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Abstract

This thesis addresses regional aspects of the technological field of hydrogen
production from waste. It develops the characterisation of experts involved in the
innovation of hydrogen from waste technologies through the use of Q methodology;
and a new model (IM-TIS) for the analysis of technological innovation systems.

The literature review revealed that the sustainable production of hydrogen from waste
processes was not well represented. Truffer et al. (2012) identified a need to further
investigate the relationships between functions of innovation and how a technological
innovation system may change over time. This was reflected in other innovation and
transitions literature.

Q methodology revealed three different group identities associated with actors
involved in the technological innovation system for hydrogen from waste. These
identities are, Hydrogen from Waste Advocates, Cautionary Environmentalists and
Hydrogen Technologists.

The IM-TIS model developed for this research was applied to three case study regions
in the field of hydrogen production from waste in the UK. The model is an adaptation
of two existing conceptual models, Rock Engineering Systems (RES) and Functions of
Innovation.

The thesis identifies and reports on the characteristics of groups of experts involved in
hydrogen production from waste and their potential importance. The application of
IM-TIS to the three regional case studies of Tees Valley, London and South Wales is
presented. A further application of the IM-TIS model using pathway analysis is applied
to the case study region of London and results are presented in a worked example.

This is the first time a model of this type has been applied to technological innovation
system case studies in the UK. It is also the first time a variation of the RES model has
been applied in the ways presented in this thesis. The new model provides the
opportunity to examine the relationships between functions of innovation and identify
what may change within the system over time.

It is concluded that the IM-TIS model offers an analysis tool for technological
innovation systems that can incorporate the relationships and interactions that occur
within the system in a non-linear fashion. Evidence from the research suggests that
these interactions have not been adequately addressed in previous studies. A further
conclusion is that by addressing the production of hydrogen from waste using these
methods, hydrogen technologies are shown to be still in an emergent state.
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1 Introduction

This thesis addresses the research question: What role might hydrogen from waste
play in a future low carbon energy system in the UK? To this end, a mixed methods
approach has been undertaken in which the methods used aim to acquire knowledge
of the technological innovation system supporting the sustainable production of
hydrogen from waste. This includes the individuals, organisations, actors and
institutions involved in the system. The research investigates whether the drivers and
barriers for deployment of hydrogen from waste technologies are changing with the
growth in knowledge of climate change and technological developments. The
hypothesis: that the supporting drivers and barriers for the use of hydrogen as a fuel
have not changed over the last twenty years despite the technological advancement in

the field, is presented.

Also under consideration, is whether achieving commercialisation of hydrogen from
waste technologies can be improved or altered if approached from the perspective of
the actors involved in the technological innovation system. Two further research sub-
guestions are considered to help address this:

1. What does the comparison between ‘real’ and the ‘model’ technological
innovation systems tell us about both the model and the development of
regional innovation systems in the field of hydrogen production from waste?
and

2. How do experts in the hydrogen from waste community view the possibilities

for hydrogen produced from waste?

The EPSRC SUPERGEN H Delivery Consortium, a consortium of fourteen universities
focusing on the sustainable production of hydrogen, funded this multidisciplinary
doctoral research. It was developed and undertaken in order to contribute to the
academic fields addressing the growing UK concerns relating to the impact that fossil

fuel emissions are having on the Earth’s climate.
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This chapter is structured as follows: Firstly, the rationale and policy relevance are
presented, to contextualise the research and identify the importance of UK policies
within the technological innovation system. This is followed by the research study’s

aims and objectives. Finally, the thesis layout is presented.

1.1 Hydrogen: policies, climate change and low carbon transitions

Hydrogen energy has been described as “a long term and highly uncertain option for
enabling deep decarbonisation of the energy system” (McDowall 2012). Research over
the past twenty years has been undertaken to consider the role that hydrogen might
contribute to a future low carbon energy and transport system (McDowall & Eames

2006; Balat & Kirtay 2010).

1.1.1 Hydrogen production from waste: the climate change agenda

We are faced with a number of fundamental sustainability challenges presented in
different domains. Energy supply is one of these challenges and is confronted by
issues that include the depletion of natural resources, air pollution and greenhouse
gases (GHGs); the uncertainties relate to both short and long term security of supply
(Markard et al. 2012) and contributions to climate change. The Intergovernmental
Panel on Climate Change (IPCC 2007; 2011) states that, without action to reduce
emissions of GHGs, there is a significant probability that global average temperatures
will increase to more than 2°C higher than in pre-industrial times, with substantial
changes in regional climate and damaging consequences for human welfare and

ecological systems, over the course of this century and beyond.

There is now a plethora of global agreements, national strategic documents and EU

and UK laws that have addressed the climate change issue including, inter alia:

The Kyoto Protocol (UNFCCC 1997)

The European Climate Change Programme (EU 1991)
- The Revised Waste Framework Directive 2008 (EU Parliament 2008)

UK Climate Change Act 2008 (UK Parliament 2008)
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- The Low Carbon Transition Plan (HM Government 2009)
- The Carbon Plan (HM Government 2011)
- DECC Science and Innovation Strategy 2012 (DECC 2012)

These measures have been produced in order to encourage a reduction in global,
national and regional emissions of GHGs, especially those caused by the burning of
fossil fuels for energy and transport use. These emissions, often measured in terms of
CO, equivalent, are widely accepted by the majority of the scientific community to be

the primary contribution to anthropogenic climate change (IPCC 2007).

In the UK, Lord Stern was commissioned by the Treasury to investigate the economics,
costs and risks of climate change (Stern 2006), which indicates that the UK
Government was open to taking policy decisions informed by this review. Stern (2006)
makes the connection between CO, and climate change with the following statement

“The current level or stock of greenhouse gases in the atmosphere is equivalent
to around 430 parts per million (ppm) CO:, compared with only 280ppm before
the Industrial Revolution. These concentrations have already caused the world
to warm by more than half a degree Celsius and will lead to at least a further
half degree warming over the next few decades, because of the inertia in the
climate system.”

CO, emissions are considered in this report to be fundamental in contributing to
climate change. The review states that, since 1850, America and Europe have
produced 70% of global CO, emissions. However, from the evidence in this review, it is
expected that the majority of future emissions will come from developing countries
due to the rapid growth in population and energy-intensive industries. In order to
prevent catastrophic climate change, Stern (2006) suggests that stabilisation of CO,
concentrations to any acceptable level will require an annual reduction in emissions
that will allow for the Earth to effectively deal with GHGs; a reduction in CO, emissions
of more than 80% below the absolute level of the current annual emissions was

indicated.

The Stern Review led the way in encouraging the UK government to begin the think

about and act on transitioning to a low carbon future. The UK Climate Change Act 2008
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(UK Parliament 2008), produced after Stern (2006), sets legally binding targets for the
reduction of GHG emissions in the UK, requiring that they be reduced by 80% of their
1990 levels by 2050 via a series of carbon budgets. The aim of the Act is to ensure that
the UK contributes to reducing the predicted rise in temperature to an acceptable level
and subsequently reduce possible damage to human and ecological systems

(Shuckburgh et al. 2012).

In the UK, these concerns are combined with the desire to develop low carbon

sustainable technologies that may also secure UK energy supplies into the future. The

UK Government (DECC 2011) has a target to:

- Drive the deployment of renewable energy across the UK to ensure that at least
15% of UK energy comes from renewable sources by 2020.

This shows commitment from the UK Government to contribute to meeting the EU

Renewable Energy Directive (European Parliament 2009) target of aiming to obtain

20% of Europe’s energy from renewable sources by 2020.

The DECC Science and Innovation Strategy 2012 (DECC 2012) identifies ways to deliver
secure energy on the way to a low carbon future in the UK. This is described as a
“..larger, smarter grid, together with other elements of a new electricity system, such
as smart meters, micro-generation of electricity by individuals and businesses, smart
appliances and electric vehicles.... The development of a smart grid lies at the centre of
this vision for a transformed low-carbon electricity system. It forms the backbone of
the new system, and will need to be intelligent, flexible and responsive....” Based on
DECC (2012)’s energy delivery identification, sustainably produced hydrogen could be
considered to offer valuable potential in contributing to this new UK energy system.
This could be as a storage medium to support intermittency problems found with
other renewable energy sources, or as fuel to charge fuel cells for use in transportation

or other purposes.

A more detailed policy landscape is described in detail in Chapter 2, Section 2.1. Three
tiers of policy will be explained, beginning with the European Union (EU) legislation

and roadmaps. The pathway from these to the UK national policies and strategies and
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their relationship to this research will be described. The third tier of policy and
strategies is represented by the application of national policies through the devolved
administrations of London and South Wales; these are described in Chapter 6 (Case

Studies).

There are numerous legislative acts, policies and strategies which could have an
influence on the sustainable production of hydrogen from waste. However, as we shall
see, direct mention of hydrogen production from waste is uncommon in all

government documents.

1.1.2 The role of innovation systems in low carbon transitions

Innovation systems, and how they function, have become an important consideration
of technological assessment in terms of moving towards a low carbon economy (
Negro et al. 2007; Negro et al. 2008; Suurs et al. 2010; Hawkey 2012; Breukers et al.
2013). Truffer et al. (2012) attribute the increasing attention to energy related
innovation as a possible result of developments in policy discourses in many countries.
The production of complementary innovation and environmental polices is recognised
as a complex issue (Foxon & Pearson 2008). The development or greater
understanding of a new or existing innovation system for a particular sector or
technology may create an environment where the roles of actors and institutions are
better understood. This may lead to sustainable technological innovation.
Sustainable innovation is defined by Foxon & Pearson (2008) as: “innovation towards
more sustainable technological and institutional systems and processes—broadly
understood as systems for which resource use and waste production remain within
appropriate environmental limits and socially acceptable levels of economic prosperity

and social justice are achieved.”

To address sustainable innovation, conceptual frameworks and models from the
innovation systems literature provide a variety of different viewpoints and approaches.
(Foxon et al. 2005) define an innovation system as “the elements and relationships
which interact in the production, diffusion and use of new and economically useful

knowledge”; this is the definition applied in this research. The term national system of
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innovation was first described by Christopher Freeman in his 1987 paper (Freeman
1987), a study of the Japanese economy in the 1980s. From that point, the literature
has developed and evolved to include regional innovation systems, sectoral innovation
systems, and then, in more recent years, the functions of innovation have been

identified and described (Johnson 1998; Hekkert et al. 2007).

The need to develop an interconnected system to deliver innovations is often
observed in innovation literature (Negro et al. 2007; Negro et al. 2008; Suurs et al.
2010; Hawkey 2012; Breukers et al. 2013;) this system should apply a structure to the
field of innovation under investigation. The terms innovation system and, specifically,
technological innovation system (TIS) are of particular interest to this research. ATIS is
a form of sectoral innovation system that aims to address a particular technological
problem. Its conception can be traced back to Carlsson & Stankiewicz (1991), who
highlighted the systemic interplay of firms and other actors operating under a
particular institutional infrastructure as the essential driver for the creation, utilisation

and commercialisation of new technologies (Truffer et al. 2012).

In the context of this thesis, the technological field is the sustainable production of
hydrogen from waste. What is contained within the system may depend on the
technological field of innovation or the area of research under scrutiny. To gain
further insight into the workings of innovation systems’ drivers, barriers and system
connections, the original TIS framework has seen a number of conceptual refinements
(Truffer et al. 2012). Publications relating to the functions of innovation have emerged
over the last decade (Johnson 1998; Hekkert et al. 2007; Bergek et al.2008). The
‘functions of innovation’ literature aims to identify the different activities that occur
within the innovation system framework and are required to achieve successful

innovation in a technological field.

As the literature review will show, however, current focus on technological innovation

systems is often on the theory of innovation and the conceptual design of an

innovation system rather than on the practical application of an interactive innovation
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system to an existing or emerging technology or technological process. The focus of

the research in this thesis is on these practical aspects.

The following section sets out the aims and objectives of this research project, which

are followed by a description of the thesis structure and chapter contents.

1.2 Study Aims and Objectives

This doctoral research was conducted between 2009 and 2013 and was funded by the
EPSRC SUPERGEN XIV H-Delivery consortium, later renamed Delivery of Sustainable

Hydrogen.

The research focuses on the role of technological innovation systems in the production
of sustainable hydrogen from waste management activities. The research plan
identifies the overarching research question: What role might hydrogen produced from
waste have in a future low carbon energy system in the UK? together with two further
sub-questions:

- “What does the comparison (Aim 2) between ‘real’ and the ‘model’ technological
innovation systems tell us about both the model and the development of regional
innovation systems in the field of hydrogen production from waste?” and

- How do experts in the hydrogen from waste community view the possibilities for

hydrogen produced from waste?

To address these research questions, three further aims for the research were
identified:

1. To create a model of a technological innovation system that could be applied to
the sustainable production of hydrogen from waste, incorporating the
perspectives of experts working in the technological field.

2. To apply the model to regional case studies and make comparisons between
‘real’ and ‘model’ technological innovation systems in the field of hydrogen

production from waste.

1-8



3.

To provide observations, key recommendations and possible policy

development implications for the future of hydrogen production from waste.

To realise these aims, seven further objectives were identified:

1.

To analyse and discuss the extant literature germane to the development of
technological innovation systems in the technological field of hydrogen
production from waste.

To analyse and characterise, using Q methodology, the different expert
communities involved in the sustainable production of hydrogen from waste in
the UK and their involvement in the technological innovation system.

To develop a model to analyse the technological innovation system for
hydrogen from waste using an interaction matrix approach, incorporating the
results of the Q methodology.

To identify and characterise three regional case studies in the UK where
hydrogen from waste activities are clustered.

To apply the model to these regional case study zones and make key
observations and recommendations for each region.

To produce direct results for these case studies and discuss the possible
implications of these results applying Q methodology and conceptual model
together.

To identify the contribution to the field of technological innovation systems for
the sustainable production of hydrogen from waste made by this doctoral

research.

To meet the objectives described above: Following the literature review, a Q

methodology survey was undertaken; this is a form of discourse analysis that allowed

the researcher to gain insight into the perceptions of experts working in the fields

contributing to the sustainable production of hydrogen from waste. The Q

methodology used here was designed to extract different group identities from

experts working in the same technological field. The results of the Q methodology led

to the understanding of how these experts perceived their own role, and that of

others, in the future innovation and production of hydrogen from waste technologies.
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This method produced three group identities for the experts involved in the

technological innovation system.

The identification of these distinctly different groups of experts fed into the
development of the case study methodology investigating the technological innovation
systems for the sustainable production of hydrogen from waste in Tees Valley, London
and South Wales. Prior to the case study investigation, the new Interaction Matrix—
Technological Innovation Systems (IM-TIS) model was developed, a seven by seven
interactive matrix that identifies relationships between all the functions of innovation.
The IM-TIS model was developed from the Rock Engineering Systems model and the
functions of innovation model (1992; Bergek et al. 2008). An assessment of each
region’s technological innovation system against the original IM-TIS model was then
undertaken. The case studies provide details of the current status of the technological
innovation system in each case study region, as well as providing key observations in
comparison to the original model and suggestions for the future to support the

development of a low carbon society.

To show how these different methodologies could be combined to further inform the
development, diffusion and commercialisation of technologies for the production of
hydrogen from waste, the IM-TIS model was used to develop policy pathways. This is

illustrated using a worked example of the process.

Further details on each of these methods are contained in the thesis structure in

Section 1.5.

1.3 Doctoral Research Project Flow Diagram

The flow diagram in Figure 1.1 below provides a visual representation of the research
guestions, aims and objectives of this doctoral research. It shows where the different
aims and objectives will be met and identifies the thesis chapters containing the

relevant information and analysis.
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1.4 Thesis Structure

This section covers the layout of the thesis and provides details of each chapter.

1.4.1 Chapter 2 - Literature review

Chapter 2 presents, firstly, a description of the policy landscape for hydrogen
production from waste. This provides a chronological view of the role of European
and UK policies. A detailed review of the published literature relating to low carbon
transitions, hydrogen technologies and futures follows. The review then makes
connections between the transitions management theory and innovation systems.
Finally, the review explores the history of the conceptual development of
technological innovation systems and their relationship to the low carbon energy
sector, along with the literature on functions of innovation models. Existing models
developed to support technological innovation systems and examples relating to low

carbon technologies are provided and reviewed.

Several academic literature strands have been drawn upon to inform the literature
review for the specific needs of hydrogen production from waste. The review is

socio-technical.

The academic literature covers material on hydrogen futures, hydrogen
technologies, transition management and technological innovation systems,
including functions of innovation. Germane publications were then selected from
these fields to consider sustainable production of hydrogen from waste. The
literature review recognises the importance of hydrogen storage and transportation
as part of hydrogen futures and notes that the end-use for hydrogen may influence
the production technique. However, these areas are of peripheral relevance to this

research and are not critically reviewed in detail.
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1.4.2 Chapter 3 - Methodology

Reasons for choosing the Q Methodology and Rock Engineering Systems (RES)
approaches as methods are provided initially in this chapter. Attention then turns to
how these methods were applied. This part is split into two main sections; the first
describes the process of carrying out the Q methodology, including how and why
particular study groups were chosen and how the results contributed to the second
part of the methodology. This is supported by a critical review of the literature
germane to low carbon technology investigation using Q methodology. The second
main section describes the development of the case study investigation. The
concepts behind the development of the IM-TIS conceptual model are covered. A
review of RES literature covering its previous applications is given, including an in-

depth review of the only previous innovation system application of the RES.

1.4.3 Chapter 4 - Q Methodology Results

The Chapter begins with a brief overview of the stepped approach to Q
methodology. The three factor identities (the hydrogen from waste advocate; the
cautious environmentalist and the hydrogen technologists) produced using the Q

methodology are provided and accompanied by a short discussion.

1.4.4 Chapter 5 —Interaction Matrix — Technological Innovation System (IM-TIS)

model

The IM-TIS model is a new model developed as part of this research to enable the
investigation of technological innovation systems on a case by case basis. This
chapter presents the process undertaken to develop this model. The adaptation of
the RES model incorporating the functions of innovation model (Bergek et al. 2008)
and the addition of the Indicators of Effectiveness, the Coefficient of Vulnerability
and the overall effectiveness is described. The chapter then moves on to illustrate
the application of the model to the UK regional case studies and London policy

pathways.
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1.4.5 Chapter 6 — IM-TIS Case Study Results (London, South Wales, Tees Valley)

The results of the application of the conceptual IM-TIS model to the three case study
regions are presented. The case study regions and participants are described in
detail. The results for each case study investigation are presented and comparisons
to the ideal IM-TIS model made. A brief discussion of the results is given, including
the rank and position of each of the functions of innovation, the indicators of and
overall effectiveness of the system and the coefficient of vulnerability. Key
observations for each region are made and some concluding comments on the

process and study limitations given.

1.4.6 Chapter 7 — IM-TIS Model and Q Methodology: Illlustrative worked

example ‘real situation’ (London)

This chapter explores and demonstrates the importance of government policy in
technological innovation systems for hydrogen from waste. An illustrative example
of a further application of the IM-TIS model is provided in this chapter. Possible
innovation system development pathways from the IM-TIS are worked through to
demonstrate how this may apply to a ‘real life’ situation. A detailed description of

the process is provided and some concluding comments given.

1.4.7 Chapter 8 — Discussion and Reflection

Discussion and reflections of the methods used and results obtained in this research
is presented here. The success of the newly developed conceptual IM-TIS model in
analysing technological innovation systems for hydrogen production from waste is
examined. The role of policy and the functions of innovation are discussed. The
overall success of the research project in addressing the research questions is also

considered.

1.4.8 Chapter 9 — Conclusions and Contributions and Further Research

In this chapter, the thesis is concluded followed by suggestions for further research.

Finally, the contribution of this research to the academic fields associated with
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technological innovation systems for the sustainable production of hydrogen from

waste is given.

1.4.9 Appendices 1 and 2 CD Portfolio,—Supplementary data and figures,

interviews

Appendix 1 provides further details of the raw qualitative data produced by the
activities of the Q methodology survey and is included on the CD. The matrices used
in the IM-TIS case studies and innovation system pathways are also included.
Appendix 2 provides details of the interviews and surveys carried out throughout

this research.

1.5 Concluding section

In this chapter, the research problem has been introduced and outlined. The three
research questions have been covered and the policy landscape supporting this
research outlined. In the following chapter, the extant literature relating to the
research problem is critically reviewed. This includes low carbon and hydrogen
futures, hydrogen from waste production technologies, innovation systems
literature and conceptual models for the analyses of technological innovation

systems.
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2 UK Policy Landscape and Literature Review

This thesis presents research that investigates the roles of actors, institutions and
networks involved in innovation in the hydrogen production from waste field. Drawing
on several strands of literature, the research has been conducted using a mixed
methods approach and is socio-technical in nature. Based on this, the literature
review is presented in a manner that brings together these different strands of
literature and provides background to and current thinking in the field of technological

innovation systems that relate to hydrogen production from waste.

This chapter fulfills the requirements of Objective 2: To analyse and discuss the extant
literature germane to the development of technological innovation systems in the
technological field of hydrogen production from waste. In order to set the context, the
chapter begins by reviewing the policy landscape in section 2.1. In section 2.2, Energy
transitions and transition management theory are then reviewed showing the
relationship between these approaches and the innovation systems theory in section
2.3. The review then moves, in Section 2.4, to consider hydrogen technologies and
their future from the technical perspective. This is followed, in sections 2.5 and 2.6, by
a critical review of the major conceptual, technological and methodological
developments in the field of technological innovation systems that relate to hydrogen
production from waste. Gaps in current thinking and opportunities for research are
provided in section 2.7. In section 2.8, a discussion of possible methods to address the

research gaps is given and section 2.9 concludes the chapter.

In this chapter, the literature germane to the research problem is critically reviewed.
The literature comes from four different but related academic strands of literature.
They include:

- Transition management;

- Hydrogen Futures;

- Hydrogen from waste technologies; and

- Innovation systems and functions of innovation.
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2.1 UK and European policy landscape influencing hydrogen production from

waste

It is recognised (Truffer et al. 2012) in the literature considering energy and low carbon

related innovation that growing attention to hydrogen production from waste is partly

due to the development of energy policies in many countries. Moreover, in the UK

national energy and waste policies are often developed following changes to European

legislation. As described in section 1.1.1, in the UK there are many policies and

roadmaps that could influence the innovation and advancement of technologies that

support the production of hydrogen from waste. Therefore, in order to ensure that

the review of government documents and other literature remains germane,

documents were selected based on at least two of the following criteria:

1. Discuss the role of hydrogen from waste or the role of energy from waste.

2. Indicate that by-products from waste processes should be used to create energy
or heat.

3. Be supportive of the concepts of sustainable development.

4. Indicate a need for greater innovation in renewable energy technologies.

Based on these criteria, a number of policies, strategies and roadmaps from the EU
and national tiers of government were selected and are described. The selected
European and UK policy and strategy documents are not intended to be a
comprehensive list of the government documents that may influence the sustainable
production of hydrogen from waste. Documents were prioritised with the aim that
the policies and strategies described in this section provide a clear picture of the range
of policies that may form part of the technological innovation system. Policy and
strategy documents were used to provide an impression of how the policy landscape

can be interpreted for the promotion of hydrogen production from waste.

In this section, four key EU legislative directives and policies are described
chronologically. These are then brought together at the end of the section. Included
are three Directives of the European Parliament: the Landfill Directive 1999/31/EC

(European Parliament 1999), the Waste Framework Directive 2008/98/EC (European
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Parliament 2008), and the policy on low carbon technologies and Directive 2009/28/EC
(European Parliament 2009) on the promotion of the use of energy from renewable
sources. In addition to these directives, the Roadmap for Moving to a Low Carbon
Economy in 2050 (European Parliament 2011) is also described. The description of
these government documents aims to outline the European policy landscape
supporting the development of hydrogen production from waste. The policies and
strategies produced at EU, UK national and regional levels may influence the
development of new technologies and the regional activities of local authorities,
universities and businesses towards hydrogen production from waste. However, this is
not always the case, since government policy and strategy are not the only catalysts

for research in academia and business.

Waste related European directives have a long history of policy influence in the UK.
The first Waste Framework Directive, Directive 75/442/EC (European Parliament
1975), was released in 1975. The Directive made the requirement: to develop waste
management plans in each nation. It provided the impetus for the development of
waste management strategies across member states including the UK. It also provided
the first European definition of waste and:

- Encouraged proper disposal using a designated authority;

- Promoted reuse and recovery of materials;

- Identified the environmental risks associated with mismanagement of waste; and

- Required the development of waste management plans in each nation and the

collection of waste data

Nevertheless, this Directive was considered to lack a consistent application across
Europe due to poor definitions in the Directive and a lack of minimum standards for
issuing permits (Marcousé 2008). The Directive was overhauled in 1991, leading to a
better definition of waste, and definitions for disposal and recovery, as well as
requirements for wastes collection and disposal (European Parliament 1991). The
Waste Framework Directive was again revised in 2008, creating Directive 2008/98/EC
(European Parliament 2008) that provides further guidance for decision makers on

what is or is not waste.
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In the UK, numerous waste strategies have been produced over the last fourteen
years. These include: Waste Strategy 2000 (DEFRA 2000), relating to England and
Wales, Wise about Waste 2001 (Wales only) (Welsh Government 2001), Waste
Strategy for England 2007 (DEFRA 2007), Towards Zero Waste 2010 (Wales only)
(Welsh Government 2011), Waste Policy Review for England 2011 (DEFRA 2011) and
London’s Wasted Resource 2011 (London Assembly 2011). Further strategies have
been developed for other UK regions, i.e. Scotland (Scottish Government 2010),
Northern Ireland (DOENI 2006), the Isle of Man (Isle of Man 2012) and the Channel

Islands (Jersey Government 2005).

Other European Directives have played a significant role in influencing national
agendas, including those of the UK. For example, section 5 of the Landfill Directive
1999/31/EC (European Parliament 1999) suggests that bio-waste contributes to 3% of
EU greenhouse gas emissions and the Directive requires member states to reduce their
emissions to 35% of 1995 levels by 2016 (2020 in some states). The directive does not
provide any direction on how this bio-waste should be managed, only that the most
significant benefits from this waste type would be through composting and the

production of biogas (European Parliament 1999).

To appreciate further how the Directive (European Parliament 1999) has influenced UK
policy and strategies, actions relating to this Directive can be found in the Government
Review of Waste Policy in England 2011 (DEFRA 2011) and the UK Anaerobic Digestion
Strategy and Action Plan 2011 (DEFRA 2011). In (DEFRA 2011), the UK government
reaffirms its commitment to support efficient energy recovery from waste that delivers
environmental benefits, reduces carbon impacts and produces economic gains. They
describe this policy as getting the most out of waste and not getting the most waste
into energy recovery (DEFRA 2011 pg: 62). This review document (DEFRA 2011)
suggests that anaerobic digestion offers a positive solution to food waste. It provides a
further commitment to work with industry to deliver the Anaerobic Digestion Strategy

and Action Plan (DEFRA 2011).
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The Anaerobic Digestion Strategy and Action Plan (DEFRA 2011) also published in 2011
does not, however, directly indicate that hydrogen may be produced from waste
through anaerobic digestion. The strategy does promote the use of the biogas
produced from the digestion process (mostly methane and carbon dioxide) to fuel
vehicles and inject into the gas grid (DEFRA 2011 p. 14). The conversion of biogas to

produce hydrogen is one area considered by this research.

The absence of explicit direction for hydrogen from waste in these policy and strategy
documents may be a result of the emerging nature of hydrogen from waste

technologies, which is explained further in section 2.3.

Considering the influence of European Directives on UK energy/waste policy and
strategy development, a more recent directive is the Directive 2009/28/EC (European
Parliament 2009) on the promotion of the use of energy from renewable sources. This
directive sets targets for EU member states to reach a 20% share of final energy from
renewable sources by 2020 and a 10% share of renewable energy specifically in the
transport sector. The Directive also makes a requirement on member states to
produce action plans establishing pathways for renewable technologies including
biofuels. It is notable that this Directive also established sustainability criteria for
biofuels limiting the conversion of land for bio-fuel growth (European Parliament

2009).

This direction from the European Parliament has filtered down into the UK in two
ways. Firstly, the UK Government has a policy under the Climate Change Act 2008 (UK
Parliament 2008) to reduce the UK’s greenhouse gas emissions (GHG) by 80% by 2050.
(The Climate Change Act was described in section 1.1.1.) In order to achieve this, they
have made a commitment to invest in low carbon technologies that reduce
greenhouse gas emissions and transform the power sector (UK Government 2013). The
UK Government could be considered as leaders in reducing GHG emissions as it (UK
Parliament 2008) set this target into law prior to (European Parliament 2009) pre-

empting the European directive.
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Secondly, the UK government has produced an Action Plan for Renewable Energy
Sources (UK Government 2010) as required by Article 4 of the Directive 2009/28/EC
(European Parliament 2009). A UK renewable energy roadmap (DECC 2011) to support
delivery of their policy to reduce GHG emissions by 80% by 2050 was also produced.
These are the government documents considered most relevant here in the context of
the production of hydrogen from waste. The UK Government has also produced a
number of other strategies and action plans that address other parts of the low carbon
agenda: for example, home insulation, carbon capture and storage, transport, GHG

emissions from agriculture and carbon budgets (UK Government 2013).

As noted in Chapter 1, the National Renewable Energy Action Plan (UK Government
2010) lays out the task ahead for the UK to meet the requirements of Directive
2009/28/EC (European Parliament 2009) to achieve 15% of its energy consumption
from renewables by 2020 (European Parliament 2009). This is in comparison to the
1.5% achieved in the UK in 2005 (UK Government 2010 p. 2). The outlook for
hydrogen produced from renewables reflected in this action plan was bleak and it did
not seem to have been considered as a renewable source of energy offering any
significant potential reductions in GHG emissions by 2020. Table 12 in the action plan
shows the estimated total contribution expected from each renewable energy
technology in the UK to meet the binding 2020 targets and the indicative interim
trajectory for the shares of energy from renewable resources in the transport sector
2010-2020. The contribution for hydrogen produced from renewables is zero across all

years to 2020 (UK Government 2010 p. 156).

The 2011 UK Renewable Energy Roadmap (DECC 2011), although not explicitly
referring to hydrogen from waste or bio-hydrogen, is more positive in its outlook for
hydrogen in general. Support for hydrogen fuel cell cars in the interim period of 2014
to 2020 is given, along with a commitment of £400m to support the purchase of plug-
in and hydrogen fuel cell cars through the Plug-in Car Grant (DECC 2011 p. 102). The
Carbon Plan (UK Government 2011) does not identify any position for hydrogen in the
future. The UK Renewable Energy Roadmap (DECC 2011) positions hydrogen in the

transport sector only for the near future. These documents do not help yield a clear
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picture for establishing how the UK Government currently views hydrogen production

from any renewable energy source.

While the European Parliament is responsible for the production of EU Directives, the
European Commission also produces strategic directions. In 2011 in a communication
to the European Parliament, the European Commission (European Commission 2011)
illustrated their vision for Europe moving forward to a low carbon economy by 2050.
In this strategic document, there are three key points that could indicate further

developments for hydrogen from waste. They are as follows.

1. Technological innovation can help the transition to a more efficient and
sustainable European transport system by acting on three main factors: vehicle
efficiency through new engines, materials and design; cleaner energy use
through new fuels and propulsion systems; and better use of networks and
safer and more secure operation through information and communication

systems.

2. The synergies with other sustainability objectives (such as the reduction of oil
dependence, the competitiveness of Europe's automotive industry as well as
health benefits, especially improved air quality in cities) make a compelling
case for the EU to step up its efforts to accelerate the development and early
deployment of electrification, and in general, of alternative fuels and

propulsion methods for the whole