19 has four Strategic Outcomes. These are:
1. Sustainable agri-food, fisheries, forestry and industrial sectors. 
1. A clean, healthy environment, benefiting people, nature and the economy. 
1. A thriving rural economy, contributing to prosperity and wellbeing.
1. A well led, high performing organisation focused on outcomes.



DAERA uses science to underpin its responsibilities. It is a science led and evidence based organisation. The scientific evidence includes research findings, survey and diagnostics, monitoring and surveillance, spatial and environmental data analysis, and other science-led services. It is used to inform policy development, meet statutory obligations, measure outcomes, provide advice and information, promote innovation, manage risks to society and the environment and support rural areas.

As the Government competent authority, DAERA science underpins trade in Northern Ireland agri-food products, through assuring the health and compliance with export standards of NI animal, plant and derivative products. DAERA is also the competent authority for environment and nature conservation and protection, including statutory monitoring under a range of EU and NI legislation. 

Science and innovation are identified as key drivers to support the development of a strong, competitive, sustainable economy and the sustainable use of resources.

The cost of delivering science in DAERA is estimated to be circa £63m annually, which is approximately 25% of DAERA’s annual budget. 

DAERA science services are currently undertaken directly by DAERA staff in the Department, including in the Northern Ireland Environment Agency (NIEA); provided by the Department’s Arms-Length Body, the Agri-Food and Biosciences Institute (AFBI); and by a range of other science providers.

2.1 Northern Ireland Future Agricultural Policy Framework

As part of its EU exit preparations, DAERA has developed a draft Future Agriculture Policy Framework for Northern Ireland (August 2018). 

This document identified four policy instruments to drive productivity in NI. These are:
· Science and innovation;
· Agricultural education;
· Knowledge exchange;
· Investment and restructuring.

The draft Policy Framework stresses that productivity growth through science and innovation must be achieved in a manner that is compatible with improving environmental sustainability and delivering high animal health and welfare standards.
Other key points include:
· The need to achieve more from existing resources and additional investment;
· Closer co-operation and collaboration across projects, across disciplines and across research institutions to accelerate the pace of progress;
· More industry and stakeholder engagement to help shape the research agenda and to align public and private sector research investment.

A ‘Productivity Grand Challenge’ approach towards science and innovation was recommended including:
· Use of multi-actor approach – science, innovation, knowledge transfer, education, policy, industry;
· Creation of a platform approach to science delivery and facilitation of integration with knowledge transfer and education;
· Adoption of a medium to long term horizon (at least 3 – 5 years)
· Acceptance of a higher risk appetite.

The NI Future Agricultural Policy Framework Stakeholder Engagement Summary of Responses document summarised the responses received during the stakeholder engagement exercise undertaken during August 2018. Following receipt of 1,277 responses it reported ‘General support for a Productivity Grand Challenge and the proposals in the document relating to encouraging agricultural education, knowledge and exchange, Continuing Professional Development (CPD), investment in innovation and new technology and alternatives to capital grants.’ A number of responses expressed views about the importance of application and adoption of results and advances by farmers. For example, the involvement of farmers in setting the direction of research and new delivery approaches to encourage greater innovation. Also 63 responses from 25 organisations and 8 individuals supported targeting investment in innovation and new technology uptake and aligning it to other strategic objectives, notably environmental performance.

2.2 Science Transformation Programme

The formation of DAERA brought together previous departments that had a variety of approaches to delivering the science they required to underpin delivery of their functions and strategic objectives. The former DARD commissioned a broad programme of science including research, from AFBI, its main arms-length body and primary science provider. 

Within the former DOE and DCAL the approach to science delivery included the use of both in-house scientific expertise and outsourcing through competitive tendering and a range of government partnerships, business led initiatives and EU, UK and NI grant programmes. AFBI provided services on a small scale to both DOE and DCAL. Many of the delivery mechanisms of the former departments are still in place within DAERA. 

A number of reviews of different aspects of the Department’s evidence needs, science provision, gaps and priorities were initiated during 2016/17. These include the DAERA Science Transformation Programme Science Scoping Study and the Tailored Review of the Agri-Food and Biosciences Institute (AFBI). These comprehensive documents identified the need for DAERA to develop a new science strategy, addressing all its science needs and outlining its science priorities. 

The Science Scoping Study recommended that ‘DAERA develops a new science strategy, and that the remit of that strategy encompasses both R&D and the broader evidence and surveillance needs of the department, and the science estate which is required to deliver those needs’.

Since then the Strategic Objectives for the new DAERA Science Strategy have been developed. One of these objectives highlights the importance of innovation:-
‘To define a strategic approach for DAERA supporting an increase in industry and departmental innovation generation and adoption, including in terms of collaborative partnerships, quality, timeliness, underpinning statutory requirements and ensures its effective, timely dissemination to relevant business areas.’
The draft DAERA Science Strategy identifies the need for DAERA to commission monitoring and surveillance science which supports important government functions such as technical standards setting and regulation, and important government policies in the areas of public, animal, plant and environmental health and animal welfare; and to commission applied science research and development. 
The draft Strategy also identifies the need to ensure there are sufficient contingencies and resources in place to provide the necessary scientific support (such as analyses of samples and diagnostic assistance) to any serious environmental emergency or to a widespread outbreak of any serious animal, plant or fisheries disease in NI, or in response to a serious threat to the integrity of the NI animal food chain. This relates to risk management, and is referred to as Emergency Response Capability. In addition the need for a significant focus on encouraging and supporting innovation across DAERA’s remit is addressed.
2.3 DAERA Knowledge Framework 2019
The Knowledge Framework (2019) sets out DAERA’s involvement in education, training and technology exchange, the nature of its interventions and what the Department seeks to achieve. The framework establishes the principle that involvement in education, training and technology exchange provision should be driven by DAERA’s policy objectives and strategic outcomes. The Knowledge Framework aims to ensure that individuals, organisations and businesses within the agri-food industry have access to high quality, relevant and accessible education, training and technology exchange provision to improve productivity, resilience, environmental performance and sustainability. 
The Knowledge Framework is based around five key principles:
· Remit
· Access to Life Long Learning
· Partnership and Collaboration
· Quality
· Affordability
Partnership and Collaboration includes a number of points of relevance to the Science Strategy Framework and Innovation Strategy.
· DAERA invests significantly in research and development with the aim of improving productivity, sustainability and supporting innovation and this investment can only ever generate a return if its outcomes are communicated through education and lifelong learning and adopted by industry. DAERA will work to ensure that Knowledge Exchange maximises its potential to make a significant positive economic impact on agri-food businesses and on their environmental performance.
· There will be close engagement between CAFRE and AFBI in identifying research/evidence needs and communicating these through the DAERA Evidence and Innovation commissioning processes, and in facilitating and encouraging the uptake of research findings by industry.
· CAFRE will ensure that it engages with other relevant research providers and sources of innovation nationally and internationally to capitalise on the knowledge and opportunities flowing from research. It will also involve researchers in the delivery of innovation whenever relevant.
Under the Knowledge Framework Intended Outcomes amongst other things, DAERA will seek to ensure that:
· Education, training and knowledge exchange programmes will continue to be informed by emerging research findings which can be applied in a Northern Ireland context.

2.4 Technology within DAERA
DAERA seeks to collect and manage the data it holds in line with its statutory obligations and best practice. Technology is a key enabler for exploiting the value of science and there are strategic drivers to optimise its use in this regard.

The General Data Protection Regulation (GDPR) EU Regulation 2016/679 replaced the Data Protection Directive 95/46/EC in May 2018.  It has been designed to harmonise personal data privacy laws across Europe.  Non-compliance with this directive may result in significant fines.

International Organisation for Standardisation – ISO/IEC 27000 ensures organisations keep information assets secure.  The standards provide an outline specification for an information security management system (ISMS).
A range of other NICS and Departmental strategies also apply, including the 
NICS ICT Strategy 2017-2021; 
NI: Implementing Joined-Up Governance for a Common Purpose, Organisation for Economic Co-operation and Development (OECD), 2016; 
Open Data Strategy for Northern Ireland 2015-2018; 
NI Direct and NICS Citizen Contact Strategy; and DAERA Digital Strategy.

The draft DAERA Digital Transformation Project aims to provide efficient, highly available, usable, accessible, cost-effective and secure digital and data services to internal and external users, making it easy to interact with our digital services and providing a best in class user experience and meet the DAERA digital requirements of the Regulatory Transformation Programme. This will be achieved through exploiting high impact datasets and making these available through innovative digital solutions that span across organisational boundaries to support evidence-based policy making and increased operational service delivery effectiveness.



[bookmark: _Toc525204717]Section 3 - Strategic Objectives and Scope
The DAERA Science Strategy project aims to define the rationale for DAERA’s investment in science, the nature of its interventions and what the Department seeks to achieve through this investment. It will include defining the principles the Department will use to guide its identification and prioritisation of science needs, to inform investment decisions which deliver greatest impact. 

The DAERA Science Strategy will consist of an overarching Strategic Framework, with sub-strategies defining stakeholder engagement mechanisms to support the effective identification of needs; and addressing how science should be used for monitoring and surveillance and research and development supporting innovation and evidence.

Additionally, while the Science Scoping Study provides an evidence base on the science services funded by DAERA and the facilities used in support of these services, there is a need to complete the evidence picture through mapping of all feasible providers of relevant science. This will also be taken forward in the Science Strategy project.

The DAERA Innovation Strategy will be a component of the Science Strategy Framework. It will:

‘Define a strategic approach for DAERA supporting an increase in industry and departmental innovation generation and adoption, including in terms of collaborative partnerships, quality, timeliness, underpinning statutory requirements and ensures its effective, timely dissemination to relevant business areas’.





The Innovation Strategy will apply to all areas of DAERA responsibility that is NI agri-food, marine and fisheries and forestry sectors, rural affairs and in the, conservation and enhancement of the environment, including improving resource efficiency across all sectors, reducing pollution, protecting biodiversity and mitigating and adapting to the effects of climate change. 
[bookmark: _Toc472949073][bookmark: _Toc473898093]





















Section 4 - Policy Context 
[bookmark: _Toc472949079][bookmark: _Toc473898099]4.1 Considering Policy Context
A number of high level cross-departmental instruments make specific reference to science and innovation. These have been reviewed to determine their bearing on the development of a DAERA Innovation Strategy. They will be key policy drivers in the development of DAERA’s Innovation Strategy

4.2 [bookmark: _Toc472949080][bookmark: _Toc473898100]  Programme for Government (PfG)
The NI Executive’s draft Programme for Government (PfG) 2016 – 2021 Outcomes Framework outlines 14 outcomes to be addressed in NI for the purpose of “improving wellbeing for all – by tackling disadvantage and driving economic growth”. These include a range of outcomes relevant to DAERA and the development of an Innovation Strategy and are shown in Table 1. DAERA is joint owner of Outcome 2 with the Department for Infrastructure (DfI).

Table 1 PfG Outcomes and indicators of relevance to the DAERA Innovation Strategy

	Number
	Outcome
	Role of the Executive
	Indicators

	       1
	We prosper through a strong, competitive, regionally balanced economy;

	Stimulating innovation, R&D and Creativity
	Increase the size of the economy
Increase innovation in our economy

	       2
	We live and work sustainably – protecting the environment
	Protecting the natural environment
Reducing the local and global impact of our consumption and production
Working with business to minimise its impact on the environment through intelligent regulation
Helping to improve the quality of the places in which people live, work and play
Increasing access to clean, high quality, green spaces
	Increase innovation in our economy
Increase environmental sustainability



Increase household waste recycling

Improve air quality

	      5
	We are an innovative, creative society, where people can fulfil their potential
	Stimulating innovation,  R&D and creativity across all sectors in the economy
Investing in our R&D and infrastructure to support greater levels of innovation across all sectors
Ensuring the right business environment, by putting technology and infrastructure in place to nurture innovation and creativity 
	Increase the competitiveness of the economy
Increase innovation in our economy



[bookmark: _Toc472949081][bookmark: _Toc473898101]

4.3  Northern Ireland Economic Strategy – Priorities for sustainable growth and prosperity (2012)
The overarching goal of the Northern Ireland Economic Strategy – Priorities for sustainable growth and prosperity produced in 2012, was to improve the economic competitiveness of the NI economy.  Within the Strategy, the economic vision for 2030 was outlined as ‘An economy characterised by a sustainable and growing private sector, where a greater number of firms compete in global markets and there is growing employment and prosperity for all’.
In order to deliver the longer term priorities of the Executive, five strategic themes were developed with the aim of rebalancing the economy to improve the wealth, employment and living standards of everyone in NI.  These themes were:
· Stimulating innovation, R&D and creativity;
· Improving employability and the level, relevance and use of skills;
· Competing in the global economy;
· Encouraging business growth; and
· Developing our economic infrastructure.

The strategy recognised agri-food as one of the areas in NI which had the greatest potential for growth. 






4.4. [bookmark: _Toc472949082][bookmark: _Toc473898103]Innovation Strategy for Northern Ireland 2014 – 2025
Innovate NI - the Innovation Strategy for Northern Ireland 2014-2025 was produced to take forward the ‘Stimulating innovation, R&D and Creativity’ theme identified in the Northern Ireland Economic Strategy (2012).   
The NI Innovation Strategy aims to ‘stimulate a step change in innovation across the economy and in doing so deliver a vision that: Northern Ireland, by 2025, will be recognised as an Innovation Hub and will be one of the UK’s leading high-growth, knowledge-based regions which embraces creativity and innovation at all levels of society’.
The strategy highlights what it aims to achieve. These include:
· Strong leadership highlighting the importance of innovation for growth;
· A co-ordinated approach to science across government;
· More collaboration;
· Celebrate innovation;
· Improved communication about the importance of innovation. 

The strategy recognises that skills, design and collaboration (between sectors and internationally) are essential for innovation.  Within the strategy it is envisaged that NI’s Universities and Further Education colleges will have vital roles in supporting business to access new ideas and knowledge; this will be further enhanced through the development of Knowledge Transfer Partnerships (KTP) and Specialist Provision for Industry using College Expertise (SPICE) Centres.

4.5 [bookmark: _Toc473898102] Economy 2030 – Industrial Strategy for Northern Ireland (2017)
The draft Economy 2030 - A consultation on an Industrial Strategy for Northern Ireland (January 2017) stated a vision of, ‘A globally competitive economy that works for everyone’. 
This strategy outlines five ‘Pillars for Growth’. These are:
· Accelerating innovation and research;
· Enhancing education, skills and employability;
· Driving inclusive, sustainable growth;
· Succeeding in global markets;
· Building the best economic infrastructure.

‘Accelerating innovation and research’ is of direct relevance to the DAERA Innovation Strategy. Priorities identified under this pillar are:
· Our firms competing on the basis of their innovation across all sectors of the economy;
· A culture which supports, prioritises and celebrates innovation, creativity and entrepreneurship;
· Thousands more NI companies engaging in innovation;
· Agile government able to respond quickly and appropriately to the needs of the industry;
· A more entrepreneurial public sector;
· A place where innovation, creativity and entrepreneurship are embedded across our entire education system, supporting skills development to meet the needs of industry.

This draft strategy identifies agri-food as one of the six broad sectors of the economy where NI and has world class capabilities.

  







SECTION 5 - INDUSTRY CONTEXT
5.1 Agriculture in Northern Ireland
Agriculture plays a more important role in the economy of NI than is the case in the United Kingdom as a whole. The Statistical Review of Northern Ireland Agriculture 2018 reported that the gross output from farming was £2.13 billion in 2017 (provisional), generating a gross valued added (GVA) of £553m or 1.4% of total NI GVA. For the UK agriculture accounted for 0.5% of GVA in 2018. The Statistical Review also showed that in 2018 agriculture in NI accounted for 2.6% of civil employment compared to only 1.0% in the UK as a whole 
In 2018 NI had nearly 25,000 farms, employing 17,000 full time and 13,700 part time, self-employed farmers. A further 6,500 spouses and 12,000 full time, part time and casual/seasonal workers were also employed in agriculture (The Statistical Review of Northern Ireland Agriculture, 2018)
Perhaps of more significance is the fact that approximately 78% of the total Northern Ireland land area of 1.35 million hectares is in agricultural use, which defines much of the rural landscape character. The agricultural industry is predominantly grass based, with grazing livestock accounting for more than two-thirds of the gross industry output. Average farm size is 41.1ha. (The Statistical Review of Northern Ireland Agriculture, 2018)
Table 2 outlines the economic position of the agriculture sector providing an indication of the importance of the sector to the Northern Ireland economy in comparison to the United Kingdom and Republic of Ireland. 













Table 2    Agriculture: general data 2018

	
	Northern Ireland
	Scotland
	Wales
	England
	UK
	RoI

	Share of total GVA (%)
	1.4
	0.9
	0.8
	0.5
	0.6
	1.3

	No employed in agriculture, forestry and fishing (‘000)
	24
	44
	33
	249
	350
	105

	Share of employment (%)
	2.8
	1.7
	2.3
	0.9
	1.1
	4.6

	Number of farms (‘000)
	25
	51
	36
	106
	217
	138

	Average farm size (ha)
	41
	121
	44
	87
	81
	32



https://www.daera-ni.gov.uk/sites/default/files/publications/daera/Key%20Statistics%20for%202019.pdf

















Table 3 presents data on the GVA and employment within agriculture and the food and drink processing sectors. It is clear that both the agriculture and the food and drink processing sectors make a much greater contribution to GVA and employment in Northern Ireland than in the United Kingdom as a whole.
Table 3 Agri - food sector GVA and employment, 2018
	
	        NI
	        NI
	      UK
	      UK

	Gross value added
	       £m
	    % GVA
	      £m
	    % GVA

	Agriculture
	       553
	       1.4
	   9,586
	      0.5

	Food and drink processing
	       
      904
	      
        2.3
	   
   26,075
	    
      1.5

	Employment
	‘000 persons
	% of total employment
	‘000 persons
	% of total employment

	Agriculture, forestry and fishing
	        
        24
	
       2.8
	
      350
	
       1.1

	Food and drink processing
	
        16
	
       1.8
	
      371
	
        1.2



 https://www.daera-ni.gov.uk/sites/default/files/publications/daera/Key%20Statistics%20for%202019.pdf






5.2   Food and Drink Industry in Northern Ireland
The NI food processing industry comprises a diverse range of business operations, from small scale, family owned food production and processing enterprises with a domestic or niche market orientation to larger firms focused on the national retail and food service markets and the exploitation of wider international markets.
According to the Size and Performance of the Northern Ireland Food and Drinks Processing Sector, Subsector Statistics 2017 gross turnover in the NI food and drinks processing sector was £4,810m and projected figures for 2018 showed a rise to £4,952m with 23,641 direct employees rising to a projected 24,818 in 2018. In addition to the direct full-time employees, it is estimated that the food and drinks processing sector sourced a further 2,800 full-time employee equivalents from Employment Agencies in 2017. Poultry meat, beef and sheep meat and bakeries are the three largest employers, accounting for 62.1% of the total direct employment in 2017.
The food and drinks processing sector had 302 businesses in 2016, 20 with an annual turnover in excess of £50m and 64 businesses with an annual turnover of more than £10m. GB is the sector’s largest market place with sales of £2,377 million in 2017 or 49.4% of total sales. The sector has always made an important contribution to the NI economy in terms of exports.  In 2017, some 75.7% of the sector’s output was sold outside of NI. This represented total sales of £3,641m. The market share of total food and drink sales to the Republic of Ireland was 14.9% in 2017 with sales of £716m. 
Value added is a key indicator of the contribution made by a subsector or sector to the economy. The value added generated by the food and drinks processing sector in 2017 was approximately 2.3% of the NI total. 
The food and drinks sector also provides important links between supplies of primary and intermediate inputs (agricultural and farming sector) and the retail sector and is an important supplier to other sectors within the local economy. 


5.3 Horticulture 
The horticulture industry in NI is very diverse encompassing the production horticulture sectors and also landscape and amenity services*. In relation to the size of the industry the Why the Horticulture Industry Matters in Northern Ireland (2017) document produced by the Horticulture Forum for Northern Ireland states that;
· Some 2,700 people are employed in the production of fruit, vegetables, mushrooms, ornamental plants and cut flowers and foliage.
· 4,000 people are employed in amenity services (landscaping, parks and gardens) and 1,100 work in garden centres and florists.
· 2,500 full-time jobs are provided processing fruit, vegetables and mushrooms.
· The farm gate value of fruit, vegetable and mushroom production amounts to £100m annually.
· The farm gate value of ornamental plants and cut flowers amounts to £20m annually.
· The value of sales from the fruit and vegetable processing sector was £314m in 2014, with 32% of sales to NI, 49% to GB and 19% exported.

This document also highlights the importance of innovation and research and development within local horticulture:
‘Innovation is key to sustainable growth. To maintain and increase their competitive edge, businesses must have access to relevant, locally validated research and development’. 




[bookmark: _Toc472949070][bookmark: _Toc473898090]*Production horticulture is made up of mushrooms, field vegetables and protected crops, top fruit and soft fruit, ornamentals including bedding plants, hardy nursery stock and trees, cut flowers and foliage. The landscape and amenity services include landscaping, sports turf, arboriculture, golf courses and private and commercial garden services.




5.4 Fisheries

The fishing industry is a vital part of the social and economic fabric of coastal communities in NI. The NI licensed sea fishing sector is primarily concentrated at the three coastal fishing ports of Kilkeel, Ardglass and Portavogie.  In 2018 the value of local landings of fish and shellfish into all NI ports was over £27.6m while landings outside NI were valued at £25m - £30m The fish processing sector had a gross turnover of £99m in 2018 (provisional). These figures are supplemented by aquaculture and inland fisheries, generating wider economic, employment and export benefits across NI. 
The NI aquaculture sector in 2017 contributed to a total Finfish production of 1,000t at a value of £3.95m. The main Finfish species are salmon, rainbow trout and brown trout. 
Shell-fish production in 2017 was 4729t at a value of £6.1m. The main shell-fish species are mussels and oysters.
[bookmark: _Toc514072423] 2016 - 2017 Overview of fleet
In 2016 the NI fishing fleet comprised of 327 registered vessels with 700 full time and 175 part time employees. The fleet continues to be dominated by Nephrops vessels with 72 single and multiple trawl vessels fishing exclusively for Nephrops. In addition there are some 30 vessels who also target other species alongside or as an alternative to Nephrops. The strength of this fishery is based on Irish Sea Nephrops stocks for which the Total Allowable Catches have been stable over recent years. 
[bookmark: _Toc514072448] Inland Fisheries
DAERA had 50 game fisheries (brown trout, rainbow trout, sea trout, salmon and arctic char) and 24 coarse fisheries (pike, bream, roach, perch, carp, tench and rudd) available for public use in 2018.
DAERA’s Movanagher Fish Farm primarily produces brown and rainbow trout to stock the Department’s public angling estate with some fish also supplied to private waters. DAERA has a target to stock 120,000 takeable sized (25cm or longer) trout per year for recreational anglers (Digest Statistics for Salmon and Inland Fisheries in the DAERA Jurisdiction Annual Report 2019).
DAERA issues Angling Licences for all waters in the DAERA jurisdiction and permits for access to the water and the right for anglers to fish on the DAERA Public Angling Estate. DAERA enforcement officers work on all rivers and lakes in the DAERA area in NI. Regular patrols are conducted to monitor commercial fishermen and anglers to ensure compliance with the 1966 Fisheries Act and Fisheries Regulations.  
DAERA issue Commercial Licences for eel, salmon and other freshwater species fishing. They also issue Dealer licences, needed to sell freshwater fish and wild salmon to the public. 
DAERA together with fisheries scientists from the AFBI, work to address the decline of Atlantic salmon populations in NI rivers for example Rivers Lagan, Bush, Clady and Maine. Based on North Atlantic Salmon Conservation Organisation (NASCO) resolutions, index rivers are monitored for compliance with conservation targets. Where these are not being attained, research is conducted to identify and address the reasons for non-compliance. Data is collected by DAERA and AFBI on the key stages of the salmon life to aid research in this area and to inform reports to NASCO.
DAERA operates a hatchery at the River Bush Salmon Station. The hatchery facilitates the rearing of juvenile salmon for release back into the River Bush and also for restoration programmes in other rivers.
Lough Neagh Management
There is a long tradition in NI of harvesting Lough Neagh eels, which have gained Protected Geographical Indication (PGI) status within the EU. The Lough Neagh fishery is controlled by the Lough Neagh Fishermen’s Co-operative Society (LNFCS) which issues permits to fish for eel to around 220 fishermen annually. LNFCS has managed the eel fishery since 1971 and the majority of practicing fishers are shareholders. It now also issues permits to fish for trout and coarse fish.
DAERA, together with AFBI fisheries scientists carry out work to address the decline in the European eel population in NI. This includes data on the key stages of the eel life cycle. They also carry out fish stock surveys on Lough Neagh.
[bookmark: _Toc472949071][bookmark: _Toc473898091]
5.6 Environment
NI’s environment is its most important asset and needs to be valued in a holistic sense. This ‘Natural Capital’, clean air, water and healthy land, is fundamental to the wellbeing of human, animal and plant health. Biodiversity, the variety of all living organisms in land, sea and water, is critical as it provides our planet’s life support. It maintains the balance of our ecosystems, for example natural recycling and storing nutrients or protecting water resources. Effective care of the environment provides very real benefits in terms of improving health and wellbeing, promoting economic development and addressing the social problems which result from a poor quality environment. The environmental issues that we need to address are wide ranging and complex, requiring innovative solutions through a joined up approach involving a range of stakeholders, working together with DAERA.
Biodiversity and ecosystems services also, can help us to adapt to, and mitigate (carbon sinks) climate change. They are a crucial part of our effort to combat climate change. Climate change has the potential to lead to a net loss in natural capital and negatively impact our ecosystem services resulting in species loss and habitat degradation.  
DAERA’s managed forest, country parks and protected areas form an essential part of our Natural Capital and support recreation and other activities for health and well-being, rural enterprise and the wider social economy. Collaboration between a wide range of stakeholders and partners across government, non-governmental organisations, landowners, business and the public underpinned by DAERA science expertise provides a robust evidence base for innovative solutions across complex policy and operational interfaces.


DAERA is the Government competent authority for environment and nature conservation and protection, including statutory monitoring.  DAERA’s area of responsibility includes:
· Environmental Protection – Actions taken to raise awareness and counteract threats to the environment at both a local and global scale. This includes air and environmental issues for example smoke control, ammonia emissions, climate change and greenhouse gases as well as local environmental issues such as noise control.
· Waste Management – Promoting a more sustainable approach to dealing with waste in NI by drafting waste legislation and implementing waste management policy. A few examples of this work include Waste Management Licensing, landfill, and management of end of life vehicles.
· Water – Protecting the aquatic environment by regulating water quality and hydrological processes whilst considering the needs of industry, agriculture and protection of public health. Examples of areas of this work include the Nitrates Directive, Groundwater Authorisations, Bathing Water Quality, Drinking Water and Discharge consents, River Basin Management and Water Abstraction. 
· Land and Landscapes – Information on land quality and soil as well as details on the geology of NI’s distinctive and precious landscape. This very wide area involves: 
· Development Management including advice and information for planning approval on land which is of nature conservation value;
· Land Quality including planning and land contamination; 
· Protected Areas involving designations such as Special Areas of Conservation (SAC), Special Protection Areas (SPAs) and Areas of Special Scientific Interest (ASSI);
· Landscapes including maintenance of an Environmental Impact Assessment (EIA) Public Register;
· Soil including implementation of the Sustainable Land Management Strategy and the EU Soils Thematic Strategy;
· Strategic Environmental Assessment –This involves ensuring the inclusion of environmental considerations into certain plans and programmes at an early stage of the programme or plan development.

DAERA is responsible for the implementation of a large amount of environmental legislation at international, EU, UK and local level. Summaries of environmental legislation and directives are available at www.cedrec.com . A few examples of EU legislation are:

· Groundwater Directive (2006/118/EC): This Directive is made in accordance with Directive 2000/60/EC, which establishes a framework for community action in the field of water policy, in order to prevent and control groundwater pollution. These measures include the assessment of groundwater chemical status and the identification and reversal of significant and sustained upward trends.
· Nitrates Directive (1991/676/EC): This Directive seeks to curb water pollution caused by the run-off from farmland of nitrate coming in the main from the agricultural use of fertilisers and manure. Excessive nitrate can harm drinking water supplies and contributes to the oxygen depletion of lakes and seas.
· Waste Framework Directive (2008/98/EC): This Directive sets out measures to protect the environment and human health by preventing or reducing the generation of waste, the adverse impacts of the generation and management of waste and by reducing overall impacts of resource use and improving the efficiency of such use, which are crucial for the transition to a circular economy.
· Amendment to Waste Framework Directive (2018/98/EC): This Directive amends Directive 2008/98/EC on waste (Waste Framework Directive) to introduce improvements into waste management and improve its sustainability with a view to protecting, preserving and improving the quality of the environment, protecting human health, and ensuring efficient and rational use of natural resources while increasing the efficiency of the processes.
· Industrial Emissions Directive (2010/75/EU) –integrated pollution prevention and control (Recast): The Directive set limits on the pollutants that large industrial plants are allowed to emit and brings together seven Directives into one piece of legislation in an attempt to: improve the legislation on industrial emissions; offer a high level of protection for the environment and human health; simplify the existing legislation and cut unnecessary administrative costs. 
· Environmental Liability Directive (2004/35/EC): This Directive aims to establish a framework of environmental liability based on the 'polluter-pays' principle, in order to prevent and remedy environmental damage.
· WEEE Directive (2012/19/EU): This Directive aims to promote the reuse and recycling of electrical and electronic equipment (EEE) with the aim of reducing the amount of waste electrical and electronic equipment (WEEE) that ends up in landfill, and consequently minimising the impact of EEE on the environment.
· The Water Framework Directive (Directive 2000/60/EC) aims to ensure all waters, surface waters and groundwater achieve “good” chemical and ecological status. This overarching Directive incorporates requirements under the Nitrates Directive (Directive 91/676/EEC) and the Urban Waste Water Treatment Directive (Directive91/271/EEC) as basic measures. All of these require statutory monitoring, and are key to tackling issues of nutrient pollution (eutrophication) which is the most significant reason for failure of WFD targets.

Post Brexit EU environmental directives will be implemented through relevant UK transposing regulations.

DAERA is also responsible for a number of international environmental agreements and environmental conventions examples include Regional Seas Convention OSPAR, Ramsar, Aarhus Convention, Conservation of Living Resources of the High Seas, United Nations Convention on Law of the Sea. 

[bookmark: _GoBack]In light of EU withdrawal, there is increasing focus on UN Sustainable Development Goals. The Sustainable Development Goals (SDGs) are a universal call to action to end poverty, protect the planet and make sure that all people enjoy peace and prosperity. Delivering the relevant environmental aspects of UN Sustainable Development Goals (Agenda 2030) requires cross-government, cross-industry and individual participation. There is a huge socio-economic and environmental dividend to be gained through SDG implementation. The Business & Sustainable Development Commission has estimated that the economic prize to business of implementing the SDGs could be up to US$12 trillion (£9 trillion) globally by 2030. 

The UN Sustainable Development Goals are reflected in the Defra 25 year Environment Plan which identifies actions the UK Government will take to help the natural world regain and retain good health in England and Wales. 


DAERA is currently developing an Environment Strategy tailored to the conditions and needs of NI which will sit within this UK framework and also NI’s wider international context associated with its geographical setting within Ireland and the protection and enhancement of its particular natural resources under international frameworks. The Environment Strategy for Northern Ireland Public Consultation Document was available for public engagement during autumn 2019 with the deadline for responses 23rd December 2019. 

5.7 Forestry
From a base of only 1.4% of land area at the end of the First World War, forests and woodland have expanded to cover 8.4% of the land area of NI (The Statistical Review of Northern Ireland Agriculture, 2018). This is less than the 10% cover in the Republic of Ireland, 12% cover in GB and 33% cover in Europe. The restoration of forestry was driven first by a need to develop a strategic reserve of timber for use in a time of national emergency, and then by a need to promote economic development through the supply of raw material to sawmills and other industrial applications. 
The greater part of the total forested area (113,000ha) in NI is managed by Forest Service, an agency of DAERA.  Forest Service aim to steadily expand tree cover and to manage woods and forests sustainably, increasing the area of forest to 12% of land area by the middle of the century. Forest Service also manage forests to provide a wide range of public and private benefits consistent with national forestry standards, and to safeguard plant health.	
Forests and country parks are environmental assets and form an essential part of our Natural Capital and support recreation and other activities for health and wel-being, rural enterprise and the wider social economy. Collaboration between a wide range of stakeholders and partners across government, non-governmental organisations, landowners, business and the public underpinned by DAERA science expertise provides a robust evidence base for innovative solutions across complex policy and operational interfaces.


5.8 Rural Affairs
DAERA as Rural Champion seeks to ensure the needs of rural communities are recognised and addressed across Government. Building on the ‘Rural Vision’ as articulated in the Executive’s Rural White Paper Action Plan, the Rural Needs Act (NI) 2016 supports DAERA’s advocacy role providing a statutory duty on public authorities to have due regard to rural needs when developing, adopting, implementing or revising a policy, strategy or plan and when designing or delivering a public service. A Rural Needs Impact Assessment has been completed for this project.

Under the NI Rural Development Programme 2014 – 2020, DAERA is currently implementing a number of measures that support rural society including LEADER – an initiative for assisting rural communities in improving the quality of life and prosperity in their local area; and a Rural Tourism Scheme, which is investing in natural and built heritage projects that can act as key drivers for encouraging rural tourism and particularly out of state visitors whilst preserving the natural assets of the rural community.

DAERA manages and implements the Tackling Rural Poverty and Social Isolation (TRPSI) Programme which aims to tackle poverty and isolation in rural areas by implementing a broad range of innovative initiatives in collaboration with both central and local government, statutory providers and voluntary and community sector partners. The Policy Framework was underwritten by a robust evidence base utilising AFBI social science research.
An overview of urban/rural comparisons for key social parameters statistics, along with data on the  10 most affected rural SOAs for multiple deprivation issues is given at:- 
https://www.daera-ni.gov.uk/sites/default/files/publications/daera/DeprivationRural_0.docx
https://www.daera-ni.gov.uk/publications/northern-ireland-rural-urban-statistics

SECTION 6 – THE NEED FOR INNOVATION 
6.1 What is Innovation?
Innovation is a broad concept. Defined simply it is:
· The introduction of something new;
· A new idea, method or device.
Innovation is the process of translating an idea or invention into a good or service that creates value or for what customers will pay. To be called ‘innovation’ an idea must be replicable at an economical cost and must satisfy a specific need. 
The What Works Network defines innovation as ‘invention, diffusion and exploitation of new ideas’.
The Organisation for Economic Cooperation and Development (OECD) defines innovation as ‘the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organisational method in business practices, workplace organisation or external relations. This implies that innovation activities are all scientific, technological, organisational, financial and commercial steps which actually, or are intended to, lead to the implementation of innovations. Both business and the public domain can innovate. This also applies to social innovations. 
S. Meyers and D. G. Marquis (Successful Industrial Innovations, National Science Foundation,1968) define innovation as a process ‘which proceeds from the conceptualisation of a new idea to a solution of the problem and then to the actual utilization of a new item of economic or social value’.
Social innovation is needed to deal with social problems. These include rural development in regions with ageing or declining populations, decreasing governmental service levels and possibly uncompetitive agriculture. Innovative approaches are also needed to deal with issues such as high unemployment and obesity.
Innovation is often confused with science, R&D, monitoring and surveillance rather than being defined as something original, new and important, in whatever field, that breaks into or obtains a foothold in a market or society. Research by the global innovation foundation NESTA suggests that 20% of investment in innovation by UK firms is in the form of R&D. If firms invest in skills, leadership, design, branding, training or marketing, they are investing in innovation (NESTA Innovation Index, 2009).

6.2 Types of Innovation
The NI Department of Finance (DoF) Innovation Lab describes three types of innovation. 
Incremental – Incremental innovation is an improvement in an existing thing (eg product, process or service).
Radical – Radical innovation is finding an entirely new way of doing something. 
Disruptive – Where the entire industry is disrupted (eg Uber) but arguably this is just a variant of radical innovation.

6.3 Innovation in Northern Ireland
The UK Innovation Survey 2017: Northern Ireland Results produced by NISRA reported that 39% of enterprises in NI were estimated to be innovation active in the three year period of 2014-2016. This is down from 45% in 2012-2014 and is lower than the UK average of 49%. NI was estimated to be the least innovative active region of the UK. Department for the Economy also report that productivity levels are below UK average figures. 
In NI, large enterprises with 250 or more employees were reported to be more likely to engage in some sort of innovation activity with 53% estimated to be innovation active, compared to 38% of SMEs. The same was true in the UK as a whole where 63% of large enterprises were innovation active compared to 49% of UK SMEs. Manufacturing was the most innovative sector in NI, particularly ‘Manufacturing of Electrical and Optical Equipment’ (74% innovation active) and ‘Motion Picture and Video Production’ (71% innovation active).  
The most commonly reported innovation investments were in the acquisitions of computer software followed by internal R&D. 
Common reasons why enterprises did not innovate during 2014 - 2016 were:
· No need due to previous innovations;
· No need due to market conditions;
· Harsh UK business environment.
The agri-food industry is not specified within the Innovation Survey but food is included within the wider production and construction sector as ‘food, clothing, wood, paper, publishing and printing’.
DfE report (Powerpoint presentation, 2018) that R&D total investment in NI reached an all-time high of £759.2m in 2017 with the number of local companies investing in R&D up by 20% to 900 with SMEs responsible for more than half of expenditure. However they also reported that the average spend by company was down from £700k to £600k in 2017. 
The number of R&D employees reached a record high of 9,530 in 2017 across business, higher education and government. However in NI R&D personnel make up only 0.8% of total employment compared to 1.3% across the UK as a whole.
NI’s performance in sourcing competitive R&D funds is gradually improving but ‘has far to go’. NI has achieved 1.3% of Innovate UK, 1.4% of Research Council and 1.8% of Horizon 2020 total UK funding. DfE report that NI bids to Innovate UK funding have increased from 51 applications in 2014/15 to 105 in 2018/19. Of the 105 applications in 2018/19, 20 were successful, 36 passed but were not funded and 49 were unsuccessful.
In terms of Industrial Strategy Challenge Fund (ISCF) (scheme details available in Section 10.2) support (Wave 1 and 2 as of October 2018), Northern Ireland had only five successful applications worth £2m, the lowest of all regions of the UK. Wales, for example, had 20 awards worth £43m. In 2016/17 the UK received nearly £1950m (£1,946,544,000) in Research Council grants. Of this NI received just over £27m (£27,334,000) in funding.
DfE (Increasing NI Success in Innovate UK Funding Competitions presentation, 2019) showed that while NI had a win rate of 27% for applications, the same as for North East (NE) England, Scotland and Wales (26%), NI had lower numbers of applications over the 2014-2018 period with only 316 compared to 704 from NE England, 1503 from Scotland and 846 from Wales.  However numbers of applications from NI are on the increase but so are bid numbers for the rest of the UK. DfE state that from their research initial data suggests that NI ISCF performance is ‘worrying’.
Within the UK there is an increased focus on productivity and the target of R&D investment to reach 2.4% of GDP by 2027 from a figure of 1.7% in 2016 (Record boost to R&D, 2017). To meet the 2.4% target will require increases in both public and private spend. Even accounting for industrial structure, UK business investment in R&D is low by international standards, with underinvestment relative to the Organisation for Economic Co-Operation and Development (OECD) average, across all sectors. Maximising business investment will be a key contributor to achieving the 2.4% target.  
The future funding landscape is changing with the loss of European Regional Development Fund (ERDF), introduction of the competitive Shared Prosperity Fund (SPF), Strength in Places (SIP), ISCF, and ongoing uncertainty over Horizon/Interreg funding as a result of EU exit. SPF is the UK replacement funding for EU Structural Funds (European Social Fund (ESF) and Rural Development Programme (RDP)/Leader) which currently equates to some £750m of funding in NI (excluding match funding) over 2014-2020. Early indications for this funding suggest that transport, the commercialisation of R&D, skills and enterprise/start-ups are all likely to feature as priorities, together with a significant drive to end the bureaucracy associated with the administration and management of EU funds.

6.4 Why Innovate?
Evidence shows that innovative companies, defined as those that have introduced a new product or process, grow nearly twice as quickly in terms of both employment and turnover as non-innovators (NESTA The Vital 6%, 2009). The same research also showed that the 6% of UK businesses with the highest growth rates, generated half of the new jobs created by existing businesses. 

The ‘What Works Network’ describes innovation as having ‘an important influence on long term economic development, and investment in research, development, and new ideas is central to this’. Economists identify two key linkages from R&D to wider growth:
· Businesses conduct R&D to find ways to cut costs; to develop smarter ways of working; and to develop new goods and services. Those product and process innovations may, in turn, feed through to higher productivity, higher sales and profits for the business. This helps to recoup at least some of the cost of the original investment. 
· Innovation in one business may spill over and benefit other individuals, businesses or organisations. This means that the wider gains from R&D to society, which economists refer to as ‘social returns’ may be greater than businesses private returns.
Knowledge spillovers occur because new ideas permeate outside the business: as key staff take new jobs, or set up new companies; through imitation and reverse engineering by competitors; and because forms of intellectual property protection like patents and trademarks don’t offer complete and permanent coverage. This wider process is often ‘disruptive’.
Public R&D and innovation activity is important with research showing that businesses response to public R&D is higher than for private sector spending. A 2013 UK study suggests substantial spillovers from academic research to private businesses while private sector R&D is almost wholly captured by the original inventors (What Works Innovation Evidence Review). 






 6.5 Barriers to innovation
For NI the Innovate NI 2014 – 2025 strategy stresses that factors such as skills issues, knowledge and cost are barriers to innovation. These are shown in Table 4.
Table 4 Barriers to innovation
	Knowledge
	Absorptive capacity, IP, user knowledge, lack of communication, lack of information

	Access to capital
	Availability of finance, cost of finance

	Incentives
	Lack of competition, lack of inducements, lack of ambition

	Markets
	Identifying opportunities, understanding opportunities, regulation, standardisation, access to markets, and language barriers

	Skills
	Lack of leadership, technological, R&D and creative thinking skills

	Cultural changes
	Risk aversion, low levels of entrepreneurship, lack of understanding innovation, managing change, reluctance to collaborate


 
DoF Innovation Lab also identifies the main barriers to innovation:
· Fear of failure – in innovation the process is designed to allow this to happen early and quickly and in a cost effective way-failing is part of learning.
· Lack of leadership – Political leaders pushing ideas popular with voters sometimes at expense of more effective ones.
· Short term thinking – under a pressure to deliver quickly and deliver things with immediate impact. Lack of resource/capacity to innovate.
· Risk aversion/lack of urgency/lack of collaboration across sectors/departments siloed approach due to priorities on tasks etc.
· Lack of focus/capability/skills for innovation.
· Constraints of the system weigh you down.
· Lack of access to data sets/information
· Lots of ideas, no delivery to market – it is only innovation when there is something tangible at the end of the process.
Barriers to innovation in agriculture
· Exogenous barriers – can be supply, demand or environment related. Supply barriers can be for example, the difficulty in getting certain materials. Demand barriers are the possible absence of a market and environmental barriers are environmental regulations, policy actions or anti-trust measures.
· Endogenous barriers – are more diverse and include resource related barriers, technical expertise or management time, culture and system-related barriers. 
Resource allocated barriers include the lack of resources; 
Technical expertise is for example, a lack of knowledge; 
Culture-related barriers are, for example, avoiding risks; and
Systems related barriers are for example, market characteristics such as a lot of small players for which the transactions cost of innovation are prohibitively high.

6.6 Stimulating innovation
The EU’s Standing Committee on Agricultural Research (SCAR) is mandated by the Council of the EU to play a major role in the co-ordination of agricultural research efforts across the European Research Area. This includes questions of advisory services, education, training and innovation. SCAR set up a Collaborative Working Group (CWG) with participants from the European Commission and EU Member States to reflect on Agricultural Knowledge and Innovation Systems (AKIS). Its first report (Agricultural Knowledge and Innovation Systems in Transition – a reflection paper) was published in 2012. This paper gave an overview of thinking on innovation policy, the concept of AKIS, and drew attention to the concept of social innovation. 
SCAR asked the CWG to continue its work on the collection and analysis of experiences in EU Member States and at EU level of models of interaction useful for fostering agricultural innovation. The CWG asked experts to provide papers on:
· How to incentivise researchers to take part in innovation processes and
· The role that ICT could play in innovation.
The Agricultural Knowledge and Innovation Systems Towards 2020 – an orientation paper on linking innovation and research was produced. 
The key message from the ‘Towards 2020’ paper is that ‘National and regional governments can stimulate innovation by implementing the European Innovation Partnerships (EIP) through multi-actor operational groups that work in a participatory way’. It recommends the translation of this through a portfolio that:
· Gives incentives for research, development and innovation;
· Stimulates knowledge exchange, adoption of innovation and technical application in the production process;
· Supports the activities of facilitators, innovation brokers and tutoring paths for farmers to implement innovations;
· Values the input and knowledge of farmers;
· Supports operational groups to develop cross-border interactions;
· Invests in AKIS-subsystems that have been underdeveloped in the specific national or regional situation.
The paper recommends that special attention is needed to be responsive to the needs of innovation processes. 
Ten recommendations on incentives and enablers to make research more responsive to innovation processes are provided (Table 5).



Table 5 Recommendations on incentives and enablers to make research more responsive to innovation processes

	
	P1: New evaluation criteria for funding of research proposals
	10: Include societal impact into the overall evaluation of a researcher’s performance

	Incentives ‘pull’
	P2: Include practitioners/experts on selection committees for project funding
	17: Training courses for academics at all levels

	
	P3: New evaluation criteria for performance of institutions
	

	
	P5: Funding for research-practice partnerships
	18 Creation of centres for Integration and Implementation Sciences

	Enablers ‘push’
	P4: Sabbaticals for short-term visits of researchers outside academics
	

	
	P6: Database for high quality non academic publications
	19: Database on institutions, methods, tools, publications, training in interactive research



The report suggests that ‘in addition to a science and research policy it makes sense to have an innovation policy.’ 
It suggests that Governments should set a framework that:
· provides continuity in the actions and activities of operational groups; 
· introduces new methods to legally safeguard small to medium sized enterprises (SMEs) knowledge and facilitates partnership agreements;
· makes it easy to participate (low bureaucracy);
·  gives operational groups an advantage in the application for support schemes;
· acknowledges the practical field experience of farmers and improves the accessibility of knowledge and the free availability of information.
Innovations in innovation policy are possible such as the use of Small Business Innovation Research Programmes (SBIR) vouchers and prizes as inducements.

6.7 EIP-AGRI Agriculture and Innovation
EIP-AGRI aims to support innovation following the interactive bottom up approach which relies mainly on co-operation, sharing of knowledge and intermediating advisory methods. This approach was implemented by the creation of operational groups: groups of people such as farmers, researchers, advisors etc, who work together on a practical innovation project with agreed objectives. Innovation is supported in participating countries by offering innovation support services and innovation brokering which work using models that are adapted to local conditions. 
Innovation brokers raise awareness and facilitate the participation in innovation actions. The broker plays the role of matchmaker helping interested partners find each other and facilitating the start-up of operational groups. The broker acts as a go-between and connects innovation actors including farmers, researchers, NGOs etc around an idea, find the adequate partners and funding and identify the potential roles of each of the partners. The broker then assists the operational group in the preparation of a project proposal.
EIP-AGRI have focus groups dealing with particular issues for example;
· The EIP-AGRI Focus Group on Innovative Short food Supply Chains;
· EIP-AGRI Seminar on Digital Innovation Hubs;
· EIP-AGRI Seminar on Data Revolution.
Next to the EIP instruments, a range of existing instruments operate - such as COST actions and those under Horizon 2020, which include collaborative projects and those for the initial set up of ERA-NETs and JPIs. ERA-NET consortia consist of funding agencies in Member States. The objective of the ERA-NET scheme is to step up the cooperation and coordination of research activities carried out at national or regional level in the Member States and Associated States through:
· · the networking of research activities conducted at national or regional level, and
· · the mutual opening of national and regional research programmes.

Under Horizon 2020, the emphasis will be on the organisation of common calls, with a top-up funding by the European Commission (‘ERA-NET+’). Some ERA-NETs are already reflecting on the possibility to make joint calls "multi-actor".
Similar to ERA-NETs, the overall aim of the Joint Programming process is to pool national research efforts in order to make better use of Europe's precious public R&D resources. The main difference is the explicit focus on common European challenges in a few key areas that need to be tackled in a more effective way. It is a structured and strategic process whereby Member States agree, on a voluntary basis and in a partnership approach, on common visions and Strategic Research Agendas (SRA) to address major societal challenges. On a variable geometry basis, Member States commit to Joint Programming Initiatives (JPIs) where they implement together joint Strategic Research Agendas. The JPI’s on “Food security, agriculture and climate change” and “Healthy diet for a healthy life” are the most closely related to the agricultural EIP.
The COST instrument is a bottom-up, open networking mechanism that encourages international exchanges and co-operation of researchers within Europe and beyond. Joint activities such as conferences, short-term scientific exchanges and publications are supported. COST should further bring together "pockets of excellence" and play a mobilising role not only for the less participating countries but also for the enlargement countries and the European neighbourhood policy countries.
A final instrument related to innovation are the Knowledge and Innovation Communities (KIC). These communities are highly integrated, creative and excellence-driven partnerships, which bring together the fields of education, technology, research, business and entrepreneurship, in order to produce new innovations and new innovation models that inspire others to emulate it. A KIC on food was set up following the call by the European Institute of Innovation and Technology in 2016.  The resultant EIT Food is a network of member organisations co-investing in projects in four areas: innovation, entrepreneurship, education and public engagement. 

 










SECTION 7 THE ROLE OF GOVERNMENT IN INNOVATION
‘Governments should strengthen agricultural innovation systems to make them more collaborative and responsive to needs, which would increase the impact of public expenditure. Improving the relevance of innovations would also increase adoption in the sector and acceptance by society. Governance is the key to such improvements, which would include forming clear strategic objectives in consultation with stakeholders and comprehensive mechanisms and procedures for evaluation. Finally, attention needs to be paid to adoption, including skills improvements.’ (OECD, 2019)
7.1 Innovate NI
The 2014 – 2025 Innovation Strategy for Northern Ireland – Innovate NI, highlighted the importance of innovation in driving research and development, which leads to economic growth. Companies who innovate are more productive, growing sales and employment twice as fast as their non-innovating competitors. Also innovation is essential to address key societal and environmental challenges. The strategy recognised that NI needs a complete step change in its culture, priority and performance in respect of innovation. 
The Strategy also states that increased innovation is required within the public sector. In addition to it becoming more innovative in how it operates, ‘whether as a customer or a partner to drive change, the public service can play a powerful role in encouraging innovation’. 
NI has been at the bottom of the UK Innovation League Table since 2012. Innovate NI sets out the key actions necessary to support businesses in all areas of the economy to become more innovative under four themes.  
· Cultural Change
· Knowledge Generation
· Knowledge Exchange
· Knowledge Exploitation
 Cultural Change
‘Changed attitudes and behaviours towards collaboration, and openness towards the use of new ideas, innovation and risk taking.’
Government has a key role in leading and facilitating the development, skills, research and the capacity of business to innovate. Government’s role is to act as a catalyst of innovation helping NI become more productive and at the same time improve public services. The strategy challenges the public sector to develop an innovation culture underpinned by the Innovation Strategy 2014 – 2025. It suggests ‘Innovation Champions’ at senior level be appointed to drive and coordinate the innovation and reform agenda. Also to drive innovation from the bottom-up, innovation and creativity should be incorporated into training and development for public servants.
Knowledge Generation
‘Knowledge generation is essential for economic growth.’ 
To grow the economy an environment which encourages research and creativity is needed to equip young people and the workforce with the skills and attitudes to succeed. The strategy identifies the need for Innovation Audits within companies (through Invest NI) together with incentivisation of research performers to engage in networking/mentoring to increase the technological activities and capabilities of enterprises. Local businesses as opposed to large, foreign owned companies, need to be encouraged to invest in R&D to encourage business growth.
The need to prioritise investments in those areas most likely to generate growth is stressed as NI cannot compete in every global market and across all sectors and technologies. This aligns with the European promotion of Smart Specialisation. Within NI Smart Specialisation priorities are identified as;
· Agri-Food Technology;
· ICT;
· Sustainable Energy;
· Advanced Manufacturing and Materials;
· Life and Health Science.
Knowledge Exchange
Knowledge exchange is about ‘facilitating the exchange and access to quality information across all sectors in order to support economic growth’ - collaboration. Innovate NI gives a commitment to support companies which engage in collaboration within and outside NI. A number of organisations work with businesses to support collaboration and open innovation, including Invest NI. Universities and Further Education Colleges also have vital roles in supporting business to access new ideas and knowledge. Many initiatives exist to enable universities and Further Education Colleges to come together to identify and meet the knowledge exchange needs of businesses, taking companies through the innovation process. Knowledge Transfer Partnerships (KTPs) and the Knowledge Transfer Network (KTN) support collaboration between universities and colleges and companies.
Knowledge Exploitation
‘Knowledge exploitation is the transformation of knowledge into products and services which can add value and preferably be exported’. 
NI needs to be able to turn innovation into economic benefit. However the journey to commercial success can often lead to failure. Companies and entrepreneurs need to be supported in the journey. There has been significant investment in finance and research to support entrepreneurial growth administered by organisations such as Invest NI and InterTradeIreland.  The strategy outlines the need to broaden the diversity of funding options available so that innovative businesses can grow into export focused enterprises. With this comes the need to enhance the management and exploitation of knowledge and Intellectual Assets including IP from research institutes.
Knowledge exchange includes public sector information. The NI Innovation Strategy cites the need to open up public sector information as a driver of economic growth and innovation and embed an open data culture in NI.
7.2 Innovation Lab
Established in 2014, the Innovation Lab sits within the NI Department of Finance (DoF). The Lab has a role in NI’s Innovation Strategy for creating a culture of innovation by encouraging collaboration, openness to new ideas, innovation and risk taking. The Lab responds to challenges where effective service provision for the public has proved most difficult. It aims to improve public services by creating new and ground-breaking innovations through transformation and invention. 
Innovation Lab staff deliver training for public servants with the aim of improving innovation across the Civil Service. The courses outline why we need innovation within the public sector;
· To develop evolving policy/services to evolving economies;
· Public sector often set rules for private sector innovation;
· Size of the public sector can affect productivity by reducing costs of inputs, better organisation and increasing the value of outputs/outcomes. 
7.3 Barriers to innovation in public service
The Organisation for Economic Co-operation and Development (OECD) Fostering Innovation in the Public Sector (2017) report stated that tensions can arise in public service organisations with respect to the attitudes to innovation due to:
· Risk aversion;
· Silos;
· Hierarchical structure;
· Lack of diversity. 
These issues are often a part of the wider culture acting as barriers to innovation. Some governments have tried to overcome these issues through red tape reduction programmes while others have used cross-organisation innovation delivery teams or behavioral insight approaches. Governments need to assess the extent to which their employees feel inhibited in innovation and then diagnose the causes. Employees need to have the ability, motivation and opportunity to come up with new approaches. This includes ability in creativity and not just technical skills as well as behavioral and social skills to bring about change.
Nesta Innovation in the Public Sector (2014) looked at how public organisations can better create, improve and adapt. It listed the main issues stopping public sector innovation as:
· No investment models for innovation in organisations;
· Lack of dedicated budgets, teams, processes and skills;
· Discouraging reward and incentive systems;
· Departmental silos blocking the sharing of innovation;
· Lack of mature risk management methods for experimentation.

7.4 Fostering Innovation in the Public Sector 
The Organisation for Economic Co-operation and Development (OECD) is a forum where governments work together to address the economic, social and environmental challenges of globalisation. It aims to help governments respond to new developments and concerns. The OECD has representatives from 36 countries including the EU (and UK). The USA is also a member. 
The OECD has produced many publications on public sector management. Of particular relevance is Fostering Innovation in the Public Sector (2017). This document stresses that:
‘Governments must not only be innovative: they must also create the right conditions for innovation within and across systems. This means being able to identify problems and translate ideas into projects that can be piloted on a small scale and then implemented and diffused to effect system wide change. It also means recognising the processes and structures that can support and accelerate innovation’. 
To meet the innovation challenge this OECD report suggests that governments need to address four areas:
· People Matter
· Knowledge is power
· Working together
· Rules and processes to support and not hinder.
People Matter: invest in Civil Servants as catalysts of innovation. People are at the centre of innovation and it can come from staff at all levels but frontline staff and middle managers who interact with chiefs and put policy into practice often have the best understanding of the need to innovate.
Knowledge is power: facilitate the free flow of innovation, data and knowledge across Civil Service and respond to it creatively.
Working together: promote new organisational structures and partnerships to better harness the information and resources available for innovation.
Rules and processes to support and not hinder: ensure that internal rules and processes balance their capacity to mitigate risks with protecting resources and enabling innovation.
The stages of innovation in public service are identified as:
· Identifying problems;
· Generating ideas;
· Developing proposals;
· Implementing projects;
· Evaluating projects;
· Diffusing project outcomes through the organisation.
The Dowling Review of Business-University Research Collaborations (2015) stressed the importance of collaboration and the role of government in stimulating innovation within and outside public service. The report showed that the UK is not reaping the full potential provided by the opportunity to connect innovative businesses, from the UK and overseas, with the excellence in the UK’s academic base. It states that ‘Government has a crucial role in fostering the conditions under which these collaborations can happen at scale and deliver enduring impacts for all parties involved’. The key messages from the review are:
· Public funding support mechanisms for innovation are too complex;
· People are central to successful collaborations;
· Effective brokerage is crucial particularly for SMEs and continued support is needed for activities that help seed collaborations;
· Pump prime funding should stimulate the development of high quality research collaboration with critical mass and sustainability;
· University Technology Transfer Offices need to prioritise knowledge exchange over short term income generation and further work is required to improve approaches to contracts and IP agreements;
· Government strategy on innovation needs better co-ordinated and to have greater visibility.

7.5 Promoting Innovation in Public Service 
Four main approaches to promoting innovation emerge from Case Studies across OECD countries as shown in the Fostering Innovation in the Public Sector (2017) report:
· Awards and recognition programmes encourage ideas from all levels of government;
· Innovation orientated networks and mobility programmes to bring people together across organisational boundaries;
· Holistic approaches to managing staff that create a framework supporting innovation.
This OECD document provides many good examples of innovation cases in countries across the world for example The Australian Awards for Excellence in Public Sector Management and Belgium’s Innovation Learning Network.
Dedicated innovation units/teams can overcome some of the barriers to public sector innovation, providing room to develop new ways of doing things. They are a structural response to the cross-cutting and interdisciplinary nature of innovation projects and to the tension between continuing business-as–usual while introducing new approaches.
Innovation Teams serve five broad functions:
· Supporting and co-ordinating the implementation of innovative solutions;
· Experimenting with different approaches to problems;
· Supporting the delivery of a cross cutting initiative or agenda such as digitisation;
· Providing the investment needed to give emerging ideas the space to grow;
· Capacity building and network support.
The closer Innovation Teams are to the centre of government, the more authority they will have to implement changes.
Public sector innovation is about finding new means to achieve public ends. Open policy design approaches that draw on input from citizens and businesses from all walks of life can help governments create public policies which are more broadly based, inclusive and better targeted to citizens’ needs. Participatory budgeting schemes, regarded as a powerful innovation tool, are being used across the world, distributing opportunities more equally across society.
Training and development programmes can develop creative thinking as a professional competency. Staff ‘do not innovate in a vacuum’, they need an organisational culture which supports innovation. Factors that might shape this include:
· Leadership practices;
· Diversity (cultural, age, gender, backgrounds and educational level);
· Alignment of organisational and industry values;
· Active management.
The use of staff ‘Champions’ has proved an effective way to guide innovation and change.
Innovation requires funding. Breaking down departmental silos has been shown to be instrumental in supporting innovation, but public sector financial accountability structures are often departmentally focused, which can make it challenging to fund collaborative innovation networks.
Likewise traditional hierarchical organisations such as government often have limited horizontal flows of information due to rigid regulations and incompatible management practices. ‘Learning organisations’ have the ability to collate the right information and use it to innovate in response to changes.
Nesta’s Innovation in the Public Sector (2014) suggested that ‘public innovation cannot be simply institutionalised and planned. But there are many things that governments can do to improve the chances of new ideas creating value for the public’. For instance they can:
· do more to cultivate and scan hinterlands which new ideas will come from;
· recruit proven innovators;
· deliberately design and test promising new idea;
· provide markets for solutions and outcomes rather than inputs;
· create protected spaces where radical ideas can evolve.

7.6 What Works Networks                                 
The What Works Network was launched by the UK Cabinet Office and HM Treasury in 2013 and co-ordinated by the What Works Team in the Cabinet Office. An independent organisation run by the London School of Economics, Arup and Centre for Cities it aims to improve outcomes and productivity across the public sector through the better use of available evidence. They draw on evidence from all OECD countries, not just the UK.
What Works objectives are to:
· Improve the quality of the UK evidence base by helping policy makers develop and evaluate local policy pilots;
· Demystify the evidence by running workshops and events on how to best use it to improve outcomes for local economies;
· Help support better evaluation by engaging local and national policymakers in collaborative projects with academics and policy experts;
· Provide a wide-ranging portfolio of evidence, case studies and guidance for better local economic growth policy evaluation. 
The initiative supports government to make policy in a fundamentally different way: deliberately testing variations in approach, vigorously evaluating, and stopping things that don’t work. This includes:
· running a Cross-Government Trial Advice Panel, with experts from across academia and government providing a free service for all civil servants to help test whether policies and programmes are working;
· sharing findings from the What Works Centres across government and promoting discussion on ‘what works’;
· supporting a civil service with the skills, capability and commitment to 
           use evidence effectively;
· helping policy makers to make informed judgements on investment in 
    services that lead to impact and value for money for citizens.
What Works has ten centres, 8 in England, one in Scotland and one in Wales. (No centres in NI). Current ‘What Works’ Centres cover:
· Health and Social Care;
· Educational Achievement;
· Crime Reduction;
· Early Intervention (Children and families);
· Local Economic Growth
· Improved quality of life for older people;
· Children’s Social Care;
· Wellbeing
 None relate directly to agri-food.

Each centre operates in its own way with different areas of focus and levels of funding, but each generates evidence, translates evidence into relevant and actionable guidance and helps decision makers’ act on the guidance.
The What Works Centre in Wales is known as the Public Policy Institute for Wales (PPIW). It has a much wider remit than the sectoral What Works Centres in England. For example the Welsh Government are exploring the different scenarios that could occur as a result of Brexit on agriculture and land use in Wales. The PPIW was asked to sense check the scenarios, provide analysis of their implications on rural areas and identify policy responses. 
What Works Scotland aims to improve the way local areas in Scotland use evidence to make decisions about public service development and reform. For example they worked with ClimateXChange to run three citizens’ juries which looked at creating criteria for decision making for onshore wind farms in Scotland.
All centres work collaboratively on areas of common interest and have built relationships with government departments.
Expressions of Interest in becoming a What Works Network member are made to the Westminster Cabinet Office and must aim to fill a significant gap in the Network. 
Contact details Email info@whatworksgrowth.org Tel:  020 7803 4300 
The What Works Strategy 2017 – 2019 can be found at http://www.whatworksgrowth.org/public/files/17-04-26_Our_Strategy.pdf
A report on the progress made in the previous five years with the What Works Network was produced in 2018. The report highlights the need to continue to empower the public sector to innovate whilst also ensuring that robust evaluations to ensure that changes in practice are delivering results.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/677478/6.4154_What_works_report_Final.pdf
What Works Innovation
· Innovation policy is covered within the Local Economic Growth Centre.
· They define Innovation as: ‘invention, diffusion and exploitation of new ideas’.
· The Local Economic Growth Centre has undertaken two evidence reviews relating to Innovation:
· Review of grants, loans and subsidies;
· The effectiveness of R&D Tax Credits
A summary of the findings is available at-
http://www.whatworksgrowth.org/public/files/Policy_Reviews/15-10-20-Innovation-Summary.pdf












SECTION 8 – SCIENCE AND INNOVATION STRATEGIES
8.1 UK Government Industrial Strategy – Building a Britain Fit for the Future 2017
The Industrial Strategy is a long term strategy that sets out how Britain will help businesses create better, higher paying jobs in every part of the UK with investment in skills, industries and infrastructure for the future. It has a vision for Britain to be the world’s most innovative economy.
The strategy identifies Grand Challenges. These are in response to global forces that will shape the future of Britain. They are:
· To put the UK at the forefront of artificial intelligence and data revolution;
· Maximise the advantages for UK industry of the global shift to clean growth;
· Become a world leader in shaping the future of mobility; and
· Harness the power of innovation to help meet the needs of an ageing society.

     The Industrial Strategy indicates that much of UK innovation tends to be in areas such as software and branding, including marketing and advertising, which often require less patient capital to fund them. The UK is good at low-cost innovation and flexible start-ups but the long and patient process of getting a new technology to market is difficult. As a result many of the innovative businesses are nimble, flexible and imaginative but do not grow to be substantial, big or strong. There are exceptions, but in general British businesses’ R&D tends to favour quick routes to market, rather than long development times. 

The strategy sets out how it aims to build research and innovation excellence across the UK. There is world class R&D and innovation across the UK, from excellent research in university departments and public research organisations to investments from leading businesses. These strengths can be capitalised on and foster the local ecosystems that can support innovation and sustained growth. 

 The Science and Innovation Audits – led by consortia of business, universities and Local Enterprise Partnerships in England and relevant agencies in the devolved nations – are revealing distinct local and regional strengths and opportunities for collaboration across the UK. But they are also exposing the barriers an area can face in building its strengths into an ecosystem that attracts investment and talent – such as access to skills or knowledge and the capacity of businesses to innovate.
  
   8.2 BEIS International Research and Innovation Strategy 2018 (Draft)
Following on from the UK Government Industrial Strategy (2017), this strategy sets out Government’s overall aims for international research and innovation. The aim is for the UK to be ‘a global leader and partner of choice in innovation, to drive our future prosperity and help tackle the most pressing global, social and environmental challenges. This rests on the quality and application of our science and research. Building on these, our enterprise and entrepreneurial strength will develop and commercialise the technologies, processes and services of the future’.
The document highlights the UK’s global research and innovation strengths with the UK being in the Top 5 globally in terms of innovation capabilities (Global Innovation Index, 2017). It expresses concern that the global landscape for science and innovation is changing. China for example has increased its investment in R&D by a factor of 10 since the year 2000, with £140bn invested in 2016. While the UK is in a position of strength for science and innovation more needs to be done to secure the UK’s position as an innovative economy in the future. The strategy outlines how it will achieve this including;
· Investing strongly in the UK’s enterprise culture, enhancing the UK’s leading status as a global hub for innovation to attract increased international engagement;
· Supporting innovative UK companies to scale and access international markets;
· Deploying our world leading international standards and regulatory frameworks, and our national innovation assets to ensure that the UK sets the pace in regulation for innovation and builds the platforms for global markets in emerging and disruptive technologies.
The strategy also outlines the publication of the UK’s long term and innovation infrastructure roadmap. This will enable the UK to maximize the connectivity and effectiveness from existing partnerships, identify new ones and take a strategic approach to investment in significant new infrastructure in the UK.

8.3 BIS and HM Treasury Our Plan for Growth: Science and Innovation 2014
This plan puts science and innovation at the heart of the Department for Business Innovation and Skills (now merged with the Department of Energy and Climate Change to form the Department for Business, Energy and Industrial Strategy, BEIS). It highlights how the UK has historically invested less in research and development than competitor nations. It also stresses the need for the UK to rise to big opportunities such as genomics and address big challenges, for example antimicrobioal resistance. The challenges can be addressed through support for innovation and the transformation of cutting edge science into new products and services. This will create jobs, innovate business and allow the UK to take the lead in new markets.
The aim is for the UK to be the best place in the world for science and business. The plan outlines six elements to achieve this:
· Deciding priorities;
· Nurturing scientific talent;
· Investing in scientific infrastructure;
· Supporting research;
· Catalysing innovation;
· Participating in global science and innovation.
The plan outlines the areas it will support in order to address these six elements. For innovation this includes support for expansion of the Catapult network, financial support for a High Value Manufacturing Catapult, expanding the global reach of science and innovation through the Newton Fund and support to universities and research institutions to access research and innovation elements of international aid funding.
The plan highlights the positive impact of support for businesses to innovate. ‘Innovation is a risky business and many businesses, particularly SMEs consider the risk more than they are willing to absorb. Businesses need to take risks to grow’. Barriers to innovation can be reduced by provision of access to equipment, skills, networks and funding.  
Businesses that receive funding for innovation are significantly more innovative than comparable non grant-holding businesses. Receiving a grant increases a business’s own spending on R&D by 30% and makes them over 40% more likely to introduce new products to market, 40% more likely to engage in product innovation and almost 30% more likely to employ STEM graduates. The impact has been shown to be even greater where a business collaborates with other partners, whether businesses or universities.
 
8.4 A UK Strategy for Agricultural Technologies 2013
This strategy was produced by the UK Government science base and food and farming industry coming together to identify and develop the opportunities and strengths of the UK agricultural technologies (Agri-Tech) sector as a whole. It is one of 11 sectoral strategies developed under the UK Industry Strategy and is overseen by the Agri-Tech Leadership Council. It is the outcome of consultation and partnership with the agri-tech communities. The Leadership Council was established by Defra and Department for Business and Industrial Strategy Ministers.
The vision for agricultural technology is:
‘That the UK becomes a world leader in agricultural technology, innovation and sustainability; exploits opportunities to develop and adopt new and existing technologies, products and services to increase productivity; and thereby contributes to global food security and international development’. 
The strategy sets out a range of actions for the Leadership Council, industry, Government and the science base to deliver the UK Government’s vision for the agri-tech sector. One of those actions is to:
‘Increase support to develop, adopt and exploit new technologies and processes through £90m of Government funding for Centres for Agricultural Innovation’.
This action is implemented by Innovate UK.
The strategy also seeks to:
‘Help the UK exploit the potential of big data and informatics and become a global Centre of Excellence by establishing a Centre for Agricultural Informatics and Metrics of Sustainability’.
This is achieved through the Agrimetrics Centre supported by Innovate UK. 
The strategy stresses the huge potential to attract more global investment and EU funding into the UK and open up new global markets for UK leadership in agri-tech innovation. 
Other actions highlighted in the report include:
 -   providing stronger leadership for the sector. The Leadership Council gives industry a stronger and more cohesive voice with Government and the science base; 
 -  building a stronger skills base through industry-led actions to attract and retain workforce who are expert in developing and applying technologies from the laboratory to the farm; 
 -  increasing alignment of industry research funding with public sector spend by increasing understanding of what is being spent and where; 
 -  increasing UK export and inward investment performance through targeted sector support.

8.5 BBSRC Research in Agriculture and Food Security Strategic Framework 2017  

      This strategic framework aims to provide researchers and wider stakeholders with Biotechnology and Biological Sciences Research Council’s (BBSRC) key agriculture and food security research and innovation priorities and identify where the research council will focus efforts to deliver the most impacts.
     BBSRC is the UK’s largest public sector funder of agriculture and food security research, over half of this research is delivered by strategically funded institutes. The strategy highlights the complexity of agri-food and stresses the need for interdisciplinary approaches together with partnership and collaboration.

     The strategic framework is divided into six focus areas:
· Sustainable agricultural systems;
· Crop and farmed animal health;
· Food safety and nutrition;
· Reducing waste;
· Understanding and exploiting genomics;
· Precision agriculture and smart technologies.

BBSRC supports the Roslin Innovation Centre. This is a new development in partnership with the University of Edinburgh, Scottish Government and BBSRC. The Centre provides flexible lab and office space for companies and business collaborators in the animal and veterinary sciences. It enables opportunities to develop and adopt new and existing technologies, products and services to increase agricultural productivity- addressing food security and poverty in the Global South, while enabling the UK to sustain and expand its own livestock industries.

8.6  Transformative innovation across food supply chains to improve decision making 2018

A high level interdisciplinary and inter sectoral meeting of academics, industry, NGOs, SMEs and policy makers convened by the Global Food Security Programme, in partnership with the Food and Drinks Sector Council’s Innovation Working Group, Sainsbury’s, DEFRA and BEIS, produced the Transformative innovation across food supply chains to improve decision making document in 2018. It aimed to investigate how transformative innovation can lead to ‘business unusual’ in food supply chains. The meeting examined the challenges to industry and business that technologies could address and future policies for research, industry and policy. The major challenges identified for the food industry that would benefit from transformative innovation are:
· Traceability, transparency and disclosure;
· Food safety, fraud and security;
· Efficiency, productivity and sustainability;
· Improving diets and health;
· Reducing waste.
Priorities were identified to address these challenges including the production of a long term high level UK food system innovation strategy, encouraging greater investment in artificial intelligence and other data technologies in the UK and globally and a joined up systems approach to policy making.

 8.7 HIP Ornamental & Landscape Horticulture R&D Strategy 2015 – 2020
 
The Horticulture Innovation Partnership (HIP) was established as an independent stakeholder organisation conceived by industry in 2012 as an innovation ‘Think Tank’. The HIP Ornamental & Landscape Horticulture R&D Strategy 2015-2020 was published in January 2016. The HIP Strategy aims to identify the research and development requirements to underpin the sustainable production of plants and the creation and management of private and public landscapes, including sport and recreation. The strategy states that the outcomes will deliver sustainable wealth creating opportunities for the UK economy, contribute to the health and well-being of the population, and strengthen the environmental resilience of urban and peri-urban areas. 
The report highlighted that the ornamental and landscape horticulture industry needs investment in research and innovation to: 
• Specify the wider benefits of ornamental horticulture and align the associated challenges to funders’ policies to enable innovative use of funding mechanisms; 
• Exploit the wider benefits of emerging markets to deliver market-ready products and services;
 • Maximize the use of UK-grown plants through resilient supply chains and in sustainable landscape; 
• Deliver speedy translation of new research findings into practice along the whole supply chain from UK grower to green space; 
• Consolidate and share existing knowledge and best practice to create a thriving, profitable and self-sustaining sector, which is less reliant on imports.

The report highlighted that by working with research funders the HIP will: 

• Bring together the many groups, organisations and specialisms thus supporting a joined-up research strategy for the whole ornamental and landscape industry enabling them to speak with one voice;
 • Work with research funders and policy customers to provide better alignment within and between organisations to help foster innovation and a thriving sector;
• Facilitate and stimulate innovation for business growth within the UK ornamental and landscape sector recognising the additional societal impact and environmental resilience which can be delivered through innovation; 
• Provide the horticultural ‘spring-board’ for the Natural Health Service.

     Industry contributors to the strategy include the Horticulture Trades Association, The Royal Horticultural Society, The Landscape Institute, University of Sheffield, British Protected Ornamentals Association, Association of Professional Landscapers, Winchester Growers, Lowaters Nursery, Dove Associates and the Agriculture and Horticulture Development Board.

The HIP Strategy is aligned with and supports the Ornamental Industry Roundtable Action Plan 2015-2016, a government-industry partnership initiative that has identified 12 key work areas to increase growth and competitiveness.
    



8.8 Science and Innovation Strategy for Forestry in GB (2014)
      The Forestry Commission funds research, contributes to policy development and delivers policy through its support for woodland owners and managers. Generally, the private forestry sector in Britain does not have the incentive to invest in knowledge that will be made publicly available because it may not deliver a financial return. To reflect this ‘market failure’ Forestry Commission undertake to fund research. This is particularly the applied longer-term research. Longer term research may not always have immediate application but may enable the forestry sector to address future challenges. This includes areas such as tree health, tree breeding, climate change adaptation and assessing non market benefits of ecosystem services.

     This science and innovation strategy details how the Forestry Commission in GB will commission science to support the development and delivery of forestry policy. The strategy was developed following a series of stakeholder meetings and a public consultation exercise. 

     Research commissioned under the strategy aims to:
· Provide the evidence base for the delivery of healthy and resilient forest and wider ecosystems to enhance benefits for society;
· Provide the knowledge to deliver woodland management and expansion, as a component of sustainable land-use change;   
· Provide the evidence base to allow the forestry sector to deliver a wide range of benefits from forests and woodlands to support sustainable economic growth in Britain;
· Result in changes to policy and practice through implementation by informed and engaged stakeholders, access to a high quality skill base of forest researchers, and effective leverage to provide additional resources to increase the evidence base. 

A key driver for the strategy is collaboration between the fields of science and partnership working between organisations to generate and share knowledge as well as delivering best value for money. This strategy highlights how research is to be communicated in order to provide the maximum impact for policy development and the delivery of good practice on the ground. The strategy adopts a targeted approach to knowledge brokering to improve dialogue and increase stakeholder uptake and adoption. It will do this by working with policy makers, forestry practitioners and other stakeholders with an emphasis on improving stakeholder engagement. A total of 25% of research spend is to be allocated to communication activities.



8.9 Making the most of our evidence: A strategy for Defra and its network 2014
      This strategy sets out the collective evidence priorities of Defra and its networks. 
      Defra’s aim in delivering the policy priorities identified are to:
· Maintain and improve access to the evidence required to meet policy and operational needs;
· Get the most from investment in evidence, specialists and strategic partnerships;
· Drive up the quality of all evidence and the advice it underpins;
· Step-up preparedness and planning for risks and new and emerging priorities and potential threats. 

The strategy highlights the need for Defra and its ‘network’ which is made up of many partners including JNCC, Environment Agency, Forestry Commission, Research Councils etc, to operate as one business. It also details how Defra and its network will prioritise investments in evidence to maximise its impact across the range of responsibilities. The development of a prioritisation framework aims to allow Defra to decide where to invest in evidence, where it is for others to fund, or where they need to work in partnership. 
  The strategy identifies the evidence priorities and looks at the use of innovative approaches to address evidence priorities. It will be used internally by Defra as a high level framework to guide their detailed planning, prioritisation and delivery of evidence and externally as a statement of their principles and priorities and as a basis for discussion and joint working with potential partners for co-designing and meeting evidence needs. 
   The strategy stresses the importance of developing and using innovative approaches to address evidence priorities. It also highlights the Defra commitment to drive innovation and quality in the ways they access and use evidence by promoting innovative new ways of delivering evidence through their specialists and external experts. The Defra Action Based Programme is designed to help them understand how they can shape policy to promote sustainable innovation. The process is designed to encourage innovation by generating the broadest possible range of ideas for new projects. It encourages bids from the research community, business and civil society and promoting the development of new collaborations, for example between academics and businesses, to establish new ideas and concepts.  
   
 8.10 Rural Affairs, Food and Environment Research Strategy for 2016 – 2021
The Scottish Government is the third largest public sector funder of R&D in agriculture and food combined in the UK. Their core funding is focussed on agriculture, food, environmental change and rural communities. The investment also helps to support the training of some next generation scientists, maintaining scientific infrastructure and research platforms and working in partnership with others to maximise the impact of the research. While the Scottish Government make much of their investment to research institutes (60-65%), they continue to broaden their supply base working with an expanding range of providers of research to fully meet their needs. This involves making better connections with the wider Scottish and UK public sector, businesses, Scottish universities and the UK Research Councils.
The high level aim for investment in research by the Scottish Government is:
‘To focus the Government and public services on creating a more successful country, with opportunities for all of Scotland to flourish, through increasing sustainable economic growth’.
Their vision is: ‘To support research that is relevant, respected and responsive to Scotland’s communities, its people and to the rural economy’.
One of the ways in which they plan to achieve this is in ‘Having evidence of increasing innovation activity associated with the programme with a range of non-commercial and commercial funding’.  
The strategy recognises how the public sector landscape is changing and the need to adapt and innovate to respond effectively to emerging issues. The Scottish Government aims to ‘Inspire Innovation by challenging and supporting our science base to take novel approaches in new areas and in the application of existing strengths, including facilitating interdisciplinary research with a systems focus, seeking new funding sources in both public and private sectors, and by expanding levels of collaborative working’. 


8.11 Innovation 2020

This is Ireland’s strategy for research and development, science and technology. 

Their vision is:
‘Ireland- a Global Innovation Leader driving a strong sustainable economy and a better society underpinned by:
· Excellent research;
· A strong innovative and internationally competitive enterprise base;
· A renowned pool of talent;
· A coherent joined-up innovation ecosystem;
· An internationally competitive research system’.

The focus of competitive funding is on 14 priority areas within six broad enterprise themes of which Food is one. 

The strategy stresses the need for sufficient quantity and quality of trained people, focusing on research to address national and global challenges, ensuring public sector is informed by research, maximising transfer of knowledge between research performing organisations and enterprise and utilising the benefits of international and EU collaboration in research and innovation.
  


      8.12 Food Wise 2025
Whilst not strictly a science or innovation strategy, Food Wise 2025 sets out a ten year plan for the Irish agri-food sector. It underlines the sector’s unique and special position within the Irish economy, and it illustrates the potential which exists for this sector to grow even further.
The Food Wise 2025 strategy was agreed by a committee of 35 stakeholders from the agri-food sector. It foresees a sector that acts more strategically and achieves a competitive critical mass in the international marketplace while targeting more quality conscious consumers who will recognise and reward Ireland’s food producers for their sustainable production and high quality produce.
The Food Wise report was published in July 2015, with the Food Wise Implementation Plan and the final Environmental Analysis on the strategy published in December 2015.
The sub-title of Food Wise is “Local Roots, Global Reach”, reflecting the importance of gaining a deep understanding of what consumers, often in distant markets, really want, and communicating those messages back to Irish farmers and food companies. Equally important is to communicate key messages about what makes Irish food unique to the international market.
Food Wise 2025 identifies ambitious and challenging growth projections for the industry over the next ten years including:
· 85% increase in exports to €19 billion;
· 70% increase in  value added to €13 billion;
· 65% increase in primary production to €10 billion; and
· The creation of 23,000 additional jobs all along the supply chain from producer level to high end value added product development.
To achieve the projections set out above, Food Wise 2025 identifies over 400 recommendations to achieve sustainable growth and these will require a concerted and coordinated approach by primary producers, industry, Departments and State agencies.
Science and innovation requirements are integral to the recommendations. Within the document Innovation is seen to be a driver of competitiveness and growth for the Irish food sector. The development of new technologies, products and processes is seen as vital to driving productivity improvements, sustainability and growth. 
The document stresses that the principal research institution types within the Irish research and development infrastructure, namely Teagasc, the University network, the Institutes of Technology, Marine Institute and Department of Agriculture, Food and the Marine, adopt a multi-disciplinary approach, with specialist units in each of the four key research areas: agriculture, food, marine and forestry.
The report highlights that research, development and innovation in the Irish agri-food sector also face some key challenges. There are gaps in terms of transforming scientific research into commercial returns and in terms of the ability of Irish companies, given their lack of scale in many cases, to deliver in house innovation and to absorb the high quality research developed by the Irish research institutes. Bridging these gaps will be crucial if Ireland is to realise maximum benefits from the research.
   

     8.13 Sustainable Healthy Agri-Food Research Plan SHARP 2015

     This plan was produced by Irish research funding bodies, the Irish research base and the food, farming and health sectors with the overall aim of ensuring a strong collective focus on the need to produce safe, high quality, nutritious food in an efficient, competitive, and sustainable manner.
The overall vision for the Strategic Research and Innovation Agenda is:
‘Invest strategically in Sustainable Food Production & Processing and Food for Health research to drive innovation and enable the agri-food sector to achieve its full potential in a sustainable manner thereby contributing to the achievement of the overall Food Harvest 2020 Vision of Acting Smart, Thinking Green and Achieving Growth and increasing public awareness of the role of nutrition, thereby supporting population health’.
Following extensive consultation a Strategic Research and Innovation Agenda was produced to fulfil a number of high level goals:
· Guide the content of relevant competitive calls operated by all relevant funders;
· Intensify the innovation capability of Irish food production systems;
· Develop and manufacture new high value nutrition and wellness products;
· Develop economically and environmentally sustainable food production and processing systems;
· Address Grand Societal Challenges;
· Strengthen the existing knowledge base in key strategic areas and increase the developmental capacity of publicly funded research performing organisations, enabling them to lever additional support from EU research programmes;
· Help address high level overarching national targets adopted by Government.

Competitiveness, sustainability and consumer orientation are the three guiding principles for this research and innovation strategy which has eight cross cutting themes:
· Animal production;
· Grass, clover, forage, crops and food horticulture;
· Sustainable management of natural resources, climate change and trans-boundary gases;
· Food processing technology and engineering;
· Food product development, formulation and sensory science;
· Food chain integrity and safety;
· Functional foods and health;
· Nutrition, health and diet related diseases.

The strategy identifies a clear set of research priorities that will act as a blueprint to guide the funding decisions of all departments and agencies operating publicly funded research programmes. SHARP contains 179 research and investment ideas spanning the full food chain from sustainable primary production through processing and product development activities to research on human nutrition to support improved population health. 
  
8.14 Innovation in the Irish Agrifood Sector 2014
This is the report of a study undertaken to investigate the performance of the Agrifood Innovation System within Ireland. It aimed to highlight the strengths and weaknesses of the overall innovation system as well as its various components. 
Teagasc National Farm Survey data was used to assess innovation at farm level, including adopted innovations, investments in new knowledge and renewal of machinery. The findings revealed that dairy and cattle rearing farms were at opposite ends of the innovation spectrum. Also farmers with high innovative performance have higher farm incomes, are less dependent on subsidies, invest more, have larger farms and are younger than less innovative farmers. In addition farm size and intensity, access to credit and agricultural education appear to have a positive impact on innovative performance, while age and off-farm work negatively correlated with innovative performance.
The strongest barriers to innovation were at farm level and related to the structure of the farm business, the age structure of farmers and the lack of land mobility.
On the positive side the study showed that ‘Ireland was very strong in terms of research capacity, overall education levels, physical infrastructure and that it had favourable tax regimes to encourage business innovation’.
The report concluded that Ireland has a number of world class innovative companies, however the problem is there are not enough of them and too few new innovative companies coming forward from which world leading companies could emerge. Companies are finding it difficult to engage with universities to access the knowledge they require. 
Ireland was reported to be strong in innovation to remove costs from the supply chain but weak in the development of new products with insufficient focus on the consumer as end user and collaboration was poor. Finance was also identified as a key constraint in the innovation process. 
A series of recommendations to drive innovation were given:
· There is a need to consider greater incentives for medium to large sized businesses to engage more with R&D activities;
· To drive innovation universities need to further strengthen engagement with industry;
· The connections between industry and academia should be focused on development of new products that add value to existing commodities produced in Ireland;
· Alternative funding arrangements are needed to overcome the identified financial constraints through the agri-food chain;
·  There is a need to rethink the education and advisory structures to ensure they are fit for purpose in driving innovation through the agri-food chain;
· Industry forums, facilitated by government, in which all players in the supply chain can undertake full and frank discussions in the spirit of openness, can begin to create transparency which can lead to trust and collaboration; 
· There needs to be structural change within the agricultural sector to facilitate innovation and growth. Further consideration needs to be given to how CAP funding can be used to drive innovation;
· Key sectors within the agri-food sector need to engage in full and frank internal debate as to whether their structures are fit for purpose for an Irish agri-food sector that wants to be world leading in terms of innovation and performance.

8.15 The Future of Food 2040 
The National Farmers Union (NFU) produced this long term strategy in 2019. It is a high level scan of the industry ahead of what is seen as a period of very significant change for agri-food. It is driven by the predicted increase in global population from nearly 7bn today to 8bn by 2030 and the UK population increase to 74m by 2039. The unstoppable pace of technology is revolutionizing the world while it is also becoming more volatile, climatically, economically and politically.  
The report highlights the strong link between agricultural and horticultural productivity and investment and the uptake of innovation. It stresses the need to look to the future to gain a better understanding of the technological possibilities that will be available. New management practices, policies and knowledge exchange will be needed as well as innovative products will be needed to enable producers to be more competitive and meet the needs of consumers.
To enable British agriculture to take full advantage of future opportunities outlined in this report a number of policy interventions are listed as being required. These include:
· Invest in innovation and specifically support farm businesses to address the productivity challenge by providing targeted investment, supporting research and development, and incentivising the adoption of technical advances that strengthen resilience within the farming sector.
· Consider intervention to encourage the adoption of open data principles and ensure competition and a rich variety of tools and services are made available to the sector, and that data is not just the domain of a few major players.
· Ensure that we have an enabling regulatory regime that is fit for purpose, effectively supporting productive agriculture, production for the domestic market, and trade in agri-food products with overseas markets, while protecting the environment and the public. It will need to be science and evidence led with proportionate, risk-based approaches to encourage innovation and improve competitiveness.
· Ensure that any funding for public goods is universally accessible to farm businesses, flexible, practical and with a proportionate level of administration and auditing.
· Ensure that rural communities have access to the right technology infrastructure and planning framework to thrive and benefit from new business opportunities and realise their potential for advances in productivity.


8.16 A Strategic approach to EU agricultural research and innovation, 2016
This strategy represents the final outcome of a year long process to develop a way forward for agricultural research and innovation. Inputs were collected through workshops and consultations which involved several hundred experts from across the EU. 
The strategy aims to harness EU investments for research and innovation in view of the following main objectives:
· Ensuring food security in the long term;
· Addressing the environmental sustainability and resilience of competitive land based primary production for food and non food systems;
· Boost the sustainable growth of rural territories;
· Improve the delivery of research results for policy use.
One of the five priority areas identified within the strategy is ‘Enhancing rural innovation – modernising rural areas and policies’. This priority aims to support sustainable growth in rural areas by encouraging innovation. The first strand of activities will focus on skills, human and social capital of farmers, foresters and rural dwellers. The second strand will be devoted to the functioning of knowledge and innovation systems. The importance of adoption of digital technologies is stressed as is the need to synchronise and reduce time lag between basic and applied research to advance knowledge creation, development and adoption of innovations.

8.17 Agricultural Disruption 2018 - Irish Farmers Journal/KPMG Agribusiness
Whilst not a strategy as such, this document outlines the outcome of the Irish Farmers Journal/KPMG Agribusiness Survey carried out in 2018. The global survey focuses on innovation and compares the results to the last three years. The research was carried out by KPMG and was based on a representative sample of agribusinesses in the main agri-producing regions of the world. 
Globally innovation is seen as the most important factor in driving future business growth. Forty one percent of respondents said that innovation was the most important factor driving the future growth of their business, up from 22% in 2016 and 21% in 2015. However 40% of respondents cited innovation as the most significant challenge facing their business in the coming years – up from 24% in 2016 and 20% in 2015.
Other key findings were:
· 95% of respondents said R&D was important to their business with 63% saying it was very important, up from 34% in 2017.
· 40% of respondents identified people as the biggest challenge in driving innovation. A lack of awareness of innovation was the second major challenge and identified by 23% of respondents. The third largest was corporate culture.
· Over the last 3 years respondents have identified the ability to innovate as a key competitive advantage.
· 36% of respondents felt that governments could do more to support R&D and innovation.  
The IFJ/KPMG report showed that agriculture has been one of the last sectors to experience significant disruption from new technologies. However the agtech movement is now maturing rapidly with investors funneling more and more cash into new startups looking to disrupt traditional agriculture. The report looks to New Zealand with its Specialist Accelerator Programme which is helping to foster new ideas in agriculture and develop groundbreaking technologies for on-farm applications. The report also identifies Israel as a vibrant agtech ecosystem where farmers collaborate directly with researchers to overcome the natural challenges of producing food in a country that is two thirds desert.  
The IFJ/KPMG report predicts the surge in interest in agtech startups will continue as established agricultural giants such as Monsanto, Bayer and John Deere plough more cash into new technology for fear of being disrupted themselves. Digital disruption is also a key area where innovation is required to ensure agriculture stays ahead of the game. It sees the key global challenge for the future as how to feed a population set to grow from 7.6bn to 8.6bn by 2030, 10bn by 2050 and 11bn by 2100. 

8.18 Innovation Wales
This document attempts to recognise and understand the role of innovation in the Welsh economy. It builds on existing strategies such as Science for Wales 2012 and re-examines the Welsh government’s approach to innovation in business, government and society. 

Innovation Wales identified a number of themes where Wales needs to improve its innovation performance:
· Improving collaboration;
· Promoting a culture of innovation;
· Providing flexible support and finance for innovation;
· Innovation in government;
· Prioritising and creating critical mass.
Key action areas were then identified to deal with each of these themes.  

8.19 Innovation and Knowledge Transfer and Exchange: A Policy perspective from SRUC (Scotland’s Rural College)
Whilst not a strategy, this document has been included as it provides Scotland’s Rural College’s (SRUC) top ten guidelines for securing an effective new policy on innovation and knowledge transfer and exchange. The document views innovation as ‘a dynamic, interactive process among people including researchers, funders, advisors, public regulators and end users. Innovation is really about enhancing the capacity of key stakeholders to promote novel and original thinking, actions and behaviours in a collaborative way’. 
It also defines Knowledge Transfer and Exchange (KTE) as ‘ensuring world class science and skilled people have maximum impact. Boosting the economy, connecting to policy and improving the quality of life are all desirable outcomes from KTE’. 

8.20 The Dutch Agricultural Innovation System
While not a science or innovation strategy, OECD produced a very comprehensive report on The Dutch Agricultural Innovation System in 2015. The Netherlands is a well performing knowledge economy relative to investments. Economic development has been based on continuous innovation and the country has achieved one of the highest GDP per capita. The agri-food sector is prominent in the Dutch economy having a 10% share in GDP and almost a 20% share in the export capacity.
Dutch Government policy towards innovation is twofold:
· It aims to provide framework conditions conducive to innovation in business, through streamlining regulations, improving transparency and provision of public services, providing tax incentives and improving access to finance (loans and credit guarantees);
· It focuses public investment in R&D on top sectors.
The motivation for top sector policy introduced in 2011 was to concentrate scarce public funds in export orientated sectors facing increasing competition from emerging economies, where innovation would help maintain international competitiveness. Nine key sectors were identified with strong market positions. Top Sectors include Creative Industry, Energy, Life Sciences and Health, Water and Agri-Food.
One original objective was to leverage business sector R&D and increase the applicability of public research. Another one was to increase policy co-ordination and co-operation between innovation actors. In this area, the top sectors build on the work of Technological Top Institutes, which were established to bridge the gap between research being done at the universities not reaching the private sector, and on pre-existing networks.
The Dutch Government does not make its own proposals for individual sectors but invites businesses and scientists to draw up action plans, which serve as a base to develop concrete lines of action. The Top Sector policy aims to promote closer co-operation between knowledge institutes, public authorities and business. Each Top Sector has created one or more Top Consortia for knowledge and innovation where entrepreneurs and researchers work together in innovative products and concepts. Three strategic goals concerning the knowledge infrastructure were defined:
· More co-operation between knowledge institutes, business and government to strengthen the international strength of the sector concerned;
· Facilitating public-private partnership for R&D;
· Giving a structural financial base to public private partnerships.
Each Top Consortia has a board with members from government, business and knowledge institutes. The Dutch agriculture and food sector is one of the most important sectors of the Dutch economy. Agri-food is a ‘Top Sector’  with three Top Consortia for knowledge and innovation. With the implementation of top sector policy, private companies, knowledge institutes and the government are together responsible for setting the innovation agenda. There is also a lot of cross sectoral connections between agriculture/horticulture and other top sectors.
Each Top Sector draws up an Innovation Contract in which researchers, entrepreneurs and the government agree on measures to develop innovative products and services and financial contributions. Dutch innovation policies are the responsibility of the Ministry of Economic Affairs, which is responsible for promoting competitiveness, entrepreneurship and innovation and the Ministry of Education, Culture and Science which is responsible for defining strategies and policies for public-sector education and research. The Ministry of Economic Affairs is also responsible for agriculture and funds agri-food research and green education. 
The Dutch Government plays a role in the governance of the agricultural innovation system by:
· Setting the policy;
· Monitoring the implementation of programmes;
· Evaluating policies and institutions;
· Providing funding for R&D and education in public and private institutions;
· Providing innovation support to businesses.
However there is no overall mechanism to evaluate the performance of the whole agricultural innovation system.
The rationale for government investment in R&D is market failures: the private sector tends to underinvest because agricultural research is often long term, large scale and risky. Also one of the fundamental instruments of government is to achieve a more sustainable agriculture, which is not necessarily a priority for the private sector as the price of environmental outcomes is often undervalued by markets.
While the Dutch Government provides the majority of public funding for agricultural research and education, extension services have been privatised mainly into independent private consultancy firms providing tailor made advice to clients in the sector on a broad field of subjects (technical, economic, managerial, construction and environmental). 
EU policy on agriculture and rural development required Member States to develop a Farm Advisory Service (FAS) for which the Ministry of Economic Affairs is the responsible authority. The FAS in Holland consists of 41 private advisory firms. There is a network of farmer study groups based on co-operation, mutual interest in sectors and geographical proximity. These groups are recognised as being vital to improving knowledge and innovation. The Ministry of Economic Affairs, Department of Agro and Nature Knowledge is responsible for the agro-food Innovation Network. The primary focus of the network is to transform new concepts of production towards the first stage of the development of ‘crossing border’ innovations. The network is active in the very early stages of development of new ideas, usually long before the actual application in business. The Innovation Network is project based covering a specified number of topics. The Innovation Network had a total budget of EUR 2.5m in 2013.
The Dutch Government now participates in the ‘Golden Triangle’ of government, private firms/NGOs and public research and education. Collaboration between public and private actors is the main principle for the functioning of the Dutch agricultural innovation system with a large and diverse landscape of intermediates to keep the parts connected.
Privatisation of extension services has resulted in the transition of knowledge as a public good, to knowledge as a marketable product on a worldwide market. However while firms and larger agricultural producers may well be in a position to pay for advice and obtain insights and ideas they need to expand their position, smaller businesses may not have enough money to afford that kind of advice and may be deprived of access to innovative knowledge.This in turn may be a threat for innovation capacity of the system as many innovations come from smaller firms.
Wageningen University has helped to drive innovation. The growing internationalisation of the agricultural innovation system is apparent at the university with students from over 100 countries and academics from across the globe.
The complexity of agricultural and food systems calls for interdisciplinary analyses based on a wide variety of scientific and technological disciplines. Both the knowledge of large ecosystems and the specific knowledge of horticulture systems , for example, are required to maintain the prominent position of the sector. As a result, the knowledge systems are not only about plants and animals but also about construction and maintaining energy and water efficiency, microbiology, infomatics and business economics (to name a few). All of these disciplines play a role in the system and they are more and more integrated in object oriented research and innovation.
In the Netherlands policy incentives for the adoption of innovation include a wide variety of regulatory and financial approaches, including business investment support and support to public-private co-operation arrangements and participation in networks. In primary agriculture training, extension and advisory services can facilitate the transfer and successful adoption of innovation. In the Netherlands these include:
· Introduction of new regulations that gradually enforce change to current practices eg animal welfare regulations or ammonia emission regulations;
· Public co-funding in public-private partnerships;
· Providing investment subsidies including tax deductions;
· Providing guarantee facilities to adopters to spread the risks of adopters and banks and help innovations across the funding gap between basic research in the public sector and commercialisation of a new product by the private sector;
· Public co-funding of research eg feasibility studies to demonstrate the potential value or further develop innovation, this may include vouchers that the government offers to SMEs to hire experts;
· Empowering entrepreneurs in a way that they become more skilled and confident to invest in innovative new products;
· Public (co)-funding of network activities that bring together entrepreneurs, researchers and intermediates to learn from each other in order to co-create an innovation, rightly implement or further develop an innovation.

8.21 The Case for a Circular Economy Strategy for Northern Ireland (2017) 
This report was produced for Business in the Community NI and WRAP Northern Ireland. The Industrial Strategy for Northern Ireland has the developmnent of a circular economy strategy as one of its aims. A ‘circular economy’ is defined as ‘one where resources are recirculated to attain maximum usage and can contribute to emplyment as resource efficency, productivity, increased GVA and stimulate innovation in areas including new business models, product design and remanufacturing facilities’.
The report states that a circular economy in Ni has the potential to create 13,000 jobs.
At the time of publication, in excess of two million tonnes of NI’s waste was not being recovered, reused, composted or recycled each year. By reshoring this material for reprocessing into new products there is the potential to create value added products and decrease reliance on commodity markets, benefitting the local economy and creating emplyment.
Agri-food waste prevention opportunities could contribute £114m to the NI economy if they enter the circular economy.




8.22 NI Climate Change Adaption Programme 2019-2024
Climate change is a real and unprecedented challenge for NI. The NI Climate Change Adaptation Programme (NICCAP) is required as part of the IK wide Climate Change Act 2008 which places a duty on DAERA to produce a NI NICCAP setting out the objectives, proposals and policies for meeting those objectives specific to NI. 
The NICCAP report categorieses, by urgency the climate change risks and opportunities facing NI in the next five years. The report was produced through a cross departmental climate change adaptation working group and external engagement.
The report identified key priority areas and the visions for the future. The key priority areas are:
· Natural capital;
· Infrastructure services;
· People and build environment;
· Disruption to services and supply chains;
· Food security/Global food production.










SECTION 9 SCIENCE and INNOVATION IN EDUCATION AND TRAINING
9.1 Higher Education
University of Ulster (UU)
The UU offers a number of courses that address innovation. These include:
· Master of Science in Business Development and Innovation; 
· Bachelor of Science in Consumer Management and Innovation;
· Master of Science in Leadership and Innovation in the Public Sector (this course has been developed specifically for senior public servants).
UU operates the Agri Food Research and Innovation Centre. This centre aims to provide cutting edge research and innovation that identifies new technologies, develops and improves products and processes and seeks new market opportunities which benefit agri-food businesses in Northern Ireland.
A BSc Hons course in Food Innovation and Nutrition is available at CAFRE Loughry Campus. This course is subject to revalidation by UU.
UU Department of Management, Leadership and Marketing, Business School offer bespoke training in innovation for businesses. They offer a five day Mini MBA course including a day dealing specifically with innovation.  At undergraduate level there are specific modules contained within degree courses. Innovation is one of four core values that must be included within all business related courses.
Queens University Belfast (QUB)
QUB and UU Business Schools offer similar courses relating to business. Elements of innovation are contained within QUB courses, however the only course listed within the QUB prospectus that mentions innovation is the one year MSc course in Business for Agri-Food and Rural Enterprise – Innovation Management. A Post Graduate Diploma in Business for Agri-food and Rural Enterprise with an option in Innovation Management is also available. Both courses are run jointly with CAFRE.

9.2 Apprenticeships
UU Business School staff work closely with local businesses to identify and deliver their requirements for training in business and innovation. Apprenticeships is an area that is likely to grow in the future. Deloitte offer 20 -30 students an undergraduate degree programme. This funds students to attend UU for one day a week while they are employed by Deloitte.  UU developed the course in conjunction with Deloitte and students are required to continue to work for Deloitte for two years following completion of the four year degree programmme.
UU plans to further develop Apprenticeship Degree Programmes in the future.
9.3 Further Education
No courses dealing with innovation are listed within the prospectuses for Northern Ireland’s Further Education Colleges. 
9.4 Knowledge Transfer Partnerships (KTP)
The KTP Scheme is led by Innovate UK and funded by 15 government organisations including Invest NI. A KTP is a three-way partnership between a business, an academic institution such as a university or college,	and	a	recently qualified graduate known as an Associate, delivering a project lasting about  2 years. The objective of a KTP is to facilitate the transfer of knowledge and the spread of technical and business skills through innovative projects.
The Associate is based within the business and is part of the team. They will develop and implement the project and will meet with their academic/research supervisor on a regular basis to progress the project. During the time that the Associate is working on the KTP, new knowledge and skills will be developed and transferred to existing company staff members, thus embedding the new capabilities company-wide.
Invest NI supports KTP projects that are innovative and imaginative in scope, have commercial potential and provide economic benefit to Northern Ireland.  QUB is the top university in the UK for active KTPs, having managed around 350 projects with almost 420 graduates employed after taking part. Businesses taking part in KTP achieve on average:
· A one off increase in profits of £86,000;
· More than £930,000 increase in profits after completion;
· An investment in plant and machinery of £330,000.

9.5 FUSION
InterTradeIreland’s FUSION Programme can provide support for product development and innovation by helping to fund a high calibre science, engineering or technology graduate and partnering local businesses with a third level institution with specific expertise. The graduate is employed by the business and is based in their company with mentoring from the academic partner and the InterTradeIreland FUSION consultant. Projects can run for 18 months (typically for new product or service development) or 12 months (typically for process improvement) depending on the business needs. Funding is available up to £56,000/€67,900 for 18 month projects and up to £39,000/€47,400 for 12 month projects. On average each company taking part on the FUSION programme benefits from over £1 million worth of sales or efficiency savings in the three years following the project.

9.6 Industry schemes/training 
A number of industry schemes addressing innovation are implemented by the College of Agriculture, Food and Rural Affairs (CAFRE). CAFRE is responsible for the management and delivery of the Farm Family Key Skills (FFKS), Farm Innovation Visits (FIVs), Technology Demonstration farms (ITEDS) and Business Development Groups (BDGs).
Farm Family Key Skills 
The Farm Family Key Skills (FFKS) programme aims to increase the levels of knowledge and skills in agricultural and commercial horticulture businesses with a desire to help NI farmers with their business decision making in the key areas of animal health, business planning, health and safety and ICT.
This knowledge transfer scheme provides short, topic based workshops linked to improving farm practices for farmers, farm family members and workers in the farm business, helping them adapt to the changing needs of the industry.
FFKS is part of the Farm Business Improvement Scheme which is funded under the Rural Development Programme 2014-2020. The programme is part of the Knowledge Transfer Measure and is part funded by the European Union (EU).
Farm Innovation Visits
Farm Innovation Visits (FIVs) is a CAFRE delivered scheme which gives farmers the opportunity to visit farms across the UK or Europe and gain first-hand experience of on-farm innovative approaches. Each trip focuses on innovations within a specific sector which are not currently practiced within Northern Ireland farming industry.
The trips are short and focused. They are led by CAFRE advisers and engage with Europe’s leading farmers with contributions from international experts. 
Everyone who accepts a place on a FIV is expected to attend training before each trip. Within six months of returning from the visit each farmer is expected to share what they have learnt with at least one organised farmer group (for example a Business Development Group).
Technology Demonstration Farms
CAFRE is establishing a network of up to 42 Technology Demonstration Farms through which early adopting farmers will demonstrate the innovative approaches they are utilising, to their farming peers. This scheme aims to increase the rate of technology adoption on farms in NI. CAFRE are at the recruitment stage of identifying farmers across NI who are using the latest technologies and innovations in their sector.
Selection of farmers will be on a competitive basis and successful hosts will be provided with training, technical support, IT and other equipment to support delivery of demonstrations, a support assistant to help with demonstrations and they will receive payment for hosting demonstrations. Those selected will be required to showcase their story and experiences to small groups of visiting farmers.
This scheme is part of the 2014-2020 Rural Development Programme. 
Initially applications will be invited from farmers who can demonstrate technologies within the following themes:
· Dairy;
· Feed Efficiency;
· Slurry Management;
· Lameness Reduction;
· Beef; 
· Grassland Management;
 -      Fertility;
 -      Pigs;
 -      Feed efficiency.

Business Development Groups
Knowledge transfer through Business Development Groups (BDGs) is a scheme which is funded by the EU through the 2014-2020 Rural Development Programme. The scheme uses a group approach to improve the technical efficiency of farm businesses and also offers participants the opportunity to gain a level 3 qualification.
Discussion groups have been used throughout the world, in all agricultural sectors, as a way to improve farm business performance. They provide a forum for peer to peer learning, sharing ideas and an opportunity to keep up-to-date with new technology.
The BDGs scheme was launched in November 2015 and today there are over 150 groups in operation. Each BDG is comprised of around 20 like-minded farmers who meet up to eight times a year to focus on the topics agreed by the group. The group are managed by a dedicated facilitator and activities include on-farm meetings, demonstrations and skills training.
Farmers participating in the scheme benefit from benchmarking their business to identify areas that have the potential to be improved. A Business Development Plan helps identify the actions to be taken to improve the technical efficiency of the business and improve the sustainability of the farm.
As participants work to improve the efficiency of their businesses, they will be awarded credits that will build towards gaining a level 3 qualification.

9.7 Food Technology Innovation
Innovation is taken forward by Food Technology Development staff based at CAFRE’s Loughry campus.
· Food Innovation supports food start-ups and entrepreneurs through the various stages of the Innovation Pathway to give these businesses opportunity to grow and develop into established SME’s. The Innovation Pathway is tailored to the needs of specific food business requirements. 

· The facilities at CAFRE Loughry campus allow product ideas and concept development, investigation and kitchen scale production in the Food Innovation Centre as well as pilot processing and scaling up in the Food Technology Centre.

· Technical support is facilitated through innovation technology projects at early developmental stage, progressing onto Food Enterprise Development, a time bound programme, to provide businesses with the opportunity to market test before significant investment is required. 

· The final stage of the Innovation pathway is the Food Business Incubation Centre which addresses the major barrier to access to food grade premises and the cost of setting up to meet legislative requirements. 

· Food Innovation provides technical support to small and medium sized enterprises (SMEs) and large food businesses through partnering on food business strategic projects. These graduate projects typically last 18 to 24 months and are funded through support programmes such as Knowledge Transfer Partnerships (KTP), Innovate UK and Fusion. As a project partner CAFRE Food Innovation will draw on scientific and technology expertise from within CAFRE and other institutions specific to project requirements.

· Innovation support for research institutions is also provided through partnering on Agri-Food Quest projects to assist industry adoption of research findings through application of our food processing and technology transfer skills.





















SECTION 10 INNOVATION IN AGRI-FOOD
10.1 OECD Food and Agriculture Productivity – Sustainability Framework
OECD produced their Innovation, Productivity and Sustainability in Food and Agriculture document in 2019. This report summarises the use of their Food and Agriculture Productivity-Sustainability Framework (Fig 1) across 15 countries to help them identify and adopt a more enabling policy environment for food and agriculture. This framework identifies innovation, structural change, natural resource use and climate change as the drivers of productivity and sustainability and considers the main channels through which policy incentive areas affect these drivers.

[image: http://www.oecd.org/media/oecdorg/topics/agricultureandfisheries/issues/agricultural-productivity-content-g20-diagram.png]

Fig. 1  The Food and Agriculture Productivity-Sustainability Framework 
The main channels, or incentive areas, are the following. 
• Economic stability and trust in institutions (macro-economic policy, justice, security, property rights), which are essential to attract long-term investment in the economy.
  • Private investment, which in turn requires a transparent and predictable environment that balances the interests of investors and of society. The regulatory environment for businesses, natural resource use, and farm inputs and food products and policies related to trade and investment, finance and credit, and taxation have a direct impact on investment in agricultural and food companies.
 • Physical and human capacity building enables the provision of essential public services and the development of skills needed in food and agriculture. Capacity building is influenced and affected by infrastructure, rural development, labour, and education policies. 
• Agriculture-specific policies, which provide direct incentives and disincentives to innovation, structural change and natural resource use in agriculture. They include market price support measures, input subsidies, direct payments to producers, and various services to producers and the sector. Within policies that provide services, the agricultural innovation system receives special attention. It provides continuous innovation in technologies, practices, and organisation that facilitate the development of a more productive and environmentally sustainable food and agriculture sector. 
Drivers interact with each other: some innovations (e.g. labour saving ones) facilitate structural adjustment, and structural adjustment facilitates the adoption of scale-dependent innovations. Natural resource constraints foster the adoption of innovation (e.g. drought-resistant seeds), which help improve sustainable resource use and adaptation to climate change. 
The role of innovation and structural change in productivity growth is well-established in the theoretical and evidence-based literature. At the firm level, productivity growth has three components:
  - Technological progress reflects early adoption of innovation by best performers; 
  -  Technical efficiency change represents wider diffusion of innovation; and 
  - Economies of scale represent a movement along the efficiency frontier due to a change in firm size. 
Structural change also affects the capacity to adopt scale-dependent innovations. Many if not most agricultural innovations result from formal public and private investments in agricultural research and development (R&D); in turn, many studies find a long-term positive impact of agricultural R&D on productivity growth. Also productivity growth is often used as an indicator of research or innovation impact.
OECD have applied this framework to agricultural policies in Australia, Brazil, Canada, China, Estonia, Japan, Korea, Latvia, the Netherlands, Sweden, Turkey and the US. Part of the framework has been used in reviews of policies in Argentina, Columbia and Switzerland. OECD studies on innovation fed into these reports. Key findings include:
· Research and innovation play a dominant role in driving productivity growth in the short and long term in all countries reviewed. However the reviews reveal that in many countries the existing policy environment continues to impede innovation, adjustment, the sustainable use of resources as well as better adaptation to climate change. The comparison of reviews further suggest that countries could gain from learning from each other’s experiences, both positive and negative.
· Research and innovation play a dominant role in driving productivity growth in the short and long term in all the countries reviewed. Innovation can also improve sustainability if incentives to that effect are in place. Improving the responsiveness of agricultural innovation systems to needs, and the acceptance of innovation by consumers and society, is thus crucial.
· The country review reveals that government priorities for agricultural research and innovation need to be co-ordinated and communicated clearly. They should be part of a longer term strategy for agricultural innovation, which takes into account long term challenges such as climate change and consumer and societal demands. They should also be integrated into wider growth policy strategies. A common finding from the country reviews was the need to better involve stakeholders in the definition of objectives, starting at an early stage of the definition process. For example in Canada, an objective of the Value Chain Round Tables which bring together key industry leaders from across the value chain with federal and provincial government policy makers, is to share information about challenges and opportunities, identify research, policy, regulatory and technical requirements, and to create co-operative long term strategies. 
· Co-ordination between the various public and private research organisations needs to be improved. In Sweden, efforts to strengthen the general innovation system focused on improving governance and linkages, including the grouping of public research institutes into a single holding entity. Financial and institutional mechanisms such as consortia, networks, co-operative research agreements, funding of collaborative R&D partnerships and platforms for discussion and sharing information, help to improve co-ordination and knowledge on the respective activities of diverse actors.
· Comprehensive, coherent and regular evaluation procedures need to be developed. Ideally, these should include independent evaluations and cover a wide range of indicators of efforts and impacts and go beyond research excellence and financial considerations. In Australia and the US, research evaluation procedures are in place that include impact assessment.
· Government funding of research and innovation goes through multiple channels, making access of funds and evaluation of programmes quite complex. Simplified programming of public R&D and innovation funding, and provision of clear information preferably on a single platform, as done in the Netherlands, should improve access. The efficiency of research funding mechanisms should also be reviewed on a regular basis to ensure higher impact. At the same time a challenge is to explore innovative ways to generate new (breaking through) ideas to overcome current constraints, for example through demand driven funding mechanisms.
· It is particularly important to support the development of ICT infrastructure and general purpose technologies, as well as specific knowledge infrastructure such as databases and institutions, which require long term stable funding (as in Brazil). 
· Agri-food industries are important actors in the innovation process. Strengthening the capacity of smaller domestic companies to engage in research and innovation, possibly using incentives targeted to their needs, is important to the performance of the whole sector.
· Research and innovation in food and agriculture increasingly benefit from advances in other sectors and ‘general-purpose research’ such as genetics and digital technologies. It is crucial to promote and enable research co-operation across sectors. The integration of the agricultural system in the general innovation system would ensure better use of public funds, increased efficiency of innovation systems through the pooling of complementary expertise and resources, and higher spill over across sectors. Stronger linkages between agricultural innovation systems actors (researchers, educators, extension services, farmers, industry, NGOs, consumers and other) also contribute to improving the efficiency and relevance of the system.
· The link between research and technical assistance requires strengthening in many countries reviewed. This can be done by adding a technology transfer component to research projects, or by valuing and encouraging networking between researchers, advisors and producers.
· It is important to facilitate the sharing of knowledge in order to strengthen innovation by improving public understanding of the importance of innovation in food and agriculture, in the sector and in society, and building trust in science through increased transparency and education. For example Japan established a platform for open innovation in agriculture that includes all agricultural innovation actors, private companies, universities and research institutions in non-agricultural sectors.
· The potential benefits of innovations are only realised if they are effectively implemented. Farm advisory systems need to be flexible in order to respond to changing demands at the farm level. A role of the government is to encourage a varied supply of relevant advice from diverse public and private suppliers, while ensuring needs are met. In the Netherlands for example, a diversity of private companies, provide a wide range of advisory services since the privatization of the public service. In Estonia, the government provides guidance but delivery is made by independent organisations. A role for the government is also to facilitate the sharing of experiences through networking, and the development of open databases, and to ensure advisors have up-to date knowledge and to facilitate lifelong learning.


10.2 Farm Productivity and Innovation in the Netherlands

OECD paper Estimating the link between farm productivity and innovation in the Netherlands (2017) shed light on the link between innovation and economic performance at individual farm level. The study used a unique set of data from dairy and crop farms maintained by Wageningen Economic Research (2004 – 2014). The dataset allowed a structural multi-stage model to be estimated with a view to ascertaining the effects of investment in innovation on the generation of product, process and organisational or marketing innovations. The model contains four steps:
· The decision of the farmer to innovate at all;
· The innovation intensity, measured by expenditures on innovation activities;
· The output of the innovation process which is measured by realised product, process or organisational marketing related innovation;
· Productivity changes as a result of innovation.

The results point to a number of factors that can enhance innovation at farm level:
· Regulations and standards can create a demand pull for innovation;
· The level of co-operation with knowledge producing institutions improves the likelihood of success;
· Own product and process related development activities, farm size, the age of the farmer as well as confidence in business and sector developments are all farm specific characteristics that impact the size and success of innovations.
The study confirms that larger innovation investment leads to a higher probability of producing at least one successful product, process, organizational or marketing innovation. Innovations related to improving processes, farm organization and marketing result in significant productivity gains.

Several recommendations for a more effective and efficient innovation policy were made on the basis of the findings:
· Supply side – support of knowledge producing institutions, and facilitating co-operation of individual farms with such institutions enhances the quality of innovations and the likelihood of success. Access to finance is of critical importance for investing in innovations.
· Demand side – building up and communication of a ‘demand pull’ based on environmental, safety and health concerns leads to strong incentives to engage innovation at farm level. Effective communication of market opportunities can contribute to a demand driven innovation environment.
· Monitoring – periodic innovation surveys are needed to shed more light on the relationships between policies, innovation and productivity in a dynamic and cross country comparative perspective.
10.3 The US Agricultural Innovation System
This OECD report (2016) provides details of the US agricultural research and innovation system and cites it as a leader in terms of its share of global investment and results. Public efforts focus on public good provision such as research with long term effects, natural resources and policy issues. A Federal State Partnership supports education, research and extension, which are integrated through the unique Land Grant system. Among government agencies the Agricultural Research Service of the US Department of Agriculture (USDA) is the main performer of agriculturally related research.
The office of the USDA Chief Scientist co-ordinates agriculturally related research across the USDA and other Federal Government Agencies, through participation in science and innovation co-ordination bodies. Government also receives advice from national academies. Stakeholders inform and influence priorities through formal mechanisms such as membership to a national advisory board and ad hoc consultations when planning major programme activities.
With the emergence of stronger linkages between agricultural sciences and other fields, especially biological sciences and information technologies, the set of institutions funding and performing research relevant to agriculture has broadened.
Government research programmes are evaluated annually and at the end of five year cycles, providing useful information for the next cycle. Evidence of widespread adoption of some innovation is well documented and analysed.
In addition to advice from input suppliers, public extension services provide a widening range of advice on agriculture, conservation, rural development, health and nutrition through partnerships between Federal, State and local governments. The USDA establishes broad priorities for programmes it co-funds, and state and local partners define priorities for co-operative extension.
The Federal Government offers tax provisions to encourage private firms to engage in R&D, a deduction from taxable income for research expenses, a tax credit for increasing research activities, and an exemption for donations to charitable agricultural research organisations.
Direct support to innovation includes grants to private firms engaged in R&D, public-private R&D collaboration agreements and patenting and licensing by public institutions to foster private innovations. 
OECD have produced reports on agricultural innovation systems for a range of countries. Examples include:
The Australian Agricultural Innovation System
The Latvian Agricultural Innovation System
The Swedish Agricultural Innovation System
The Estonian Agricultural Innovation System
The Canadian Agricultural Innovation System


SECTION 11 SCIENCE and INNOVATION SUPPORT
                      AND FUNDING STREAMS 

The funding landscape changes frequently and there are many and varied funding streams available. Innovate UK Knowledge Transfer Network (KTN) website www.ktn-uk.co.uk provides up to date details of current funding opportunities.
UKRI provide detailed information on their latest funding opportunities on their website www.ukri.org. This site also provides links to the latest Research Council funding opportunities and updates.
11.1 UK Government Funding
The UK Government has set an ambition for the UK to become the most innovative country in the world, committing as part of the Industrial Strategy, to raise investment in R&D to 2.4% of GDP by 2027. As a first step in reaching the target, Government announced an additional investment of £7bn for R&D over 5 years (from 2017-18 to 2021-22) as part of the National Productivity Investment Fund (NPIF). This raises the public investment in R&D from around £9.5bn per annum in 2016-17 to around £12.5bn per annum in 2021-22, the biggest ever increase in public funding of R&D.  
The research and innovation budget is allocated to delivery bodies to provide running costs for cutting edge research facilities to foster international collaboration and support postgraduate training, public engagement, knowledge transfer and other core research activities. Innovation budgets are aimed at supporting businesses to improve productivity and growth by realising the potential of new technologies and helping to develop new commercial ideas.
www.gov.uk/government/publications/autumn-statement-2016-documents/autumn-statement-2016

National Productivity Investment Fund (NPIF)
The NPIF was announced as part of the UK Government Autumn Statement in 2016. It includes £7bn (£4.7bn of NPIF between 2017-18 and 2020-21, plus the additional £2.3bn in 2012-22 announced at Autumn Budget 2017) allocated by HM Treasury to the Department for Business Energy and Industrial Strategy (BEIS) to enhance the UK’s position as a world leader in science and innovation and drive productivity and growth through the Industrial Strategy.
The NPIF is split into themes:
· Industrial Strategy Challenge Fund ISCF (See under UKRI)
· Strategic Priorities Fund SPF (See under UKRI)
Both are administered by UK Research and Innovation (UKRI).
Official Development Assistance (ODA)
The Government has pledged to allocate 0.7% of Gross National Income to ODA via the Global Challenges Research Fund (GCRF) and the Newton Fund.  GCRF was provided with £1.5bn to ensure that UK research takes a leading role in addressing the problems faced by developing countries. The Newton Fund aims to promote economic development and social welfare of partner countries to address the wellbeing of communities. It does this by strengthening partner country science and innovation capacity.
Science Infrastructure Capital
The Government committed to spending £6.9bn on Science Infrastructure Capital between 2015-16 and 2020-21. This spend includes World-Class Lab funding. The spend also includes budget to allocated bodies to spend in line with their own strategic priorities. This enables the development of new UK based Institutes or Centres of Excellence for the UK scientific community such as the Rosalind Franklin Institute (Life Sciences).





World-Class Laboratory Capital 

World-Class Laboratory (WCL) Capital funding of £3bn over years 2016/17–2020/21 is for maintaining and refreshing existing UK scientific infrastructure, to ensure the scientific community’s ability to carry out exceptional science, and to retain the country’s prominence in scientific research and output. WCL funding is allocated to partners to be spent at their discretion, i.e. in line with their own strategic priorities. 

Grand Challenges Capital 

Grand Challenges provides £2.9bn capital over years 2016/17–2020/21 for national projects that align to key Government strategic priorities, including energy, health and well-being, and advanced materials. This funding often results in new UK-based Institutes or infrastructure and provides Centres of Excellence for the UK scientific community. Examples include the UK Collaboratorium for Research in Infrastructure and Cities and the National Centre for Ageing Science and Innovation. 
Details of Government spend on research and innovation are provided in The Allocation of Funding for Research and Innovation BEIS July 2018 

11.2 UK Research and Innovation (UKRI)
UKRI provides detailed information on their latest funding opportunities on their website www.ukri.org. This site also provides links to the latest Research Council funding opportunities and updates.

Launched in 2018, UKRI is the national funding agency investing in science and research across the whole of the UK. UKRI is an Executive Non Departmental Public Body sponsored by BEIS. UKRI works with universities, research organisations, businesses, charities and government to create the best possible environment for research and innovation to flourish.
They have a budget of over £6bn and bring together the seven research councils, Innovate UK and Research England. UKRI are independent and have a strong voice for research and innovation, both to UK government and internationally. It aims to create a unified voice for continued strengthening of the UK research and innovation system. It also aims to better prioritise resources, maximise impact of Innovate UK and nurture and improve research and innovation talent.
UKRI support innovation through a variety of activities:
· Training skilled people and supporting their movement within the economy;
· Developing collaborative research programmes;
· Investing in major research capabilities;
· Supporting businesses to realise the potential of new technologies, develop ideas and make them a commercial success;
· Supporting impact related capabilities such as Innovation and Knowledge Centres and Research and Innovation Campuses.
UKRI are committed to further increase the UK’s investment in research and development to 2.4% of GDP by 2027, and in the future to 3%. 
A series of 10 stakeholder events were held across the UK in May/June 2018 to encourage engagement with UKRI and ask ‘What else could we be doing to make ourselves more accessible to the regions and nations across the UK?’ and promote the Strength in Places Fund.

UKRI Funding Streams
Industrial Strategy Challenge Fund (ISCF)
ISCF is administered by UKRI. It aims to exemplify a new way of working, bringing together the UK’s world leading research base with business to meet the major industrial and societal challenges of our time. It focuses on challenges where:
· the UK has a world leading research base and businesses ready to innovate;
· there is a large or fast growing and sustainable global market.
About £1bn (up until 2020/21) was announced for 6 challenges in April 2017, across Innovate UK and the research councils:
· Healthcare and medicines
· Robotics and artificial intelligence
· Clean and flexible energy
· Driverless vehicles
· Manufacturing and materials of the future
· Satellites and space technology
The Industrial Strategy White Paper announced £725m for a second wave of challenges:
· Prospering from the energy revolution
· Transforming construction
· Transforming food production
· Data and early diagnosis in precision medicine
· Healthy ageing
· Audience of the future
Two Pioneer Challenges to build industry engagement were also announced;
 -  Next generation services
 -  Quantum technologies
Innovate UK and the Research Councils delivered ISCF in 2017/18. From April 2018, UKRI managed and delivered the fund. 

The Transforming Food Production Challenge was to:
Transform food production systems so that by 2030 UK agricultural productivity is market leading and environmental impacts have reduced by 40%, waste across food supply chains is minimised and the UK is a leading exporter of data driven solutions supporting food production.
The Transforming Food Production objectives were to:
· Create disruptive data driven solutions to drive primary agricultural productivity and reduce environmental impacts and establish novel high value production systems (£50m);
· Embed adoption of precision approaches to bridge the productivity gap (Large scale demonstrations) (£20m) ;
· Strengthen connections between researchers and practitioners (feasibility Studies)(£10m);
· Drive growth in UK companies and develop export opportunities (£10m).
UK Research and Innovation planned invest up to £20m within the first round of funding for innovation projects across the UK under the ‘Transforming Food Production’ element of the wider ISCF.
Under Collaborative R&D 1, the first tranche, only projects associated with productive and sustainable crops and ruminant agricultural systems were eligible for funding, with projects to include: 
· combining digital technologies and engineering solutions with biological, environmental and/or social science
· developing technologies and solutions that connect farms and supply chains
· transferring technology from another sector into agriculture, providing this requires innovation.
Funding for projects was available at grant rates of;
· Up to 70% for micro or small businesses;
· Up to 60% for medium sized businesses;
· Up to 50% for large businesses;
· Research organisations 100%
· Public sector organisations 100% of eligible costs.

This competition closed on 24th October 2018. 
122 applications were received
118 met the requirements (1 withdrew)
105 were in scope/assessed
48 were above the quality line
24 projects were funded.
The total project value was £26.9m with £19.3m requested in grant and £7.6m in industry contribution. Projects were to start by 1st April 2019 and end by 31st March 2022.
A further competition tranche opened in 2019.  
ISCF Transforming Food Production Presentation 

Strategic Priorities Fund (SPF)
The Strategic Priorities Fund (SPF) is delivered by UKRI. It aims to drive an increase in high quality multi- and interdisciplinary research and innovation; ensure that UKRI’s investment links up effectively with government research priorities and opportunities; and ensure the system responds to strategic priorities and opportunities.
In October 2018 four research programmes were established with £60m funding to protect the environment and communities from the effects of climate change and support a move to a low carbon economy by:
· Producing better data on climate risks to the UK;
· Building a digital picture of our natural environment for greater monitoring and analysis of the impact of climate change;
· Reducing air pollution and protecting vulnerable groups from its effects;
· Ensuring better use of land, for the benefit of the environment and communities;
· Development of options to adapt to climate risks, and understanding behaviour change.
The programmes are;
· UK Climate Resilience £18.7m
· Clean air: Analysis and Solutions £19.6m
· Constructing a Digital Environment £10.4m
· Landscape Decisions £10.5m
The programmes bring together a wide range of research disciplines, agencies and government departments. Further programmes are to be announced.

UKRI Future Leaders Fellowship Scheme (FLFS)
A £900m investment in the UKRI Future Leaders Fellowship Scheme was announced in June 2018. This will run for 11 years with 6 funding competitions and at least 550 fellows awarded over the next 3 years. The investment provides up to 7 years funding for early-career researchers and innovators, including support for part-time awards and career breaks, providing flexibility to researchers to tackle ambitious and challenging research questions.  
The scheme is open to businesses as well as universities and aims to attract the best researchers and innovators from around the world, ensuring the UK continues to attract the most exceptional talent from wherever they may come.
Over the next five years £50m has been allocated through the National Productivity and Investment Fund for additional PhDs including 100 PhDs to support research into Artificial Intelligence. There will be 6 calls for the Future Leaders Fellowship Scheme with 2 each year over the next 3 years.
www.ukri.org/funding/funding-opportunities/future-leaders-fellowships/



Strength in Places Fund (SIPF)
Led by UKRI, the SIPF was first announced in November 2017 providing £115m to support collaborative programmes based on research and innovation excellence in places right across the UK which can demonstrate a strong impact on local productivity and enhance collaboration between universities, research organisations, businesses, local government and Local Enterprise Partnerships in England and relevant agencies in the devolved nations. This competitive funding scheme takes a place based approach to research and innovation funding to support significant regional growth.
The high level aims of the SIPF are:
· To support innovation led relative regional growth by identifying and supporting areas of R&D strengths that are driving clusters of businesses across a range of sizes that have potential to innovate, or adopt new technologies so that those clusters will become nationally and internationally competitive.

· To enhance local collaborations involving research and innovation, building on the underpinning regional economic impact role of universities, research institutes, Catapults and other R&D facilities; and engaging those businesses at the forefront of delivering economic growth through innovation within the identified economic geography. 
A Science and Innovation Audit (SIA) is not a pre-requisite for the SIPF nor is it a follow on fund. However UKRI see an SIA as part of evidence that consortia might draw upon, dependent on the geography making the bid. UKRI expect and encourage consortia to apply who have not been involved in developing SIAs.
SIPF investment will be focused primarily on the basis of specific ‘economic geographies’ and on distinctive technology supply chain or sector to be driven in that locality. Consortia are expected to self determine the spatial geography that projects will focus on. UKRI expect bidders to support the choice of geography with robust evidence and for this to be reflected in the range and choice of partners involved in the collaboration.
The fund is open to any sector, area of technology, or research discipline where a local business need can be demonstrated. Bids can be led by either a business or a research organisation, but consortia must include both research and business partners. Bids must be aligned to regional economic plans, local industrial strategies, SIAs, city-region agendas and devolution agendas in whatever way is appropriate for the economic geography relating to the bid.
£50k ‘seed corn’ funding will support successful Expressions of Interest consortia in 2018/19 to further develop full stage bids of between £10m and £50m, over 3 – 5 years. UKRI expect 4 – 8 bids at full stage.

11.3 The Foreign and Commonwealth Office
The Foreign and Commonwealth Office (FCO) together with BEIS support innovation and science by funding the Science and Innovation Network (SIN). SIN aims to encourage international collaboration to maintain the excellence of the UK’s research base and competitive advantage, for filling capability gaps and for ensuring value by leveraging international resources.
SIN has about 110 officers in over 40 countries and territories around the world building partnerships and collaborations on science and innovation. SIN Officers work with the local science and innovation community in support of UK policy overseas, leading to mutual benefits to the UK and the host country.
SIN teams develop country-specific action plans and work to the following global objectives:
· Prosperity – enhancing UK growth and exports, connecting innovative UK industries and scientific expertise with international opportunities;
· Security – delivering solutions to global challenges such as anti-microbial resistance (AMR), health, energy, conservation and sustainable use of oceans and enhancing resilience to natural disasters;
· Influence – strengthening the UK’s foreign policy influence through science and innovation;
· Development – supporting international development goals and matching UK expertise to international need.
SIN is pursuing these objectives via a series of thematic programmes:
· Health and life Sciences
· Clean Energy
· Food and Agriculture
· Future Manufacturing
· Cyber and Information Communications Technology
· Quantum Technology
· Future Cities
· Resource and resilience
· Polar Regions
· Space
· Oceans
SIN is based in 4 regions
· Europe (including Russia)
· Asia Pacific
· India, Middle East and Africa
· Americas
QUB has been involved in a SIN project with SIN USA in the area of global food security and phosphorous. As a result of this work there have been five high impact joint papers and £1.2m in joint research proposals. SIN brought together leading phosphorous researchers from the US and UK in a series of meetings and workshops over two years in Washington DC and Phoenix. UK researchers including QUB engaged with US National Science Foundation funded Academic Research Network to explore a wide variety of topics from reducing impact of agricultural run-off on water quality to methods of recycling phosphorous for a more sustainable food supply.




11.4 Horizon Europe
Horizon Europe, with a budget of €97.6 billion, is the biggest ever research and innovation funding programme. 
 It is designed around three pillars:  
· The Open Science pillar supports researchers through fellowships and exchanges as well as funding to projects defined and driven by researchers themselves, through the European Research Council and the Marie-Skłodowska-Curie actions.    
· The Global challenges pillar directly supports research relating to societal challenges, setting EU-wide missions with ambitious goals around issues that worry us daily such as such as the fight against cancer, clean mobility and plastic-free oceans.  Industrial leadership will be prominent within this pillar and throughout the programme as a whole.    
· The Open Innovation pillar aims to make Europe a front runner in market-creating innovation.  A European Innovation Council will offer a one-stop shop for high potential and breakthrough technologies and innovative companies with potential for scaling up. 
 Horizon Europe will have simpler rules, cutting red tape for beneficiaries compared to Horizon 2020.
An important element of Horizon Europe is the new Digital Europe Programme. With €9.2 billion it aims to bring the benefits of the digital transformation to all European citizens and businesses. The programme will boost frontline investments in high-performance computing and data, artificial intelligence, cybersecurity and advanced digital skills. It will promote large-scale deployment of digital technologies across economic sectors and it will support the digital transformation of public services and businesses.
Horizon 2020: Funding if there is a no deal Brexit
Horizon 2020 is an EU Research and Innovation programme which provides about €80 billion of funding available over 7 years (2014 to 2020); the UK has secured €5.1 billion of funding to date (14.3% of the total). Horizon 2020 couples research and innovation, focusing on excellent science, industrial leadership and tackling societal challenges. The UK and EU’s intention is that the eligibility of UK researchers and businesses to participate in Horizon 2020 will remain unchanged for the remaining duration of the programme. This has been agreed as part of the Financial Settlement which was signed-off by both UK and European Commission negotiators in a draft Withdrawal Agreement and welcomed by the other 27 EU countries at March European Council.
After the UK leaves the EU if there’s ‘no deal’

In the event of a ‘no deal’ scenario, the UK’s departure from the EU would mean UK organisations may be unable to access funding for Horizon 2020 projects after exit day. However, the Chancellor announced in August and October 2016 that the government will guarantee funding for competitively bid for EU projects submitted before we leave the EU, including Horizon 2020 projects. This guarantee will cover all successful bids submitted by UK participants before the UK exits the EU, for the full duration of the projects.
The guarantee does not cover funding for organisations from other countries who are in consortia with UK participants – only the funding for UK participants is in scope. We are aware of some cases where UK participants lead a consortium and are responsible for distributing funding to the other participants; the UK government is seeking to discuss how this could best be addressed in a ‘no deal’ scenario with the European Commission. These discussions would also need to include consideration of projects where the UK’s change in status from member state to third country could lead to concerns about ongoing compliance with Horizon 2020 rules (for example, where a consortium no longer meets the threshold for member state and/or associated country participants).
In July 2018, the Chief Secretary laid a written ministerial statement extending this guarantee to provide further stability for UK organisations in a ‘no deal’ scenario. The guarantee now additionally covers funding for successful bids where UK organisations are able to participate as a third country in competitive EU grant programmes. This extension runs from exit day until the end of 2020.
In the event of a ‘no deal’ scenario, the intention is that UK researchers and businesses would be able to apply to and participate in all those Horizon 2020 calls open to third country participants from the date of exit, with funding provided via the extended guarantee. Third country participation is a well-established part of Horizon 2020 - entities from third countries currently participate in and lead consortia in a wide range of collaborative programmes. The government is seeking discussions with the European Commission to agree the details of continued participation as a third country.
The government is also working in partnership with UK Research and Innovation to develop a new International Research and Innovation Strategy. The Strategy will further set out the desire to build on the UK’s long tradition of international collaborations in research and innovation across all fields and openness to international talent.
11.5 Innovate UK (IUK)
Innovate UK is the UK’s Innovation Agency. They aim to drive productivity and economic growth by supporting businesses to develop and realise the potential of new ideas, including those from the UK and world class research bases. Innovate UK has 500 staff across the UK with Head Office in Swindon. Since 2007 Innovate UK has invested over £2.5bn in businesses across the UK, innovation matched by £1.8bn from industry. 
They work with companies to de-risk, enable and support innovation. They connect businesses to the partners, customers and investors that can help them turn ideas into commercially successful products and services and business growth. They fund business and research collaborations to accelerate innovation and drive business investment into R&D.
Over 200 grants are available through Innovate UK. Some are sectoral, others are regionally based.
Innovate UK have a Health and Life Sciences Programme to help businesses to develop and commercialise new products and services that improve health and wellbeing and ensure sustainable and nutritious food. Innovate UK have identified 6 priority areas within Health and Life Sciences, of relevance are:
· Increasing agricultural productivity through advanced plant and animal breeding technologies, precision engineering and enhancing crop and livestock resilience;
· Technologies and processes to enhance food quality and availability of safe, nutritious, affordable food including the development of new protein sources, smart packaging and innovative manufacturing processes that deliver food of known provenance;
· Harnessing bioscience, such as synthetic biology, and bio-data analysis and interpretation, to address opportunities across health, food and energy.
In 2017/18 Innovate UK held workshops and brokerage events to encourage UK businesses to compete for the €1bn available through the Horizon 2020 European programmes in health, demographic change and wellbeing, food security, sustainable agriculture, blue growth and the bioeconomy.
Innovate UK supports four Centres for Agricultural Innovation with up to £18.6m invested in these in 2017/18.
Centres for Agricultural Innovation                
Innovate UK Centres for Agricultural Innovation aim to help tackle problems that no one area of the agri-food sector can tackle on its own. The centres are a unique collaboration between government, academia and industry to drive greater efficiency, resilience and wealth across the agri-food sector. The Agri Tech Centres were funded as part of the Agri Tech Strategy that was launched in 2013 as part of a £150m commitment to UK agriculture by the BEIS.  A £90m investment from Innovate UK is enabling the centres to harness leading UK research and expertise as well as build new infrastructures and innovation.
The centres aim to help the UK
· Turn agricultural innovation into commercial opportunities for UK businesses;
· Encourage inward investment;
· Improve farming practice.
The four centres are AgriMetrics, CIEL, CHAP and AgriEpi.
Knowledge Transfer Partnerships (KTP)
The KTP scheme run by Innovate UK helps businesses in the UK to innovate and grow. It does this by linking them with an academic or research organisation and a graduate. A KTP enables a business to bring in new skills and the latest academic thinking to deliver a specific, strategic innovation project through a knowledge-based partnership. The academic or research organisation partner will help to recruit a suitable graduate, known as an Associate. They will act as the employer of the graduate, who then works at the company for the duration. The scheme can last between 12 and 36 months, depending on the nature of the project and the needs of the business.


Knowledge Transfer Network (KTN)
KTN is one of IUK’s network partners. It also provides innovation networking for other funders in line with its mission to drive UK growth. KTN connects people to accelerate innovation. It links new ideas and opportunities with expertise, markets and finance through their network of businesses, universities, funders and investors. It works across a wide range of sectors including agri-food.
 Jayne Brookman is Head of Agri-Food.
KTN also helps in financing, funding, organising events for knowledge transfer and collaboration and produces strategic reports, road maps, international expert missions and supports special internet groups including the Food Innovation Network. 
Innovate UK Open Grant Funding
IUK’s Open Grant Funding was designed to help businesses develop cutting edge ideas for innovative new products and services that could have an economic impact on the UK economy. This competition was open to the best ideas or concepts with a view to commercialization with projects coming from any area of technology, science or engineering.  
Projects could focus on disruptive or game changing ideas in any sector of the economy. They could be small feasibility studies to longer industrial research or experimental development projects. Priority was given to proposals that are likely to lead to sustainable gains in productivity or access to new overseas markets through export led business growth. 
As of 2019 Smart is the new name for Innovate UK’s ‘Open Grant Funding’ programme.
Innovate UK will invest up to £25 million in the best game-changing, innovative or disruptive ideas with a view to commercialisation.
All proposals must be business focused, rather than pure research. Applications can come from any area of technology (including arts, design, media or creative industries), science or engineering and be applied to any part of the economy.
Whilst they welcome projects that overlap with the grand challenge areas, they are also keen to support projects that are entirely outside these. Working in these areas is not a requirement to be eligible.
This competition was open from 26th April 2019 until 24th July 2019.
Duration between 6 and 18 months: total eligible project costs between £25,000 and £500,000 (single company or collaboration). Duration between 19 and 36 months: total eligible project costs between £25,000 and £2 million (collaboration only).

Agri-tech Catalyst
Innovate UK administer the Agri-tech Catalyst competition. Round 7: Agriculture and Food Systems Innovation competition was open in autumn of 2018. 
The competition is funded by the Department for International Development (DFID) and supports UK businesses and research organisations to undertake projects with partners in some African countries. The aim of the competition is to increase the pace of development and scale of uptake of agricultural and food systems innovation by farmers and food systems actors (manufacturers, processors, retailers, distributors or wholesalers). Project proposals must benefit African country agriculture and food systems. All projects must be collaborative and must include at least one partner from the UK and one from an eligible African country. IUK has allocated up to £3m to fund this round.
Innovation Loans Open Competition
IUK ran a pilot programme of loan competitions. A total of up to £50m was available for business innovation projects (5 pilots of £10m each). The last of 5 scheduled competitions in the pilot closed in November 2018. IUK is working to broaden the range of innovation finance support available to businesses, so they can access funding at all stages of innovation. Innovation loans are for UK SMEs that want to scale up and grow through innovation, developing new or improved products, processes or services. They can be used for late-stage R&D projects which have not yet reached the point of commercialisation.
IUK offered up to £10m in loans to SMEs for innovative late stage projects. The aim of the competition was to provide flexible, low interest loans to help SMEs to undertake game changing innovations with strong commercial potential across any sector or industry that are near to market. SMEs could borrow between £100,000 and £1m to cover up to 100% of eligible project costs.
Innovate UK Knowledge Transfer Network provide details of relevant Agri-food funding calls on their website.
https://www.ktn-uk.co.uk/funding









11.6 InterTrade Ireland Funding
InterTradeIreland has a number of support structures in place for business innovation and growth, including the Challenge Programme, which embeds a proven, reliable and repeatable innovation model into the organisation through in-house coaching and support. 
Rethinking products and services can greatly change a business’s commercial path, but innovation and product development requires specialist skills and technology, from within that company and from external supports – resources that can be limited in small companies. InterTradeIreland’s FUSION Programme can provide ﬁnancial support for specialist graduate expertise and partnering business with a third level institution. An 18 month support package can be worth up to £56,000 / €67,900 typically in the area of new product / service development while a 12 month support package usually in the area of process improvement can be worth up to £39,000/€47,400
 InterTradeIreland also provides specialist support in helping businesses find the correct channel to access Horizon 2020 funding and in ﬁnding collaborative partners across Ireland, North and South.
The InterTradeIreland All-Island Innovation Programme, a series of innovation lectures, masterclasses and annual conferences with international speakers, provides businesses with an overview of the latest developments on innovation practices and theories. There are currently no events scheduled in innovation.
Further information about InterTradeIreland innovation support is available on their leaflet:  Together from ideas to innovation
Co-Innovate Programme
The Co-Innovate Programme is supported by the EU’s INTERREG VA Programme, managed by the Special EU Programmes Body (SEUPB), and was awarded over €14,702,500 European Regional Development Funding in order to support over 1,400 SMEs and micro-businesses in Northern Ireland, the Border Region of Ireland, and Western Scotland. The programme, which is set to target manufacturing and tradable services SMEs with export potential, will provide education and capability support tailored to meet the needs of all participating organisations. It has the primary aim to increase the number of businesses actively participating in cross-border, transnational or interregional research projects and give SMEs and micro-businesses access innovation capability development and help to implement enhanced R&I activity. Priority sectors include, but are not limited to Renewables, Life and Health Sciences and Agri Tech/Food.
The Co-Innovate partnership is led by InterTradeIreland and includes Scottish Enterprise, Highlands & Islands Enterprise, Enterprise Northern Ireland, the Local Enterprise Offices in the border counties of Ireland, and East Border Region Ltd.
























SECTION 12  INTERNATIONAL SCIENCE AND 
                       INNOVATION COLLABORATIONS AND
                      OPPORTUNITIES
12.1 UK Collaborative on Development Research (UKCDR)
UKCDR are a collaborative of government and research funders working in international development. Contributing members include:
· BEIS
· Department for International Development
· Department of Health and Social Care
· UK Research and Innovation 
· Wellcome
· Foreign and Commonwealth Office FCO
· DEFRA
· Government Office for Science
· Devolved government administrations in the UK
The aim of UKCDR is ‘Accelerated development through the power of research and knowledge’.
It exists to ‘amplify the value and impact of research for global development by promoting coherence, collaboration and joint action among UK research funders’.
UKCDR do not fund UK international development research. They strive to build a coherent picture so that funded research addresses the major challenges that confront the world so that any key funding gaps or duplications are brought to light, and that outcomes of research inform decisions on future priorities and strategic direction. They aim to draw on the complementary skills of UK members and wider international stakeholders, by supporting them to work collaboratively and in partnership to increase impact for developing countries.

12.2 UK-US Science and Technology Agreement
The first UK-US Science and Technology Agreement was signed in September 2017 with the aim of further strengthening research collaboration between the UK and the US. The first project under the agreement included £65m UK investment to increase knowledge on the origin and structure of the universe.
12.3 UKRI - India
UKRI India, based at the British High Commission in New Delhi, plays a key role in enhancing the UK-India relationship in research and innovation. Since 2008, when the office was established, the UK together with the government of India and third parties have together invested over £300m in co-funded research and innovation programmes comprising over 200 individual projects, involving over 175 different UK and Indian research institutions and more than 100 industry partners.
Through these collaborative programmes, UKRI enables a strong, strategic and mutually beneficial partnership with India. The joint portfolio with India - one of the world’s fastest growing large economies and a major research power - drives shared prosperity, extends the frontiers of human knowledge and a strong partnership addressing shared global development goals. Collaborative projects cover an array of themes, including, energy, environment, food security, health, next generation IT networks, social sciences, and humanities.

12.4 UKRI – US
With two of the strongest research systems in the world, the UK and the US have long been partners in research and innovation. The US is the first choice partner for many of the UK's best researchers and vice versa.
The USA office works on behalf of all UKRI to identify and facilitate new research collaborations across the breadth of the UK’s research base. UKRI works primarily with US federal funders and endowments to promote dialogue between our communities and create an environment that fosters collaboration.
The UKRI USA team is situated in the British Embassy in Washington DC. UKRI USA works closely with the UK Science and Innovation Network (SIN), including consulate based teams and others such as the UK Department for International Trade (DIT) and the British Council to align activities and present a coordinated picture of UK research resources and expertise.
Research landscape in the USA
The UK and the US have a strong portfolio of investigator-led collaborations which the UKRI USA team seeks to build on by fostering an open, honest and productive dialogue with US research funders and their research communities.
Examples of the types of collaborations include:
· UK Research and Innovation (UKRI) – US National Science Foundation (NSF) Memorandum of Understanding: UKRI and NSF have signed a Memorandum of Understanding (MoU) to facilitate excellent joint research and innovation activities. It allows for a collaborative approach to the design and implementation of peer review with the aim of avoiding ‘double jeopardy’ and ensuring a simplified and flexible process for researchers wishing to apply for UK-US collaborative research funding.
· Workshops: UKRI USA helps to build relationships between UK and US researchers in priority areas where UKRI see strong potential for funder collaboration. For example, drawing in UK and US research funders, the UKRI - US team co-organised and co-sponsored a workshop in social and behavioural epigenetics with the UK Biotechnology and Biological Sciences Research Council (BBSRC) and Economic and Social Science Research Council (ESRC), UK Science and Innovation Network in the US, and the US National Science Foundation (NSF) and National Institutes of Health (NIH).
· International Placement Scheme (IPS): By partnering with US partners, UK early career researchers, doctoral-level research assistants and doctoral students funded by the Arts and Humanities Research Council (AHRC) and ESRC can apply for fellowship placement to access the internationally renowned US Library of Congress, Harry Ransom Center at The University of Texas, Huntington Library, National Endowment for the Humanities, Smithsonian Institution, or Yale Center for British Art.
Why UKRI engages with the USA
The US is a research powerhouse: 40% of the total R&D spend in the world takes place in the US. It employs 70% of the world’s Nobel Prize winners, and is home to 75% of the world’s top 40 universities. Although the UK hosts 0.9% of the world’s population, it is second to only the US in the number of top 40 universities that it boasts. When it comes to research, the UK has enjoyed an active and productive research relationship with the US for many years, and UKRI remains the partner of choice for collaborative activities.
The US is the largest investor (both public and private sector) in research and innovation in the world. It maintains world-leading universities, researchers and facilities through an extensive network of federal funders, state funders, industry, foundations and university endowments. Federal investment in research usually enjoys broad cross-party political support and allows us to work with key federal partners such as the National Science Foundation (NSF).
12.5 UKRI - China
UKRI’s office in the British Embassy in Beijing facilitates the development of UK-China joint research and innovation programmes. It provides on-the-ground insight and experience working in China’s rapidly-changing research and innovation landscape, and boosts the visibility of UK excellence in science and innovation in a highly competitive market through coordinated outreach and stakeholder engagement.
Since the UK Research Councils established a dedicated China office in 2007, over a third of UK research and innovation investment in China has been brokered through UKRI-China. This constitutes a total of £270 million in Research Council and Innovate UK funding across 60 joint programmes. In the same period, an additional £150 million in UK research council funding has been awarded to independently coordinated bottom-up, curiosity-driven research and innovation activities with China.
Research Landscape in China
The world’s second-largest economy since 2010, China is projected to spend $658 billion on R&D in 2018, and is predicted to overtake the US as the world’s largest R&D investment nation by 2022. The country is home to 25% of the world’s R&D workforce, and in the past 15 years, the number of foreign-run R&D centres in China has increased from 200 to over 1,500.
In 2018, Elsevier reported that China had overtaken the US as the world’s largest producer of scientific research papers by volume, and that the country’s citation index was leading in certain disciplines including materials science, chemistry and engineering.
The proportion of international collaborative publications directly funded by China has also increased: from 31.6% during the 11th Five-Year Plan period (2006-2010) to 65.2% during the 12th Five-Year Plan period (2011-2015). In 2015 alone, China quadrupled its international collaboration research output to 71,000 projects (18.6% of the world total in the same year), 4.4 times more than in 2006.
UKRI has established strong working relationships will all national research funders in China. This breadth enables a comprehensive approach to engagement, strategically matching partners and activities to achieve maximum impact.

Chinese Academy of Agricultural Sciences (CAAS)
CAAS is a national, integrative agricultural scientific research organisation under the Ministry of Agriculture.  It has responsibility for carrying out both basic and applied research, as well as research into new technologies impacting agriculture. CAAS is made up of 42 research institutes, and has strong collaborations with the UK including the Joint UK-China Centre for the Sustainable Intensification of Agriculture with Rothamsted Research. 

12.6 UKRI – Japan Society for Promotion of Science (JSPS)
UKRI and the JSPS invited applications to the first UKRI-JSPS Joint Call in 2018.
This initiative aimed to provide funding for high-quality collaborative research projects between UK and Japanese researchers which contribute to advancing impacts for the benefit of both countries. UKRI and JSPS were keen to support collaboration between leading researchers and teams in areas of mutual strength and shared-interest.
Proposals that addressed the following topics were invited:
· Life Sciences
· Environmental Sciences
UKRI allocated £5m and JSPS allocated 300,000,000 JPY (approximately £2m) to this activity with around 10 research projects funded.
The UKRI component of this call was funded through the Fund for International Collaboration and the JSPS component of this call was to receive financial support from within the framework of its International Joint Research Programme.







12.7 UKRI international funding opportunities
Global Challenges Research Fund
The Global Challenges Research Fund (GCRF) is a five year £1.5bn fund to support cutting-edge research that addresses the challenges faced by developing countries through: 
· challenge-led disciplinary and interdisciplinary research;
· strengthening capacity for research and innovation within both the UK and developing countries;
· providing an agile response to emergencies where there is an urgent research need.
First and foremost the GCRF is aimed at addressing global sustainable development challenges, and is intended to transform the lives of the world’s poorest.
The GCRF is an initiative led by the BEIS which operates across a number of Delivery Partners, including the UK Research Councils, UK Higher Education Funding bodies, the Academy of Medical Sciences, Royal Society, British Academy, the Royal Academy of Engineering and UK Space Agency.  The Delivery Partners recently launched the UK Strategy for the Global Challenges Research Fund (PDF, 336KB). 
The GCRF aims to harness the strength of the UK research and innovation base as part of the global effort to address complex development challenges. The UK believes that international collaboration is the way to meet the great challenges the world faces, bringing benefits both to the UK and partner countries. As similar challenges can affect multiple countries, the GCRF does not have an explicit priority list of countries. Instead, GCRF funding supports universities, industry and research organisations to do disciplinary and interdisciplinary challenge-led research. It may support bilateral and multilateral programmes with partners in other countries, but these will complement rather than duplicate activities most appropriately supported under other partnerships.
Other UK Research Council International Funding Opportunities
UKRI run a number of schemes to support activities that foster international collaboration through initiating or further developing long term relationships between researchers in the UK and another country. These include establishing partnership links between research institutions, building on existing links between research groups and extending networks, and encouraging researchers from overseas to undertake research in the UK as well as UK researchers to spend time abroad.
There are a number of opportunities depending on the type of collaboration being undertaken:
· Stage 1 - First links: funds to cover the travel and subsistence for short term visits usually from the UK to another country.
Developing links with partners overseas can be challenging, and personal contacts are essential in order to ensure clear understanding of the research interests and capacity of potential partners. Such links can also be useful to give insight to the research challenges and cultural background of researchers in the two partner countries. Short term visits may build the trust needed to start joint activities such as sharing data and facilities and encouraging further exchange of staff.
Stage 1 schemes allow for funds to cover the travel and subsistence for short term visits usually from the UK to another country.
Schemes offered by the UKRI Councils include:
	AHRC, ESRC
	International Placement Scheme
	USA, Japan

	EPSRC
	Bilateral Research Workshops (N + N meetings)
	Worldwide

	EPSRC
	Overseas Travel Grants
	Worldwide

	BBSRC
	BBSRC International Travel Award Scheme (ITAS)
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Courses and Workshops
	Worldwide

	STFC
	STFC studentships on grants
	Worldwide

	STFC
	STFC Visiting Researchers
	Worldwide


Where appropriate, NERC's Research Programmes issue Announcements of Opportunity in partnership with overseas funding agencies, providing further opportunities for collaborative working. A list of current NERC funding opportunities is available.
· Stage 2 - A broader relationship: Where there is already a more established relationship, researchers may wish to apply for funds to extend this relationship in the country of choice; by longer visits, repeated visits over a period of time or additional activities such as workshops or building of broader networks. This allows further development of plans for larger scale or longer term funding applications, access to facilities in each country and gaining a greater understanding of the broader research environment including visits to other laboratories and institutions.
Schemes offered by the UKRI Councils include:
	AHRC
	Research Networking Scheme
	Worldwide

	AHRC
	AHRC-IRCHSS Research Networks
	Ireland

	EPSRC
	Bilateral Research Workshops (N + N meetings)
	Worldwide

	EPSRC
	Overseas Travel Grants
	Worldwide

	EPSRC
	Visiting researchers
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Courses and Workshops
	Worldwide

	BBSRC
	BBSRC International Workshops
	Worldwide

	BBSRC
	BBSRC United States Partnering Awards
	USA

	BBSRC
	BBSRC China Partnering Awards
	China

	BBSRC
	BBSRC India Partnering Awards
	India

	BBSRC
	BBSRC Japan Partnering Awards
	Japan



· Stage 3 - Pilot studies: Where relationships are more mature it may be the case that researchers need financial support to carry out pilot research. This can facilitate the generation of data to underpin development of a more substantial research activity. This pilot research may also be valuable in terms of highlighting the strategic value of this collaboration to funding organisations in each country. In some cases there will be support from partner countries for small scale joint research activities. This type of research may also be supported by a variety of responsive mode approaches including lead partner agreements. Researchers are encouraged to approach individual Councils for more details.
Schemes offered by the UKRI Councils include:
	EPSRC
	Responsive Mode Research Grants
	Worldwide

	BBSRC, MRC
	Human Frontiers Science Program (HFSP) Short Term Fellowships
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Short Term Fellowships
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Young Investigators
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Installation grants
	Croatia, the Czech Republic, Estonia, Hungary, Portugal, Poland and Turkey.

	EPSRC
	New Investigator Award
	Worldwide

	MRC
	MRC Collaboration Grant, Fellowship and Research Grants
	Worldwide


· Stage 4 - Sustainable interactions: Mechanisms for supporting transnational research vary according to, for example, the priority of the research for one or both partners and/or the maturity of the relationship between partner country organisations. Where research is inherently international the funding for international collaboration is embedded in the activities of programmes, often within the UK contribution to specific multilateral organisations.
Schemes offered by the UKRI Councils include:
	AHRC
	International Co-Investigator
	Worldwide

	AHRC, BBSRC, ESRC, EPSRC, NERC
	AHRC Collaborative Funding Opportunity with NSF’s Directorate for Social, Behavioural and Economic Sciences
ESRC Collaborative Funding Opportunity with NSF’s Directorate for Social, Behavioural and Economic Sciences
BBSRC Collaborative Funding Opportunity with NSF’s Directorate for Biological Sciences 
EPSRC Collaborative Funding Opportunity with NSF’s Directorate of Engineering (ENG)
NERC Collaborative Funding Opportunity with NSF’s Directorate for Geosciences and Division of environmental biology
	USA 

	BBSRC
	Responsive Mode Research Grants
	Worldwide

	BBSRC
	BBSRC David Phillips Fellowship
	Worldwide

	BBSRC, MRC
	Human Frontiers Science Program Long Term Fellowships
	Worldwide

	BBSRC, MRC
	Human Frontiers Science Program Cross-Disciplinary Fellowships
	Worldwide

	BBSRC, MRC
	Human Frontier Science Program Grants
	Worldwide

	BBSRC, MRC
	Human Frontier Science Program Young Investigators Grants
	Worldwide

	BBSRC, MRC
	European Molecular Biology Organization (EMBO) Long Term Fellowships
	Worldwide

	EPSRC
	Responsive Mode Research Grants
	Worldwide

	EPSRC
	New Investigator Award
	Worldwide

	ESRC
	Inclusion of International Co-Investigators on ESRC Proposals
	Worldwide

	ESRC
	ESRC-DFID Joint Scheme for Research on International Development (Poverty Alleviation)
	Worldwide

	EPSRC
	Platform Grants
	Worldwide

	MRC
	Inclusion of overseas co-applicants and collaborators on MRC Grants
	Worldwide


A number of schemes in these sections are also relevant to Early Career Researchers.
Newton Fund
The Newton Fund is part of the UK’s official development assistance. Its aim is to develop science and innovation partnerships that promote the economic development and social welfare of partner countries. It is administered by BEIS.
The Newton Fund was launched in 2014 and originally consisted of £75m each year for 5 years. In the 2015 UK Spending Review it was agreed to extend and expand the fund. The Newton Fund was extended from 2019 to 2021 and will expand to £150m per year by 2021, resulting in a £735m UK investment to 2021, with partner countries providing matched resources within the fund.
It is expected that the UK funding will lead to extra funding from:
· partner countries;
· private foundations;
· multi-lateral organisations;
· corporate partners.
The fund covers three broad categories of activity:
· People: improving science and innovation expertise (known as ‘capacity building’), student and researcher fellowships, mobility schemes and joint centres;
· Research: research collaborations on development topics;
· Translation: innovation partnerships and challenge funds to develop innovative solutions on development topics.
The countries UKRI work with include Brazil, Chile, Columbia, Egypt, India, South Africa and Thailand. 
Fund for International Collaboration (FIC) 
The UK government, as part of its Industrial Strategy White Paper, announced a new Fund for International Collaboration (FIC) in June 2018. This fund aims to enhance the UK’s excellence in research and innovation through global engagement and focuses on bilateral and multilateral partnerships with “leading nations with a reputation for excellence". It is administered by UKRI and is worth £110m.
The first FIC call for collaboration with Japan opened in June 2018. This UKRI - JSPS call was in the area of life sciences and environmental sciences and its UK budget is £5m. 
UKRI anticipated a few more FIC announcements during 2018 and although the other priority countries have not been confirmed, Australia, Canada, China, Ireland, Israel, South Korea, Sweden and USA (several calls) are thought to be likely contenders. 
FIC complements the different funding opportunities, such as Newton and GCRF, that the UK has set up in the past few years to address some of the challenges faced by developing countries. An overview of international calls currently open, is available at 'Gateway to international opportunities'.

12.8 UK - EU
Collaboration on science and innovation – A future partnership paper
In preparing to leave the EU, one of the UK’s core objectives is to ‘seek agreement to continue to collaborate with European partners on major science, research, and technology initiatives’. This paper outlines the UK’s objectives for science and innovation agreement with the EU. The UK aims to establish an ambitious agreement on science and innovation that ensures the valuable research links between the UK and the EU continue to grow.
Horizon 2020 is the largest framework programme for research and innovation, with nearly €80bn of funding available between 2014 and 2020. Non EU countries currently participate in H2020 either with associated country status or with automatic third country status. Currently associated countries have the same level of access to H2020 but associated countries do not have a formal vote over the work programme. Terms of association (including financial contributions) vary and are determined by international agreements with the EU.
The UK’s top research collaboration partners in the EU are Germany, France, Italy, the Netherlands and Spain.  

The UK Research Office (UKRO)
The UKRO is the European office of the UK Research Councils. It delivers a subscription-based advisory service for research organisations and provides National Contact Point services on behalf of the UK Government. UKRO's mission is to maximise UK engagement in EU-funded research, innovation and higher education activities. It does this by:
· Enabling Research Councils and subscribers to participate confidently in EU programmes and fully exploit the opportunities available to them;
· Supporting UK input into European research, innovation and higher education policy development by informing, advising and liaising with the appropriate bodies both in the UK and the EU;
· Delivering a set of unique, specialised services that are tailored to meet the evolving needs of Research Councils and subscribers.
The Office operates on a membership basis, receiving subscriptions from universities and other research organisations in the UK, as well from some non-UK organisations.
QUB and UU subscribe to UKRO.
UKRO factsheets on the implications of leaving the EU on science funding and H2020 are available via the following links:
https://www.ukro.ac.uk/Documents/factsheet_brexit.pdf?pubdate=20180843
https://www.ukro.ac.uk/authoring/public/Documents/uk_participation_h2020.pdf

12.9 International collaboration
UKRI aims to make it simpler for UK researchers to collaborate with their preferred research partners around the world, by supporting and enabling activities and reducing barriers.
A potential barrier to international collaboration is ‘double jeopardy’, the risk that a proposed joint project will be approved in one country but not in another. UKRI works with funding partners overseas to overcome this issue and has developed a range of funding mechanisms to fit a variety of interactions which build partnerships from first contact to large collaborative programmes. Examples of funding mechanisms include:
· UKRI-FAPESP Memorandum of Understanding   (Brazil)
· UKRI-FNR Statement of Intent    (Luxembourg)
· UKRI-NSF Memorandum of Understanding    (USA)
The UKRI Councils also support international collaboration through their grant funding, including:
· Support for travel and subsistence to allow UK researchers to travel overseas to undertake relevant work at a partner’s institution or laboratory, fieldwork, and to support networking activities specific to the grant;
· Helping promote Pathways to Impact - international collaboration can make an important contribution to the generation of impact;
· Basing equipment overseas so long as ownership is retained by the UK research organisation. This may be used for items of equipment that are to be used at international facilities;
· Funding can be requested for researchers from overseas who are of acknowledged standing, to visit and work in the Principal Investigator's institution.

12.10 Enterprise Europe Network (EEN)
EEN is made up of about 600 organisations across more than 50 countries. It provides a comprehensive store of business information and potential partners and can help businesses increase their competitiveness, become more innovative and collaborate at international level. 
In Northern Ireland the EEN is hosted by InvestNI.
Through EEN they provide advice, information and collaboration in the following areas:
· Information about European legislation, and doing business with other European countries;
· Collaboration offers and requests from their live database, technology transfer projects, commercial opportunities, licensing deals, and partners searches for EU funded R&D;
· Accessing European R&D funding, such as Horizon 2020.




SECTION 13 INNOVATION HUBS AND CATAPULTS
13.1 What is an Innovation Hub?
Innovation hubs are social communities or work space or research centres that provide subject-matter expertise on technology trends, knowledge and strategic innovation management, and industry-specific insights. These hubs enable active knowledge transfer between researchers and business experts, on the one hand, and industry, government and representatives of academia, on the other hand.  Decision makers can use hubs to meet and brainstorm with scientists and business experts and discuss their complex business challenges.
13.2 Centres for Agricultural Innovation                
Innovate UK supports four Centres for Agricultural Innovation to help tackle problems that no one area of the agri-food sector can tackle on its own. The centres are a unique collaboration between government, academia and industry to drive greater efficiency, resilience and wealth across the agri-food sector. The Agri Tech Centres were funded as part of the Agricultural Technology Strategy that was launched in 2013 as part of a £150m commitment to UK agriculture by the BEIS.  A £90m investment from Innovate UK enables the centres to harness leading UK research and expertise as well as build new infrastructures and innovation.
The centres aim to help the UK
· Turn agricultural innovation into commercial opportunities for UK businesses;
· Encourage inward investment;
· Improve farming practice.
The four centres are Agrimetrics, CIEL, CHAP and AgriEpi.




13.3 Agrimetrics
Created in 2016 Agrimetrics provides, connects and analyses complex data to drive greater productivity for agri-food businesses and deliver food sustainably. They aim to help solve the global challenges of economically, ethically and environmentally sustainable food production through the use of data, analytics and artificial intelligence. Agrimetrics collects data and connects it by using pioneering digital technologies that enable individual pieces of data to be linked to each other, across sources in a flexible and adaptable way. 
Agrimetrics is now the UK’s leading independent authority on agri-food data, with an ability to connect to, and combine any source of data. This capability to structure and combine fragmented and limitless amounts of data enables businesses and individuals to derive value for their own purposes, but collectively deliver greater productivity, security and transparency across the food supply chain.
Agrimetrics has four founding partners Rothamsted Research, University of Reading, National Institute of Agricultural Botany (NIAB) and Scottish Rural College (SRUC). The partners provide Agrimetrics with access to world leading expertise and capabilities in data science, smart analytics, bioinformatics, translational research and knowledge exchange in soils, crops, livestock, food and sustainability.

Dr David Flanders is the CEO and Board Director and Prof Richard Tiffin is the Chief Scientific Officer and Prof of Applied Economics at the University of Reading. Richard was previously Director of the Centre for Food Security. Agrimetrics is based at Lawes Open Innovation Hub, Rothamstead Research.

Agrimetrics brings together disparate data sets from a range of sources including publicly funded on-farm information as well as general weather, water and soil data. The ambition is to create a resource and capability that provides agri-food businesses with UK and global data spanning the environment, energy, food and farming.

Field Explorer
Field Explorer is a new Agrimetrics product line coming from the Agrimetrics Data Platform. It allows access to data on weather, cropping and soil for one or all 1.45m fields in the UK (England and Wales only at present!!). It offers the food and farming industry access to critical field level parameters in one place. This field information can be used to enrich existing data and model against other factors such as water, weather, soil, habitats – all within field boundaries. This may be used to apply to a farm or a water catchment or within a county for example.

Pricing and purchase options
Access to field data on 1,250 fields costs about £500. This includes weather, soil temperatures, natural habitats, altitude, cropping and growing degree days. Pricing is based on access to data per field and options for purchase include subscription, pay-as-you-go and discounts for volume purchasing.

Agrimetrics combine data from various open and licensed sources, for example;
              Historical Weather UK – UK Met Office
Soil Chemistry and Biological Parameters – Natural England
Water Catchment (England) – Environment Agency
Crops (England) – Natural England
Many of the data sets currently available do not apply to NI or Scotland.

Examples of use of Agrimetrics
· Data Combine: benchmark your yield against the Recommended List
Data Combine is a benchmarking app that uses data from the Recommended Lists to compare performance under field conditions. Farmers can also use this app to compare averaged data from fields with the same profile as theirs.
· Modelling drives greater potato profits
Potato growers and suppliers are able to use Agrimetrics apps to predict tuber size at harvest by connecting data captured on varieties, solar radiation and canopy development. NIAB have collected the data over many years, to build a reliable prediction of potato yields and tuber sizes. Agrimetrics have used this data algorithm to create the NIAF-CUF Potato Yield Model app. Growers could then estimate yield ahead of harvest by digging up a plant, and counting the number and size distribution of tubers.
Supported by Agrimetrics and NIAB, Asda’s growers are now using Smart phones to upload photos of their crops throughout the season. Intelligent software uses these images to assess the crop’s potential in relation to data from local weather stations and historical data. A yield report then helps them to make decisions earlier in the season that will reduce the risk of gluts or shortages, at farm and retail level.
The project also aims to deliver a package of technical training that will enable growers to make changes to agronomic practice. Known as the Potato Crop Management Service it has been used successfully by growers and agronomists in the UK, Europe and USA. 
· Natural Capital Explorer
By working with Natural England and other Defra group agencies Agrimetrics has created a tool that displays different environmental data sources graphically to make it easier for advisers and non specialists to understand and compare. This is particularly valuable given the move by government to reward farmers for delivering greater public and environmental benefits in the future. 
 



13.4 AgriEPI Centre
The Agricultural Engineering Precision Innovation Centre (AgriEPI Centre) focuses on the delivery of research, development, demonstration and training on precision agriculture and engineering for the livestock, arable, horticulture and aquaculture sectors.
By 2025, it is anticipated that the agricultural technology sector will be worth more than £136bn globally. This includes over £129bn in the Autonomous Farm Equipment market and over £7bn in the Precision Farming market. AgriEPI Centre intends to drive that growth from the UK, supporting innovative ideas which will help farmers and business owners become more profitable and sustainable.
AgriEPI Centre aims to join organisations in all sections of the supply chain and become a world-leading centre for excellence in engineering and precision agriculture for the livestock, arable, aquaculture and horticulture sectors. 
The Centre has three main objectives:
· To operate a wide range of industry-led activities in applied research and development, demonstration, training and education.
· Be a key player in ensuring that the UK grows its status as a world leader in precision agriculture and engineering.
· Ensure that the knowledge generated is translated and transferred to relevant audiences.
Driving growth and supporting innovative ideas to help farmers and business owners become more profitable and sustainable, their work focuses on:
· Offering one-stop access to leading academic institutions;
· Developing new facilities for research and development,   demonstration and training;
· Initiating ‘Think Tanks’ to coordinate R&D agenda;
· Partnering researchers, industry & funding;
· Developing business incubation facilities at a range of scales;
· Providing data for identification of issues/opportunities;
· Designing, testing & demonstrating new technologies in real farm/processing    situations.
Areas of current focus include:
· Robotics and autonomous systems eg robotic milking or automated vehicles;
· Satellites or unmanned aerial vehicles (UAVs or drones) to remotely monitor crops;
· New instrumentation to monitor both operations and infield performance of cropping and grassland systems;
· Sensing and imaging technologies to monitor crop and livestock production in areas such as product quality and health;
· The ‘Internet of Things’ using networks of sensors connected via the internet to help farmers remotely manage their farms.
AgriEPI provide a range of services that include:
· Project management;
· Access to research expertise, facilities and equipment;
· Assisting with trials;
· Development of technology through our satellite farms network;
· Precision agriculture knowledge exchange events;
· Agri-tech start up office space at our Newport Hub;
· Comprehensive database of commercial farm data;
· Technology development and dissemination;
· Access to a network of over 100 Agri-food companies;
· Bridge between commercial farms, agri-business and academia.

The core partners in the AgriEPI Centre are the SRUC, Harper Adams University, Cranfield University, Hasbro Ltd., AgSpace Agriculture Ltd. And Kingshay Farming. Over 100 other companies are supporting the centre, including large supermarkets, food producers, farmers, processors and engineering technology businesses including AHDB, BASF, John Deere, McCains, Muller, Tesco and Volac.

AgriEPI does not provide funding. They give advice about raising private finance, help to identify the best grant funding sources, or provide potential partners on bid applications. They are open to new collaborations with commercial organisations and researchers from across the agri-food industry, as well as tech providers with any technology that could potentially be applied to benefit the sector. To become involved with an existing project you have to become a member of AgriEPI. Occasionally they promote open project calls in which they invite wider industry to get in touch and work with them.

Agri-EPI has four Innovation Hubs at Cranfield, Edinburgh, Newport and in 2018 Harper Adams. It also has a network of 33 satellite farms spanning the UK (none in NI) and covering all major commodities. The farms are set up as test beds for research and development to aid the improvement of productivity and efficiency within the sector. The network measures the variances within each farming sector using cutting edge precision agricultural equipment and sensors. The data from the satellite farms is centrally stored in a cloud based Agri-EPI database which can then be used for R&D purposes.
There are 3 additional facilities:
· South West Dairy Development Centre in Somerset
· A second robotic milking unit at Harper Adams, Shropshire
· Young stock facilities at SRUC, Dumfries
The Harper Adams University Hub in Shropshire was established for the development, testing and sharing of technologies to boost productivity in farming and the food supply chain. Agri-EPI Centre has developed the £4.4m research and development facility in close partnership with Harper Adams University. 
Based on the university’s campus the hub will bring together researchers, technology and engineering companies and food businesses, from farmers right through to retailers. Experts will explore how robotics, lasers, sensors and satellite technology may benefit farmers, such as robots which can pick soft fruit or lasers which can target individual weeds in a field without pesticides or damage to the crop. Such technologies are being researched by Harper Adams and others in conjunction with industry partners, to be tested further through the Agri-EPI Centre network. 


Projects
· Precision Soil Mapping
This research relates to the development of novel approaches for precision farming and food security. This large scale collaborative project aims to integrate satellite data with the UK’s most comprehensive soil data sets from Cranfield University and JHL to produce a precision soil map for GB. The resultant map would present an economically viable alternative to the current labour intensive methodology of soil surveying and represents a very exciting opportunity for arable and vegetable farming to embrace precision agriculture. This will allow growers to increase yields with lower input costs and reduced environmental impact. AgriEPI is responsible for the marketing and dissemination of outcomes of the project.

· TailTech
This project runs from April 2018 to April 2021 and aims to develop an early warning for tail biting in pigs, a significant health and welfare challenge in pig production. It is funded by Innovate UK.
CONTACT
Agri-EPI CEO Dave Ross, 
enquiries@agri-epicentre.com
Tel: 01312 397 100

13.5 Centre for Innovation Excellence in Livestock (CIEL)
CIEL is a membership organisation bringing together leading UK based academic institutions and industry partners who provide strategic direction, projects for development and commercialisation of the research. It works to create new livestock technology and products to boost the profitability and productivity of livestock farming. It is the largest alliance of livestock researchers in Europe. It will assist with the co-ordination of research bids and help build the best industry-academic consortium from a group of technical expertise and resources. CIEL also provides targeted support to ensure projects align with ISCF Grand Challenges and funding criteria and actively develop ISCF bids supporting innovation in ruminant systems.
CIEL works with twelve of the UK’s leading livestock research institutions and a growing network of industry partners spanning the food supply chain. To date, this partnership, together with Innovate UK, has invested close to £70m in facilities and equipment to improve the UK’s capacity for livestock related research.
The funding from Innovate UK covers core start-up costs. Wider costs are met through funding obtained through competitively won collaboration and research development grants and industrial partner membership fees. CIEL is not a funding agency and does not offer grants or direct financial support.
  
The facilities co-funded through the research institutes and CIEL, with the support of Innovate UK, enable collaborative R&D across a wide range of challenge areas for livestock production.
CIEL works with the following research institutes:
AFBI, Rothamsted Research, Harper Adams University, Aberystwyth University, Scotland’s Rural College (SRUC), University of Nottingham, Duchy College (Cornwall), University of Leeds, University of Bristol, Newcastle University, Roslin Institute (Edinburgh) and QUB.
CIEL is currently focusing on 5 grand challenges:
1. Antimicrobial resistance and gut health
2. Food borne pathogens
3. Endemic diseases
4. Resource efficiency
5. Food quality and integrity
CIEL plan to disseminate results of their projects through the Agriculture and Horticulture Development Board (AHDB), NFU, academic networks and directly through agricultural shows and press across the UK.
AFBI Hillsborough is a CIEL centre. John Henning (chair of AgriSearch) and Ursula Lavery (Technical and R&D Director Europe at Moy Park) are on the CIEL board.
AFBI Hillsborough have used CIEL funding to:
· Develop a high precision beef production research platform;
· Develop a bespoke sheep nutrition and metabolism unit including six metabolism chambers;
· Purchase a small animal metabolism unit with six open-circuit respiration calorimeter livestock chambers;
· Increase the capacity for the study of feed efficiency and productivity combined with detailed studies of metabolism in finishing pigs;
·  
CIEL are providing funding for the new Centre for Plasma in Agrifood (AgriPlas) and an ASSET Lab to facilitate increasingly rapid and powerful identification of feed and food contamination.
CONTACT
CEO Lyndsay Chapman
enquiries@cielivestock.co.uk
Tel: 01904 567 716

13.6 Centre for Crop Health and Protection (CHAP)
The aim of CHAP is to increase crop production for future generations through the uptake of new technologies. They bring together leading scientists, farmers, advisors, innovators and businesses to understand industry challenges driving research and innovation, develop and trial solutions that transform crop systems. They work with pioneers to translate and promote solutions for market adoption and improved crop production.
CHAP partners with experts in AHDB, ADAS, Bayer, British Association of Soil Science, CABI, Cranfield, Fera, Frontier Agriculture, Newcastle University, Rothamsted, STC and Tesco. 
CHAP arranges regular seminars and workshops to identify common priorities faced by different parts of the agri-food sector. These cover topics such as robotic crop surveillance with automatic DNA sequencing of pests and pathogens for better control and reduced use of pesticide, robotic harvesting systems, widespread rainfall capture and storage, integration of Big Data platforms to aid management decisions. CHAP will challenge their academic partners and others to propose research projects which will provide answers to questions posed by industry.

CHAP have developed some of the most advanced diagnostic technologies which helps them to identify the major yield cutting threats within current farming systems. They are developing precision farming technologies to enable farmers and growers to make the most of their crops at minimum cost. 
CHAP is overseen by a Board. It partners with AHDB, ADAS, Bayer, British Association of Soil Science, CABI, Cranfield, Fera, Frontier Agriculture, Newcastle University, Rothamsted, STC and Tesco. 
CHAP is based at the National Agri-Food Innovation Campus, Sand Hutton, York.
CONTACT
CEO Fraser Black
enquiries@chap-solutions.co.uk
Tel:01904 462 062

13.7 Eastern AgriTech
The Eastern AgriTech innovation Hub is managed by NIAB and located in the Cambridgeshire Fens. This centre has a particular focus on fresh produce and field vegetables. They welcome farmers and growers, food businesses, and other users wishing to engage in applied research work.  
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The Hub is equipped to run as a field/test station, where NIAB can work with local and national businesses to carry out commercial scale pilot studies. The aim is to increase productivity and reduce crop wastage along the value chain; especially before produce reaches the processor and retailer.
With easy access to East Anglia's farming activity, the Hub aims to improve the research capabilities of the region's agri-businesses, by allowing access to suitable infrastructure, technical expertise and skills, including training and knowledge transfer opportunities. The new facility was built in 2014/15 and funded by £600,000 of growth initiative funding from the Greater Cambridge Greater Peterborough Enterprise Partnership (GCGP LEP), through the Eastern Agri-Tech Growth Initiative.
The Hub research and trial activity includes:
· Waste reduction — healthy soils, crop production, field and post harvest storage;
· Waste management — packing, processing and alternative uses and markets;
· Increase value or application potential for new products from waste streams;
· Identifying opportunities to recycle waste or generate energy and co-products;
· Target total and marketable field losses, due to weather, pests and diseases or other damage;
· Reduce loss of quality or specification in store due to crop physiology, disease or storage conditions.
The Hub is also set up for technology transfer events and provides a centre for training and apprenticeships. Links are being forged with schools and colleges to support learning throughout the region and to develop the skills required for a thriving agri-industry.
Managed by NIAB and overseen by an independent non-executive Board, AgriTech Innovation Hub includes project management, business development, research and technical personnel with specific knowledge related to crop science, waste management and field trials.
13.8 EIT Food
As a Knowledge and Innovation Community (KIC) of the European Institute of Innovation and Technology (EIT), EIT Food connects partners from leading businesses, universities, research centres and institutes across 13 countries in Europe and from the entire food value chain. EIT was established in 2017. 
EIT Food is a pan-European partnership, with a consumer-centred approach, to empower innovators, entrepreneurs and students to develop world-class solutions to societal challenges, accelerate innovation, create jobs and increase Europe’s competitiveness.
The partnership’s aim is to develop a highly skilled food sector, which collaborates with consumers to provide products, services and new technologies, which deliver a healthier lifestyle for all European citizens.
As one of the largest food-related initiatives worldwide, EIT Food wants Europe to lead a global revolution in food innovation and production. EIT Food's ambition is to redesign the way we produce, deliver, consume and recycle our food and to create a future-proof and effective food sector which supports a sustainable and circular bio-economy.
EIT Food has six strategic objectives:
1. Overcome low consumer trust - EIT Food supports European citizens in the transition towards a smart food system that is inclusive and reassuring.
2. Create consumer valued food for healthier nutrition - EIT Food enables individuals to make informed and affordable personal nutrition choices.
3. Build a consumer-centric connected food system - EIT Food develops a digital food supply network with consumers and industry as equal partners.
4. Enhance sustainability through resource stewardship - EIT Food develops solutions to transform the traditional ‘produce-use-dispose’ model into a circular bio-economy.
5. Educate to engage, innovate and advance - EIT Food provides ‘food system’ skills for more than 10,000 students, entrepreneurs and professionals through advanced training programmes.
6. Catalyse food entrepreneurship and innovation - EIT Food fosters innovation at all stages of business creation.
EIT Food aims to ‘boost the skills and entrepreneurial spirit in the sector and unlock the potential of small and medium sized enterprises (SMEs) who will accelerate innovation, create jobs, benefit businesses and increase Europe’s competitiveness’. 
Over the first 7 years, the partners will invest close to €1200m matched with up to €400m financed by the EIT. In addition, it is expected to attract significant funding from other sources of private and public sector investment, multiplying the investments made by the EIT.
EIT Food is headquartered in Leuven in Belgium and has five co-location centres (CLC) across Europe including CLC North West based at Reading and covering the UK, Ireland and Iceland.
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EIT Food has many partners across Europe. Partners in the UK and Ireland are:
· ABP
· QUB Institute for Global food Security (Stephane Durand is the named contact person)
· University of Cambridge
· University of Reading
· PepsiCo
· Waitrose.

13.9 Norwich Research Park
Norwich Research Park is a world renowned centre of agri-tech research and innovation with an annual research expenditure of over £230m. It brings together 3,000 scientists within a 1km radius, facilitating collaboration and communication and access to research equipment across all partners. The centre facilitates researchers and clinicians in a range of leading research institutions, including the John Innes Centre, Quadram Institute, Earlham Institute, Sainsbury Laboratory, University of East Anglia and Norfolk and Norwich University Hospital. They have particular strengths in plant and microbial sciences, genetics and genomics, climate and geo-sciences and food, health and human nutrition.
The Park is home to three of the BBSRC’s eight strategically funded National Institutes of Bioscience  between them receiving over £50m p.a. in research funding from the BBSRC.
There are also over 70 research based business companies on site. 
[image: See the source image]


13.10 Innovation New Anglia 
Based at Norwich Research Park, Innovation New Anglia is a three-year business and innovation support programme looking to help those with good ideas turn them into successful start-ups; those with existing businesses position themselves for growth; and those businesses looking to innovate to do so in collaboration with our world-class regional research base.
The programme is focused on key emerging sectors, including biotechnology. Biotech lead Aaron Hunter is based at Norwich Research Park four days a week. Innovation New Anglia deliver their support through workshops in commercial thinking and the lean start-up methodology, business insight seminars, and direct one-to-one support for businesses and aspiring entrepreneurs.
New Anglia Growth Hub - Meet Morgan
New Anglia Growth Hub offers free support for growing businesses. They can help businesses access a range of business support services from hundreds of sources. The hub’s service is free and impartial and can help access grants, finance, start-up support, international trade support and other specialist advice from single point of contact.
Meet Morgan sessions with Dr Morgan Potter, Business Growth Adviser (Innovation), New Anglia Growth Hub takes place at Centrum, Norwich Research Park on the last Friday of every month. 
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13.11 Centre for Environment, Fisheries and Aquacultures (Cefas)
Cefas is a world leader in marine science and technology. They are the UK’s most diverse centre for applied marine and freshwater science and research based at Lowestoft in England.  
The Centre for Sustainable Aquaculture Futures is a joint venture between CEFAS and the University of Exeter. It brings together world leading scientists to address interdisciplinary challenges on sustainable growth facing the aquaculture industry in the UK and internationally.
[image: https://www.cefas.co.uk/media/53056/cefas_infographic_image-low-res-for-web.jpg]





13.12 SRUC Rural Policy Centre
Innovation Hub
The SRUC Rural Policy Centre Innovation Hub focuses on identifying enterprise and business opportunities, protecting IP and developing a business training programme that will bring to SRUC industry leaders, enterprise formation organisations and IPO representatives. 
The "Orchard" sits within the Innovation Hub and is an innovation and collaboration space where ideas born from industry requirements, new business ideas and products, or new inventions emanating from research, can be nurtured and turned from projects into business propositions. 
Teresa Shutter is the Head of Innovation, a new group within SRUC. She has been in post since October 2018. SRUC is a disperse organisation divided into 3 strands – education, consultancy and research. The new strategy in SRUC is to unite the organisation with research at the core. Research is needed to inform the consultants and provide the latest information within education.
As part of this there is an ambitious drive to train people across the SRUC organisation in innovation, including staff, students and alumni. SRUC want to become choice trainers for agriculture and rural enterprise in Scotland and further afield. 
Future training workshops will be on enterprise building and Intellectual Property. The Innovation Hub will also look at precision agriculture including digital technology.
· A website with learning resources is to be available after Easter 2019. It will be interactive with the facility to answer questions and will list seminars and training. External organisations will be able to access the website for a fee. 
· The Innovation Hub facility aims to nurture new companies and build enterprises.   It is open to all agri-food and rural businesses including new and existing SMEs. Some Government funding will be provided to support new enterprises including ‘Funding Angels’. H2020 funding will not be used. 
· As it is still in its early stages SRUC are exploring what is happening with other Innovation Hubs in England. The model for funding the Innovation Hub has not been established as yet but it is likely it will be funded at least partially from industry.
· The Rural Innovation Support Service (RISS) provides support for land managers in Scotland to innovate by getting groups of people together to look at the challenges they face and work up possible solutions. RISS funds facilitators to work with groups. SRUC works with RISS to provide training. 

Connect 4 Impact C4I
C4I - Scotland’s Innovation Hub for Knowledge Exchange, Connection and Impact
The aim of the SRUC Knowledge Exchange (KE) Hub is to mobilise knowledge and deliver impact, translating evidence, expertise and experience into continuous innovation and uplift in the rural economy. 
The SRUC KE Hub provides a clear strategic focus for SRUC’s knowledge exchange activities, and position SRUC as the go-to source for evidence, skills, training and innovative solutions. The hub aims to optimise networks and knowledge flows and drive impact which lifts the rural economy. 
The C4I Hub links SRUC’s academic and consultancy activity, champions internal collaborative working and aligns strategy with stakeholder needs. Using the embedded expertise and technical skills in SRUC, the hub aims to develop novel KE initiatives and funding sources and prepare SRUC for assessment under future Knowledge Exchange Frameworks. The hub also leads strategic engagement and collaboration with external sources of expertise so that optimal solutions can be developed for stakeholders. 




New Business Development Hub
The main purpose of the New Business Development hub is to act as a focus for SRUC services and new business development, along with helping to develop a coordinated approach to business development activity across SRUC, driving growth, maximising local connections and leveraging talent to develop commercial opportunities.
 SRUC’s programme of work examines both the demand for innovation and the process of innovation itself. There is a particular focus on identifying the barriers to adoption of innovations across the agricultural sector and exploring how they might be overcome.
Through its support to SRUC, the Scottish Funding Council (SFC) is supporting a variety of activities as part of the programme of work on innovation. This includes:
· Further workshops focusing on nitrogen use efficiency and water use;
· A joint PhD with AgResearch New Zealand on dairy reproductive planning; 
· Understanding the impact of future technologies on agriculture and society; 
·  Social network analysis to understand regional change within respect to   innovators and other sectors of the farming population. 
 
13.13 Scotland’s Innovation Centres
The Scottish Funding Council funds eight Innovation Centres. The Innovation Centres programme was launched in 2012 with Scottish Enterprise and Highlands and Islands Enterprise to support transformational collaboration between universities and businesses.
The Centres aim to enhance innovation and entrepreneurship across Scotland’s key economic sectors, create jobs and grow the economy.
Innovation Centres have backing from industry and draw on all of Scotland’s research expertise in the relevant sector to work on problems and opportunities identified by industry. They will add value through secondments, industrial studentships, spaces for collaborative work and shared access to equipment. 
Innovation Centres also support skills and training to develop the next generation of researchers and knowledge exchange practitioners through masters and post-doctoral level provision.  
Over five years 2012 – 2018, £120m was committed to the Innovation Centres. Each Innovation Centre was expected to level further investment from industry and other sources of public funding. Additional funding for capital equipment and postgraduate places was also made available subject to demand. 








The Innovation Centres that have been established to date are:
· Digital Health & Care Institute
· Stratified Medicine Scotland
· Centre for Sensor and Imaging Systems (CENSIS)
· Industrial Biotechnology (IBioIC)
· Scottish Aquaculture Innovation Centre (SAIC)
The core function of the SAIC is to release the potential for growth through effective collaboration between the industry and the Scottish research community. This will include, coordinated problem solving via Priority Innovation Actions to address the major constraints to growth and development, support for new businesses and ensuring effective knowledge exchange. The resulting growth in production will bring with it investment in Scottish jobs, infrastructure and research, while underpinning food safety and security and an improved diet for the Scottish population.
[image: Scottish Aquaculture Innovation Centre (SAIC) logo]        Website: http://scottishaquaculture.com/
· The Oil and Gas Innovation Centre (OGIC) 
· Construction Scotland Innovation Centre (CSiC)
· The Data Lab





13.14 UK CATAPULTS
Catapults are a network of centres designed to transform the UK’s capability for innovation in specific areas and help drive economic growth. Catapult Centres have been created for the following areas:
· Cell and Gene Therapy
· Compound Semiconductor Applications
· Digital
· Energy Systems
· Future Cities
· High Value Manufacturing (a network of another seven centres)
· Medicines Discovery
· Offshore Renewable Energy
· Satellite Applications
· Transport Systems
The aim of Catapult Centres is to bridge the gap between ambitious businesses and the expertise of the UK’s research communities. Catapult Centres are a series of physical centres across Britain where UK businesses, scientists and engineers can work together on late stage research and development- transforming high potential ideas into new products and services to generate economic growth.
The Catapult network was established by Innovate UK. Each Catapult Centre supports innovation in business by providing access to expert technical capabilities, equipment and other resources required to take innovative ideas from concept to reality.
Establishing and maintaining a network of centres with world-leading technical capabilities requires a sustained investment – from both public and private sector. Centres also need to create a critical mass of activity surrounding them which will anchor the activities of globally mobile companies in the UK.
The centres gain their funds from a mix of competitively earned commercial funding and core Innovate UK investment. The funding model will vary through the life of the technology and innovation centre, and can be expressed in simplified terms as following the one-third, one-third, one-third model. Under this model, centres are required (when fully established) to generate their funding broadly equally from three sources:
· business-funded R&D contracts, won competitively;
· collaborative applied R&D projects, funded jointly by the public and private sectors, also won competitively;
· core public funding for long-term investment in infrastructure, expertise and skills development.
13.15 NEFERTITI
Project Networking European Farms to Enhance Cross Fertilisation and Innovation Uptake Through demonstration (NEFERTITI) is a unique 7M€ Network (selected under Horizon 2020, Societal Challenge 2, RUR 12-2017 call) comprising 32 partners and coordinated by ACTA, the head of Network of the French Agricultural Technical Institutes.
Under the project NEFERTITI 10 interactive thematic networks will be established bringing together 45 regional clusters (hubs) of demo-farmers and actors involved (advisors, NGOs, industry, education, researchers and policy makers) in 17 countries. The project NEFERTITI focuses on creating added value from the exchange of knowledge, actors, farmers and technical content between networks in order to boost innovation uptake and to improve peer to peer learning and network connectivity between farming actors across Europe. In the end, it all contributes to a more competitive, sustainable and climate-smart agriculture.
The project NEFERTITI addresses 10 themes that have been chosen based on key concerns of the farming communities. Together they cover a balanced range of topics in the three main agricultural sectors: animal production, arable farming and horticultural production.
A monitoring and learning program supports the systematic extraction of lessons learnt, lessons to be shared with wide audiences including AKIS (Agriculture Knowledge and Innovation Systems) actors and public authorities. A web based platform unlocks the experience, actors, demo details and the related content for widespread sharing, enhanced by the dedicated production of relevant material (including high-quality videos) in each partner’s language. NEFERTITI will engage a policy dialogue with EU Regions to meet farmers and policy makers’ interests in view of the networks’ sustainability.
Project objectives 
The overall objective of NEFERTITI is to establish an EU-wide highly connected network of well-specified demonstration and pilot farms designed to enhance knowledge exchanges, cross fertilisation among actors and efficient innovation uptake in the farming sector through peer-to-peer demonstration of techniques to be organised by themes. The main project objectives are:
At the support level:
· Developing dynamic action plans by identifying the needs of demonstration actors and networks’ in terms of knowledge and know-how for thematic network activities;
· Supporting cycle of demo-activities and peer-to-peer learning in the regional hubs of demo activities and related actors that will be established. O2 is aimed at learning by doing on how to improve uptake of knowledge among farmers and improve science-practice interactions;
· Establishing a web-based platform including knowledge tanks related to demo-activities incorporating ready-to-use knowledge from other national, EU and EIP related projects, organised by themes and sectors.
At the coordination level
· Establishing and sustaining interactive thematic networks at regional, national and EU levels by sectors and themes (and with the EIP related projects/landscape) to boost knowledge exchanges and cross fertilisation;
· Fostering the learning process of all actors involved in demo-activities throughout the networks to identify best practices for demonstrations and interactivity between demonstrations on similar themes over Europe;
· Improving the policy dialogue and networking the regional European Structural Investment Fund (ESIF) managing authorities to ensure the network sustainability;
· Promoting effective use of demo and network activities by communicating and disseminating the practical oriented outcomes adapted at local level.
The project will be made up of 9 Working Packages (WP). These are shown in Fig 2.
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Countries involved include: France, Croatia, Poland, Serbia, Spain, Switzerland, Hungary, Italy, Netherlands, Finland, Belgium, Germany and Portugal. The James Hutton Institute and Innovation in Agriculture (IoA) in the UK are involved as are Teagasc in RoI.
NEFERTITI is overseen by an International Advisory Board comprised of external experts including scientists, policy makers and industry representatives. The board provides advice, quality assures and shapes the implementation agenda of NEFERTITI.
NEFERTITI focuses on:
Animal production:
· Grassland and carbon sequestration;
· Data driven decisions for dairy farmers;
· Robust organic livestock systems.
Arable crops:
· Optimal soil quality in arable crops;
· Crop sensing and variable rate application;
· Increasing productivity and quality in organic arable cropping.
Horticulture:
· Improved nutrient use efficiency in horticulture;
· Water use efficiency in horticulture;
· Pesticide use reduction in the production of grapes, fruit and vegetables.



14. DIGITAL INNOVATION HUBS 
14.1 Digital Single Market
At a European level the focus has been on the creation of Digital Innovation Hubs (DIH).
In 2016 the European Commission published ‘Digitising European Industry – Reaping the full benefits of a Digital Single Market’. With this strategy based on the collective effort of public and private stakeholders across Europe at regional, national and EU level the Commission aims to ensure that any industry in Europe can fully benefit from digital innovations, upgrade its products, improve processes and adapt its business modes to digital change. 
As part of this strategy the European Commission presented a set of measures to support and link up national initiatives for the digitisation of industry and related services across all sectors and to boost investment through strategic partnerships and networks. 
Many parts of the EU took up digital technologies quickly. Some traditional sectors including agri-food and SMEs were found to lag behind in terms of digital transformation. The EU strove to encourage a more comprehensive approach to digitisation to avoid fragmented markets and to reap the benefits of digital evolutions. One of the mechanisms the Commission introduced to improve digitisation was to:
· Invest €500m (funded under H2020) in a pan-EU network of DIHs (Centres of Excellence in Technology) where businesses can obtain advice and test digital innovations. 
The Commission also aimed to mobilise over €50 billion of public and private investments.

14.2 What are DIHs?
The Roundtable Working Group on Digitising European Industry in their Digital Innovation Hubs: Mainstreaming digital innovation across all sectors (June 2017) described a DIH as follows:
‘A DIH is a support facility that helps companies to become more competitive by improving their business/production processes as well as products and services by means of digital technology. 
DIHs act as a one stop shop, serving companies within their local region and beyond to digitise their business. They help customers address their challenges in a business focused way and with a common service model, offering services that would not be readily accessible elsewhere. 
The services available through a DIH enable any business to access the latest knowledge, expertise and technology for testing and experimenting with digital innovations relevant to its products, processes or business models. DIHs also provide connections with investors, facilitate access to finance for digital transformations and help connect users and suppliers of digital innovations across the value chain…. 
Apart from a focus on technologies, a DIH may focus as well on certain sectors, for instance on agriculture, textiles, construction etc. Proximity between DIHs and companies is an important factor and the first point of contact for companies will often be DIHs in the same region.
 As an innovation ecosystem that provides access to the services, facilities and expertise of a wide range of partners, DIHs ensure that:
· Different customer segments get the services they need; 
· They co-operate effectively with each other; 
· The supporting competence centres create solutions that are easy to scale’.

The Working Group also developed a guide for operation of DIHs in Europe, offering ‘a recipe’ for any national or regional authority or innovation intermediary wishing to establish a DIH or expand an existing initiative. This process is based around: 
1) Identifying regional needs, characteristics and specialisms and defining the model that best fits regional circumstances. 
 2) Developing a vision for digital transformation within the region and the role the Digital Innovation Hub will play, together with a viable business model.  
3) Looking at what is already available in the region as a basis for a Digital Innovation Hub.
 4) Defining the services the hub should offer.
 5) Building links with other DIHs in order to access additional facilities, fill missing competences, and collaboratively develop new services and tools. 
6) Engaging with companies and delivering services ‘on the ground’, using either dedicated funding or by bringing together existing initiatives or projects. 
If followed and iterated over a period of time, this process should allow any region to establish in the long term a sustainable Digital Innovation Hub ecosystem.
What is different about DIHs? Initiatives with certain of these features are already evident in many parts of Europe and across various sectors.  
· Universities and research and technology centres (generally referred to as ‘competence centres’ (CCs) or ‘centres of competence’ (CoCs)) are already providing their expertise and access to advanced facilities to industry.  
· Private companies (large and small) have useful products and services for the digitisation of processes, products and services.  
· Incubators and accelerators help start-up companies to grow and scale.  
· Cluster organisations, industry associations representing individual companies are also playing an important role with respect to innovation of a sector. Investors are providing access to finance already.  
· Local authorities are aware about the importance of innovation and are developing their smart specialisation plans.  
What is new and different about DIHs is that they aim to bring all these actors together in a region and develop a coherent and coordinated set of services that are needed to help those companies (especially small companies or enterprises from low tech sectors) that have difficulties with their digitisation through a one-stop-shop. The holistic view of digitisation as a company-wide transformation process enables companies not just to identify technical solutions but to finance and nurture the innovations to a level that they may actually be implemented within the business and contribute to improved competitiveness.
14.3 Digital Innovation Hubs Catalogue
In 2017 a consortium led by TNO (The Netherlands Organisation, an independent research organisation based in the Netherlands) was tasked with developing a catalogue of the existing Digital Innovation Hubs (DIH) in the EU with the aim of providing:
· Comprehensive information to any SME or industry to find infrastructure and expertise  and contact potential partners;
· A platform for DIHs to advertise their expertise to potential customers and showcase their activities;
· Policymakers with information about the state of play of EU DIHs;
· Identification of networks in the field of digitisation.
The project had two objectives:
· A database covering all DIHs within the EU28 including comprehensive information on each hub, that could be used to build a portal to foster the use of hubs, their development and networking.
· Recommendation to maintain and further extend the database. Keep it up to date!  
To be included on the database DIHs had to meet three minimum conditions:
· Initiated under a regional, national or European policy initiative to digitise industry;
· Receive government funding;
· Must provide technology services, business development and ecosystem development to clients.

A total of 531 DIHs were identified in the EU28 including some initiatives from outside the EU28. The study showed that as of 2017 many DIHs were in preparation and the digitisation landscape remains dynamic. Some 60% of DIHs were formed between 2014 and 2017. Other findings include:
· DIHs have a broad technology focus;
· Education, transport and manufacturing of machinery and equipment are the most addressed markets;
· DIHs offer a wide range of services including scouting, brokerage and networking. Education and skills development and collaborative research are offered to customers by 70% of DIHs.
· DIHs are funded with a mix of sources – 40% of DIHs are funded from national specific innovation funding instruments, partner resources and Horizon 2020   
· SME are the main target customer;
· Type of funding source seems not to impact on the type of customers DIHs target.
DIHs exist in all Member States however there is considerable variation in the numbers of DIHs they have in preparation, candidate and in operation.  In preparation means a consortium exists but has not been fomalised, candidate means formalised but not yet served customers and in operation means the DIH has a history of service offered to customers. 
Germany has the most DIHs with 79, Netherlands 67, France 60 and Spain 56. The UK is listed as having 22 and Ireland 10.  Other countries have low numbers for example Albania 3, Bulgaria 2, Portugal 2. There are none listed in Northern Ireland.
The report provides details of the Country Observations with regard to establishment of DIHs. Information including websites of DIHs is available via the link below.
14.4 Digital Innovation Hubs (DIH) in agri-food
In June 2017, the Directorate General for Agriculture and Rural Development (DG AGRI) organised a seminar on the place of DIHs in agriculture. Some 150 delegates from 24 EU member states met in Kilkenny to share experiences, discuss needs and underline priority actions for developing new regional platforms for innovation in agriculture. 
The seminar was held under the auspices of the European Innovation Partnership on agriculture (EIP Agri). The EIP Agri was set up in 2012 in view of streamlining European innovation activities in agriculture and maximizing synergies between EU funding streams such as Horizon 2020 or CAP Rural Development Programmes. Broken down in 25 thematic groups (e.g. on ICT-enabled farming, dairy production or protein crops), the EIP Agri is one of the leading platforms for exploring how to put competitiveness and productivity in agriculture in line with sustainability.
The European Commission recognised that agriculture was lagging behind other sectors with digitisation and responded by unlocking €500m from the Horizon 2020 budget to expand agricultural DIHs coverage in Europe. 
Participants in the EIP-AGRI Seminar on Digital Innovation Hubs for agriculture underlined the following priority actions:
· Identify already existing initiatives as basis for developing DIHs in regional contexts.
· Mainstream social and environmental concerns within the DIH ecosystem.
· Reflect on the impact of ICT-enabled farming on jobs, services, privacy and security.
· Bring together start-ups, incubators and accelerators around dedicated activities.
· Encourage agri-businesses to reflect seriously upon the risks and opportunities arising from digitalisation in agriculture.
· Bolster cooperation between DIHs across Europe.
· Link regional/national DIHs in a wide European Network in order to share facilities, bridge missing skills, boost knowledge transfer, and draft joint tools and services.
The event was attended by three representatives from the UK (University of Surrey, Innovation for Agriculture and SRUC). 
DIHs are meant to foster ‘many to many’ connections between competence centres, the farming sector and IT suppliers, technology experts and investors and to facilitate EU wide markets. The need to involve Advisory Services was seen as key when building a DIH for the agriculture sector. With co-operation between end-users and researchers/developers in order to help matching technology developments with the farming community’s needs. Brokers can also play a major role in facilitating the uptake of digital technologies by farmers and thus contribute to promote a two way flow of knowledge. 
EIP AGRI Digital Innovation Hubs Seminar Final Report 2017
14.5 SmartAgriHub Project
This is an EU H2020 funded project that started in November 2018 and will run until the end of October 2022. Costing close to €22.5m it is led by Wageningen Research.
SmartAgriHubs is dedicated to accelerate the digital transformation of the European agri-food sector. It will consolidate, activate and extend the current ecosystem by building a network of DIHs that will boost the uptake of digital solutions by the farming sector. This will be achieved by integrating technology and business support in a local one-stop-shop approach involving all regions and all relevant players in Europe. 
The heart of the project is formed by 28 flagship innovation experiments demonstrating digital innovations in agriculture, facilitated by DIHs from 9 Regional Clusters including all European member states. Concurrently, SmartAgriHubs will improve the maturity of innovation services of DIHs so that digital innovations will be replicated across Europe and widely adopted by European farmers.
 A lean multi-actor approach focusing on user acceptability, stakeholder engagement and sustainable business models will boost technology and market readiness levels and bring user adoption to the next level. 
The SmartAgriHubs consortium includes a vast network of start-ups, SMEs, business and service providers, technology experts and end-users. It has a strong focus on communication, training and stakeholder engagement. SmartAgriHubs aspires to create an interconnected ecosystem where stakeholders work together in the different phases of innovation from early research to application on farms. An Innovation Portal will provide easily accessible information and a catalogue for farmers is also foreseen, mapping the existing digital technology to exchange best practices among the network.
The project has been joined by the UK based Innovation for Agriculture (IFA). (IFA is a consortium of English Agricultural Societies. It aims to help farmers put innovation into practice to improve profitability).  Also the Waterford Institute of Technology (WIT) will be one of nine regional clusters which will act as a one-stop-shop for up to two million farmers across the EU and the agri-food industry to access agri tech research and supports. WIT will be the co-ordinator for the UK and Ireland regional cluster. WIT has developed smart agri expertise through its Telecommunications Software & Systems Group (TSSG) research centre and will be the central point of contact for farmers, advisors, ag tech and agri-food companies who want to avail of technology solutions from across Europe to farming and business problems. Teagasc will play a central role in SmartAgriHubs. Teagasc, working with WIT, will lead two flagship innovation experiments in the project that demonstrate how technology can be used effectively in farming.
Connecting the dots to unleash the innovation potential for digital transformation of the European agri-food sector.
14.6 Waterford Institute of Technology (WIT) - TSSG Smart Agri Hub                                              
Waterford Institute of Technology, through its Telecommunications Software and Systems Group (TSSG) is the Regional Cluster Lead for the UK and Ireland Smart Agri Hub. 
The WIT Smart Agri Hub (SAH) project is still in its early stages with a manager appointed in January 2019 to develop the hub. A SAH website is to be launched in March 2019.
The 16 Digital Innovation Hubs (DIHs) across England, Scotland and Ireland are located where there is a critical mass of researchers and academics for example Higher Education Institutes and Teagasc Research bases. These bases may or may not be linked to agriculture for example WIT has two Competency Centres, TSSG (dealing with agri although they are technology experts) and Rikon. Rikon is a hybrid centre of innovation in Business Technology Management. The 16 DIHs have 277 partners. Currently there are no DIHs in Northern Ireland or Wales. 
14.7 DIH initiatives in Europe
The rise of DIH networks is seen by the Commission as a great opportunity to help EU companies to take up the opportunities afforded by digital technology, especially for SMEs and industries such as agriculture which are behind in terms of intensive use of digital technologies. Examples of DIH like initiatives ongoing include:


Digital Innovation Hub for Galician agrifood sector
A digital innovation hub for Galician agri-food sector, aiming at establishing a dynamic profitable open and responsive collaboration to achieve greater competitiveness for agri-food sector. It is actually a private-public initiative for the capitalisation of already existing knowledge in research and innovation centres in Galicia. Among its objectives are to expand business opportunities and export potential for technological providers, by facilitating networking between different types of stakeholders, such us academic institutes, research companies and farmers in order to generate solutions and improvements demanded by the agrifood sector. 
 Netherlands Field Labs
Within its national Smart Industry strategy, Field Labs are practical environments in which companies and knowledge institutions develop, test and implement effective Smart Industry solutions. It aims to facilitate entrepreneurship by providing the necessary resources, such as training materials, workshops, coaching sessions etc. An important aspect is the effort towards linking research with education and policy, therefore providing a framework for the implementation of research outcomes and their commercial exploitation. Field Labs already encompass several initiatives in the digital agriculture domain, including smart farming, dairy, floriculture, fruits. 
The National Centre of Irrigation Technologies for Spanish irrigation sector 
This is the technological instrument of the Directorate-General for Rural Development to address the challenges associated with irrigation planning and integrated water resource management. It promotes and carries out activities of international cooperation for the development in matter of water and irrigation, acts as a centre for applied research, development, experimentation, standardisation and innovation in cutting-edge technologies for irrigation. In addition, it acts as a body responsible for training, monitoring and transfer of technology and dissemination of knowledge, as national and international point of reference.  
FLNISH
This is the Future Internet accelerator for food, perishable and logistics based on FIWARE technologies, an innovative, cloud-based infrastructure. Besides mentoring, consulting and networking, it has funded over 30 innovative projects that provide new ways of facilitating seamless business-to-business collaboration in complex supply chains and networks. It is a domain-specific accelerator that makes use of the FIspace tools and infrastructure. 
FIspace
 A business-to-business (B2B) collaboration platform inspired in professional social networks such as LinkedIn or Facebook. It facilitates access to peers for co-developing useful apps, exchange of data, negotiations related to contracts and other activities related to business collaboration. Examples in the agri-food sector already exist for exchanging valuable data between agriculture practitioners, from farm to fork. Activities take place via the FIspace platform: an extensible SaaS cloud offering that can be extended by adding functionality through apps, defining collaborative processes and integrating data sources of users. 
Agricultural Engineering Precision Innovation Centre (Agri-EPI Centre) 
This centre was established by the UK government to help provide engineering and precision agriculture solutions for the agri-food industry. By bringing together leading organisations in all sections of the supply chain it aims to become a world-leading centre for excellence in engineering and precision agriculture to benefit the livestock, arable, aquaculture and horticulture sectors. It delivers research, development, demonstration and training. The Agri-EPI Centre is driving growth and supporting innovative ideas to help farmers and business owners become more profitable and sustainable. Further details are provided later in this document.
Gaiasense
Gaiasense aspires to be a digital collaborative workspace that enables all stakeholders of the agri-food chain to collaborate towards the development and adoption of digital innovations in agriculture. In terms of infrastructure, Gaiasense consists of a network of Internet of Things (IoT) environmental stations (Gaiatrons) and a cloud infrastructure responsible for the acquisition of data from various sources (e.g. IoT stations and remote sensing sources), the management and sharing of data. 
Gaiasense provides access to the necessary data and tools, computational infrastructure, scientific models. It offers flexible interoperability options, engages all players of the agri-food chain (from research to the field) and facilitates access to the market, to support the development of added-value, innovative applications for the agri-food sector and the transfer of innovation to the field. 
In 2017 the Greek state announced an investment of approx. €7.5m through a project titled “Agro Internet of Things”, which aims to boost the adoption of smart farming in Greece. By extending the existing network of IoT stations to fully cover the Greek cultivated land, and focusing on the combination of data collected with earth observation data such as Copernicus, it will expand the Gaiasense ADIH to a national level. 








SECTION 15 INTELLECTUAL PROPERTY AND 
                      CAPITAL FUNDING
15.1 Intellectual Property
QUB and InvestNI provide support and information on ownership of intellectual property. Intellectual Property (IP) is the generic term for a range of legal rights that inventors of technologies, ideas, or creative works can rely on to protect property of the mind. Intellectual Property Rights (IPR) include registered rights like patents, trademarks, registered design rights and automatic rights like copyright, unregistered design rights and product get-ups. Rights related to confidentiality of information also exist and while not a form of IP it is often used interchangeably when commercialising an invention.
IP allows creativity and innovation to be treated as an asset in the same way that physical property can. The owner of an IP can control and be rewarded for its use, and this encourages further innovation and creativity to the benefit of society.
The most common types of IP are:
· Patents – a State monopoly for new and improved products or processesthat are capable of industrial application;
· Know-How – commercially important knowledge/material that is not in the public domain eg trade secrets;
· Copyright – new works of literary and artisic material, music, films,sound recordings, broadcasts, software and multimedia;
· Trade Marks – brand identifying marks and logos for companies, products and services;
· Design Rights – designs covering the appearance of a product based on the features of, the lines, contours, colours, shape, texture and/or materials of the product itself and/or its ornamentation.
Confidentiality is critical to IP Rights. To patent something, it must be kept out of the public domain until such time as a patent application has been filed. Know-How must always be kept out of the public domain.
The Innovation, Productivity and Sustainability in Food and Agriculture (OECD, 2019) document states that ‘Governments should facilitate the development of alternative sources of funding for research and innovation, through appropriate legislation’. They include farmers’ contributions from levies; revenues from royalties or Intellectual Property, venture capital and Foreign Direct Investment (FDI). In Australia, Columbia, Sweden and the US, producer levies can fund agricultural R&D. This funding remains within the value chain, except in Sweden. The most comprehensive system is in the Australian Rural Research and Development Corportaion (RDC) model of co-financing of rural R&D activities and places interactions between public R&D and agricultural industries at the heart of the rural innovation. In the Nethelands revenues from patents fund research (Innovation Box).
15.2 Grants and loans
Public funding of grants and loans for innovation and R&D can have multiple potential impact channels which may interact with each other. R&D support to businesses should translate into ‘innovation outcomes’, like patenting, trademarks and new products/processes. In turn that may feed through to higher productivity, higher sales/profits and increased employment in the investing firms – assuming they are able to effectively commercialise the knowledge.
Knowledge spillovers should diffuse these benefits more broadly across the economy in a range of ways. However the spillovers may reduce the ability of individual firms to benefit from new R&D in terms of higher sales and profits and related employment growth.
R&D spending in universities or public research labs can also have impact through multiple pathways; new knowledge and its application; training and upskilling researchers; networks between researchers and businesses; contract research and the generation of new spinout and startup businesses. It also needs to be considered that public funding might crowd out investments that provate firms would have made anyway. 
Research undertaken by What Works showed:
· R&D grants, loans and subsidies can positively impact R&D expenditure, although effects are not always positive.
· R&D grants, loans and subsidies can raise innovative activity in recipients, although again effects are not always positive. The effects differ across types of innovation, and are weaker for patents than for (self-reported) measures of process or product innovation.
· R&D grants, loans and subsidies can positively impact productivity, employment or firm performance (profit, sales or turnover). There is some evidence that support is more likely to increase employment than productivity.
· R&D grants, loans and subsidies are more likely to improve outcomes for small to medium-size companies than for larger ones. In part this may be because for larger firms, public support makes up a relatively small amount of overall R&D spend, so positive effects are harder to detect. Smaller firms may also be more likely to formalise processes in anticipation of, or response to, a grant, so that some innovation-related spend is reclassified as R&D.
· Programmes that emphasise collaboration perform better than those that just support private firms (as well as those where the programme focus is unclear). Encouraging collaboration might have an additional positive effect on the likelihood that an R&D support programme generates positive effects on outcomes of interest.
· Programmes that target particular production sectors appear to do slightly worse in terms of increasing R&D expenditure and innovation, compared to those that are ‘sector neutral’.

15.3 Tax Credits
Government may support innovation and R&D indirectly through tax credits or other incentives. The primary goal of tax credits is to increase R&D spend by reducing its after tax costs and thereby influencing wider economic outcomes. The UK has operated an R&D Tax Credits scheme since 2000. Part of the appeal of tax credits is the delivery apparatus already exits through the business tax systems. Also they fit with the desire for a market-led ‘hands-off’ approach to innovation strategy. Tax credits also can reach a much larger number of bsuinesses and avoid any suggestion of government ‘picking winners’ as in the grants and loans scenario. There is concern that there is less of a likelihood of spillover benefits from tax credits than with grants and loans. Also the tax credit has to be big enough for businesses to respond by undertaking the research.
Research by What Works showed:
· R&D tax credits can positively impact R&D expenditure, although effects are not always positive.
· Impacts may depend on firm size, with small firms slightly more likely to experience positive benefits. Smaller firms may face greater financial constraints, making them more responsive to changes in tax credits. However, as with R&D grants, loans and subsidies, smaller firms may also reclassify informal innovation-related spending as ‘formal’ R&D.
· We only have three studies that compare the impact of R&D grants / loans / subsidies with that of tax credits. The limited evidence from these is supportive of featuring both approaches in the policy mix.



 








SECTION 16 PRIORITIES IN INNOVATION
16.1 Big Data
Big data is about capturing relevant data from the huge number of sources available today and translating that into actionable information to improve businesses processes and insightfully solve problems at scale and speed. 
Big Data has many applications. Within the environment, digital technologies are used to collect, store, manage and provide datasets on a wide range of natural heritage, water, land use, climate change and marine topics. These provide robust evidence for planning and investment decisions which drive resource efficiency and the protection, enhancement and use of our Natural Cpaital.
Big data has been a key driver of progress made in precision farming. The huge potential benefits of big data use in agriculture has been recognised and a number of big data technologies have been developed for use in agriculture.
In terms of hardware, sensors in various formats for collecting data have emerged. These include devices that can be pushed into the ground to measure soil moisture and nutrient density; devices fitted to a tractor that can measure crop yields; predictive weather stations; and image-capturing satellites and drones mapping out land and measuring crop health.
On the software side, technologies that collect, process and analyse the data have been developed. 

The way the data is presented or analysed, varies depending on the software but most programmes are accessible through computers, tablets and smartphones. Key decisions that software helps farmers make include when and how much to irrigate a field based on soil moisture data, weather predictions and crop health; and planting and harvesting decisions based on yield data or weather. Fertiliser applications can be much more prescriptive, based on factors such as soil nutrient density, enabling farmers to save money and optimise yields.

One of the key concerns about big data is around ownership and data privacy.




16.2 Bioeconomy 

Bioeconomy is defined as ‘all economic activity derived from bio-based products and processes which contributes to sustainable and resource-efficient solutions to the challenges we face in food, chemicals, materials, energy production, health and environmental protection.’
Bioeconomy is considered important due to a number of serious global challenges in the coming decades.
· How do we sustainably feed a rapidly growing population?
Globally we need to produce 50% more food by 2050 to feed our growing population. 
· How will we meet our ever increasing energy needs?

· Demand for energy will grow by 20% in the UK by 2030.





· How do we change our reliance on scarce natural resources?
Investing in research that investigates using waste for our energy could be worth £500 million a year to the UK economy.BIOECONOMY IN ACTION - Queens using NON EDIBLE FOOD WASTE to make reduced-plastic packaging
A ground breaking project at QUB to turn non edible food waste into new forms of packaging, in a bid to reduce plastic, has attracted substantial investment in a European funding competition – EIT Food, a knowledge and innovation community of the European Institute of Innovation and Technology. 
The project aims to use by-products of the food industry such as discarded food, crop and animal waste to create new packaging materials for food, reducing reliance on plastic. The QUB Team in partnership with ABP Food Group (Ireland), Fraunhofer Research Institute in Germany and Waitrose won the funding for the two year project.
The two main types of waste that will be investigated are cellulose waste such as plant leaves, stalks, sawdust from the forestry industry; and protein waste such as poultry litter and blood. QUB will look at the energy consumption of any new prototype to make sure it leaves a smaller carbon footprint than what it seeks to replace.

· How do we increase the health of our population across the life-course?
With one in three babies born today living to 100 we need to ensure that we extend the healthy life-span of the population.
Research in the biosciences and biotechnology is considered essential to tackle these challenges.
These challenges could present a huge opportunity for the UK economy. The value of the bioeconomy to the EU is already £1.7 trillion in annual turnover. Ensuring that the UK is at the forefront of this sector could be worth £100 billion annually to the UK economy.

The UK strategy Growing the Bioeconomy 2018 to 2030 outlines the UK government’s commitment to grow a world-class bioeconomy, building on the UK’s strengths to develop solutions that are economically and environmentally sustainable.
Examples of the Bioeconomy at work include:
· Clean energy and transport fuels from waste and industrial by-products;
· A more secure and resilient food supply with enhanced agricultural productivity;
· Bio-based plastics and chemicals that preserve our natural environment;
· Using microbes instead of chemicals to create medicines or cosmetics;
· Strong, lightweight materials for the automotive and aerospace industries;
· Using plants to grow vaccines to quickly tackle disease epidemics.


Circular Economy Mapping Tool for Wales
Commissioned by WRAP Cymru, Anthesis has developed this user-friendly Circular Economy Mapping Tool for Wales – a useful resource for those operating within the Welsh bioeconomy; particularly food and drink producers and processors. It provides an interactive, visual representation of the extent of Wales’ thriving bioeconomy, plotting where different types of businesses are located across the country and where there are clusters. There are also multiple options to find out much more.
Users can:
· Explore the number of businesses by industry, region and employee band size
· Get an understanding of major waste types and quantities, according to business activity
· See the economic projections for employment, Gross Value Added (GVA) and turnover to 2030 for the sector.
The tool is intended to assist WRAP Cymru in driving greater collaboration between the many organisations that Wales’ bioeconomy is comprised of.  It is hoped that it will act as a starting point for facilitating synergies that will allow for more efficiencies to be achieved; ultimately, increasing the circularity of the Welsh bioeconomy.  It provides businesses with the ideal opportunity to further enhance their understanding of the space that they are operating in, and to build useful connections.  For example, bakeries could look to establish relationships with breweries that might want to turn excess bread into beer.

· BIO RESCUE
To satisfy consumer demand for mushrooms, European farmers use over three million tonnes of compost each year. Though the compost contains valuable organic components, it is only suitable for one to three mushroom harvests, and disposing of it creates significant economic and logistical problems for Europe’s farmers.
OBJECTIVES
The BIOrescue project aims to provide a solution by creating a novel biorefinery concept for mushroom compost, transforming it into valuable bio-based products such as bio-pesticides, biodegradable nano-carriers for drug or fertiliser encapsulation, and bio-based horticultural fertilisers.
The concept will be developed for a conventional mushroom farm in Ireland that will be retrofitted to become a sustainable and efficient biorefinery. To strengthen the competitiveness of the novel biorefinery concept, project partners will conduct economic and environmental impact assessments of the newly developed processes and bio-based products.
[image: https://biorescue.eu/wp-content/uploads/2016/12/compost-production.png]
EXPECTED RESULTS
BIOrescue will contribute to the emergence of a circular economy in Europe by recovering the vast majority of mushroom compost and reducing disposal costs for farmers. The bio-based products it develops, which are capable of replacing many fossil-based alternatives currently on the market, will also generate a new income stream for mushroom producers.
PROJECT INFORMATION
The BIOrescue consortium is a multidisciplinary team bringing together industrial players and research centres from eight different European countries, co-ordinated by CENER, Spain’s National Renewable Energy Centre. The project is co-financed by the Bio-based Industries Joint Undertaking under the European Union’s Horizon 2020 research and innovation programme.
This project has received funding from the Bio-Based Industries Joint Undertaking under the European Union’s Horizon 2020 research and innovation programme under grant agreement No 720708.
· 
· 
· 



16.3 Artificial Intelligence 
Artificial Intelligence is a creation of intelligent machines that work and react and respond like humans. It is employed to improve the efficiency of daily tasks.
In the environment, AI is driving forward our knowledge of the natural environment including the assessment of natural capital. Habitat condition, detection of change and ecosystem services. Earth observation technologies and machine algorithms are used to deliver regional scale habitats/land cover mapping. Digital science capability lies at the heart of the drive to deliver a step change in our understanding of the environment and the services it provides to formulate innovative solutions to complex issues.
The global Artificial Intelligence in Agriculture (AIA) market is expected to grow by nearly 25% by 2024. Globally the factors driving the growth of the global AIA market are:
 - Rising adoption of information management systems (IMS); 
 - Automated irrigation; 
 - Increasing crop productivity by implementing deep learning techniques;
 - Increasing global population;
 - Growing need for better yield of crops;
 - Increasing consumption of food;
 - Growing trend of precision farming;
 -  Increasing adoption of smart sensors.
However, the high cost of collecting data of agricultural land is a major restraint of the AIA market growth.
Evolving technology, adoption of robots and drones, driverless tractors, crop health monitoring, and automated irrigation systems are some of the applications that attributed to the high growth of the global AIA market.
Highly efficient crop monitoring is offered by drones and sophisticated software technologies such as radars and GPS systems, enable work pressure on existing strained workforces to be reduced. Moreover, remote sensing techniques are also used to survey the quality and crop producing ability of an agricultural land.
The most popular applications of AI in agriculture appear to fall into three major categories:
· Agricultural Robots – Companies are developing and programming autonomous robots to handle essential agricultural tasks such as harvesting crops at a higher volume and faster pace than human labourers.   
· Crop and Soil Monitoring – Companies are leveraging computer vision and deep-learning algorithms to process data captured by drones and/or software-based technology to monitor crop and soil health.
· Predictive Analytics – Machine learning models are being developed to track and predict various environmental impacts on crop yield such as weather changes. 

Facial recognition tool could help detect pigs’ wellbeing
Researchers at SRUC pig research centre in Midlothian want to figure out whether a pig’s facial expression can indicate if it is content or distressed – and therefore alert farmers to possible health and welfare issues. They are capturing 3D and 2D facial images of the breeding sow population under various typical commercial situations that are likely to result in different emotional states.
The images are then processed at the University of the West of England (UWE Bristol) where learning techniques are being developed to automatically identify different emotions from particular facial expressions. For example, sows can experience lameness and could show different facial expressions relating to pain before and after being given pain relief. The team will develop the technology for on-farm use with commercial partners where individual sows in large herds will be monitored continuously (Farmer’s Weekly , 22nd March 2019). 




                   AI powered Mamut developed in Cambridge 
Breakthrough innovation specialist Cambridge Consultants has announced Mamut, an autonomous ground based robot that explores crop fields, capturing data on health and yield at the level of individual plants and on a massive scale. By automating data capture, Mamut gives growers regular, precise and actionable information on their crops, enabling them to predict and optimize yields.
Mamut is an AI-powered autonomous robotic platform. Equipped with an array of sensors, Mamut maps and navigates its surroundings without the need for GPS or fixed radio infrastructure. As it travels the rows of a field, orchard or vineyard, cameras capture detailed crop data at the plant level, enabling accurate predictions of yield and crop health. Mamut integrates stereo cameras, LIDAR, an inertial measurement unit (IMU), a compass, wheel odometers and an on-board AI system that fuses the multiple sensor data inputs. This sophisticated blend of technologies enables Mamut to know where it is and how to navigate through a new environment, in real time.
Mamut’s capability to perform simultaneous localization and mapping (SLAM), enabling the robot to react and learn from unstructured routes in real time, was developed in navigation trials through the twists and turns of a 12-acre maize maze at Skylark Garden Centre, and at Mackle Apple’s orchard, both in Cambridgeshire, UK.`






                                                                                                          ANNEX A 
                                                                                                                                             
                                                                                                      
Glossary

AFBI        Agri Food and Biosciences Institute
AI             Artificial Intelligence
AIA          Artificial Intelligence in Agriculture
AHDB      Agriculture and Horticulture Development Board
AKIS        Agricultural Knowledge and Innovation Systems
BBSRC   Biotechnology and Biological Sciences Research Council
BDG        Business Development Groups 
BEIS        Department for Business Energy and Industrial Strategy 
CAFRE    College of Agriculture, Food and rural Enterprise
CAL         Centre for Applied Learning
CHAP      Centre for Crop Health and protection
CIEL        Centre for Innovation Excellence in Livestock 
CLC         Co-Location Centre 
CWG       Collaborative Working Group
DAERA    Department of Agriculture, Environment and Rural Affairs 
DAFM      Department of Agriculture, Fisheries and the Marine
Defra       Department for Environment, Food and Rural affairs
DfE          Department for the Economy
DIH          Digital Innovation Hub
DIT          Department for International Trade
DoF         Department of Finance
EC           European Community
EEN        Enterprise Europe Network
E&I          Evidence and Innovation 
EIP          European Innovation Partnership
EIT          European Institute for Innovation and Technology
ERDF      European Regional Development Fund
EU           European Union 
FAS         Farm Advisory Service
FE           Further Education
FFKS       Farm Family Key Skills
FIC          Fund for International Collaboration
FIV          Farm Innovation Visits
GCRF      Global Challenges Research Fund
GDP        Gross Domestic Product
HE           Higher Education
HIP          Horticulture Innovation Partnership
IFA          Innovation for Agriculture 
IMS          Information Management System
IP             Intellectual Property
ISCF        Industrial Strategy Challenge Fund
IT             Information Technology
ITEDS     Innovation Technology and Exhibition Demonstration Scheme
JNCC      Joint Nature Conservation Committee
JSPS       Japan Society for Promotion of Science
KF           Knowledge Framework
KIC          Knowledge and Innovation Communities
KTE         Knowledge Transfer Exchange
KTP         Knowledge Transfer Partnership 
LNFCS    Lough Neagh Fishermen’s Co-operative Society
MBA        Masters in Business Administration   
NE           North East 
NERC      National Environment Research Council
NESTA    National Endowment for Science, Technology and the Arts
NFU         National Farmers Union
NGO        Non Governmental Organisation
NI             Northern Ireland
NIAB        National Institute for Agricultural Botany
NICS        Northern Ireland Civil Service
NICP        Northern Ireland Contact Point
NPIF        National Productivity and Investment Fund
ODA        Official Development Assistance 
OECD     Organisation for Economic Co-operation and Development
PGI          Protected Geographical Indication
PPIW       Public Policy Institute for Wales
QUB        Queens University Belfast
R&D        Research and Development
RISS       Rural innovation Support Service
RDP        Rural Development Programme
SBRI       Small Business Research Initiative
SCAR      Standing Committee on Agricultural Research
SIA          Science and Innovation Audit
SIN          Science and Innovation Network
SIP          Strength in Places
SME        Small and Medium Sized Enterprises 
SOG        Strategic Oversight Group
SPF         Strategic Priorities Fund
SRUC      Scotland’s Rural College
STEM      Science, Technology, Engineering and Maths
TNO        The Netherlands Organisation
TRPSI     Tackling Rural Poverty and Social Isolation
UKRI        UK Research and Innovation
US           United States
USDA      United States Department of Agriculture
UU           University of Ulster
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