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Background
1. In 2007, EPSRC Council recommended that EPSRC adopt two approaches to identifying and funding Grand Challenges.  The top-down approach has been adopted by the nanotechnology mission programme; the Grand Challenge is identified by the EPSRC after consultation and a call for proposals issued.  The bottom-up approach has been piloted in chemical sciences and engineering; the Grand Challenges are identified and led by the research community.
2. There have been several stages to the process of identifying these bottom-up Grand Challenges in chemical sciences and engineering:
· The involvement of relevant professional institutes and industry bodies; the EPSRC have worked in partnership with the Chemistry Innovation Knowledge Transfer Network (CIKTN), Institution of Chemical Engineers (IChemE) and Royal Society of Chemistry (RSC).
· The creation of a Grand Challenges Advisory Group to provide the EPSRC, RSC, IChemE and CIKTN with input and guidance on our plans
· An open consultation was conducted to ask the research community to identify potential Grand Challenges – submissions were requested at a university level
· The Advisory Group met to discuss the submissions from the consultation and identified 8 thematic areas to take forward.  Several underpinning scientific areas were also highlighted (see Annex 1 for the consultation report).
· A two-day community workshop was held which was initially structured around the 8 thematic areas.  Participants were from academia and industry and the majority were selected through an open call for participants.  At the workshop delegates were encouraged to explore overlaps and synergies between the themes and the output was 14 potential Grand Challenges.  The delegates were asked to volunteer to champion each of the Grand Challenges.  The identified champions working with other delegates and potentially colleagues who were not present at the workshop  have been responsible for formulating the attached narratives as input for the Physical Sciences and Process, Environment and Sustainability SATs to enable them to make a judgement on the next steps in the process.
Grand Challenge Submissions
3. Thirteen Grand Challenges have been submitted for consideration by the SATs and these are available in Annex 2.  The submissions should give evidence as to the timeliness and impact of each challenge.  There is an additional document on ‘Theory and Modelling in Chemistry’ which is a position paper from that research community detailing how they can contribute to the Grand Challenges.
4. The submissions follow a standard template which is based on that used at the workshop (see Annex 3 for more information):
· Definition and Impact of the Grand Challenge – 2 pages including information on the title, who has submitted it, the vision, the state of the art, the research challenges and barriers to progress, who needs to be involved and who was consulted to produce the document
· Benchmarking Against the Grand Challenges Criteria - 2 pages
Future Options
5. There are several ways in which the EPSRC could help the research community to take forward the Chemical Sciences and Engineering Grand Challenges.  Addressing the Grand Challenges is expected to be driven by the community, with EPSRC facilitating this by:
· Providing support for networking activities with the aim to develop a community of researchers (which should be multidisciplinary including industry and key stakeholders) around a grand challenge theme.  These networks will be driven and managed by the community, and will facilitate the interactions required to develop the grand challenge further.  We would expect the networks to produce a report setting out the research agenda for the Grand Challenge;
· Feeding into the EPSRC mission programme activities e.g. influencing future managed activities and programme strategy;
· Signposting the Grand Challenges or aspects of the Grand Challenges in the Physical Sciences and Process, Environment and Sustainability programmes’ responsive mode.
6. EPSRC are not expecting this process to lead to managed calls in the Physical Sciences or Process, Environment and Sustainability programmes.
ACTION

Members are invited to:

· advise EPSRC on future options with regard to the Grand Challenges;
· consider the following questions for each of the submitted Grand Challenges:-
i. Has sufficient evidence been given to justify the identification of the topic/area as a Grand Challenge?
ii. Is there significant overlap with any of the other Grand Challenges?  Is there a case for combining these?  (EPSRC is not looking to artificially combine the submissions if they are substantially different and have different aims and goals)
iii. Are you aware of the Grand Challenges overlapping with any funding initiative that have committed or intends to commit e.g. overlaps with the aims of the EPSRC mission programmes, a EU Framework activity, etc?
iv. Should the EPSRC take forward the Grand Challenge?
v. Should the Physical Sciences and Process, Environment and Sustainability Programmes provide networking funding for the Grand Challenge to facilitate further community discussion and consultation?
vi. Should the EPSRC mission programmes be encouraged to take forward some aspects of the Grand Challenge?
vii. Are there any aspects of the Grand Challenge which might be suitable for future signposting?
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Chemical Sciences and Engineering Grand Challenges Report of Consultation

Background

The Engineering and Physical Sciences Research Council (EPSRC), working in partnership with the Chemistry Innovation Knowledge Transfer Network (CIKTN), Institution of Chemical Engineers (IChemE) and Royal Society of Chemistry (RSC), published a consultation in March 2008 to identify opportunities for Grand Challenges in chemical sciences and engineering (http://www.epsrc.ac.uk/ResearchFunding/Programmes/PhysSci/RC/ConsGrandChallengesChemSciEng.htm). 

EPSRC hope that the identification of Grand Challenges will lead to the development of a community driven strategy for chemical sciences and engineering research in the UK that has the potential to make the UK truly world leading.  

Defining Grand Challenges 

The ambition of a Grand Challenge should be far greater than what can be achieved by a single research team or in the span of a single research grant.  Grand Challenges should have a long term vision, looking at what could be achieved in 20-40 years if researchers, from different research groups, disciplines or institutions, were to work together.  Grand Challenges should be rooted in chemical sciences and engineering but reach out beyond traditional subject bounds as necessary.

EPSRC developed a set of criteria for Grand Challenges that were published in the original consultation and encouraged these to be adopted during the identification and prioritisation process.  Grand Challenges should meet all or most of the following criteria (see appendix 1 for additional details):

· Potential for internationally leading research 

· Potential for a step change in current knowledge

· Potential for novel and ambitious research methodologies 

· Potential for a positive societal and/or economic impact

· Single vision/common goals

· Focus on long term goals 

· UK research capacity  

· Potential for adopting a multidisciplinary approach

An example of a Grand Challenge is the goal to identify all the 20,000-25,000 genes and determine the sequences of the 3 billion chemical base pairs in human DNA.  This Grand Challenge formed the basis of the human genome project which needed multiple teams of people to achieve the ultimate objective and enabled many other important successes on the way to the overall goal. 

Impact of Grand Challenges on EPSRC Strategy

The Grand Challenges identified as part of this process will be a significant input into the International Review of Chemistry in 2009.  Members of the International Review panel will be invited to the Grand Challenges workshop and all panel members will receive details of the workshop outputs.  

The Grand Challenges will also influence the EPSRC strategy for funding in chemical sciences and engineering.  It is expected that a Research Network will be funded for each Grand Challenge to allow researchers to come together and exchange ideas, and create new research communities.  The Networks would be expected to lead to new collaborative multidisciplinary research proposals and to develop into virtual centres of excellence, providing critical mass of expertise. EPSRC may highlight certain Grand Challenges, or aspects of Grand Challenges (e.g. key technical or scientific barriers which need to be overcome to make significant progress), through signposting (http://www.epsrc.ac.uk/ResearchFunding/Opportunities/ResponsiveMode/Signpost/default.htm).  

We will also discuss possible funding routes through the current Mission programmes, and mechanisms such as IDEAS Factories, if appropriate.  It is expected, however, that most research to address the Grand Challenges will be funded through responsive mode, including through Programme and Platform Grants.  

Process for Grand Challenge Theme Identification

EPSRC requested responses to the consultation at an institution level, following discussion and prioritisation of ideas within departments and more widely within universities.  EPSRC received 153 individual Grand Challenge submissions from 32 organisations.  

The Grand Challenges Advisory Group (see Appendix 2) met during July to discuss the submissions and identify common Grand Challenge themes.

The Advisory Group addressed each submission individually during the meeting and the submissions were grouped under theme headings.  These headings were discussed in depth prior to final recommendations being made on which themes to take forward to the workshop.  

General Impressions of the Advisory Group

The Advisory Group made several key observations and recommendations:

· The submissions were very broad in terms of the range, ambition and focus of the ideas presented.  A number of the submissions too closely represented the current state of the art rather than having a focus on the major challenges for the future.  Some submissions resembled individual research projects which again had too narrow a focus.

· The submissions tended to be focussed on a socio-economic, technological or scientific challenge.  Each approach was felt to be valid.  The Advisory Group envisage that ultimately a Grand Challenges matrix will be identified with headline socio-economic and technological challenges.  A number of significant scientific challenges with relevance to multiple Grand Challenges will cut across them.  

· Each Grand Challenge should be expressed in terms of what we want to achieve (see human genome project example).  They should then go onto describe the scientific/technical challenges, where significant advances can be made, the bottlenecks that need to be tackled to prevent wasted effort and key enabling technologies.

· Training, education and public awareness should be embedded in all the Grand Challenges.  

· Grand Challenges should change the way people think and act – the long term aim should be to change the way we do science.

Workshop Themes

The following 8 themes were identified by the Advisory Group from the submissions.  Examples of some areas covered by these themes are given, please note these are not the titles of the final Grand Challenges.  A workshop will be held on 4-5 November 2008 that is structured around these 8 themes.  See appendix 3 for details of the submissions and the breakdown between themes:

1. Personalised healthcare and monitoring

Including healthcare diagnostics, health monitoring, and molecular medicine

2. Sustainable and efficient synthesis and manufacture 

Including increased efficiency of chemical processes and waste reduction, renewable feedstocks, products from plants, sustainable manufacture of products and functions, and recycling

3. Clean energy

Including energy from sunlight, sustainable nuclear energy and hydrogen production

4. Water for life

Including water treatment and sanitation

5. CO2 capture and utilisation 

Including carbon sequestration and how CO2 can be used to make valuable products 

6. Chemistry of, for and from life 

Including the origins of life, glycosciences, protein folding, and biosystems engineering

7. Molecular systems engineering

Including molecular electronics, molecular assembly, and multi-scale systems chemistry and engineering

8. Synthesis, assembly and manufacture by design

Including the relationship between function, properties, structure, synthesis and manufacture

The Advisory Group also felt there were several significant cross-cutting scientific challenges (see below) which could aid progress in many different socio-economic challenges.  These either involved developing key enabling technologies or breakthroughs in fundamental scientific knowledge.  EPSRC will ensure that these areas are represented at the workshop.  If it is appropriate and there is sufficient support at the workshop there is potential for one or more of these to emerge as Grand Challenge themes.

1. Catalysis

2. Modelling and simulation

3. Measurement and analysis

4. Quantum coherence

5. Chemical reactivity and predictive theory

Aims of workshop

The overall goal of the Grand Challenges process is to develop a community driven strategy for chemical sciences and engineering research in the UK that has the potential to make the UK truly world leading.  

The specific aims of the workshop are to:

· Bring together a representative sub-set of the chemical sciences and engineering research communities to develop a shared understanding of the potential scope and opportunities for Grand Challenges in the 8 themes

· Develop a long term vision for each Grand Challenge

· Highlight the current state of the art in each Grand Challenge 

· Identify Grand Challenge milestones and significant scientific barriers

· Identify where input is needed from the wider Physical Sciences and Engineering research community

Workshop Attendance

Attendance at the Grand Challenges workshop will be by invitation only, however, a significant number of places will be allocated following an open call for participants.  

The EPSRC aim to invite a balanced group of researchers to represent the wide spectrum of research and experience in chemical sciences and engineering.  We will strive to include researchers at all stages of their careers; from early career researchers through to established leaders in their field.  We also encourage industrial representation.  The key research challenges in the Grand Challenge themes may be from any area of research.  Some members of the 2009 Chemistry International Review panel will be invited to attend the workshop.

Outputs of Workshop 

It is anticipated that one Grand Challenge will be developed in each of the 8 theme areas.  There is, however, scope for some splitting of themes should it be felt necessary.

At the workshop, groups will work together to develop Grand Challenge statements and visions, benchmark the current state of the art, consider the technological/scientific advances needed to achieve the vision, think about what step changes in knowledge could result, and who should be involved.  The contribution of chemical science and engineering to the challenges must be emphasised; the Grand Challenges must have the potential to lead to ambitious and exciting new research in these areas.

EPSRC will ask for a small leadership group to be formed for each Grand Challenge to take forward actions following the workshop.  There will be a competitive process following the workshop to determine which Grand Challenges are taken forward by EPSRC. The Grand Challenges will influence the EPSRC’s strategy for funding in chemical sciences and engineering and therefore the Physical Sciences Strategic Advisory Team (SAT) will make recommendations as to the priority given to each area.  The workshop participants will be required to produce evidence as to the timeliness and impact of each challenge.
EPSRC aim for the Grand Challenges identification process to be of benefit to the research community, even for those areas not taken forward by EPSRC.  If there is sufficient support these may be promoted as Grand Challenges by the research community themselves.

Timetable

	Activity
	Date

	Workshop
	4-5 November 2008

	Submission of Grand Challenge evidence and justification
	Early January

	Review by the Physical Sciences Strategic Advisory Team
	End January

	International Review
	End April


Appendix 1 - Grand Challenges Criteria

These criteria should be used as a guide when identifying Grand Challenges.  These are not criteria for the assessment of research projects received as part of a Grand Challenge activity.   

· Potential for internationally leading research 
The Grand Challenge should enable UK scientists and engineers to engage in research that is internationally leading

· Potential for a step change in current knowledge 
The Grand Challenge should have ambitious objectives, which if achieved, would result in a step change in our current knowledge

· Potential for novel and ambitious research methodologies 
The Grand Challenge should encourage researchers to be ambitious; lifting their horizons to the truly novel and innovative

· Potential for a positive societal and/or economic impact 
The Grand Challenge must meet agreed needs, be realistic and achievable.  The timescales for this will be flexible, depending on the nature of the challenge.  For the more applied challenges, the impacts will be apparent sooner than for those of a more fundamental nature.

· Single vision/common goals 
The Grand Challenge should have a single vision giving the research community common goals to work towards

· Focus on long term goals 
The Grand Challenge should be forward looking, focusing on what can be achieved in 20 or 40 years time.  It should not be possible to accomplish the final goal in one step; there will be milestones along the way

· UK research capacity  
There should be sufficient capacity in the UK to respond to the challenge and the potential to build on this capacity in the future

· Potential for adopting a multidisciplinary approach 
The Grand Challenge should provide opportunities for collaborations between researchers in different disciplines

Appendix 2 - Advisory Group

· Professor Ray Allen – University of Sheffield

· Professor Colin Bain – Durham University

· Professor Steven Ley – University of Cambridge

· Professor Graham Richards – University of Oxford

· Professor Matt Rosseinsky – University of Liverpool

· Professor Stefaan Simons – University College London

· Professor Hugh Stitt – Johnson Matthey plc

· Professor Jane Thomas-Oates – University of York

· Professor Christine Willis – University of Bristol

· Professor Chick Wilson – University of Glasgow

See separate PDF attachment that contains the 13 Grand Challenge submissions plus an information statement covering the cross-cutting themes
Format of Grand Challenges Submission to EPSRC

The submission to EPSRC following the Chemical Sciences and Engineering Grand Challenges workshop should have the following format:

Definition and Impact of the Grand Challenge – 2 pages
The document should be a maximum of 2 pages under the following headings:

Title of Grand Challenge – What is the Grand Challenge?

Submitted by – Names and affiliations of the main submitters (expected to be the 2 or 3 people who wrote and coordinated the submission).   

Vision - The vision for the Grand Challenge should be articulated in 1 to 2 sentences – this should be where you want to be in 20-40 years and what you want to achieve.  You should also include the key impacts of this Grand Challenge should it be accomplished.   

State of the Art – This section should benchmark the level of current scientific and engineering knowledge that impacts on this Grand Challenge.  You should also include information on anything that is likely to be resolved in the next 5 years.

Research Challenges and Barriers to Progress – What major research challenges need to be overcome to achieve this Grand Challenge?  What are the intellectual challenges that scientists and engineers need to address?  Are there any scientific or technological issues that will prove significant barriers to progress?

Involvement - What research areas/disciplines need to work on this Grand Challenge to achieve it?  Should there be industrial or user involvement?

Consultation – Briefly detail who was consulted during the preparation of this submission.   

Benchmarking Against the Grand Challenges Criteria - 2 pages 

The submission should benchmark the Grand Challenge against the EPSRC Grand Challenges criteria.  Please complete the table on pages 2-3 of this document; evidence should be given for the scores awarded.  

General Points

The submission should not exceed 4 sides of A4 in totality: 2 sides free text under the headings given and 2 sides benchmarking against the Grand Challenges criteria.  The minimum font size is 10 point.
The completed document should be submitted to EPSRC by no later than 4pm on Tuesday 6th January 2009.  Please email completed submissions to chemistryGC@epsrc.ac.uk.  

Contact

Katie Daniel

Senior Grand Challenges and Physical Sciences Manager, EPSRC

(katie.daniel@epsrc.ac.uk; 01793 442895)

Benchmarking Against the Grand Challenge Criteria
	Criteria
	Score
	Evidence for Score

	The Grand Challenge will enable UK scientists and engineers to engage in internationally leading research.
	
	

	The Grand Challenge has ambitious objectives, which if achieved, would result in a step change in our current knowledge.
	
	

	The Grand Challenge will encourage researchers to be ambitious; lifting their horizons to the truly novel and innovative.
	
	

	The Grand Challenge has the potential to make a positive societal and/or economic impact.
	
	


	Criteria
	Score
	Evidence for Score

	The Grand Challenge has a single vision giving the research community common goals to work towards.
	
	

	The Grand Challenge is forward looking, focusing on what can be achieved in 20-40 years time.
	
	

	There is sufficient capacity in the UK to respond to the challenge and the potential to build on this capacity in the future.
	
	

	The Grand Challenge provides opportunities for collaborations between researchers in different disciplines.


	
	


