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Introduction
Welcome to the Resource Recovery from Waste Annual Conference 2017!
The successful implementation of ideas, frameworks and technologies for resource recovery
from waste will require the formulation of strong “business cases” for a variety of actors in
industry and government. Why should we be interested in adopting resource recovery as
part of a circular economy? What are the motivations and challenges? This goes beyond
financial gain and carbon reductions, including a broad range of economic, social,
environmental and technological impacts and benefits.
At this year’s conference we strive to understand how the business case for resource
recovery can be formulated for industry and government. What are the key elements of
business cases for these actors? What can we learn from successful examples?
Presentations will cover both conceptual ideas and practical experiences on the formulation
of business cases for resource recovery.
Resource Recovery from Waste prides itself in contributing to real change as we make the
transition towards an increasingly circular economy. In that spirit, we ask you to actively
participate in the conference by adding to the on-going debate. With this booklet you have
received sticky notes – please use these to capture your ideas regarding motivations and
challenges for the business case for resource recovery. We will build on those ideas in the
group discussions during the specialist sessions.
Please also share your thoughts during the day on Twitter using #RRfW2017
We hope the conference will inspire you to continue contributing to resource recovery and
the transition towards a circular economy!

The Resource Recovery from Waste (RRfW) Programme
Society faces increasing resource scarcity whilst waste production continues to grow. The
waste management sector could play a key role in building a circular economy and solving
these problems. Responding to these needs, Resource Recovery from Waste (RRfW) is a
collaborative research programme, funded by NERC, ESRC and Defra, that was set up to
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deliver the environmental science needed to support a radical change in the waste
management landscape.
With six major and seven smaller projects based at leading UK universities, RRfW is building
tools to model the multiple dimensions of value whilst also developing enabling
biogeochemical technologies and applications for new supply chains. The programme coproduces solutions with governmental and industry partners striving for a circular economy
within environmental and social boundaries.
Further details about RRfW, news and events can be found at https://rrfw.org.uk/

RRfW Projects
AVAnD: Adding value to Ash and Digestate
Lancaster University, Stopford Energy & Environment, the James Hutton Institute and Aqua
Enviro
The overarching aim of this project is to identify and examine novel nutrient-recycling
pathways and retention mechanisms to maximise soil sustainability and crop productivity.
For this purpose, bioenergy generation by-products (anaerobic digestate and biomass ash)
will be combined and their suitability as alternatives to the finite mined-mineral P-and
synthesised N-fertilisers will be assessed. As opposed to conventional fertiliser usage, this
management will potentially conserve valuable resources while maintaining and/or boosting
ecosystem environmental services
For further information, please see: http://www.lancaster.ac.uk/lec/business/casestudies/land-conditioners-from-bio-energy-residues/

B3: Beyond biorecovery: environmental win-win by biorefining of metallic wastes into
new functional materials
University of Birmingham, University of Bangor, Camborne School of Mines and Exeter
University
This project develops the concept of a biorefinery that takes primary and secondary wastes
and uses biological and dielectric treatments to yield several classes of “proved in principle”
and more speculative functional nanomaterials. It will produce concentrated bulk minerals
(base metal sulfides, rare earth and uranium phosphates) as enriched materials into
commercial refineries and also catalytically active nanoparticles of precious metals
biorecovered from wastes. This will conserve resources and reduce the environmental
impact of refining. Biorefining will achieve “one pot conversion” into new value-added
products, while also utilizing some unrelated wastes as feedstocks for new energy materials.
3-4 case histories will also be subjected to life cycle analysis within identified supply chains.
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CVORR: Complex Value Optimisation for Resource Recovery from Waste
University of Leeds
CVORR is a novel approach that combines scientific and engineering methods with a sociopolitical narrative grounded in the systems of provision (sop) approach and seeks to assess
how value is created, destroyed and distributed in resource recovery from waste (RRfW)
systems.
In CVORR ‘value’ has a wide meaning, referring to measurable benefits (creation of positive
value) and impacts (creation of negative value, or loss of value) in the environmental,
economic, social and technical domains. Considering all these domains – and potentially
more e.g. governance – in the evaluation of interventions, allows for a whole-system
assessment and provides a comprehensive analytical method for calculating and
communicating multi-dimensional outputs, essential to support informed decision-making.
Through this novel way of assessing RRfW systems, CVORR can provide guidance as to
where successful interventions can be made, and indicate how changes in the political and
legal framework can be instrumental in the better management of resources at different
levels of the economy, and the promotion of circular economy.
The CVORR project is in collaboration with and supported by (in alphabetical order): ARUP,
British Geological Survey (BGS), Chartered Institution of Wastes Management (CIWM), DWaste, DcW, EMG, Freeland Horticulture Ltd., International Solid Waste Association
(ISWA), Knowledge Transfer Network (Environmental Sustainability), Link2Energy, NFU,
OECD, PlasticsEurope, Ramboll, Resource Association (RA), Technical University of Vienna
(TU Wien), Technical University of Denmark (DTU), WRAP.
For further information, please see: https://leedsplus.wpengine.com/cvorr

INSPIRE: In situ recovery of resources from waste repositories
Cardiff University, Warwick University & the University of the West of England
The objective of ‘INSPIRE’ is to understand and manipulate the biogeochemistry of waste
within waste repositories (e.g. landfills, industrial waste, municipal solid waste, metallurgical
and mining waste) to recover valuable resources by leaching and other treatments whilst the
material lies in situ. This avoids the need to actively extract the material and thereby
minimises ecological and environmental impacts. Appropriate benchmarking will be
developed for these recovery processes in terms of life-cycle (societal, economic, cultural
and environmental impacts) and their impact on ecosystems services.
Specifically, INSPIRE seeks to:





Optimize the in situ recovery of ‘E-tech’ elements and Elements of Value (EoV) from
waste repositories.
Increase the recovery of energy (from methane) and metals through
biotechnologically enhanced lignocellulose degradation.
Develop Resource Recovery Models
Perform environmental systems modelling to understand the health and social
impacts of recovering resources from geological waste storage

More information is available from the website: http://sites.cardiff.ac.uk/inspire/
3

MeteoRR: Microbial Electrochemical Technology for Resource Recovery
Newcastle University, and Universities of Manchester, South Wales and Surrey
The aim of this research is to achieve efficient resource recovery from wastewaters using
microbial electrochemical technology, providing a more sustainable and cost-effective
approach to the industrial wastewater treatment. The research develops bioelectrochemical
systems (BES) which use microorganisms to harvest the chemical energy available in
wastewater to drive parallel processes such us the recovery of useful metals from
wastewater, including novel nanometallic structures, and the synthesis of valuable organic
compounds from carbon dioxide. Full life cycle sustainability assessments, including social,
environmental and economic costs and benefits will enable the comparison of BES with
conventional methods of waste treatment and will be vital to inform industrialists,
policymakers and regulators on the viability of microbial electrochemical systems for the
treatment of wastewater as part of the circular economy.
Further information is available on the project website at www.meteorr.ac.uk

R3AW: Resource Recovery and Remediation of Alkaline Wastes
University of Hull, and Universities of Leeds, Cardiff, Newcastle and the Open University
This research brings together an interdisciplinary academic team and industrial partners to
develop initiatives combining resource recovery from caustic industrial wastes, such as steel
slag and bauxite processing residue, with environmental remediation and waste
stabilisation. Resource recovery covers various facets, including:
(1) recovery of e-tech metals that are both crucial for modern environmental
technologies and simultaneously environmental pollutants (e.g. vanadium),
(2) enhancing carbon sequestration in alkaline wastes,
(3) promoting the broader re-use of bulk by-products without environmental impacts, and
(4) improving remediation strategies at alkaline residue disposal sites.
As well as the technical aspects of the project, we have been critically assessing regulatory
and governance frameworks that influence current alkaline residue management through
stakeholder discussions and workshops. By integrating the technical and policy review
components and working closely with key stakeholders, we hope that the various avenues
for improved alkaline residue valorisation identified can be implemented in practice.
Key outputs from the project can be found at: https://alkalineremediation.wordpress.com/

RRfW Mini-projects
Aiming to build a close community of people working on resource recovery and to enable
uptake of research outcomes, RRfW has funded a series of short projects promoting
collaboration between our academic, industry and government partners. Seven mini-projects
were funded:
1. MAPERR: Multi-parametric Assessment of Policies for Resource Recovery
from Waste
2. Resource recovery from Parys Mountain – past, present and future: communicating
the multifaceted value of mine sites
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3. Life Cycle Sustainability and Policy Analyses of Plausible Systems for Resource
Recovery from Waste
4. Participatory situational analysis for the implementation of RRfW technologies
and vision
5. Formulating the Environmental and Social Business Case for a Resource Recovery
from Waste Process
6. Recovering Multidimensional Value from Compost Oversize
7. The Resource Recovery from Waste Retreat
Further details about these projects can be found at https://rrfw.org.uk/projects/mini-projects/
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Schedule
All the meeting rooms (Tweed Suite, Wool and Denim Room) are located on the second
floor of the Cloth Hall Court. Lunch and refreshment breaks will be held in the Merchant Hall
on the ground floor. The Seamstress Room on the second floor will be available for storage
of luggage and will be kept locked except for access.

Time
(hrs)

Item

Chair / Location

9:00 Arrival and registration

Reception

9:30 Welcome, Anne Velenturf, Resource Recovery from Waste
Programme lead, University of Leeds

Tweed Suite

9:40 Keynote: David Fatscher, British Standards Institution.
The first global circular business model standard BS8001.

Tweed Suite

10:10 Keynote: Prof Jan Jonker. Radboud University. Circular
Economy: the quest for a changing focus in value creation
in industry and government.

Tweed Suite

10:40 Refreshment break

Breakout Space

11:00 Keynote: Prof Phil Purnell, University of Leeds. On a
voyage of recovery: a preliminary review of the UK’s
resource recovery from waste infrastructure.

Tweed Suite

11:30 Keynote: Dr Ian Archer, Industrial Biotechnology
Innovation Centre (IBioIC). Biorefining Potential for
Scotland – and opportunities for everywhere else!

Tweed Suite

12:00 Lunch and networking

Merchant Hall

Chair:
Anne Velenturf,
University of Leeds

13:00 Specialist sessions and discussions
I.

Creating value from wastes in the bioeconomy






Converting waste CO2 to valuable chemical
compounds: Another way of CO2 recycling. Shahid
Rasul, Newcastle University.
Adding Value to Ash and Digestate (AVAnD): From
the Glasshouse to the Field, Technical Challenges
and Commercial Opportunities. Rachel Marshall,
Lancaster University.
Carbon pricing for the circular economy. David
Newman, BBIA.

Wool Room
Chair: Ian Archer,
IBioIC
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Time
(hrs)

Item
II.

Chair / Location
Recovering materials from mine legacy landfills






III.

Metal recovery and recycling by urban mining.
Jason Love, University of Edinburgh.
Metal-mine waste bioleaching and selective
precipitation of target metals. Carmen Falagan,
Bangor University.
Challenges and Potential Solutions in Resource
Recovery from Mine and Industrial Wastes. Devin
Sapsford, Cardiff University.

New sustainability assessments and models







Catalytic upgrading of heavy and pyrolysis oils: how
Life Cycle Analysis can be affected comparing fossil
and renewable resources? Sophie Archer and
Lynne Macaskie, University of Birmingham
Decision-making and business model innovation for
sustainability. Suzana Matoh, University of Leeds
Developing a conceptual framework for complex
value assessment of resources recovered from
waste using non-standard economics. Oliver
Zwirner, University of Leeds.
Life Cycle Sustainability Analysis (LCSA) of
Resource Recovery from Waste (RRfW) Systems.
Jhuma Sadhukhan, University of Surrey

Denim Room
Chair:
Bert Bingham,
Novagg Ltd

Tweed Suite
Chair:
Adrian Whyle,
PlasticsEurope

14:00 Group activities to identify academic, industry and
government challenges when making the business case for
resource recovery

Tweed Suite

14:30 Refreshment break

Breakout Space

15:00 Panel discussion with chairs of specialist sessions to feed
back results of discussions

Tweed Suite

15:30 Keynote: Libby Peake, Green Alliance. UK resources
strategy after Brexit

Tweed Suite

16:00 Keynote: Prof Ian Boyd, Chief Scientific Advisor, Defra.
A Government Perspective on Resource Recovery from
Waste.

Tweed Suite

16:30 Open discussion and sum up of meeting

Tweed Suite

Chair: Chris
Murphy, CIWM
Chair: Kirk Semple,
Lancaster
University

16:45 Close
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Keynote speakers
The first global circular business model standard BS8001
David Fatscher, British Standards Institution
The ‘circular economy’ is a concept which challenges organisations to
re-think how resources are managed to create financial,
environmental and social benefits. David Fatscher will outline how
BSI’s new standard BS 8001 was developed to meet these mutually
beneficial goals, and provides guiding principles to consider. Practical
implementation of these principles is the bedrock of the standard,
which lists step-by-step advice on how to navigate through the
different stages, but BS 8001 is not a prescriptive so can be used
flexibly by those organisations who adopt it – irrespective of size,
sector, or where they are on the ‘circular journey’.
BSI’s standards development process brings together thought-leaders from across industry,
government, academia and civil society to shape and share documented good practice. With
BS 8001, this has ensured the standard is written in business-friendly language. David will
describe how BSI identified the need for a voluntary standard and managed stakeholder
input until a consensus was reached on what ‘good’ looks like. He will also explain how to
participate in future standards development.
Resource productivity is at the heart of the government’s new Industrial Strategy and David’s
presentation will demonstrate how standards can be considered business improvement tools
which help organisations unlock the untapped potential of sustainable growth.
Speaker biography: David Fatscher has over 30 years' experience in B2B/B2C publishing
and digital media in a career that has included positions at Reuters Business Information
and VisitBritain, the UK’s national tourism agency. He is currently Head of Market
Development for Sustainability & Energy with the British Standards Institution, and engages
with key stakeholders from government and industry in order to define BSI's strategy for
market-driven best-practice on a range of topics including sustainable development,
environmental management, resource productivity and energy innovation.

Circular Economy: the quest for a changing focus in value creation in industry and
government
Jan Jonker, Radboud University
Jan Jonker will introduce the state of the art in circular economy
thinking in the Netherlands, framed within the European context. He
will address a number of fundamental underlying questions such as
the balance between sustainability and circularity, the changing notion
of value-creation and the role of various stakeholders in the quest for
change. He will then introduce the considerations, challenges and
benefits of the Dutch government bringing in place a comprehensive
CE strategy leading to economic reform. Finally, he will turn to the
practical side, discussing how we can get uptake of circular practices
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by companies and government. This shapes business activities and promotes particular
circular business models; Jan concludes with various case studies of circular business
developments.
Speaker biography: Professor Jonker’s research interests are at the crossroads of
management, corporate social responsibility (CSR) and sustainable development (SD),
specifically, the development of organisational concepts, strategies and (new) business
models. Within this focus, Professor Jonker is concentrating on how (inter)organisational
collaboration leads to sustainability. In recent years his focus is on the circular economy and
sustainable value creation through business models.
On a voyage of recovery: a preliminary review of the UK’s resource recovery from
waste infrastructure.
Phil Purnell, University of Leeds
Here we present an overview of the UK’s Resource Recovery from
Waste (RRfW) infrastructure system. We collate and analyse key
sources of public-domain information for the sector to review our
existing and planned infrastructure capacity, highlighting shortcomings
in the sector and how the sector will change in the future in response
to economic, political and technological drivers. We conclude that
RRfW is a growth industry but future developments are overly
focussed on energy recovery instead of the professed aim of moving
towards a circular economy, and that data deficiencies, political
uncertainties and fiscal issues are major barriers to the sustainable development of a sector
with real potential to provide modern jobs and services both at home and abroad.
Speaker biography: Phil Purnell is Professor of Materials and Structures at Leeds
University School of Civil Engineering, and a co-Director of the University’s Cities
interdisciplinary research theme. He is the Convener of the Resource Recovery from Waste
programme, and also PI or Co-I on live projects investigating the use of robotics in
infrastructure maintenance, social project delivery in urban environments, infrastructure
materials lifecycles and interdependencies and business models in infrastructure systems,
funded from three research councils, industrial partners and policy makers. The portfolio
concentrates on work at the interfaces between the engineering, environmental and
economic sciences where the difficult global problems facing our 21st century society and its
infrastructure reside.
Biorefining Potential for Scotland – and opportunities for everywhere else!
Ian Archer, Industrial Biotechnology Innovation Centre (IBioIC)
Zero Waste Scotland and IBioIC have recently published most detailed insight yet into the
circular economy opportunities for bio-based waste and by-products generated in Scotland.
In the Biorefining Potential for Scotland report, bio-resource arisings in Scotland have been
mapped to understand the scale and shape of the potential market. It shows there are
27million tonnes of biomaterials produced in Scotland every year, with considerable scope of
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opportunity for development: thousands of tonnes of these valuable materials could be
captured and put to high-value use.
This talk will describe a searchable model which can be used to identify resources, available
quantities and locations for circular economy opportunities.
The Biorefining Potential for Scotland report can be found at:
http://www.zerowastescotland.org.uk/sites/default/files/Biorefining Potential for Scotland
Final report.pdf
Speaker biography: Dr Ian Archer joined IBioIC as Technical
Director in August 2015. His background was in synthetic organic
chemistry and chemical process development. He developed
expertise at the interface of molecular biology, microbiology and
bioprocess development while Head of Process Development at
Ingenza, where he was responsible for all aspects of bioprocess
development. Ian joined Ingenza in 2004 after spending 6 years as a
Work Group Leader in Process Technology with Zeneca (latterly
Avecia) in Grangemouth, Scotland. He received his degree and PhD
in chemistry from Imperial College, London. He is an Honorary Lecturer in the School of
Chemistry at the University of Edinburgh

UK resources strategy after Brexit
Libby Peake, Green Alliance
This talk will examine the resource policy implications of the UK’s exit
from the European Union, considering the potential outcomes for the
sector. With environmental matters including waste and resource use
having been a shared EU-UK competence for the past 40-odd years,
Brexit is a time of great risk but also significant opportunity. Following
our departure from the EU, Defra will, for the first time in decades, be
solely responsible for creating primary legislation on resource use. As
the government negotiates the UK’s exit from the EU, planning for
both a potential ‘implementation phase’ to avoid a cliff edge and a final
future settlement, civil servants are facing considerable demands on their time. It is therefore
vital to both ensure that the current framework for resource use is retained as far as possible
through the Withdrawal Bill process, and that policy momentum is maintained in
government’s promised renewed resource and waste strategy. In light of these
circumstances, this talk will consider potential threats to and realistic ambitions for
responsible resource stewardship in the UK.
Speaker biography: Libby Peake is a senior policy adviser on resource stewardship at
independent think tank Green Alliance. Previously, she spent ten years at Resource Media,
an environmental publishing house, editing the company’s flagship magazine, Resource,
which promotes the use of waste as a resource. Her areas of expertise include the circular
economy, marine plastics, energy from waste, household waste and recycling collections,
food waste, and the sharing economy.

10

A Government Perspective on Resource Recovery from Waste
Ian Boyd, Chief Scientific Advisor, Department of Environment, Food and Rural Affairs.
Prof Ian Boyd has been working jointly with the Government’s Chief Scientific Advisor, Sir
Mark Walport, to develop a report on waste and resource productivity which focuses on how
the UK can make the most of its resources and shift the policy focus away from simply
managing waste. In his speech, he will review the key themes of the report and the impact
they are likely to have on the future policy direction in this area. Ian will also highlight areas
where the academic community can support the resource productivity agenda.
Speaker biography: Professor Ian Boyd is Chief Scientific Adviser at
the Department of Environment, Food and Rural Affairs. He is
currently Professor in Biology at the University of St Andrews. He has
received the Scientific Medal of the Zoological Society of London, and
the Bruce Medal for his research in polar science. He is a Fellow of
the Royal Society of Edinburgh and the Society of Biology. In 2017 Ian
was awarded the prestigious Polar Medal. Ian is the Defra Head of
Science and Engineering Profession (HoSEP) for the Government
Science and Engineering Profession
(https://www.gov.uk/government/organisations/civil-service-government-scienceengineering).
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Specialist sessions
These sessions will be followed by a facilitated discussion (until 14:30) to identify motivations
for, and the challenges encountered when making the business case for resource recovery;
and actions that academia, industry and government can take to use these motivations and
overcome challenges. Findings from the specialist sessions will be shared by the session
chairs in a plenary discussion from 15:00-15:30.

I.

Creating value from wastes in the bioeconomy

Converting waste CO2 to valuable chemical compounds: Another way of CO 2
recycling
Shahid Rasul1, Henriette Christensen1, Ian Head2, Eileen Yu1
1) School of Engineering, 2) School of Nature Science, Newcastle University, Newcastle upon Tyne.

Synthetic fuels produced from
recycling CO2 could provide a
transitional pathway to the
decarbonisation of UK economy by
transferring low-carbon energy into
the sectors such as aviation, marine
and long range haulage, where
there is no current alternative to
Figure 1: Overview of the bio-electrochemical system for recycling
hydrocarbon fuels. This motivates
waste CO2 and waste water to produce renewable fuels
scientists to advance the
technologies for the development of renewable fuels. In the combined Bio−electrochemical
process, CO2 is initially reduced electrochemically to lower hydrocarbons, such as
CO/syngas and formate using electric energy from biomass or wastes and other renewable
sources. Lower hydrocarbons then go through a biotransformation SimCell reactor with
microorganisms specialised in converting low hydrocarbons to designed hydrocarbon fuels.
Nonetheless, there are several key challenges for this technology to become accessible for
industry. These challenges include inventing, scaling, commercialising and industrially
deploying processes that promote the use of CO 2. Moreover, improving the fundamental
understanding of catalysis; developing sources of competitively priced low carbon energy;
and the need to produce cheap green hydrogen at scale is required. From industrial point of
view, Life Cycle Analyses (LCA), including the thermodynamics and economics, are vital to
understand the effective utilization of carbon dioxide compared to the alternatives from both
economic and carbon footprint perspectives. From policy standpoint, the creation of
industrial sectors which deal with CO2 utilization offer excellent opportunities for the UK
economy aligning with transition to a low carbon energy future.
Keywords: Recycling CO2, Waste Water, Bio-electrochemical system, Renewable Fuels
Speaker biography: Dr Shahid Rasul is working as an EPSRC Research Associate on
“Liquid Fuel and bio-Energy Supply from CO 2 Reduction (LifesCO2R)” with Dr. Eileen Yu at
Newcastle University (NU). Before joining NU, he was working at King Abdullah University of
Science and Technology (KAUST) as a postdoctoral research fellow from 2013 to 2017. Dr.
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Rasul is a materials-electrochemist and contributing to the study of fundamentals and
applications of electrochemical devices.

Adding Value to Ash and Digestate (AVAnD): From the Glasshouse to the Field,
Technical Challenges and Commercial Opportunities.
Rachel Marshall1, Alfonso Jose Lag-Brotons1, Ben Herbert2, Lois Hurst2 and Kirk T. Semple1
1) Lancaster Environment Centre, Lancaster University, Lancaster, LA1 4YQ, United Kingdom. 2) Stopford
Energy and Environment, Merseyton Road, Ellesmere Port, Chester, CH65 3AD, United Kingdom.

Resource recovery from waste offers opportunities to tackle issues related to energy and
food security, whilst simultaneously improving waste management. By-products from the
bioenergy industry contain valuable resources for use in agriculture and there is growing
evidence to suggest that the use of digestate, from anaerobic digestion, and biomass ash
from thermal conversion, could contribute to improved soil health and nutrition.
Funded by NERC, as part of the Resource Recovery from Waste programme, the AVAnD
project seeks to extract the agronomic value of digestate and ash blends and assess the
impact of these formulations on the soil-plant system (soil fertility, crop yields) and on
environmental services (e.g soil health, GHG emissions). Whilst the AVAnD technology has
been proven to improve soil fertility and enhance crop yields, further work is required to
refine the bulk formulation process and to integrate supply chains to enable the commercial
requirements of both the bio-energy and agriculture sectors to be realised.
Keywords: Anaerobic digestion; wood ash; bioenergy; fertilisers; soil health.
Speaker biography: Dr Alfonso Jose Lag Brotons is interested in soil protection, waste
management and bio-energy production, being these aspects oriented towards the
achievement of sustainable agrosystems. Currently he is a research associated based at
Lancaster University, participating in a NERC funded research to develop sustainable
fertilisers from bio-energy residues.

Carbon pricing for the circular economy
David Newman
Bio-based and Biodegradable Industries Association, BBIA.

On October 7th the Ministers of Finance of the European Union, ECOFIN, unanimously
called for a carbon price to be applied throughout Europe to help push the economy towards
a faster low carbon transition. Similarly, on October 25th, Professor Dieter Helm CBE in his
independent review of UK energy policies, called upon the Government to set a universal
carbon price on a common basis across the economy. This would harmonise carbon
taxes and prices in place. It should vary to meet the carbon budgets and be lower than the
cost of current interventions.
Further, there should be a border carbon price to address the consequences of the UK
adopting a unilateral carbon production target. 1500 of the leading global corporations
calculate internally within their systems a potential carbon price whilst the Carbon Price
leadership Initiative, adopted in 2016 by the World Bank, the IMF and most of the leading
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fossil fuels producers, is an indicator of how the attention to carbon pricing has grown
globally.
Currently the European Commission is in the process of negotiating and hopefully
concluding both the new legislation which will implement an Emissions Trading System after
2020, and a Circular Economy package, which will also come into force in national
legislation around the same time.
In this presentation I look at why implementing the Circular Economy targets in Europe will
meet great obstacles as both national taxes/incentives and international raw material
markets are at present structured. Short-termism defeats long term circular planning.
A carbon tax which prices in the externalities of resource use, is one instrument to balance
the cost of future impacts with the price of current consumption.
Keywords: carbon pricing, resource management, circular economy
Speaker biography: David Newman has been involved in waste management since 1998.
He led the Italian composting and biogas association until 2014, was President of ISWA Italy
until 2014, founded and led the Bioplastics Association from 2011 to 2015, founded and
leads the Bio Based and Biodegradable Industries Association UK since 2015. From 2012 to
2016 he was President of ISWA promoting the importance of policies and investments in
waste management as a global environmental priority. He specialises in biowaste
management and was among the team that successfully lobbied for the plastic carrier bags
directive in the EU, as well as leading the advocacy efforts in Italy to promote biowaste
collection and treatment. Italy is now world leader in this and during this time he was also
personal advisor to the Minister of Environment, Andrea Orlando. The WBA was founded in
2016 and he was asked to be the first President in November 2016. He advises companies
on strategies for growth in the waste sector and works with several businesses as an
advisor. He lives and works in London since 2016 and is a Corporate Member of the CIWM
UK, Honorary Member of ISWA and Member of the UK Institute of Directors.

II. Recovering materials from mine legacy landfills
Metal recovery and recycling by urban mining
Euan D. Doidge, Innis Carson, Peter A. Tasker, Ross J. Ellis, Carole A. Morrison, Jason B.
Love*
* EaStCHEM School of Chemistry, University of Edinburgh, Edinburgh EH9 3FJ, UK.

This presentation will discuss the technologies
required for the recovery of valuable, critical, and
toxic metals from primary (mining) and secondary
(E-waste) sources, with particular focus on the
development of new compounds for the solvent
extraction of gold from waste electronic and electrical equipment (WEEE), an important
economic driver for recycling and the development of local circular economies.
Technological advances are needed for the efficient recovery and recycling of metals,
particularly for diverse waste feed streams such as WEEE. However, their translation from
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the laboratory into economically, environmentally, and socially relevant processes and
procedures requires strong collaboration with, and insight from, industry and government.
Keywords: Gold, WEEE, chemistry, circular economy, technology
Speaker biography: Jason Love is Professor of Molecular Inorganic Chemistry and the
Head of Inorganic Chemistry at the University of Edinburgh. He is interested in coordination
and supramolecular chemistry in relation to metal recovery and recycling, catalysis, and
structure and bonding. He has published over 100 peer-reviewed papers.

Metal-mine waste bioleaching and selective precipitation of target metals
Carmen Falagan*, Barry Grail, Barrie Johnson
* School of Biological Sciences, Deiniol Road, LL57 2UW, Bangor University.

Waste materials from metal mining, such as mineral tailings, often contain significant
amounts of potentially valuable metals, particularly where, as in many historic operations,
the efficiency of flotation technologies used to concentrate target minerals was not as
efficient as at present. Metal-containing mineral wastes also are a major long-term
environment hazard, and reprocessing these materials can eliminate this threat as well as
provide a potential economic return for the industry. We are applying novel integrated
approaches for extracting metals from mine wastes, focusing on the oxidative bioleaching of
solid mine wastes such as tailings and other materials. Our system has recently been tested
using sediments from a river which flows through a former zinc mine with embankment
constructed with mine waste materials, causing the river water to be contaminated with this
transition metal. We have been able to bioleach more than 95% of the zinc present in these
sediments using a defined consortium of mineral-degrading acidophilic bacteria. The zinc
present in the zinc-rich solution was selectively precipitated (as ZnS) using biogenic H 2S
produced by sulfate-reducing bacteria using glycerol as electron donor. Additionally,
biosulfidogenesis can also be used to remove metals in mine waters, either by formation of
insoluble sulfide phases (e.g. Cu2+, Zn2+) or by increasing mine water pH facilitating the
formation of hydroxyl(sulfate) minerals (e.g. Al 3+). Removal of >99% of the zinc and
aluminium from an acid mine drainage water at an abandoned mine site in south-west
England was achieved suing this approach. The methodology developed represents an
effective low-cost strategy for metal recovery and mine waste treatment and should be
considered as a more environmentally-benign alternative to chemical treatment of mine
waters.
Keywords: bioleaching, mine waste, metal mining, selective metal precipitation
Speaker biography: Carmen completed her PhD on the microbial characterization of two
acidic mine pit lakes in the Iberian Pyrite Belt. She then joined the Bangor Acidophile
Research Team, working on the Coal Authority project “Research study into the role of
microbiological communities in passive treatment of coal mine waters”. Since then she has
move onto the project “Beyond Biorecovery: Environmental win-win by Biorefining of metallic
wastes into new functional materials (B3)”, which is part of the Resource Recovery from
Waste programme. The B3 project focuses on developing biotechnologies to recover
valuable and strategic materials from wastes, including the recovery of valuable metals from
mine tailings wastes and producing nanoparticles from acid mine waters. Carmen is also
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working on the BIOMOre project, which aims at extracting metals from deep mineralized
zones in Europe by coupling solution mining and bioleaching (www.biomore.info).

Challenges and Potential Solutions in Resource Recovery from Mine and Industrial
Wastes
Sapsford, D.J., Cleall, P.J., Harbottle, M.J.
Cardiff School of Engineering, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA

The circular economy paradigm is now firmly established as the future for resource
management. For metals, recycling technologies continue to be developed that allow the
retention of metals within the circular economy. However, there are numerous metalliferous
waste streams which have arisen, and will continue to arise that fall outside the boundaries
to which these typical recycling technology can be applied. Such waste arisings are common
to virgin and recycled materials production, such as mining wastes and steelmaking
residues. Furthermore metals “leak” from the circular economy via dissipation to the
environment in wastes and wastewaters. The total amount of metals in these wastes can
constitute significant metal resources of metals because they often occur in high-volume.
However, the concentrations of valuable metals are often low and/or the metals are bound in
a recalcitrant host matrix. Thus there is a financial disincentive to metal recovery when using
conventional recovery technologies that involve costly excavation and processing. There are
a number of potential means to overcome these barriers, through the development and
application of novel in situ recovery technologies including eletrokinetics and microbial
processing (discussed herein), but also through development of applications where metals
are not only extracted from these wastes but where the residues are also valorised (e.g. for
aggregate) and/or other “value” is realised through provision of decontaminated land,
ecosystems services or landscape services.
Keywords: in situ technology, biogeochemistry, electrokinetics
Speaker Biography: Dr Devin Sapsford is a Reader in Environmental Engineering within
the Cardiff School of Engineering, Cardiff University and specialises in research into the
application of geochemistry for engineering solutions for the treatment of contaminants in
water and soil and resource recovery from wastes.

III. New sustainability assessments and models
Catalytic upgrading of heavy and pyrolysis oils: how Life Cycle Analysis can be
affected comparing fossil and renewable resources?
Sophie A. Archer1, Joe Wood2, Brajenda K. Sharma3, Lynne E. Macaskie1
1) Schools of Biosciences and 2) Chemical Engineering, University of Birmingham, Edgbaston, Birmingham B15
2TT, UK. 3) Illinois Sustainable Technology Center, Prairie Research Institute, University of Illinois, UrbanaChampaign, 1 Hazelwood Drive, Champaign, IL 61820, USA.

Objectives: The use of a waste to make a low grade, effective catalyst is described and the
impact of this upon the economics of the process, which are currently challenging, are
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discussed along with the mitigation of environmental impact by down-hole upgrading of
heavy fossil oils.
Key Messages: With the depletion of fossil fuels, attention is turning to the extraction of
heavy oils and butumens. This is not environmentally-friendly and involves more refining.
Pyrolysis oil is set to supplant fossil technologies. However, pyrolysis oil presents different
upgrading challenges to convert it into a ‘drop in fuel’ that can be used in current engines.
Bacterially-supported platinum group metal (PGM) catalysts have applications in upgrading.
The bacteria become part of the oil.
Presentation relevance: Subsurface application of heat and catalysts decrease oil viscosity
in situ and is cleaner. For sustainability, the oil source biomass can be purpose-grown tree
plantations, wood products, lignocellulosic wastes or algae. Bacterially-recovered catalyst
from PGM wastes impact favourably upon process economics and ‘green’ credentials.
Key words: Catalytic upgrading; biorefining; resource recovery; environmental impacts; life
cycle analysis.
Speaker biography: Sophie Archer has a background in climate and environmental science
and completing a PhD in 'life cycle analysis of biomass derived fuels for fuel cells' at the
University of Birmingham. She has recently joined the RRfW B3 project, as a life cycle
analyst, specialising in the upgrading of pyrolysis oil with neocatalysts made from recovered
metals from wastes.

Decision-making and business model innovation for sustainability
Suzana Matoh*, Sally Russell, Katy Roelich,
* Sustainability Research Institute, School of Earth & Environment, University of Leeds.

The main objective is to present the key drivers of decision making and supply chain
collaboration which underpin one of the most successful examples of transformative circular
economy business models, the company Interface. Interface was a traditional resource and
energy intensive carpet tiles manufacturer that has become a sustainability leader. It has
changed its traditional business model to a sustainable, circular model through a series of
interconnected initiatives that address several facets of sustainability. Interface’s biggest
impact lies in their products. At the beginning, the carbon footprint of their products was over
20 kg of CO2 emissions per m2 of a product. Due to their sustainability commitment the best
product to date emits 3.5 kg of CO 2 emissions per m2 of a carpet. They are using multiple
metrics such as the percentage of recycled and bio-based content to drive decision making.
They are utilizing Life-Cycle Assessment (LCA) as a way to integrate these multiple metrics
into decisions and as a result business model change is more transformative. LCA also
provides a way to work with the supply chain - if suppliers change their feedstock the overall
product impact can be reduced.
The new mission, Climate Take Back, and the existing Mission Zero are the main drivers for
decision-makers at different levels. At the product level, these missions represent the
foundation for new projects focusing on the increase of recycled and bio-based content of
the products. The latest outcome of these efforts is the Proof Positive prototype, a carbon
negative carpet tile. Product design and supply chain collaboration are central to the creation
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of new value propositions, and if underpinned by a more integrated view of sustainability
they are more likely to result in a truly circular business model.
Key words: business decision-making, circular business models, supply chain collaboration,
Life-Cycle Assessment
Speaker Biography: Suzana Matoh is a postgraduate researcher at Sustainability Research
Institute, School of Earth and Environment, University of Leeds. She is a member of the
Centre for Industrial Energy, Materials and Products (CIE-MAP). Her research focus is on
business decision-making for transformative changes in business models to achieve
improved sustainability performance.

Life Cycle Sustainability Analysis (LCSA) of Resource Recovery from Waste (RRfW)
Systems
Jhuma Sadhukhan
Centre for Environmental Strategy, University of Surrey, Guildford, Surrey, GU2 7XH, United Kingdom

The software developed at Surrey, Global Sustainability and Engineering analysis of
Resource recovery Technologies (GSERT, Trade Mark application is in process), applies life
cycle impact assessment alongside techno-economic, and social and policy analyses for
design and decision making of technical systems for RRfW. There are many choices of
design, configuration and operation of RRfW systems. Thus, a robust set of sustainability
metrics drawn from technical, social, economic and environmental dimensions needs to be
assimilated that can help to differentiate between design choices and thus in decision
making. The remarkable difference this work makes compared to existing works lies in
integrating dynamic optimisation of RRfW technical systems and LCSA framework
embedding ISO 14040, 14041 and 14044 methodologies. A case study will be discussed to
demonstrate the effectiveness of the methodology.
Key words: biorefinery, computer-aided process simulation and optimisation, technoeconomic analysis, life cycle assessment, sustainability analysis
Speaker biography: Dr Jhuma Sadhukhan, Reader at the University of Surrey, is a Fellow
of the Institution of Chemical Engineers (FIChemE), Chartered Engineer (CEng) and
Chartered Scientist (CSci). With extensive work experience with Technip, MW Kellogg Ltd.,
The University of Manchester, Imperial College London (Visiting Academic), she brings
unique expertise in sustainability and engineering systems. She has published widely in the
area including Wiley’s advanced textbook: Biorefineries and Chemical Processes and
received IChemE Moulton Medal 2010 and Hanson medal 2006.

Developing a conceptual framework for complex value assessment of resources
recovered from waste using non-standard economics
Eleni Iacovidou, Joel Millward-Hopkins, Oliver Zwirner*
* Leeds University Business School, Economics Division, Leeds, LS2 9JT, United Kingdom.

The transition to a circular economy, where not primarily the mass, but rather the value of
resources is preserved in the technosphere, must be supported by policies and business
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models that recognise creation and dissipation of multidimensional values across the social,
environmental, economic and technical domains. The CVORR project is developing
a conceptual framework that seeks to optimise value capture in resource recovery from
waste systems, by combining scientific and engineering methods with a refined nonstandard socio-economic approach. This approach, called the ‘systems of provision’
approach analyses the production-consumption-disposal system in a ‘vertically’ integrated
way and seeks to capture the complexity and dynamics of the technical, economic and
social reality in a way that is useful and accessible to policy and decision makers. Through a
combination of these different approaches, the CVORR framework has the potential to
further improve sustainability assessment methods for evaluating resource recovery from
waste systems and thereby support public and private decision making.
Key words: complex value, resource recovery from waste, systems of provision,
sustainability assessment
Speaker Biography: Oliver Zwirner is a Research Fellow in the RRfW project CVORR. His
background is in economics and social sciences with a focus on environmental issues. He
has worked in business, research and policy making and is keen to advance societies
towards sustainable development, e.g. by improving sustainability assessments and
indicators of societal progress ‘beyond GDP’.
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