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1. Introduction

The Government has repeatedly emphasised the importance of Science, Technology, Engineering and Mathematics (STEM) to the UK economy.
 With over 100,000 students, STEM subjects are already a sizeable wedge of research, teaching and learning activity in higher education, and its importance will be further increased by HEFCE’s recent investment of £20 million in a new STEM programme to protect and expand strategically important subjects.
 

STEM students are of great relevance to sustainable development. Their number within many universities makes them an important element in ‘greening the campus’ initiatives. Their careers when they leave are also likely to provide many opportunities to contribute to the research and innovation which is needed to create greener lifestyles and technologies, and to broader public and policy debates. Hence, greening STEM is a vitally important topic. This paper summarises the presentations and dialogue at, and subsequent discussion about, several workshops and sessions on it in spring 2009.
 

The main event was held at the University of Bradford on 28th April 2009.
 Its aims were sharing and comparing experiences between different disciplines; identifying the most effective activities, and highlighting best practice examples; and identifying further opportunities for sustainability awareness amongst STEM students. The topic was also addressed in sessions at other events on sustainable laboratories at the University of Luxembourg on 5th March 2009, and the University of Edinburgh on 1st May 2009.

The events were jointly organised by Ecoversity and S-Lab:

· Ecoversity is a programme developed at the University of Bradford which embeds the principles and practice of sustainable development across the entire institution by getting people involved, taking the lead on issues, and encouraging and making it easier for people to adopt sustainable behaviours and lifestyles.
  

· S-Lab (Safe, Successful and Sustainable Laboratories) is a programme of HEEPI (Higher Education Environmental Performance Improvement), a not-for-profit project which supports UK universities and colleges in becoming more sustainable through benchmarking, sharing best practice, and other actions.

The Bradford event brought together academics, lab managers and technicians, representatives of national support bodies and others from a variety of disciplines, including biology, chemistry, engineering, and pharmacy. Ecoversity and HEEPI also organised parallel events on sustainable laboratory operation, whose proceedings are described in a separate paper.

2. Presentations

2.1 The Sustainable Laboratory – Professor Peter James

Peter is Professor of Environmental Management at the University of Bradford, and Co-Director of the HEEPI project. HEEPI has funding council support for S-Lab, which has three strands – laboratory design (working in partnership with the US Labs21 initiative); laboratory operation; and laboratory users, especially students. HEFCE has said that “the greatest contribution higher education has to make to sustainable development is by enabling students to develop new skills and knowledge”, and education for sustainable development (ESD) is now a well developed field (see box). As later presentations show, this is being reflected in ESD initiatives within STEM. 

The late American architect, Don Prowler, observed that:

“Labs embody the spirit, culture, and economy of our age…what the cathedral was to the 14th century and the office building was to the 20th century, the laboratory is to the 21st century.”

Sustainable development is an important aspect of 21st century economy and society, and is increasingly reflected in the research and teaching carried out within laboratories. Indeed, STEM subjects are vital to its achievement, which will require major scientific and technical innovation. STEM graduates will also play a significant role in the business, government and social debates and decisions about the topic incoming decades. However, there is often a disconnect between these external aspirations and activities and the reality of day to day life within the laboratory. Labs usually have a huge environmental footprint compared to similar buildings. Much of this is due to very high energy consumption (up to 5-10 times that of an office building per square metre). Labs21 has shown that some of this footprint can be avoided, in part through a better understanding by users of the ways that their lab activities impact upon the environment. There are opportunities to bring these insights into the STEM curriculum, by having students reflect upon their lab environment, and how the footprint of lab operations might be minimised. 
Box 1 - Education for Sustainable Development (ESD)
UNESCO has formulated these key principles of education for sustainable development:

Respect for the dignity and human rights of all people throughout the world and a commitment to social and economic justice for all

Respect for the human rights of future generations and a commitment to intergenerational responsibility

Respect and care for the greater community of life in all its diversity which involves the protection and restoration of the Earth’s ecosystems

Respect for cultural diversity and a commitment to build locally and globally a culture of tolerance, non-violence and peace.

It believes that their implementation requires approaches which are interdisciplinary and holistic; participatory; values-driven; foster critical thinking and problem solving; involve varied pedagogic approaches (e.g. word, art, drama, debate, experience); and are locally relevant. 

2.2 Greening the Chemistry Curriculum I – Professor James Clark, with Jennie Dodson

James is Professor of Green Chemistry at the University of York and Director of the international Green Chemistry Network, which has 1500 members.  His presentation made the following points:

· The Green Chemistry Centre of Excellence at the University of York (see www.greenchemistry.net) employs 45 staff, and has 4 areas of activity: research, industry collaboration, education and networking (which includes running the Green Chemistry Network – see below).
· The Green Chemistry Network is a charity which aims to promote awareness and facilitate education, training and practice of Green Chemistry in industry, commerce, central, regional and local government, academia and schools. See http://www.greenchemistrynetwork.org/ for more details.
· There are growing pressures to green the chemical industry, including raw material costs, new legislation, increased hazardous waste disposal costs and increasing customer (e.g. retailers such as Marks and Spencer) and public concerns. 

· REACH is already having a great impact and will massively change the way that chemistry is done in future, e.g. ChemSec have created a SIN (Substitute It Now) list of 600 chemicals.
 However, REACH concentrates on toxicity and end-of-life properties rather than lifecycle impacts.

· 90% of organic chemicals still come from oil – replacing this with renewable raw materials can greatly reduce the carbon footprint across a chemical’s lifecycle.

· Employment demand for specialised chemists is declining but there are growing opportunities for chemistry graduates – many of them in areas with a big sustainability component, e.g. in new ‘clean’ industries such as biotech, environmental consultancy, environmental policy and regulation and waste management.

· Higher education is responding to this through new Green Chemistry masters courses, related PhDs, and major sectoral initiatives (e.g. California). The RSC also have sponsored new undergraduate practicals on green chemistry.  However, the number of green chemistry courses and educational products is very limited, and most chemistry courses have little or no green or sustainable chemistry material

· Masters is the critical level to get students in science and engineering thinking about green chemistry and sustainability – ESD activities at undergraduate level have to be very practical.

Jennie Dodson, PhD student at the Green Chemistry Centre of Excellence, provided more detail on its operations, especially with regard to schools. A number of schemes (which share a green frog logo) have been developed, with Key Stage 2 being a particular target. They include Discovery Days, School Workshops, and Countryside Days, and generate a high level of awareness, interest and enthusiasm. 

2.3 Greening the Chemistry Curriculum II – Dr. Tasnim Munshi 

Tasnim Munshi is Lecturer in Chemistry at the University of Bradford. She is developing ways of embedding green chemistry into all stages of the undergraduate and postgraduate chemistry curriculum at the university, rather than simply having a single bolt-on module. A one year internal project, in collaboration with Ecoversity, has begun, with the following objectives: 

· Survey and analysis of needs for graduate engagement with sustainable development.

· Student-centred training material for audit of laboratory environments.

· A suite of illustrative green chemistry practicals. 

· Integrated training package in sustainability in the existing module Professional Development for the MSc Analytical Sciences and MChem Chemistry.

The work will also be synergistic with a previous collaboration between Ecoversity, HEEPI and the Green Chemistry network to develop curriculum materials to develop student understanding of life cycle issues connected with standard laboratory chemicals. This will probably involve taking a standard undergraduate practical, and then providing a green chemistry variant so that students can analyse their differing environmental impacts. This project has involved providing student bursaries to three chemistry undergraduates at the University of York. Two of the undergraduates, Philip Kleinknecht and Tomas Shewen, spoke about how important it is to green the curriculum from a students’ perspective. 

2.4 Greening the Bioscience Curriculum and Operations – Dr. Dylan Gwynn-Jones

Dylan is Senior Lecturer in the Institute of Biological, Environmental and Rural Sciences at Aberystwyth University. His presentation was informed by two recent research projects. One examined the environmental footprint of biology courses at the university, with two key aims being identification of good/bad sustainability practices, and a better understanding of the barriers preventing the implementation of good practices. A second study examined researchers’ attitudes to sustainability.

Some key points with regard to courses were:

· Lectures – students highly value paper handouts, but the energy content of these can be high. 

· Practicals – the study highlighted many opportunities and barriers (see Table 1).

· Teaching Lab Operation - Overnight energy wastage through inappropriate use of standby on lab equipment ranged up to 201 kWh for a bench autoclave; there is considerable resistance to changing waste management practices to achieve recycling.

· Field Courses – it was highlighted that sending students to far destinations abroad involved a significant carbon footprint. At the same time overseas field courses can be worthwhile as a learning experience and often feed into the local economy. Field course destinations should be selected on an academic basis rather than as potential marketing tools for recruitment.

Table 1: Opportunities and Barriers Associated with Reducing Environmental Impacts of Bioscience Practicals

	Opportunity
	Barrier

	Wash and reuse wherever possible
	Initial cost and cleaning time

	Turn off equipment when not in use
	Lack of organisation between users

	Choose energy efficient equipment

	Initial cost

	Recovery of solvents
	Time, purity

	Making solutions in bulk
	Storage issues, contamination, stability

	Preferential use of least toxic options

	Cost plus research required

	Signage to categorise waste
	Significant reorganisation

	Plastic, paper, glass, organic recycling
	Time plus concerns about contamination

	Engage students in recycling
	Could create more work


A survey of 102 bioscience researchers found that:

· 78% of respondents believed that a researcher who is domestically sustainable does not offset unsustainable behaviour in the lab.

· 5% of respondents believed that research conducted in a sustainable way is less rigorous.

· 5% also believed that scientific research should be exempt from requirements to be sustainable.

· Respondents were more likely to agree it is dangerous to recycle in lab than reduce and reuse.

· When asked about the best means of motivating environmental improvement a majority of both males and female respondents ranked monetary/other benefits and an internal staff member dedicated to sustainability the highest, and awareness campaigns and posters the lowest.

· However, a lab energy campaign in 4 labs for 13 weeks before and after a short energy campaign found significant reductions in lunch hour and overnight energy wastage in the 2 labs where there had been a campaign and very little saving (or increase) in the 2 control labs – suggesting awareness campaigns do work and that perceived barriers are not always what prevent sustainable behaviour. 

Dylan’s conclusion was that institutions wanting to implement sustainability should consult with all participants and target approaches around their needs; provide appropriate training; set measurable targets and provide evidence of achievements; and provide appropriate rewards for good performance.

The Q&A highlighted the existence of a field trip carbon calculator, developed by Chris Ribchester at the University of Chester.

2.5 Greening the Engineering Curriculum – Bland Tomkinson

Bland is University of Manchester Adviser on Pedagogic Development. He noted that professional engineering bodies have devoted considerable attention to the topic, guided by a Barcelona Declaration on Engineering and Sustainable Development. His presentation was informed by two specific activities at Manchester – a pilot module for undergraduates sponsored by the Royal Academy of Engineering, and a Delphi study conducted for the Higher Education Academy Engineering Subject Centre.

The pilot module was an optional 12 week course. It involved groups of students analysing ‘wicked’ problems collaboratively, and producing a professional report.  Academic staff prepared scenarios and marked the reports, whilst post-doctoral students assisted with group facilitation. Eight students, from a range of disciplines, took the course in its first year. It was highly rated by students and facilitators for interdisciplinary and team work, communication skills, real content etc. and was highly commended in the 2007/08 Green Gown Awards.
 

The Delphi study involved 30 experts across the country in questions about education for sustainable development (ESD) in engineering and had 4 stages: (1) define question; (2) obtain answers; (3) circulate answers and refine; (4) circulate revised answers. The results were that:

· Social aspects were seen as the main challenge.

· The most important responsibility was raising awareness.

· The most important task was modelling and evaluating SD performance. 

· The most highly regarded skill to be fostered by ESD was dealing with complexity.

· The best educational approach was case studies and role play.

· The best measure of effectiveness was evidence of a wider perspective amongst perspectives.

Overall, Bland felt that the lessons from the projects were:

· For engineering – the wider perspective is vital; an interdisciplinary approach is important; student-centred approaches work; teamwork can effective in promoting learning; content should be embedded rather than bolted-on; and assessment has to be appropriate for different learning approaches.

· For the wider STEM community – the big issue is equipping students to understand and manage change; there is a need for holistic, systemic approaches; inter-disciplinary working is vital; it’s important to encourage students to take greater responsibility for their own learning; the Delphi technique could be used in other disciplines to gauge best practice.

2.6 Greening the STEM Curriculum at Bradford – Dr. Peter Hopkinson, with Dr Beverley Lucas 

Peter is Director of the University of Bradford’s Ecoversity Project and Co-Director of HEEPI. He outlined the educational goals of Ecoversity namely to embed education for sustainable development into the curriculum of all students. At Bradford 70% of students are on STEM-related courses, many of them in disciplines where ESD has received relatively little attention in the literature. 

Peter outlined the three curricula model that underpins the Ecoversity education for sustainable development project (Ecoversity StuDent, a 3 year HEFCE funded project). This model promotes student learning via a formal curriculum (courses), an informal curriculum (through a range of student engagement activities) and through a physical curriculum – namely by associating learning and education about sustainability through the way we design, operate and manage our campus and facilities, such as labs. Each subject or discipline provides different ways of embedding or linking sustainable development. In the case of life sciences sustainable development is often seen as an abstract and remote concept, or antagonistic if forced. The Bradford model for embedding ESD in the formal curriculum however advocates a curriculum development approach which aims to find relevance and meaningful points of connection as judged by the academic staff and students. What this means in practice will be determined by the staff and students.  

Beverley Lucas is Senior Lecturer Pharmacy Education, Bradford School of Pharmacy (Life Sciences), University of Bradford. She outlined a pilot educational innovation related to a case study example of the introduction of Education for Sustainable Development for students undertaking the MPharm programme.  Key points outlined were:

· In line with the Pharmacy White Paper for England (DoH, 2008), the importance of enhancing pharmacy’s contribution to health and promotion of its potential to lead local communities.

· The Bradford School of Pharmacy had been proactive in exploring curricular reform and following an independent curriculum analysis of education for sustainable development potential, a professional practice module was chosen for evaluation.

· Following a literature review, evidence based resources (PharmacyHealthLink and Department of Health) were identified and used within the context of small group directed learning activity (including an experienced practitioner) that explored individual and professional responsibilities associated with sustainable development. 

· The findings outlined positive student learning experiences and that as future professionals suggested it would influence work practice.

· Most useful points included the evidence based resources, group work and collaborative learning. Areas for development related to the timing of sessions, need for more interactive materials and strengthening relevance for professional practice.

· Suggestions for future development were diverse ranging from ‘make it part of the examinable material, it should be compulsory’ to ‘pharmacists will not have time to go through environmental issues’.

· Plans for further development of the work are being explored. 

2.7 The Role of Laboratory Staff – Allen Doyle

Allen is Sustainability Manager at the University of California, Davis. He co-founded the Laboratory Research And Technical Staff (Lab RATS) initiative when managing a soil chemistry laboratory at UC, Santa Barbara (where the programme continues) and has recently extended it to Davis. Much of the initiative’s work is aimed at lab managers and technicians, and is described in a parallel paper on laboratory operational issues.
 The main features of relevance to curriculum and learning are:

· The scheme employs student interns to conduct energy and environmental audits of laboratories – which provides them with very valuable experience, as well as identifying opportunities for improvement;

· It takes many actions to raise staff and student awareness, including the importance of closing fume cupboard sashes when not in use, and therefore trains and empowers the next generation of scientists to use resources wisely;

· Raising the awareness of lab managers and technicians, and academic staff, is an important precondition for raising awareness amongst students, as they can be role models, as well as providers of information. 

3. Discussion

A number of points emerged in the discussion sessions at the events, including:

Strengthening Drivers – universities are under growing pressure to take action with regard to sustainability. In operations, new regulations such as the Carbon Reduction Commitment, stakeholder pressures, e.g. HEFCE is about to introduce a sectoral target for carbon reduction, and other factors are requiring significant improvement. Comparison is also becoming more common, e.g. through People and Planet’s Green League Table or Display Energy Certificates on buildings. On curriculum, pressures are more diffuse but there is increasing employer interest in graduates who have a good grounding in the topic.  

Barriers to Take Up – a number were noted, including an already crowded curriculum; lack of time amongst both staff and students; doubts amongst some STEM academics about the importance of the topic; a need to conform to professional bodies’ requirements which do not always place high emphasis on ESD; and over-reliance on committed individuals to take action (which can be successful whilst it lasts, but often leaves no legacy when they move on or develop other interests).

Work/Life Imbalance – a major paradox at present is that many STEM academics are activists in, or sympathisers with, aspects of sustainability in their private lives, but do not bring this into their work lives. There are considerable opportunities to mobilise this personal interest to support action, especially within laboratories. Similar opportunities exist with regard to students.    

ESD Approaches in STEM – there was considerable discussion of how appropriate ‘traditional’ ESD approaches are in the STEM field. Scientists and technologists are trained to be questioning and to rely on empirical evidence, and often need to be very focused on micro-topics. Without care, ESD can appear to be a ‘woolly’ and value-laden attempt to change their thinking, which can engender considerable resistance. Although it is clearly important the scale of environmental and social challenges is communicated, it may be that the most successful ESD in this area will be that which has a strong action focus (as with those presented at the Bradford event), or which ‘go with the grain’ of established STEM curricula allowing staff (and students) to find ways of bringing issues around sustainability in ways that build on discipline, departmental and teaching and learning cultures. Such strategies reflect wider discourses and strategies for influencing and enhancing teaching, learning and assessment.
 Examples of the latter include linking concerns about resource utilisation and wastage to good experimental practice procedures in disciplines such as chemistry, or to established approaches such as lean production in engineering. Practical challenges which challenge students’ creativity and competitiveness can also be successful, e.g. Kingston University has a green fuel challenge.              

Responsible Professional Practice:  Teaching and learning around professional practice is common in areas such as health studies, and, increasingly, medicine, with students being encouraged to reflect on placements, and work with patients in real or simulated settings. Such reflective practise is less common in other STEM subjects, partly due to the subject area being seen as more ‘objective’, with fewer direct links to people. The Bradford example of pharmacy generated debate about the extent to which STEM students and disciplines need to address the professional practices that graduates will enter, and the role and responsibilities of those professions in terms of their impact on the environment and people directly or indirectly.  They can be very influential in supporting new practices or more responsible actions. There are also potential financial benefits in today’s economic downturn, arising from increased efficiency and reduced waste, and reduced risk and liability for individuals and/or the organisation. Achieving this requires a curriculum which generates new ways of thinking and acting to create change, and which challenges old practises and habits.      

Overcoming Barriers - a number of possible solutions were discussed. Internally, requirements to consider ESD during curriculum review or other major changes (e.g. lab refurbishment, which could provide interesting content for teaching) can be strengthened. Externally, there could be greater pressure from funding councils, e.g. by greater emphasis on ESD in Research Assessment Exercise (RAE)/Teaching Quality Assurance (TQA) activities related to STEM (although it was recognised that concerns about university autonomy meant that their mandate was limited with regard to curriculum issues). Another is greater involvement by professional bodies, e.g. by making sustainability a bigger component of continuing professional development (CPD). Some - such as the Royal Pharmacy Society and the Royal Academy of Engineering - are clearly taking this agenda seriously, but others are not.  There is also scope for Higher Education Academy (HEA) subject centres to do more. Some such as the subject centre for Geography and Environmental Science (GEES) have done a lot (and have resources on it)
, but others have done very little to date.   

A Critical Mass of Activity – notwithstanding barriers and concerns, there was agreement that the level of interest and good practice with regard to STEM and sustainability is increasing, and has reached a critical mass. It is important that this maintained through the continued development of networks and dialogue.  
Improved Student Experience - a number of the speakers highlighted that the active, practical and collaborative pedagogies produced positive student feedback, as well as demand from students for more teaching of that form and style. Students themselves report feeling more skilled and employable. Furthermore, teaching activities involving laboratory practicals or audits require new forms of collaboration between academics, students and laboratory staff which can help to raise the profile and academic contribution of highly qualified laboratory staff. 
4. Conclusions

It is clear that, whilst much is happening, there is also much more that can be done to introduce or further develop sustainability within STEM subjects. The examples described above illustrate innovative and distinctive ways of linking such teaching and learning into the practical exercises, and professional practice aspects, of STEM courses, in ways that are seen as meaningful and relevant to a distinctive group of staff and students. These do not necessarily require dramatic shifts in content. They do involve finding ways of drawing out the wider environmental, social and ethical context of the subject – often in ways that chime with a growing emphasis on sustainability by professional bodies and employers.   

Any activities that can promote and achieve reductions in the environmental impact of laboratory operations also generate a further sustainability dividend for a University, helping to improve its sustainability performance and reduce costs and liabilities.  

Infusing sustainable development thinking and practices into the formal STEM curriculum can be achieved by building activities into existing modules or provision, or through new modular developments. Many such activities are readily transferable across STEM subjects, or easily adaptable at the subject or departmental level to take account of the differences in cultures and local histories that are found in every institution. However, change is not always rapid and innovations may attract resistance and opposition for a variety of reasons.
 Nonetheless, examples in fields such as engineering show that, with the right strategies, change is possible.
 The sharing of successful and effective practices and strategies is an important first step in building greater awareness of the potential for greening STEM. Further resources will be developed by Ecoversity and S-Lab over the next 12 months to support teaching and learning of sustainable development in STEM subjects. If you have resources to share or are interested to participate in future events please contact the authors.     
Professor Peter James and Dr. Peter Hopkinson are Co-Directors of the Higher Education Environmental Performance Improvement (HEEPI) project. This is based at the University of Bradford, and mainly funded from the HEFCE Leadership, Governance and Management (LGM) initiative. It aims to improve the environmental performance of universities and colleges through identification and dissemination of best practice, events and network building activities, and development of sector capacity. See �HYPERLINK "http://www.heepi.org.uk"�www.heepi.org.uk� for more details, and contact information.
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