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ABSTRACT

This thesis addresses the interface between transformational infrastructure interventions and
the governance regime that surrounds them. It adopts the view that governance shapes these
interventions and that their prospects of success are improved by understanding the
governance sphere they will have to operate within. A transdisciplinary stance is adopted
seeking to embed governance issues directly into engineering projects. The area of focus is
transformational engineering projects in the UK water and wastewater sector, although it is
anticipated the principles could apply to other utility services and other jurisdictions. The
outcome of the study is a governance framework that supports project teams in navigating
this interface to better understand the formal and informal rules that will shape the project

and, vice versa, to identify areas where governance itself needs to adapt.

The academic grounding is taken from the synthesis of two, often disparate, bodies of work
around Socio-Technical Systems (STS) and Socio-Ecological Systems (SES), looking at the wider
systems affected by technical advances. It progresses these studies by suggesting an improved
integration with the concept of justice, for ‘just’ as well as ‘successful’ interventions, and
supports calls for ‘water justice’ as an advance on the current sustainability paradigm.
Academic theory is tested and applied through direct engagement with a transformational
engineering project (the Pipebots project), and interviews, a survey and a focus group with
participants operating within the wider sector. The result is a framework that draws on, and

integrates, both theory and practical experiences.

However, the conclusions go further. Through engagement with the sector in designing the

framework, routes and barriers to innovation are exposed. The formal access routes into the



water sector for innovators via R&D may be considerably less effective than informal routes
through operational and engineering teams. An understanding of governance networks is also
seen in inventive solutions seeking to re-work administrative, disciplinary and physical

boundaries to achieve a breadth of multi-dimensional social and environmental objectives.

Overall, the full strength of the regulatory regime is exposed, often overwhelming market
drivers or even wider environmental goals. Through the study, evidence is provided of a
disjunct between aspirational policy and existing granular law on the ground. It finds the
regulatory pull is more often towards narrow problem framing and away from projects with
wider social and environmental benefits, the opposite of what is required to address the
‘wicked” problems of the Anthropocene. This casts a new focus on the driving force and
direction of utility regulation in the UK as it illuminates projects more likely to be selected, and
business cases more likely to be accepted, than may otherwise be envisaged. It goes on to
offer suggestions in terms of principles and regulatory re-framing to rectify the imbalance as
well as routes to access the sector. It is submitted that this represents an original piece of
work that will advance the study of transformational infrastructure interventions and their
interface with governance. Work on this study has so far prompted two journal publications®
2, and one publication-pending?, with more in progress. These documents reflect the author’s
thinking and work on this project at various stages of the process. As fundamental parts of the

research journey, these documents have been adapted and incorporated into this thesis.

! Shrimpton, E. A., Hunt, D. and Rogers, C. D. F. (2021) Justice in (English) Water Infrastructure: A Systematic
Review', Sustainability, 13(6).

2 Shrimpton, E. A., Hunt, D. V. L. and Rogers, C. D. F. (2022) 'A Governance Framework for Implementation of
Scientific and Engineering Innovation in Buried Infrastructure Systems', Frontiers in Sustainable Cities, 4.

3 (Pending) Shrimpton, E.A., Hunt, D. and Rogers C.D.F. working title, Micro-Robotics within Potable Water
Pipelines: Navigating Regulation 31, submitted.
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TERMS AND ABBREVIATIONS

AMP Asset Management Plan

Anthropocene The period of time during which human activities have had an environmental
impact on the Earth regarded as constituting a distinct geological age —
Merriam Webster

AREA The AREA framework for Responsible Innovation - Anticipating consequences,
Reflecting on the work, Engaging stakeholders and Acting accordingly (p.19)

CsO Combined Sewer Overflows

DEFRA UK Government’s Department for Environment Food and Rural Affairs

DNK Do Not Know (Ch 8)

DWI Drinking Water Inspectorate — regulator for potable water quality in England and
Wales

EA Environment Agency — non-departmental public body and regulator established to
protect and improve the environment in England

IAD Ostrom’s Institutional Analysis and Development (IAD) Framework (p.22)

Justice The equitable distribution of benefits and burdens, due process and respect,
enhancing capabilities for all living things (see page 36)

GM Genetic Modification

Governance The sphere created by rules (formal and informal), networks, processes and
relationships, underscored by justice principles, that drive the water and
wastewater sector forward and into which the project will need to integrate or
influence to be successful (see page 14)

MLP Multi-level perspective

Multidisciplinary

The drawing of knowledge from different disciplines but staying within disciplinary
boundaries (Choi and Pak, 2006)

NBS Nature-Based Solutions

oDl Outcome Delivery Incentives, measures of performance assessed through Ofwat.

OEP The Office for Environmental Protection —a new UK public body to protect and
improve the environment by holding the government and other public authorities
to account (covers England, Northern Ireland and reserved matters across the UK).

Ofgem The Office of Gas and Electricity Markets - the energy regulator for Great Britain

Ofwat The Water Services Regulation Authority - the regulator for the water sector in
England and Wales

RI Responsible Innovation

SDGs Sustainable Development Goals

SES Socio-Ecological Systems

SETS Socio-Ecological-Technological Systems

STS Socio-Technical Systems

Transdisciplinary

Integrating disciplines and transcending traditional boundaries (Choi and Pak,
2006)

TRL

Technical Readiness Level

WFD

The Water Framework Directive 2000/60/EC addressing the status of water bodies
across EU member states.




1 INTRODUCTION

This study supports projects in the water and wastewater sector (the sector) as they make
the transformational changes to infrastructure needed to combat increasing water stress.
To improve the chance of a successful implementation, this study explores the position that
technical change should be addressed together with governance rather than in isolated
disciplinary silos. The aim is to devise a governance framework to support project teams as
they navigate the complex governance regimes that surround their projects, integrating
governance issues into the technical challenges of a project. The framework seeks to ensure
that governance opportunities around new infrastructure are maximised, potential hurdles
anticipated and overcome, and feedback encouraged so governance can adapt and improve

in response.

Water is a life-essential resource. To distribute it justly and effectively there needs to be both
infrastructure and rules. Rules are in place to help counter the ‘tragedy of the commons’,
where human nature, if left unchecked, may deplete the very resource it relies upon to survive
(Hardin, 1968). Those rules, formal and informal, are part of a governance system. How
governance is organised and what rules it contains may change with geography, political will
and requirements but what remains the same is the need to meet the societal goals of the
jurisdiction, balancing competing interests, uses and rights with never-ending costs and the
search for funds. Different models are used, all seeking to get the balance right, negotiating
the politics and institutions of State or private ownership, financial support and rights-based
models amongst others, with arguments raging over the extent each successfully balances

economics with social and environmental goods.



Whatever the model, the overarching goal of water governance and infrastructure, and what
it has to achieve, has become more sophisticated overtime. Governance goals have developed
alongside the growing realisation that it is a system that touches virtually every aspect of
human life. Its earlier years as tool for water security gave way to mounting interest in public
health, sanitation and wastewater management, in turn leading to flood management
paradigms, conservation and more recently sustainability (Ashley et al., 2013). These early
paradigms have not been abandoned; their scope has been expanded. Similarly, it is argued
in this study that the sustainability paradigm should itself be expanded to include new thinking
about water justice ensuring not only the sustainable use of resources but its equitable

distribution allocated with respect and due process.

The challenges the sector currently faces in meeting these goals cannot be underestimated
and the time for new ways of thinking has arrived. In the UK, as in many jurisdictions, water
infrastructure needs to adapt to water stress triggered by the challenges of changing climate
and weather patterns, irreversible ecosystem damage from long-term mismanagement,
ageing and leaking pipes, changing demands, shifting demographics and urbanisation (Milman
et al.,, 2021; Environment Agency, 2020; OECD, 2015). These amount to substantial
environmental, technological and social shifts with each shift impacting upon the other. This
is alongside congestion, above and below ground, as the space for interventions competes
with existing infrastructure and ownership rights. Business as usual is no longer an option and
new and innovative infrastructure interventions are called upon to address these issues and

increase the resilience and sustainability of the system (Ofwat, 2019).



However, it is not enough for science and engineering to devise a technological solution.
Technological change and governance are closely connected. The acceptability and success of
a proposed technological solution is heavily influenced by the governance regime that
surrounds it (Barraque et al., 2017; Flynn and Davidson, 2016; Rouillard et al., 2016; van Vliet
et al., 2011). Further, it is not necessarily the lack of technology that holds back change, but
whether there is a supportive governance system, so supportive formal and informal rules,
that can help it develop and become embedded (Goodwin et al., 2019; Frijns et al., 2016).

Cognisance of the wider governance regime at project level is therefore indicated.

Gaining that cognisance is not straightforward. The governance position is particularly acute
in the water sector. In the UK, the sector sits within an extensive and complex governance
regime (Walker, 2014; Osbeck et al., 2013). Regulation has resulted in a complexity that may
fall outside the expertise or knowledge of a project team, an obstacle for innovators
recognised by the UK Government (Dept for BEIS, 2021; Dept for Business Energy and
Industrial Strategy, 2019). Nonetheless these are issues that will impact on how problems
should be framed, the design of a project, its acceptability or even its legality. It requires a
view of the project beyond the immediate technological challenge, and the expertise of

project team members, into its impacts and wider context.

A framework offers support to project teams by flagging governance questions for
assessment, drawing in the issues that may need to be addressed. In doing so, it encourages

the transdisciplinary # thinking and wider problem-framing needed when addressing

4 This study uses the terms multidisciplinary and transdisciplinary as defined and discussed by Choi and Pak
with multidisciplinarity referring to the ‘drawing of knowledge from different disciplines but staying within
disciplinary boundaries’ and transdisciplinarity as ‘integrating disciplines and transcending traditional



complexity and the ‘wicked’ problems of the Anthropocene (Cosens et al., 2020; Jensen,
2020). Governance does not address technology in isolation but presents a lens into the social
and environmental priorities of its jurisdiction as it sets policies and rules to tackle water
stress. Governance frameworks for infrastructure policymaking, strategy setting and top-
down decision-making are easy to identify (e.g. Lovell et al., 2022; Hall et al., 2016; Ward et
al., 2012). Frameworks to engage with the governance interface, live and on-the-ground, are
harder to find, with the lack of tools to support project teams in addressing issues beyond

their immediate technical challenges noted (e.g. BSI, 2020).

This leads to a lack of practical support for innovators in science and engineering and a gap in
the literature. Although no directly applicable framework already in existence has been
identified, what has been noted is an extensive body of literature and learning that can be
drawn upon to help design such a framework. Two distinct threads of literature dominate,
that relating to Socio-Technical Systems (STS) and that relating to Socio-Ecological Systems
(SES; Smith and Stirling, 2010; Foxon et al., 2009). STS is seen in studies on the implementation
of new technologies into a social system, for example, the management of infrastructure
change and social norms and preferences in the context of an urban water re-use scheme
(Goodwin et al., 2019). SES is seen in the relationship between social systems and natural
resources, for example modes of governance of water to improve the resilience of supply in
the face of climate change (Clarvis et al., 2014). Both accept the need for a systems approach,
albeit concentrating on social and technological systems for STS and social and ecosystems for

SES. Despite some common ground, STS and SES have developed from different academic

boundaries’, Choi, B. C. K. and Pak, A. W. P. (2006) 'Multidisciplinarity, interdisciplinarity and transdisciplinarity
in health research, services, education and policy: 1. Definitions, objectives, and evidence of effectiveness', Clin
Invest Med, 29(6), pp. 351-364.



disciplines, problem-framing and interests. This study also looks to a recent body of work,
namely SETS (Socio-Ecological-Technological Systems), that is transdisciplinary in nature and

starts to synthesise the two.

There is a further governance issue to address and that is the place of justice as an active and
visible component of the governance system. In making the infrastructure changes needed,
justice seeks to ensure that a distribution of resources is equitable, decided through due
process and with respect for all stakeholders (Schlosberg, 2007). On reading the literature for
this study however, reference to the concept of justice seemed remarkably infrequent. The
author is not alone in noting its relative absence in work addressing water infrastructure or
water governance (Holstead et al., 2018; Ozerol et al., 2018). This seeming absence is even
more difficult to understand when compared to its high visibility in the energy field and the
acknowledgment of the need for a ‘just’ transition in the context of energy and carbon net-
zero (Healy and Barry, 2017; Sovacool et al., 2017; UNFCCC, 2015). In the energy field at least,
justice and a ‘just transition” expressly underpin the requirements of the governance system
around infrastructure. The anecdotal finding of a lack of justice thinking in the sector is

therefore explored further and the incorporation of justice principles is expressly considered.

To address these issues Chapter 2 sets out the research question and hypothesis, embracing
the interconnectivity between governance, justice and infrastructure. As the detailed rules of
governance are particular to a jurisdiction, Chapter 3 sets out the current context and nuances
of the governance regime in the UK and also addresses the lack of cohesive justice thinking
within the jurisdiction of interest. A critical review of the literature in Chapter 4 examines the

extent to which the aims, research questions and hypothesis have been addressed by others.



From the literature, the study turns to the research methodology in Chapter 5 where the
literature themes are developed further. The methodology is constructed to create a
framework that is grounded in academic thinking, draws upon experience from within a
research project and informed by data gathered from, and evaluated by, the wider water

sector.

The methodology starts with the author’s learning experiences within a project seeking to
make transformational changes in the sector, the Pipebots project. The Pipebots project is a
multidisciplinary project seeking to transform how the water and wastewater pipes are
inspected and maintained by using swarms of autonomous miniaturised robots (see Pipebots,
2022). In introducing advanced robotics into water infrastructure, understanding the formal
rules and informal values and norms within the governance regime is a key aim of the project
(Pipebots, 2019). Involvement with the project offered a rare opportunity to explore
experiences and ideas within a live, multidisciplinary project and was therefore utilised as an

opportunity for immersion in a project’s issues in real-time.

The Pipebots project discussed in Chapter 6 is used as a ‘laboratory’ for experimentation
before going forward with firmer ideas and understanding into the sector itself. Sector views
and experiences are gathered through semi-structured interviews before taking the results of
those interviews to a wider audience via a survey. The results of the semi-structured
interviews and the survey are discussed in Chapter 7 and 8, respectively. The final component
of the research methodology takes the resulting framework, drawn from the literature,
Pipebots, semi-structured interviews and survey and tests it before a sector focus group. The
focus group, consisting of individuals who would be asked to use the framework, is the final

test to see if the themes, discoveries and insights gleaned through the research journey result



in a document that would be valued by those asked to use it. The findings of the focus group

are set out in Chapter 9.

In drawing the study together the discussion in Chapter 10 takes the research findings and
answers the research aim and questions. In addressing how governance could improve it does
so from two perspectives, firstly from a project team and then from the governance regime
itself. By focussing on a project team the impacts of governance can be directly assessed, and
likewise, may illuminate what changes could be made to the governance system to support
‘just” interventions. The conclusion in Chapter 11 sets out the areas for further study and

addresses the extent the hypothesis is made out with ideas about how it could be re-framed.



2

RESEARCH

The study has the following aim, questions and hypothesis.

2.1

RESEARCH AIM

To create a governance framework to support the implementation of ‘just’ infrastructure

interventions, focussing on transformational projects in the UK water and wastewater services

sector.

2.2  RESEARCH QUESTIONS

a. Drawing on a literature review and data gathered from the sector, what aspects of
governance, or governance themes, appear relevant to a project team seeking to bring
about transformational change?

b. Using a systematic literature review, how prevalent are themes of justice in literature
addressing governance and water infrastructure in this jurisdiction?

c. Drawing together governance and justice themes, how might these themes be
operationalised into a framework; what questions should a project team be prepared to
address?

d. Through validation and testing via a focus group, what can we learn about how the
proposed framework will be viewed and received; what barriers might it need to
overcome?

e. Inanswering these questions, what can we learn about how governance could be better

‘engineered’ to encourage the implementation of just interventions — interventions that



meet the environmental and societal goals needed to address the challenges of the

Anthropocene?

2.3  HYPOTHESIS
Governance shapes projects and can be shaped by projects. Harnessing governance has the
potential to support just interventions and reflects the wider social and environmental goals

of a jurisdiction.



3  CONTEXT — GOVERNANCE AND JUSTICE

This Chapter discusses what is meant by governance in the context of this study and

addresses why justice, if it is absent from the debate, should be expressly referenced.

There are a multitude of different water governance regimes utilised around the world as
different jurisdictions seek to manage and finance their water and infrastructure needs.
Although the forms of governance utilised may be similar (e.g. law, policy, norms), the forms
that dominate in a particular jurisdiction, and how those forms are drafted and applied, may
vary. To put this study into its context therefore, the governance regimes are discussed here

with a focus on the nuances of the UK regime.

Governance regimes can range from market-based structures, State-owned operations,
decentralised and commons ownership models in a community setting, and hybrid variants in
between (Bakker, 2007; Bakker, 2003). The allocation of property rights and ownership of
water services is different in each, from private enterprise and the commoditisation of water
services (some argue the commoditisation of water itself (e.g., Barlow, 2010). the State
mechanisms of public ownership through to exclusive club or commons models (Strang, 2016;
Bakker, 2007). Arguments continue over the best model, often stirring very strong feelings
around power, affordability or accountability (Right2Water, 2021; Global Water Partnership,
2017;). These debates underpin the political nature of water and water services (Strang, 2016;
Watson et al., 2009) as each jurisdiction balances the need for affordable access to a precious

resource, the sustainability of supply and the need for investment in infrastructure.

In the UK, mention must be made of the controversial privatisation of the water sector in

England in 1989 as this impacts on the network of bodies around the project and the forms of

10



governance it will need to navigate (Water Act, 1989). Following privatisation, the daily
running of services passed to water companies, mostly as market-based, profit-making
enterprises (Ofwat and DEFRA, 2006; Water Act, 1989). Governance controls were put in
place, enforced by new regulators, to moderate the needs of shareholders (and
encouragement of investment) with affordability and service for the public, now ‘consumers’
(Ofwat and DEFRA, 2006). The aim was to encourage the market-based system to behave in a
way commensurate with the societal goals of the day, whilst maintaining investor confidence

(e.g. Ofwat, 2015).

Each governance regime fundamentally shapes the opportunities and challenges around
resource management (DeCaro et al., 2017). Whatever the perceived merits of the
governance regime chosen, the overarching regime determines which of the forms of
governance (e.g. policy, law, regulation, informal agreements, norms) are most favoured for
that jurisdiction and what behaviours are sought to be controlled. This impacts on the people
involved in governance, how they govern and so who a project team may need to be aware of
and involved with. The remit of regulation has expanded considerably in the UK since the early
days of privatisation and its initial focus on financial controls (Centre for Competition Policy,
n.d.) The regulatory impacts that a project may need to navigate are likewise expanded. Policy
influences in the water sector are wide-ranging from international policies and treaties
recognising water governance as a global issue, an example being Sustainable Development
Goal 6 (SDGs; UN, 2015), to the water usage norms, behaviours and expectation of the
‘consumers’ on the ground. The governance regime has expanded and developed as a result
and now includes wide-ranging objectives addressing consumer satisfaction, sustainable

development and resilience and, it is anticipated, into stricter environmental targets (Centre
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for Competition Policy, n.d.; Ofwat, 2020). This recognises the integrated nature of water

systems with its social and environmental impacts.

The UK regime arguably embodies the essence of the term ‘Government to governance’, as
the change from top-down Government control of public functions to governance by a
network of institutions (Walker, 2014; Osbeck et al., 2013). This results in an array of bodies
involved within the governance structure including international bodies, a range of regulators,
water companies, service suppliers to the sector, non-government organisations (NGOs) and
lobbying groups, local authority and direct Government controls, the public as consumers and
wider society impacted by ecosystem services (see Osbeck et al., 2013, p. 64). Engaging with

governance involves engaging with a range of actors.

Governance is therefore a term where its dominant forms, institutions and application may
differ in different settings. A definition is required that acknowledges its variables but is clear
enough to encapsulate its meaning. As it is term applied to many contexts there is no single
definition of governance although many have been suggested, influenced by a sphere of
interest or problem-framing (e.g. OECD, 2015; Barbazza and Tello, 2014; United Nations
Development Program, 1997) . Rhodes, a highly-regard scholar on network governance, notes
this issue and suggests that a definition suitable for a study can be designed but must have
key features common to others and must add something to the debate to further develop the

concept of governance (Rhodes, 2017).

To add to the debate, an absence of justice thinking is a notable, potential gap to be addressed
in any chosen definition. Justice is considered in more detail in Chapter 4. For the present it is

noted that in addressing water stress, a new intervention may be sustainable and resilient,
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but that does not mean it is ‘just’ (Neal et al., 2016). Infrastructure distributes resources, so a
decision about a new infrastructure intervention is also potentially a decision about resource
distribution. Resource distribution asks justice questions of who is allocated what amount,
how, at what cost and for what uses, or how tensions between competing interests (including
human and environmental) should be resolved (Neal et al. 2014; Rawls, 1999). Further, the
most vulnerable in society, human and non-human, generally suffer the most when
ecosystems are under stress (Dasgupta, 2021, p. 376). In addressing water resources, how are
the needs of the most vulnerable understood and power asymmetries accounted for? These

are questions of justice to be addressed as part of a governance regime (Neal et al., 2014).

Questions about the distribution of a resource become increasingly important when that
resource is under stress (Dasgupta, 2021). Pre-existing problems can surface that were hidden
in times of abundance. This is an issue that will affect the UK. As the UK’s National

Infrastructure Commission noted in 2018:

The risk of households having their supplies rationed because there is not
enough water is significant. Large and densely populated parts of England

have lower annual rainfall than Sydney and Mexico City. (NIC, 2018, p. 7).

This may impact some regions more than others, specifically the higher density South-East
England, not as occasional inconveniences but long-term water stress (Environment Agency,
2020). Is the UK, a country not yet used to the on-going realities of persistent water stress,

alive to justice issues when tackling infrastructure needs in these times of change?

Drawing this together, the Biermann (2014) definition of governance contains common

features of governance definitions including formal rules, informal rules and networks of
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actors steering a sector towards its goals, and appears in line with this study. It is adapted
below to represent the water sector. Due to the possible lack of justice thinking and its
potential importance, justice is inserted expressly into the definition rather than an implicit
part of a governance system. Governance in the context of the water sector and for the

purposes of this study is therefore:

the sphere created by rules (formal and informal), networks, processes and
relationships, underscored by justice principles, that drive the water and
wastewater sector forward and into which the project will need to

integrate or influence to be successful.

Justice becomes a fundamental concept against which the forms of governance (including
regulatory requirements in a heavily regulated regime) are assessed and judged. This
acknowledges governance for a project team as a complex system of networks, relationships,
rules and goals that seek to drive the industry forward, justly. A project must successfully

navigate all of these components.
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4 CRITICAL REVIEW OF THE LITERATURE

In viewing infrastructure and governance in a system with technical, human and ecological
components, two well-established bodies of literature come to the fore, Socio-Technical
Systems (STS) and Socio-Ecological Systems (SES). These are bodies of work that have grown
up from different disciplines and problem-framing and focus on the interconnectivity of
social-technical systems and social-ecological systems, respectively. However,
infrastructure is combination of social, technological and ecological systems. It can be
viewed as a technology drawing in and distributing a natural resource for the benefit of
society. With this in mind, recent studies seek to synthesise these two bodies of work and
look at socio, ecological and technical together. This new body of work, referred to as SETS,
is also considered. These are broad bodies of literature, often conceptual in nature, and the
emphasis will be on areas that address governance and transformational change. The
Chapter then progresses to explore the prevalence or otherwise of justice thinking in the
literature and addresses how a justice lens may advance thinking on project and solution

selection.

4.1 SOCIO-TECHNICAL SYSTEMS (STS)
STS provides the academic basis and support for this study by emphasising the
interdependency of governance and technology, stressing that they cannot be considered in

isolation from one another. It also provides potential themes to address in a framework.

STS explores the coupling of social systems and technical systems and explores how they are

interconnected and co-formed. It is said to be heavily influenced by work in the 1980s on the
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evolution of infrastructure systems noting that rather than purely technical components,
infrastructure incorporates a range of institutions, politics, geography and laws (Bolton and
Foxon, 2015; Hughes, 1993). It is not possible to understand a technological evolution in

technical terms alone.

Through STS, social factors are seen as embodied in technology, influencing how they interact
with one another (Rip and Kemp, 1998). The social sphere includes the governance regime
which in turn can accept or hinder new technologies and experimentation (Bos and Brown,
2012). In this way infrastructure and governance are intimately connected in a network and
co-evolve as part of a system (Hughes, 1986). Using Pipebots to illuminate the point, how the
governance sphere adapts to an innovative technology ‘living’ in the potable water supply is
a live consideration, including the existence of enabling policies to encourage investment in
new technologies, compliance with the legal regime keeping potable water ‘safe’ and the
impact on societal norms around the use and perceived purity of drinking water. The success
or otherwise of a Pipebot is connected to how it responds to this sphere and likewise

governance and societal systems may adapt and change with their introduction.

In looking at transforming to a sustainable world, STS thinking explores how the co-
dependency between social and technical creates established structures that can struggle to
adapt with the need for transformational change — from path dependency and lock-in, to
incumbents and inertia (Wolfram and Frantzeskaki, 2016). These theories have been further
developed in the sub-set of STS literature around ‘transitions research’; how technology can
move society from an unsustainable state to a sustainable one (Loorbach et al., 2017; Foxon,

et al., 2009). Introducing innovative technology can involve disrupting the social sphere, or
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adapting a governance arrangement, to allow the new to be embedded and accepted
(Loorbach et al., 2017; Rip and Kemp, 1998). Technology is viewed here as a disruptor to the
socio-technical system, breaking down existing structures with the incumbent technology and

new structures being formed.

Applying this to infrastructure, the systems around new transformative infrastructure require
an amenable governance system. A water sector example includes water meters and how the
governance system encourages the use of this technology to educate and alter behaviour and
attitudes towards water (Hess, 2014). There may be governance through financial drivers or
tackling values and behaviours through education programmes, and if that does not work
more forceful forms of governance such as legislation could be deployed. Other examples
include the introduction of forms of sanitation and their failure where social systems, norms
and preferences are not addressed (van Vliet et al., 2011). Examples of difficulties in bringing
about the required ‘disruption’ also include those in water re-use schemes requiring not only
the risks to water safety to be assessed and managed through education, training and

governance, but norms, risk perceptions and behaviours to be addressed alongside (Goodwin

etal., 2019). There is a complex mix of formal and informal governance mechanisms at play.

A representation of the transformative journey of new interventions is assisted through the
Multi-Level Perspective (MLP) model (Geels, 2002). The MLP seeks to track the journey of a
new intervention from its creation and development in a secure environment or laboratory,
termed the ‘niche’, its emergence into the incumbent ‘regime’ and then, if successful,
embedding into the everyday ‘landscape’ (Geels, 2011; Geels, 2002). Studies explore these

phases and movement from one to the next, including the governance conditions that may
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support that process (El Bilali, 2019; Geels, 2002). It is a model and as a model, inexorably,
does not reflect the complexities of a real system. It has been criticised as such for not
reflecting the impact of agency or for its emphasis on movement from niche upwards rather
than the full possibilities of landscape and regime change (El Bilali, 2019; Genus and Coles,
2008). With these limitations in mind, the MLP remains a useful, visual aid, particularly when

viewing technology and governance side-by-side.

The MLP can be applied to other aspects of the system, including governance (Loorbach et al.,
2017). Governance and law have hierarchical structures with higher forms of governance
instruments having more weight and being more difficult to change than others (Garmestani
et al., 2019). With a governance regime, for example, one may see the ‘niche’ where rules,
relationships and standards influence the design phase in the lab, to the ‘regime’, in this
instance being the regulatory sphere around water governance, and into the ‘landscape’
where it must align with the Constitution and Laws of the land; at each level the governance
instruments generally being more strictly enforceable. It is possible to see, through this
framing, that different tools of governance may impact at different stages of a project. For
example, standards may be developed to show product safety in the niche phase. In the
regime, sector regulations may need to be complied. Law and values, including property
ownership and rights, may need to be tackled as it is built and embedded in the wider
landscape. This shows both technology and the touchpoints with governance moving and

changing alongside one another.

In relation to a project team in its ‘niche’, a particular sub-set of literature around Responsible

Innovation (RI) is raised. Rl addresses the responsibilities of a project team seeking to make
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change. This takes the STS principles of socio and technical relationships directly to the door
of projects themselves as under RI, these are not issues for society after the engineering job
is done, but a fundamental part of the development process; a project team is not divorced
from the outcomes it produces but is responsible for them (Groves, 2015). It places
responsibility on science and engineering to consider the wider impacts of its work (Stilgoe et

al., 2013).

The Rl literature also provides frameworks, albeit covering a more limited arena, recognising
the need and relative lack of tools to support project teams. It provides an opportunity to use
some of the thinking within Rl frameworks in the study. The AREA framework, for example,
devises a list of questions around Anticipating consequences, Reflecting on the work,
Engaging stakeholders and Acting accordingly (Stahl, 2018; Stilgoe et al., 2013) and asks that
those questions and reflections be incorporated into project plans and strategies. The
frameworks are not designed to provide the answers for this research and they do not offer
guestions or guidance on governance, forms of governance or norms outside of the public
arena. They are however supportive of the research goals in providing project level support

and may offer ideas for inclusion in a framework.

Despite the potential benefits of Rl, the placing of these RI-type responsibilities on project
teams is not universally accepted. New science may feel hampered or feel its space for
exploration is diminished. There may be a degree of uncomfortableness with the
multidisciplinary approach of considering social science issues within technological
development. The latter, for example, is starkly explored in a study addressing engineering

and social science in the US (Leydens et al., 2012), a study where conflict comes to the surface.
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However, reflection is needed on why Rl came into being in the first place. It is said to have
been prompted by issues such as the public response to genetic modification (GM) and
concerns from the robotics or nano-tech communities that their innovations may be similarly
rejected (Winfield and Jirotka, 2018; Boden et al., 2017). There are perceived wider benefits
to science as well as society in adopting an Rl approach by addressing public trust, inclusion
and ensuring mutual understanding when developing new technologies (Macnaghten and

Chilvers, 2014).

One way of resolving any disciplinary tension may be to consider Rl as more applicable to
some projects than others, disruptive technologies rather than incremental change, for
example (Tait, et al., 2017); it seems sensible to assign a greater Rl alignment with those
projects seeking the more dramatic societal change. Additionally, thought may be given to the
timing of its application, allowing some scope for early Technical Readiness Levels (TRL) in the
‘niche’ relatively unhindered (Tait et al., 2017), before AREA (Anticipate, Reflect, Engage and
Act, see page 19) is applied with more vigour later. Either way, for the disruptive innovations
addressed in this study, consideration could be given to integrating Rl into a governance
framework particularly as a means of exploring informal rules and the societal norms and
values that arise from the governance regime alongside its use in developing engagement

plans and strategies to address them.

In summary, through the placing of technology and society as intimately interconnected, STS
supports the view that governance (as a social system) and infrastructure (as a form of
technology) need to be considered together, not in isolation. The MLP offers a model to

consider an innovation’s progress and can be adapted to show how different forms of

20



governance may impact at different scales. The literature also suggests that Rl could be helpful
for transformative projects generally. Rl may assist if science and public trust are to move
forward together with a better understanding of one another and could be included in a

framework. These themes will be taken forward into the research phase of the study.

4.2 SocCIO-ECOLOGICAL SYSTEMS (SES)

STS appeared as the predominant body of literature when reviewing issues of technology,
infrastructure and society. However, the framing of infrastructure for the purpose of this study
is as a conduit between society and ecosystems. It is a form of distribution of a natural
resource. To not have ecosystems as an equal weighted part of the governance assessment
could miss a key component of the system. An area to explore to re-balance the narrative is
SES as the body of literature addressing the interrelationship between ecosystems and

society. This Section focusses on the work within SES studies that address governance.

SES acknowledges that the governance regime around a natural resource impacts on its
sustainability (Walker et al., 2004; Dietz et al., 2003). A sub-set of SES studies, around
‘adaptive governance’ has parallel threads to the systems thinking of ‘transitions research’ of
STS but significant differences in line with the different disciplinary thinking and focus (Foxon
et al., 2009). In adaptive governance, it is not the disruptive framing of transitions research,
where new technology interrupts structures and forms new ones, but adaptation through
engagement, learning and responsiveness to the environment (Smith and Stirling, 2010). The
objective of adaptive governance is not to breakdown structures, as with transitions research,
but to flex and bend with change through learning and adaptation. In this way governance

cannot be rigid and contain a resource, treating it as static, but must adapt to the changes that
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inevitably take place. Governance here accepts a system that is adequate for purpose, not

necessarily ‘optimised’ (Chester and Allenby, 2019).

Ostrom’s Institutional Analysis and Development (IAD) Framework seeks to understand the
social mechanisms and rules around a natural resource which impact on its sustainability and
challenges the perceived inevitability of the ‘tragedy of the commons’ (Hardin, 1968; Ostrom,
1990). IAD suggests a complex interaction of social and ecological factors are at play impacting
on the use of the resource (Ostrom, 1990; Ostrom, 2011). It embeds the need for an
understanding of setting, context and place and of the biophysical components of the
resource - factors generally lacking in the STS literature (Smith and Stirling, 2010). The complex
interaction lends itself to systems thinking and encourages solutions that encapsulate wider
environmental and social benefits and impacts. The importance of these components is seen
in the progress of water governance, for example in the move from single issue management
to a catchment-based approach (DEFRA, 2013) or the use of Integrated Water Resource
Management (IWRM; UNEP, 2022). This recognises that the generation of solutions can
depend upon problem-framing and where the system boundaries for consideration are set.
This flags the potential importance of scope and problem-framing in governance,

infrastructure and project planning.

IAD addresses the community and relationships, the rules-in-use and the ‘action situation’
where these components interact (Ostrom, 1990; Ostrom, 2011). The concept of rules-in-use,
as opposed to rules-in-writing may be of particular note here. The water regime in the UK is
very heavily regulated, with multiple institutions, making the resultant volume of rules

impressive. In a study of the water-energy-food nexus in England, one study identified 2700
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potential regulations, not all of which were likely to apply in practice, together with many
unwritten rules (Larcom and van Gevelt, 2017). This presents a problem for a project team.
One project team cannot know all of the rules that are relevant — but its network might.
Adaptive governance does not require perfect answers but of building up capabilities through
the development of actor networks (Smith and Stirling, 2010), drawing in knowledge and
enhancing the resilience of the system. The quality of the actor network, and drawing upon it,
is also seen in literature around the successful development of a project from its niche (Caniéls

and Romijn, 2008), a neat link back to STS thinking.

Knowledge and learning have a powerful role to play in adaptive governance studies. A project
may not have all of the answers but it may have systems and networks in place to respond,
learn and adapt. This is important to an SES as there is inherent uncertainty and inevitable
change that cannot always be anticipated. Trying to tie-in and prevent change is not possible;
instead, learning improves the prospects of successful adaptation and responsiveness to that
change, increasing system resilience (Pahl-Wostl, 2009; Walker et al., 2004). Pahl-Wostl
explores the concept of triple-loop learning for adaptive capacity in resource governance
(2009). In brief, single-loop learning is described as learning through incremental change
without challenging underlying assumptions (sometimes noted as ‘doing it right’), double-loop
is said to re-visit assumptions (‘doing the right thing’) with triple-loop learning going further
and tackling underlying values and the frame of reference (Pahl-Wostl, 2009; Flood and
Romm, 1996). The need to be open to learning and reflection, acknowledges that governing a
complex adaptive system is difficult and unpredictable; even with a well-intentioned
regulatory regime, there may be emergent features that are undesirable or even unjust (Neal

et al. 2014). Transferring this thinking into a framework may involve review mechanisms for
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the project beyond whether the project is meeting its goals, or implementing the right

processes, to reflection on whether its original premise remains valid.

Adaptive governance studies focus heavily on informal relationships, rules and networks, and
learning within those structures, and fewer studies address the role of stricter forms of
governance such as formal law (Garmestani et al., 2019; Hill Clarvis et al. 2014). This is another
potential gap in knowledge. In the UK water sector, the governance regime is heavily regulated
through formal law. This is the form of governance that dominates in the regime, providing
certainty and enforceability. How the law, with its certainty if not rigidity, is able to flex and
adapt to a complex adaptive system and become adaptive governance is less clear (Cosens et
al., 2020). Although studies are limited, suggestions include that the law should be drafted to
be flexible in some way, implemented at the lowest administrative level practicable (termed
‘subsidiarity’), or include planned periods of reflection (sometimes termed 'legal-sunsets’;
DeCaro et al., 2017; Hill Clarvis et al., 2014). The extent the law meets these challenges and
flexibility is achieved, in the experience of those in project teams, may be of note at the data

gathering stage of this study.

Following this summary of SES and governance, the inexorable question is where does
technology fit into thinking in this area? In answer, the place of technology within SES studies
is not agreed or defined (Ahlborg et al., 2019; Markolf et al., 2018). To address this, recent
bodies of work seek to integrate technology into SES in a more coherent way (McPhearson et
al., 2021; Ahlborg et al., 2019; Janssen et al., 2019; Markolf et al., 2018). An example of this
which can be aimed squarely at infrastructure is SETS (Socio-Ecological-Technological-System;

Markolf et al., 2018). SETS is a lens to show the social, ecological and technological aspects of
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a system together, to encourage a more comprehensive view of their interactivity and
enhanced problem-framing (McPhearson et al., 2021). It involves understanding the
interactions within SETS to connect initiatives around each component together and with a

wider eye on trade-offs and unintended consequences (Branny et al., 2022).

Exploring this, a recent SETS study draws on the disaster management literature as a
mechanism to help identify lock-in and vulnerability (Markolf et al., 2018). Analysing systems
that catastrophically fail can provide powerful illustrations of the consequences of systems
under extreme stress and the resilience issues and fault lines that stress exposes. These fault
lines are not just technical but social and environmental. Examples cited include Hurricane
Katrina which, from a purely physical perspective, was a ‘natural’ hazard triggering a breach
of flood barriers - but the catastrophic results are arguably laid at the door not of the natural
event, but of inappropriate reliance on hard infrastructure and its risk management capacity,
poor planning and lack of foresight in response policies, ineffective governance institutions

and embedded societal inequalities (for a detailed study see Daniels et al., 2006).

Studies such as these remind us of the complex connection between ecosystems, society and
technology and the catastrophic results that can flow from an imbalance in that relationship
(Smith, 2013). They highlight the potential of infrastructure systems that can deplete capitals
and increase vulnerability if the complex connections with institutions and structures are not
acknowledged. Vice versa the same interconnectivity may improve livelihoods if access to
facilitating infrastructure is addressed (e.g. DFID, 1999). That SETS is at its early conceptual
stage is acknowledged, but it does help underpin the rationale for projects that embrace SETS

thinking particularly around infrastructure decision making (Markolf et al., 2018). What it does
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not yet do is provide a framework for a project team embracing that framing. This study seeks

to take the current position with the literature forward.

There is a further aspect of SETS to acknowledge. SETS notes that the academic literature
around SES and STS has developed from different disciplinary perspectives and SETS embraces
the integration of this thinking and transdisciplinarity (Markolf et al., 2018; McPhearson et al.,
2021). The benefit of transdisciplinary thinking has been recognised as a means of tackling the
‘wicked’ problems of the Anthropocene, through a systems and complexity mindset (Chester
and Allenby, 2019) and where no-one discipline can hold the answers (McPhearson et al.,
2021). It can open-up opportunities for wider problem-framing for wider social and
environmental benefits (Leach et al., 2020; Rogers, 2018) and sits alongside a call for the
reduction of disciplinary silos (Marchant, 2020;Chester and Allenby, 2019; Markolf et al.,
2018). It is not just the practical integration of two strands of literature but an
acknowledgement that research may benefit from drawing learning from disciplines and

perspectives together.

Drawing this together, there is recognition of the benefits of integration of technology into
SES thinking (Ahlborg et al., 2019; Markolf et al., 2018) and transdisciplinary thinking more
widely around infrastructure (Janssen et al., 2019; Markolf et al., 2018); infrastructure
planning and problem framing would benefit from embracing social, environmental and
technological aspects together. The disaster literature highlights the (catastrophically)
negative consequences of failing to address other components of the system. More positively,

there are opportunities that arise from embracing those components through a change in
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problem-framing and to bring innovative ideas about appropriate solutions with wider and

multiple social and environmental benefits.

More specifically, SES adds resource, place and system boundaries, networks and capability-
building, and learning to the themes that impact on governance (Pahl-Wostl, 2009; Ostrom,
1990). It also flags questions over the forms of governance that dominate and how they
operate in practice, from the project team’s perspective, when seeking to sustainably govern

a natural resource. These themes will be taken forward into the research phase of the study.

4.3 SYSTEMATIC LITERATURE REVIEW - JUSTICE

On reading the literature, references to justice, or even ethics or equity for this jurisdiction,
seemed infrequent. This was acknowledged to be an anecdotal finding by the author, albeit
the relative absence of justice thinking had been noted by others in reviews addressing the
water sector (Holstead et al., 2018; Ozerol et al., 2018). This was unexpected, particularly
when contrasted with the prevalence of justice-thinking in the energy sector and high-profile
discussions on next-zero and the ‘just’ transition (European Commission, 2020; Smith, 2017).
The prevalence or otherwise of justice in governance of infrastructure in the sector is

therefore explored via a systematic literature review®.

4.3.1 Review Process and Results
In determining the scope of the review, it firstly becomes necessary to be clear by what is
meant by ‘justice’ and how this concept can be operationalised for application within a

framework. As this study addresses the distribution of ecosystem resources to society, the

5> This Chapter contains a summary of the review with the full review and published article emanating from the
review contained in Appendix 2.
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principles of environmental justice are drawn upon, predominantly from the highly regarded
works of Schlosberg, Collins, Niemeyer and Walker (Schlosberg, 2004; Schlosberg, 2007;
Schlosberg, Collins and Niemeyer, 2017; Walker, 2012). Justice dimensions here are described
as distribution, process, respect and capabilities. Distributive justice flows from the work of
Rawls (1999) as the equitable distribution of resources. With infrastructure distributing
natural resources, an equitable distribution would appear highly relevant, if not fundamental,
to infrastructure planning. Procedural justice addresses how decisions over distribution are
made alongside a third dimension, Recognition (or Respect), which ensures that all

stakeholders are heard in that process (Schlosberg, 2007).

The justice dimensions offer another lens when looking at transforming infrastructure
systems. Conflict and trade-offs are almost inevitable when addressing a transformational
change but the justice dimensions ask that those changes in the distribution are equitable and,
in determining that share, a due and fair process with representation is undertaken. By looking
at justice through the lens of the first three dimensions (Distribution, Process, Recognition),
potential imbalances in fairness and equity can be highlighted ‘illuminating causes of conflict’
and better dialogue and understanding encouraged (Sikor et al., 2014, p. 529). These
dimensions trigger questions over distribution and process that could be drafted into a

framework to reduce hidden prejudices and injustice.

That undercurrents of bias or hidden prejudices exist is highlighted in issues of socio-economic
and racial inequalities in access to safe drinking water that have emerged in the US, for
example (Marcillo et al., 2021). This is despite the US being a high-income country with

extensive infrastructure and governance regimes in place. It also highlights how there can be
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a regulatory regime in place, but the outcome is not necessarily just. The US example shows
that there is no space for complacency in any jurisdiction over the efficacy of a justice system.
In the absence of justice questions clearly being asked and openly answered it is impossible
to say similar biases do not exist elsewhere. The avoidance of complacency is of particular
importance when a regime is subject to extraordinary change, transformation or stress, as
with water services in the UK. In those circumstances, previously hidden issues may surface

that may not be addressed in existing thinking and structures.

There is a fourth dimension of justice and this relates to the issue of capabilities, developed
through separate works of Nussbaum and Sen (e.g. Sen, 2010; Sen, 2005; Nussbaum, 2004;
Nussbaum, 2002). The concept of capability justice seeks to encourage the conditions
necessary for living things to thrive, not just survive. It includes and extends beyond the three
dimensions of justice to directly address quality of life. The concept of capability justice
arguably aligns with the concept of ‘liveability’, societal and planetary well-being within the
context of low-carbon living and resource security (Leach et al., 2013), and may offer a useful
link to discussions in that area. It also raises questions over which living things are given
primacy to thrive when there is a conflict, and the extent human life is prioritised over non-
human life in this respect (Schlosberg, 2012; Schlosberg and Collins, 2014). Justice can provide

a system to help resolve those conflicts.

Having identified four dimensions of justice, a systematic literature review was undertaken to
identify and evaluate the extent justice considerations were evident in the governance of

water infrastructure. A single jurisdiction was chosen, England, as that is the remit for the
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study, and to enable the results to reference back to a specific regime, in this case the

controversial privatisation of water services.

The review specifically included grey literature alongside academic and conceptual papers.

The following search terms were identified:

e Water OR blue OR sew* (to allow for sewage, sewerage);

¢ Infrastructure OR intervention OR construction;

e Governance;

* UK OR “United Kingdom” OR Britain OR England®.

Three databases were used—Web of Science, ProQuest and Compendex (Engineering
Village)—with a view to ensuring multiple disciplines were fairly covered. A prescribed review
process was adopted (Yigitcanlar et al., 2020). The results in detail are included in Appendix 2

which include the full narratives around the results.

In summary, of the 36 articles meeting the criteria and taken forward for analysis, only three
contained an express reference to justice. These three articles were labelled Category A. In
analysing the three articles which contained a reference to justice, justice was not a core
theme in any of them and pervaded the articles to varying degrees. To underscore the point,

of the 36 articles considered, 27 expressly referred to sustainability. This suggests that

6 Although the jurisdiction of interest was England, Britain and the UK were included in search terms. This was
because despite the ongoing process of devolution, shares common elements of governance and articles of
potential relevance to England could otherwise be excluded
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concepts, such as sustainability, can become embedded in thinking —and clearly have. The use

of justice as a term used in water infrastructure is significantly less prevalent.

Due to the very low return rates alternative terms such as ‘equity’ ‘rights’ and ‘equality’ were
looked for and this revealed a further 8 studies mostly referencing ‘equity’. These articles were
labelled Category B. The number of articles in this category is again a low figure and is
surprising, particularly around ‘rights’. The prevalence of ‘water rights’ issues in other
jurisdictions has been noted, and with the privatisation of water in England a strong reaction
to the regime was anticipated (e.g. Berge et al., 2018; United Nations, 2010; Bakker, 2007).
The reasons for the lack of a reaction fall outside the remit of the study, although conceivable
explanations include the comparative low cost and less acute water stress in contrast to other
jurisdictions — at least in the past (the cost of living is currently increasing (Ofwat, 2022a) and
water availability can no longer be guaranteed; it may be a rise in water rights and justice
narratives will follow). Ethics again was not a prevalent term. Ethics presents a link between
justice thinking and codes such as Rl. It places responsibility on a project to address these
issues within its own structures and this may be a connection to make when drafting the

framework. Again it does not appear those considerations are regularly discussed.

Following the low returns, the remaining texts were analysed for broader justice-type themes
and a possible further 8 studies were identified. These were labelled Category C. The
remaining texts were labelled D and E, D representing the texts not in A to C but which
reference ‘sustainability’ and E representing any remaining texts. Table 4.1 shows the texts as

allocate to each Category A-E.
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Table 4.1: Justice Review Categories

Category Description Number Identity

. (Brown et al., 2010; Strang, 2016; Thaler and Priest, 2014)
Contains express reference to

‘justice’

(Collins, 2012; Goytia et al., 2016; Guy and Marvin, 1996;
Liang, Deller and Hviid, 2019; Molyneux-Hodgson and
Balmer, 2014; Perrotti, Hyde and Otero Pefia, 2020;
Speight, 2015; Wells, 2019)

Is not included in A above, but
B does contain express references to 8
‘equity’, ‘equality’ and/or ‘rights’

(Broich, 2007; Frijns et al., 2016; Holt and Baker, 2014;
Is not included in A or B above, Melville-Shreeve et al., 2018; Murrant et al., 2017; Piper,
C but does contain references to 8 2014; Roberts, 2007; Sharp, Macrorie and Turner, 2015)
justice themes

(Bar-Isaac and Walker, 2018; Brown, Ashley and Farrelly,
2011; Browne, Jack and Hitchings, 2019; Charlesworth,
Warwick and Lashford, 2016; Goodwin et al., 2019;
Gunasekara et al., 2018; Heptonstall, 2010; Rodda, 2009;
Spiller et al., 2012; Ward et al., 2012; Ward and Butler,
2016; Willis, Scarpa and Acutt, 2005)

D Is not included in A to C above, but 13
does reference ‘sustainability’

(Bankoff, 2013; Millington, 2014; Tresidder and White,

E Is not included in A-D above 4 o
2018; Williams, 2008)

Categories A to C were taken forward for review. The overall conclusion drawn was that justice
thinking in this context is rarely expressed but not entirely absent. There is some justice-type
terminology and thinking but it is not routine nor does it present a coherent thread running
through the literature. The range of use of the terms and synonymous terms was considerable

and a lack of sophistication in the justice discourse is suggested.

4.3.2 Discussion
Although justice was rarely expressly referenced it was possible to identify strands of justice-

type themes. These strands were scattered throughout the texts rather than part of a cohesive
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discussion. To address this Figure 4.1 is an attempt to represent the strands and show how

they could be re-focussed and invigorated around justice dimensions.

* Distribution of benefits/ burdens
between generations and non-
humans

Distributive * Reconsideration of land ownership,
benefits and responsibilities

* Water debt and economic models

= True balance of power (government
to governance)

* How the governance regime
shapes the application of justice

* Due process

* Equality of access and participation

* Representation of non-human
world

« Representation of future
generations

* Equitable representation
* Representation and weak Political
and Social Capital

= infrastructure for well-being for all
Capability * Redressing or embedding

inegualities?

Figure 4.1. Justice themes extracted from the literature (extract from author’s published article,
Shrimpton et al. 2021).

The overall potential is that justice thinking here could be an advance on the concept
‘sustainability’. Justice is not necessarily in conflict with sustainability and instead asks for
guestions on a new system to take sustainability and go a step further. It asks for thinking
beyond sustainability into a just transition to sustainability. Instead of this advance, there is
the possibility that sustainability has become synonymous with ‘just’, i.e. if a project improves
the sustainability of a resource it is considered fundamentally ‘good’. However, justice
improves upon the concept of sustainability by having in its scope a broader range of societal

and environmental needs and raising those issues directly and explicitly (Neal et al., 2016). To
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illutrate the need, with any change, even to a more sustainable or resilient system overall,
there can be those that gain and those that do not. How that is decided, how all groups
(including non-human) are heard and accommodated and how those gains and losses are
distributed by the new infrastructure is a matter of justice within the governance regime (Neal

et al., 2014).

Water Justice (fair distribution, procedural
equity and respect, to enhance capabilities
for all)

Water Sensitive (resilience to climate change,
adaptation, sustainability)

Water Cycle (conservation)

Waterways (social amenity, environmental
protection)

Infrastructure for drainage (flood protection)

Infrastructucture for sewerage (public health)

Infrastructure for water supply and security

Figure 4.2. Evolution of Water Governance towards ‘Water Justice’ (extract from author’s
published article and adapted from Ashley et al. 2013 citing Brown et al. 2009).

This supports studies advocating for water justice as an advance on current water governance
paradigms (Neal et al., 2016; Neal et al, 2014). Paradigms around water governance have
grown and advanced over time as emergent features of the system become problems or as
problems are re-framed. For example, water governance goals have developed from security
of supply to the inclusion of sewerage and public health, to flood protection and more recently
to resilience and sustainability (Ashley et al., 2013; Brown et al., 2009). Water justice could be

a further strand to progress that thinking. Figure 4.2 depicts the paradigms suggested and
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adds an additional level, that of water justice, depicting this as an advance on sustainability. It
seeks to show water justice as the next nudge forward in water governance embracing past

paradigms and advancing them.

In other arenas this does not appear to be a contentious assertion. It is noted that there has
been an express and deliberate insertion of ‘justice’ into the sustainability agendas through
the concept of a ‘just’ transition to more sustainable practices, albeit most often linked to
carbon net zero (e.g. UNFCCC, 2015). This implicitly accepts the need for justice issues to be
highlighted beyond sustainability. Its inclusion in the governance of energy transitions is noted
(e.g. Jenkins et al. 2018) and has also been explored in climate science (e.g. MclLaren et al.,
2016) and the transport sector (e.g. Pereira et al., 2016) amongst others. Re-thinking justice
has also been raised directly in SETS studies around transformations to a ‘good Anthropocene’

(McPhearson et al., 2021). It appears timely for any gap to be addressed in the water sector.

Drawing on these works, the inclusion of justice questions has been advocated in the energy
sector and that method can be considered for the current framework (Jenkins et al., 2018). In
this way questions are used as prompts to decision-makers for reflection or to address issues

considered key. This is an approach taken forward in this study.

To conclude, the systematic review suggests an absence of a coherent articulation of justice
in water infrastructure and governance in this jurisdiction. The inclusion of justice thinking has
the potential to ask further and deeper questions of a project and the potential to enhance
and improve upon the dominant sustainability thinking. Questions of whether projects are
justly moving towards sustainability are otherwise unanswered, or at least issues are not

openly voiced. This gap can be addressed in the framework. In articulating that gap the
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dimensions of justice can be drawn upon as themes, framing questions for projects around
equitable distribution, due process and respect and enhancing capabilities for all living things.
As with Rl and ethics, these are issues considered to be within the remit of projects themselves

to explore, not detached or isolated from the project’s goals.

4.4 LITERATURE REVIEW THEMES
To draw the literature reviews together, themes are identified and collated. The cumulated

themes are drafted and articulated as follows:

1. The Governance Regime and its Regulations. The politics behind the choice of regime
recognising the influences this has on the structures, actors, networks and relationships

involved in rule making.

2. The Forms or tools of Governance. The tools of governance at its various levels, with the
overarching Justice/Constitution for the jurisdiction, formal Law, sector specific
regulation, informal codes and social norms — or a decision not to govern at all. This

includes how adaptive those rules are, particularly formal law.

3. Networks. The influencers, regulators, stakeholders and contacts that influence and
inform the particular regime. The network of actors the project may be able to draw upon

to fill knowledge gaps and enhance capabilities.

4. The Resource. How is the resource itself viewed, how are the boundaries of the system
defined and how may that affect the policy, rules, social norms and behaviours to be
considered? Where system boundaries exist how does this define the project, problem-

framing, trade-offs and understanding of other systems?
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5. Technology and rules. Applying innovative technology to that system, what rules and
policies are in play to support this development and how do they impact on the project
and its business case? How may Rl and AREA (Anticipate Reflect Engage Act) be used to

inform a project’s strategy when considering the impact of the innovative technology?

6. Justice. How does the project address justice issues of distribution, procedure, respect,
and capabilities — and when, including at what TRL stage? Are the project’s own ethics

embedded in an Rl code?

And once those questions have been explored:

Iterative Processes (learning): How should the governance be adjusted (refined and
enhanced, interpreted, better articulated) using triple-loop learning ? What can we learn
from each project about how better to harness governance to best effect? How can the

framework itself be improved?

These cumulated themes drawn from the literature review represent potential governance

areas for a project team to engage with. These are to be taken forward.
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5 METHODOLOGY

This Chapter provides an overview of the research design and rationale. A mixed methods
approach has been adopted. This incorporates the Pipebots project and the three point plan
(interviews — survey — focus group). The Chapter goes on to explain how this plan advances

the literature review towards a validated framework supported by theory and practice.

5.1 ETHICS
The study followed and implemented the University of Birmingham’s ethics process and

guidelines throughout. Copies of the approval documents are exhibited in Appendix 4.

5.2 DESIGN OVERVIEW

The research methodology takes the themes generated by the critical analysis of the literature
and develops them by incorporating the experiences and perspectives of those working in the
sector. The design draws on the author’s experiences within the Pipebots project during
which questions and areas where the framework could impact on a project started to

materialise.

Following this formative stage, data are collected using a mixed-methods approach as a means
of both compensating for weaknesses or biases in a single method and to triangulate results
(Denscombe, 2010; Creswell, 2009). A sequential, exploratory design is adopted which allows
for themes to be identified before being tested more widely (Creswell, 2009). The
predominant, qualitative, method of in-depth structured interviews gather individual
experiences of working on transformational projects in the sector. The findings are then taken

to a wider audience via a survey. The survey is used a means of testing the themes generated
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and compensating for any perceived issues of a dataset from a relatively small pool of

participants (18 interviews; Denscombe, 2010).

At each stage, with new themes and insights emerging, the formative framework is adjusted
and refined. Following the survey, the results are incorporated into a final framework that is
put before a focus group for their views and evaluation. The results from the survey and
interviews are, therefore, further validated and triangulated using a focus group to test the
resulting governance framework (Vehovar and Manfreda, 2017; Krueger and Casey, 2015;

Denscombe, 2010).

The framework’s journey is depicted in Figure 5.1. This shows the developmental journey of
the framework as it is formed from initial ideas and developed through the research process,

leading to the final version at the end of the process.

Literature - Possible Questions for a
Reviews EuiliznE % sl Framework

Impacts Identified and S S Semi-structured Enhanced and Developed
Developed FI TR R Interviews Themes

Tested, Validated and
Ranked Themes and
Questions

Framework Format Re- Further Framework
designed Questions Designed

Amended Framework

Figure 5.1. The Framework’s journey.
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By following this plan, the data gathered at each stage are reflected upon and integrated into
the framework. The influence of the research process is discernible with each stage triggering
new thoughts and adaptations. To further illustrate the framework’s journey, a selection of
the iterations of the framework from its early origins to the ‘final’ version, post-focus group,

is included for reference in Appendix 1.

There is a further way that the literature has shaped the project. The research design itself
draws on the learning and thinking from the literature review. The MLP model, introduced in
Chapter 4, has influenced the research design and planning as it follows a new intervention
from experiment to embedding as part of the fabric of a system (Figure 5.2). The MLP follows
a new technology’s progress through niche — regime — landscape. The research design can be
viewed with the MLP in mind. In parallel to the MLP, the study and framework starts with the
experiments and exploration of ideas in the ‘niche’. This represents preliminary work and
learning within the Pipebots project and through the literature reviews. The Pipebots project
is discussed in detail in Chapter 6 and in short Pipebots provides an opportunity for exploration
and experiment and allows first-hand experience of a relevant project in real-time as well as
introduce the project to governance ideas. Involvement with Pipebots helped form the early
framework as well as ideas around how the framework may impact on certain areas of a
project. This early framework from the niche was taken forward into the next stage of the

study.

These ideas are then explored further in the wider sector through the semi-structured

interviews and then seeks validation of those findings via a survey with a wider pool of
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participants in the ‘regime’. Together this gains an understanding of participant experiences

as they create a new system.

Flpebots Interviews
e Wy
Focu
Experiment Survey amu;
Niche Learning Regime Data Collection Landscape Acceptance /

Embedded Output

Figure 5.2: MLP and overarching research design

Finally, the research design seeks to test and embed the final framework ready for the
‘landscape’ through engagement with the focus group. The focus group consists of

participants that would be a target group to use the framework in transformational projects.

The individual methodological approaches for the interviews, survey and focus group are
discussed in turn in Sections 5.3 to 5.6 inclusive. The actual data and results of each stage of

the research plan are discussed separately and in more detail from Chapters 6 to 9 inclusive.

5.3 SEMI-STRUCTURED INTERVIEWS -THEMES

The predominant method chosen for the study is qualitative data on governance issues via
semi-structured interviews from those that have undertaken transformational projects in the
sector. The perspectives and experiences of those undertaking project work are gathered to
allow current and future project teams to learn from their experiences and provide the sort

of detail not suited to quantitative measurements (Silverman, 2017; Braun and Clarke, 2006).
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This approach allows for deeper, richer and a more nuanced understanding of the governance
issues that have been experienced by project teams. It also allows an insight, not just into
governance and policy in writing, but how that translates to the experiences of a team seeking

to make transformational changes.

The form of questioning, being semi-structured, allows for themes to be explored without the
restrictions of a rigid set of questions, and allows further themes to emerge (Denscombe,
2010). There is a further reason for this approach and that is one of communication. This is a
transdisciplinary study with a range of professionals, and the meanings attached to words may
differ. ‘How did governance affect your project?” may have subtly different meanings to
participants and their meaning needs to be understood to interpret and compare their
answers. There is also the practical issue of ensuring that the language used in the framework
is comprehensible across disciplines and this can be better informed and aided by face-to-
face, responsive dialogue as opposed to fixed, structured questions; in effect educating the

author as the dialogues progress.

The participants were selected from contacts of the University of Birmingham School of
Engineering, through the author’s secondment with a government body engaged with the
sector, through contacts with the wider Pipebots network of external stakeholders and
through snowballing from existing participants. The criteria for selection were project
engineers and managers, consultants or regulators with current, personal experience of
projects seeking to make a transformational change within water or wastewater

infrastructure. The project experience was to be outside of Pipebots to ensure that a range of
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projects and experiences were gathered and to temper any inadvertent over-emphasis on

issues that may be particular to Pipebots.

In total 18 interviews were undertaken covering sector companies across the country, water
sector innovators, consultants, suppliers and Government agencies. The interviewees
discussed projects they had been involved in and achieving 18 interviews provided a good
range of projects to be analysed. To give an insight into the range, the projects discussed are
anonymised and summarised in Appendix 5. Although there is no ideal number of interviews
a research study exploring interview numbers through systematic saturation (where
interviews take place until no new datasets are uncovered) noted saturation of results after
12 interviews, and broad themes discernible after 6 (Guest et al., 2016). Although each
context differs, in a homogenous pool of participants as in the present case (same sector and
same governance regime), this is a reasonable endorsement of the number of participants

(18) interviewed in this study.

As the interviews took place during the Covid pandemic the interviews took place online using
Zoom. Each participant was sent information, participant and consent sheets in advance and
informed consent was obtained in each case. The interviews were recorded both through an
audio recorder and through the Zoom system as a back-up. The author transcribed the
transcripts to allow for good immersion with the text. Anonymised copies of the transcripts
are included in Appendix 5. The interviewees were given an opportunity to withdraw from the

study up to 14 days after the interviews had taken place (no interviewees chose to withdraw).

The research design acknowledges that a criticism of qualitative research can be its perceived

lack of reliability or consistency (Silverman, 2017) or potential for anecdotalism (Bryman,
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2016). These concerns are addressed by the application of thematic analysis to the interview
data, thematic analysis being a method for identifying, organising and reporting on patterns
(called themes) within texts (Braun and Clark, 2013). A thematic analysis is designed to be
replicable and systematic rather than intuitive. Themes can be generated in response to the
data and also guided by concepts from the literature (Goodwin et al., 2019; Fereday and Muir-
Cochrane, 2016; Braun and Clarke, 2006). It is a suitable tool for finding patterns in data,
particularly larger volumes of data, which may not be discernible on reading and allows for

hidden patterns to be uncovered.

The transcripts were thematically analysed applying a process endorsed by Braun and Clark
(2013). The interview transcriptions were firstly analysed and words, thoughts or phrases
were coded. The coding was simply a form of labelling. The coding was undertaken by reading
the texts and marking up words, thoughts or phrases relating to governance, hurdles or

opportunities. This was done and re-done several times until no new codes were identified.

The coded sections of texts were then organised into like groups. These groupings of codes
gradually coalesced into themes. One of the difficult areas to overcome was the
interconnectivity of the codes and themes, as many of the codes could coalesce around
different ideas. Organising the data was a time-consuming process and involved several
readings of the interview transcripts but was beneficial as through the re-review of the texts
using coding, similar thoughts and phrases were revealed and patterns detected that were

not apparent on initial perusal.

The next part of the process was to create narratives around chosen themes as a means of

coherently summarising and communicating each theme. Narratives were drafted by collating
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all of the coded comments, issues and thoughts around a theme together and drafting a
commentary to encapsulate the common threads or conflicts. These narratives are used to
explain and understand the themes and governance impacts on projects in more detailed way.

The results of this process are presented in Chapter 7.

As well as written narratives, visual representations of the data were explored. This was an
addition to the original methodological approach and came about because of the connectivity
between the themes. This prompted thinking about how these connections could best be
understood and communicated. A way of expressing and exploring the themes in alternative
ways was explored. Kumu’ diagrams were settled upon to help visualise interconnectivity
where that was deemed a useful communication aid. The results of this process are also

discussed in Chapter 7.

5.4 SURVEY — THEME VALIDATION AND RANKING

Following the semi-structured interviews, the results were validated in two ways, a survey and
then a focus group. The survey was used to test the themes generated by the literature review
and the interviews. In this way the importance, or otherwise, of the themes was tested and
ranked before a wider audience (Creswell, 2009). The survey was designed to validate the
findings of the interviews and seek to remove the potential for the skewing of the data

towards views that may prove to be marginal (Denscombe, 2010).

In designing the survey, the principles of good survey design were considered with principles

relevant to an online survey format (Vehovar and Manfreda, 2017; Trochim, 2006). The

7 Kumu being freely available software used to connect ideas in a visual / diagram form.
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questions were determined by the statements generated from the interviews (Creswell,
2009). The principles and systematic series of choices suggested in designing a survey by
Trochim were then utilised (2006) which prompts thought and decision making at each stage

of the process from mode of survey through to final roll-out.

Firstly, regarding the mode of survey, an online questionnaire distributed via email was
selected. The online system was chosen as it had administrative advantages in terms of
distribution, monitoring and collation of responses and as it was considered intuitive and easy
to access by professional participants (Vehovar and Manfreda, 2017). The online system
chosen was the JISC platform endorsed through the University of Birmingham. As well as
administrative advantages, the online system enabled the anonymity of participants through
its ‘token’ system, i.e. respondents are identified via a system-generated token not by
personal information such as their name or email address. Ethical requirements on informed

participation, consent and mode of withdrawal were included in the design.

Issues of bias or participants feeling they needed to provide ‘helpful’ answers was considered
(Creswell, 2009). This issue could be most prevalent amongst Pipebots participants in view of
the author’s role on the project. To address this, responses were anonymous, and answers
could be split between Pipebots and non-Pipebots participants (‘Stakeholders’) to ascertain if
there were any significant differences that could not otherwise be explained. Bias was also
minimised by the online system supporting greater ‘depersonalisation’ (Sapsford, 2007, p. 97);
rather than an email emanating direct from the author in support of a PhD, a link was sent
from the JISC software framed as a request for their thoughts and guidance on governance

and innovative projects.
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It was acknowledged that one of the known limitations of an online system is a low response
rate, with the literature suggesting response rates have declined further over time (Zhang et
al., 2017; Daikeler et al., 2019). A recent study directly researching the issue of response rates
and incentives, for example, achieved a response rate of around 20% and lower than may
historically have been expected (Zhang et al., 2017). It is widely acknowledged that there is no
correct minimum % return rate to validate a survey although 30 participants has been

suggested as a dataset capable of dissection and interrogation (Denscombe, 2010).

To put this into context, the survey for this study was not designed to provide evidence of a
consensus view across the sector but to see if the literature and interview findings are
recognised within a wider pool of participants (Denscombe, 2010). A response rate in the
order of 20% and 30 plus participants would appear to accord with current expectations, likely

to be achieved and to provide the degree of validation required.

Secondly, the types of questions and their content were reviewed in line with Trochim (2006)
The idea behind the survey was to test the themes generated by the interviews. In designing
the survey questions the themes were drafted into statements for testing (Creswell, 2009).
The survey asked participants to rank the importance of those statements. The idea behind
this was to seek insights both into the extent the findings so far were recognisable to, and
representative of, a wider proportion of the sector, but also for the possibility of

understanding the relative importance of the statements against each other.

As well as the substantive sections of the survey (Q4-8), the survey questions included

participant questions based upon experience and area of expertise (Q1-3). The participants
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were asked whether they were part of the Pipebots project so that data could be compared

against non-Pipebots participants®.

There was also some experimentation included in the survey. How to address whether
participants’ views had changed over time was a challenge. For questions 4 to 8, additional
and voluntary questions asking how views may have changed were included to try to address
how any involvement with Pipebots may have impacted on perceptions. This was particularly
aimed at Pipebots participants and acknowledges that the author was an active member and
potential influencer of the project, not a passive observer. The author anecdotally noted a
change in views as work progressed and ways of obtaining more objective evidence or
accounting for impacts were considered. Itis acknowledged that asking participants to answer
retrospectively, as was done here, can be weak as recollection can be faulty or the past
reconstructed (Sapsford, 2007). Aware of this issue, alternative designs were considered
including time sensitive design where questions are repeated over designated time periods.
The alternative design options were not available to this study due to the study starting after
Pipebots had commenced and being substantially shorter than the Pipebots project. The
guestions were not considered pivotal but of potential interest so were included (and
responses in the pilot monitored). To check for bias, the design of the survey still allowed for
views from Pipebots and non-Pipebots participants to be compared and any differences noted

in the data review.

& Demographic data was not sought. The value of demographic data for the purposes of the project was not
made out. The demographics of the sector as a whole is not known so the extent the data gathered would be
representative would also be unknown.
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Thirdly, leading on from the questions was the response format (Trochim, 2006). As ranking
was required a Likert scale was adopted. In deciding about the range, a neutral option was
included as a forced ‘for’ or ‘against’ response was not considered desirable and a 5 points
scale selected (Saunders et al. 2019; Creswell, 2009). There may also be a range of
respondents with varying degrees of knowledge and again rather than force a response a ‘do
not know’ (DNK) option was included. At the end of a set of questions, free text options (non-

compulsory) were included to allow for thoughts or queries.

Fourthly the placement and ordering of the questions needed to be considered (Trochim,
2006). The opening questions were straightforward opening questions (Saunders et al. 2019).
The bulk of the questions that followed were organised in line with a discovery made during
the Pipebots project. During framework experiments within the Pipebots project the potential
areas of impact of governance on a project were noted. Governance was seen to impact on
the project’s design, strategy, business case or network. This is explored and explained in
Chapter 6 and in looking at governance in this way questions could be organised into sections
under each impact, so statements that related to a potential business case impact were
ranked together for example. This was considered a helpful tool for presenting as well as

organising the themes and data.

Once the survey was designed, and the mode of delivery determined, the survey was piloted
with six volunteers and feedback sought. A particular focus of the survey design was
understanding the questions and phrasing, prompting thought on who would provide the
information and how the questions might be perceived (Cossa, Barker and Almstrum, 2021).

As a result of the pilot some adjustments were made to phrasing and format errors were
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corrected. The ‘views changing over time’ answers seemed to work. The survey was then

piloted again. Following the second run, the survey was considered fit for roll out.

Finally, in terms of the survey process and participants, this study had the advantage of being
granted permission to use the Pipebots project stakeholder contact list°. As a high profile
project, the list provided direct access to representatives from most water/wastewater
companies in the UK, suppliers and consultants, scientists, academics, regulators and
commercial innovators. In total 269 names were uploaded. After removing duplicated
contacts and administrative staff the list consisted of 247 names. In total 55 responses were

received, a response rate of at least 22%° .

During the roll out, a limit of three reminders were sent to participants. Reminders were only
sent to participants that had not already responded (this was another administrative feature
enabled by the online system). The number of reminders sent to participants was limited as
part of the internal ethics of this study, in line with the spirit of RI. The study did not wish to
add to unwelcome email traffic, with email reminders and survey fatigue being noted as a

possible reason for ever decreasing survey returns (Sammut, Griscti and Norman, 2021).

The responses were filtered and analysed using a combination of JISC software and Microsoft

excel. This allowed a thorough immersion in the data. Additional tools such as SPSS were

° The Pipebots list had been compiled by the project manager as part of the project’s outreach programme and was GDPR
compliant. Names were only included with the express permission of the contact and for the purposes of disseminating
information and seeking input from the stakeholders (the remit of which covered this study).

10 The online system did not collate failed email delivery (e.g. due to spam filters). The 22% figure is therefore the lowest %
rate as it assumes all 247 emails were delivered.
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discounted as unnecessary to meet the survey goals and excessive in view of the sample size.

The results are discussed in Chapter 8.

Following the survey and the interviews the framework was re-visited, re-drafted and

presented to the focus group.

5.5 Focus GROUP — FRAMEWORK VALIDATION

The second form of validation flowed from the survey to refine the ‘final’ framework and test
the results before a focus group; the idea to place the framework before those likely to use it,
to gauge their thoughts and responses to the questions it contains as well as how it could be
used in practice. The work of Krueger and Casey (2015) was drawn upon to plan and design

the focus group session.

A focus group was the chosen method to validate the framework as there was a clearly defined
object to be discussed (the framework) which would directly affect participants (as project
engineers and operators) lending itself to a clearly defined discussion topic amenable to a
group format (Denscombe, 2010). In contrast to interviews, a focus group was considered
more likely to encourage engagement with the framework and stimulate thinking and
dialogue (Denscombe, 2010). It also allows for differences of opinion to be aired and debated
and thoughts can be stimulated and deepened by others in the group. It was felt that a more

dynamic engagement with the framework was likely to be achieved.

The participants were selected in hand with a gatekeeper within a water and wastewater
company. The selection criteria was those engaged with designing and implementing

transformational projects in the sector. Working with the gatekeeper, a good cross-section of
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potential participants across the business were identified. In total 4 participants volunteered
to take part —a project engineer engaged in transformational projects, an engineer within the
innovation team, a landscape engineer engaged at the very beginning and end of projects and
a senior member of the climate and resilience strategy group with insights into future
corporate and industry strategy. Participants were provided with participation and consent
information prior to the session and informed consent obtained. Participants could withdraw

up to 14 days after the session (no participants withdrew).

The design of the questions and the questioning route during the focus group session was
drawn from the work of Krueger and Casey (2015) and involved opening, introduction,
transition, key and ending questions. A plan showing the design of the session is included in

Appendix 7 and was also circulated to participants in advance.

In designing the session, tips to encourage a relaxed dialogue and engagement with the
framework were drawn from Krueger and Casey (2015), especially around encouraging active
engagement with a policy document. The simple, but effective, suggestion was for the
participants to be able to draw and write on the document to answer questions. Activity
sessions were therefore planned around two questions. The first was to highlight framework
guestions in green that the participants liked, did not routinely ask themselves or which they
found thought-provoking. The second was to highlight in pink questions the participants did
not believe should concern them, they saw disadvantages in including or they would like to
change. This proved an effective tool in that it was easy to apply and appeared to encourage
a depth of reading and engagement with the text. The participants handed over their scripts

at the end of the session and anonymised copies are included for reference in Appendix 7.
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The group sizing enabled the group to be ‘managed’ by a single person (namely the author)
and ensure all views could be captured. The session was also recorded to ensure the author
could actively listen to the participants rather than concentrate on note taking. The results are

described in more detail in Chapter 9.

5.6 SUMMARY

The research methodology develops the results of the critical review of the literature by
integrating themes generated from academic thinking with experiences and perspectives from
the sector via Pipebots experiences, interviews, a survey and a focus group. The plan takes the
framework to a wider level from formative niche to regime to landscape. Each individual level
draws on recognised methodological approaches and has an overall design seeking to
integrate theory and practice, with each component enriching the other. At each stage, a
review of a working draft of the framework is prompted and the framework reconsidered and
refined, the aim being for these stages to lead to a useful and validated framework that draws
on new thinking as well as current, practical experiences from within projects themselves. The

following Chapters 6-9 inclusive explain the results of each stage in more detail.
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6 PIPEBOTS: LEARNING AND EXPERIMENTING IN THE ‘NICHE’

Working within the Pipebots project provided space for learning and experimentation and
was a momentous opportunity to work with different disciplines on a relevant project for
the sector. During this phase, ideas drawn from the literature were developed and trialled.
How ideas were developed prior to moving into the remainder of the data gathering stage
(interviews-survey-focus group) is explained here. It shows the early development of ideas

from the literature review into a formative framework that is then taken forward into the

balance of the research plan.

6.1 PROJECT OVERVIEW
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Figure 6.1. Pipebots Themes (Pipebots, 2022). Reproduced with the kind permission of the Pipebots project. ©
Pipebots 2022
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The Pipebots project is a multidisciplinary academic research project tasked with designing a
swarm of micro-robots to live in potable water and wastewater infrastructure (Pipebots,
2022). The project consists of around 50 academics and researchers, mostly engineers and
scientists, and works closely with its industry stakeholders. There are 8 teams (referred to as

Themes; Figure 6.1) across four UK Universities.

The author was given the opportunity of working as part of a team of researchers and
academics on the Pipebots project as a member of Theme 7. The author brought a legal

background and training to the project.

6.2 GOVERNANCE CONTEXT

The Pipebots project, and similar projects across the country, are driven by policies pushing
for a reduction in leakage from the infrastructure network. To put the potable water issue into
context, leakage of water from the public supply network in England has been estimated at a
staggering 2,900 MI, or 20% of mains water, every day (NIC, 2018). This amounts to a
substantial degree of waste both economically and environmentally. As a precious and
increasingly vulnerable resource, reducing the amount of water lost through leakage is key to
ensuring the resilience of the water supply system and reducing stress on the environment
(Ofwat, 2020). Governance drivers have been put in place to address the issue including the
UK Government’s 25-year environment plan which seeks to reduce leakage by 15% by 2025
(DEFRA, 2021b). This target is itself a step towards the longer-term target of 50% reduction by
2050, with Ofwat (the economic regulator for the water sector in England and Wales) agreeing
commitments with the sector to meet those targets as part of the regulatory cycle (Ofwat,

2022a).
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To give an idea of scale of the problem, the length of the pipe network has been reported at
over 346,000 kilometres (Water UK, 2020). This is a pipe network that has grown organically
over time and one of the many challenges is identifying where in the vast, and critically ageing,
underground network the leakages are occurring. This in itself represents a time consuming
and expensive task. The conclusion drawn is that innovation is necessary to address the size

of the problem whilst reducing the overall costs of leakage detection (NIC, 2018).

In addition to the recent drivers for leakage detection and innovation there are pre-existing
rules and regulations governing what can and cannot be implemented in the network. These
rules provide the boundaries the new innovations must operate within — or the boundaries
that must change. Most significantly, the Pipebots must be safe in terms of their interaction
with the existing network. For potable water for example, the Pipebots will have to meet
safety standards and obtain prior approval under Regulation 31 of The Water Supply (Water
Quality) Regulations 2016 (as amended). This is a Statutory Instrument providing the
regulatory framework for the drinking water quality of the public supply in England (The Water
Supply (Water Quality) Regulations, 2016) and is enforced by the Drinking Water Inspectorate
(DWI1). They constitute a niche set of regulations that focus on the safety of the potable water

supply in England as far as public health is concerned.

Regulation 31 strictly sets out what substances and products can and cannot be introduced
into the water supply and provides the framework for an approval process for new substances
and products. Pipebots must be granted prior approval under Regulation 31 before they are
introduced into the potable water network (DWI, 2020b). The test and authorisation

processes under the regulations were designed with chemical dosing and construction
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products, such as traditional infrastructure tanks and pipework, in mind (DWI, 2017 section
2.1 and 2.2). How these rules and processes respond and adapt to complex structures such as

a multi-component, autonomous robot, or even a swarm of robots, remains to be examined.

As well as potable water safety, safety issues include impacts on the sewerage system, Critical
National Infrastructure implications, data collection and use and communication systems.
Impacts can also be envisaged in the informal governance sphere around values and responses
to the use of robotics in water networks, and more. The extent the existing regime and rules
conflict with the governance policy drivers for change are likely to be exposed by projects such

as Pipebots and this will be explored if, and when, it arises.

6.3 THE PIPEBOTS PROPOSAL

The Pipebots vision is for micro-robots to be equipped with sensors to detect leaks and
provide data on the integrity of the pipework, Figure 6.2. The project intends to transform the
asset management of water and wastewater infrastructure by moving away from current
business models. These models often rely upon tethered systems, such as CCTV deployed by
operators through a manhole. This system is physically limited, by the length of the tether,
time intensive, as the area scoped is similarly limited meaning multiple deployments along a
pipe system, and relies upon the gathering of visual data for subjective interpretation. A
Pipebots system would collect real-time, continuous data unrestricted by tethers and would

include systems to interpret and grade the data collected.
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Figure 6.2 Pipebots visualisation (Pipebots, 2022). Reproduced with kind permission of the Pipebots project.
© Pipebots 2022.

The hoped for advantages of a Pipebot system, as opposed to a traditional system, are to
extend the length of time they can operate for, improve the accuracy of the condition data in

terms of type and location, and extend the distance they can cover and re-cover over time.

The Pipebots project is currently in development stage Technical Readiness Level (TRL) 1-3.
Whilst the Pipebots project itself is believed to be unique in terms of its proposed solution to
leakage and asset management, it is one of a number of projects rising to the innovation
challenges set for the sector and, as such, is likely to resonate with other similar projects going

through early TRL stages.

6.4 PIPEBOTS AND THE GOVERNANCE FRAMEWORK

At an early stage of the Pipebots project, and prior to the author’s involvement, it was
recognised that to bring about transformational change, the task for Pipebots extends beyond
the technical challenges of designing a swarm of autonomous micro-robots. The new system
needs to understand and integrate with complex Critical National Infrastructure as well as be

accepted by the complex governance sphere. The governance issues were to be addressed
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under Theme 7, the goals of the theme including Work Package 7.3 Enabling the

Transformation — Engineering the Systems of Governance, and at 7.3.8:

Analyse all formal (e.qg., legislation, regulation, codes & standards) and
informal (e.g., societal attitudes, ethical issues, operational & practice norms)
systems of governance relating to pervasive sensing using miniature robots,
identify barriers to deployment and engineer mitigation strategies (including
proposing a set of principles of internal governance, to align with 7.3.51 and

7.3.6%2, and to guide the design).

Outputs: Future-proofed pervasive sensing systems with a compelling business
case for changes to practice, bespoke business models to prove their efficacy

and proposals for their governance. (Pipebots, 2019)

This itself provides an insight into governance perspectives at the initial stages of the project.
The framing of governance here is negative; it is about identifying barriers, not where

governance can be harnessed or supportive.

As a multidisciplinary project, encouraging thinking amongst the themes that governance is
not (always) a burden was considered by the author as potentially important for

communication and positive engagement. It is also apparent from the literature review, that

117 3.5, States as follows: Establish a common vision for pervasive sensing and world leading research capabilities in Autonomous Sensing

for Buried Infrastructure in the UK. Bespoke facilitated team workshops, held as substantial sessions of full team meetings, will be used to
develop: the vision; cross-team understanding of the principles and cultures of each discipline; a ‘map’ of the team’s learning; and a unique
capability in this domain.

12.7.3.6 States as follows: Create the business case for change in pipeline asset-management practices based on a multi-dimensional value
framework, progressively integrating the outcomes from each Theme.
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the number of potential rules would be vast and even if identified may not be useful to know
or may not even apply in practice (e.g. Larcom and van Gevelt, 2017). There is a potential for
a project to be crushed by the sheer volume of rules, many of which may not be enforced in
practice. This is recognised by the UK Government itself and in addressing this has expressed

concern about projects seeking external advice on these issues, specifically,

third parties over-interpret regulatory requirements and deter innovation — with the effect

that business investment is diverted into compliance activity rather than R&D,

(Dept for Business Energy and Industrial Strategy, 2019).

In parallel to work to identify the rules therefore, a framework was considered to guide a team
through the maze to help identify what was important and what could support as well as
hinder the project’s goals. The Pipebots project and literature review did not reveal an existing
framework to support the work. The literature review was therefore supplemented by a
systematic literature review using the Web of Science Database for open access documents
for the terms ‘infrastructure’, ‘governance’ and ‘framework’ in the abstract. The results were
filtered to exclude anomalous categories and titles of no relevance to the study. The remaining
list of journal articles are included in Appendix 3 and were reviewed. A wealth of material was
contained in the articles, including the more limited RI frameworks, but no directly applicable
and comprehensive framework was identified. This was anticipated as the literature was
noted to be mostly conceptual in nature with fewer practical or applied tools at this level. In
the absence of an applicable framework a new governance framework was therefore needed

and coincided with work on this study.
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What also became apparent whilst working on this package, were differences in
understanding of terms such a ‘governance’, despite its wide use within the project. Whereas
a general understanding of the term was evident, what forms of governance were included
and what were not, differed. An informal pilot survey was undertaken amongst colleagues to
test this experience further. This pilot confirmed subtle differences in what was understood
by the term governance. Asking about governance experiences, for example, may have a
different meaning between different participants. This suggests care should be taken in the
deployment of the term ‘governance’ in the data gathering stage of the study, particularly

when asking questions of participants.

6.5 THE FORMATIVE FRAMEWORK

The Pipebots project presented as an opportunity to test ideas as they developed through the
literature review, using Pipebots as a lab or ‘niche’, in line with MLP thinking; the MLP model,
as discussed in the literature review, used here in a novel way as part of the research process

with the preliminary framework being tested in the niche before taking it forward.

This approach also recognises the transdisciplinary nature of the study, with the author
spending time learning and working across the disciplines within Pipebots to understand the
new science, how technical issues interact with governance and the sector more widely, and
terminology, norms and perceptions, amongst other experiences. The Pipebots project
provided a space for learning and experiment. It gave a clear context for governance theory
to be explored and early potential hurdles (for example over language) to be identified. It
provided an opportunity to sense-check early ideas and to link theory to its practical

application.
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In the experimentation, nascent themes had been generated and articulated from the
literature review. To take the themes forward an approach seen in the energy justice sector
was utilised. This advocates for a series of questions to be created as a tool for decision-
makers to prompt thinking around new interventions and to incorporate themes into their

decision-making processes (Jenkins et al. 2018; Sidortsov and Sovacool, 2015).

In designing the questions the themes following the literature review (governance regime and
regulation, networks, resource, technical, justice, iteration) were considered alongside the
forms of governance (justice, law, regulation, policy, norms etc). These themes and forms of
governance considered together enabled a series of questions to be drafted. These questions

sought to embody the essence of the themes and covered the following:

e From STS and SES, the nature and scope of the project, technology and resource

together, the boundaries (in this case split between waste and potable water)

e How the benefits of the project and its scope, align with public policy

e The principles of justice with which the project aligns

e The use of an ethics or Rl code

e Areas where the project may meet formal law (where law traditionally offers

protection e.g. health and safety, property, environment)

e The nature of the governance regime and regulation; e.g., market-based

e The network around the project

e How the project helps its target users meet their statutory duties (regulation)
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e Mechanisms to learn and understand societal values and norms

The Pipebots project provided an opportunity to test the early framework and the questions.
The questions were applied to Pipebots using the author’s knowledge of the project and
drawing on Pipebots colleagues where necessary. An early draft of the questions is included

in Appendix 1, (alongside later iterations of the framework).

When the questions were answered the results were initially viewed through the lens of the
MLP (1-3 below). However, an alternative means of categorising the response, looking at

impacts, also materialised (4 below).

Firstly, using the MLP as a lens:

1. Legal ‘landscape’ issues. The framework prompted a discussion on the legal landscape at
an early stage, particularly around property rights, data and infrastructure security. This
included arange of issues from the implications of a transfer of data from below to above
ground and the legal position of the robots ‘escaping’ from the pipe. These were issues

around the general law of the land, applicable to everyone, not sector specific regulation.

2. Regime issues. The regulatory regime, the laws specific to the sector, highlighted practical
issues over regulation and procurement contracts, which were not otherwise observable
from the literature. They also brought to light and prompted education and discussion
around the pivotal piece of legislation impacting on a Pipebot in potable water Regulation
31 (Water Supply (Water Quality) Regulations, 2016). As discussed, this regulation and its
associated suite of advisory notes controls substances, including a Pipebot, that can be

added to the potable water supply system. There are strict and onerous controls and
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processes to be complied with. However, within the advisory notes was an abridged
process that could be used subject to the dimensions of the final design of the Pipebot as
well as lists of pre-approved substances (DWI, 2018). A discussion on this regulation was
presented to the teams including an advice note and a webinar prepared by the author.
The discovery of the abridged process, previously unknown to the technical teams, makes
a connection between the design of a Pipebot and a reduction in regulatory red tape. The

advice note and subsequent presentation is included for reference in Appendix 8.

3. Niche issues. These were predominantly discussions around an appropriate Rl code to
include public engagement. The response to the approach to Rl codes varied within the
project with voices for and against. Some did not believe Rl was an issue for the project at
all whilst others embraced it. This suggests the thinking behind the codes may not always

be accepted or at least, not always prioritised.

Alternative to the above was a means of organising and considering the answers through

impacts:

4. Impacts. The responses to the framework questions also could also be categorised
according to their impact on the project. This was considered a useful form of
categorisation emphasising the effect of governance on a project and so its potential
importance more directly. To illustrate, the following impact categories were identified,

with examples:

a. Context and Narrative: around the resource and its spatial distribution, as well as the
regime governing it, with problem framing and solution options altering with the

boundaries of the system of interest; noting clear governance differences between
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water and wastewater applications with different rules applying and with water and

wastewater mostly being governed separately.

Networks: In looking at the stakeholder list representing the project’s network,
connections to regulators proved to be a notable absence. The need for regulator
insights were numerous. As an example, the current regulations governing potable
water were not drafted with the use of miniaturised robots in mind, prompting the
need for consideration of how this new application may be viewed by the DWI (DWI,

2021).

Design Requirements: As raised in point 2, the regulations on drinking water quality
in England provide the opportunity for testing requirements to be abridged subject
to calculations on the surface area of the final robot (Water Supply (Water Quality)
Regulations, 2016). This was information provided to the design team at an early
stage and enabled questions to be raised to the DWI (once the network had been
expanded). It provided a previously unappreciated opportunity to design-out more

onerous governance issues.

Strategy There were a number of strands here, including: the extent there were
network gaps to be filled; the extent an Rl code would be accepted and adopted and
how this could address justice and societal concerns around robotics; a review of
policy leading to further training within the teams on the issues around digital
twinning and how Pipebots may engage and benefit from a national infrastructure

digital twin initiative.
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e. Business Case: How the current governance regime and landscape supports (or
hinders) the case for change and how this can be utilised by a project. There were
strong policy drivers supporting the project, for example. There were however signs
of governance inertia prompted by the regime which may need addressing such as
through procurement contracts and through rigid, rather than adaptive, legal

frameworks.

The impacts (a-e) are represented in Figure 6.3 and show the potential impact areas of the
governance framework on a project. This was considered a breakthrough moment in terms of
the communicating the potential for the benefits of the framework and the integration of
governance to be more clearly articulated to a project team. It was decided to try to utilise

this finding in how the framework was presented or organised.
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Figure 6.3: From Governance through the Framework to Impacts

6.6 DISCUSSION

The application of this formative framework to Pipebots gave insights at two levels.
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At the first level, it shows the potential of the framework to incorporate aspects of governance
into a technical project with direct results. These results followed only a single, informal
application of the framework at a single point in time suggesting there is even more potential

for discoveries and integration as the project progresses.

At the second level looking at the results more widely, the answers to the framework
questions could themselves be collated into impacts. This may have more meaning to a project
team. Rather than phrasing the results as governance issues, the impacts refer to issues that
matter to the project design, strategy or the business case for example. Further, there were
signs that the framework has the potential to draw-in and encourage communication amongst
teams and so augment transdisciplinarity between the different skill sets. The framework

prompted reflection and dialogue across teams.

As well as these positive insights there were also signs of potential barriers. A negative view
of governance could hinder engagement or see governance as a hurdle to be overcome rather
than as an opportunity. Further, there was some ambivalence towards Rl in some quarters
and more might be expected. Whilst it has its supporters, Rl is not universally accepted and
the same could be anticipated about the framework itself. There may be different views on

the focus of engineering and science within projects, particularly at the early TRL stage.

6.7 SUMMARY

The Pipebots project was used as a grounding for preliminary experiments and to test the idea
of having a framework that could be used within a project team. It was not at this stage, nor
intended to be, a fully formed framework. It was more simply a testing ground for the ideas

similar to the niche phase of a technological development. It was used as a space to start to
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test the theory, the efficacy of the idea and the potential for it to apply and have impactin a
practical setting. A space to understand and explore was particularly helpful for

transdisciplinarity with different terminologies and approaches.

Particular points to take away were being able to see the potential benefits both directly to a
particular project and also to see how the framework could be communicated and developed
further. In terms of the latter, the idea of organising the framework around impacts will be
taken forward alongside continued thought about how the potential barriers can be
overcome, accepting that inevitably, universal acceptance is unlikely. There were also
glimpses of a lack of holistic governance of the water cycle (separate systems particularly for
potable water) and the potential for existing strict laws to be at odds with the flexibility
required for transformational innovation — an issue for adaptive governance principles to

evaluate.

This grounding and preliminary insights from the literature reviews and the Pipebots project

will be taken forward into the next data gathering stages with the wider sector.
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7/ SEMI-STRUCTURED INTERVIEWS

This Chapter collates the data from the semi-structured interviews and presents the
findings. It highlights the, sometimes overwhelming, strength of the regulatory regime that
governs the sector together with the positive and negative emergent outcomes that flow as

a result. These results will be taken forward, tested and expanded upon in Chapters 8-10.

7.1 PROCESS

To recap, 18 semi-structured interviews took place with those engaged with transformational
projects in the sector. Of the 18 participants, 11 were from water or wastewater companies
covering the North, Midlands and South regions of England and the remaining 7 were from
governance agencies, consultants, innovators or contractors. A summary of participants’ job
role and the projects they discussed are included in Appendix 5. Despite the range of
participants their individual experiences were very similar with common issues arising. Where

there are differences these are noted.

The interview texts were thematically analysed. Coding the texts started with a
straightforward review of the texts to look for wording or phrases around governance, hurdles
and challenges. Rather than discrete ideas it was found that each of the themes
interconnected, the boundaries of one overlapped with others. Thought was therefore given
to theme selection and how the results could be coherently presented. Each theme below is
chosen to highlight a particular aspect of the regime relevant to the research and then
interpreted from two perspectives. The first perspective considers what the findings mean for

a project, the framework and how governance can be harnessed for best effect. The second
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looks at what the governance system achieves and how it may need to change and adapt to
allow for the required transformational changes. After each section a discussion on what this

theme means for a Project and what this means for Governance are included.

As the coding advanced the importance not only of what was said but its context, the projects
in issue and the phrasing became more significant. In collating the codes into themes and
considering their presentation, the types of project and quotations which illuminated thinking
were also collated. These were all drawn together in order to explain and understand the

nuances of each theme.

7.2 THEMES
The themes and sub-themes categorised following the interviews are listed in Figure 7.1. Each
of these themes and sub-themes are discussed in this Chapter. In doing so, the discussion on

each theme is exemplified with quotations from participants®3.

13 The quotations are printed as spoken by the participant save where editing is required to ensure anonymity.
Edits are clearly marked in parenthesis [ ]. If there are different views held amongst participants these are
expressly noted and conflicting quotations included.
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Figure 7.1: Themes and Sub-themes

7.3 THE STRENGTH OF THE REGULATORY REGIME

Whilst different themes emerged through the thematic analysis process it became clearer as
the texts were analysed that there was in fact one overwhelming, pervading theme from
which most others were linked. This theme was the influence and strength of the regulatory

regime.

It was anticipated that in a heavily regulated sector, the regulatory regime would be a factor
in shaping, hindering or supporting innovative projects. What was not anticipated was how
significant a factor it was. It was anticipated in a market-based regime that economic drivers

would dominate, albeit tempered with regulatory constraints and requirements. Whilst
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economics was an important driver behind projects, regulation was often considered

paramount. One participant summing up reasons for a project noted,

is there a statutory or requlatory driver to do this? And that is often at the
top of the pyramid in terms of a sort of a reason for somebody to do

something, that's often the absolute top.

This comment was not an isolated example. All of the projects discussed had strong regulatory
drivers. Examples ranged from nutrient removal which were entirely driven by regulatory and
licence requirements, wildlife protection driven by regulatory requirements and wastewater
management projects again driven by the regulatory regime. Most were undertaken as they
had to be done to comply with the regime, albeit the projects explored different solutions to

meet the requirements. This key finding and its nuances are expanded in the sub-themes.

PROJECT: As will be seen, the picture is one of a heavily requlatory-led regime. This suggests
for a framework and project team seeking change, that setting out a clear alignment with a
regulatory driver would benefit a business case, where possible. Whilst economic
considerations are a factor, this suggests that a business case resting solely upon economic
benefits may not be enough. This is potentially at odds with a regime described as market-

based and will be explored further.

GOVERNANCE: In terms of the governance regime itself, strong regulatory drivers could be
upheld as a success of governance over the market. Despite the regime being a privatised and
market-based system, the requlatory driven projects suggest governance may be successful in
tempering the market with Government’s will. However, sub-themes were illuminating in

exploring this issue further. These sub-themes served to illustrate and expand upon the point,
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stressing the potential adverse impacts as well as design, strategic and business case

considerations under this major theme.

7.3.1 Responsivity of Regulation — Adaptive Governance?

Formal law and regulation were the most often quoted source of governance impacting on
projects. The extent formal law can flex with the needs of a complex adaptive system was an
issue highlighted in the adaptive governance component of the literature review in Chapter 4.
Adaptive governance requires responsiveness and an inherent ability to adapt to change in a
timely way. Projects and experiences where this clearly did or did not occur were gathered to

explore the extent adaptive governance principles were evident.

One set of regulations was mentioned by those addressing potable water projects and was
also mentioned by innovators and consultants because of its general notoriety, ‘Regulation
31’ —being in fact termed a ‘nightmare’ by one participant. Regulation 31 refers to Regulation
31 of the Water Supply (Water Quality) Regulations 2016 (as amended) and often called the
Drinking Water Regulations. It applies to potable water and restricts what can go into water
supplies, controlling the materials with which potable water infrastructure can be constituted.
It is an important and strict safety tool; necessarily so, as it deals with the safety of the
country’s potable water supply. It was raised as the most significant regulation by participants
(warranting special mention in any framework), particularly in relation to its impact on the
design of anything impacting potable water infrastructure and the systems for regulatory

compliance that have to be adhered to.

Regulation 31 will have a significant impact on Pipebots but also other similar projects seeking

to reduce leakage. Regulation 31 will strictly impact on what materials can be used within
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those pipes. There was frustration with the regulation not keeping up with advances in

materials and with its slow processes. As one participant put it,

[] from the [regulator], he’ll tell you regulations were supposed to be
updated every five years, every 10 years maximum. That was in 1993. And
they haven't been updated since then, and they were based on stuff from

the 60s and 70s anyway.

The regulation was considered static rather than responsive or adaptive. There have been
significant advances in technology and materials over the last decade. There is a risk that if

regulation does not keep pace with change and innovation it effectively stifles it.
This was not just a Regulation 31 issue. There were further and more general examples,

| think there's also a point that the industry invested a lot of money during

maybe the 1980s, 90s, or maybe some of the early 2000s, in producing lots
of industry standards. Water industry specifications and standards, WRC

wrote lots of these. At the time they were current and up to date, but a lot
of them haven't been updated, so actually if you look at some of these,

they actually don't reflect current technology and things like that.

And another noted ‘regulation always being behind’, while another saw this translated into

enforcement processes,

It’s the old school reliable traditional methods of assessing if water quality
is safe or not, whereas nowadays we've got flow cytometry, we can count

individual numbers of cells and whether they are intact cells or non-intact
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cells, but regulations are still like, grow this on a plate for 48 hours and see

what happens.

The narrative around this theme became one of strong but unresponsive and out-of-date

formal laws and a static and fixed regulatory regime.

PROJECT: For a framework, Regulation 31 would be worth a special mention for potable water
projects. It also suggests that if the project wants to use innovative new materials or
techniques, particularly in potable water, then engagement with the regulations at an early
TRL stage is sensible to understand how they impact on the design and choice of materials as

well as the strict reqgulatory processes the project will be subjected to.

GOVERNANCE: If the sector is reqgulatory led, as is suggested by the narratives so far, then that
regime needs to be up to date if it is to manage the complex adaptive system of water
infrastructure as well as embrace innovation. A failure to adequately cater for the possibility
new materials and innovative technologies, for example, can stifle their use and instead
entrench existing materials and systems. The suggestion is that dominant parts of the
regulatory regime, including its enforcement, are out-of-date; there is a danger that the out-
of-date embeds rather than challenges the status quo and does not support adaptation and

flexibility, contrary to adaptive governance principles.

7.3.2 Problem-Framing/ Project Selection

There was an array of different legal and regulatory rules on display across the projects
discussed, from issue specific regulations around wildlife protection and to nutrient removal
(Phosphorus and Nitrogen) through to river catchment and wider scale issues around the

Water Framework Directive (WFD; European Parliament and Council Regulation (EU), 2000),
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water transfers, new hard infrastructure and resilience. An anonymised summary of projects
is included in Appendix 5. According to participants, the regulatory regime had a strong link to
the projects chosen — and conversely what was not chosen. This issue arose in discussions
where participants were disappointed about the project or solution selected and what was

not taken forward.

Project proposals that aligned with regulatory requirements were more likely to be adopted.
Conversely project proposals that did not meet a regulatory requirement were less likely to
be selected. This may be considered a success of governance, governance leading the sector
towards societal goals. However, analysing the comments gathered around this theme more
closely, provided examples of where ‘good’ projects were not being taken up because they
did not meet a regulatory requirement — even if that project provided benefits to the
business, society and the environment. To give an example, a participant noted a business-
as-usual preference was used as an easier path, avoiding regulatory testing and red tape, and

that this was behind the lack of selection of some projects,

we're just going to keep using what we can while it’s available. We don't
have to do any additional funding for testing or writing up any new

contracts.

Another noted a project being rejected despite favourable test results because,

on the compliance piece they're saying you know, at the end of the day it's

not a parameter that's regulated,
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this point being relevant to project selection. The project was not adopted as it was not
measuring something useful for compliance purposes. It may be helpful for efficiency, water
or asset management more widely but it was not a regulatory requirement!4. Another still

noted the impact this had on innovation in the UK,

there isn't any real opportunities in the UK, and this was obvious 10 years
ago... every drinking water system in the UK talks to [] and says, yeah it's
great, we love what you're doing, we're very happy with it. Are you going

to install it? No, because we don't have to

and further

they were like, well nobody requires us to actually have it so we're not
going to have it, because it will expose a whole bunch of things that we
don't want people to know...You know, very popular technology, but

there's no requirement to have it in the UK so nobody wants it.

The latter comment underlines a cynical side to compliance, one of working-to-rule and
selective data publication. This is explored in later themes below. For present, even if this
degree of cynicism is not replicated universally, the implication from the comments as a whole
remains that even if an innovation provided data that would improve ecosystem health or
could be used to enhance efficiency, it would not necessarily be accepted unless it also

showed compliance with a regulation. In contrast, an innovation that directly addressed a

14 As an aside, the lack of wider data gathering is also discussed as a cross-cutting theme later
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discrete regulatory issue, but had none of the wider benefits, had a far higher chance of being

taken up.

This adjusts the narrative first proposed in Section 7.3. It first appeared that regulation was
more important than money in project selection. The position may be more subtle. The
participant data suggests money may be a significant driver behind project selection and
money will be spent on projects, but only where it is necessary to comply with the regulatory

regime.

PROJECT: For a project team this suggests that projects may struggle to be taken up without
a clear regulatory driver behind them. This could be the case despite the projects manifest
benefits for people and planet. If a clear regulatory driver is absent, strong alternative business
cases will need to be seriously explored with the sector to find the traction needed for a project
to be progressed. It may be that alternative jurisdictions with different governance drivers

could be considered.

GOVERNANCE: The narrative for this theme starts to show that projects that seek multiple
benefits, in line with solving the complex, multi-faceted problems of the day, may be hindered
by a regime which prefers single issue compliance. Under this theme there are also the
beginnings of links to data issues, what is valued, gathered and what is enforced, flagging its

potential as a cross-cutting theme.

FURTHER: This theme highlights a difficulty for a framework. To guide a project team,
compliance with the regulatory regime must be flagged. This could, however, serve to further

embed the status quo by encouraging narrow, single-issue projects that comply with and not
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test the regime. Adaptive governance principles around learning could be drawn upon to
answer this conundrum by incorporating principles of learning and challenge into the
governance framework. Flagging regulatory dominance - but prompting challenge where

necessary - will be explored when drafting the next iteration of the framework.

7.3.3 Selection of Solution

The thread of regulatory hurdles was reinforced and expanded upon in this sub-theme. The
regime not only impacted on the ‘problems’ that were prioritised but also on the connected
issue of the choice of solution, particularly around the certainty of that solution. A participant,
talking about alternative solutions for a project, in this case available nature based solutions

(NBS), commented upon the fact the regime imposed a very tight timeframe,

So why did we not do it [NBS] on this project is the specific question you're
asking so, we had quite a tight timeframe to deliver in, so we have to
deliver by []. So compared against our normal projects, it was much faster,
so the room for error in terms of going back round the loop if innovation

didn’t work, what else can we do, was non-existent. Risk.

There were other occasions where participants noted the time demands for compliance
meant alternative options could not be considered. On asking a participant whether the

regulatory-prompted response was the best one,

there are some things you can do, but from a risk point of view, say there's
certain biological processes you could put in, or innovation processes you

could look at, but in terms of surety of achieving the outcome that we set
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out to achieve, and doing it for the best whole life cost, yes, the option for

the best one

There are both time pressures and concerns over risk influencing project choice. In terms of
risk, it was not suggested that alternative solutions posed a risk to health and safety in
themselves. In the context of the discussion, the risk was the risk of non-compliance with a

rule.

More concerning were examples of regulatory-prompted solutions which had the potential,
according to participants, to do more harm than good overall. Five participants discussed
projects around nutrient removal and their links to permit limits for Nitrogen and Phosphorus
in water supplies, although these issues also cropped up generally. Criticisms of the regulatory
forcing of solution choices were raised by government agency, innovators and water

companies alike.

[on discussing requlations for nutrient removal] the whole system hinges on the
certainty of delivering a quantifiable reduction, even though you know even that

amounts to sort of bean counting in my mind.

And another two participants on the same topic,

| just don't feel like the direction of travel of going lower and lower and
lower and lower and lower is something that's going to be sustainable,
because all it means is we're going to be dosing more iron, so more iron’s
gonna be produced, which has a massive carbon impact on the

environment
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and,

this new process that was coming in was more energy intensive and

bringing in a whole host of new chemicals with it.

The views expressed were that regulation was seeking to force innovation by lowering
permissible limits, but those limits had extended beyond the science available to achieve that
goal — at least through sustainable means. This coupled with short time-scales meant
innovative schemes were side-lined for tried and tested but energy and chemical intensive
existing regimes. This issue was most succinctly, and damningly, put by another participant

discussing the business-as-usual approach to nutrient removal as opposed to NBS,

They [regulators] need to be certain about delivering something that has
literally no ecological benefit as opposed to be uncertain about delivering

something that has a high benefit potentially.

In this instance the project discussed by the participant had been a ‘success’ as the nutrients
had been removed to the degree required. The goals of the project, driven by regulation, had
been met — however in the view of the participant, this % deduction provided no benefits to
the ecosystem as a whole and was a hollow victory. These comments connect to issues around
regulatory enforcement. Strict regulation requires enforcement. Enforcement requires
resources and a means of checking for compliance. A single or simple data point, such as levels
of nutrient removal being easier to test for, but not necessarily better, than a set of wider

regulatory data points for the ecosystem as a whole, was favoured.

There were other examples of the regulatory processes driving solutions away from wider

potential benefits. For example,
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if under current statutory process ... is a one hit wonder, so you basically
say improve the sewage works with this amount, that treatment, that
result. It’s not very good at seeing a big picture, multi-benefit scheme that
involves lots of elements and more than one company, and involves not
only wastewater, but water resources. The process isn't designed to deal

with something like that

Along with concerns raised over single-issue attitudes, this alludes to a siloed approach to
water management with a continued separation of water and wastewater processes, again

contrary to multi-benefit and circular economy schemes.

In examples provided, there were missed opportunities for wider benefits, and further
suggestions that compliance was doing more environmental harm than good. There was also
a dominant governance driver around potable water quality at all costs, continuing the idea

of the separation of water and wastewater thinking.

So, if, for example, we could demonstrate that we could meet a water
quality benefit but the way we do it would be by causing a significant
carbon footprint, increasing flood risk, whatever, then you just do it, that's
the position. Even if you have an option that maybe didn't quite hit that
water quality benefit but actually delivered a far improved carbon

perspective, it aligned to other benefits.

Another participant discussed how they had been seeking to look at problems differently to
try to address a pollution issue not just through an end-of-pipe solution, but to go further back

to the multiple causes of the problem and the more complex picture of cause and effect —
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wider problem framing and solution generation. In doing so barriers were hit on trying to

progress this with regulators, in the view of this participant,

Certainly, when we pushed [Ofwat] for a broader approach to
environmental value and social value to be considered in what's being
delivered, then that's never been really viable, so it's quite focused on, the
view is you absolutely must deliver water quality benefit, not
environmental benefit, and if you can then maximize other environmental,
social benefits through that and then great, but that's all an additional
thing. There’s no real view of taking a broader picture of the environment

in the round.

and further,

we're looking at then how we can try and make value based decisions

rather than purely cost based decisions, but equally, one of the things

Ofwat have also been very clear on is water companies should only be
paying for benefits delivered that are core to what water companies should

be doing.

Ofwat’s approach, according to the participant, stems from the financial underpinning of the
privatisation of the sector, the drive for efficiency and for accountability to customers for
money spent, that money being authorised for core water company activities only. In an
example of this, a participant explained how they had been seeking a wider catchment-based
approach to a pollution problem by engaging with stakeholders in the catchment including

farming communities. As it was a novel approach for the time, the participant explained there
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were no guidelines issued by the regulator but the scheme was endorsed by them in principle.
Avyear down the line guidelines were eventually published which, in the view of the participant
(from a water company), made the project untenable. The water company wanted the
regulator to take into account the social and environmental value and impacts of a project in
the accounting. Without that ‘credit’ the projects were said not to be financially viable. The
tension for the regulator was a drive to keep costs for customers down and to ensure that
water companies do not incur expenditure that benefits others and not customers directly.
From the regulator’s perspective, according to the participant, the improvements were issues
that the farming community should address rather than water customers pay for. The project

was therefore halted even though was proving successful in terms of reducing pollution.

The complexity of arrangements in relation to funding projects in the sector and the reality of
with whom and why decisions were reached is not within the remit of this project to unpick.
The comments do however highlight the regime requirement for water companies to ensure
they only incur costs related to water company activities and to keep costs to their customers
down. This begs the question who is best placed to make the improvement if it is not the

water company. As a participant put it,

But actually taking that broader view of what is the most efficient way to
deliver the best value from a societal point of view is the best thing to do,
and if it's deemed that a water company is the right person to deliver that
because that they're well placed to do it and efficient, and that's a great
thing. If it’s deemed the local authority is the right person to deliver it

because that comes through taxation and is more transparent, or
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whatever, then that's a great thing, or if it's deemed that actually you want
private industry to do it then because they can do it more efficiently, then
equally that's a great thing, but actually having that joined up approach to
that whole societal value across all of the different things from natural,
society, human etc and taking those decisions has got to be the best overall

outcome at the lowest sustainable cost from a country point of view.

With some exceptions discussed in later themes, the overall picture was of innovative
solutions with wider benefits for the ecosystem as a whole facing significant hurdles rather
than being embraced through the drafting of the regulations and their enforcement, and from
the position of water companies running for the benefit of customers and shareholders not
the wider community. The frustration of participants ironically shows a positive side to the
narrative of this theme, that the sector does contain many thinkers and doers that are able

and willing to do more (albeit currently hampered in doing so).

PROJECT Despite regulatory hurdles there appears to be a willingness within the sector to
engage with multiple benefits schemes such as NBS and an acknowledgement of their
potential benefits over traditional solutions, in some instances. Regulatory framing, timing and
certainty of results appears to be a factor operating against these schemes from a governance

point of view.

Despite the above, some of the projects discussed did manage to navigate the regime and
embrace multi-benefit schemes with positive results. Pointers on how this was achieved,

against these governance drivers, need to be pulled out and explored in later themes.
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GOVERNANCE Despite current policies encouraging innovation, the practicalities on the
ground as a result of the regulations are that tried and tested regimes are often preferred by
default over innovative, new schemes. They can be quicker, provide a greater degree of
certainty and clarity ,and are easier to govern. Inevitably there are greater risks with innovative
solutions in terms of compliance and uncertainties over performance. At present, particularly
around nutrient removal, there are time and certainty issues around projects such as NBS for
example. A governance system that embraced adaptive governance principles would
encourage, not discourage, learning and experimentation, again suggesting a lack of flexibility

in the current governance regime.

There is also the pragmatic question of who is best placed to achieve the wider environmental
and social benefits some innovative schemes could bring. As recently reported in the media,
there is an alleged enforcement crisis within the Environment Agency with farming breaches
not being addressed (Crisp, 2022). Whilst the approach to ensure water companies do not
exceed their remit and spend to protect customers is understandable, there was a pragmatic
solution on offer by a water company that was not (or perhaps could not be) taken up. The
water company provided a pragmatic rather than an optimised solution, the former being
acceptable by the adaptive governance literature. The water company was effectively
addressing some of the farming issues the requlator does not have the capacity to enforce for

overall environmental benefits.

Instead the regime has a primary economic focus around affordability to the immediate
customers as consumers, as opposed to the benefits to wider society as a whole. This appears

likely to continue with comments on this issue being reiterated in the Ofwat PR24 consultation
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(Ofwat, 2020) and forms part of the traditional remit of Ofwat as the financial regulator
protecting consumer’s pockets. It arguably embeds silos and pockets of environmental

management rather than holistic (and pragmatic) solutions.

In short, there is a tension here between the economic drivers that underpinned the beginnings
of the governance regime and the holistic societal and environmental goals it now strives to

achieve.

7.4  GOVERNANCE IMPACT ON WATER COMPANY BEHAVIOUR
Although the formal regulatory regime dominated the projects, less formal forms of

governance, such as behaviours and norms flowing from the regime, were also evident.

7.4.1 Work-to-rule?

The regime could be seen to shape attitudes. As was started to be alluded to in earlier themes,
there was a strong motivation towards compliance with what was likely to be enforced by the
regulators — even to the point where what was being asked for and enforced did not make
sense. Rather than challenge there was evidence of resignation towards regulatory

requirements.

One of the most extreme examples came about when discussing a sudden change in a project
plan driven by a regulator re-think — despite the existing plan being the tried and tested

solution. On asking why the original solution was abandoned,

Now what I’'ve heard on the grapevine is that another water company or

another area where [] had installed these themselves the strobe lights were
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installed backwards, so instead of flashing down there, they flashed the
other way. And a lot of [] decisions are based on maybe a flawed project...
We used them in the past, but if [] aren’t accepting them, there’s nothing
you can do. It was quite a surprise; you've gone for maybe a 200, 300, 400
thousand pound project to a 3 million pound project so it's increased the

cost tenfold to the job.

Despite concerns by the participant at the time, the regulator was not challenged. The impacts
of this change were huge, driving the project from costs of hundreds of thousands of pounds
into a project costing millions of pounds. There was acceptance of the change of plan, despite
private concerns. The issue is not whether the regulator was correct to change the plan (and
researching that issue falls outside the remit of this study). The issue is whether the lack of
channels for challenge, fear of enforcement and/or blame is hindering sensible queries. A
potential answer is evident from a comment by another participant on why there was no

challenge in a comparable situation,

it’s from the regulator, people don't think that there may be in the future,

something could be done to make it different, it’s always seen as accepted

Another participant acknowledged the problem of passivity and how the regulations

were set up but also pointed to the regulatory approach,

EA’s regulatory people words were, ‘we're in a strange situation where the
regulation doesn't really drive the best environmental outcome’. But that

wasn't said in a way of, that's a massive problem and needs to be sorted out,
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it was said in a way of, and therefore we just have to deliver the regulatory

obligation.

To balance the narrative, the participant noted there was limited data for the EA to
rely upon hindering the enforcement options available to them and that their
budgets had been cut. Nonetheless, these points together suggest a staggering work-

to-rule within some elements of the regulatory regime.

PROJECT It suggests project teams within the water sector may need to reinvigorate channels
for constructive debate and challenge to improve future projects. This could be something

picked up in the governance framework.

GOVERNANCE There appears to be a degree of endemic malaise within the sector driven by a
rule-based system that can be inflexible and dogmatic. The result is a work-to-rule mentality
in some instances. It also suggests constructive dialogue and challenge between requlator and
regulatee could be improved. Whilst it cannot be proven that the regulator’s decision to
change plan in the example given was incorrect, the lack of avenues for challenge despite the
vast additional costs is staggering, underpinning the strength of the regulatory regime and the

will for compliance.

7.4.2 Multi-disciplinarity versus Silos

In exploring issues around work-to-rule another example surfaced, this time within a water
company and disciplinary silos. In an example, a participant talked of errors over where a
project was sited, issues the participant was aware of prior to implementation, his comment

being,
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I'll do as I’'m told. And | think we're all like that, even my boss. Is kind of, it's
come from engineering, if it doesn't work. It doesn't fall on our shoulders; it
falls on them. That can be a kind of negative, because if it wasn't like that,
we would’ve all fought harder, made more noise about it being the wrong

place.

This was a not a team sharing responsibility, but defensive silos between engineering, R&D
and operational teams. On exploring evidence of this theme further, attitudes towards and
between different disciplines also materialised. To highlight the polarised views, whilst talking
about some of the wider benefits of a particular project, one engineering-focussed participant

commented,

... out of the four w's | don't do what or why, | do, how and when. And
sometimes | don't do when, | do how. So | don't really know what Ofwat

would say, so you'd have to ask my colleagues.

And further when discussing wider social impacts,

| would imagine there are, but, as | say, I’m very blinkered... | don't see the
bigger picture. You've seen it, I've admitted it. But everybody | talk to are
people in my world. | admit that | find myself in management meetings

about some subjects and | go all fish-eyed because I’'m a civil engineer, with

a passion for what I do.

The participant’s focus (and job satisfaction) was on resolving the immediate technical

challenge before them. The participant had developed a considerable and impressive niche
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expertise and professional pride and care in the job that was being done and was keen to limit

‘distractions’ of the regime and landscape.

There were contrary perspectives keen to counter a siloed mentality. For example, another
engineering-focussed participant expressed similar views but said those views had been

tempered by early influences from a respected line manager,

what he was trying to advocate was that if you gain a better understanding
you become multi-disciplinary you appreciate what other [are] people
doing, how they work, what their needs are you will be a better player

within the organisation.

Explaining the problem as he saw it (as an engineer himself),

as a set of people engineers, particularly maybe scientists too, are quite
rigorous and follow a line of like working within the framework ... I’'m guilty
as charged again. Engineers and scientists like to work alone because they
know what to think, it's all happening in their head. They don't need other

people conflicting with what their thoughts, the ideas are a challenge.

There is a significant difference between the personal values, norms and behaviours between
these two viewpoints. The difference between the two approaches suggests a difference in
problem-framing: one developing a niche expertise through narrower, less distracted,
problem-framing; the other engaging with wider problem-framing addressing the social and
environmental impacts of his work and with a clear drive to improve the position of his

catchment for his customer, thereby providing potentially greater benefits but being more
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complex. Both clearly have their significant benefits although, as discussed, it is arguably the

narrower view which is being endorsed by the governance regime.

From the project managers, the approach of engineering as a discipline was viewed as a
tendency to lose sight of the bigger impacts and potential — and also lose engagement with a

wider network,

Some of our engineers get focused on the engineering and don't always
see. And | think that's why a lot of these jobs get given to me because I’'m
not an engineer, I’'m the project manager. | am a biologist. | use a lot of
third party liaison. In AMP 4 and AMP 5, | am continually speaking with the
Environment Agency, Natural England, planning authority, landowners. |
think I understand how those other third party issues can impact on a
project. I've got Civil Engineers and mechanical engineers to do the
engineering, but they do that for me and | do that. But sometimes when
you speak to them, they don't see that bigger picture, they just focus on

their little bit.

And further,

it’s that tunnel vision of engineers. They just want to build stuff and design
stuff, they don't want to do that and understand how the third party’s
going to impact that. They haven’t got that breadth of view on how to

deliver stuff.
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Another participant, discussing what he thought was 'over-engineering' on his project
described the technology, which was still not working at the time of the discussion as

innovators selling to engineering a "golden unicorn", further commenting on blinkered visions,

and so the engineering department very much led this. They were sold this
thing, oh we want this, because it will be brilliant in the future, basically,

and | think everyone except them accepted it was going to cost more.

The criticisms were not solely at the door of engineering; reticence on the part of operational

teams was also noted, an example being:

The operational staff in a wastewater environment, operational
environment, they tend to be quite set in their ways | suppose. It's very,
very unionised sort of atmosphere, no one really wants to put heads above
parapets. So in our department, we know there's a drive to innovate and as
engineers you want to put some new stuff in. And there’s bright sparks in
operations, but | think they just want things to work, they know they work
and it's going to cause them not much hassle, they're not going to be at

2.00a.m. unblocking a pump.

Initially the depth of disciplinary silos was a surprise, particularly the often passionately held
conflicting views, but on reflection, these issues had been alluded to in the Leydens, Lucena
and Schneider (2012) study from Chapter 4, which recognises disciplinary silos. This also
corroborates experiences, albeit less adversarial, within Pipebots and shows a tension
between narrow and wide problem-framing preferences. In the context of a strong regulatory

regime they were also understandable. Participants alluded to operational teams having to
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withstand the worst of real-time pressures to comply with regulatory requirements; a tough
regulatory regime for operators and an innovation failure leading to missing of targets and
non-compliance. In contrast, for technically focussed engineering, the ability to focus and
develop niche expertise can be difficult if engaged with the messy context of the wider regime

and landscape.

Nonetheless, along with examples of silos came a desire by some for multidisciplinary working

and collaboration. This was apparent between disciplines. Examples include from engineering,

this is where the multidisciplinary approach comes in..., | wanted to work
with people with knowledge of disciplines like an electrical engineers,
mechanical engineers, because they know how the mechanical equipment

works and operates and control it.

And another participant,

And that short circuited so many learning curves by talking to other water

companies.

A project management participant extended the idea, noting the importance of better internal

collaboration not only to generate ideas but to embed them particularly with operational staff,

And | think that's probably a wider point to make is, if you don't get the
people on the ground brought into stuff, things like automatic control

systems, when something does go wrong, they get switched off.
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The need for collaboration extended to internal relationships within the business and the need
to do more to take down silos if transformational change was required within the whole and

wider system.

In an example, a participant talked about how his project had gone wrong and why he felt that

was the case,

in this case also recognising the level of transformation which was
organisation-wide, which meant that actually our steering groups, | think
needed to be more than just the [city] oriented ones, but actually whole

business wide,

and further commenting,

it resulted in a bit of almost needing to really understand the processes
within different directories and different departments of the business,
because these are the areas where the benefits for the projects could be

unlocked.

The above frank comments were in the context of a project which had suffered from ‘mission-
creep’. It started with a small project to undertake remedial work and transformed over time
to a new potable water network. The project was far more extensive in scope, time and money
and involved a change in the mineral content of the water delivered to customers. This would
have an impact on taste for consumers and also, with the change in its chemical composition,
would impact on some manufacturing processes in the area. It also involved new operational

systems and an understanding of their interconnectivity. The participant put mission-creep
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down to a failure to engage adequately with all operational systems and processes from the
start and only seeing the additional potential impacts and benefits too late in the day. The
participant felt that the project management, costs and time suffered as a result. This was
coupled with a failure to properly appreciate the connectivity of the water bodies affected.
The participant felt the failing was where the boundaries of the project were originally
delineated and this could have been exposed earlier through engagement with the wider

internal network.

PROJECT There is an alternative framing of this theme and that is one of boundaries -
disciplinary and physical. The framework could address both by encouraging engagement with
a range of internal teams (through internal and external networks) and a pause to reflect upon
system boundaries. Whether all disciplines consider it their role or will instead go "fish-eyed"
is a values and behaviour matter that may require addressing for successful implementation.
Not everyone will embrace a framework, although an approach that is reflective not

prescriptive may have a better prospect of success.

GOVERNANCE Boundaries can also be delineated by a governance regime. By encouraging and
pressing for wider social and environmental benefits in projects, a governance regime could
encourage and seek to encapsulate the potential for greater benefits early on. At present
however, there is a regulatory reluctance for financial credit to be given to water companies
for projects that exceed the strict remit of a water company. The participants provide examples
of where this fundamental underpinning and narrow framing are inhibiting projects with wider

social and environmental benefits.
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Ultimately these are issues about the basis of the governance regime at its core philosophical
level — who should be paying for the wider benefits — water company customers, taxpayers,
beneficiaries, polluters? These are issues the proposed governance framework cannot solve
but can work towards. It can seek to embed transdisciplinary thinking to solve ‘wicked’
problems by encouraging a challenge to the status quo to resist incumbent business-as-usual
approaches where they can be improved upon. It can at prompt thinking and ask questions of

a project at an early stage.

7.4.3 Trust and Public Relations (PR)
Also within water companies were insights around the issue of Public Relations (PR), closely
connected to issues of trust. At the time of one interview the news around Southern Water®

was still circulating strongly,

But also, and recent events haven't helped us as a water company, you
know the Southern Water debacle with them very, very bad for the
industry, and we are feeling it now. | got a phone call today from a problem
that we're having with one of our treatments at []...there's a problem with
one of the odour control units and they've got somebody to fix it, they've
got a plan to fix it. And, but locals are now on social media discussing all

sorts of conspiracy theories.

There were examples of seeking public trust and confidence in line with regulatory

requirements and customer satisfaction metrics, but more often they manifested themselves

15 For details see, Environment Agency (2021) Record £90m fine for Southern Water following EA prosecution.
online: UK Gov. Available at: https://www.gov.uk/government/news/record-90m-fine-for-southern-water-
following-ea-prosecution (Accessed: 18th May 2022).
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as issues between water companies and also with their regulators. In a privatised regime,
water companies are generally competing and rival entities. Trust between water companies
was said to be improving, with recent efforts being made, such as through the Ofwat
Innovation Fund!®, to encourage collaboration, but this was not universally the case.

Comments from different participants include,

the other big one within the water industry, is the ‘not invented here’ syndrome okay. So here
we go this is, this is the famous quote on it, which somebody said at the conference and |
kind of picked up on it, because it's such a great one but it's the water industry has more

pilots than Gatwick, more trials than the Old Bailey. That sadly is extremely true.

In adaptive governance, trials and experiments are encouraged. The number of trials does not
in itself suggest a problem, there needs to be room to fail and learn. There is a clearer problem
however if the same trials are repeating, a problem being that a new innovation has to be
trialled in every water company with one company not accepting or sharing another’s results
or trials for PR’s sake. This was not just an issue of data gathering but particularly around

wanting to be seen to be innovative.

And again, you know, having been here a while I’'ve seen trial after trial
after trial on the same things and you like think well you know okay has
anything changed, you know. | am conscious that it is a bit like a publicity

thing and want to seem to be innovative and you know.

16 Ofwat (2022c) Water Innovation Competitions. online: Ofwat. Available at:
https://www.ofwat.gov.uk/regulated-companies/innovation-in-the-water-sector/water-innovation-
competitions/ (Accessed: 18th May 2022).
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And another participant also noted.

[on a new piece of tech] We want it, we want to be the first. It [the water
company] won an award a couple of months ago. Some people were over
the moon at winning this award, when at the time it didn't work which was

embarrassing.

and further

But they [the water company] wanted the shiny thing and they wanted to
do it now on this site where many other sites would have been appropriate.
But then they wouldn’t have been the first. Another water company would

have got there first.

It should be noted that whilst this was a common theme, there was one participant with a
competing view who did not recognise the issue over trials so the ‘not invented here’

syndrome may vary between water companies and individual experiences.

PROJECT This theme suggests that one set of trial data for one company may not open the
doors to the others, an issue an external innovator may need to be aware of. Successful tests
with one company may need to be replicated over and over again with others. It may also
suggest that being in-tune with drivers, particularly around what might enhance the water

sector’s PR or innovation portfolio, may be a strategic issue to enhance in the business plan.

GOVERNANCE The issue over ‘not invented here’ syndrome appears recognised by Ofwat
(Ofwat, 2019, p. 10), and is starting to be addressed with better collaboration between water

companies encouraged. As collaboration between competing businesses may not happen
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naturally, this is an example of where the governance system has to tackle the natural

behaviours endemic in a market-regime to encourage the behaviours it wants to see.

7.5 NETWORKS

Evidence of network governance was predicted by the literature and evident in the interviews.
Networks were used to solve problems, understand the ‘rules of the game’ and understand
the language and nuances of the sector. The need to understand rules-in-practice as opposed
to all rules-in-writing, as suggested by the literature review, was endorsed. The general
complexity of the legal environment and processes were noted, particularly the impact this
had on small start-up innovators. These include the procurement and contractual legal

processes for contractors through to the language and understanding of the sector.

The issues faced by innovators was recognised. A participant from within a water company

summing up the position,

We don't make it easy for them. Because we're a large organisation that
doesn't move very quickly, so when you've got a small sort of one or two man
band, they're trying to get this kit in, they’re desperate for the order but we're
making them go jump through all these hoops, and all this governance, and all
this process and it's like, you can almost see the sort of light in their eyes dying

as you go through the process.

And another commenting upon this from an innovator’s perspective:

it's a really, really small company, so things like applying on an official website

and having to put in almost like a job application, you know, having to put in
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loads of forms, loads of proof, loads of case studies and so on. It can be really

difficult to find the time for that, even though it makes it more accessible...Like
the Ofwat innovation fund scheme, | don't have the capabilities to go for

something like that. Lots of the companies have people who their full-time job

now is to chase up those applications and so on.
And another breaking through where there are existing contracts in place,

they originally came to us because they were trying to ingress into the water industry. They
were approaching these water companies and telecom companies directly and they just
didn't want to hear about it really. They said you're not coming on to our networks if you

haven't got the right training or anything like that in place. We’ve got these contracts set up.

The legal issue of procurement contracts came up as affecting projects on three occasions.
There was an entrenchment towards existing networks and difficulties in breaking-in where
legal structures, such as procurement contracts and their regulation, were in place. Another

participant commented further on the same theme and how this impact coupled with the

regulatory cycles,

the water company might be really keen on it and they might say, this is
really excellent, but actually the majority of the water companies have
long-standing or long running tier one contractor agreements. So actually
you can't just bring in a new technology, actually, probably the person with
that idea needs to talk to the contractors and actually the contract might
say, well for the next five years we’re working on this contract with [] so

we're not actually interested in anything new for five years. Come back to
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us in five years’ time when we've got to show some innovation to the client

and we might be interested.

When asked about the biggest hurdle for an innovator, one participant commented,

I mean from a day to day perspective, and you’ve probably had everyone say

this, is the procurement

The picture painted was of cumbersome procedures and legal hurdles through formal

procurement and contractual processes.

When coding the texts, a distinct theme around legal hurdles and procurement contracts was
considered and could be justified by the above quotations. However, whilst this could be a
theme in itself, networks came into play to offer a solution and it was decided to keep the
procurement sub-theme under the network theme as a result. To explain the point, when
looking at ways to support innovators in this legal minefield, a participant highlighted that
those with an existing fixed-term contract, termed framework contracts, were a useful source
of access into the network. Those with frameworks contracts were used as access points for
innovators, rather than a barrier. The reason given was that those with a framework contract
were keen to keep hold of it. An attraction for water companies at the next round of
negotiations for renewed contracts was the new innovations they could offer. These suppliers

were becoming part of the access route for new, smaller companies.

A participant provided an example where they acted as an intermediary and provided an
access route for an innovator, an innovator that had, until that point, made no progress,

commenting how difficult it was in the UK,
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it’s been like six years since | first discovered the company and started working with them.
And it's only really been in the last two years that we've started to take it forward to a lot
more in the UK, because they've been working externally and found it's a lot easier with

technology and patents to get into rounds in say, the USA and Spain.

The participant’s project brought the innovating company into the sector through use of its
existing framework contracts. The intermediary provided a conduit, or a safe ‘niche’, for the
project to be developed before being taken forward into the regime. This was an example of
an innovator finding the right person within a network. It also suggests that if a project is
struggling looking outside the UK to other jurisdictions could be a useful strategic tool; the

network need not only be UK based.

There were other discussions on the network to support an innovator. As one participant put

it,

I think often if they find the right person to talk to, they will get listened to.
Another part of it is that they don't often have, especially if they're coming
from slightly outside of the water sector, they don't have the knowledge or

the right language or understand the background.

Networks helping with communication and nuances of the sector being highlighted by the
participant. In looking at getting to the ‘right person’, the route was not necessarily with the

pre-ordained, R&D route set-up by water companies,
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you really need some champion within the [water] company, and ideally
that champion needs to be not in the R&D department, but somebody

responsible for the operations side of thing.

and another,

Actually sometimes the innovation team route seems the slowest possible
route of all. It’s much easier to go to somebody out in the business who has
got the problem themselves, because if they see the solution in it and it

ticks their boxes, they'll probably say yes straight away.

PROJECT The importance of networks was suggested by the literature and endorsed by the
comments. It appears that a mix of R&D, operations as well as engineering input and
experience should be included in the network to ascertain the best innovation route for a water
company (which may not be the rule or process in writing — but the practical way forward in

practice).

For teams outside of the sector, the need for the framework to flag the possibility of existing
procurement contracts is also indicated. To turn this issue into a potential solution, rather than
a constraint, these contracts could be construed as part of the network and understanding the
opportunities this might bring could form part of a strategy plan to expand a project’s network.
Either way, the existence of procurement contracts, the parties involved and the date for

renewal could form part of the strategic enquiries of a project team.
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GOVERNANCE Networks appear as a way of navigating the complexities of the regime for a
suitable, if imperfect, solution. This was anticipated by the literature and seen in practice here.

It suggests this is given a prime focus in the framework.

The legal rules and contractual principles around procurement of large infrastructure projects
are complex, involving as they do the spending of significant sums of public or consumer’s
money and use of critical national resources. Counter-fraud, bias and accountability are
necessarily controlled by legal measures in many instances. The law can provide necessary
certainty and enforceability. The outcome however can be a difficulty for inexperienced players

seeking entry into the market and a fix towards incumbents and the status quo.

The prevalence of procurement and framework contracts may also suggest another trend.
Choices are being made to manage risk by water companies through the use of outsourcing
and framework contracts. The costs of innovation could therefore rest on these service provider
entities rather than the water companies. There was insufficient data to address the impacts
of this governance issue further in the narrative, but this could form part of a further project

in the future.

7.6 ASSETS AND VALUE

The regulatory regime for the sector rotates around the Asset Management Plan (AMP) and
price review cycles. The AMP and price review cycles refer to the water industry’s 5 yearly
cyclical price setting and business plan regime agreed, managed and enforced by Ofwat. This
is a key and important mechanism for regulatory oversight, addressing investment and spend
within the sector alongside the balancing of profits with cost to the consumer. Despite the

accepted need for regulatory oversight in the regime, criticisms of the regime, particularly
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around it promoting cyclical rather than steady, long-term investment, are well-rehearsed and
long-standing (e.g. HM Treasury, 2012). As the critique of the regime is long-standing and
solutions sought, it was not known whether problems had been tempered over time and this

was explored.

Budgets and budget cycles impacting on projects was expected and noted,

firstly, money is a constraint okay and let's be, to be frank about it, we have
a budget that we've set for five years that says this is how we're going to
spend our money...And that within a requlatory recycle can be really hard
so you know you're in a situation where you go okay I’ve got to spend

200K...

Next was the issue of timing. There was consensus that the regulatory cycles were factors
that impacted on whether a project was taken up or not — specifically related to a project

launch needing ‘good’ timing. For example,

I think it was at the end of an AMP they wouldn’t have done it.

Similarly choosing your moment to put forward a project,

... you have these nest eggs and kind of like say well when is the right time

to let them fly.

However, there were some less obvious impacts, including barriers hindering more radical

research or research which had a long lead-in time,

106



something that | found was quite a barrier was the whole AMP system set
up. I really quite struggled with that as a set up with my research that | was
doing, because it was very blue skies, it was very this isn't something that's
going to be happening next year or the year after in five years' time. This
isn’t something that's we're doing today but we're doing it's for like 15

years or 50 years down the line.

The impacts on staffing and knowledge retention were also noted,

I’ve lived through one AMP cycle. It was lots of work going on, and then a

few years later, they started getting rid of people, really bad to see. Now

we're suffering the absolute pain of just having too much work, too many
projects in the middle of the AMP...So we lose staff at the end of each cycle

and the same happens every AMP or there abouts...

Another commented,

they are rotating people so much that they don't really get anybody who

has the expertise.

Knowledge loss through a project impacted by the AMP cycles was noted.

Ironically, and despite being called Asset Management Plan, the consequences of the above
did not appear to be driving strong asset management in the view of participants. The
participants with projects connected to asset management and hard infrastructure talked

passionately around this issue,
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there's a large portion of what we're doing at the moment that is funded
for reason of improving the water courses, improving the quality of
effluent, but in terms of managing our asset base and making sure that
we're managing our risk and the condition of our assets, there's challenges
within that and there's probably some projects, some areas that do need
funding, but the works never seem to quite get that funding because of the

way its allocated to us, the drive that we’re measured on the regulations.

Another explained,

it was a very lean plan, and | think the scope to do lots of capital
maintenance work and improving sites that are sort of not necessarily

linked to ODlIs is limited.

ODIs being a reference to Outcome Delivery Incentives, performance measures set by

Ofwat!’. The participant further commented.

the pot it goes down on is the capital maintenance fund because it's not a
regulatory requirement, so you start drawing down on that, and then the
budget, the amount you have to go in there and fix stuff gets less and less

and less.

This was a view endorsed by another participant talking about funding and regulatory

direction,

17 For further information see: Ofwat (2022b) In-period ODI determinations. online: Ofwat. Available at:

https://www.ofwat.gov.uk/regulated-companies/price-review/in-period-odi-determinations/ (Accessed: 19th
May 2022).
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| think there's a few [wastewater plants] that you walk around and think
Jesus, you need to go and put some investment to this place. Because stuff
just isn't working, but it seems like, at the moment, some sites are in the
bracket of, unless something catastrophically fails, we can't go and we

haven't really got the money to go fix it.

It is not within the remit of this study to unpick the decision-making around funding, AMP or
ODI arrangements for the projects discussed. The arrangements are complicated with a range
of actors, with different drivers, involved. However, all of the participants engaged with asset
management had similar views in relation to the outcome of these processes and where these
projects sat in the order of priorities. The participants who commented on this area linked the
regulatory cycles to negative impacts on innovation, the loss of knowledge from redundant
staff and asset maintenance projects being less likely to get funded. However, there was one
participant whose comments suggest that the issues may run deeper than the regulatory pull.
The participant, with over 40 years in the sector, talked directly of the lack of value given to

assets,

And it's for the water companies and the staff to really value the assets
that they've got, not just see them as a way of generating some income,
this year, next year, but see them as a core part of what enables us to run

our civilisations the way we do.

This participant viewed his role as a public servant and he associated infrastructure in a similar

way. He continued with a sense of a crisis waiting to happen,
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And if you look at the replacement cost of all of our sewers, it's hundreds of billions of
pounds. But everybody hopes that they won't be sitting holding the parcel when the music

stops, and they'll pass it on to the next person.

This participant’s comments happened to be revisited by the author during the UK'’s
unprecedented heat wave in Summer 2022. The subsequent mix of drought alerts, flooding
and sewage overflows show a system unequivocally under stress and the participant’s
comments (from a water company) about ‘when the music stops’ appear particularly
prescient. The point to note is that these comments have not come from media exposés or
public concern but direct from within the sector, including those managing the assets from
within water companies themselves. It is accepted the position in relation to finance of the
sector is complex. It is not possible to unpick the regime mechanisms in detail to interrogate
these representations, but the suggested outcome of a perceived priority to managing assets

is worthy of further investigation.

PROJECT Participant comments suggest that regulatory cycles continue to impact on projects
and a team should be alive to those cycles. The sector runs on its own time-frames and a
project’s timeframes may need to adjust as a result. This may be especially prudent for projects
outside the sector seeking to improve the asset base; the project needs approval at a suitable

time in the budget setting phase.

GOVERNANCE. Despite the long-standing concerns about the regulatory cycles, problems
continue. The consequences of low maintenance priorities over time can be leaking, inefficient
assets and reduced capacity for such as stormwater overflows, or as put by a participant,

someone will be footing the bill at some point ‘holding the parcel when the music stops’. There
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is a suggestion that it is the regulatory cycle that is influencing funding away from
maintenance projects, but to be certain further studies would be needed into the water sector
and Ofwat negotiations and how the higher echelons of the water sector and Ofwat are valuing

its asset base in its funding allocations.

As an aside, it may not be formal regulation that solves this, it may be more informal
governance mechanisms that prompt change. At the time of writing, public concerns over
wastewater disposal, sewage dumping at sea and bathing water quality are gathering
momentum (e.g. Harvey, 2021; Laville, 2021; The Wildlife Trusts, 2021), suggesting a call for
re-prioritisation from customers/consumers/citizens that may influence the governance
regime in the coming months and years. The comments from participants share rather than
counter those concerns, suggesting at least some level of sector support. Concerns over the
state of the asset base actually exist within the sector itself. The suggestion is that those that
work in the sector are not seeing the investment they feel is necessary into the asset base and

the reasons for this are governance and funding mechanisms, at least in part.

/.7 THE RESOURCE, LAND AND THE ENVIRONMENT

Moving from the technical aspects of the system, the asset base and hard infrastructure, the
guestion then arises as to how the environment and the water resource is valued. This is a
component of an SES and how the environment, land and the water resource were framed

and valued was considered.
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The governance regime has been impacted by the global climate crisis, for example through
international agreements such as the SDGs as well as noticeable impacts of climate change on

water supplies. A changing policy approach from central Government was noted,

Okay, and effectively the government turned around and said that was fine
for back then, but it's no longer acceptable, we have London is the 8th most
likely capital city to run out of water, okay there's no do nothing option
here, we need to be driving down leakage below any kind of economics it's

not about that anymore it's about sustainability.

However, it was not just direction from policy. The impacts of climate change were visible

and that in itself was invigorating prompts for action,

In the past 10 years I've seen a lot of dry weather situations and drought,
very low levels in the reservoirs. We aren’t getting the rainfall we used to
get all year round. We’re having to keep the reservoirs full. So we’re trying

to protect the reservoirs as much as we can.

The projects linked to climate change were mostly projects linked to the sustainability and
resilience of the supply. There were no projects discussed that had carbon neutrality as their
focus although participants commented that carbon calculations had to be included in their
assessments. In terms of those assessment the physical characteristics of water, its location,
hydrology and the siting of infrastructure with land availability was a feature of the projects,

as anticipated by the SES literature.
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There were two particular projects discussed by two participants that highlight the issues
under this theme. They are also projects with multiple benefits, innovative thinking and
worked across networks and local jurisdictions. They are highlighted here as examples of
where the dominant drivers of regulation, prone to steer projects away from multiple-benefit

schemes, were overcome.

Water Transfer Scheme

The close connection between value, land use and water was most clearly illustrated by a
water transfer scheme. The scheme involved the construction of a new water basin®®. It is of
note that earlier attempts to gain approval for the project to benefit the water company’s
own customers had not been successful, in part because of the relative abundance of water
within its boundaries relative to need. The difference with the new scheme was that the new
water basin was not to be built directly for the benefit of its own customer but would provide
water for an area of far greater need — the water company’s neighbour. The basin was to be
built on its land but for the benefit of a neighbouring water company. In looking at why the
water company wanted to push the project forward the participant explained that the reason
for the project was not resilience of supply, it was not the water that was valued per se, but
the land that accommodated it and its ability to generate a financial return. The new water
basin was seen as a worthwhile investment turning unused land into capital and/or income

generation.

Whilst the water basin’s construction is a significant event in itself, what was novel was the

legal structures behind it. The water basin was being built on land of one water company (the

18 Full details of the scheme are not provided to protect anonymity.

113



donor company) but for the benefit and use of another (the donee company). This was not a
case of water transferring from the abundant north to the depleted south, but between direct
neighbours because of where administrative land and water boundaries had been set. The
water and access land needed to improve the resilience and sustainability of the supply was
not available in the jurisdiction of the donee water company, but within the borders and remit
of another. The positioning of boundaries between water companies had been drawn up
decades earlier and the artificial nature of the governance regime and its man-made
administrative borders, meant contractual and other regulatory arrangements had to be put
in place for water in one water company’s ‘jurisdiction’, to be stored on land for the benefit

of another water company’s customers.

There are questions over how profits for this enterprise should be calculated. These customers
would all be based in England, in adjacent parts of the country. It is conceivable that the water
bills would be influenced by this arrangement, with one set benefiting from the investment
paid for by another — acknowledging however that the scheme would be closely monitored
and regulated by Ofwat. The participant was asked if the scheme was likely to mean water
was more expensive than if the donee water company could have constructed the scheme
itself, to which the reply was ‘yes that is a fair comment’ although also noting the controls
Ofwat would put in place to control or prevent that. Either way it is a convoluted mechanism
arising as a result of a privatised structure and administrative boundaries being at odds with

ecosystem and natural boundaries.

In addition to the legal novelty, the ingenuity of the project itself and its wide-reaching

benefits were apparent and also provides insights into benefits of wider problem-framing. The
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driver for the project, according to the participant, was not wider social and environmental
benefits in the first instance, but the benefits to the donor company of gaining a return on
land. It was looking for an opportunity to utilise the land that drove the vision. That is not to
say that the potential for wider social and environmental goals was not grasped. The wider
benefits were substantial. The benefits of the scheme to donee-customers was a more
sustainable and resilient water supply. There were also significant wider benefits still around
improvements to local green and blue space for local residents, an improved environment
enhancing biodiversity, improvements to a local levelling-up agenda as well as local highways
issues. The participant explained these benefits were used to enhance the attractions of the
scheme (projects to gain approval having failed in the past) to secure its chances of approval
and acceptability. Market drivers together with harnessing helpful components of governance

resulted in innovative thinking deriving multiple benefits for customers and the environment.

Circular Wastewater Scheme

The second project was created as a means of moving water to where it is needed and the re-
thinking of wastewater as an asset. At its simplest, the project involved taking wastewater
from one water body to re-fill a river upstream?®. It was a complicated scheme involving
multiple sites, agencies and jurisdictions. The participant explained that a group of water
companies and local authorities had disparate issues around wastewater processing, quality
of water bodies and water abstraction. A project to address all of the issues was a scheme

involving NBS with social and environmental benefits through improved green and blue space,

19 Full details of the scheme are not provided to protect anonymity.

115



enhanced ecosystem services and biodiversity as well as improved sustainability and resilience

of the water supply.

The biggest difficulty, according to the participant, was having the knowledge and vision to
bring all of these apparently disparate problems across boundaries together and then forging
the network to frame the problem widely enough to capture its potential. Once that network
had been brought together the potential for solutions to multiple problems developed
including the disposal of wastewater by one addressing dangerous river abstraction levels by
another; the project used problems in one catchment as a solution for another. It needed a
visionary with oversight over the whole area to see potential solutions and it also involved the
re-framing of wastewater as a potential asset. It highlights how different solutions can arise if

the initial problem is framed sufficiently wide.

The participant discussed how those engaged with the scheme had very different drivers for
progressing the project although the huge cost of traditional alternative schemes was said to
be a major issue in the project’s favour. A hurdle was the experimental nature of the project
and uncertainty of the outcomes for regulators, compared to existing systems. The overall

benefits however were so significant to help persuade regulators.

PROJECTS These projects suggest wider reaching benefits around water resilience and
sustainability can be achieved through motivation, networks and wider problem-framing but
also a visionary who can see beyond water company boundaries and bring networks together.
There were regulatory drivers and market forces behind the projects with one project
representing an investment and the other being an alternative to a more costly, traditional

solution.
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The circular scheme was also the only project around the circular economy discussed by
participants, in this instance wastewater, although participants did refer to the possibility of
its use in nutrient removal schemes in the future and reframing burdens into benefits. The
projects discussed rarely had circular economy or resource re-use issues in mind with projects
still predominantly being either potable or wastewater focussed, but not both. Nonetheless
the innovative circular wastewater scheme shows the benefits of holistic water management,

wider problem-framing and solution generation.

GOVERNANCE Both projects were about the use and value of land as well as water. Solutions
were dependent on geography and place in keeping with SES studies and support the literature
review on the value of SES in thinking about socio-technical systems such as governance and
infrastructure. They were both projects that framed the problem widely and were able to push

passed the artificial administrative borders.

The two projects show that projects that achieve greater and wider social and environmental
benefits can succeed within this governance regime. It is not however easy. What appears to
be required is mix of an ability to think beyond boundaries (physical and administrative),
alternative solutions that are dauntingly expensive, a visionary and/or an engaged network
and the utilisation of policy alignments such as resilience, to support the case for change. There
is a sense that these achievements are despite the governance regime not as a consequence
of it but at the same time it shows how seeking policy alignment such as around resilience

(harnessing governance as a positive tool) and engaging with the networks can pay dividends.
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7.8 NEW AND CROSS-CUTTING THEME - DATA
Within the themes were threads of a cross-cutting theme around data that pervaded a
number of aspects of the governance regime. This was not a theme predicted by the literature

review but materialised through the coding exercise.

Issues around data and data management appeared throughout the interviews, described by
a participant as the ‘new gold’. Generally, it was the lack of data that caused concerns, rather
than too much data and its attendant bureaucracy. This has already been seen in Chapter 7.3.3
around the ease of enforcement of discrete data points in contrast to wide-ranging ecosystem
benefits with multiple points of reference. There were further challenges for innovators,

however, as part of the governance regime. As put by one participant,

there was a real challenge that water companies didn't really understand
the baseline conditions that they had in terms of how much energy were
they actually using, how much chemicals are they actually using, so that
when somebody did put in a more advanced control system, there wasn't

an easy comparison between the before and the after,

and further,

not having the baseline data, you have some frustration, but it also maybe
creates a bit of people not believing necessarily the benefits that can be
achieved and the cost benefits of it, especially when then you get the sales

team within some of these companies quoting really big numbers.
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The lack of baseline data in the above examples resulted in an inability to fully calculate the
benefits of a change to the system; there was no ‘before and after’ to compare. The position
in the UK was said by two participants to be in contrast to the situation in the US, where in
their experience, data was not only collected but was publicly accessible. The governance
regime around data is therefore more supportive in the US, in their view, with the rights of
the public enshrined in US law. In contrast, there is said to be no such requirement or clear

picture of ecosystem health in this country, only pockets of data. One participant commented,

Why should they do it? Well, one, in the US and Spain, this is all
information in the public domain. And it saves on actual operational costs
to stay in compliance, and the regulators in Spain, for example, they allow

it for reporting. So it will go live on the website for the general public, it will
go live to the regulator for reporting, and it will go live to the two
companies who have the interest with the water. So it's open and in the
general public. In the UK, there is no requirement to do, there is a
requirement to do one single test at exit of the plant. Fill in form and
submit that to the regulator. And when there's nobody checking, you don't

know whether that's in compliance.

Similar comments arose around accountability and the lack of complete data allowing ‘green-

washing’ through the selective presentation of results.

There are operational, monitoring and evaluation concerns with the lack of baseline data but

further comments from participants expanded the narrative around data further, a pressing
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problem being how to manage, process and integrate the data into existing systems. As one

participant put it,

the main pushback that I’'ve had so far with the project is people are
saying, it's a really good [tech], really reliable, the maintenance you've got
that down to a tee, but they're kind of saying we don't know what to do
with the data. They don't know how to integrate it into their control
philosophies. Or on the compliance piece they're saying you know, at the

end of the day it's not a parameter that's requlated.

This is a reference back to both operational integration and regulatory drivers and the links
seen around strong regulation and networks in earlier themes. This highlights the pervasive

nature of this theme.

There was a glimpse within this theme of how data could connect to justice issues. In particular
how data on the environment could be considered as feedback, or, phrased another way, a
voice for the environment. In procedural justice terms, this voice could be considered as a
form of participation; a way in which the state of the environment is made ‘visible’ and acted

upon. As identified by a participant,

the problem with the ecosystem, is it can't talk for itself

and further wanting to understand changes to the environment better to make better

decision,

I mean the only way you would know be if you put sensors in the system

and the means of having a feedback loop if you like.
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There are two ways of looking at the narrative around data from the participants’ comments.
The first is that the lack of baseline data can represent real problems. It can prevent an
innovation proving its worth by an inability to show improvements in the data and so its full
potential and value. It can lead to selective reporting and opportunities for ‘green-washing’.

It can also leave our understanding of the state of an ecosystem sadly lacking.

The second looks at the issue the opposite way. If lack of data are a problem, there are
considerable improvements that could be gained within the regime if data collection and
governance underwent a re-think within the sector. A re-think could consider the data that
are actually needed, not to comply with a narrow regulatory parameter but for good

ecosystem health.

A single example of this in action arose during the discussions of one participant’s project
around the ‘sentient catchment’ a project seeking to gather a wide range of data for a better
understanding of changing conditions, weather patterns and the like and so improve the
environmental performance, around sewerage flows. The project was premised on the basis
that there was simply not enough information to optimise performance and protect the
environment, and the project was devising a system of sensors to improve that knowledge.
When asked about how the project had got off the ground it was explained that the way to
garner support, and so funding, was to get the public on side with education campaigns which

in turn gave them good customer metrics and enabled them to convince regulators on spend.

It is acknowledged that unlike the two projects discussed at 7.7 this project was still at an early
stage and was significantly less costly. It does however align with those projects by not

allowing itself to be shackled by narrow parameters and was driven by a visionary participant,
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looking beyond those regulatory requirements. It is also of note that the participant talked of
embracing wide problem framing and a multi-disciplinary approach in the way the project was

conceived and progressed.

These were not the only examples of the pervasive nature of comments around data. Data
issues were mentioned in connection with security, particularly software security, with water
infrastructure being an issue of Critical National Infrastructure with the strongest safeguards
required. There were also issues more generally around risk, suggesting risks were sometimes
hidden as a result of the lack of data and as a result, changes not initiated and the status quo

maintained.

PROJECTS To help visualise this theme a kumu diagram was prepared linking participant’s
comments from the interviews together. This is presented in Figure 7.2, with key themes in
orange. As an example, the issues around narrow regulatory parameters can be seen in the

diagram through the following connections:

e Narrow regulatory parameters to
e Narrow measures of success to

e Narrow fields of data collection to
e lLack of baseline data to

e Insufficient data on environmental status and change to

Lack of voice for the environment and justice considerations

Connections can also be seen in hurdles for multi-benefit schemes and links to the embedding

rather than challenge of the status quo. Looking at the links can also show the potential for
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change and how these levers may be reversed. For example, improvements in wider reqgulatory

framing may improve data generation and could encourage multiple benefit schemes.

How the data generated by a project will be gathered, integrated with existing systems and
utilised should be part of the strategic plan, including how it aligns with regulatory targets.
There may even be a time when a project exceeds its immediate requirements and takes an RI
opportunity to gather data beyond immediate regulatory requirements to feed into a fuller

picture of ecosystem health supporting an environmental justice agenda.

GOVERNANCE Data were a cross-cutting theme and in drawing the strands together
illuminates the consequences of a tight regulatory regime and vice versa, levers to initiate
change. In a regulatory system where what is valued is what is measured a tight, narrow
regulatory framing appears to result in narrow data gathering and narrowly-focussed projects.
Conversely, it suggests that regulatory change could bring about data improvements that can
have a positive impact on the drive for projects with multiple benefits, just innovation and

healthier ecosystems.
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Figure 7.2 Kumu Diagram: Data
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7.9 ABSENT THEMES
This leads into discussions on justice more widely. There were two themes anticipated by the
literature review around justice and Rl which were not fully identified or corroborated by the

interviews.

7.9.1 Justice

Issues of ethics, equity and justice issues were not raised unprompted by participants as
drivers behind projects although justice issues were apparent between the lines of the texts.
For example, in relation to choices between customers and the environment one participant,

openly and frankly commented,

I mean it's not a great thing to say, but if you've got a choice of
discharging into place, which is in plain public view and any pollutant load
and one which is not and people seldom go and never need notice it, which

would you choose to do? It’s obvious isn’t it.

This was expressed in discussions on a project around wastewater discharge, regulatory
compliance and PR. In this case with two options to discharge, the one out of public view is
more likely to be chosen even if more detrimental to the environment. This supports
arguments that the environment does not have a voice, contrary to ideals of participatory
justice. It highlights the hidden behavioural consequences of the regime for the environment

with social and customer focussed PR and regulatory controls.
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There was only one example of a positive justice driver and that was indirect. The example
was linked to the ‘levelling-up’?® agenda; levelling-up of opportunities being intrinsically linked
to issues of distributive justice. The issue materialised when a participant was applying to a
competition for grant funding. How the project supported levelling-up appeared as a question
on the competition proforma. The levelling-up agenda was not a driver for the project but had
to be addressed to meet the grant criteria. In doing so, the participant said their project was
likely to impact on smaller diameter pipework, more likely in urban environments and in turn
more likely to impact poorer communities. On that basis the criteria could be fulfilled. Whilst
there was no evidence from this study of a drive towards levelling-up there was at least a
suggestion, in the form of the funding request, that those sorts of policies are starting to be

seen and could drive positive behaviour or thinking.

On asking direct questions around justice, two further issues were articulated. The first
addressed where money would best be spent, the issue being expressed as whether to make
some modest improvement to poor, ecosystem-depleted and predominantly urban areas or
with the same money raise a good ecosystem to excellent status often in rural or more affluent

areas. One participant commented,

| know the agency have a bit of a thing about this | know. And they feel
that with WFD they need to improve everywhere and to improve rivers in
inner cities, so people can enjoy them and all that. There is a conflict there |

think if you haven't got enough resources to go around so do you say let's

20 For the recent policy paper and UK Government interpretation of ‘levelling-up’ see Government;, H. (2022)
Levelling up: the United Kingdon Executive Summary. online: HM Government. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1052046/
Executive_Summary.pdf (Accessed: 23rd May 2022).
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get everywhere sort of fairly mediocre, or do you say no, we need some
places that are really good you know where you have got these wilded

catchments you know.

This stems from a tension between prioritising social improvements and what is best for the

environment.

The second set of issues around justice discussed injustices along social lines,

Recent studies from America show where waste tips are located. A very
high proportion are in the most disadvantaged communities. Now I'm not
saying that we have the same planning systems here as they have in
America. But there is a degree that | think you could say that that occurs.
But at the same time you look at where the pressure has come from for,
conversely, let's say bathing beaches, which has been in the old industrial
area on the Wharf, so | don't think it holds true all the time. But there is an
element of truth in there, but those areas that are socially deprived tend
not to feature highly in terms of where money is spent to improve the

environment.

When discussing consumer preferences and whose views were articulated another

commented,

It’s very much what's on their door and what's affecting their world and is that
an issue with driving resources towards the haves rather than the have nots at

all? Unfortunately, | think it does.
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the participant commenting on the weight of communication from more affluent areas in
participatory process. Further on participatory processes and planning another participant

recounted a comment from a customer,

Why are you building it here when there is a perfectly good Council Estate

over there?

a comment underpinning prejudices on where development should be sited. Further, whilst
no-one admitted to any prejudices during their projects there was an admission of pressure
by some from more affluent communities where there was, generally, better articulation of,

or means to articulate, their case.

PROJECTS Justice themes were not clearly articulated within the projects but issues were
discernible between the lines. The nature and extent of those issues was not possible to
determine (as they are not being raised and addressed) but there are tensions between haves
and have nots and between immediate social, future generations and environmental needs.
This suggests a potential role for justice within a governance framework to seek to address

these tensions, openly and accountably.

GOVERNANCE The issues here could be framed as issues of justice and power. From a social
justice perspective, there appears to be some hidden slanting towards more affluent
communities, although this is unlikely to be unique to the water sector. From an environmental
perspective, the environment has a weaker voice when resources are allocated, again framing

the issue as one of (uneven) power and participation.
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There is potential here for justice thinking as a tool to re-frame the issues. Justice and data
together do not resolve these tensions but could more openly air them. For example, with
procedural justice and respect with data improvements, the environment could have a more
effective ‘voice’ within that system. The lack of a voice being viewed as an injustice that should
be remedied. From a distributive justice lens, the full benefits and burdens of each policy
approach would then be made plain as the trade-offs through the distribution of benefits and

burdens are more fully articulated.

7.9.2 Responsible Innovation (RI)
There was no reference by any participant to any Rl or ethical code impacting on any of their
projects, to the best of their knowledge. For example, asking one participant a direct question

about any particular ethical code they operated under they noted,

I mean, provisionally we're driven by needing to demonstrate efficiency in
our activities to Ofwat and essentially on to our customer base, so initially
our position is driven by demonstrating we're delivering whole life cost. The

best whole life cost solution, so achieving our core objectives through for

the lowest cost in the long run, essentially.

the drivers for the project being efficiency and customer value, these being the values that
the project was striving for. Those values then become what is viewed as the ‘right thing to
do’ with the most efficient options to achieve that goal being construed as the best. Another
participant commented on similar lines when answering a direct question about companies

adopting certain stances or ethical codes,
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This is a really good question and it's something that I’m sure we'll see more
of. | think a lot of the companies that I’'m working with generally, they see the
environmental benefit in what they are doing. And this sort of thing hasn't
really come up at all. A lot of the companies are set up in the belief that they
are doing the right thing, and this is a way of saving energy or carbon or less
disruption to somebody or doing something in a better way... but | don't think
people are generally talking about it in the way that you maybe said. And |

think that's really interesting, | think that probably will come along more.

It suggests that ‘doing the right’ thing is conceived as meeting the project’s objectives be it
efficiency, sustainability, carbon reduction, etc. The wider implications appear less overtly

considered.

Some participants were aware that their businesses had ethical codes but didn’t know what

they said nor were able to locate them easily,

I mean we've adopted gosh | mean | don't know we get some typically we
get memorandum pushed around so many times and we have a massive
list of corporate policies and procedures and ethics is part of it...I go to our
corporate website, from time to time to see what they were saying to the
public and I didn't know we're doing that. But then you go back through

your emails and you realise, you were briefed you just forgotten about it.

with bureaucracy being a common complaint, for example,
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There is so much potential that's being held back at the front lines because of dealing
with the sheer scale of the bureaucracy that goes on. The processes that have been
dreamt up now are just colossal.

although similar observations could undoubtedly be said of many other sectors.

PROJECTS There were no overt ethical checks or balances discussed at a project level beyond
the implicit endorsement of a project being ‘good’ if it complied with a regulatory requirement
or a project’s goals, whatever they may be. That is not to say the projects were irresponsible.
Certainly the candid and dedicated participants did not give that impression. The difficulty is it
not possible to say one way or another. It is not possible to say they were responsible if
questions to address AREA have not been openly asked, explored and published. The extent

the lack of project level ethical drivers is a replicable finding could be explored in the survey.

GOVERNANCE What remains is a set of projects that are often considered ‘right’ as they
comply with project goals, most often regulations; those regulations being narrowly framed
and focussed with an economic driver behind them. The whole Rl ethics, project level

responsibility and drive appears missing from the debate.

7.10 SUMMARY: RE-VISITING THE FRAMEWORK:
The themes and narratives generated by the semi-structured interviews start to highlight the

governance issues that have impacted on innovative projects in the sector.

To draw the narratives together, there are very strong regulatory drivers. Regulation becomes
the measure of success and when narrowly framed can lead to silos rather than holistic water

management and multidisciplinary approaches. Silos can be within administrative boundaries,
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within water company jurisdictions or even within disciplines. Conformity and (real or
perceived) lack of ability to change feeds into a work-to-rule and risk averse environment.
Control through regulation leads to increasing complexity which, together with silos and risk
aversion, can lead to difficulties for outsiders accessing the system. The irony is that regulation
becomes what is deemed right and negates wider justice thinking although vice versa, justice
and data offer levers for change. Justice thinking brings new questions to the fore and data,
through a change in regulatory focus, may offer the environment a clearer voice in decision-

making and when addressing trade-offs.

These findings need to be assimilated and captured in the framework and the questions in the

framework re-visited.

The results also suggest subtle adjustments to the impacts created during the Pipebots project
could be made. The revised impacts can be viewed in Figure 7.3. The results are also written
out and summarised with a view to capturing the essence of each theme and impact and

integrating the findings so far (Table 7.1). These findings will be explored in the Survey
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Figure 7.3. Impacts Revisited
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(Chapter 8) and the Focus Group (Chapter 9) and they will be expanded upon and discussed

further in the Discussion in Chapter 10.

Table 7.1. Cumulated Impacts and Themes

Project, Context and Design
Perceived importance, or otherwise, of clear system boundaries; regulatory design
parameters; internal teams and prevalence of silos; wide versus narrow problem-framing.

Networks
Perceived importance, or otherwise, of networks; who needs to be in the network and how
are they engaged with and managed including existing suppliers. How access into the sector
is achieved.

Business case
In supporting the business case for change identifying the importance of forms of
governance (e.g. regulation, policy) relevant to the project.

Strategy
Addressing the impacts of the regime in project planning; strategies for filling gaps in the
network; awareness of contractual/procurement issues and their opportunities; addressing
regime specific regulation and cycles in the project plan.

Cross Cutting Themes
To explore whether the lack of justice thinking exhibited is representative; the use and
potential of data; perceptions of data benefits and uses; perceptions of ethics or Rl codes
and their potential.

Framework

How a framework might be perceived and potential hooks for acceptability; Opportunities for
challenge and how it avoids embedding the status quo, where necessary.
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8 SURVEY

Although eighteen semi-structured interviews were undertaken with those engaged in
transformational sector projects, there remains a potential for their experiences to be
unrepresentative or unrecognisable by the wider sector. To address this, the research design
was drafted to include a follow-up survey to test the findings of the literature review and
semi-structured interviews before a wider audience. It was also an opportunity to test issues
that arose when analysing the interview data, for example, around justice and data themes.
This Chapter discusses the results of the survey which obtained the views of 55 sector

representatives.

8.1 SURVEY RESULTS
The full survey results and analysis tables are attached in Appendix 6. This Chapter summarises
the results in Sections 8.1 and 8.2, before going on to address three key questions in Section

8.3:

8.3.1 To what extent does the survey validate the literature and interview findings?

8.3.2 Does the survey cast any further light on ‘data’ and ‘justice’ themes?

8.3.3 How can the survey responses be used to hone and adjust the framework?

The Chapter concludes by addressing any limitations of the data findings so far (cumulated

with the results of the interviews) and the proposed next steps in Section 8.4.
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8.1.1 Interpretation

Questions 4-8 contained the substantive issues for participants to comment upon. Participants
were asked for their views upon the degree of importance, or otherwise, of a number of
statements related to business cases, strategies, design and context and networks. It was
anticipated there would be a range of responses and consensus was not expected (nor
necessary). What was looked for was a recognition of the relevance of the statement within
the participant group as part of the mixed methods approach, to compensate for any
perceived issues with the smaller number of semi-structured interviews and as a form of
triangulation of results (Denscombe, 2010). The survey sought to verify whether the findings
from the 18 interviews were recognised by the wider pool of participants engaged in the
survey. The survey answers were analysed looking at where a statement was considered
critical/ important to a project in questions 4,5,6 and 8 or highly significant/significant in
question 7 with the discussion focussing on the differences in ratings between statements

(Saunders et al. 2019).

In some instances, the spread of data also provided insights. Where this is the case, the mean
average figures were calculated using 1-6, with 1 being of highest importance, 5 lowest
importance and 6 ‘Do Not Know’ (DNK). Where large numbers of DNK answers may have

distorted this data, figures excluding DNK were also calculated for comparison.

In addition to compulsory questions, each question had an optional free text response for
participants to add any additional thoughts or explanations. It also enabled any queries to be
noted. These options were frequently taken up by participants and extracted comments are

included below.
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8.2 DATA

8.2.1 Questions 1-3: Participant Information.

Participant information was gathered in questions 1-3. This asked participants about their role
and background and also recorded the numbers that were involved directly in the Pipebots

project. The responses suggest a breadth of relevant experience and expertise.

The apportionment between Pipebots
and external stakeholders shows there
were broadly equal numbers of Pipebots

to stakeholder participants, 28 to 27

respectively. For ease of reference these

Figure 8.1: Are you a member of the Pipebots groups are referred to as ‘Pipebots’ and
Team?

‘Stakeholders’ hereafter.

There were 34 participants in science and engineering (10 and 24 respectively). The balance
of 21 participants identified as R&D, managers, operations, project management with two

‘others’.

E Engineer

[ Managerial/Executive/ Consultant
[l Operations

[ Other

Il Project Management

B R&D Specialist

l Scientist

Figure 8.2: Job Role/Discipline
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8.2.2 Question 4: Project, Context and Design Requirements.

Q4. IN YOUR VIEW, HOW IMPORTANT IS IT FOR PROJECT TEAMS TO FOCUS UPON THE

FOLLOWING DURING THE EARLY* STAGES OF THE PROJECT? (*UP TO AND INCLUDING

VALIDATING PROOF OF CONCEPT):

Question 4 addressed statements around the project, its team and the context. The question

was specifically framed around importance at the early stages of a project with a follow up

question around whether views would change with later TRL stages of a project. Participants

were asked to score each statement as critical, important, neutral, not important, irrelevant

or do not know (DNK). The results are summarised in Figure 8.3.

Q4 Statements Ranked (Extract)

25.5
a. Narrow and focussed problem framing 74.6 1
291 |
, , 23.6
b. Wide and contextual problem framing 83.6 |
182 |
c. Defining and setting out the boundaries of the 25.5 T
systems of interest 14.5 ]
. . . 29.1
d. Reducing the potential for working in ‘silos’ 81.8 |
I %7 8 |
e. Anticipating the potentials risks of the project on 16.4
. . 65.5 |
infrastructure/ data security 21.8
f. Ensuring the technical teams are aware of 21.8
81.8 |

potential regulatory challenges, sector rules and... 30,0 ]

g. Considering opportunities early on to re-frame any 9.1

'burdens' into assets ... 16.4 ]

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0

473 1

% Marked as critical
@ % Marked as critical or important

E % who would increase importance in later iterations

Figure 8.3: Responses to Q4: Project, Context and Design
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Statements a) and b) were included as an experiment looking for trends connected to
problem-framing preference; a distinction that was hinted at in the semi-structured interviews
that impacted on the extent issues beyond the immediate technical challenge were prioritised
and focussed upon. These statements asked the participants about their preference for
narrow or wide problem-framing at the initial stages of a project. This statement was included
as a tool for interrogating the data to see if those preferences influenced rankings and

priorities in later sections of the survey. The results show:

e Narrow problem-framing was critical or important to 74.6% of participants;

e Wide problem-framing was critical or important to 83.6% of participants;

Whilst the statements were not mutually exclusive (several participants gave the same rating
for both), the majority of participants showed a clear preference for one over the other.
However:

e Nineteen participants would change preferences with later iterations of the project;

e When considering ‘critical’ and ‘important’ responses together, there was a slight overall
preference for wider problem-framing from Pipebots participants. The difference was
more striking when ‘critical’ only answers were considered:

e Of the 14 participants that considered narrow problem-framing as critical, 10 were
Stakeholders.

e Of the 13 participants that considered wide problem-framing as critical, 10 were
Pipebots.

e 2 participants considered both critical (one Pipebots, one Stakeholder).
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This suggests a trend towards wider framing within Pipebots as opposed to the wider sector.
It is possible this difference is as a result of the work of Theme 7, but establishing causal links
would require further data and analysis. It does suggest that the Pipebots view may not be

the prevalent one in the wider sector.

On analysing how this preference influenced other choices in the survey, there were possible
trends but none that could be confirmed. In fact, what was more noticeable was the range of

responses and lack of clear ‘factions’ of groups of like-minded answers.

Statements c) defining system boundaries, d) reducing potential for working in silos and f)

ensuring technical teams were aware of potential regulatory challenges and sector rules:

e All achieved very high ratings, with over 80% marking them as critical or important.
e For Statement f), addressing regulation and sector norms, the highest number of
participants would further increase its rating in later iterations of the project, at 17

participants or 31%.

Statement (e), anticipating risk on data and infrastructure security:

e This achieved a low overall score in comparison to other statements at 65.5%, although
12 participants (21.8%) would increase the rating in later iterations of the project. This
was anticipated as the question was specifically aimed at the early stages of a project
during its formative, exploratory phases, however:

e There was a difference between Pipebots and Stakeholders ratings, with 12 critical/
important rankings for this statement from Pipebots and 24 critical/important rankings

from Stakeholders. The importance was clearly higher for non-Pipebots participants even
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at early TRL stages and may represent a difference between those operating outside of

the sector and those employed within it.

Statement g) re-framing burdens into assets, addressing the circular economy:

e This statement received one of the lowest % figures, achieving 47.3%, although 9
participants (16.4%) would increase the importance of g) in later iterations of a project.
e There were 5 DNK responses for this statement, DNK affecting the mean response

calculation but still relatively few giving it a high rating.

8.2.3 Question 5: Networks.
Q5 HOW IMPORTANT IS IT FOR PIPEBOTS TO ACTIVELY ENGAGE IN DEVELOPING ITS

NETWORK WITH THE FOLLOWING CATEGORIES OF PEOPLE?

Q5 Stakeholders Ranked (Extract)
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Figure 8.4: Q5 Externa Network: % Marked as Critical or Important for each Category
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Participants were asked to rank each stakeholder group as critical, important, neutral, not
important, irrelevant or do not know (DNK) to a network. The results are summarised in Figure
8.4. There was a clear difference between the degree of importance ascribed to each category
of stakeholder. Some achieved scores of almost universally high importance and some the

lowest scores in the survey:

e High ratings were achieved for Regulators (88.3%), Ops Teams (92.8%), R&D Teams
(90.9%) and Existing Service Providers (85.5%).
e Thisis in contrast, to the % importance for eNGOs (45.4%), the general public (32.7%) and

consumer groups (29.1%).

Participants were also asked whether their views on networks had changed views over time

(Figure 8.5):

e 14 participants said their views of the need for a network had increased (6 Stakeholders,

8 Pipebots), with 33 staying the same and 8 unsure.

Casting your mind back to before your involvement with
the project, have your views on the importance of a
network increased, decreased or stayed the same?
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Increased Stayed the same Unsure

Figure 8.5: Q5 Change in Views of Importance of Network
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Additional suggestions for network expansion were made in free text responses, including
professional associations, local authorities, media, funders, highway authorities,

manufacturers, consultants and infrastructure designers.

8.2.4 Question 6: Business case for change.
Q6 IN SETTING OUT THE FOUNDATIONS OR BUSINESS CASE FOR CHANGE IN THIS SECTOR,

HOW IMPORTANT ARE THE FOLLOWING ISSUES?

Participants were asked to score each statement as critical, important, neutral, not important,

irrelevant or do not know (DNK). The results are summarised in Figure 8.6.

Q6 Statements Ranked (Extract)

a) Setting out the regulatory requirements the
project is designed to support |

b) Linking the project to environmental and/or social
policy or international goals (inc SDGs) |

c) Ensuring any potential for positive PR (public
relations) is explained and captured and any...

d) Being clear on who or what will benefit from the
project (and why they have been chosen as... |

e) Being clear on who or what will suffer any
detriment as a result of the project or its... |

f) Data creation and management; how the project
can use data to enhance our knowledge of existing... |

g) Economic efficiency, reduced whole life cost
compared to existing system |

0O 10 20 30 40 50 60 70 80 90 100

% marked as critical @ % marked as critical or important

Figure 8.6: Q6 Extract showing Critical and Important Rankings

The survey participants supported the majority of the statements, with one relatively low
response.
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e Very high rating statements (over 80% critical or important) were achieved for a) Setting
out regulatory requirements 87.3%, d) Being clear on beneficiaries and why they are
chosen 89.1% and f) Enhancing knowledge of systems through data creation and
management 83.6%.

e Arelatively lower response was noted for the PR statement c) at 60%.

Statement g) was not a framework statement and was used as a comparator statement to
provide an opportunity to gauge the relative importance of economic efficiencies against
governance issues.

e 85.5% considered economic efficiency as critical or important, on a par with that achieved

for regulatory issues and beneficiaries (87.3%).

It was anticipated that Statements d) and e) would achieve identical results. This was not the

case:

e a higher degree of importance attributed to d) being clear on who will benefit and why
they have been chosen at 89.1%; in contrast to

e e) being clear of those that may suffer a detriment and including strategies for mitigation
at 78.2%.

This is discussed further in the justice Section 8.3.2 below.

8.2.5 Question 7: Strategy.
Q7 WHEN WORKING IN THIS SECTOR, HOW SIGNIFICANT ARE THE FOLLOWING FACTORS

GENERALLY TO THE SUCCESS OR OTHERWISE OF A PROJECT?
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Participants were asked to rank the following statements as highly significant, significant,

neutral, not significant, irrelevant or Do Not Know (DNK).

Q7 Statements Ranked (Extract)

a. understanding the impact of AMP (asset _*l
management plan) reviews and cycle times

b. being alive to pre-existing framework contracts
and/or procurement with other suppliers

|
M

c. identifying supportive regulators or regulatory
mechanisms including those for supporting
novelty/ innovation in the sector

|
.

d. having ethical guidelines and/or a responsible |
innovation code of practice at its centre

e. addressing and improving the project's
network of supportive contacts or champions |
with knowledge of how the sector really works

n

0 20 40 60 80 1

o

0 120
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Figure 8.7: Q7 Strategy Statements Ranked

The strongest support was for Statement e) having a supportive network, with 80%/44
participants giving it a highly significant or significant rating.

Identifying supportive regulators at Statement c) and having ethical guidelines at
statement d) were also strongly supported.

The lowest score was for Statement b), being alive to pre-existing framework contracts
and procurement, with only 49%/17 participants giving it a highly significant or significant

rating. Further:
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e Statement b) had the joint highest DNK response rate of 16.4. Even excluding DNK
participants the statement would only reach 59%, although noticeably higher than
the DNK inclusive figure.

e A free text comment however suggested the importance of framework contracts
may be an issue for later iterations of a project when it is closer to market. The
additional free text comment and strong endorsement from the interviews

suggests it may be worth carrying forward for the focus group to consider.

. Statement a) addressing the AMP (asset management plan), shared the joint highest

DNK rate for this question with Statement b), but still reached 63.3%.

8.2.6 Question 8: Frameworks.

Q8 Statements Ranked (Extract)

a. A framework that could be used at the end of a
project to share and preserve knowledge and... ===

b. Wiser guidance on the use of, and planning around,
data generation and use

c. A framework to be used during the life of a project
to draw in knowledge and requirements across teams

d. A tool for technical teams to have access to, to

draw in relevant regulatory rules, policies and... === _"l
e. Identifying and engaging with review, advocacy and e _H%
lobbying opportunities to challenge the status quo. e
0 20 40 60 80 100 120
B % Marked as Critical % Marked as Important @ % Marked as Neutral

B % Marked as Not Important B% Marked as Irrelevant @ % Marked as DNK

Figure 8.8: Q8 Statements Ranked
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Q8 IN YOUR VIEW, HOW BENEFICIAL, IF AT ALL, WOULD THE FOLLOWING BE IN IMPROVING

CURRENT AND FUTURE PROJECT PLANS?

Q8 addressed frameworks that could support current and future project plans. Participants
were asked to rank statements as critical, important, neutral, not important, irrelevant or Do

Not Know (DNK). The results are summarised in Figure 8.8.

All of the statements reached levels of approval of 60% or over suggesting the majority of

participants support the framework goals.

e The framework goals with the highest levels of approval were a) which shared and
preserved knowledge for future projects (83.7%) and c) to draw in knowledge across teams

during the life of the project (83.6%).

e Frameworks that only addressed singles issue around advocacy and lobbying (60%), wiser
guidance on data use (63.7%) or regulatory issues specifically for technical teams (67.2%)

had lower but still strong levels of support.

Free text comments provided some further illumination:

a. and d. are interesting and people have tried to do this before, but I've never seen it
work for all sorts of reasons: e.g. people leave the project before the end and take
knowledge with them; real knowledge needs context and |'ve never seen anyone

capture context in a database

Maybe not so much the importance of these tools and guidance existing (in some

cases they do) but ensuring that they are used and embedded.
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A framework will require buy-in from project teams and systems to support it both in terms

of embedding into operational systems and recording the information.

8.2.7 Question 9: Available Network Support
Q9 IF YOU ANSWERED DO NOT KNOW TO ANY PART OF QUESTIONS 2-8, COULD YOU DRAW
ON THE EXPERTISE OF OTHERS IN YOUR TEAM OR BUSINESS TO ADDRESS THE QUESTION

FULLY IF YOU NEEDED TO?

Q9 addressed one particular consequence of a multidisciplinary framework —that by its nature
it may need to be completed by more than one person. This section therefore asked about

the resources the participants had available to them to find answers.

The responses suggest only small proportion of the participants could not draw on others for
answers to the questions if needs be. This could be viewed as a barrier for that small
proportion, or alternatively a strength of the framework if it can encourage the expansion of

a network for those gaps in knowledge to be identified.

If you answered 'don't know' to any part of questions 2-8, could you
draw on the expertise of others in your team or business to address
the question fully if you needed to?

PN

14%

33%

E No Yes M Not Applicable

Figure 8.9: Q9 DNK and Network Support
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8.3 DISCUSSION

This section addresses the following questions in turn:

e To what extent does the survey validate the literature and interview findings (8.3.1)?
e Does the survey cast any further light on ‘data’ and ‘justice’ themes (8.3.2)?

e How can the survey responses be used to hone and adjust the framework (8.3.3)?

8.3.1 To what extent does the survey validate the literature and interview findings?
Almost all statements in Q4-8 achieved a high importance rating. This suggests support for the

statements, generated from the literature and interviews, exists within the wider sector.

From Q4, the importance of addressing context and system boundaries, reducing silos and
recognising regulatory challenges were all considered important — even at the preliminary
stages of the project. One statement achieved one of the lowest responses in the survey and
that was g) re-framing burdens into assets, a statement drawn from the interviews (Sections
7.3.3 and 7.7). This is looked at as a justice issue and the distribution and use of resources in

Section 8.3.2.

From Q5 and Q7 the importance of networks is validated by the survey. (It would be a useful
exercise for Pipebots to test its stakeholder list against the categories identified in Q5, including
the free text additions). Although the use of networks was endorsed, different groups received
very different importance ratings. There was a clear distinction in how the groups were
viewed. In the context of the Pipebots participants the relative lack of importance ascribed to
the general public and consumer groups was surprising bearing in mind these are robots that

will be introduced to the water supply where public support will be required. Possible
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explanations are that the answers reflect the early TRL stage of the project with little concrete

to discuss at this stage.

An alternative view on the public/network issues was inspired by looking back on the interview
transcripts and noting that the public stakeholder issues in the projects discussed were all
initiated by planning and land use issues. Pipebots differs from these projects in that it has
less direct hard infrastructure and planning needs. In cases involving planning, engagement
with the public follows a defined legal path through the planning system. Public engagement
may be viewed by the sector in these terms, as an issue of ‘public engagement’ rather than
‘stakeholder networking’. Although the details of this falls outside the remit if the study, it is
considered further in the Section 8.3.2 below when considering participatory justice and the

nature of public engagement and co-design.

Q6 ranked the importance of governance factors in supporting a business case for change. The
very high importance attributed to non-economic drivers, such as regulation, challenges the

notion that business cases centre solely or predominantly around monetary drivers. It

supports the findings from the semi-structured interviews that governance issues are strong

drivers for change in this sector.

There were further insights into the view of regulation from two free text comments in Q6:

Pipebots must challenge and redefine the current regulatory framework, not be

constrained by it.
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Regarding regulatory requirements, these are almost certain to change with time.
The business case needs to be flexible enough to account for such change and ideally

incorporate changes that are thought likely to happen.

And a similar comment from Q8:

Pipebots can and should change regulation, not be constrained by it

The first and third comments suggests regulation, in particular, is viewed negatively and as a
constraint not a support — a position also seen in the Pipebots documents (Chapter 6). That
governance systems need to understand and address this negative view appears necessary. In
the interim, these free text comments may explain some of the minority responses giving
lower importance attribution to regulation, for example, than the majority. The implication
from those participants is that regulation is important but should not be taken into account —
it should be pushed against, not aligned with, if progress is to be made. This more nuanced
view suggests a delicate balance needs to be struck in a framework between being alert to
governance issues versus being unnecessarily constrained by a static governance system that

is unsupportive — or at least perceived to be unsupportive.

The second free text comments makes the critical point that the governance system will
change. This prompted two flags for the framework. First, to reiterate that the framework
needs to be applied more than once. Secondly, to ask the teams to be alert to new or pending
policies — policies generally being a prerequisite to a governance change in direction. These

may be issues the network can advise upon.
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Two free text comments in Q7 also prompted a more nuanced review of the responses on

AMP cycles:

Pipebots can and should help break out of the horrors of the AMP cycle, it must not be

constrained by it

Responses to this would differ depending on expected timescales - e.g. some
technologies might be ready for use immediately, others will take years of development
to reach maturity. Pipebots potentially has elements of both. I've tried to answer for
something in the middle. Aspects such as AMPs and frameworks would be critical for
something close to market - maybe a sensor that could be used on an existing CCTV
platform, but largely irrelevant for something that might be 15 or 20 years away from

widespread deployment - e.g. robot swarms permanently in a network.

Similarly to comments over regulation, the first participant was keen to stress Pipebots should
not be constrained by the ‘horrors’ of the AMP cycle — in other words a suggestion that it
should not be taken into account (and therefore a low importance rating), not because it is
unimportant but because it should not be allowed to hinder progress. It may also be the case
that the importance of this would increase as the TRL stage increased as suggested by the

second participant.

Both the comments on AMP cycles and regulations suggest a desire for tools that do not
embed the status quo where change is needed. This supports the need for questions in the
framework that do not just reflect what is important today but which prompt learning, review

and improvement.
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8.3.2 Does the survey cast any further light on ‘data’ and ‘justice’?
Questions around these cross-cutting themes were incorporated into the survey to gauge the

prevalence of these issues in thinking amongst participants.

8.3.2.1 Data
Data were a theme that emerged through the analysis of the semi-structured interviews.
Issues around data were explored in the survey from different viewpoints as a cross-cutting

issue.

Context and design, Q4.5e), the importance or otherwise of anticipating potential risks on

infrastructure and data security at the early stages of a project,

e Achieved a rating of 65.5%.

e Inaddition, 11 participants, (20%), voted for its increasing importance in later iterations.

e The difference between Pipebots and Stakeholders ratings has been noted (section 8.2.2)
and could be explained by Stakeholders having more daily operational oversight into the
wider issues affecting the sector (including risks) and so more alert to the potential issues.

e The Pipebots team may want to interrogate this further to ensure it is aligning its thinking

and priorities with the sector.

Business case Qb6.6f), the importance or otherwise of data creation and management, giving
due thought to how the project can use data to enhance our knowledge of existing systems
including ecosystems:

e achieved a rating of 83.6%.
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Frameworks Q8.2b), the need for wiser guidance on the use of and planning around data
generation and use:

e achieved a rating of 63.7%.

Future of Pipebots Q10, whether there is a potential benefit in Pipebots and their sensors

adapting to collect a wider range of environmental data.

e Yes 69.1%;

e No01.8%

e DNK29.1%.

There was a lengthy list of ideas for future data collection in free text responses to be sent to

the Pipebots leadership team.

Overall, this section suggests there would be support for strategies for data creation and

management at an early stage, an issue the framework should be able to support.

8.3.2.2 Justice

Justice was a theme that emerged from the literature review although was less prevalent in
the interviews. Justice themes were tackled in the survey with statements for ranking
focussing on distribution, participation and responsible innovation. The results were mixed

with key results summarised as follows:

From Q6.4 and Q6.5 as seen in Section 8.2.4, there was a greater emphasis on addressing the

beneficiaries of a project as opposed to those that would suffer a detriment, (89.1% against
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78.2%). Although the difference is small it was anticipated the results would be identical so
any difference is noticeable. The 78.2% result may suggest a lesser emphasis on mitigation
and balancing competing interests. The justice literature suggests that being equally aware of
benefits and burdens is an advantage to a project team in better predicting areas of conflict

as well as ensuring a ‘just’ approach to an intervention.

Q4 g) addressed the way waste and other detriments are viewed and whether they could be
re-framed as resources in line with justice principles, urban metabolism and circular economy
drivers. The question was influenced by the semi-structured interviews in how Phosphorus,
Nitrogen or wastewater are perceived as well as the innovative projects that successfully
solved problems through re-framing waste into a benefit. This question addresses justice
issues on the use of resources and allocation of burdens. It is acknowledged that this is a
difficult concept to explore in a single statement in a survey although 47.3% considered it
important even at early TRL stages. This would increase to 63.7% in later TRL stages of a

project.

There is a tension here between how things are viewed and how they could be re-framed,
viewed and re-prioritised in the future. Despite the relatively low result, as a justice issue it

will be included in the document to be put before the focus group to ascertain their views.

Q7.4 asked whether having Rl and ethics codes of practice at its centre was a significant factor
in the success of a project. This achieved a high rating. Although a positive response, this
suggests approximately a third of participants are yet to be convinced of the merits of Rl or

ethics as an issue of substance that can improve the prospects of project success (Figure 8.10).
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d. having ethical guidelines and/or a responsible
innovation code of practice at its centre

B % Marked as Highly Significant @ % Marked as Significant [ % Marked as Neutral

% Marked as Not Significant % Marked as Irrelevant H % Marked as DNK

Figure 8.10: Q7.4 Ethical Codes

Questions over participatory justice arise from Q5 and the low networking priority ascribed to
the public. The response suggests a detachment between the public, project design and
solution generation. As discussed in 8.3.1 this may be a question of terminology. Rather than
‘networking’” with the public their role may be viewed as ‘public engagement’ with different
connotations and purposes. Studies exist which flag the very different levels of public
participant and engagement that can be deployed, from Arnstein’s (1969) well-known ladder
of participation and beyond. There is a difference for example, between drawing in expertise
through networking and communicating a message outwards through public engagement.
There is a difference in who is considered an ‘expert’, what participation actually means and
its goals.

This is a complex and nuanced area and a study on optimum levels and types of engagement
with the public is outside the remit of this study. As a pragmatic solution for the framework,
RI codes that include a public engagement strategy may provide assistance here. An Rl code

and strategy including public participation can be tailored to a particular project. The
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framework’s goal would be to prompt thinking in this area, rather that have prescriptive
requirements. This encourages thinking and prompts around how and for what purpose the
public are engaged. Ensuring a plan for public engagement is captured by an Rl code may be
the most practical way forward of ensuring participatory justice is achieved in situations

outside planning or where a set legal process for engagement is not available.

Overall, the justice responses suggest there are areas where justice thinking could be more
prevalent and embedded and supported by the framework. This leads to an issue over how
the framework itself should be framed. On reflecting upon the data gathering experiences so
far, calling the framework a ‘governance’ framework might not capture either the recipients’
imagination nor the essence of what is actually being achieved. To this end the name for the
governance framework was re-considered and the JUSTICE framework, JUST Interventions in
Civil Engineering, provisionally settled upon instead. This emphasises increased justice

thinking in project design and more readily captures what it is trying to achieve.

8.3.3 How can the survey responses be used to hone and adjust the framework?
To answer this question, reference is made to the cumulated impacts and themes that were

summarised in Table 7.1

from Chapter 7. For ease of reference and to show how the survey hones and adjusts the

framework, these impacts and themes have been updated, summarised and annotated in red.

Project, Context and Design
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Perceived importance, or otherwise, of clear system boundaries; regulatory design
parameters; internal teams and prevalence of silos; wide versus narrow problem-
framing.

o Clarity on system boundaries, importance of regulation and reduction of the
impacts of silos performed strongly and will remain in the framework.

o Free text comments suggest regulation should be pushed against where
necessary and not automatically accepted.

o There were strong preferences between narrow or wide problem-framing
highlighting different mindsets entering into these projects. How this translates
into silos and solution framing could form the basis of further study in the future.

Networks
Perceived importance, or otherwise, of networks; who needs to be in the network and
how are they engaged with and managed including existing suppliers; how access into
the sector is achieved.

o Networks were important to projects with key stakeholders identified.
Networking remains a key component of the framework.

o The weaker performance of the public and related categories could reflect that
they are not viewed as stakeholders in project design. Pragmatically their
involvement could be re-framed as public engagement and addressed as part of
the Rl section of the framework.

Business case
In supporting the business case for change the importance of forms of governance (e.g.

regulation, policy,) relevant to the project.
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o Regulation performed very strongly as a driver on a par with economic drivers, if
not stronger. Wider policy and PR also featured. This suggests these are

addressed when drafting and promoting a business case for change.

Strategy
Addressing the impacts of the regime in project planning; strategies for filling gaps in the
network; awareness of contractual/procurement issues and their opportunities;
addressing regime specific regulation and cycles in the project plan.

o Timing; the importance of the principles underpinning the framework will vary over
time, for example AMP cycles. The framework will need to be applied on more than
onhe occasion.

o Framework contracts; the relative low performance of this issue flags it is an issue
at odds with the strong concerns raised in the interviews and will be taken forward

to see how it is viewed by the focus group.

Cross Cutting Themes
To explore whether the lack of justice thinking exhibited is representative; the use and
potential of data; perceptions of data benefits and uses; perceptions of ethics or Rl codes
and their potential.

o There was a slight difference in emphasis between beneficiaries/winners and
potential losers, with the former given a slightly higher importance rating overall.
Specific questions will remain in the framework.

o The circular economy, Rl and some justice-related statements received a relatively

low level of support. This also raises issues of the inclusion of justice principles and
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the embedding rather than challenging the existing state of affairs if these issues
are omitted; the framework is about prompting thought about issues that may be
missed not solely reflecting the status quo, and therefore the current framework
will be re-visited to include sections on challenge.

Public participation. Again, and pragmatically, this may be better addressed as
public engagement and part of the Rl code for the project. The Rl code should
include a project specific rationale and plan for public engagement. This should be

flagged in the accompanying notes to the framework.

e Perceptions of data benefits and uses

o To support the findings, a question on data will remain in the framework looking

at how it can enhance data knowledge and the business case for change.

Framework

How a framework might be perceived and potential hooks for acceptability; opportunities for

challenge and how it avoids embedding the status quo, where necessary.

o

In terms of how the framework is presented, emphasising networks and/or
knowledge sharing may be helpful as both of these features performed very
strongly in the survey.

Some of the free text responses have highlighted an issue over the framework
inadvertently embedding the status quo rather than challenging it. There is a
difference between an awareness of regulation and being stifled by it, for example.

The framework needs to be re-visited to ensure this distinction can be drawn.
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o The framework will also be re-visited in terms of presentation to ensure coherent

sections on learning and challenge are included.

e Inline with the results so far, the ‘governance framework’ is to be re-named as JUSTICE
(JUST Interventions for Civil Engineering), providing greater clarity on what it is

intended to achieve.

8.4  LIMITATIONS AND SUMMARY

The primary goal of the survey was to give confidence that the findings of the semi-structured
interviews were recognisable within the wider sector and to flag areas of conflict where
further analysis may be required. The survey, by seeking views of a larger number of

participants, was able to meet that goal.

In terms of the validity of the survey, there was a 22% response rate which was in line with
expectations for an on-line survey (Zhang et al. 2017). A number of potential limitations of a
low response rates were avoided by how the survey was framed. It was not designed to
provide evidence of a consensus view across the sector, but to provide endorsement for the
literature and interview findings within a wider pool of participants. This was achieved. The
response rate was also in line with the current experience of the authors peers and sufficient

for a data set that could be interrogated.

An additional potential limitation has also gradually gained more prominence as the data has
been gathered across the interviews, within Pipebots and through the survey. That limitation
is by asking participants for their views and experiences, there is a danger of embedding the

status quo rather than bringing about new thinking or change. This issue has gained
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importance through the data gathering stages as it increasingly appears that this is a sector
which is driven (sometimes dogmatically) to follow the regime and regulatory requirements
imposed upon it in the ‘here and now’. To resolve this issue, careful consideration of how the
survey data was to be analysed was necessary — both in terms of whether statements with

low ratings were rejected and the extent the status quo is challenged.

In relation to how the data were analysed, statements that received a relatively low approval
rating were not automatically disregarded. What was noticeable about some of those
statements was their potential connection to wider issues particularly around justice. It has
already been noted that justice themes are lacking in the sector but could be beneficial if
included in project thinking more explicitly. With this in mind Section 8.3.3. considered a
selection of lower ranking statements against principles of justice and rather than endorse

their omission, the framework seeks to take them forward.

Conversely, even where there was a high approval rating, a more nuanced approach is
indicated, one that differentiates between a need to acknowledge governance requirements
as they are versus a need to challenge governance where it is a limiting constraint on desired
innovation. On this latter issue, challenge and learning provisions to prompt reflecting are to

be included in the framework.

The survey analysis has therefore had to be more subtle than a simple indicator of whether a
threshold has been reached or not, although a majority view is considered a reasonable
starting point. It takes what has been learnt so far in terms of justice principles (or a lack
thereof) and what has been learnt about the sector (and working to rule), and draws that

thinking into the analysis and so the framework.
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As discussed, the survey did include some experimentation around how participants’ views
may change, with varying degrees of success. The questions addressing future iterations of
the project appeared to work well and highlighted that whilst some statements may rank low
in early TRL stages, their prominence may grow. This reinforces the point made by the MLP
that governance impacts change over time. In relation to the backwards-looking questions,
over how views had changed over time, due to the low response rates this experiment was
not considered successful but does not impinge on the overall survey results. It also remains
possible to compare Pipebots and non-Pipebots participant responses and for any significant

differences between those groups to be noted.

In conclusion, an adjusted framework, included in Appendix 1, will be taken forward for testing

before the focus group.
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9 Focus GRouP

To recap, the framework has been adjusted to take on board the findings of the survey. The
third step of the research methodology is to validate the adjusted framework. The method
chosen is a focus group consisting of the type of individuals likely to engage with the
framework in practice. These are the individuals the framework is aimed at and whose

support would be needed to embed the framework as a tool for use within the sector.

This Chapter describes the framework presented to the focus group in more detail (9.1), the

focus group results (9.2) and a discussion on validation and its limitations (9.3).

9.1 Focus GROUP FRAMEWORK

The latest version of the framework has been given the working title the Justice Framework—
JUST Interventions in Civil Engineering, and this was the version put to the focus group. The
document is a single, two-sided document, with the framework questions on the front (shown
in Figure 9) and with explanatory notes on the back (included in Appendix 1). The explanatory

notes offer guidance and links to further support on issues such as Rl and public engagement.

The twenty-two questions in the framework are taken from the literature and the data
gathered so far. Together they integrate the issues flagged by academic theory alongside the
governance issues, challenges and successes that project teams have encountered in practice.
These are the questions a project team might want to address or ask itself to gain any
advantages that a governance regime may offer (for example supportive policies to enhance

a business case) or to avoid pitfalls (such as addressing common legal or regime challenges).
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Figure 9: Page 1 of the Justice Framework as presented to the Focus Group
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This iteration of the framework has been re-designed and re-organised from earlier iterations

into a matrix of questions set out in columns and rows. The rows address:

The project team and resource (the context)

The sector governance regime (including regulation and derived behaviours and

values)

Formal law and policy (the ‘higher’ legal framework and policies driving decisions)

Justice

Row four, for example, addresses justice questions around the circular economy (Q4),
Responsible Innovation (Q8), those that suffer a detriment as a result of the project (Q12),
those that benefit from the project (Q16) and participatory justice and data to improve

environmental status (Q21).

The columns are drawn from the earlier iterations of the framework, where answers could be
categorised around impact themes. This was considered as helpful both in terms of organising
the questions and in communicating the purpose and value of the questions. The categories

that formed, and have since been adapted, are as follows:

e Context and Design
e Network

e Strategy

e Business case

e Learning and Challenge
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Business case for change in column four, for example, addresses extending the scope of the
project to capture wider benefits (Q13), identifying any alignment with existing regulation
(Q14), identifying policies that can be drawn upon to support project goals (Q15) and clearly

identifying project beneficiaries (Q16).

9.2 Focus GROUP RESULTS

The focus group took place in person over an afternoon with 4 participants taking part — a
project engineer engaged in transformational projects, an engineer within the innovation
team, a landscape engineer and a senior member of the climate and resilience strategy group.
The session was recorded and transcribed. A summary of key issues was prepared from the
transcript and circulated to the participants within a week of the session. The participants
were asked for any objections to the summary to be raised within 14 days of receipt. No
objections or comments were received. A copy of the summary of key issues is included in

Appendix 7.

The framework appeared easy for participants to navigate and understand with no difficulties
evident or expressed. As noted in Chapter 5 section 5, there were activity sessions set aside
for participants to annotate their copy of the framework with green and pink markers. Green
was used to highlight framework questions that the participant liked, did not routinely ask
themselves or which they found thought-provoking. Pink was used to highlight questions the
participant did not believe should concern them, they saw disadvantages in including or they

would like to change. The results are also included in Appendix 7.
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Drawing the session and the annotated frameworks together, an analytical framework was
designed to review and present the content of the focus group session (Krueger and Casey,
2015). The results are shown in Table 9.1. Table 9.1 records the comments taken from the

focus group against each question.

There was support or no adverse comment for 13 of the 22 questions. Of the remaining 9,
there were comments or subtle differences in views between participants and these are
shown in the table. The key points, alongside any changes made to the framework as a result

of participants’ comments, are summarised as follows:

e Q1 prompts reflection on the boundaries of the system and is a simple but fundamental
guestion in understanding a project’s ambitions and impacts. The importance of Q1 was

noted by participants alongside how it might prompt needed reflection:

we are really good at asking the first part of the question [what is the project
about?] but do not routinely do the second part [and what systems are

affected?]

We are not very good at considering what the impact is on other parts of the

business

e During the survey, lower importance was accorded to the statement around the circular
economy. This was addressed in Q4. As a result of its mixed response so far, how the focus
group would respond to Q4 was of interest. Q4 received direct and positive feedback from

the focus group and will remain in the framework.
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Table 9.1: Focus Group Comments, Overview

Question
Number

O NGOV A, WNPR

10

11
12
13
14
15
16

17

18
19

20
21
22

Positive
Feedback

X X X X X X X X

X X X X X

Suggested
Amendments

Add more groups?

Exclude ethics and
refer to Responsible
Innovation only?

Adjust with reference
to Q 11? Timing and

expertise also
important.

Add ecological survey
timescales?

Learning should be
throughout not at the
end of a project?

As Q17

Negative Feedback
or Queried

Don't all companies
have ethical codes
anyway? Is this
needed?

Overlap with Q9?

Uncomfortableness

about term
‘benefitting from a
project’
Need time and
expertise to
complete

Add the word
‘governance’, not
just a regulatory
issue

No Comment
from any
Participant
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A participant commenting upon Question Q6 (addressing authorities and networks)
wanted to extend the categories of people included to expressly include other sectors such
as energy and transport. Q6 was duly adapted as requested.

There were mixed comments around Q8 and ethics. Although there was support, one
participant felt that it was not necessary as companies already had ethics codes and the
use of such codes would be a given, i.e. it was something already in place. However,
participant comments from the semi-structured interviews casts doubt on this view and
no amendment to the framework was made — although it remains the case that
explanatory notes and links on this and Rl issues are needed and the benefits made clear.
One participant felt there was an overlap between Q9 (drawing in expertise from the
network) and Q11 (seeking external advice). The questions had been drafted to distinguish
between (free) network advice and paid for expertise drawn in on a one-off basis. They
represent the fact that even in transdisciplinary studies with a range of people, formal
expert advice, for example legal advice, might be required. The participant’s comments
highlight the similarity between the questions and how the subtle distinction may be
unnecessary. In looking at ways of re-drafting these questions, a comment from a
participant on networks and outsourcing of expertise and risk provided inspiration. Q9
and Q11 were re-drafted to address external advice and outsourcing being a more
meaningful way of looking at where projects are placed (internally, externally or hybrid)
and how this changes the network and expertise to be drawn upon.

Question 10 was adjusted to take into account not only the AMP and formal governance
cycles but also the regulations around ecological surveys. This was an issue flagged by a

participant with ecological surveys being time-sensitive, taking place over extended
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periods or being season specific warranting specific mention in the framework. They were
mandatory forms of socio-ecological governance and not being aware of these governance
requirements early on could mean significant delays. This was a helpful insight and
included in a re-drafted Q10.

There were positive comments around justice questions. Question 12, justice and who

suffers a detriment, for example:

a really powerful question

it is a really important question we should be asking ourselves, whether it is a

business case or a strategy, so we don’t get blinded by the benefit.

Q12 and Q16 are linked questions relating to detriments, benefits, and justice. There was
one amendment suggested by a participant relating to Q16 which was not implemented,
and that was on the use of the term beneficiaries. The participant expressed
uncomfortableness about this terminology as it expressly acknowledges that some have
received a benefit and others have not, and this was not considered good PR.

The uncomfortableness was understood, but the reason for the term remaining is that
although uncomfortable, the reality is that this is the consequence of a project; it may
impact on how the information is handled, but is not a reason for the question to be
avoided. In addition, it allows a direct contrast to those identified as suffering a detriment
at Q12 —a question considered by one participant as ‘powerful’.

There was a discussion on Q13 (scope) and Q19 (challenging regulations) and how these

impact on projects. On question 13 and wider societal and environmental benefits:
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It comes back to regulations [and question 19], does the current regulatory

environment allow us to use the other 5 capitals?

We are very good at understanding the cost but is the benefit set right?

Specifically on question 19 and challenging regulations, participants further commented:

| think this is key for engineers [in the context of Phosphorus removal] and
hitting targets at all costs...if we did the whole value, the whole capital value
and looked at all of the sustainable development goals and we looked at

everything would we really think that...was the right solution for the place.

There is a steam train and once it is going it is hard to do a U-turn. It is like the

Titanic and we are screaming into the wind.

This is supportive of the reason for the framework and the desire by participants to
do more. As an aside, a participant suggested that Q19 should refer to both

governance and regulation expressly. This suggestion has been incorporated.

e For Q17 and Q18, participants wanted it clear that learning should be throughout the

project not just at the end. This is now written into the questions.

In terms of overall response to the framework it was very positive. In relation to justice
guestions for example, the focus group seemed emboldened by the questions to a degree not
anticipated from the earlier data gathering stages. The desire to ‘do the right thing’ seemed
powerful and the use of the matrix to bring that about was recognised. When talking about

the framework and its use, there were the following comments:
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it gets the person who doesn’t really think about regulations to think about
regulation, it gets the person who didn’t know about circular economy to look

at circular economy, just to question themselves.

my thought about all of this was, the framework asks should we be doing this
differently, is there a way where we need to kind of stop and say like we are on the
juggernaut? Stop. Is there just something completely different that we could be doing
to deliver this project? Similar to my innovation head. Should we be doing a

traditional solution or look at it another way.

And on its application:

| just think use this the earlier the better. Almost like an appendix to the

business case format that we have.

In terms of the name of the framework, the participants advised that the term ‘framework’
had a particular meaning for those working in the sector relating to ‘framework contracts’
with contractors and could be confusing. An alternative term of ‘matrix’ was suggested and is
adopted. What is key, the ‘Just Interventions in Civil Engineering’, remains, however in line

with participants comments the Justice Framework is now entitled the Justice Matrix.

The framework was updated as a result of the focus group responses and the redrafted and

‘final’ matrix with mark-ups showing for ease of reference in Appendix 1.

9.3 VALIDATION AND LIMITATIONS
It is submitted that the focus group provides validation for the framework (now called the

Justice Matrix). There was one focus group, but it was well-constituted in terms of participants
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who were all relevant to the aims of the study and were also influential and experienced. The
focus group itself took over 6 months to orchestrate. It could have been undertaken sooner,
but there would have been compromise on the range of relevant participants across the
business. The pool of personnel suitable for the study were in extremely high demand — all
of whom had to be available at the same time. These are the individuals with current
experience of transformational projects from across the business and who would be asked to
complete the framework, should it be rolled out. Their backing would be required for the
framework to be used more widely in the business, so it was pivotal that their comments were

obtained.

The focus group suggests that there is value in the framework and those working in the sector
would find use in it in line with its aims. It is accepted from earlier stages of the data gathering
stages that this endorsement may not be universal and there may be resistance. As with any
new system, time constraints in processing the questions may be raised and embedding it into
systems would be required. However, there were no unusual or insurmountable barriers to
implementation beyond any similar decision-making tool. Participants made their own
suggestions, for example, around how the framework could be worked into a new capitals
strategy being developed within the business or how it could be included in existing business
case documents. Consistency between those completing the framework was also raised and

a system of auditing and feedback was suggested.

In addition, the focus group is not feedback in isolation; it complements the earlier application
of the framework to the Pipebots project. This is powerful as the Pipebots project is a project

external to water companies. The focus group was internal to a water company (and also
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entirely removed from Pipebots itself — with no cross-over participants). The framework has
therefore been applied to projects or teams inside and outside a water sector company. It

works, and has application, in these different spheres.

The focus group cannot be used to prove universal validation and acceptance of the
framework by the sector, and that was not its aim. What it can say is the value of the
framework was identified by people that work on the projects the framework is designed to
support. In fact, a final validation is against the principles behind its drafting. That it should be

challenged, adapted, improved and changed over time is written into its design (Q18).
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10 DiISCUSSION

This study provides project teams with a tool to engage with governance. This is needed
because of the close connection between a new intervention, the governance regime
around it and its prospects of success. In looking at interventions and governance together
it seeks to support better decision-making and a no-regrets design policy, with governance
opportunities grasped and potential hurdles negotiated early in the development process

rather than when solutions are set or lock-in reached.

This Chapter looks back at the research aims, questions and hypothesis as set out in Chapter
2, and uses them to discuss the implications of the data and results behind the resulting
framework. The data and results used to inform the framework can be viewed from two
perspectives. The first is from the perspective of the projects the framework is intended to
serve; how projects can use governance to make better decisions and improve the prospects
of a successful implementation. The second perspective looks at the results the other way
around, what does the governance regime need to do to make it easier for better decisions to
be made and implemented; how can governance be better ‘engineered’ to encourage the

implementation of just interventions that meet environmental and societal goals?

This Chapter discusses the research aims, questions and outcomes (10.1), then addresses the
two perspectives in turn, firstly exploring matters from a project perspective (10.2) and then

exploring matters from a governance perspective (10.3).
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10.1 RESEARCH OUTCOMES
In achieving the research aim, a series of five research questions were asked. The first four
questions form the basis of the framework itself. The fifth question addresses the wider

implications of the study.

Research Aim: To create a governance framework to support the implementation of ‘just’
infrastructure interventions, focussing on transformational projects in the UK water and

wastewater services sector (the ‘sector’).

The aim of the study was to create a governance framework to support the implementation
of ‘just” infrastructure interventions focussing on transformational projects in the sector. The
governance framework created (albeit at the conclusion of this study entitled neither
governance nor framework but the ‘Justice Matrix’), is such a tool to support engineering
projects as they engage with governance. As part of the design process, justice considerations
were notably absent from general discussion and this has been remedied by the inclusion of

justice questions in the framework. The final framework is included in Appendix 1.

The framework and research aim was achieved by following the research questions in turn:

a) Drawing on a literature review and data gathered from the sector, what aspects of
governance, or governance themes, appear relevant to a project team seeking to bring
about transformational change?

Knowledge and new ways of looking at governance around infrastructure, ecosystems and
society were reviewed. There was no single body of literature to draw upon and bodies of

literature around justice, SES, STS and recent work around SETS, developed from different
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disciplines and perspectives, were considered. From this and further work on Pipebots initial

themes were identified, adapted and developed:

governance regime and regulation;

forms and tools of governance;

networks;

resource and boundaries;

technology and rules;

justice; and

iterative processes.

The themes represent the governance influences, issues and considerations of which a project
team may need to be aware, relevant to transformational change. These themes were taken
and used to form the basis of questions that were drafted for placing in the framework. The
asking of questions in this way, as a prompt to decision-makers, was noted in the energy

justice arena (e.g. Sovacool et al., 2017).

These themes were enhanced by the collection of data from the sector. This firstly consisted
of data from semi-structured interviews, which was consolidated and adapted by surveys to

include the following additions:

the strength of the regulatory regime and unintended consequences;

assets and value; and
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justice and data considerations (as cross-cutting themes).

It would have been possible to keep the framework as a list of questions. However, a
potentially more interactive and engaging way of presenting and organising the questions
materialised during experimentation in the Pipebots project. When looking at the answers to
the early questions, the responses could be organised into impacts. Following iterative cycles

of development the impacts were defined as:

Project Context and Design;

Networks;

Business Case;

Strategy;

Data and Justice; and

Framework and Challenge.

The framework was organised into a matrix interposing the impacts with forms of governance
and the remaining themes. By thinking and organising the questions using impacts the
framework seeks to highlight how governance may affect a project, thereby making the

rationale for each question easier to understand.

b) Using a systematic literature review, how prevalent are themes of justice in

literature addressing governance and water infrastructure in this jurisdiction?

The second question addresses the pervasiveness, or otherwise, of justice considerations. To

test the author’s anecdotal finding of a paucity of discussion around justice issues in the UK, a
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systematic literature review was undertaken. This confirmed the anecdotal finding that justice
themes were far from prevalent in the jurisdiction. Although there was some evidence of
justice-type considerations there was not a coherent or sophisticated dialogue; this was in
contrast to other sectors around net zero and energy. The framework seeks to take this finding
and start to remedy it. It operationalises justice principles using the environmental justice

dimensions and uses them to form questions for the framework.

The results of the systematic literature review also add to the work seeking to expand upon
the possibilities of water justice as a water governance paradigm, extending beyond the

current sustainability agenda (e.g. Neal et al., 2014).

c) Drawing together governance and justice themes, how might these themes be
operationalised into a framework; what questions should a project team be prepared to

address?

The framework took the governance and justice themes and operationalised them by
designing questions in support of each theme. The questions act as guides and prompts for
reflection. To aid communication about the value of governance the questions are organised
around the impacts, in this way showing how they may fit into a project plan. The dimensions
of justice are expressly included in questions around identifying benefits and detriments
(distribution), in identifying affected parties together with Rl and stakeholder engagement
requirements (procedure and respect) and prompting for wider social and environmental

benefits and the best feasible result for people and planet (capability).

Figure 5.1 from Chapter 5 is repeated to summarise the journey of development.
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Questions for a
Early Themes —_— Pipebots Framework from Initial
Themes

Literature
Reviews

Questions, Themes and Early Framework Semi-structured Enhanced and
Impacts Developed Formed Interviews Developed Themes

Tested, Validated and
Ranked Themes and
Questions

Framework Format Re- Further Framework
designed Questions Designed

Amended Framework [

Figure 5.1. The Framework’s journey.

The framework questions and design went through many iterations and were reviewed after
each stage of the research plan, before being tested directly in the focus group. The questions
seek to embody the themes and the narratives drawn around them to represent the issues

surrounding governance and transformational projects in the sector.

d) Through validation and testing via a focus group, what can we learn about how the
proposed framework will be viewed and received, what barriers might it need to overcome?
The focus group results suggest that the framework could be understood, interpreted and
answered by a project team. The focus group session was designed to be interactive with the
framework being marked up by participants and discussed during the session. During the
session, the framework appeared easy for participants to understand and navigate. Most
significantly it was viewed and received as a helpful document with the focus group session
being a very positive, energising and interactive one. To reiterate the quote earlier, as a

participant put it,
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it gets the person who doesn’t really think about regulations to think about regulation, it gets
the person who didn’t know about circular economy to look at circular economy, just to

question themselves.

As a tool designed to prompt thinking around the wider issues that surround a project, this

was taken as a positive endorsement.

The barriers discussed did not appear to be any different to those applicable to any new
process. It would need embedding into corporate processes with a review or audit process for
uniformity of application, for example. To address this the focus group could see the

document being incorporated into existing systems such as the business planning process.

However, experiences beyond the focus group suggest that there are likely to be factions who
are not interested in the framework or what it represents, or to quote an interview participant
go ‘fish-eyed’. This is not because of the drafting of the document itself (though if that is the
case, feedback would be welcome from those that have engaged with the document), but
more fundamentally because they disagree that it is part of their role as engineers. This is a
challenge to transdisciplinary thinking although, in the author’s experience, surmountable
through understanding different points of view, dialogue and accounting for opposing views

where possible (for example with timing and TRL stage considerations).

In addition to answering the research questions the study gave some insights into the
differences between narrow and wide problem framing and preferences, as well as differing
views on the role of Rl and responsibility within science and engineering. This may be a fruitful

area for further study as silos continue to be dismantled.
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e) In answering these questions, what can we learn about how governance could be
better ‘engineered’ to encourage the implementation of just interventions — interventions
that meet the environmental and societal goals needed to address the challenges of the
Anthropocene?

The study seeks to create a usable tool for project teams to have a practical and positive
impact on transformational projects. The journey undertaken, synthesising practical research
and applying theory, also leads to insights into engineering projects and governance in the
sector and where improvements may be possible. These insights can be viewed from two

perspectives, the project perspective (10.2) and the governance perspective (10.3).

10.2 PROJECTS AND THE FRAMEWORK/MATRIX

In looking at sector governance around project teams, one of the most striking points from
the research data was the overwhelming strength of the regulatory regime in the UK. It follows
that under the current regime, better ‘engineered’ governance requires regulation (the
dominant form of governance) to meet the challenges of the Anthropocene. Regulatory
compliance was the main driver for a project on a par with, if not exceeding, economic drivers.
The regulatory drivers were seen throughout the research data, from the leakage reduction
drivers spurring on the Pipebots project, drivers behind participants’ projects, direct quotes
from the interviews placing regulation ‘at the top of the pyramid’, and as endorsed by the

survey responses.

It follows that if a project can align with a regulatory driver then its prospects of success must
be improved. Of course and conversely, transformational projects that do not have a

regulatory driver and expect to be embraced because they save money or improve efficiency
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may be unpleasantly surprised by the lack of interest. Similarly, projects that benefit
ecosystems or include significant societal benefits but do not identify with a strong regulatory
requirement may not be attractive and may not be taken up. The brutal reality is that unless
there is a strong regulatory driver for a project, and money has to be spent on those areas,
worthy projects may struggle to find traction within the sector. In practical terms, identifying
governance drivers for a project and incorporating them into the articulation of the project
and into its business plan would therefore be wise. In short, the need to be alert to governance
issues is extraordinarily strong in the sector, stronger than anticipated for a regime described

as ‘market-based’.

This exposes a potential issue with a framework that bends projects towards a strong, existing
governance regime —and that is where to do so could embed an unhelpful status quo. Indeed,
the need to push against governance was an issue flagged by free-text comments in the
survey. Complying with the regulatory regime as it stands is not always driving projects to
solving the complex issues of the Anthropocene. There is a line between understanding a
governance system and being limited by it, and this is of particular note where, as described
in the STS literature, innovation may need to break down existing systems and structures and
transition to new ones (Loorbach et al., 2017). To address this the framework is not
prescriptive and asks questions to prompt reflection. Those questions expressly include
finding avenues to challenge where needed. This approach, of encouraging challenge, also
seeks to tackle the passivity and work-to-rule seen on occasions throughout the study and
linked to the strength of the regulatory regime. The starkest example concerned a change of
regulatory approach based upon evidence that was thought to be fundamentally flawed with

a ten-fold increase in costs (Chapter 7.4.1).
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The framework also acknowledges the sheer complexity and volume of the rules that could
apply = in itself a burden to innovators. To address this, the framework does not seek to
replace lawyers, or indeed any other discipline, but to ask questions and draw-in knowledge
from others and build capacity where that knowledge is lacking within the project team. The
framework does not engineer governance as such, but uses the network structures around it
to better navigate the system. It seeks guidance from the network on the key rules-in-use. The
importance of networks in understanding governance was noted in the literature and, at least
for some categories of stakeholder, was endorsed by the survey. The use of networks in the
projects can go further than this. The use of networks discussed by participants was more than
for information and dissemination. In looking at the successful projects around NBS and the
circular economy, networks helped to bring about innovative projects across administrative
and physical boundaries. It prompted new ways of looking at a collection of small problems in
different regions into a single integrated solution for all of them. These projects show what is
possible within the governance regime with wide problem-framing, expanding boundaries,

vision and leadership.

That complexity, problem-framing and seeing multiple potential benefits is part of the systems
thinking embraced by SES, STS and SETS. The question in the framework that seems the
simplest, but is the most pivotal in this respect, is question one (Q1). Q1 addresses the scope
of the project and its connection to other systems. This is itself connected to its sister question,
Question 13, which asks if there is benefit in that remit being expanded. This is important for
a project to define (and test) the physical, jurisdictional and administrative boundaries,
amongst others. Are there benefits to expanding the remit of the project to include other

sectors, water sources and water companies? As well as the literature, the importance of this
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was stressed by participants discussing mission creep. Q1 and the desire for better scoping at
an early stage was also picked up and expressly endorsed by the focus group. In this way the
framework can trigger thinking to include wider societal and environmental benefits and

multi-benefits schemes, where appropriate.

Wider problem-framing and the incorporation of issues outside the immediate technical
challenges are at the heart of the framework. In embracing the breadth of scope it naturally
challenges silos and narrow problem-framing by integrating governance issues directly into
science and engineering projects. It asks questions, not only outside the area of expertise, but
also the area of interest, of some. There was a range of responses for example around the
issue of Rl and the bringing in of governance and accountability directly into the heart of a
project. The rationale for Rl around the long-term issues of public trust and ‘do no harm’, is
known. At the same time, the role of niche experts could and should remain highly prized as
should the ability of science to have room to explore. A solution is likely to be one of ensuring
a combination of wide and narrow problem framing within a project team with each
recognising the skills and benefits of the other. It also suggests respect and space is still
provided for engineers and scientists to explore, albeit within the constraints of a suitable and

fully explained Rl code.

Whilst respect and working to resolve tensions should take place, at the end of the day a
faction of the science and engineering community that does not see the need for codes such
as Rl within projects, risks deepening public mistrust. It can also be self-defeating. Levels of
mistrust were seen in sections of society in relation to covid vaccines, for example, and whilst

the causes of anti-vaccination sentiment are multitudinous and complex, the lack of trust in
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science is said to play a part (Sturgis et al., 2021). Similarly, whatever views are held over GM
and the precautionary principle, it is certainly arguable that a healthy and informed debate
has been muted by lack of trust (Boden et al., 2017). That the consequences of these issues
exist for nanotechnology, robotics and Al amongst others is already recognised (Boden et al.,
2017; Read et al., 2016;). Applying this to Pipebots, it is not hard to envisage that any public
concerns would be heightened by the introduction of these technologies into potable water
and Critical National Infrastructure. Navigating governance for societal goals and Rl appear to
go hand in hand. As an aside, the role of the publicin problem-framing and solution generation
is a substantial area and fell outside the remit of the project, but questions around the role of
the public are also flagged through the response to the survey on their (relative lack) of

importance in network terms.

On justice principles beyond Rl, the framework directly asks questions, side-by-side, to identify
those chosen to benefit, those that do not and those that may suffer a detriment (Q12 and
Q16). A focus group participant talked of their uncomfortableness around the wording of
beneficiary — but that is the reality. Infrastructure decisions are decisions about resource
distribution, and some will benefit and some will not. Justice questions are not about ironing
out winners and losers, but being open about the inevitable trade-offs, ensuring those
decisions are equitable and made with due and respectful processes. It should also be said
that highlighting a lack of a justice narrative is not to say that water infrastructure in the UK is
fundamentally unjust from a social point of view — it is saying we cannot say one way or the
other if we do not ask these questions and openly answer them. It is submitted that doing so

is @ means of engineering better governance.
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In balancing winners and losers there are environmental as well as social factors. A difficulty
for the environment can be its lack of a voice; how it can represent itself in human designed
systems and processes. The lack of ‘voice’ was described by participants in the interviews
including an example of wastewater being discharged out of public view rather than
necessarily in the best place environmentally. This is also an issue commented upon in the
literature. In his report commissioned by the UK Treasury on the economics of biodiversity for
example, Dasgupta (2021, p. 273) describes the importance of ecosystems to human
prosperity and refers to nature being overlooked as ‘silent and invisible’. It is this invisibility
that the issues around data collection may have the potential to start to uncloak. Looking at
the interconnectivity of issues around data, governance, environmental justice and health
suggests that filling data gaps could be a step towards providing that voice. Questions around
data and environmental health are therefore expressly included as a means of a project team
re-addressing the balance. It is an opportunity for a project team to reflect upon data, not just
for operational and regulatory reasons, but as a means of continually expanding the data we

obtain to monitor ecosystem health.

In short, from a project team’s perspective, engineering governance requires networks to
navigate and understand the governance system and push-back where the regulations force
solutions in a direction that do not meet wider societal and environmental goals. It also
accepts that responsibility for better outcomes is not just a responsibility of governance but,
through data initiatives, embracing justice and Rl principles, and fighting passivity, it is a

responsibility of project teams themselves.
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10.3 ENGINEERING GOVERNANCE FOR THE ANTHROPOCENE

Near the beginning of this study, in Chapter 3, the UK water governance regime was described
— asiscommonly accepted — as market-based. This research journey has prompted the author
to re-visit that description. The water governance regime is certainly privatised, but to
describe the system as market-based does not satisfactorily or accurately describe the nature
of the regime. It is not a regime steered by market-forces with tempering by regulation. It is a
regulated regime with some tempering by the market. It is regulation that, predominantly,

drives projects in the sector, not the market.

The question arises as to whether this re-think and re-framing of the governance regime
matters. It is suggested that it does. It matters because this framing can help understand some
of the problems and issues the sector is encountering and leads to literature on how those
problems may be alleviated. As noted, it is also important for projects. Business cases based
solely around economics, for example, may not be as attractive as may be presumed.
Understanding the reality of the governance regime can help shape how a project needs to
present itself and the levers, through policy or regulatory alignment, it has available to it to

press.

The dominance of regulation may not have always been pre-eminent, although the exact
tipping point is not discernible. It is clear from the initial stages of privatisation that
governance concentrated on economic regulation, specifically to keep costs to consumers
within reasonable parameters. Although keeping costs down for current consumers is still said
to dominate (Ofwat, 2020), the goals of policy at least have expanded into far wider social and

environmental goals (Centre for Competition Policy, n.d.). However, looking at the projects
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discussed by participants, there appears to be a problem in achieving those wider social and
environmental aspirations. From the interviews it appears that projects with additional
benefits to society and the environment, are possible but only credited if they can be woven

into the economic governance controls and fit a regulatory driver.

As discussed by the participant looking at a catchment based farming project, this means that
wider benefits become nice-to-have but unnecessary add-ons rather than clearly desired goals
in their own right. Examples of this were also seen in discussions on nutrient removal and
wastewater management. There was evidence of regulation pushing projects towards single,
discrete benefit projects through narrowly-framed regulatory requirements. The interviews
suggest links between narrowly-defined regulatory parameters, narrow data requirements
and collection and narrow regulatory goals and targets. It is worth re-stating the comment
from an experienced and knowledgeable participant from a government agency in this

respect,

They [regulators] need to be certain about delivering something that has
literally no ecological benefit as opposed to be uncertain about delivering

something that has a high benefit potentially.

This highlights the risk and enforcement issues inherent in something new, particularly where
it tackles complexity. However, despite the perceived risks, to have a regime that remains
narrowly framed is contrary to policies around sustainable resource management and
catchment-based approaches, approaches that embrace a holistic view and systems-based
approaches. Conversely, it also shows how governance could improve. The argument runs that

wider parameters with ecosystem health targets should result in a more comprehensive data
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collection and understanding around ecosystem health. If regulation is a driver, as appears to
be the case, framing regulation in this way should drive projects into a more holistic direction.
This may help address the apparent disconnect between sustainability policies above and

narrow and fixed granular rules on the ground.

There were other examples of the regulatory regime presenting rigid barriers for innovation.
On occasions, there was a disjunct between law and regulation at the granular level and policy
goals at a higher level. An example is the existing complexity around Regulation 31, potable
water and the Pipebots project, and the lack of clear avenues to challenge procedures under
the advisory notes for Regulation 31 (Water Supply (Water Quality) Regulations, 2016; DWI,
2017; Appendix 8). These procedures represent the compliance process for a component
being added to the potable water supply in England. They represent a major hurdle for a
complex, autonomous, multi-component robot seeking to comply with rules designed for
chemical dosing and pipework. These procedures do not appear to take into account the push

for innovation to tackle leakage and the transformative initiatives this might prompt.

There are governance solutions out there to balance innovation, safety and compliance. It is
not necessarily wholescale change that is required. Distinctions in the rules and processes
could be drawn between incremental and transformational projects, with new systems in
place solely where innovative projects and systemic change is required, designed in
consultation with stakeholders in the sector (Tait et al., 2017). This maintains a degree of
status quo, yet provides alternative processes for innovative products. Examples of more
flexible processes in special cases already exist, such as a move from a single application

process at the end of development, to a staged or work-in-progress model using regulatory
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gateways for input during design and development (with examples discussed in Dunovic,
2010). Even regulatory processes that are designed to provide the most stringent safeguards
for trust and public health can adapt. This was seen in the recent pandemic vaccine approval
using the rolling review process (UK Gov, 2020). Other examples include the use of regulatory
sandboxes?!, in use by the UK’s Financial Conduct Authority (Financial Conduct Authority,
2021) and in the energy sector by ‘Ofgem’, the energy regulator for Great Britain (Ofgem,
n.d.). In this way innovative ideas can be trialled, with suitable risk assessments and
safeguards in place, yet with some leeway for governance breaches to allow innovation to
develop. This is being explored by Ofwat (Ofwat, 2019) although at the time of writing it is not

clear the extent this is in tandem with the Environment Agency or DWI.

As well as the solutions selected, participants raised issues over projects that were considered
worthy but were not selected. Issues around the asset base, for example, raise concerns over
short-term governance priorities and what is valued. Participants discussed how the asset
base was treated and its relatively low priority in terms of spending. At the time of writing,
concerns over leakage and water quality linked to the state, maintenance and growing
capacity needs of the infrastructure system are highly topical with increasing public concerns
expressed over water body quality (OEP, 2022; Harvey, 2021; Laville, 2021). Participants
offered insights into how these issues are perceived from within project teams themselves —

and in fact these are concerns they share. There was no denial of investment needs in this

21 A ‘regulatory sandbox’ is described by the Financial Conduct Authority as, ‘@ ‘safe space’ in which businesses
can test innovative products, services, business models and delivery mechanisms without immediately incurring
all the normal reqgulatory consequences of engaging in the activity in question’ Financial Conduct Authority (2015)
Regulatory Sandbox, London, England: FCA.
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area from the participants; in fact their concern and frustration was expressed. To re-iterate

the quote of from one participant,

And if you look at the replacement cost of all of our sewers, it's hundreds of
billions of pounds. But everybody hopes that they won't be sitting holding

the parcel when the music stops, and they'll pass it on to the next person.

The concerns from participants addressed their perspective of the low priority the asset base
was given in the Ofwat/Water company/AMP cycle negotiations. It was not possible in this
study to unpick detailed funding agreements between Ofwat and the water companies that
credit or disallow these type of investments and the issue falls beyond the remit of a single
study. Whatever the cause, the regulators themselves are facing an investigation by the newly
formed Office for Environmental Protection (OEP) into the adequacy of their enforcement
operations around combined sewer overflows (CSOs; OEP, 2022). The UK’s National
Infrastructure Commission (NIC) also includes governance and regulation as a key component
of their review of surface water flooding, including sewerage overflows, (NIC, 2022). This is

not just a water company issue.

When the regulatory regime is so strong, it is not surprising that the regulators themselves
come under scrutiny. This could itself be exhibited as an example of a successful, accountable
governance system. There are mechanisms for the system itself to be reviewed and held to
account. The outcome of the investigations will materialise at the proper time, but in the
interim the suggestion from the interviews is that more investment in the asset base is
required to support the resilience and sustainability agendas. The issue for justice,

sustainability and regulators is the extent to which low costs and lack of investment to benefit
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today’s consumers leads to funding gaps and detriments for future generations to tackle

‘when the music stops’.

There is a deeper issue with the strength of the regulatory regime. The trend to date has been
for incremental increases in governance controls and regulation (Centre for Competition
Policy, n.d.). This adds to its complexity. Complexity and systems thinking tells us that absolute
control of a complex adaptive system is a pipedream and there will be unpredictable emergent
features. A body of literature within SES explores regimes that are instead centred around
adaptive governance as an alternative to existing environmental governance regimes. What
adaptive governance teaches is that rather than tightening rules, governance of a complex

adaptive system should seek to flex, learn, adapt and be agile in the face of change.

Whilst a governance system that adapts and changes with the system it is seeking to govern
appears a sensible avenue to investigate, a tension becomes apparent when human and
environmental safety is so paramount. The governance system in question here covers life-
essential water resources requiring clear and enforceable rules for public and environmental
health, safety and security. The law’s strength is considered to be in its enforceability,
certainty and rigidity. Indeed, for investment purposes the regulatory stability and certainty is
considered necessary to attract investors; essential in a privatised system (Dept for Business
Innovation and Skills, 2011). Formal law and regulation can provide the enforceable safety
requirements, security and trust in the system needed. However, formal law, as a strict and
rigid tool of governance, may appear in direct conflict with adaptive governance principles

and even a barrier in its preference for stability over flexibility (Cosens et al., 2020).
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The literature does not yet provide a resolution to this tension. There is a gap when it comes
to resolving the place of law in an adaptive governance system, although suggestions exist
(Cosens et al., 2017; DeCaro et al., 2017). Potential answers are contained within framings of
the law which consider it as setting enforced boundaries, but within those boundaries there
is free space for more flexible forms of governance to operate within (Cosens et al., 2020).
Other studies make suggestions over the drafting of the rules to include elements of learning
and reflection, for example, ‘iterativity’ (Hill Clarvis et al., 2014) or planned periods of

reflection termed ‘legal-sunsets’ (DeCaro et al., 2017).

Building on these ideas, reform for re-engineering governance could include a re-drafting of
regulation to allow for iterative cycles or ‘legal sunsets’, as planned periods of review. There
are some review mechanisms for governance already in place. A specific water sector example
is seen in water safety parameters reviewed every 5 years to take into account ‘scientific and
technical progress’ (Article 11, Council of the European Union, 1998). Embracing triple loop
learning, however, the review should be beyond extending lists of controlled parameters and
should also address underlying principles behind why the rules are there and what they are
trying to achieve. In the NBS and nutrient extraction examples it could include whether good
ecosystem health has been achieved as opposed to the ‘bean counting” approach of a single
level of nutrient reduction with the possibility of that having no meaningful benefit overall. It
should have built in review periods to ask if the regulations are working. To use the comments
made by a participant in relation to the framework and applying this to the governance

regime.
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...should we be doing this differently, is there a way where we need to kind of stop and say
like we are on the juggernaut? Stop. Is there just something completely different that we

could be doing to deliver this project?

The participant here nails the essence of reflection and learning.

Overall, the governance regime has shown an ability to temper the market but its strong
directive force has its limitations in bringing about desired change when it is narrowly drawn.
It also shows the importance not just of policy change but for a consequential review of the
granular rules that remain on the ground, otherwise policy aspirations can be extinguished by
inertia within the rest of the governance regime. Re-engineering the governance system could
consider wider data collection parameters and associated regulation, reflection periods and
in-built triple loop learning to allow formal law to adapt to the complex adaptive system it is
seeking to govern. In this way governance can be more agile alongside the system it is

governing.
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11 CONCLUSIONS

The result of this research is a framework, finally entitled the Justice Matrix, that will support
project teams in navigating the governance systems around engineering projects with a view
to improving their prospects of success. No one discipline holds all of the answers in striving
for a just and sustainable future (McPhearson et al., 2021), but a tool to support the
integration of multidisciplinary thinking into technical teams was lacking. The Justice Matrix is
designed to work in that space. Viewing the sector with a governance lens asks project teams
to look beyond the immediacy of their projects into the wider implications of their work. The
framework helps to facilitate that thinking and is a step forwards in the drive to encapsulate
the wider goals of society, integrate knowledge and thinking from different disciplines and

away from business-as-usual complacency.

Through the design of the framework, the primary purpose of the research has been met, but
the research journey uncovered so much more about the sector by seeing it through the eyes
of those working within it. The wealth of insights they generously shared, particularly from
the interviews, are laid out and discussed in detail Chapter 10. The research shows the disjunct
that can occur between policy aspiration and existing systems, where governance can lead a
sector and hone market-forces but, if not drafted with adaptive principles in mind, can create

outcomes that are neither sustainable nor just.

There are two broad issues to reiterate at the conclusion of this project, both representing
flaws in how the sector is discussed or viewed. The first is the place of the market as a sector

driver and the second is the absence of justice-thinking in decision-making.
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Addressing the market-based issue first, of course the sector in England is privatised. What
this research shows, however, is that market forces are not the main driver behind projects.
The predominant driver behind projects was the need for regulatory compliance. This
research provides evidence that governance can shape markets and behaviours. Economic
drivers were present but regulatory drivers were overwhelmingly dominant. This insight
should impact on strategies and business cases for innovators as well as help re-assess the
essence of the regime and where problems might lie. Looking at problems solely in terms of

market forces will not help resolve its issues or necessarily mean projects are taken on.

The aspirations of the governance regime through policies and international agendas has
progressed from simply financial regulation. The reality of the governance regime, however,
does not meet those aspirations, or at least there were many instances where it fell seriously

short.

There is recognition at policy level of the social and environmental impacts of the sector and
the need for those impacts to be more widely addressed. However, there is a strict legal
framework and regulatory regime at odds with this. Whilst the regulatory regime provides
security and enforceability, there is evidence of hurdles to innovation and wider problem
framing limiting the potential for social and environmental benefits. This can be viewed in a
similar way to physical infrastructure. Whilst physical infrastructure can cause inertia, lock-in
and a preference for the status quo, so can legal and regulatory frameworks that are inflexible

or out-of-date.

Further, there is a suggestion that problems go deeper than an embedding of the status quo

to the potential for harm, for example:
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e The preference for limited projects with narrow goals aligned with narrowly-drafted
regulation at the expense of projects with greater social and environmental benefits. The
nutrient projects led by regulatory requirements, for example, were said by participants

to do more harm than good.

e The example of lack of challenge mechanisms within regulation and the consequent failure
to question a 10-fold increase in project costs based on research suspected to be
fundamentally flawed. This is directly opposite to a result where market forces dominate.

e Evidence of a preference for limited data sets and parameters for regulation leaving gaps
in our knowledge of the environment, potentially flawed project choices and

‘greenwashing’ with the environment ‘unheard’ in procedural justice terms.

These insights were not from media exposés or public campaigns, but from within the sector
itself. The lesson from this study is that this sector is better viewed as regulatory with some
market influence rather than market-based tempered with regulation and treated
accordingly. Knowing this means that the problems are better understood and solutions
designed. Assuming that the sector in England is to remain privatised (as raised in Chapter 3,
a change would result in a wholesale change in governance and networks at all levels), there
remains things that can be done about the regulatory issues. It is possible to have the security
and enforceability of law with flexibility using the principles discussed in this project around
justice, adaptive governance and triple loop learning. It is also possible through careful
redrafting to have regulation that reverses the data gap issue and encourages a wider range
of environmental parameters to be collected. These solutions only come to light when the

true nature of the regime as ‘regulatory dominant’ is accepted.
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The second issue is that of justice. The literature review provides evidence of some justice-
thinking in the sector, but not in a coherent way and some way behind the concept of
sustainability. Justice-thinking has much to offer in the journey to sustainability, as clearly
recognised in the international agendas around net zero. It is not a transition that is sought,
but a ‘just’ transition. Justice thinking can provide the checks and balances needed when
making choices about distribution and representation. This research suggests that justice
should be the next ‘nudge’ along in the development of a water governance paradigm,
growing from the sustainability agendas and guiding us through the difficult choices that
increasing water stress will bring. This research provides evidence of its omission and helps

support calls for this omission to be remedied.

Taking these ideas forward also highlights four areas for further study.

The essence of this study is believing in a need to tackle infrastructure issues differently and a
move away from silos, whether they are administrative, physical boundaries or disciplinary.
The first area for further study flows from the issue of disciplinary silos. A move towards
transdisciplinarity requires an embracing of knowledge and ways of thinking outside of one’s
own skill set. This prompts different questions to be asked, a change in problem-framing
and/or solution generation. There are calls for the breaking down of disciplinary silos to
address the complex issues of the Anthropocene and this study joins with them (McPhearson
et al., 2021; Jensen, 2020; Chester and Allenby, 2019) — to an extent. During the study two
broad mindsets were noted, one preferring narrow problem framing and the other embracing
wider challenges. Through the study, as discussions took place with different individuals, it

was apparent that both mindsets are extremely valuable and necessary. It appears likely that
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teams require both for the creation of solutions that work, with a clear picture of the
overriding (and necessary) drive for wider problem-framing whilst not losing sight of the need
for focussed specialists. An exploration of the mindsets and their connection to problem-
framing and the response to Rl, and how both views can be embraced, could be explored and
developed further. It would entail tackling the reluctance seen in areas around the role of Rl

and attitudes to the role of the general public in solution generation.

The second area for further study is the sustainability of a governance regime based so heavily
upon command and control, regulatory governance. The governance system has shown its
power and potential to control markets, but it could do better. The current regulatory system
has grown in complexity over time as the nature of water and its interconnectivity with most
other systems is recognised, along with the consequent desire to control its emergent
features. The current trajectory appears to be more and tighter regulation. If the regime is to
remain as privatised and external controls are required, then the extent to which increasing

regulatory control can continue is questionable and, in any event, undesirable for innovation.

It is timely for these issues to be tackled as regulation is already undergoing a substantial
review. A review is underway as the post-Brexit UK reconsiders its laws emanating from its
time within the EU, from which much of water regulation emanates (see UK Gov, 2022). A
further review is also underway in the EU in relation to some of its key environmental
Directives, notably a revised Urban Wastewater Treatment Directive (European Commission,
2022). Although at present the content of the new Directive is still subject to review and
debate it appears to be continuing along the trajectory of even tighter regulatory control over

individual parameters (European Commission, 2022). There are opportunities now, not just to
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look at what rules are in place but, as a participant put it, ‘stop the steam train’ and undertake
a triple-loop learning exercise with adaptive governance principles in mind. The literature
review suggests adaptive governance provides potential answers to the quandary of
increasing regulatory control, but further study is required to provide practical insights into
how the strength of the law can be maintained yet drafted to flex with a complex adaptive
system. It is timely for that to take place. Integrating reflection periods and building in triple-
loop learning could assist by ensuring that granular rules in force align with new overarching

and higher-level policy goals.

The third area for further study is to explore the potential of justice as a water governance
paradigm by extending beyond the principles of sustainability. The literature review notes that
sustainability is a well-established concept in water infrastructure and governance literature
and achieving sustainability may, ironically, be mistakenly viewed as fundamentally ‘good’.
There is already useful overlap between the concepts of justice and sustainability, and
sustainability could be the platform from which justice thinking nudges water governance
forwards. The extent to which justice principles can be built into governance mechanisms, and

project plans more explicitly, should continue to be explored.

This leads to the fourth area of study, that of data as a lever to improve the ‘visibility’ of nature,
allowing it to be better plugged into governance systems. It could add to calls to explore
representation and proxies as a voice for ecosystems in procedural justice terms (Pieraccini,
2019; Schlosberg, 2007). A wider range of data sets has the potential to provide a more holistic
view of the state of an ecosystem and so monitoring of change over time. By looking at the

connectivity between the themes from the interviews, data issues were a common thread
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with potential connections between narrow problem framing (for example Nitrogen levels),
narrowly-framed regulation, narrow parameters measured and narrowly-framed solutions.
This is at odds with the desire for holistic water governance. The extent to which re-drafted
regulation and new forms of data can be used to reverse this problem framing and lead to
wider benefits could be explored. This may also address another barrier noted in the
interviews, that of the remit of water companies. An expansion of the remit for more holistic
governance, allowing for wider environmental good, could also be explored and the

implications and trade-offs assessed.

In conclusion, the issues drawn from the study and the areas for further investigation show
the connectivity between governance and projects in the sector. Governance has shown its
potential to shape markets in the area under study through regulatory problem framing and
by implementing the goals of the jurisdiction. It is submitted that the hypothesis of this study
is therefore proven, at least in part. That governance shapes projects in the sector is
overwhelmingly shown by the rationale for the projects chosen (and not chosen) and their
connection to regulatory drivers. This supports the need for project teams to be alive to
governance issues that will impact so heavily upon their success. The application of the
framework could in fact be a useful tool to trial in other jurisdictions as a ‘compare and

contrast’ to the strong UK regulatory results.

The second part of the hypothesis, that projects shape governance, is weaker. Nonetheless
there was evidence of projects bringing about governance changes such as in water trading
with new funding and contractual arrangements between water companies being derived and

attempts being made (albeit unsuccessful in this instance) around catchment-based
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approaches. It is submitted that on reflection the framing of the hypothesis was incorrect. It
is not that projects do shape governance, but that they should shape governance. Comments
to this effect were noted in the survey, in pushing back on governance, alongside the need to
address the work-to-rule mentality seen on occasions. Mechanisms for learning from the
hurdles project teams face should help engineer governance, making it easier for innovative
solutions yet allowing the law to do its job and protecting what it needs to. The ‘challenge’
guestions in the framework are designed to take the sector a step forward in progressing this

element of the hypothesis.

This together with the integration of justice thinking should take us closer to the just and

successful transformational changes we need.
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JUSTICE MATRIX(JUST Interventions in Civil Engineering): A Touchpoint Matrix for Project Teams FINAL FRAMEWORK

THE PROJECT
TEAM AND
RESOURCE

THE
GOVERNANCE
REGIME AND
REGULATION

FORMAL LAW
AND POLICY

JUSTICE

1. What is the project about
and what systems are
affected? When answering this
question consider the
geographic, operational and
administrative boundaries
affected. Could the boundaries
of the project be usefully
expanded? Consider also Q13.

2. What sector specific
regulations impact on the
design of the project? For
potable water, are you alert to
the design impacts of Reg 31?
If the rules are vast, can your
network advise you on the
rules-in-use for your project.

3. Have common legal areas of
concern been addressed?s
human or ecosystem health,
safety and security impacted?
Is there a plan to ensure data
safety and security?

Is the security and resilience of
critical national infrastructure
(CNI) maintained? Have you
referred this to your CNI team?

4. Is there scope for the
project design to embrace
‘circular economy’
opportunities?

E.g. to re-think ‘waste’ as a
potential asset, re-consider the
use of extracted nutrients, re-
think flood water etc.

5. Does the project team have
the expertise it requires to
answer the matrix s?

Consider your core team and its
wider contacts whose expertise it
can draw upon. Beyond
engineering is local, operational
and governance knowledge,
available? How and when will you
engage with them during the
project.

6. Who are the regulators,
companies, agencies and
authorities of interest to your
project?

Who is responsible for the
system in the boundary areas
affected by the project and are
they in your network? Is there an
opportunity to work with other
utilities?

7. Considering other potential
legal impacts and stakeholders -
could there be an impact directly
or indirectly (e.g. nuisance) on
another’s use of land or

property?

Can they be identified?

8. Is there a Responsible
Innovation (RI) code? )? Do you
need a plan to introduce one?
l.e. is there a code to support the
balancing of risk, detriments and
benefits and to plan stakeholder
engagement.

9. If there are gaps in the expertise
required to answer the matrix how
will you draw-in knowledge and
expand your network? Do you
need external advice?

Consider answers to Q1,5,6,7,8 and
11.

10. What sector specific issues or
drivers need accounting
for?Project teams in the past have
raised AMP cycle and price reviews
timescales, rules on contract
procurement, as well as a desire for
positive Public Relations Are there
seasonal or ecological regulatory
requirements e.g. wildlife surveys
that need to be accounted for.

11

In relation to risks (including Q3
and Q7), resources and strategy -
is this a project that should be
kept in-house or should an
external partner be engaged?

12. Who or what may suffer a
detriment as a result of the project
(inc Q7)? Why is this group
affected?

If they are vulnerable or
marginalised, how is the detriment
justified? If there is no Rl code, how
will benefits, detriments and trade-
offs be anticipated and balanced.

13. What benefits does the project
bring to people and planet? Is
there scope for wider social and
environmental benefits?

Does the answer vary with your
answer to Q1.

14. Do the benefits from Q13
support an existing regulatory
requirement? If not, what
supports the business case for
change?

Could any of the wider benefits
from Q13 align with a regulatory
requirement? Can this be used to
bolster the business case?

15. What policies are there that
support the projects goals? Are
you aware of any new or pending
policies or trends that could be
utilised?

Can you link the Q13 benefits to a
public policy or international goal
such as an SDG, to support your
case?

Do new policies signal impending
regulatory change and, if so, how
does this fit with your goals?

16. Who or what will benefit from
the project? Why has this group
been chosen to benefit over
others/Q12?

In answering Q12 and Q16 have
future generations and the
environment been included in the
assessment? Are we clear and have
we communicated not just what
we are doing but WHY?

How and when will you review the
matrix, system boundaries and network
with the team? How will you embed
learning points into the project?

18. When will the team revisit the
matrix, can this be scheduled into the
project plan? Could the matrix itself be
improved?

19. From Q2, do regulations and
governance need to be challenged? If so
can the regulators advise you of the
systems in place to support innovation?
Note, if regulatory hurdles exist in
England, could other jurisdictions be
considered?

20. Are there benefits that policy does
not recognise, but should? If so what are
they? Is the lack of support a hindrance
to Q4 or Q13?

Can your project or business use this
project to advocate for change?

21. Can the data generated by the
project fill current data gaps
(particularly improving knowledge
around environmental status)?

22. Standing back, do you feel this
project will deliver the best feasible
result for people and planet? What can
be done in this respect? Are there
lessons to learn?



JUSTICE MATRIX(JUST Interventions in Civil Engineering): A Touchpoint Matrix for Project Teams FINAL FRAMEWORK

Explanatory Notes

This matrix is drawn from the governance experiences of project teams in the sector and the principles of ‘just’ interventions. It is
not designed to be prescriptive or constricting. It is designed to ask questions of a project team to challenge thinking and prompt
reflection on issues relating to justice and governance to enrich project outcomes. It is for each company using the document to
decide how it can be embedded into their systems.

Notes on the Matrix:
The responses can be organised into project outcomes (following the questions in vertical columns):

e Context and Design (the description of the project, its aims, and systems affected),

e Network (identifying internal and external support and stakeholders — and potential gaps to be filled),

e Strategy (responses that require action or feed into the delivery plan),

e Business Case (the case for change, the governance drivers behind the project and why change is needed), and

e Learning and Challenge (what are the governance hurdles to be challenged, what can be learnt from using the matrixto
pass on to the next team, how can the matrixitself be improved).

Alternatively, the responses can be organised into governance themes (following the questions in horizontal rows):

e Project Team and Resource (the team, the system of interest and the aims of the project),

¢ The Governance Regime and Regulation (the formal or informal rules particular to the sector that impact on the project),

e  Formal Law and Policy (recognising areas that are commonly heavily governed)

e Justice (focussing on distributive justice (the equitable distribution of benefits and detriments), and participatory justice
and respect (ensuring there is a system for identifying and engaging with affected stakeholders).

Q1,4 and 13 address the ‘System of interest’. Can ‘mission’ or ‘scope creep’ be avoided by more timely consideration of resource
systems and connectivity? Are boundaries between systems affected by the project fully understood? Can opportunities to bring
further social and environmental benefits be grasped from the start??

Q2 ‘rules-in-use’ — In a heavily regulated sector, not all of the rules are enforced or applicable. Which of the many formal and
informal rules are relevant and prioritised in practice? Can you draw in the expertise of your network to guide you? Regulations
will change over time and between jurisdictions. At the time of writing, strict provisions for England are contained in ‘Reg 31’2.

Q3 and 11. Whilst legal issues will vary between projects, common areas are flagged. Where flags occur, and knowledge within
the team or contacts cannot be drawn upon, external advice may be indicated.

Q5-8 address the ‘Network’, namely the project team and its internal expertise, the external contacts the team can draw upon
and other affected stakeholders. The network can be drawn upon for information and to understand values and potential conflicts.
Understanding affected stakeholders and an engagement strategy forms part of the Responsible Innovation codes in Q8 and 12.

Q8 and 12, Responsible Innovation (RI) can help form the ethical foundations for a project. In the absence of an ethical code of
practice already within the business it is recommended that an Rl code is adopted to include a public engagement strategy, where
indicated>.

Q9. Tools for considering the network range from a simple review of the contact list to more specialist network analysis for
controversial or complex projects®.

Q10. This flags governance issues project teams have flagged as impacting on project outcomes. AMP refers to Asset Management
Plan. Positive PR acknowledges the political nature of the water regime and regulated customer satisfaction requirements.

Q13-16. These questions look for rules and policies the project can align with and use to support social and environmental benefits,
where appropriate. The SDGs in Q15 refers to the Sustainable Development Goals®.

Q17-22.These questions seek to activate and galvanise a challenge to the status quo where that is required.
Q18 It is suggested that a first consideration of the matrix is undertaken at the early stages of the project. Not all of the questions

will be relevant at this stage. Its subsequent application, record and review can be built into the ongoing project plan. This is also
a provision for the matrix itself to develop and suggestions for refinement are positively encouraged.

! Further material on expanding the benefits of infrastructure projects can be found at https://www.icevirtuallibrary.com/doi/10.1680/jcien.17.00031.

2 https://www.legislation.gov.uk/uksi/2016/614/regulation/31/made

3 As a starting point, the UKRI link is attached https://www.ukri.org/about-us/policies-standards-and-data/good-research-resource-hub/responsible-innovation/
4 For the latter, the UK Gov guide is attached as a starting point
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/491572/socnet_howto.pdf

5 https://sdgs.un.org/goals Link to the SDGs




Draft Governance Framework

Link here to
Consequences: Project Framing Consequences: Governance Framing and Poniect
Theme Governance Questions and Flexing Flexing Notes
How does the project impact geographically? What is the D- M
status of the water or infrastructure resource the D >
Intervention |interventionis designed to assist? Are there the societal D 03,
groups impacted by the intervention not connected to -
geographical location? N/a Na/ SES and feedback from context ;' 8
From the above, what principles of justice* does g =,
the project align with, if any? (*distributive Helps f th for ch if . . _— -
proj 4 o z Y ( . ! < p.s rame the case roncnange Helps understand opposing arguments. Academic support derives from justice D (4]0]
procedural, recognition, capabilites - needs a required and aritiques of SES literature although [ =
guide). not applied in this context : =
Constitution )
. . . . .. - O Academic support for this derives from D
Does the project have a code of ethics or is Suggests need for code of ethics or embedded RI principles within Project's internal o)
. . X (which in t /should infl the final desi its f ing) STS principles. Possibilities include British —+
Responsible Innovation (RI) otherwise governance (which in turn may/should influence the final design or its framing). Standard, IEEE or new responsible .
embedded? linnovations codes ()
(@]
What are the key benefits of the project. For each Are there other key benefits not supported by -
. . . . Supports business case. Requires input ) ) ) S
is there an associated public policy? Intended on 'use cases’ policy? If so does this suggest a wider need for =
beneﬁts as per Liveable cities? change? Potential links to Liveable Cities 8
Academic support for policy alignment -
Poli seen in SES and STS. Also seen in
olicy |literature on justice. Again not directly
applied in this context
As above plus sustainability literature and
Are there any policies that may influence how the . o L » R _, [focus not just on outcomes but how the
. ) - (not just what is built but how it is built) |(do those policies unnecessarily inhibit |nnovatlon)|project is delivered (e.g. full carbon
project should be developed and delivered? :
counting)
Does the project have the potential to impact on
human health, safety and security?
Impact of the Law - sub-categories as per English Law
. and derived from my experience (noting
Project on |Does the project have the potential to impact on Does the team have the resources it | Does the law fit with the wider policies of the day |would be different for example in a legal
General Law |another's property or require planning? needs to answer these questions? or is a need for reform flagged? system with dual religious oversight),
|promotes trandisciplinary working. NB
(Engla nd) . . . English law
Does the project have the potential to impact the
environment*? (consider projects interface with water,
land, air and ecosystems)
. From work on government to
Has the type of governance regime for the sector |(informs nature of network and So 'governance' not 'government'. Multiple governance. This model based on water
Governance |of interest been identified? regulations to be considered) stakeholders, multiple tools of governance. industry in England.
. N Derives from work on importance of |
Regime Does the stakeholder or contact list for the

project include links to potential users and
regulators?

If not suggest network needs to be
expanded

Query if the project brings about changes to who
may be a potential relevant stakeholder?

networks in systems (note 'wider society'
contacts dealt with in Constitution and
Values and Norms)

Sector Specific
Regulation

Does the Project help its target users (or their
customers) meet their primary statutory duties?

To align with the business case in due
course

What mechanisms do the Regulators use for
controlling the activities of the target users (or
their customers) and how will the Project help
them comply? (consider formal regs, economic
drivers, information and education campaigns,
voluntary arrangements)

To align with the business case in due
course

Can the potential users in the network identify
regulations or practices that hinder benefits? Are
the controlling activities inhibitors for the project
in the view of users?

There is literature that looks at tools of
|governance e.g. economic regulation, self
regulation, formal rules. This is designed
to look at context specific outcomes. May
need to work on specific questions linked
to tools chosen.

Value and
norms

What mechanisms are in place to understand and
engage with the societal values and norms that
may impact on the Project?

Rl provides some mechanisms for this. Until adverse behaviours identified cannot determine

which package of governance tools should be considered. Also need to identify extent those

behaviours are endorsed by the current regulatory package - (potential work needed on how
to communicate their identification and strategies to deal).

STS and RI




Governance Framework:

Matters for Consideration by the Project Team

The Intervention

1 Briefly describe the proposed
infrastructure intervention (the
project) Context and Narrative

2 Who is in the project team? As well
as engineering expertise can local,
resource, operational and governance
knowledge be drawn upon? Network

Policy

10 What are the intended benefits of the
project? Other than technical goals are there
wider social and/or environmental benefits?
Business case

11 Can you link the above benefits to a public
policy or international goals such as SDGs? Are
there benefits that policy does not recognise? If
so what are they? Business case.

Justice (Niche)

21 Have you identified/embedded a
responsible innovation (RI)* code including an
AREA* assessment Strategy

22 If a code is still being considered do you
need buy-in from the project team? Strategy

The Resource

3 Describe the water/wastewater
system (system) affected including any
natural, geographic and administrative
boundaries. Context and Narrative

4 Are you clear on the system
boundaries and its interconnectivity
with other relevant systems? Context
and Narrative

5 Are there opportunities to re-frame
any ‘burdens’ into assets e.g. flood
water, removed nutrients, ‘waste’?
Strategy-Context and Narrative

The Regime

6 Who is responsible for the system in
the boundary areas affected by the
project? If responsibility is split how
will multiple stakeholders be
managed? Network

7 Who are the key regulators of
interest for your project? Do you know
how to access them, if required?
Network

8 Is the project novel? Are you aware
of regulatory mechanisms in place to
support novelty/ innovation? Strategy

9 What cycles or timescales does the
regime operate under - e.g. price
reviews, regulatory reviews? How may
that affect the people in your network?
How will you account for these cycles
in your project plan? Strategy

Law (Legal Landscape Impacts)

12 Could the project risk human or ecosystem,
health, safety and security (positively or
negatively)? How will this be understood,
managed and communicated Design
requirements

13 Could the project impact directly or
indirectly (e.g. nuisance) on another’s use of
land or property? How will this be addressed?
Who needs to be involved? Network

14 Is data collected and communicated? Is this
safe and secure? Have protocols for the
handling of data been identified and putin
place? Design requirements

15 Does the project's impact on the security
and resilience of critical infrastructure need to
be considered? If relevant, how will this be
addressed? Design requirements

Regulation (Regime Impacts)

16 Does the project support a regulatory
requirement? If not, what supports the
business case for change? Business case

17 Do the current regulations impact on the
design of the project? For potable water
projects are you alert to Reg 31*? Business-case
Design requirements

18 If the rules are complex can your network
advise you of the 'rules-in-use’? Strategy
Network

19 Are you alert to any issues regarding
contract/ procurement and existing suppliers
that need to be addressed?

Strategy

20 If regulatory hurdles exist should other
jurisdictions be considered? Strategy

Justice (Application)

23 Who or what will benefit from the project?
Why has this group been chosen to benefit?
Business case

24 Who or what may suffer a detriment?
Why is this group affected? Does the Rl code
address communication and mitigation
strategies? Strategy

25 Where there are detriments, does your
strategy include preparing for a delayed or
late response from the public /NGOs?
Strategy

26 In answering Q23/24 have future
generations and the environment been
considered? Business case

27 If there is no Rl code, how will benefits,
detriments and trade-offs be anticipated,
balanced and discussed? Business case

28 How will the data generated by your
project be used? Can it enhance our
knowledge of the environment? Business case

Network

29 Who is in your stakeholder or contact list
(plus see answers to Q2,6,7,13,23 and 24).
Does this include operations, R&D and
engineering contacts? Network

30 Are all potential stakeholder groups
represented / do gaps need to be filled?
Strategy

31 How do you plan to engage and respect
your network/ stakeholders to understand
values that may impact on the project? Does
your Rl code address this? Network

32 If any of these framework questions
cannot be answered can you draw on the
expertise of your network? If not how can you
expand your network? Network/Strategy

Challenge

33 Standing back, do you feel this project delivers the best feasible result for people and

planet? Business case

34 If not, what legal, regulatory or policy drivers could be put in place to support you, can you
lobby for change, escalate these issues or draw on your network to improve future projects?

Strategy

Review

35 How / to whom, will you communicate the

answers to this framework? Network
36 How can this framework be improved?

37 When do you plan to revisit and review the
answers? Strategy




Governance Framework:

Matters for Consideration by the Project Team

The Intervention

1 Briefly describe the proposed
infrastructure intervention (the
project) Context and Narrative

2 Who is in the project team? As well
as engineering expertise can local,
resource, operational and governance
knowledge be drawn upon? Network

Policy

10 What are the intended benefits of the
project? Other than technical goals are there
wider social and/or environmental benefits?
Business case

11 Can you link the above benefits to a public
policy or international goals such as SDGs? Are
there benefits that policy does not recognise? If
so what are they? Business case.

Justice (Niche)

21 Have you identified/embedded a
responsible innovation (RI)* code including an
AREA* assessment Strategy

22 If a code is still being considered do you
need buy-in from the project team? Strategy

The Resource

3 Describe the water/wastewater
system (system) affected including any
natural, geographic and administrative
boundaries. Context and Narrative

4 Are you clear on the system
boundaries and its interconnectivity
with other relevant systems? Context
and Narrative

5 Are there opportunities to re-frame
any ‘burdens’ into assets e.g. flood
water, removed nutrients, ‘waste’?
Context and Narrative

The Regime

6 Who is responsible for the system in
the boundary areas affected by the
project? If responsibility is split how
will multiple stakeholders be
managed? Network

7 Who are the key regulators of
interest for your project? Do you know
how to access them, if required?
Network

8 Is the project novel? Are you aware
of regulatory mechanisms in place to
support novelty/ innovation? Strategy

9 What cycles or timescales does the
regime operate under - e.g. price
reviews, regulatory reviews? How may
that affect the people in your network?
How will you account for these cycles
in your project plan? Strategy

Law (Legal Landscape Impacts)

12 Could the project risk human or ecosystem,
health, safety and security (positively or
negatively)? How will this be understood,
managed and communicated Design
requirements

13 Could the project impact directly or
indirectly (e.g. nuisance) on another’s use of
land or property? How will this be addressed?
Who needs to be involved? Network

14 |s data collected and communicated? Is this
safe and secure? Have protocols for the
handling of data been identified and putin
place? Design requirements

15 Does the project's impact on the security
and resilience of critical infrastructure need to
be considered? If relevant, how will this be
addressed? Design requirements

Regulation (Regime Impacts)

16 Does the project support a regulatory
requirement? If not, what supports the
business case for change? Business case

17 Do the current regulations impact on the
design of the project? For potable water
projects are you alert to Reg 31*? Design
requirements

18 If the rules are complex can your network
advise you of the 'rules-in-use’? Network

19 Are you alert to any issues regarding
contract/ procurement and existing suppliers
that need to be addressed?

Strategy

20 If regulatory hurdles exist should other
jurisdictions be considered? Strategy

Justice (Application)

23 Who or what will benefit from the project?
Why has this group been chosen to benefit?
Business case

24 Who or what may suffer a detriment?
Why is this group affected? Does the Rl code
address communication and mitigation
strategies? Strategy

25 Where there are detriments, does your
strategy include preparing for a delayed or
late response from the public /NGOs?
Strategy

26 In answering Q23/24 have future
generations and the environment been
considered? Business case

27 If there is no Rl code, how will benefits,
detriments and trade-offs be anticipated,
balanced and discussed? Business case

28 How will the data generated by your
project be used? Can it enhance our
knowledge of the environment? Business case

Network

29 Who is in your stakeholder or contact list
(plus see answers to Q2,6,7,13,23 and 24).
Does this include operations, R&D and
engineering contacts? Network

30 Are all potential stakeholder groups
represented / do gaps need to be filled?
Strategy

31 How do you plan to engage and respect
your network/ stakeholders to understand
values that may impact on the project? Does
your Rl code address this? Network

32 If any of these framework questions
cannot be answered can you draw on the
expertise of your network? If not how can you
expand your network? Network/Strategy

Challenge

33 Standing back, do you feel this project delivers the best feasible result for people and

planet? Business case

34 If not, what legal, regulatory or policy drivers could be put in place to support you, can you
lobby for change, escalate these issues or draw on your network to improve future projects?
Strategy

Review

35 How / to whom, will you communicate the
answers to this framework? Network

36 How can this framework be improved?

37 When do you plan to revisit and review the
answers? Strategy
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