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ABSTRACT
Since its privatisation in 1989, the water industry in England and Wales has operated on
the basis of a series of five-year periodic review programmes called ‘Asset Management
Plans’ (AMPs). The cyclical nature of the AMP, amongst other factors, has impacts for
innovation. In particular, recent studies of the UK water industry have highlighted low
innovation, slow adoption of innovation, lack of investment in research and development
and doubts about the sector’s innovation capacity. However, there is a gap in the
literature in terms of innovation models in the UK water sector regulation framework
context. An analysis of innovation and technology adoption literatures showed that the
Technology Acceptance Model (TAM) and other adoption theories can provide a good
overview of the factors that can affect the adoption of innovation. Accordingly, this
research firstly proposed, and then tested and extended, a new conceptual framework of
innovation adoption within the context of the water sector regulation framework in
England and Wales through analysing new empirical data, to include factors that can
explain individuals’ innovation adoption behaviour in a Water and Sewerage Company
(WaSC). In addition, a novel analysis of innovation in supply chain, innovation meaning,
barriers and opportunities are provided.
This research employed a mixed methods research design. Semi-structured interviews
were completed within WaSCs and analysed to test and extend the initial conceptual
framework, which had been developed from literature. Questionnaires were completed
within supply chain firms and analysed to test twelve hypotheses to provide a framework
of innovation in supply chains. The study’s key findings were then brought together and
examined by key water sector stakeholders (e.g. the EA, DWI, Ofwat, Waterwise,
UKWIR, WEDC etc.) through a consultation exercise to finalise results of the study.
The research findings indicate that the personal factors of ‘Attitude towards Innovation’,
‘Perceived Benefits’, ‘Perceived Risks’, ‘Perceived Cost Efficacy’, and the contextual
factors ‘Regulation and Policy’, ‘Industry Characteristics’, ‘Resources’, ‘Organisation’s
Aspirations’, ‘Subjective Norm’ and ‘Collaboration’ all influence innovation adoption
either directly, or through two new mediating factors ‘Perceived Advantage (PA)’ and
‘Perceived Ease and Difficulty in Adoption (PEDA)’. The link between Innovation
Adoption and PEDA was found to be stronger than PA in the case of the water sector.
These findings were brought together in the final conceptual framework of innovation
adoption. Twelve main findings related to regulation, policy, behaviour and collaboration,
including the conceptual framework and its constructs, were presented back to water
sector stakeholders in order to refine the findings. The stakeholders validated the
conceptual framework and its constructs, but raised doubts about some findings related
to the clarity of research priorities at national level and future form of the industry. The
validated findings formed nine suggested actions in a policy-practice action plan.
This research makes a theoretical contribution to innovation and technology adoption
theory literature by extending TAM in the context of the water sector in England and
Wales. The reconceptualisation and extension of TAM to the water sector is new and a
significant contribution in terms of theory extension to a heavily regulated industry (UK
water industry). Secondly, it makes policy-practice contributions through the action plan
for regulators, policy-makers, WaSCs and supply chain to make decisions on issues e.g.
innovation risk-sharing, price control duration, regulatory alignment, collaboration etc. It
finally adds new empirical evidence to the existing knowledge of regulation and
innovation in the water sector.
Keywords: Water Sector, Asset Management Plan, Water Regulation, Innovation
Adoption, AMP Cyclical Investment, Technology Acceptance Model (TAM).
iii

Table of Contents
ACKNOWLEDGEMENTS......................................................................................................... II

ABSTRACT ............................................................................................................................. III

TABLE OF CONTENTS ......................................................................................................... IV

TABLE OF FIGURES ............................................................................................................ XII

TABLES ................................................................................................................................. XV

LIST OF ACRONYMS .......................................................................................................... XXI

CHAPTER 1 - INTRODUCTION............................................................................................... 1

1.1 RATIONALE FOR THE RESEARCH ............................................................................................ 1

1.2 AIMS AND OBJECTIVES OF THE RESEARCH ............................................................................. 6

1.3 RESEARCH PARTICIPANTS..................................................................................................... 8

1.4 SIGNIFICANCE OF RESEARCH AND ORIGINALITY ..................................................................... 9

1.5 LANDSCAPE OF THE THESIS ................................................................................................ 14

CHAPTER 2 - THEORIES OF INNOVATION ADOPTION..................................................... 19

2.1 INTRODUCTION ................................................................................................................... 19

2.2 BACKGROUND .................................................................................................................... 19

2.2.1 Innovation ............................................................................................................... 19

iv

2.2.2 Three key issues with innovation in the water sector ............................................. 21

2.3 CRITICAL REVIEW OF ADOPTION THEORIES .......................................................................... 25

2.3.1 Rational Choice Theory (RCT) ............................................................................... 25

2.3.2 Bounded Rationality (BR)....................................................................................... 27

2.3.3 Extension Theory (ET) ........................................................................................... 28

2.3.4 Diffusion of Innovation Theory (DoI) ...................................................................... 28

2.3.5 Theory of Reasoned Action (TRA) ......................................................................... 31

2.3.6 Theory of Planned Behaviour (TPB) ...................................................................... 34

2.3.7 Technology Acceptance Model (TAM) ................................................................... 37

2.4 UNDERPINNING OF CONCEPTUAL FRAMEWORK .................................................................... 41

2.5 CONCLUSION ...................................................................................................................... 47

CHAPTER 3 - CONCEPTUAL FRAMEWORK ....................................................................... 49

3.1 INTRODUCTION ................................................................................................................... 49

3.2 THE MEANING OF INNOVATION ............................................................................................ 49

3.3 THE CONCEPTUAL FRAMEWORK: EXTERNAL VARIABLES ....................................................... 53

3.3.1 Regulations ............................................................................................................ 53

3.3.2 Industry Characteristics .......................................................................................... 59

v

3.3.3 Collaboration .......................................................................................................... 67

3.4 INNOVATION IN SUPPLY CHAIN............................................................................................. 68

3.4.1 Study Hypotheses .................................................................................................. 69

3.5 THE CONCEPTUAL FRAMEWORK .......................................................................................... 71

3.6 SUMMARY .......................................................................................................................... 72

CHAPTER 4 - RESEARCH METHODOLOGY ....................................................................... 74

4.1 INTRODUCTION ................................................................................................................... 74

4.2 RESEARCH OBJECTIVES...................................................................................................... 74

4.3 PHILOSOPHICAL UNDERPINNING .......................................................................................... 76

4.3.1 Epistemology .......................................................................................................... 76

4.3.2 Ontology ................................................................................................................. 78

4.4 RESEARCH PARADIGM: ADVOCATING PRAGMATISM .............................................................. 80

4.5 METHODOLOGY: ADVOCATING A MIXED METHODS DESIGN ................................................... 82

4.6 RESEARCH METHODS ......................................................................................................... 86

4.6.1 Semi-structured Interviews (Water and Sewerage Companies) ............................ 87

4.6.2 Structured Questionnaire (Supply Chain) .............................................................. 96

4.6.3 Written Evidence (Literature Review)................................................................... 103

vi

4.6.4 Engagement and Observation ............................................................................. 104

4.6.5 Stakeholder Consultation ..................................................................................... 105

4.7 DATA ANALYSIS ................................................................................................................ 108

4.7.1 Thematic Content Analysis .................................................................................. 108

4.7.2 Coding .................................................................................................................. 109

4.7.3 Statistical Methods used in Data Analysis ........................................................... 114

4.8 CREDIBILITY, VALIDITY AND RELIABILITY ............................................................................ 118

4.9 LIMITATIONS OF METHODS AND APPROACHES .................................................................... 120

4.10 SUMMARY ...................................................................................................................... 125

CHAPTER 5 - BARRIERS TO INNOVATION AND ADOPTION OF INNOVATION:
INTERVIEW DATA ANALYSIS AND DISCUSSION - PART 1............................................. 126

5.1 INTRODUCTION ................................................................................................................. 126

5.2 SEMI-STRUCTURED INTERVIEWS ANALYSIS ........................................................................ 126

5.2.1 Analysis Process .................................................................................................. 128

5.3 INNOVATION BARRIERS FOR A WATER AND SEWERAGE COMPANY ...................................... 131

5.3.1 Discussion on Barriers to Innovation.................................................................... 141

5.4 AMP6 NEW APPROACHES OF OUTCOMES AND TOTEX ....................................................... 151

5.5 INNOVATION ADOPTION IN A WATER AND SEWERAGE COMPANY ......................................... 154

vii

5.5.1 Contextual Factors ............................................................................................... 159

5.5.2 Personal Factors .................................................................................................. 165

5.5.3 Integrating Adoption Factors ................................................................................ 169

5.5.4 Discussion and Development of Conceptual Framework of Innovation
Adoption ........................................................................................................................ 173

5.6 SUMMARY ........................................................................................................................ 178

CHAPTER 6 - INNOVATION MEANING AND OPPORTUNITIES FOR INNOVATION:
INTERVIEW DATA ANALYSIS AND DISCUSSION - PART 2............................................. 181

6.1 INTRODUCTION ................................................................................................................. 181

6.2 MEANING OF INNOVATION FOR A WATER AND SEWERAGE COMPANY ................................... 181

6.2.1 Doing Differently ................................................................................................... 182

6.2.2 Value Addition ...................................................................................................... 185

6.2.3 Discussion on the Meaning of Innovation ............................................................ 186

6.3 OPPORTUNITIES FOR INNOVATION FOR A WATER AND SEWERAGE COMPANY ...................... 192

6.3.1 Discussion on Innovation Opportunities ............................................................... 199

6.4 SUMMARY ........................................................................................................................ 205

CHAPTER 7 – INNOVATION IN THE SUPPLY CHAIN: QUESTIONNAIRE DATA
ANALYSIS AND DISCUSSION ............................................................................................ 207

viii

7.1 INTRODUCTION ................................................................................................................. 207

7.1.1 Distribution of the Study’s Main Variables............................................................ 207

7.1.2 Instrument Reliability ............................................................................................ 209

7.1.3 Instrument Validity ................................................................................................ 211

7.2 DESCRIPTION OF DATA ..................................................................................................... 214

7.2.1 Descriptive Statistics of Variables ........................................................................ 215

7.3 INNOVATION BARRIERS AND ENABLERS ............................................................................. 216

7.4 HYPOTHESES ................................................................................................................... 219

7.5 DISCUSSION AND DEVELOPMENT OF SUPPLY CHAIN INNOVATION FRAMEWORK ................... 244

7.6 SUMMARY ........................................................................................................................ 255

CHAPTER 8 - STAKEHOLDER CONSULTATION ON STUDY’S KEY FINDINGS AND
DISCUSSION ....................................................................................................................... 256

8.1 INTRODUCTION ................................................................................................................. 256

8.2 THE STUDY CONSULTATION .............................................................................................. 256

8.3 ANALYSIS PROCESS ......................................................................................................... 257

8.4 CONSULTATION RESULTS .................................................................................................. 259

8.5 DISCUSSION ON THE STUDY’S KEY FINDINGS...................................................................... 276

8.6 POTENTIAL CHANGES TO INCREASE INNOVATION ............................................................... 283

ix

8.6.1 Sharing of Innovation Risks (Action 1 and 2) ....................................................... 285

8.6.2 Longer Price Control Period (Action 3) ................................................................ 286

8.6.3 Regulatory Alignment (Action 4) .......................................................................... 287

8.6.4 Culture of Exploring Solutions Globally (Action 5 and 6) ..................................... 287

8.6.5 Increasing Collaboration (Action 7, 8 and 9) ........................................................ 288

8.6.6 Discounted Actions .............................................................................................. 289

8.7 THREE KEY CHANGES TO INCREASE INNOVATION ............................................................... 291

8.8 CONCLUSIONS .................................................................................................................. 294

CHAPTER 9 - CONCLUSIONS ............................................................................................ 299

9.1 INTRODUCTION ................................................................................................................. 299

9.2 CONTRIBUTIONS TO KNOWLEDGE ...................................................................................... 302

9.3 LIMITATIONS OF THE RESEARCH ........................................................................................ 310

9.4 SUGGESTIONS FOR FUTURE RESEARCH ............................................................................ 312

REFERENCES ..................................................................................................................... 315

APPENDIX A.

INNOVATION MODELS AND INNOVATION STAGES ......................... 342

APPENDIX B.

LANDSCAPE OF THE UK WATER SECTOR ....................................... 354

APPENDIX C.

HISTORY OF THE UK WATER INDUSTRY .......................................... 378

x

APPENDIX D.

ECONOMIC AND QUALITY REGULATIONS ........................................ 380

APPENDIX E.

INTERPRETIVE FRAMEWORK ............................................................ 387

APPENDIX F.

INTERVIEW GUIDE ............................................................................... 391

APPENDIX G.

QUESTIONNAIRE FORM (SUPPLY CHAIN) ........................................ 392

APPENDIX H.

STAKEHOLDERS’ CONSULTATION .................................................... 396

APPENDIX I.

CODING SCHEMA (VISUAL MAPS) ......................................................... 408

APPENDIX J.

NVIVO CODE SUMMARY REPORT ..................................................... 413

APPENDIX K.

DRIVERS AND INCENTIVES FOR INNOVATION ................................ 419

APPENDIX L.

WASCS’ APPROACH TO COLLABORATE SUPPLY CHAIN ............... 423

APPENDIX M.

STATISTICAL TESTS ............................................................................ 425

APPENDIX N.

RESULTS: ANALYSIS OF QUESTIONNAIRE (SUPPLY CHAIN)......... 428

APPENDIX O.

PARTICIPANT INFORMATION SHEET AND CONSENT FORM.......... 440

APPENDIX P.

SUBJECT AREAS FOR INNOVATION .................................................. 445

xi

Table of Figures
Figure 1.1: Literature Review (Chapter Two, Appendix B, Chapter Three) .................... 15

Figure 1.2: Structure of the Thesis ................................................................................. 18

Figure 2.1: Typologies of Innovation from Past to Present (Rowley et al., 2011) .......... 20

Figure 2.2: Model of Five Stages of Innovation Decision Process (Rogers, 2003, p.170)
........................................................................................................................................ 30

Figure 2.3: Theory of Reasoned Action (Fishbein and Ajzen, 1975) .............................. 32

Figure 2.4: Parminter and Wilson’s (2003) Representation of the Theory of Reasoned
Action (Fishbein and Ajzen, 1975) ................................................................................. 33

Figure 2.5: Theory of Planned Behaviour (Ajzen, 1991) ................................................ 35

Figure 2.6: Technology Acceptance Model (Davis, Bogozzi and Warshaw, 1989) ........ 37

Figure 2.7: Final Technology Acceptance Model (Venkatesh and Davis, 1996) ............ 38

Figure 2.8: Technology Acceptance Model 2 (TAM2) (Venkatesh and Davis, 2000) ..... 39

Figure 2.9: Technology Acceptance Model 3 (TAM3) (Venkatesh and Bala, 2008) ...... 40

Figure 2.10: Components of Conceptual Framework from Adoption Theories .............. 47

Figure 3.1: Regulation Construct .................................................................................... 59

Figure 3.2: Industry Characteristics Construct ............................................................... 66

Figure 3.3: Collaboration Construct ................................................................................ 68

xii

Figure 3.4: The Study’s Proposed Conceptual Framework (Initial) ................................ 71

Figure 4.1: Framework Adopted for the Research Approach and Methodology ............ 82

Figure 4.2: Research Methodology ................................................................................ 85

Figure 4.3: Interview Data (Transcript) Coding ............................................................ 110

Figure 4.4: Import of Interviews Transcripts into NVivo v10 ......................................... 113

Figure 5.1: Main Themes (Node Sets) and Analysis Process ...................................... 128

Figure 5.2: Coding and Relationship between Codes and Themes (Example) ............ 130

Figure 5.3: Barriers to Innovation for a WaSC ............................................................. 132

Figure 5.4: Contextual Factors of Innovation Adoption ................................................ 160

Figure 5.5: Personal Factors of Innovation Adoption ................................................... 166

Figure 5.6: Similarity Matrix (showing association between themes): Results of Cluster
Analysis (NVivo) ........................................................................................................... 172

Figure 5.7: Final Conceptual Framework of Innovation Adoption (WaSCs) ................. 177

Figure 6.1: Themes Schema: Meaning of Innovation ................................................... 182

Figure 6.2: Innovation Opportunities for WaSCs .......................................................... 193

Figure 7.1: A plot of the regression standardised residual error (*ZRESID) against the
regression standardised predicted error (*ZPRED) ...................................................... 224

Figure 7.2: A plot of the regression standardised residual error against frequency ..... 225

xiii

Figure 7.3: Supply Chain Innovation Framework ......................................................... 254

Figure 8.1: The Study’s Final Suggested Conceptual Framework ............................... 296

xiv

Tables
Table 2.1: Adoption Theories Constructs and their Application in the Research ........... 41

Table 3.1: Meaning of Innovation in General and for the Water Sector ......................... 50

Table 4.1: Comparison of Positivism and Constructivism Paradigm (adapted from
Creswell and Plano-Clark, 2011; Denzin and Lincoln, 2013a; Amaratunga et al., 2002)81

Table 4.2: Participants’ Targeted and Participated Job Roles for Interviews ................. 90

Table 4.3: Periods of Engagement with Industry and Sources of Information ............. 105

Table 4.4: Stakeholder Groups Contacted and Participating in the Consultation ........ 107

Table 4.5: Participant information ................................................................................. 112

Table 4.6: Parametric Tests with Equivalent Non-parametric Tests ............................ 115

Table 4.7: Summary of Statistical Tools used in the Study and their Purpose ............. 118

Table 4.8: Summary of the Limitations of Methods and Justification of using .............. 120

Table 5.1: Themes Identified from Analysis ................................................................. 127

Table 5.2: Adoption Constructs, Sources and References (NVivo v 11) ...................... 155

Table 5.3: Innovation Adoption Ease and Difficulty Elements ...................................... 156

Table 5.4: Innovation Adoption Constructs and their Elements ................................... 157

Table 5.5: Codes-Themes Schema of Adoption Node (NVivo) .................................... 170

Table 5.6: Results of Cluster Analysis (NVivo v11) ...................................................... 171

xv

Table 7.1: Test of Normality of Variables ..................................................................... 208

Table 7.2: Reliability Analysis: Reliability and Scale Statistics ..................................... 210

Table 7.3: Construct Validity Analysis of Instrument: KMO and Bartlett’s Tests .......... 212

Table 7.4: Construct Validity Analysis of the Instrument: Total Variance Explained .... 213

Table 7.5: Description of Questionnaire Data .............................................................. 214

Table 7.6: Descriptive Statistics of Variables ............................................................... 215

Table 7.7: Innovation Barriers and Enablers ................................................................ 218

Table 7.8: Differences in sharing of innovation risks between different types of firms . 221

Table 7.9: Differences in sharing of innovation risks between firms having business in
the UK market and the UK & overseas markets. .......................................................... 222

Table 7.10: The effect of sharing of risks on the business certainty of supply chain:
Model Summaryb .......................................................................................................... 226

Table 7.11: The effect of sharing of risk on the business certainty of supply chain:
Coefficientsa ................................................................................................................. 226

Table 7.12: The effect of sharing of risk on the business certainty of supply chain:
ANOVAa........................................................................................................................ 227

Table 7.13: Differences in AMP cycle effect in consulting and manufacturing firms: Test
statistics ........................................................................................................................ 227

xvi

Table 7.14: Differences in AMP cyclic influences in UK based firm and UK and overseas
market firm.................................................................................................................... 228

Table 7.15: Pairwise comparison of differences in incentives to innovation between
consulting firms and manufacturing firms ..................................................................... 229

Table 7.16: The effect of WaSC’s adoption on the business certainty of supply chain:
Model Summaryb .......................................................................................................... 231

Table 7.17: The effect of WaSC’s adoption on the business certainty of supply chain:
Coefficientsa ................................................................................................................. 231

Table 7.18: The effect of WaSC’s adoption on the business certainty of supply chain:
ANOVAa........................................................................................................................ 232

Table 7.19: The effect of clarity of innovation needs on the WaSCs’ adoption of
innovation: Model Summaryb........................................................................................ 233
Table 7.20: The effect of clarity of needs on the adoption of innovation: Coefficients a 233

Table 7.21: The effect of clarity of innovation needs on the adoption of innovation:
ANOVAa........................................................................................................................ 234

Table 7.22: Pair-wise comparison of WaSCs’ collaboration between consulting and
manufacturing firms ...................................................................................................... 235

Table 7.23: The effect of WaSC’s collaboration on the clarity of innovation in supply
chain: Model Summaryb ............................................................................................... 236

Table 7.24: The effect of WaSC’s collaboration on the clarity of innovation in supply
chain: Coefficientsa ....................................................................................................... 237

xvii

Table 7.25: The effect of WaSC’s collaboration on the clarity of innovation in supply
chain: ANOVAa ............................................................................................................. 237

Table 7.26: The effect of WaSC’s collaboration on the business certainty of supply
chain: Model Summaryb ............................................................................................... 238

Table 7.27: The effect of WaSC’s collaboration on the business certainty of supply
chain: Coefficientsa ....................................................................................................... 238

Table 7.28: The effect of WaSC’s collaboration on the business certainty of supply
chain: ANOVAa ............................................................................................................. 239

Table 7.29: The effect of WaSC’s collaboration on the sharing of innovation risk: Model
Summaryb ..................................................................................................................... 240

Table 7.30: The effect of WaSC’s collaboration on the sharing of innovation risk:
Coefficientsa ................................................................................................................. 240

Table 7.31: The effect of WaSC’s collaboration on the sharing of innovation risks:
ANOVAa........................................................................................................................ 241

Table 7.32: The effect of WaSC’s collaboration on the sharing of information and
database: Model Summaryb ......................................................................................... 242

Table 7.33: The effect of WaSC’s collaboration on the sharing of information and
database: Coefficientsa................................................................................................. 242

Table 7.34: The effect of WaSC’s collaboration and sharing of information and database:
ANOVAa........................................................................................................................ 243

Table 7.35: Summary of the findings of hypotheses .................................................... 244

xviii

Table 8.1: Summary of Regulators’ Responses ........................................................... 274

Table 8.2: Summary of Research Organisations’ and Others’ Responses .................. 275

Table 8.3: Policy-Practice Action Plan ......................................................................... 283

xix

COPYRIGHT
Attention is drawn to the fact that copyright of this thesis rests with

(i)

Anglia Ruskin University for one year and after that with

(ii)

Sanjay Kumar Chaturvedi

The copy of the thesis has been supplied on condition that anyone who consults it is
bound by copyright.

xx

List of Acronyms
AMP

Asset Management Plan

APPWG

All Party Parliament Water Group

AB

Adoption Behaviour

AI

Adoption Intention

BI

Behavioural Intention

BP

Business Plan

BPR

Business Process Re-engineering

BR

Bounded Rationality

Capex

Capital Expenditure

CB

Collaboration

CCG

Consumer Challenge Group

CE

Perceived Cost Efficacy

CEMEP

Commission on Environmental Markets and Economic Performance

CEO

Chief Executive Officer

CIS

Capital Incentive Scheme

CST

Council for Science and Technology

DEFRA

Department for Environment, Food and Rural Affairs

DoI

Diffusion of Innovation (DoI)

DWPAs

Drinking Water Protected Areas

DWI

Drinking Water Inspectorate

EA

Environment Agency

ET

Extension Theory

EU

European Union

EV

External Variables

HoLSTC

House of Lords Science and Technology Committee

HoCEAC

House of Commons Environmental Audit Committee

IA

Individual’s Attitude towards Innovation

IC

Industry Characteristics

IRM

Innovation Roll-out Mechanism

NIA

Network Innovation Allowance

NIC

Network Innovation Competition
xxi

OA

Organisational’ Goals and Aspirations

ODI

Outcomes Delivery Incentives

OECD

Organisation for Economic Co-operation and Development

Ofgem

Office of Gas and Electricity Markets

Opex

Operational Expenditure

Ofwat

Water Service Regulation Authority

PCF

Participant consent form

PB

Perceived Benefits (PB)

PEU

Perceived Ease of Use

PIS

Participant information sheet

PR

Perceived Risks

PU

Perceived Usefulness

PwC

PricewaterhouseCoopers

RA

Relative Advantage

RAB

Regulatory Asset Base

RBMPs

River Basin Management Plans

RCV

Regulatory Capital Value

RCT

Rational Choice Theory

RIIO

Revenue=Incentives + Innovation + Outputs

RPI

Retail Price Index

R&D

Research and Development

RP

Regulation and Policy

RS

Resources

PR

Price Review

SIM

Service Incentive Mechanism

SN

Subjective Norm

TAG

Technology Approval Group

TAM

Technology Acceptance Model

Totex

Total Expenditure

TPB

Theory of Planned Behaviour

TRA

Theory of Reasoned Action

TQM

Total Quality Management
xxii

TSB

Technology Strategy Board

UKCP

UK Climate Projections

UKWP

UK Water Partnership

UKRN

UK Regulators Network

UWWTD

Urban Waste Water Treatment Directive

UKWIR

UK Water Industry Research

WaSC

Water and Sewerage Company

WEDC

Water Engineering and Development Centre

WoC

Water only Company

WRMP

Water Resources Management Plan

WRc

Water Research Centre

WFD

Water Framework Directive

WIA

Water Industry Act

WHO

World Health Organization

xxiii

Chapter 1 - INTRODUCTION
1.1 Rationale for the Research
Innovation has been regarded as the lifeblood of business and growth (Zahra and
Covin, 1994). While the benefits of innovation in the water sector have been widely
acknowledged in the existing literature (Cave 2009a; Council for Science and
Technology (CST), 2009; HM Treasury, 2012; Ofwat, 2017b), low innovation, slow
adoption of innovation, lack of investment in research and doubts about the
innovation capacity of the UK water industry have been highlighted in previous
studies (CST, 2009; Cave and Wright, 2010; UKWIR, 2006, 2011; Bridgeman, 2011;
Schafer, 2011; Department of Business Innovation and Skills, 2013). There is a
growing awareness of the need to understand the factors related to innovation
adoption behaviour in organisations (Panzano and Roth, 2006; Aarons et al., 2011;
Wisdom et al., 2013), taking into account the specific external environment in which
individuals make decisions to adopt innovations.

The UK water industry, as a set of heavily regulated vertically integrated regional
monopolies, is not seen to encourage innovation (Cave and Wright, 2010).
Bridgeman (2011, p.325) stated, “The water industry has serious innovation needs
in order to secure an asset base upon which its current and future asset
management practices can rely robustly in order to deliver water and sewerage
services to the required quality and levels of service”. The All Party Parliamentary
Water Group (APPWG) has recommended that innovation in the water industry
should be increased (APPWG, 2008).
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Previous studies (CST, 2009; Bridgeman, 2011) reported a slow rate of innovation in
the UK water sector and suggested water companies to increase innovation. Cave
and Wright (2010) highlighted that the UK water industry is not investing adequately
in research and development, and hence raised doubts about the innovation
capacity of the industry. UK Water Industry Research (UKWIR) also highlighted that
innovation has been too low in the sector, and the sector is slow to adopt innovation
from elsewhere (UKWIR, 2011). Ofwat (2012a; 2017b) stressed the need to find
more innovative ways of delivering water and sewerage services. Cave and Wright
(2010) stated that there are doubts about the capacity of UK water industry
regarding innovation, where spending on research and development has decreased
by half in the past ten years. There is a risk that continued lower funding of research
and development in the sector could lead to limiting the scope for productivity in the
future, once current technological developments are fully exhausted (CST, 2009).
This also means that technologies developed elsewhere will be difficult to adopt in
the UK water sector due to their higher cost of appropriation as a result of
insufficient investment in research and development in the sector. The challenge for
UK water companies is to find a window to adopt innovative technologies, products
and processes within the regulatory authorities’ and companies’ aspirations. This
also means a strong case for the adoption of innovation is required; otherwise, the
existing situation of slow adoption of innovation will remain the status quo.

A comprehensive review of the literature showed that numerous studies in the water
sector have analysed the impact of privatisation and regulatory changes in the UK
water industry (Bakker, 2000, 2001, 2003a; Haughton, 1998; Ogden, 1994, 1995;
Ogden and Watson, 1999; Schofield and Shaoul, 1997; Kinnersley, 1998; Saal and
Parker, 2000). Some studies have assessed regulatory practices in the context of
2

the sector’s challenges. For instance, Sainsbury (2007), HoLSTC (2006), CEMEP
(2007), APPWG (2008) and Gray (2011) have commented on pricing reviews and
discussed the existing arrangements for economic regulation in respect to future
challenges. Walker (2009) examined a fair and sustainable charging for household
water and sewerage services; Pitt (2008) reviewed the flooding emergency that took
place in 2007. These studies mainly cover impacts of privatisation, regulation and a
few specific challenges, such as flooding, related to the water sector, and do not
consider innovation in greater depth.

Other studies (UKWIR, 2006, 2011; CST, 2009; Cave, 2009a; Gray, 2011; HM
Treasury, 2012) have focused on innovation, regulation and competition in the UK
water industry with different objectives. For example, Cave (2009a) focused on
competition and innovation; Gray (2011) focused on economic regulation and
consumers’ representation and HM Treasury (2012) investigated the causes of
cyclical investment under Asset Management Plans (AMPs) (five-year investment
cycles). Despite UKWIR (2006, 2011) highlighting a need for analysis by
stakeholder groups such as water companies and supply chain firms and suggesting
further research to look into the alignment of key stakeholders on important issues
related to innovation and regulations, there is a lack of studies that attempt to
understand innovation and innovation adoption behaviour in the water sector, more
specifically in WaSCs and supply chain firms. This current research, by investigating
innovation in WaSCs and innovation in supply chain firms, first proposes then tests
and extends a new conceptual framework to address the issue of low innovation and
slow adoption of innovation highlighted in previous studies (CST, 2009; Bridgeman,
2011; Schafer, 2011; Cave and Wright, 2010; UKWIR, 2006, 2011).
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Furthermore, when it comes to the innovation literature generally, more research is
needed about the factors related to individuals’ behaviour in innovation adoption,
and how to increase adoption of innovation (Panzano and Roth, 2006; Wisdom et
al., 2013). The innovation diffusion literature has concentrated mainly on the
implementation phase (Aarons et al., 2011) rather than the adoption or preimplementation phases. Tabak et al. (2012) analysed various theoretical frameworks
used in dissemination and implementation research, and did not find all the
necessary factors of innovation adoption in existing frameworks.

In terms of innovation theories, previous studies have shown that the Technology
Acceptance Model (TAM) introduced by Davis (1989) is a robust technology
adoption model and one of the most cited theories. TAM’s original framework has
been used in many disciplines to develop models in various settings. Previous
studies (Szajna, 1996; Agarwal and Prasad, 1997; Lucas and Spitler, 1999; Legris
et al., 2003) found that TAM should be extended to include more constructs in order
to be able to explain adoption further. Venkatesh et al. (2003) developed a unified
model, UTAUT (Unified Theory of Acceptance and Use of Technology), based on
previous technology adoption models to study employees’ adoption of technology in
organisations in information technology. Venkatesh et al. (2012) further developed
this model as UTAUT2 to study customers’ adoption and use of mobile Internet
technology. Eugenia et al. (2013) used TAM as a framework in an analysis to
examine factors that affect e-portfolio acceptance among student teachers in the
education sector. Safdari et al. (2017) also used TAM in the health sector.

The water sector is well researched in terms of core technical issues or the
regulatory context, but when compared with other sectors such as information
technology, education and the health sector in relation to innovation or technology
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adoption behavioural studies (Venkatesh and Davis, 1996, 2000; Venkatesh and
Bala, 2008; Eugenia et al., 2013; Safdari et al., 2017), a lack of innovation studies
was found in the water sector. This could possibly be due to the sector’s
monopolistic

and

technology-centred

characteristics;

however,

a

lack

of

understanding of innovation adoption behaviour in the water sector has led to a
slower adoption of innovation, even though innovation is considered as a top priority
agenda in the sector. Thus previous studies on the water sector (UKWIR, 2006;
CST, 2009; Cave, 2009b; UKWIR, 2011; Gray, 2011; HM Treasury, 2012) have
focused on regulation, innovation and competition for different objectives, with
practitioner perspectives, not from the theoretical perspectives of studying
innovation behaviour by using or extending any of the well-known innovation or
technology adoption theories in the water sector context. The current study
addresses the lack of research providing theoretical perspectives in the body of
literature related to innovation and technology adoption theories by extending TAM
in the context of in the water sector in England and Wales.

In summary, the growing concerns about low innovation and slow adoption of
innovation reported in previous studies in the water sector, and the need to better
understand the factors related to the innovation adoption behaviour of individuals in
organisations highlighted in the theoretical literature related to innovation and
technology adoption (Szajna, 1996; Agarwal and Prasad, 1997; Lucas and Spitler,
1999; Legris et al., 2003; Botha and Atkins, 2005; Panzano and Roth, 2006;
Bagozzi, 2007; Aarons et al., 2011 and Wisdom et al., 2013; Eugenia et al., 2013;

Safdari et al., 2017) justify the overall aim of this study to develop a new conceptual
framework of innovation adoption for WaSCs.
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1.2 Aims and Objectives of the Research
The primary aim of this research is to enhance knowledge on the topic of innovation
and technology adoption theories by extending technology acceptance theory (TAM)
in the water sector context. This is done by proposing, testing and extending a new
conceptual framework that provides improved understanding of individuals’
behaviour in innovation adoption and thus can be used to increase the adoption of
innovation in a WaSC in England and Wales.

The secondary aim of this research is to examine supply chain professionals’
perception of innovation in the context of the water regulation framework and
propose a framework that improves the understanding of innovation in the supply
chain and suggests ways to increase innovation in supply chain firms.

To achieve the study’s aims, the following six research objectives were formulated:

1. To understand and identify factors related to the innovation adoption
behaviour of individuals who make innovation-related decisions in WaSCs,
and propose a conceptual framework of innovation adoption that combines
factors to improve understanding of the adoption of innovation and thus can
be used to increase the adoption of innovation in a WaSC in England and
Wales.
Addressed in Chapters Five through proposing and then testing
and extending a new conceptual framework of innovation adoption.
2. To examine supply chain professionals’ perceptions about barriers and
enablers of innovation within the water regulation framework in England and
Wales and analyse innovation-influencing factors to propose a framework
that combines and integrates the factors to demonstrate an improved
6

understanding of innovation along with ways to increase innovation in a
supply chain firm in England and Wales.
Addressed in Chapter Seven through analysing innovationinfluencing factors and then testing twelve hypotheses related to
innovation in supply chain firms in the water regulation context.
3. To understand the meaning of innovation for a WaSC within the water
regulation framework in England and Wales.
Addressed in Chapter Six through analysis of data collected from
WaSCs.
4. To identify opportunities for a WaSC to innovate within the water regulation
framework in England and Wales.
Addressed in Chapter Six through analysis of data collected from
WaSCs
5. To identify barriers to innovation for a WaSC within the water regulation
framework in England and Wales.
Addressed in Chapter Five through analysis of data collected from
WaSCs
6. To bring together the study’s key findings to suggest changes that could
assist WaSCs and supply chain firms to increase innovation within the water
regulation framework in England and Wales.
Addressed in Chapter Eight through consultation and the action
plan.
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1.3 Research Participants
WaSCs bring in and adopt much of the innovation from supply chain firms. This
study therefore focuses on innovation in these two key stakeholder groups (WaSCs
and supply chain) in relation to the water sector regulation framework in England
and Wales. In terms innovation in these two groups, the study is intended to: 1)
understand, explore and examine the innovation adoption behaviour of individuals
(who are decision-makers in innovation related matters) in WaSCs and innovation in
supply chain firms; 2) understand the meaning of innovation in this context, 3)
explore opportunities and barriers to innovation, and therefore 4) suggest changes
that could assist WaSCs and supply chain firms in increasing innovation.

WaSCs: there are a total of ten WaSCs in England and Wales. Semi-structured
interviews were conducted within four WaSCs with participants who either make
innovation decisions themselves, or work in such a capacity that their
recommendations on innovation are considered imperative in their organisation. All
participants interviewed were decision-makers in their own organisation.

Supply Chain: There are a much large number of supply chain firms when compared
to WaSCs. The participants from supply chain firms were professionals who have
knowledge and experience of supply chain framework contracts in the water sector.
A questionnaire approach was a practical choice for gathering information on
innovation considering the large number of supply chain firms.

Stakeholders: A consultation with water sector stakeholders such as the
Environment Agency (EA), Ofwat, Drinking Water Inspectorate (DWI), etc. was
completed to enhance the quality of the study’s findings and its contributions
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through the examination of the study’s main results (including final conceptual
framework of innovation adoption).

1.4 Significance of Research and Originality
This research aims to make three contributions to knowledge.

First, in terms of theory extension and contribution to innovation and technology
adoption theories and literature by extending TAM in the context of the water
regulation framework in England and Wales, this is the theoretical contribution.

Second, it makes a policy contribution through the policy-practice action plan for
regulators and policymakers in formulating policies or reviewing policies in the water
sector’s ongoing reform. In terms of practice contribution, it provides two useful
frameworks and policy-practice action plan for improving innovation in WaSCs and
supply chain.

Third, it provides new empirical evidence (with novel methodological contributions to
gather this) to enhance the existing knowledge of regulation and innovation in the
water sector.

These contributions are described in the following paragraphs:

First, two related theoretical contributions in terms of the contribution to
innovation and technology adoption theories and literature: the study
contributes to these academic and theoretical debates as it firstly extends the TAM
(Venkatesh and Davis, 1996) within the context of a WaSC in the water sector by
adding five new factors related to individuals and their external environment within
which they make innovation-related decisions, and two new mediating factors of
9

‘perceived ease and difficulty in adoption’ and ‘perceived advantage’ by testing and
extending an initial conceptual framework, derived from the analysis of existing
literature, from analysing the inputs of individuals who make innovation-related
decisions in WaSCs.

The related theoretical contribution is in terms of providing a new framework
with improved understanding of innovation in supply chain firms and
contribution to the growing body of innovation literature concerned with encouraging
innovation in the UK water industry. The study contributes to the water sector
innovation literature as it provides a new framework for innovation in a supply chain
firm within the context of the water regulation framework that shows how adoption of
innovation, sharing of innovation risks, collaboration and regulatory framework are
related to innovation in a supply chain firm by testing the study’s twelve hypotheses,
formed from the analysis of existing literature, from analysing the inputs of supply
chain professionals.

These two related theoretical contributions aim to negotiate three theoretical gaps:

1) There is a gap in the existing innovation and technology adoption theories in
terms of integrating factors related to regulation (more specifically, the regulatory
attributes that interact with innovation decision-making in a regulated organisation
such as a WaSC) and industry characteristics (more specifically, industry-specific
beliefs, values, facts, meanings and culture). This gap also exists in the Technology
Acceptance Model (TAM) as indicated by studies previously (Szajna, 1996; Agarwal
and Prasad, 1997; Lucas and Spitler, 1999; Legris et al., 2003; Venkatesh and
Davis, 1996, 2000; Venkatesh and Bala, 2008; Eugenia et al., 2013; Safdari et al.,
2017). These studies have either extended the original TAM or found that TAM
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should be extended to include more constructs in order to be able to explain
adoption further, specific to their study context. Although TAM acknowledges the
importance of social and external factors in innovation and technology adoption, its
constructs are too general, and the effects of factors e.g. regulations and industryspecific beliefs, values, facts, meanings and culture are not well-considered in this
theory in the context of a heavily regulated sector such as the water sector in
England and Wales.
2) There is a gap in literature related to the water sector in terms of providing
theoretical perspectives by studying innovation adoption by extending or testing an
existing adoption theory. Previous studies in the water sector (UKWIR, 2006; CST,
2009; Cave, 2009b; UKWIR, 2011; Gray, 2011; HM Treasury, 2012) have focussed
innovation and regulation with practitioner perspectives which indicates the lack of
studies in the sector that provide theoretical perspectives in the body of the literature
related to the water sector in England and Wales.

3) There is a gap in the water sector literature in terms of investigating the adoption
of innovation at the organisation level. Innovation in previous studies in the water
sector has been mostly considered at the industry level. There is relatedly a lack of
studies that have sought to address innovation from the perspectives of WaSCs and
supply chain firms, the two types of organisation which are the main sources of
innovation in the water sector.
The second contribution of the present study is related to its policy significance
by providing useful results, using its two proposed frameworks and the
recommended policy-practice action plan for improving innovation in WaSCs
and supply chain firms in the water sector.

This addresses following four gaps:
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1) This research and its findings provide new insights into WaSCs and supply chain
firms on those regulatory aspects that behave as barriers to innovation in the
regulatory framework. These findings were finalised through a consultation with
relevant stakeholders including regulators, and therefore are useful for policymakers and regulators in the formulation and/or review of existing policies to
increase innovation in the water sector. The research findings are also useful for the
water sector’s ongoing regulatory reform by providing new original evidence to
policy-makers and regulators. The study’s findings will help policy-makers in policy
formation and decision-making regarding regulatory aspects such as longer price
review period, incentives, etc., in future price reviews.

2) From a practical point of view, the study’s results and the action plan are
significant for water companies and supply chain firms themselves in order to
increase innovation. Previous studies and literature related to the water sector have
provided evidence of low innovation and slow adoption of innovation, and
highlighted the need to increase innovation. The proposed frameworks of innovation
adoption and supply chain innovation directly improve this understanding along with
an action plan for increasing innovation. This study’s findings could assist WaSCs
and supply chain firms in overcoming some of the barriers and making changes, in
their own capacity, to increase innovation in their firms. Furthermore, the proposed
conceptual framework of innovation adoption also offers a practical framework for
assessing and comparing the adoption of innovation among WaSCs to know how
various factors are affecting individuals’ adoption decisions in different WaSCs or
different sets of WaSCs and whether there are any similarities in the trends in
factors, which could assists in proposing sector-wide or region-wise changes that
could improve the adoption of innovation in the sector or for a region.
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3) There is a gap in the existing literature in terms of investigating innovation, taking
into account the new approaches of outcomes and totex introduced by the economic
regulator in price review 2014 which increases the significance of this research.
Previous studies (UKWIR, 2006, 2011; CST, 2009; Cave, 2009a; Gray, 2011; HM
Treasury, 2012) have focused on competition, regulation and innovation in the UK
water sector, but there is a lack of studies that consider innovation in WaSCs and
supply chain taking into account totex and outcomes using a theoretical framework.
The study findings, interestingly, showed that although both totex and outcomes
provide flexibility in terms of innovation, the five-year duration of price reviews does
not support these approaches.

4) There is a gap in the understanding of what, precisely, innovation means for a
WaSC. Without such an understanding, it becomes challenging to enter into a
discourse in which the meaning of the object of the discourse constantly changes.
Understanding of the meaning of innovation would provide a context within which
this study’s proposed conceptual frameworks and findings become relevant at both
the policy and practice level. Previously, UKWIR (2006), Cave (2009b) and Water
Sector Leadership Group (2011) have defined the term innovation from the industry
perspective in general, not specifically what it means particularly to a water
company operating in a heavily regulated environment. This study brings in a new
definition of innovation to the growing body of literature concerned with encouraging
innovation in the UK water industry.

The third contribution is related to adding new empirical evidence to the existing
knowledge of regulation and innovation in the water sector. The empirical work in
this research (semi-structured interviews with water experts, questionnaire with
supply chain firms and consultation with water sector stakeholders) is original and
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provides new evidence in the water sector and in the innovation and technology
adoption theories.

1.5 Landscape of the Thesis
This thesis is divided into nine chapters: each chapter starts with an introduction and
presents a summary at the end to maintain continuity, connections and ease of
reading. Chapter One is this introduction.

Chapter Two includes an in-depth analysis of innovation and technology adoption
theories and their strengths and weaknesses. This chapter provides a theoretical
perspective that underpins this research.

Chapter Three builds on Chapter Two and introduces a number of sector-specific
concepts in order to propose an initial conceptual framework.

Section 3.3 is supported by Appendix B which includes a detailed
landscape of the water sector including information about water companies,
innovation in the water sector and the water regulation framework and an indepth look at the sector’s key challenges.

Figure 1.1 gives an illustration of how the literature review in Chapter Two, Appendix
B and Chapter Three was conducted to propose the initial conceptual framework.
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Figure 1.1: Literature Review (Chapter Two, Appendix B, Chapter Three)
In addition to innovation and technology adoption theory literatures, as the research
aimed directly to a particular sector, it is important to note the non-academic sources
utilised. The review of literature thus includes written evidence from various
published source material that have been produced by government and private
establishments such as Ofwat, DEFRA, UKWIR, Institution of Civil Engineers (ICE),
Chartered Institute of Water and Environment Management (CIWEM), press
releases, conference presentations, journal articles and commentary in published
media such as NCE magazine, Utility Live magazine, newspapers, leaflets, website
information and companies’ websites, etc. Much of the literature on the research
subject was from practitioners’ studies, independent reviews and studies by
government and private organisations. The water industry trade associations, British
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Water, Utility Live and Water UK make particular use of this strategy in order to
comment on and make the position of the water companies and other stakeholders
clear on various policies, regulations, acts and consultations. Water UK's press
statements, Utility Week and ICE analysis, Water Briefings, journal articles and
comments in national and local newspapers were sources of information. Official
publications by government agencies such as DEFRA, Ofwat, DWI and the EA were
also important sources of information on policy guidelines, acts and regulations.

Chapter Four describes the research approach and methodology by presenting the
philosophical underpinnings of the research, followed by the research paradigm,
data requirements to address the research objectives, research design and research
methods.

Chapter Five analyses the data collected through semi-structured interviews within
WaSCs and discusses the results (barriers to innovation and adoption of innovation)
taking into account the literature review. This chapter provides the innovation
adoption part of the initial conceptual framework by proposing a final conceptual
framework of innovation adoption for WaSCs. (Addresses Research Objectives
One and Five)

Chapter Six continues the analysis of the data collected through semi-structured
interviews within WaSCs and discusses the results (meaning of innovation,
opportunities for innovation and drivers and incentives for innovation (Appendix K)),
taking into account the literature review. (Addresses Research Objectives Three
and Four)

Chapter Seven analyses the data collected through the questionnaire completed by
professionals from water sector supply chain firms and discusses the results
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(innovation in supply chain firms within the water regulation framework context),
taking into account the literature review. This chapter provides a framework for
innovation in supply chain firms. (Addresses Research Objective Two)

Chapter Eight analyses the data collected through consultation with water sector
stakeholder groups on the study’s key findings. An action plan is provided to
improve innovation in WaSCs and supply chain firms. (Addresses Research
Objective Six)

Chapter Nine concludes the study’s contributions to knowledge and the research
limitations, and suggesting future research opportunities that could extend this
research.

To assist readers in following the whole research conveniently, the structure of the
research thesis is illustrated in Figure 1.2.
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Figure 1.2: Structure of the Thesis
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Chapter 2 - THEORIES OF INNOVATION ADOPTION
2.1 Introduction
This chapter analyses different theories related to the adoption of innovation and
technology acceptance developed in academic debates and disciplines (including
psychology, sociology, communication, information technology and organisational
behaviour). An in-depth critical assessment of several key adoption theories with
their concepts is provided in order to propose an initial conceptual framework of
innovation (Chapter Three) based on existing adoption theories and the findings of
the analysed body of literature related to the water sector. The initial conceptual
framework will be further tested and extended from the outputs of the qualitative and
quantitative analysis of empirical primary data collected for this study to propose a
final conceptual framework of innovation adoption in a WaSC in Chapter Five and a
related supply chain innovation framework in Chapter Seven.

2.2 Background
Before analysing and discussing specific adoption theories, innovation in general
and three key issues with innovation in the water sector are highlighted in this
section.

2.2.1 Innovation
Innovation can be delved into deeper by discussing a number of innovation models.
The foundation and integrative models describe various types of innovation. Figure
2.1 maps various types of innovation included in the ‘foundation’ and ‘integrative’
frameworks to show their typologies on a timeline and demonstrate the different
focus in the literature in recent decades (Rowley et al., 2011). The foundation and
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integrative models, based on how they have been developed chronologically in the
academic literature, are described in full detail in Appendix A. Key points of
relevance to this study are given here.

Figure 2.1: Typologies of Innovation from Past to Present (Rowley et al., 2011)
A shift in focus from Knight (1967) through to Francis and Bessant (2005) can be
seen in terms of the inclusion of new types of innovation such as position and
paradigm innovation. All past and present models have recognised the need to
include a wide range of innovation and of managing different innovation types
together. Innovation in the water sector takes various forms, for instance product
and process innovation (UKWIR, 2006; Cave, 2009b); technical innovation and
policy-based innovation (Page and Kaika, 2003); service innovation, financial
innovation (Cave, 2009b); business innovation, management innovation (Water
Sector Innovation Leadership Group, 2011). Instead of looking at different goods or
services, innovation can also be distinguished by the extent of the changes brought
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about in the industry. An innovation is termed a discontinuous innovation when it
produces substantial changes that influence the whole industry. This usually
happens together with process and technological changes or improvements. Once
introduced, it brings changes in the industry in terms of the resources, skills and
expertise needed (Anderson and Tushman, 1991). Product innovation is changes in
the products or services offered by an organisation, and process innovation refers to
changes in the method of developing or delivering products or services (Bessant
and Tidd, 2007). Position innovation involves re-positioning an existing product or
service which is already established in a particular context. This form of innovation
intends to approach a new market segment or new customers through changing the
perception of customers about a product or service (Francis and Bessant, 2005,
p.175). For instance, separation of the retail and wholesale water businesses in the
water sector brings new offerings to attract new business customers. Paradigm
innovation includes a substantial shift in the perceptions of potential adopters and
takes place when the way of considering products and services is reframed (Tidd
and Bessant, 2013). For instance, innovation in procurement where water
companies approach the marketplace not just for design and constructing large
projects, as they usually do, but also for project financing or setting up an innovative
commercial model such as an alliance model of delivering the company’s business
plan commitments. Another example of paradigm innovation could be the inclusion
of outcomes and totex (total expenditure) approaches in the current AMP (AMP6) in
the water sector.

2.2.2 Three key issues with innovation in the water sector
Water companies as a sector are not encouraging enough innovation;
innovation has been too low and the sector is slow to adopt innovation from
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elsewhere. Cave and Wright (2010) highlighted that the water industry, as a set of
heavily regulated vertically integrated regional monopolies, has been criticised as a
sector which is not encouraging enough innovation. Bridgeman (2011) stated that
there is a serious innovation need to secure an asset base in the sector for relying
on present and future asset management practices for delivering water and
sewerage services. The All Party Parliamentary Water Group (APPWG) has
recommended that innovation in the water industry should be increased (APPWG,
2008). A number of previous studies (CST, 2009; Bridgeman, 2011) reported a slow
rate of innovation in the UK water sector, and this led to doubts about the capacity of
the industry regarding innovation where spending on research and development has
decreased after privatisation (Cave and Wright, 2010). UK Water Industry Research
(UKWIR) has also highlighted that innovation has been too low in the sector, and the
sector is slow to adopt innovation from elsewhere (UKWIR, 2011). Ofwat (2012a;
2017b) stressed the need to find more innovative ways of delivering water and
sewerage services to address customers’ increased expectations and the sector’s
challenges.

The cyclical nature of AMP increases uncertainty for business in supply chain
firms which can disrupt longer-term innovation. AMP cyclical investment has
stimulated an industry culture where the investment reduces during price reviews
then ramps up to a peak at three years and ramps down again near the following
price review. The period of core delivery under an AMP period is around three years
in the middle of the price review period. A survey conducted by British Water (2010)
highlighted an average decrease in the number of employees of around 40 per cent
during regulatory cycles. When extrapolated to the entire water sector, between
20,000 and 40,000 employees lose their jobs and are re-hired every five years.
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Further analysis utilising the data from Chartered Institute of Personnel and
Development found the entire cost of the redundancy and re-hiring process is over
£600m in each price review period (HM Treasury, 2012). This cyclical pattern of
investment creates uncertainty for business, which has a profound impact on
innovation (CST, 2009) where continuation of funding is required for longer-term
research and development. Supply chain firms employed by water companies might
be likely to accept lower contract prices if the investment programme is steady and
more predictable. It is also evident that the effect of the AMP cycle is tied to the
regulatory process, where water companies think investment around the time of a
price review is too risky (Gray, 2011). The cyclical nature of AMP has both social
and financial consequences (Lodge and Stern, 2014). The cyclical impact has
become cultural and is a permanent feature of the industry. The characteristics and
roots of the practice are complex and their causes are not fully understood.

Finally, it is necessary to become resilient in the round: that is, operational,
corporate and finance resilience. The challenges ahead in the water sector are
different in their nature and scale to what has been experienced before. More
specifically, climate change, weather volatility, population growth, legacy assets,
higher environmental standards and increased customer expectations mean a need
for finding more innovative ways of delivering water and sewerage services against
a real and present backdrop of difficulties of some customers to afford bills (Ofwat,
2012a). The UK Department of Business Innovation and Skills (2013) referred to a
survey undertaken by Black and Veatch (2012) on rising operating costs which
found that the ageing water infrastructure network (legacy assets), financing,
managing capital costs, rising energy costs and regulations ranked highest amongst
the concerns of the water industry. This means the sector needs innovation in
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multiple areas such as technology, finance, business, procurement, product and
process to become resilient in the round i.e. operational, corporate and finance
resilience.

In summary, the water sector’s three key innovation issues are:
•

Innovation has been too low in the sector, and the sector is slow to adopt
innovation.

•

The cyclical nature of AMP increases uncertainty for business in supply
chain firms which could disrupt longer-term innovation.

•

Challenges in the water sector such as climate change, weather volatility,
population growth, legacy assets, higher energy demands, water leakages,
higher water demands and increased customer expectations highlight the
need for developing and adopting more innovation in WaSCs and supply
chain firms in delivering resilient water and sewerage services.

A landscape of the water sector including details of water companies, the water
regulation framework and the sector’s key challenges with their implications for
innovation are described in full detail as Appendix B.

How might this situation change? Innovation decisions are influenced by a broad
range of factors (OECD, 2010). These factors could be related to the nature of the
regulatory system, characteristics of the industry, a company’s own culture and the
nature of the external environment within which individuals who make decisions
work and form their beliefs about innovation. Factors related to innovation adoption
decision-making and how to increase adoption of innovation are under-studied
(Panzano and Roth, 2006; Wisdom et al., 2013). Instead, the implementation and
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diffusion literature has concentrated heavily on the implementation phase of the
innovation process, while less emphasis has been placed on the adoption or preimplementation stage (Aarons et al., 2011). In order to delve into low innovation and
slow adoption, it is arguably necessary to analyse existing adoption theories and
literature related to innovation to propose an initial conceptual framework that could
be further tested and extended from the analysis of empirical data collected in this
research to propose a final conceptual framework.

2.3 Critical Review of Adoption Theories
The following sections critically discuss seven key innovation and technology
adoption theories, from Rational Choice Theory to the Technology Acceptance
Model, in the literature including their applications, strengths and limitations. These
theories are interlinked and some of them share common constructs. The review of
existing adoption theories is undertaken in order to make choices about appropriate
theories/constructs that could be used in proposing an initial conceptual framework
of innovation adoption for this study.

2.3.1 Rational Choice Theory (RCT)
Rational Choice Theory (RCT), introduced by Simon (1955), suggests that
individuals behave in such a way as to maximise the expected benefits from their
actions. Jackson (2005), however, mentioned that an individual, when they make
decisions, does not always consider wider interest or social influences even though
these have an influence on their behaviour. Robinson et al. (2014) highlighted the
role of information in adoption decision-making and stated that adequate information
must be provided for making informed decisions. RCT is important to consider
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because it is widely used by policy-makers, even though the theory itself is
considered the least influential (Hassell and Cary, 2007).

RCT informs the internal determinants of individual’s behaviour but does not take
into account the influence of wider social and external factors for making adoption
decisions. Adoption of innovation in the water sector which is heavily regulated by
nature could be influenced by external factors; hence, RCT on its own would not
provide an appropriate framework for the adoption of innovation. The theory is also
criticised for overlooking cognitive deliberation and disregarding mental shortcuts
such as habits, practices, routines, custom and cues which reduce the effect of
cognitive deliberation. Another criticism is the underlying assumption of self-interest
forming the basis of individuals’ behaviour, whereas moral and social behaviour has
an important role in forming individuals’ behaviour (Jackson, 2005).

The interpersonal model by Triandis (1977) addresses some of the limitations of
RCT by incorporating notions of habits, routines, custom and cues; however, the
model does not take into account the role of awareness of the individual of each of
these components. The later Gregory model combines various concepts considering
unreasoned influences such as habits and reasoned influences like intentions,
attitude and situational influences in forming individuals’ behaviour (Gregory and
Leo, 2003). The model explains a wide range of behavioural factors ranging from
purely habitual to cognitive; however, it does not include external factors as
determinant of individuals’ behaviour, and therefore is not considered suitable for
this study case.

26

2.3.2 Bounded Rationality (BR)
BR is a psychological concept (Foss, 2008). The development of this model was
largely triggered by discontent with RCT. The key element of BR is to consider
rational choice taking into account the cognitive limitations of knowledge and
computational capacity of decision-makers (Simon, 1991). Simon challenged
classical economic theory which states that economic behaviour is a rational
behaviour in which decisions are made on the basis of all available information with
a view of securing optimum results for each decision. Simon argued that an
individual cannot obtain or possibly possess all information required to make a fully
rational decision. Instead, individuals make decisions that are good enough and
provide acceptable or reasonable results. Simon suggested a less ambitious model
for making decisions and named it ‘intended rational behaviour’ or ‘bounded
rationality’. He described it as a “property of an agent that behaves in a manner that
is nearly optimal with respect to its goals as its resources allow” (Simon, 1991, cited
by Botha and Atkins, 2005, p.4). Simon described the result it provides as
‘satisficing’. The concept of an omniscient economic man, who can make decisions
to bring all greatest benefits, was rejected by Simon who suggested the notion of an
administrative man who seeks a course of actions that are satisfactory, i.e.
‘satisfices’. Simon (1991) mentioned two major causes of bounded rationality as the
limitation of human mind and the structure within which individuals’ minds work
(Botha and Atkins, 2005).

The model, therefore, added other constructs to RCT i.e. contextual factors, by
highlighting that individuals are bound by resources such as knowledge, time and
money and also do not have perfect information when making their decisions, and
therefore accept reasonable results from their decisions. In addition to contextual
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factors, the model also informs about personal factors by bringing in the perspective
that individuals are partly rational when making decisions, and an individual’s goals
play an important role in their decisions (Kelly and Kranzberg, 1978 cited by Nutley
et al., 2002; Botha and Atkins, 2005).

The main limitation of BR theory is the addition of understanding that imperfect
information is acceptable for decision-making which could make adoption decisions
difficult in the water sector, a sector that is perceived as a risk-averse in its nature.
Therefore, the assumption of the acceptance of imperfect information for making
decisions by individuals in BR is not considered to be aligned in practice with
individuals’ adoption intentions in the water sector. The BR model, however,
provides useful constructs that include the human mind and the structures within
which the mind works as influencing individuals’ adoption intention.

2.3.3 Extension Theory (ET)
Extension Theory (ET) explores how to communicate information about an
innovation to a particular population group so that they can make decisions about
adopting the innovation (Roling, 1988; Botha and Atkins, 2005). ET added an
additional understanding of the influence of communication channels into adoption
decision-making. The communication channel is also discussed in Diffusion of
Innovation theory (DoI) in the next section.

2.3.4 Diffusion of Innovation Theory (DoI)
Diffusion of Innovation (DoI) theory takes ideas and evidence from a wide range of
underpinning disciplines including sociology, anthropology, geography, health and
education (Botha and Atkins, 2005; Nutley et al., 2002). Yates (2001) described it as
a meta-theory. The theory, developed by Rogers in 1962, is one of the oldest social
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science theories. Rogers (1983; 2003) analysed the elements of the diffusion of
innovation among different types of adopters and found that the adoption of
innovation is influenced by four key factors: innovation itself, communication
channels, time and social system.

Individuals adopt an innovation if they recognise that the innovation has attributes of
Relative Advantage (RA), Compatibility, Complexity, Trialability and Observability
(Nutley et al., 2002; Rogers, 2003) which refers to the first element, ‘innovation
itself’. The innovation, of course, should bring some benefits over the existing
practices, technology, product, or process and should be compatible with existing
systems and values. It should be simple in use and trial-able so that the adopter can
test prior to its adoption. Finally, it should offer observable results. The attributes of
innovation defined by Rogers (2003) are included in Appendix A.

The second element in DoI is the ‘communication channel’. This refers to subjective
norms and the influence that others have on the individual’s adoption intention. In
the water sector, information about new a product, process or technology is
communicated through collaboration, knowledge sharing systems, promotional
efforts by innovating firms, conferences and industry events.

The third element is ‘time’. This element refers to both the rate of adoption of
innovation over time and the steps involved in the innovation decision-making.
Innovation communicates across space through time (Rogers and Scott, 1997). The
adoption of innovation develops slowly and gradually in the beginning; it then follows
a period of rapid growth which tapers off before becoming stable and finally
declining (Rogers, 2003). The process of the innovation decision comprises five
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distinct stages: knowledge, persuasion, decision, implementation and confirmation
(Roger, 2003), as shown in Figure 2.2.

Figure 2.2: Model of Five Stages of Innovation Decision Process (Rogers,
2003, p.170)
Various authors have defined these stages differently according to the contexts they
refer to. For example, Nutley et al. (2002) described the stages as knowledge,
merits, adopt, implement and confirm. First, the potential adopter must learn and
know about the innovation. Second, the adopter must be convinced about the merits
of the innovation. Third, the adopter must decide to adopt the innovation. Fourth, the
adopter must implement the innovation. Fifth, the adopter must confirm that the
decision to adopt the innovation was appropriate. Diffusion of innovation is
completed once all these five stages are achieved. Matthews (1997) described the
innovation stages in the water sector as conception, research and exploitation.
UKWIR (2006) mentioned the stages of innovation as start (conception or invention),
research and development (laboratory or theory work), demonstration, precommercial stage, established and wider use and finally obsolete. The stages
defined by Rogers (2003) are more in the context of the innovation decision-making
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process, while the process described by Matthews (1997) and UKWIR (2006) unifies
the context of the development and implementation of innovation.

The fourth element in DoI is the ‘social system’. There may be varieties of social
conditions which could slow down or accelerate diffusion of innovation (Rogers,
2003). These may include whether the decision is made by an individual, collectively
by a group of people or by a central authority. The conditions could be related to the
communication channel used. It may be related to the nature of the social system in
which the potential adopter is embedded, its norms, degree of interconnections,
consistency in promotional efforts, etc.

One of the central criticisms of DoI is that it does not take into account the wider
external system and much focus is given to the adopter’s social system (Kole,
2000). External conditions which could be much wider than the social system in
some cases, such as in a regulated industry, and could include factors such as
regulations, political influence and industry characteristics may have significant
influences on the innovation adoption intention. Another limitation of this theory is
providing more consideration around subjective norms than personal factors such as
attitude and intention found in other theories such as Theory of Reasoned Action
(TRA), Theory of Planned Behaviour (TPB) and Technology Acceptance Theory
(TAM), which are discussed in the subsequent sections.

2.3.5 Theory of Reasoned Action (TRA)
Theory of Reasoned Action (TRA) by Fishbein and Ajzen (1975) is a well-known
attitude-behaviour model and is about factors that determine the Behavioural
Intention (BI) of an individual’s attitudes towards that behaviour (Figure 2.3). The
theory was primarily developed to understand and predict human social behaviour
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when making decisions. The reasoned model assumes that all behaviour is formed
from intentions to perform specific behaviours, and these intentions are formed from
the relative importance of attitudes and subjective norms, and suggest that factors
external to cognition have a role in behaviour formation (Jackson, 2005). Fishbein
and Ajzen (1975) defined ‘attitude’ as a person’s evaluation of an object and ‘belief’
as a link between an object and some attribute. They defined ‘behaviour’ as a result
or intention. Attitudes are affective and based upon a set of beliefs about the object
of behaviour (e.g. use of a specific technology/product is convenient).

Figure 2.3: Theory of Reasoned Action (Fishbein and Ajzen, 1975)
TRA addresses internal (psychological) determinants of individuals’ behaviour
(Parminter and Wilson, 2003) which is strongly related to their attitude towards that
behaviour. Individuals form attitudes by systematically deliberating on any
information that they have about the behaviour being considered by others (Fazio,
1990 cited in Parminter and Wilson, 2003). Therefore, attitudes are formed from an
individual‘s beliefs about the consequences of a particular behaviour and their
evaluation of those beliefs. The more an individual expects that a particular
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behaviour has good consequences, the more that individual will have a positive
attitude towards that behaviour. Individual’s attitudes influence behaviour through
developing intentions to behave in certain ways. Subjective or perceived norms also
follow a similar process which informs what an individual perceives about the
community’s attitude to certain behaviour; for example, if other WaSCs are using a
different commercial model, it is seen as the appropriate way of improving efficiency.

Figure 2.4: Parminter and Wilson’s (2003) Representation of the Theory of
Reasoned Action (Fishbein and Ajzen, 1975)
A criticism of this model is the distinction between personal norms, subjectivity and
morals. Ajzen and Fishbein (1980) suggested that personal norms are basically
subjective behavioural beliefs, while others have thought that personal norms and
morals need to be considered separately (Jackson, 2005).

Another criticism is that TRA describes the drivers of behaviour but does not explain
how individuals make decisions to adopt or reject innovation. The concepts of
intention to behave in a particular way (BI), behavioural beliefs and attitudes are
internal, therefore, useful in understanding personal factors that influence the
adoption intention. For instance, intention can be associated with the behaviour of
reducing carbon in an AMP period. The identification of a new low-carbon
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technology would be part of that behaviour that affects the adoption decision to bring
in that particular technology in the company. In addition, TRA informs the internal
determinants of individuals’ behaviour, but does not include the effects of the
external environment on BI. Since the case in the study is situated in a heavily
regulated environment, solely the internal determinants of individuals as theorised
by TRA would not be sufficient. Ajzen extended TRA and proposed Theory of
Planned Behaviour (TPB).

2.3.6 Theory of Planned Behaviour (TPB)
Ajzen (1991) developed the Theory of Planned Behaviour (TPB) in order to
overcome the limitations of TRA. The theory was an extension of TRA by adding an
additional construct of ‘perceived behaviour control’ to attitude and subjective norms
(Figure 2.5). Morris et al. (2012) described TPB as one of the most fundamental
theories related to human behaviour. The theory has been used in a large number of
studies (Limayem et al., 2000; Yousafzai et al., 2010; Taylor and Todd, 1995b;
1995c; Hoay et al., 2015) in the information systems and health sectors. The theory
constructs that subjective norms, attitude towards behaviour and perceived
behaviour control affect individuals’ intention towards performing behaviour (Ajzen,
1991; 2006). The ‘perceived control behaviour’ is the control which adoption
decision-makers perceive may limit their behaviour. This construct is significant in
the context of adoption of innovation in the water sector due to the functioning of
water companies in a regulated environment of a traditional industry.
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Figure 2.5: Theory of Planned Behaviour (Ajzen, 1991)
According to TPB, perceived control over behaviour increases in the case of more
favourable conditions, more resources or fewer difficulties (Ajzen, 1991, 2006). The
control varies according to the situation, as decision-makers can make adoption
decisions easily when they have more facilitating conditions and resources
available; similarly, innovation adoption decisions could likely slow down with
perceived unfavourable conditions (barriers to innovation). Therefore facilitating and
impeding conditions such as regulations, policies, sector characteristics and
challenges significantly influence an individual’s adoption decisions. The theory also
highlights the importance of factors such as subjective norms, where social factors
have a significant role in influencing individuals’ attitudes towards certain behaviour.

Ajzen (2006) found that three constructs (attitude towards behaviour, subjective
norms and perceived behaviour control) influence Intention, which, in turn, mediates
their effect on Behaviour. The three constructs are affected by certain beliefs acting
as antecedents such as behavioural beliefs as a precursor of attitude, normative
beliefs as an antecedent of subjective norms and control beliefs as a precursor of
perceived behaviour control. Taylor and Todd (1995a) proposed a Decomposed
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Theory of Planned Behaviour (Decomposed TPB) including three main constructs of
perceived behaviour control, attitude and subjective norm influencing behaviour
intention and actual adoption behaviour. Both TPB and Decomposed TPB, have
been used to examine the adoption of Internet banking (Sihih and Fang, 2004) and
the authors found the subjective norm was likely to have a significant influence on

behavioural intention in a mandatory environment, whilst the effect could be
insignificant in a voluntary environment. This finding was in agreement with the
earlier findings of Venkatesh and Davis (2000).
TPB has the advantage of having a few key constructs which are easy to measure
accurately and can also accommodate antecedent factors. Although the theory has
been used in various sectors employing qualitative and quantitative methods, it has
been criticised for its assumption that individuals are always motivated in adopting
or performing a task, which might not be the case in all situations (Taylor and Todd,
1995a). Another limitation is the consideration of all factors in a single construct
‘perceived behaviour control’ that cannot be controlled, but forms part of the
behaviour. The water sector being heavily regulated may have a diverse nature of
factors that could have a significant influence on adoption behaviour. To
accommodate all diverse factors within perceived behaviour control is difficult. Hoay
et al (2015) added additional constructs when used TPB in their study. TPB, similar
to TRA, has an assumption that individuals’ behaviour remains rational at all times,
which may not be true. There could be a number of factors (personal and
contextual) that influence innovation adoption in the context of the water sector, and
the constructs of TRA and TPB would not appear to be sufficient to determine
adoption intention and behaviour. The next section discusses the Technology
Acceptance Model (TAM), adapted from TRA, which is one of the most cited
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theories (Venkatesh and Davis, 2000; Venkatesh and Bala, 2008; Eugenia et al.,
2013; Safdari et al., 2017) in the context of adoption of technology or innovation in
the information technology, education and health sectors.

2.3.7 Technology Acceptance Model (TAM)
TAM, the final model to discuss, was introduced by Davis (1989) and postulates that
the use of a new technology or system is determined by Behavioural Intention (BI),
and on the other side BI is determined by the person’s attitude towards the use of
the technology and also by their beliefs about its usefulness. Davis (1989) explained
the adoption of a new technology or system incorporating two determinants,
Perceived Usefulness (PU) and Perceived Ease of Use (PEU) which influence
‘attitude towards use’, ‘intention to use’ and ‘actual usage’. PU refers to the
likelihood of using a system that improves actions or enhances an individual’s ability
to perform better. PEU is related to the system being effortless, and refers to
individuals’ belief that a system is free of efforts and they would be more likely to
accept and use the system.

Figure 2.6: Technology Acceptance Model (Davis, Bogozzi and Warshaw,
1989)
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Davis (1989) demonstrated that the link between the intention to use an information
system and perceived usefulness is stronger than perceived ease of use. Dillon and
Morris (1996) stated that when both constructs offer similar features, a user may find
more useful the one that they find easier to use. Venkatesh and Davis (1996) found
that both PU and PEU have a direct influence on behaviour intention, therefore
removed the need for an ‘attitude’ construct from the model (Figure 2.7).

Figure 2.7: Final Technology Acceptance Model (Venkatesh and Davis, 1996)
Later, TAM 2 was developed by Venkatesh and Davis (2000), which explains the
factors useful for technology acceptance by users at three different points of time:
pre-implementation, one month post-implementation and three months postimplementation. TAM 2 postulates that users’ mental assessment of the match
between key goals at work and the outcomes of performing job activities using the
system is the basis of forming perceptions regarding the usefulness of the system
(Venkatesh and Davis, 2000). The results showed that TAM 2 performed well in
both voluntary and mandatory environments.
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Figure 2.8: Technology Acceptance Model 2 (TAM2) (Venkatesh and Davis,
2000)
Venkatesh and Bala (2008) introduced TAM 3, an integrated model of technology
acceptance, by combining the determinants of PEU (Venkatesh, 2000) and TAM 2
(Venkatesh & Davis, 2000). TAM 3 includes individual differences, system
characteristics, social influence, and facilitating conditions as determinants of PU
and PEU. In the model, the PEU to PU, computer anxiety to PEU and PEU to
behavioural intention were moderated by experience. The model was applied in
real-world settings of IT implementations.
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Figure 2.9: Technology Acceptance Model 3 (TAM3) (Venkatesh and Bala,
2008)
There was a debate in the literature regarding the constructs of TAM and their
importance and relation to each other. Chuttur (2009) contended that the theoretical
foundation which forms the basis of the TAM cannot be used to clarify and predict
adopters’ future behaviour. For the purpose of organisation, one of the key
shortcomings of TAM is the absence of a sound theory and method for identifying
the determinants of PU and PEU, as well as other bases for decision-making
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(Bagozzi, 2007). Previous studies (Szajna, 1996; Agarwal and Prasad, 1997; Lucas
and Spitler, 1999) found that TAM should be extended. Legris et al. (2003) also
recommended TAM’s extension to include more constructs in order to be able to
explain adoption further.

2.4 Underpinning of Conceptual Framework
A summary of key constructs, related theories and their implication to the study and
the possible applicability of the construct in the study’s conceptual framework are
described in Table 2.1.

Table 2.1: Adoption Theories Constructs and their Application in the Research
Theory and
Disciplinary
Roots

Key Constructs

Implication of theories to the
study and applicability of
constructs in the conceptual
framework of innovation
adoption

Rational Choice
Theory (RCT);
Psychology

Individual’s Behaviour

Individual’s adoption decisions
formed from their intention to
perform that behaviour. This
has also been theorised by
TRA, TPB and TAM by
providing
‘behavioural
intention’
and
‘behaviour’
constructs. Both constructs
are included and labelled as
‘Adoption Intention’ (AI) and
‘Adoption Behaviour’ (AB) in
the conceptual framework.

Bounded
Rationality (BR);
Psychology

Resources
(Knowledge,
time and money)

Resource
availability
influences behaviour and is
included in the conceptual
framework.

Individual’s Goals

Individual’s goals influence
their
attitude
towards
behaviour to adopt innovation.
Attitude has been theorised in
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TRA, TPB and TMA (Davis,
1989 version).
Theory of
Reasoned Action
(TRA); Psychology

Two
main
constructs
Attitude and Subjective
Norm
(SN)
affect
behavioural
intention,
which, in turn, affects
behaviour.
Attitude towards Behaviour
[“an individual’s positive or
negative
feelings
(evaluative affect) about
performing
the
target
behaviour” (Fishbein and
Ajzen, 1975, p.216)]
Subjective
Norm
[“the
person’s perception that
most people who are
important to him think he
should or should not
perform the behaviour in
question” (Fishbein and
Ajzen, 1975,p.302)]

Theory of Planned
Behaviour (TPB);
Psychology

Attitude was theorised in the
1989 Davis TMA. Venkatesh
and Davis (1996) later found
that
both
Perceived
Usefulness
(PU)
and
Perceived Ease of Use (PEU),
the two key determinants of
intention,
have
a
direct
influence
on
behavioural
intention
and
therefore
removed the need for an
attitude construct from the
model.(A)
Subjective Norm (SN) was
found important in subsequent
studies on information system
adoption.
SN
can
be
applicable in this study due to
WaSCs functioning in a
regulated and competitive
environment.(B)

Three constructs that were Attitude: Same as (A) above
found to affect user’s or
adaptor’s intention towards
behaviour: attitude towards
behaviour, subjective norm SN: Same as (B) above
and perceived behaviour
control.
Perceived
control
over
behaviour greatly increases
when there are fewer
obstacles
and
more
‘resources’ available (Ajzen,
1991).
Perceived
Behavioural
Control
[“the
perceived
ease
or
difficulty
of
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Perceived behaviour control
can be applicable in the
adoption of innovation in
WaSCs within the water
regulation framework. Within
the context of innovation
adoption in WaSCs, many
external factors can control
adoption behaviour and could
have a significant influence on

performing the behaviour”
(Ajzen, 1991, p.149)]

adopters’ intention to adopt
innovation. (C)

Subjective Norm

Same as (B) above

Attitude towards Behaviour

Same as (A) above

Extension Theory
(ET); Sociology,
Social Psychology
and
Communication

Communication

Collaboration is a relevant
construct in the water sector
and includes communication
among
stakeholders,
promotional
efforts
and
sharing of knowledge, skills
and resources. (D)

Diffusion of
Innovation Theory
(DoI); Sociology,
Anthropology and
Education

Communication Channel

Same as (D) above

Promotional Efforts
Social System [the nature of
the social system and its
norms in which the potential
adopter
is
embedded
(Rogers, 2003)]

Same as (C) above

Perceived Characteristics of
Innovation.

Perceived Usefulness (PU)
and Perceived Ease of Use
(PEU) of TMA may be the key
determinants
of
the
individual’s adoption behaviour
taking into account the relative
advantage from innovation,
and perceived facilitating and
controlling settings of the
sector.(E)

Perceived
Relative
Advantage [the degree to
which an innovation is
perceived as being better
than its precursor (Moore
and
Benbasat,
1991,
p.195)];
benefits
over
existing
practices,
compatibility, simple, trialability and observable.
Decision-making units

Technology
Acceptance Model
(TAM); Information
Technology,
Organisational
behaviour,

Attitude

Same as (A) above

Perceived Usefulness (PU)
[Degree to which a person
believes that using a
particular system would
enhance his or her job
performance (Davis, 1989)]

TAM is mostly applied in the
case of employees and
students and most of the
selected participants were
familiar with computer or
information systems. However,
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Education, Health

Perceived Ease of Use
(PEU) [Degree to which
person believes that using a
particular technology would
be free from effort (Davis,
1989)]

its application in the water
industry needs constructs that
represents the individual’s
adoption
behaviour
of
innovation taking into account
sector-specific
and
other
variables. TAM is included in
PU is the main driver of this study as a base model for
technology
adoption, developing
a
conceptual
followed by PEU. Both framework of the innovation
determinants influence the adoption
behaviour
of
intention
of
individuals individuals in a WaSC.
towards specific behaviour.

It can be seen from Table 2.1 that each theory provides a range of constructs, and
there is a considerable overlapping of constructs in the existing theories. It is
understood that there is no single theory, on its own, that can provide all required
constructs covering factors related to individuals’ external and internal settings.
Botha and Atkins (2005, p.1) contended that the existing theories and models
related to adoption, on their own, are “not conclusive and there may be many other
factors which have not been considered in any of theories and need exploration”.
Ghazizadeh (2012) also contended that the existing theories and models related to
technology adoption are not conclusive and factors not included in the existing
theories must be considered. Similar assumptions were made in an earlier study
conducted by Rao and Troshani (2007). The existing adoption theories somehow
complement one another (Kelly and Kranzberg, 1978, p.120, cited by Nutley et al.,
2002 and Botha and Atkins, 2005, p.6). Based on the analysis of existing adoption
theories and applicability of constructs in this study, it can be argued that the
majority of the theories have assumed a high level of the availability of innovation
with a much greater focus on individual adopters and the nature of the social
system, ignoring wider external factors such as regulations or industry-specific
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characteristics within which adopters’ intention to adopt innovation forms. The
reason could be that the majority of previous studies related to behaviour were
conducted in the social sciences or information systems rather than in engineering
or in a heavily regulated environment.

TAM, however, provides a structure for studying adopters’ or users’ behaviour in
adopting an innovation or technology. TAM’s original framework has been used in
many disciplines to develop models in various settings such as user acceptance of
information systems in the information technology sector (Venkatesh and Davis,
2000; Venkatesh and Bala, 2008), education sector (Eugenia et al., 2013), health

sector (Safdari et al., 2017), etc. Venkatesh and Davis have developed models
extending the initial TAM to find the latent factors underlying PEU and PU. In TAM 2,
Venkatesh and Davis (2000) showed that social influence processes (subjective
norm, voluntarily, image) and cognitive instrumental processes (job relevance,
output quality, result demonstrability) affected perceived usefulness and intention to
use. Later, Venkatesh and Bala (2008) developed TAM 3, an integrated model of
technology acceptance, by combining TAM2 and the model of the determinants of
perceived ease of use (Venkatesh, 2000). The authors of the various versions of
TAM found different types of constructs including individual differences, system
characteristics, social influence and facilitating conditions as determinants of PU and
PEU. Eugenia et al. (2013) used TAM as a framework in qualitative analysis to

examine factors that affect e-portfolio acceptance among student teachers in the
education sector. Safdari et al. (2017) also used TAM in the health sector using
a qualitative research approach.
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The literature review showed that TAM has been previously used for developing
or extending models in various sectors using both qualitative and quantitative
approaches, but to the best of the researcher’s knowledge, it has not been used
before to investigate individuals’ innovation adoption behaviours in WaSCs in
the water sector. The reason could be that previous water sector studies related to
innovation and regulation were mostly situated in the engineering or regulatory
disciplines rather than in social sciences disciplines, apart from studies related to

water use behaviour.
One of the main objectives of this study is to understand factors and their influences
on individuals’ intentions/decisions in innovation adoption in WaSCs to propose a
conceptual framework of innovation adoption. TAM’s constructs of PU, PEU and BI
could be important determinants in innovation adoption behaviour in context of the
current study and included in the initial conceptual framework. BI is labelled
Adoption Intention (AI) in this study to represent ‘adoption behavioural intention’.
The external variables component of TAM facilitates including factors either from
existing theories such as resources from BR, subjective norm from TRA and
collaboration from ET and DoI, or from the sector’s specific beliefs, values, culture
and characteristics, etc. Individuals in an organisation could be involved in making
innovation decisions under specific conditions of policy, regulation, organisational
settings, culture, social norms, geography, economic situations and other similar
conditions that may have significant influences on their innovation adoption
decisions/intentions. These factors, based on their significance, can be included as
external variables on the basis of sector-specific literature and from the analysis of
primary data. The components of a conceptual framework based on the analysis of
adoption theories in this chapter are shown in Figure 2.10.
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Figure 2.10: Components of Conceptual Framework from Adoption Theories
The adoption of innovation in WaSCs may include other external and internal factors
which have not been considered in any of the existing adoption theories. Therefore,
an investigation of other factors, specifically critical for innovation adoption, in the
water sector is crucial. The initial conceptual framework, therefore, would be formed
by combining the components of conceptual framework from existing adoption
theories (Figure 2.10) discussed in this chapter, and industry-specific constructs
from reviewing the literature related to the water sector in the next chapter including
Appendix B.

2.5 Conclusion
This chapter formed the first part of the literature review and has informed the
existing knowledge base of adoption theories. The theoretical perspectives
discussed in this chapter formed the basis of this study to proceed further towards
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reviewing literature specific to the water sector to extend the initial conceptual
framework (Figure 2.10) further.

An analysis of the key adoption theories concluded that theories complement one
another, and the TAM model provides a framework and structure of constructs that
could encompass relevant constructs from existing adoption theories, water sector
literature and from the analysis of primary data to explain the adoption of innovation
in WaSCs in the water sector in England and Wales.

The next chapter builds on the findings of this chapter to include the water sector’s
specific elements in the conceptual framework which will be further tested and
extended through analysing empirical primary data collected in this study.
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Chapter 3 - CONCEPTUAL FRAMEWORK
3.1 Introduction
Chapter Two laid the basis of the conceptual framework based on innovation and
technology adoption theories. The constructs of Perceived Usefulness (PU),
Perceived Ease of Use (PEU), Adoption Intention (AI), Adoption Behaviour (AB) and
External Variables (EV) were adopted from TAM along with the constructs resources
(from BR), collaboration (from ET and DoI) and subjective norm (from TRA) (Table
2.1 and Figure 2.10). This chapter, supported by Appendix B, lays the basis for
inclusion of the constructs related to the water sector. The conceptual framework
proposed in this chapter is, therefore, mainly based on previous literature and
studies related to innovation and technology adoption, studies completed in the
water sector and the existing body of literature related to regulation and innovation.
The conceptual framework is tested and extended further from the outputs of the
analysis of the empirical data specifically collected for this study.

3.2 The Meaning of Innovation
To situate the conceptual framework within the water sector, it is important that it
includes a meaning for innovation which can be tested. Innovation is universally
considered to be the main economic, social and environmental driving force for
contemporary societies, and drives growth in most modern economies (UKWIR,
2006). A small increase in the rate of productivity growth in the water sector will
benefit customers and the environment substantially by enabling the sector’s
challenges to be met while at the same time reducing the need for increases in
water bills (UKWIR, 2011). All innovation must have a degree of novelty or
uniqueness. Principally, there are three distinct types of novelty: first, innovation can
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be new to the firm; second, innovation can be new to the market and; third,
innovation can be new to the world (OECD, 2010). There are many definitions of
innovation across different sectors. Table 3.1 summarises the main authors and

their definitions of innovation.
Table 3.1: Meaning of Innovation in General and for the Water Sector
Innovation Definition

Author

Innovation is something akin to an invention or a
new development which has the potential to alter
radically a product or process.

The House of Commons
Science and Technology
Select Committee (HMSO,
1994)

Innovation is about changing the way things are
done either to exploit technology or to meet a
need, which often demands a new technology.

Matthews (1997)

“Implementation of a new or significantly
improved product (good or service), or process, or
a new marketing method, or a new organisational
method in business practices, workplace
organisation or external relations.”

The Oslo Manual (OECD,
2005, p.46)

Innovation in the water sector is “complex,
uncertain and creative process to commercialise
inventions as new products and processes or to
apply on existing products and processes in a
novel way.”

UKWIR (2006, p.1)

The multistage process+ whereby organisations
transform ideas into new or improved products,
service or processes, in order to advance,
compete
and
differentiate
themselves
successfully in their marketplace.

Baregheh et al. (2009)

Innovation for the water sector is the “creation,
development and implementation of a new
product, technology, service, tariff design or
process of production with the aim of improving
efficiency,
effectiveness
or
competitive
advantage. It includes new ways of acquiring or
deploying inputs, such as financial resources. The
change may be incremental or fundamental.”

Cave (2009b, p.24)

“Application

Water

of

new

technology,

business
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Sector

Innovation

processes or management expertise that delivers
any improvements to customer service, the
environment or cost efficiency.”

Leadership Group (2011, p.2)

“Creating and successfully applying new ideas
which can drive some sort of benefits. This could
be in the form of a major breakthrough such as
creating and bringing a new product or service in
the market, or a series of smaller innovations,
such as finding better or more efficient ways of
working, and becoming more profitable.”

Queensland
(2015, p.1)

Government

+ The details of innovation development stages and the adoption phase are
included in Appendix A.

Table 3.1 shows diversity in the meanings of innovation. The Oslo Manual (OECD,
2005) included new and significantly improved product, process, marketing method
and organisational approach in its definition of an innovation, whereas the meaning
defined by Queensland Government (2015) is centred on radical or a series of
smaller innovations for improving efficiency and profits. Most definitions have
described innovation as having a central role in creating effectiveness and
competitive advantage. The House of Commons Science and Technology Select
Committee (HMSO) included radical changes in a product or process when they
reviewed the ways in which the science base is translated into innovation in the UK.
Matthews (1997) viewed innovation as the exploitation of technologies to become
more effective. The researcher, however, contending the view limiting innovation to
the exploitation of existing technologies, and rather supporting the view of including
invention of technologies that could be adopted in other sectors. The innovation
must include a fundamental embodiment of others’ needs such as return on
investment, market opportunity, and corporate publicity. Procedural and cultural
changes were defined as soft innovation and technology change as hard innovation
by Matthews (1997), but this classification could be misleading; it could also be
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stated that technology change is easy and procedural or cultural changes are
difficult to bring about. In fact, whatever the case, both types of changes are needed
in

an

innovative

organisation. Any

organisation

which

seeks

to

change

organisational culture or existing practices radically could be in trouble without also
making changes in the technologies used in the company (Matthews, 1997).
Bessant et al. (2005) stated that different types of innovation provide different
outcomes, which is true as some innovation could have tangible products or product
modifications, while others end up with changes in services or alterations in product
use behaviour, or a change in the way a company works or performs. If companies
want to stay competitive and aspire to grow, they have to invest in different types of
innovation, as different types of innovation affect organisations differently (Siguaw et
al., 2006).

Baregheh et al. (2009) viewed innovation as a process of transforming ideas into a
new or improved product, service or process. The idea can appear from a need or
due to a change in the external environment such as customer demand. The
UKWIR’s (2006) meaning of innovation is similar to Matthews (1997) and Baregheh
et al. (2009) in terms of viewing innovation as a creative process. Furthermore,
UKWIR added concepts of uncertainty, complexity and commercialisation to
innovation. Cave (2009b) defined innovation as the creation, development and
implementation of new product, services, technological, process, production and
financial innovation and covered a broad range of different types of innovation with
both radical and incremental changes. The Water Sector Innovation Leadership
Group (2011) further added business process, management expertise and
technology application to improve the environment, cost, or customer services to the
meaning of innovation for the water sector. This wider notion of innovation creates a
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number of opportunities for innovation in different areas such as business,
commercial, technology and behaviour.

3.3 The Conceptual Framework: External Variables
The conceptual framework (Figure 2.10) includes the constructs of resources,
collaboration and subjective norm on the basis of existing adoption theories.
Innovation in WaSCs and supply chain could be influenced by a number of
perceived favourable or unfavourable conditions imposed by the regulatory system
or sector-specific characteristics. A number of aspects such as financial risk-sharing,
state of collaboration, regulations, skills availability and information-sharing could be
important to innovation in WaSCs and supply chain. Factors specific to the water
sector that influence innovation can be grouped into three key constructs: regulation,
industry-specific beliefs and collaboration. Industry-specific beliefs are levelled as
industry characteristics, and can be defined as those specific beliefs, values, facts
and meanings that are thought to have a profound downstream effect on innovation.
The subsequent sections outline elements and constructs specific to the water
sector, refining the study’s conceptual framework discussed in Chapter Two.

3.3.1 Regulations
Regulations can, intentionally or unintentionally, create both facilitating and
impending effects for the adoption of innovation and form an important construct in
adoption behaviour. It has been recognised that economic regulation has social,
financial and environmental consequences (Lodge and Stern, 2014). The current
practice of the economic regulator, Ofwat, to drive innovation in the water sector is
through efficiency improvement. Ofwat aims at increasing both the static and
qualitative efficiency of water companies. Static efficiency can be referred to as
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delivering outputs or outcomes at the lowest possible cost. Qualitative efficiency is
related to the quality level of supply, also taking into account customers’ willingness
to pay. Water companies, under current regulatory practices, can retain the benefits
of their outperformance as extra profit during the price control period (Boscheck et
al., 2013). This feature of economic regulation incentivises water companies to
improve efficiency. Water companies make efforts to keep outturn costs (actual
cost) less than the cost estimated at the time of price review. In the case of
outperformance, a water company benefits from a higher profit than expected. In the
event of underperformance, the company is penalised through a lower profit or even
a loss. The loss or lower profit is borne by the equity investors and, in the case of
bankruptcy, by the debt holders. The economic regulator uses the improved
efficiency figures in estimating economic cost for the next price review and therefore
the allowed revenue is set lower than the previous price review (Frontier Economics,
2013). In this way, the economic regulator passes on the benefits of improved
efficiency to the customers. Cave (2009a), however, critically argued that value or
rewards through company performance are predominantly not related to the benefits
to customers, albeit it is this incentive mechanism feature of the economic regulation
which encourages water companies to improve their efficiency and earn a higher
profit through outperforming their targets. For supply chain firms, there is no
incentive from the economic regulator and their business certainty is highly
dependent on the framework contract with water companies. For water companies,
incentives to innovate are limited and often are too weak to outweigh the risks (Cave
and Wright, 2010). The incentives by the economic regulator are too focused on
compliance as opposed to a positive intervention for desired changes in behaviour
for an innovative industry. Therefore, incentives are a key component for a water
sector conceptual framework of innovation adoption.
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Economic

regulation

provides

a

more

certain

environment

for

investors’

investments. The commitment by regulators to the basis for calculating and rolling
forward the regulatory asset base (RAB) is the key element of assuring investors,
and one of the central justifications for independent regulation (Bolt, 2014). At the
end of every price control period, the economic regulator approves a closing RAB
for that price review period, making adjustments for efficiency within the review
period. The amount of the RAB, once confirmed by the economic regulator, is not
subject to any more adjustments other than the set rules for depreciation and
inflation. This principle of having no retrospective adjustment to the RAB creates a
more certain and lower risk environment for investors in terms of investments in
water companies; however, in the case of supply chain, firms’ business is highly
dependent on the framework contract with water companies. Water companies’
innovation adoption behaviour could be more focused on those innovations that do
not increase financial risks to their investors even though the regulatory mechanism
ensures a low-risk environment for investors. Therefore, innovation risks (financial)
are a key component for a water sector conceptual framework of innovation
adoption.

The UK regulators have chronically overestimated the systematic risks borne by
investors in water utilities (Buckland et al., 2015), resulting in slack pressure on
allowed returns and higher prices than are needed to encourage efficiency. The
regulatory system considers static and qualitative efficiency; however, it does not
address issues concerned with innovation, both in terms of adoption and
development of innovation and also investment to improve legacy assets which
could reduce long-run average cost curves: dynamic efficiency (Boscheck et al.,
2013). In fact, innovation had been restricted to those areas which need regulatory
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compliance (UKWIR, 2006), and longer-term innovation are being lost in the water
sector (CST, 2009). There is a lack of evidence that measures to encourage
economic efficiency are delivering radical innovation (Spiller et al., 2015). Cave
(2009a) also highlighted that in the current arrangement of economic regulation,
innovation tends to be incremental rather than the kind of step change that the
industry needs. A different view was presented by Gray (2011) who stated that no
major change to the statutory or institutional framework is required. UKWIR (2011),
however, supported Cave’s (2009a) view of innovation in the water sector as
incremental rather than radical and highlighted that the process of adopting
innovation is slow, and the regulatory regime is not neutral. Therefore, the
economic regulator approach to innovation is a key component for a water
sector conceptual framework of innovation adoption.

A deliberate softening of the traditional regulatory treatment of operating expenditure
(opex) and capital expenditure (capex) has been made by the total expenditure
(totex) model to avoid capex-biased investment. A totex in the water sector is similar
to the one introduced by Ofgem in the energy sector (Turner and Townsend, 2013)
to take into account expenditure more holistically. Totex considers a total
expenditure requirement rather compartmentalisation of opex and capex allowances
(Ofwat, 2012a). Previous price reviews (PR09 and before) rewarded capital and
operating efficiency differently, which led to water companies’ favour for capex over
opex, i.e. building new assets rather than investing in improving operational
efficiencies. The integrated treatment of opex and capex with totex is intended to
resolve the issue of ‘capex bias’ by giving water companies more flexibility in
adopting innovative solutions or developing innovative solutions with their supply
chain considering the wider impact area of the sector’s challenges and longer-term
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improvements to the environment. However, there are concerns within water
companies that the approach might increase further complexity, a disproportionate
solution to the issue of capex bias which could impact on an individual water
company’s cash flows, giving potential price disturbances and uneven investment
patterns (Ofwat, 2012b; Pinsent Masons, 2014; Water UK, 2015a), which possibly
would not create the behavioural change that the industry is seeking to become a
highly innovative industry. Therefore, Totex is a key component for a water sector
conceptual framework of innovation adoption.

The outcomes approach embeds customer engagement in the business plan
preparing process. In this way, water companies are accountable for what they
deliver to their customers rather than the way they choose to deliver it (Pinsent
Masons, 2014). Although it is not evident so far, Ofwat (2012a) anticipated
advantages from the outcomes approach being less dependent on the regulators to
decide deliverables. By setting longer-term outcomes, companies are now
encouraged to plan for a longer term, and have more choices to find new ways of
delivering outcomes and efficiency. The outcomes approach will possibly improve
innovation, taking into account that the company’s performance is determined on the
basis of overall performance, not on the basis of a particular outcome. Water
companies now have extra flexibility in delivering outcomes, as the outperformance
of one outcome could be utilised to compensate underperformance of another
outcome (Ofwat, 2013). When totex is combined with outcomes, it creates wider
scope for companies to outperform, because they can make decisions about the
most efficient type of expenditure (capex or opex), considering longer outcomes
rather than relying on regulatory-driven outputs. These approaches may result in
benefits to customers and the environment as the focus is on best value delivery,
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not lowest cost. Ofgem has included regulation in its framework for gas transmission
and distribution on the basis of delivering high-level ‘outputs’ analogous to Ofwat’s
‘outcomes’ (Oxera, 2013). In the energy sector, outcomes and their measures of
success are laid down centrally and remain the same for all companies. However, in
the water sector, fewer industry-wide outcomes are set by Ofwat; most of the
outcomes are company-specific and represent company and customer preferences
identified from customers through engaging Consumer Challenge Groups (CCG).
Another notable difference is Ofgem’s new RIIO model (Revenue = Incentives +
Innovation + Output) with eight years of price control duration to promote innovation
across the network businesses (Bolt, 2014). Ofwat, however, adopted a similar
approach, but price control duration is still five years, which could impose a
significant limitation on longer-term innovation. Therefore, Outcomes is a key
component for a water sector conceptual framework of innovation adoption.

Regulations in respect of drinking water and environmental standards stimulate
innovation (Spiller et al., 2015). CST (2009) highlighted that the WFD and its
daughter directives have imposed a significant improvement in water quality
standards, but this has increased energy use and carbon emissions from the
treatment. At the same time, the EU and the UK Governments have also imposed
stringent targets on energy use, waste recycling and carbon emission reduction.
There seems to be a lack of consideration of competing requirements when setting
atmospheric quality expectations and encouraging improvements to the aquatic
environment. CST (2009) pointed out that a little coordination on how rigorous
targets on water quality for reducing priority hazardous substances such as
ammonia, phosphate could impact on more stringent targets for decreasing
greenhouse gas emissions and on energy efficiencies targets and vice versa.
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Balancing competing targets requires development and the adoption of new
technologies along with a more holistic approach towards setting standards by
various regulatory authorities. The regulatory system is also characterised by a mix
of command and control; for example, water leakage targets are set by the
government, and at the same time the economic regulator is negotiating over
expenditure to reach economic levels of leakage (Bakker, 2005).These competing
requirements need more innovative technology to satisfy the full spectrum of
requirements. Therefore, the Quality regulations are a key component for a water
sector conceptual framework of innovation adoption.

The regulatory elements associated with innovation discussed in this section are
shown in Figure 3.1.

Figure 3.1: Regulation Construct

3.3.2 Industry Characteristics
Previous studies have shown that when studying innovation and technology
adoption, different factors can be found taking industry characteristics into
consideration (Botha and Atkins, 2005; Eugenia et al., 2013; Safdari et al., 2017).
Extending the use of the technology adoption model, originally developed in
information systems needs consideration of elements of the water industry’s nature
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due to differences in external conditions, including regulatory, cultural and
operational differences. The water industry also differs from other network industries
such as gas, telecoms and electricity as it has never been owned by a single
national firm (Pollitt and Steer, 2012), which also emphasises the significance of
including industry-specific beliefs, values, facts, meanings and culture. The industry
characteristics can bring both facilitating and impeding factors, and therefore could
be important factors that influence innovation adoption behaviour. Therefore,
Industry-specific beliefs, values, facts, meanings and culture are a key
component for a water sector conceptual framework of innovation adoption.

The AMP cyclical investment has stimulated an industry culture where the water
industry slows during price reviews then ramps up to a peak of three years and
ramps down again near the next price review. Ofwat (2012b) placed the
responsibility for raising concerns about uneven investment patterns within a price
control period on the water companies. The complicated nature of the AMP
programming and the importance for water companies to know what level of
charges they will be able to set by the regulator means negotiations tend to be
spread over two years, commencing one year before the AMP is due to be
implemented with a full start of the business plan schemes’ delivery up to a year
after the commencement of each AMP (HM Treasury, 2012). This results in
investment in the final year of an AMP and the first year of the following AMP being
much lower, with schemes basically being delivered within the middle three years of
each five-year AMP cycle. It is evident that the effect of the AMP cycle is tied to the
regulatory process where water companies think investment around the time of price
review is too risky (Gray, 2011). Ofwat (2012b) also mentioned that such behaviour
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is not necessarily the most cost-efficient way of running a major investment
programme.

Innovation could take a considerable time from developing ideas to being adopted.
Sometimes, it needs to be supported by a 10 to 15 year period or even more for
research, development, trial, adoption and receiving benefits. HM Treasury (2012)
acknowledged that attempts, such as an early start programme, to mitigate the
effects of the AMP cycle have had little success. There is not one simple, single
cause for this investment pattern that has emerged since the water industry was
privatised, and no one part of the industry is responsible for the uneven investment
behaviour. This cyclical impact has become cultural and is a permanent feature of
the water industry. The characteristics and roots of this practice are complex. The
causes are not fully understood and not the result of one party’s actions. Therefore
the AMP cyclical investment and framework agreement is a key component for a
water sector conceptual framework of innovation adoption.

The energy sector (electricity and gas) is also subject to price control economic
regulation, and Ofgem’s determination of the revenue for networks is over an eightyear period. The regulatory process incentivises the networks to find efficiencies in
capital and operational expenditures, with savings being shared between the
network companies and consumers (UKRN, 2015). A longer price control period,
however, increases incentives for efficiency for companies because they retain the
savings of outperformance for a longer period and this may reduce some of the
impact of AMP cyclical investment. On the other side, a longer price control period
could also raise concerns from customers on sharing outperformance benefits after
a longer period. Since AMP investments have long asset lives, much of the
investment financed by the water companies is paid by customers over time. In the
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price review 2009 (PR09), the economic regulator’s price determination included
capital investment over the five years from 2010 to 2015, and about 60% of the
investment was to maintain current assets (capital maintenance), while the
remaining 40% was for enhancement obligations (capital enhancements) (HM
Treasury, 2012). Therefore, AMP duration is a key component for a water sector
conceptual framework of innovation adoption.

The Ofwat view on innovation is to promote greater competition within the sector
(Ofwat 2008; 2013; 2017b). The economic regulator has the view that competition
will drive water companies to innovate to deal with emerging challenges. Previously,
APPWG (2008) was, however, unconvinced by this view, saying a complete case
had not been developed for expanding competition. Cave (2009a) suggested
increasing competition in the water industry and highlighted the need for
improvement in abstraction licensing practices, unbundling the present supply
licence, allowing new entrants to supply water into water companies’ networks,
reforms to improve the regulatory regime for upstream entrants, and a framework for
economic buying with a longer-term option of bringing in an independent entity to
contract the supply of water and sewerage services. Therefore, upstream
competition is a key component for a water sector conceptual framework of
innovation adoption.

Competition, particularly upstream, requires the unbundling of water companies’
RCV and, possibly, their licence (Stern, 2012). There are concerns among
companies about unbundling accounts and assigning their income, expenditure,
assets and liabilities to different sections, such as water resources, raw water
distribution, water treatment, treated water distribution and retail. A complete
unbundling with retail in the downstream market and water production and treatment
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in the upstream market is expected to encourage a high level of competition that
might finally bring in the desired efficiencies (Boscheck et al., 2013) and possibly
innovation. Cave (2009a), however, mentioned that such an unbundling of RCV may
be unattractive, and may lead to increases in the cost of capital, which would
eventually raise customers’ bills and risk the financing of the investment programme.
The telecom industry was transformed after 1969 when the General Post Office was
divested into a publically owned company of two internal unbundled units:
telecommunications and post (UK Government, 1969). Babe (1981) concluded
significant cost savings for non-integrated telephone companies compared to
vertically integrated companies. The reason attributed to the success of nonintegration was the increasing importance of innovation. In the gas industry, SERIS
(2006) released a report on the unbundling of UK gas and found that it was
beneficial in terms of lowering prices to customers. Pollitt and Steer (2012) also
showed that since unbundling happened in the gas sector, the mean cost per
domestic and non-domestic customer has reduced year-on-year. In the UK
electricity industry, Newbery and Pollitt (1997) looked into the performance impact of
unbundling the Central Electricity Generating Board in England and Wales and
found that it considerably decreased both generation and transmission costs over
time. The total net benefit was estimated to be a permanent reduction in costs of the
order of 5% even after a considerable upfront cost. Pollitt (2008) concluded that
ownership unbundling improves competition and eases regulation. Unbundling,
however, creates smaller units that could impact the capacity of firms to plan longerterm innovation and firms’ focus on those type of innovations that result in cost
reduction. Therefore, unbundling is a key component for a water sector conceptual
framework of innovation adoption.
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Florio (2004) calculated the welfare gains to society from UK utility privatisations of
electricity, gas, phone, rail, bus and coal of about £42bn to £57bn. However, the
water industry demonstrated a large fall in consumer welfare due to higher prices.
Jamasb and Pollitt (2011) examined the effect of reforms on patenting activity in the
UK electricity sector and highlighted that while the initial post-reform efficiency
improvement is positive, in the long run, a lasting decline in research and
development spending can eventually lead to a reduction in patents and innovation.
Satchwell et al. (2011) analysed the impacts of energy efficiency resource standards
on an Arizona electric utility and found that the utility experienced significant erosion
in earnings due to implementing aggressive energy efficiency programmes, but
customer bills were expected to be lower in the longer term.

The water industry in the UK differs from the other UK network industry such as gas,
telecoms and electricity as it has never been owned by a single national firm (Pollitt
and Steer, 2012). Therefore, the changes in the PR14 and increasing competition
such as the opening of the retail market in April 2017 to non-household customers
(businesses, charities and public sector) may or may not lead to similar experiences
to those of other network industries. Keeping the claim of the expected 5% fall in
water bills between 2015 and 2020 for future analysis, in reality, household water
bills rose by 40% in real terms after privatisation (National Audit Office, 2015).
Examining other countries’ water reforms, the evidence from the reforms in
Melbourne water and sewerage industry suggests that the industry has been
performing well since 1995 when the reforms came into practice. The reasons
provided for the cost savings are outsourcing and competitive tendering for
contracts (Pollitt and Steer, 2012) that indicate more flexibility due to the unbundling
into smaller size firms and therefore a positive environment for innovation. However,
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there is very little evidence on what influences these reforms really have on
innovation in the industry. In the case of Munich’s water supply reform, Lanz (2005)
reported efficiency improvements which indicate customer welfare in terms of the
price they pay for services. It could be seen, from the experiences of other sectors,
that most of the evidence indicates unbundling is positively associated with a
reduction in cost; however, there is a lack of evidence that unbundling improves
research and development activities or innovation. The challenge in the water
industry is to find ways to invest more in research and development while keeping
customers’ bills lower and minimising the financial risks of innovation to investors in
the event of unbundling the upstream market into smaller-sized units. Therefore, the
context of vertical integration versus unbundling is a key component for a water
sector conceptual framework of innovation adoption.

An organisation’s long-term efficiency is related to its research, development and
innovation investments as well as the wider environment in which it does research
such as technology mapping, research databases and shared learning (Pollitt and
Steer, 2012; EKTN, 2008). Regulators need to review their policies to ensure that a
sufficient level of importance is given to research and development in regulated
sectors to safeguard the interests of present and future consumers (Sainsbury,
2007). Ofgem has employed an innovation funding incentive and has three funds set
aside for innovation (see Appendix D). The water sector currently does not have
such a type of stimulus package and relies on financial incentives through
outperformance in companies’ business plan commitments. For a company
budgeting research and development spending, it is difficult to ensure the
investment will actually benefit the business. Therefore, companies in the water
sector need a stimulus package from the regulator to balance the financial risks of
65

innovation.

Therefore,

research

and

development

funding,

incentives,

technology mapping, and a research database are key components for a water
sector conceptual framework of innovation adoption.

The water sector needs skills and expertise to research new ideas to deal with the
sector’s challenges. Schafer (2011) suggested that the water industry should assess
the availability of expertise for innovation. Previously, CST (2009) pointed out
difficulties in recruiting skilled people both at experienced and graduate level and
recommended companies to invest in training for a new generation of water
professionals. Caffoor (2010) suggested a public education programme to value
water and embed this into the national curriculum, which would be useful to develop
interest towards the water industry at the school level. The availability of skilled
people may further decrease after Brexit, which means more investment in training
and education to ensure the industry has the skills required for the future. Therefore,
Skills Availability is a key component for a water sector conceptual framework of
innovation adoption.

The aspects of the industry characteristics associated with innovation discussed in
this section are shown in Figure 3.2.

Figure 3.2: Industry Characteristics Construct
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3.3.3 Collaboration
Collaboration entails the sharing of knowledge, skills, financial resources or access
to a market with collaborators. It reduces the risks, or optimises the return, from
innovation (UKWIR, 2011). There is evidence that industry collaboration leads to
greater innovation. For instance, the National Grid has adopted an ‘alliance’
approach for contracting and sharing risks and costs in exploring innovative
solutions. The Rail Alliance, an industry trade body, works with the rail sector to
widen their choices of suppliers to ensure innovative goods and services are not
neglected (Department of Business Innovation and Skills, 2011b). Collaboration
could be an efficient route for increasing innovation; however, it may not be so in all
circumstances. For example, a radical innovation which is destructive to incumbent
organisations is unlikely to involve collaboration among organisations. Sometimes,
collaboration between competitors can lead to collusion and anti-competitive
behaviour, therefore may be a detriment to customers (UKWIR, 2011). The inclusion
of competition and upstream unbundling in the water sector may also have a
profound effect on collaboration in the sector. The Department of Business
Innovation and Skills (2011b) highlighted that insufficient attention had been given to
collaboration in the water sector. UKWIR (2011) recognised the complexity of
collaboration in the sector and raised concern over the state of collaboration. There
are also difficulties in identifying suitable partners with whom to collaborate due to
comparative competition. It is also necessary to have a clear shared goal over
common outcomes to galvanise collaborative effort for increasing innovation.
Therefore collaboration is a key component for a water sector conceptual
framework of innovation adoption.

The collaboration construct and related aspects are shown in Figure 3.3.
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Figure 3.3: Collaboration Construct

3.4 Innovation in Supply Chain
A key aspect in the adoption of innovation is the availability of fit for purpose
innovation. Therefore, innovation in the supply chain is a key component for a water
sector conceptual framework of innovation adoption. In the UK water sector, there is
an imperative association between water companies (companies making innovation
adoption decisions) and supply chain firms (firms developing innovation) in
delivering water and sewerage-related services and capital and maintenance
schemes. Most of the innovation takes place in supply chain firms, and water
companies bring in innovations through collaboration with those firms. Therefore,
developing a product, technology or a process in supply chains is a key component
for a water sector conceptual framework of innovation adoption.

From the literature review completed in the previous sections, it is evident that an
approach of sharing innovation risks, adoption of innovation, collaboration, the AMP
cycle and the framework are important for innovation. The influence of these factors
could vary according to the types of supply chain firms and their geographical
operating area. To examine the effects of these factors, the following twelve
hypotheses are proposed in the context of innovation in supply chain firms:
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3.4.1 Study Hypotheses
Innovation Risk-Sharing

H1: The sharing of innovation risk between supply chain and WaSCs is associated
with the type of firm (i.e. consulting, manufacturing, etc.) and their geographical
operating area (i.e. the UK market only, or the UK and overseas markets).

H2: Sharing of innovation risk between WaSC and the supply chain has a
statistically significant effect on the business certainty of a supply chain firm.

Regulatory and Framework Influence

H3: The AMP cyclical effect is greater in manufacturing firms than consulting firms.

H4: The AMP cyclical effect is greater among UK market firms (functional area in the
UK market only) than UK and overseas firms (functional area in the UK and
overseas markets)

H5: Consulting firms have better incentives for researching and developing an
innovative idea in an AMP framework compared to manufacturing companies.

Adoption of Innovation by WaSCs

H6: WaSCs’ adoption of innovation has a statistically significant effect on the
business certainty of a supply chain firm.

H7: Supply chain clarity about innovation needs (of WaSCs) has a statistically
significant effect on WaSCs’ adoption of innovation.
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WaSC Collaboration

H8: WaSC collaboration is greater among consulting firms than manufacturing firms.

H9: WaSC collaboration has a statistically significant effect on the supply chain
clarity of innovation needs.

H10: WaSC collaboration has a statistically significant effect on business certainty of
supply chain firms.

H11: WaSC collaboration has a statistically significant effect on the sharing of
innovation risks between the supply chain and WaSC

H12: WaSC collaboration has a statistically significant effect on the availability and
accessibility of research database and information.

70

3.5 The Conceptual Framework
The components of the conceptual framework based on the analysis of the reviewed
literature in the previous sections are brought together in Figure 3.4.

Figure 3.4: The Study’s Proposed Conceptual Framework (Initial)
The proposed conceptual framework shows two key parts: first, innovation adoption
in WaSCs; second, innovation development in supply chain firms. This is set within
a definition of innovation that is relevant for the water sector.

The innovation adoption addresses Research Objective One informing the part of
the conceptual framework relevant for innovation adoption in WaSCs (Chapter Five).
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The meaning of innovation relevant to the water sector is tested in WaSCs (Chapter
Six) to ensure a proper boundary for the conceptual framework; and identifying
opportunities for innovation (Chapter Six) sits within the study’s overall aim of
improving innovation using the study’s final conceptual framework.

The supply chain innovation addresses Research Objective Two by informing the
part of the conceptual framework relevant for innovation development in supply
chain firms (Chapter Seven).

3.6 Summary
This chapter took an in-depth look at the elements and constructs within the context
of the water sector which could feed into the conceptual framework. A review of the
literature revealed that external factors such as regulation, culture, incentives,
innovation risks and collaboration have influences on innovation. It showed that
understanding and knowledge of such factors is incomplete, and factors related to
regulation, industry characteristics (beliefs, values, meanings and norms), and
collaboration have a significant influence on innovation and must be included in the
conceptual framework.

This initial, novel, conceptual framework draws on the basis of the analysis of
existing theories and sector-specific literature. This study looks to contribute to the
existing body of innovation and technology adoption theories and literature by
testing and extending this initial conceptual framework (Figure 3.4), adapted from
TAM model (Venkatesh and Davis, 1996), for a regulated company (WaSC) in a
regulated sector (the water sector).
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The next chapter on research methodology describes new empirical work
specifically completed for the purpose of this study, and shows the process of
collecting primary data from WaSCs, supply chain firms and water sector
stakeholder groups, and methods used for analysing those data to address the
study’s objectives set in Chapter One.
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Chapter 4 - RESEARCH METHODOLOGY
4.1 Introduction
This chapter outlines the elements of research design guiding this research, and
informs the reader how the research has been carried out. There are four main
elements to this research design. At the broadest level are the issues of
philosophical assumptions, such as the epistemology behind the study or how an
investigator gains knowledge about what they know. The philosophical assumptions,
in turn, inform the use of a theoretical stance or theoretical perspective and the
stance informs the methodology used, which is a strategy or research design. The
methodology then informs specific methods to gather, analyse, and interpret the
data. The subsequent sections reiterate the study objectives and describe the
epistemology, ontology, paradigm and the methodological approach adopted in this
research and the reasons for making decisions about particular choices.

4.2 Research Objectives
This research started with six main objectives:

1. To understand and identify factors related to the innovation adoption
behaviour of individuals who make innovation-related decisions in WaSCs,
and propose a conceptual framework of innovation adoption that combines
factors to improve understanding of the adoption of innovation and thus can
be used to increase the adoption of innovation in a WaSC in England and
Wales.
Addressed in Chapter Five
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2. To examine supply chain professionals’ perceptions about barriers and
enablers of innovation within the water regulation framework in England and
Wales and analyse innovation-influencing factors to propose a framework
that combines and integrates the factors to demonstrate an improved
understanding of innovation along with ways to increase innovation in a
supply chain firm in England and Wales.
Addressed in Chapter Seven
3. To understand the meaning of innovation for a WaSC within the water
regulation framework in England and Wales.
Addressed in Chapter Six
4. To identify opportunities for a WaSC to innovate within the water regulation
framework in England and Wales.
Addressed in Chapter Six
5. To identify barriers to innovation for a WaSC within the water regulation
framework in England and Wales.
Addressed in Chapter Five
6. To bring together the study’s key findings to suggest changes that could
assist WaSCs and supply chain firms to increase innovation within the water
regulation framework in England and Wales.
Addressed in Chapter Eight

This research is both deductive and inductive in achieving the research objectives. It
is deductive in the sense that this research has a theoretical underpinning from two
literature stems comprising existing (primarily psychological) innovation and
technology adoption theories (Chapter Two) and innovation in the water sector in
England and Wales (Chapter Three supported by Appendix B), with these having
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been brought together to propose the initial conceptual framework in Chapter Three.
The theoretical underpinnings provided a deductive approach to this research by
including the themes (constructs) from existing adoption theories and the literature
related to the water sector, which formed an initial conceptual framework (Figure
3.4, Chapter Three). It is inductive in the sense that this research brings in new
themes to develop the initial conceptual framework and achieve the research
objectives by analysing primary empirical data specially collected for this research.
The research includes both qualitative and quantitative analysis of data that allows
to test and extend the innovation adoption part of initial conceptual framework
inductively , and to test specific hypotheses in a statistically significant way for the
innovation in supply chain part of the initial conceptual framework with a primary
focus on the research objectives rather than the methods used. This is explained in
detail later in this chapter.

4.3 Philosophical Underpinning
Philosophical assumptions means a basic sets of beliefs that guide action (Guba,
1990, p.17), or paradigms (Guba and Lincoln, 2005; Mertens, 2010) or
epistemologies and ontologies (Crotty, 1998). Prior to discussing and making
decisions about the research paradigm, an understanding of Ontology and
Epistemology is important.

4.3.1 Epistemology
Epistemology is related to how we know the world, what counts as knowledge, how
knowledge claims are justified, and what is the relationship between the inquirer and
the known (Creswell, 2013b; Denzin and Lincoln, 2013a). The objectivity
epistemology belief is that there is no reason to interact with who or what the
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researcher studies. The researcher should value only scientific rigour and not its
impact on society or research subjects (Guba and Lincoln, 2005). This generally
occurs when researchers follow a quantitative approach and collect data through
instruments. On the other side, a subjectivist epistemology involves co-created
findings (Denzin and Lincoln, 2013a). The assumption is that we cannot separate
ourselves from what we know. The investigator and the object of investigation are
interactively linked to the meaning shaped by lived experiences, and these will come
out in the knowledge generated from empirical material collected by investigators
and interaction with research subjects. The findings are the creation of the process
of interaction between the inquirer and inquired (Guba, 1990, p.195) and bounded
by the context and circumstances. We construct meanings based on our interaction
with our surroundings, and social reality is constructed in reference to an individual’s
frame of reference within particular settings (Guba and Lincoln, 1985). Researchers
who follow a qualitative approach are very close to the object of the study in
subjectivist epistemology.

The nature of this research inquiry, which is to understand and make an in-depth
exploration of factors related to the behaviour in innovation adoption of those
individuals who make innovation decisions in their organisation justifies close
interaction with those who make innovation decisions and the applicability of a
subjectivist epistemology in this study. Individuals inevitably and instinctively
construct versions of reality that are formed and interpreted through knowledge,
discourse, experience and beliefs which can be understood through a detailed
conversation with participants and in-depth exploring of individuals’ views and
experiences. This is conducted via semi-structured interviews, to study individuals’
behaviour in innovation adoption in WaSCs. Furthermore, the researcher’s
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association with the water sector as a practitioner and an interested observer of its
functioning and interaction with the professional community led the researcher to
attempt to know what has been observed and experienced and seek exploration of
meaningful outcomes from the research subjectively. The approach used in this
research, therefore, mainly relied on the analysis of subjective accounts generated
through getting inside situations that involved the researcher to collect in-depth
textual data in naturalistic settings. The main limitation of using this approach was
the multiple realities involved, and therefore the findings remain bound by time,
place, the individuals involved in the research, the context in which they make
decisions, and the dynamic relationship between knower and known, which is
inseparable. Therefore, the study’s Objectives One, Three, Four, Five and Six
correspond to a subjectivist epistemology. The study’s second objective, however,
requires quantification of key factors influencing innovation in supply chain firms
which does not correspond to a subjectivist epistemology. Therefore, the nature of
this research inquiry involves to both the subjective and objective epistemologies.
Interestingly, the pragmatism paradigm (as explained below) allows the employment
of both qualitative and quantitative approaches (mixed methods) and considers both
objective and subjective epistemology, or practicality (Tashakkori and Teddlie, 1998)
to explain reality as much as possible. The pragmatism paradigm was considered
the best philosophical foundation for mixing multiple methods (Tashakkori and
Teddlie, 2010).

4.3.2 Ontology
Ontology asks a question about the nature of reality, how we make sense of and
understand the nature of the world (Creswell, 2013b), the study of things that exist
and the study of what exists (Latsis et al., 2007); the worldviews and assumptions in
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which researchers operate in the search for new knowledge (Schwandt, 2007,
p.190). Ontology has three main aspects: realist (singular reality), relativist (multiple
realities) and pragmatist. Realists believe that reality exists independent of the
perception of human beings, with the assumption of objective reality which is
generally related to quantitative research. Realists are foundationalists and believe
that the foundation of scientific truth and knowledge about reality resides in the
rigorous application of testing a phenomenon. Relativists claim that objective
knowledge does not exist, but knowledge depends on the social environment and
the perception of people and can be seen as relative and socially constructed
(Denzin and Lincoln, 2013a; Kuhn, 1997). It is mainly related to qualitative research
(Bahari, 2010).

Pragmatists view reality as both singular (a single identifiable reality) and multiple
(local and specific co-constructed realities), and encompass both qualitative and
quantitative approaches: singular in the sense that an existing theory already exists,
such as technology acceptance theory which operates to explain adoption behaviour
under a set of specific conditions within which it has been developed; and multiple
because it is assessed from varied individuals’ inputs (as in the case of the current
study) where realities exist in the form of multiple mental constructions, socially and
experimentally based, local and specific in nature and dependent for their form and
content on the groups and individuals holding those constructions (Denzin and
Lincoln 2013b; Creswell and Plano-Clark, 2011). This research gathers evidence
from participants of WaSCs, supply chain and water sector stakeholders. This
research followed a pragmatist view of reality adopting a mixed methods design
(qualitative and quantitative methods) because findings were extracted from the
analysis of data collected from WaSCs through a qualitative approach, analysis of
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data from supply chain firms using a quantitative approach and analysis of data from
stakeholder groups following quantitative and qualitative approaches. The reason for
using different approaches for WaSCs and the supply chain lies in the nature of the
research objectives. The understanding and in-depth exploration of factors related to
individuals’ behaviour in innovation adoption could be addressed by interviews
within WaSCs, the influence of various factors on innovation in a much larger supply
chain can be best examined using a questionnaire, and the views of stakeholders
can be best included through a consultation of the study’s key findings.

4.4 Research Paradigm: Advocating Pragmatism
Denzin

and

Lincoln

(2011)

described

four

major

paradigms:

positivism,

postpositivism, critical theory and constructivism. Positivism and postpositivism work
within a realist and critical realist ontology and objectivist epistemology, and rely on
experimental, survey and generally quantitative methodologies. Positivism is based
on the belief that reality has an existence outside and independent of the individual.
On the other end, the constructivist and similar paradigms assume a relativist
ontology and subjectivist epistemology. Constructivists (or interpretivists) claim that
social reality is constructed and is not independent from the individuals creating it.

Further details of the paradigms and their philosophical assumptions are presented
in Appendix E.

A comparison of positivism and constructivism is summarised in Table 4.1.
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Table 4.1: Comparison of Positivism and Constructivism Paradigm (adapted
from Creswell and Plano-Clark, 2011; Denzin and Lincoln, 2013a; Amaratunga
et al., 2002)
Paradigm
Element

Positivism

Constructivism

Epistemology

Researchers
objectively
collect data on the instrument;
distance and impartiality.

Researchers
visit
participants at their site to
collect
data;
closeness;
subjectivism

Ontology

Realism; singular reality

Relativism; multiple realities

Methodology

Belief in the scientific method;
grounded in hard sciences;
mostly quantitative methods

Interpretative;
typically
qualitative methods

Approach

Deductive; theory testing

Inductive; theory generation;
building up patterns and
generalisation

Inquiry Aim

Explanation, prediction and
control

Increasing
understanding
and exploration

Nature
knowledge

of Hypothesis verification

Gathering rich data from
which ideas and concepts
are induced

As explained in Section 4.3, the current study corresponds to both subjective and
objective epistemologies with a pragmatist view of reality (ontology) and, by its
nature, is pluralistic in approach, sitting in the pragmatism paradigm. Many social
sciences researchers employ a kind of everyday pragmatism in their solution to the
research and evaluation of problems (Biesta, 2010). For Greene and Hall (2010),
pragmatism results in a problem-solving inquiry process. Pragmatism focuses on the
consequences of the research and research objectives rather than the methods, and
uses multiple methods to collect data to inform the research problem. It is, therefore,
pluralistic and oriented towards ‘what works’ (Creswell and Plano-Clark, 2011). The
current study gathers evidence through existing theories, literature, interviews,
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questionnaire and consultation following a theoretical stance of pragmatism, i.e. the
researcher has collected data by ‘what works’ to address the research inquiry and
the research aims and has included both qualitative and quantitative approaches in
the analysis. Pragmatism allows the synthesis of findings from multiple methods and
approaches (Tashakkori and Teddlie, 2010). Therefore, the selected pragmatism
paradigm enabled the researcher to adopt a pluralistic stance on gathering and
analysing both qualitative and quantitative data to address the research objectives,
holistically taking into account the perspectives of WaSCs, supply chain firms and
stakeholder groups. The philosophical and methodological framework employed in
the study is shown in Figure 4.1.

Figure 4.1: Framework Adopted for the Research Approach and Methodology

4.5 Methodology: Advocating a Mixed Methods Design
The philosophical positions discussed above provide a basis on which a
methodology is to be selected. The methodology is about how we go about gaining
knowledge of the world, the basic principles guiding the exploration of empirical
fields. Assumptions about epistemology and methodology are closely related, as the
appropriate research method is guided by beliefs about what counts as knowledge
(Chua, 1986). Denzin and Lincoln (2011) also described that methodology involves
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a clear focus on specific research objectives, a clear research aim, and what
information will address those specific research objectives most appropriately.

This research is related to interpreting individuals’ behaviour and actions, and
therefore can be located in an interpretive approach. Individual constructions are
obtained and processed hermeneutically and then compared and contrasted
dialectically, with the aim of producing a few constructions on which there is a
significant consensus (Guba, 1990, p.27). Angen (2000) stated that the methods
should ensure dialogue between the researcher and participants in order to coconstruct meaningful reality and suggested a more precise type of research of a
qualitative nature. Therefore, this research employed a qualitative method to gather
information (textual data) from WaSCs and obtain reflections from water sector
stakeholder groups on the study’s key findings.

Innovation under AMPs is not limited to WaSCs; it also extends through a large
supply chain of firms involved in the delivery of the schemes. Without including the
perceptions and concerns of supply chain firms on innovation, the study of
innovation in WaSCs cannot be regarded as complete. The review of literature
related to the water sector (Chapter Three and Appendix B) confirmed the
importance of innovation in the supply chain, which forms an important component
of the initial conceptual framework (Figure 3.4, Chapter 3). To integrate supply chain
firms’ perspective on innovation, the researcher gathered an additional set of data
from supply chain firms to address Research Objective Two, which is an inquiry into
which causes determine effects and relies on experimental, survey and rigorously
defined quantitative methodologies (Denzin and Lincoln, 2011, p.13). Creswell
(2013a, p.156.) stated surveys and experiments are the main quantitative methods.
Experimental design is intended to test the effect of an intervention on an outcome,
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while a survey can provide a quantitative description of the opinions or attitudes of a
large supply chain by studying a sample of firms. Therefore, this research employed
a closed-ended questionnaire to include supply chain opinions on innovation in their
firms within the water regulation framework to study innovation holistically.
Therefore, the study included both qualitative and quantitative methodologies.

Johnson et al. (2007) defined mixed methods as being where the researcher
combines elements of quantitative and qualitative approaches for the purpose of
breadth and depth of understanding, exploration and corroboration. Creswell and
Plano-Clark (2011) also defined mixed methods as those that include at least one
quantitative and one qualitative method in the research. The current research, being
mixed methods research, benefited from both qualitative and quantitative
approaches to collecting and analysing data best suited to the research objectives.
The following flowchart (Figure 4.2) illustrates the methodology and steps involved
in this research and how different stages were brought together to reach
conclusions.

84

Figure 4.2: Research Methodology
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4.6 Research Methods
This research adopted a case study approach using a mixed methods research
design consisting of semi-structured interviews and questionnaires to gather
empirical material considering the information needed to address the research
objectives; this is described in detail in subsequent sections with justifications for
using particular methods. A case study relies on document/literature analysis,
interviewing, surveys and observation and a ‘case’ in the study can be defined as an
entity, such as an individual, a small group, an organisation, a programme or a
partnership and also at a less concrete level a community, a relationship, a decision
process or a specific project (Creswell, 2013b). According to Merriam (1988), a case
study is an investigation of an organisation, event, process or programme. In view of
these, ‘Innovation in WaSCs and the supply chain in England and Wales’ can be
characterised as a ‘case’ in this research that uses texts, observations and the
perceptions of individuals. Although observation is described here, a limited amount
of observations were included, and more emphasis was placed on dialectic
engagement with water experts with lived experience in WaSCs, perceptions of
professionals in supply chain firms, reflections of stakeholders and the literature and
previous studies reviewed.

Greene (2012) mentioned that the mixing in a mixed methods study can be done at
the level of the paradigm, methodology or method. A modest mix refers to mixing at
the method or methodological level with one dominant and one secondary
methodology which has the potential to provide a better understanding of the issues
under research. The data from the semi-structured interviews with water experts and
questionnaire responses with supply chain firms were collected and analysed
separately, and the results were merged to draw key findings. Then, the reflections
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of key stakeholder groups on key research findings were collected, analysed and
included for interpretation and discussion to conclude the research findings. The
final discussion was intended to generate a few constructions on which there is a
substantial consensus among participants of WaSCs, the supply chain and
stakeholder groups. The concern about qualitative data dissimilarity remains valid;
however, it is outweighed by the advantage of the inclusion of the reflection in
abstract and detailed form from stakeholder groups and the gathering of quantitative
data from supply chain, which ensured completeness and validation. Mixed methods
research provides strength to research validity and offsets the weaknesses of
quantitative and qualitative research (Creswell and Plano-Clark, 2011). A qualitativequantitative approach was also used in a previous study (UKWIR, 2006) undertaken
by UK Water Industry Research (UKWIR). Therefore, mixing methods is not
uncommon in the water industry. Three populations were seen as vital to engage
with in this research (WaSCs, supply chain firms and water sector stakeholder
groups). The forthcoming sections discuss data collection from each in turn.

4.6.1 Semi-structured Interviews (Water and Sewerage Companies)
Research Objectives One, Three, Four, Five and Six (Section 4.2) called for an
understanding and exploration of issues and their insights, therefore, neither a
conversational style nor a more interrogative style interview facilitated obtaining the
information required. The objective was to go into an open dialogue with participants
through some structure that allowed the development of points of interest and let
knowledge emerge. This would allow respondents to convey and reconstruct
interpretations that provided both insight and evidence relevant to the inquiry.
Therefore, a semi-structured interview approach was chosen so that the participants
were given space to be self-reflexive and could explore the determining practices in
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their organisation and external environment that influence innovation, and the
researcher could also direct this exploration as necessary for achieving the research
aim and objectives.

Semi-structured interviews seek to develop and build on a degree of intimacy for
their effectiveness and usefulness (Johnson, 2000), and to be successful, the
interviewer has to enter into conversation with the informant and build on shared
attributes. The interview then becomes the negotiated text, grounded in the contexts
in which information was gathered (Bryman, 2012). Semi-structured interviews are
more prescriptive and allow space to discuss issues in depth with interviewees.
Bryman (2012) also stated that the semi-structured interview method has the
potential to draw breadth and depth of information and knowledge.

Previously, UKWIR conducted a study using interviews to review incentive
mechanisms and funding for innovation based on stakeholders’ engagement and
published information in the UK water and other sectors (UKWIR, 2011). Other
studies have also used interview methods: for example, CST (2009) included
interviews and secondary sources data. Gray (2011) used a call for evidence and
interviews to collect information to assess the existing arrangements of economic
regulation and consumer representation. Therefore, the use of the interview method,
employed in this study was the best choice, considering the nature of the
information that was required to address the research objectives.

4.6.1.1 Interview Participants
The research objectives of identifying factors that influence innovation, understand
the meaning of innovation and identifying barriers to and opportunities for innovation
for WaSCs directed the researcher to choose participants who make innovation88

related decisions in WaSCs. Twelve interviews were conducted with water experts
who have experience of the functioning of WaSCs within the water regulation
framework. Taking into account the information needed to address the research
objectives, the researcher decided that those approached for the interview must
hold a responsible position involving innovation-related decision-making in WaSC,
and have knowledge and understanding such that they could be regarded as water
experts or key informants. Therefore, a key informant was regarded as a person
who by virtue of their position, experience, level of responsibility or knowledge was
able to articulate and convey information, opinions, and insights into the workings of
WaSCs, the supply chain, water industry and regulatory framework at one or more
level such as policy debates and developments, regulatory aspects, innovation,
operational activities, emerging issues and concerns related to innovation within the
water regulation framework. Alternatively, a key informant was one who was
generally recognised to be well-informed about particular issues related to the
research topic or who may have interaction with other informants and may,
therefore, be able to offer insights into issues. All those interviewed in this research
were prominent persons in the UK water industry, senior officials with several years
of experience, making innovation-related decisions in their organisation, holding key
positions in their organisations such as at head of department/division/ programme
area, director, manager, principal engineer, and were selected through a bespoke
sampling technique specifically designed for this research and described later in this
chapter.

The interviews were conducted until the data saturation was achieved. The concept
of data saturation is subjective (Kumar, 2014). Creswell and Plano-Clark (2011)
suggested four to ten participants for each case study; however, the researcher was
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fully aware of the importance of collecting data until no significant new information
emerged (data saturation) in the interviews. The past study undertaken by UKWIR in
2006 included three to six interviews per case study (UKWIR, 2006). Another study
(UKWIR, 2011) in the UK water industry included thirty interviews with a large
number of stakeholders including regulators, water companies, supply chain,
academics, other sector companies, government, agencies, Research Councils and
venture capital investors. All the interviews in this research were conducted by the
researcher himself; therefore, it was not difficult to make a judgement about the
saturation of data in this study, i.e. when no new information was obtained, or new
information was not relevant to the study. The researcher’s experience of the water
sector also helped in making this decision. Moreover, the functional mechanism in
the water sector in the regulatory framework is also not very diverse. The interviews
with water experts of UK water sector produced a very rich qualitative dataset of
46,456 words of interviews in a transcript document, which explains why twelve
interviews reached saturation in this research. A list of the targeted and participating
job roles of the interviewees is shown in Table 4.2.

Table 4.2: Participants’ Targeted and Participated Job Roles for Interviews
Water and sewerage

Anglian Water; Northumbrian Water; Thames Water;

service providers

Severn Trent Water; United Utilities; Wessex Water;
Yorkshire Water; Dwr Cymru Welsh Water; South-West
Water; Southern Water

Targeted

roles

interviewees.

of

Capital delivery manager; Framework manager; Head of
capital delivery and supply chain; Director supply chain;
Head of procurement and contract management
Director asset management; Director strategy and
regulations; Head of asset planning
CEO; Chairman, Managing director; Water strategy
90

manager
Head of innovation; Head of research and development;
Head of sustainability and innovation; Innovation director
Service director; Director water; Director strategy and
planning; Planning and performance head
Wastewater energy and efficiency Manager; Optimisation
manager; Energy and carbon manager; Energy operation
manager;

Chief

operating

officer;

Operational

development scientist
Principal engineer; Chief engineer; Team leader; Director
engineering; Water and wastewater lead; Technical
director; Technical manager; Design manager
Programme manager; Programme delivery manager;
Project delivery manager; Business strategy manager.
Interviewees’
participating
research

roles
in

the

Head of Innovation
Head of Research and Development
Framework Manager
Capital Delivery Manager
Chairman
Planning and Performance Head
Head of Capital Delivery and Supply Chain
Service Director
Director (Water)
Principal Engineer
Climate Change and Sustainability Strategy Manager
Head of Integrated Operational Solutions

It can be seen from Table 4.2 that the participants interviewed were in responsible
and decision-making positions and this explain their suitability for providing
information required for this study.
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4.6.1.2 Sampling Approach
A non-probability sampling selects population elements in accordance with what
specifically the researcher is seeking for and the availability of such population
elements (Bryman, 2012). In order to ensure the reliability of data, the selection of
the participants from whom the data is gathered must be understood. It would be
true to say that at the beginning, there was not absolute perfect clarity on how to find
suitable participants aside from the researcher’s contacts in the industry. There was
also not surety of getting access to interview informants who met the requirements
described in the previous section who could provide in-depth information on such a
complex subject, because participants had to have an in-depth understanding of the
regulatory framework and innovation within the framework. Therefore, the
researcher adopted a twin approach; first, a list of targeted participants’ roles was
developed (Table 4.2) that could provide necessary information to address the
research objectives; second, a top-down communication approach was followed to
get permission from water companies to interview participants in similar roles. The
researcher’s association with the water sector, experience, Institution of Civil
Engineers association and attendance at various conferences and industry events
helped in making judgements about potential participants. Participants who were
interviewed, or in some case contacted initially for interview, in turn, suggested other
suitable participants for interviews considering their role, capacity and experience.
Another measure employed in this specific sampling approach was to send the
interview guide to potential participants and discuss the study topic with them to
make them aware of the level of information needed in the research, so they could
reflect on what information was needed and whether they were able to participate. In
practice, WaSCs’ senior officials were generally found to be keen to participate, and
these officials then assisted in selecting other suitable participants internally and
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externally. There were cases when the approached participants, after seeing the
interview guide, declined to participate considering the level of information required;
however, they provided contact information for other suitable participants who could
provide insights. Therefore, a non-probability sampling strategy comprising a
snowball sampling technique with a bespoke approach of selecting participants as
explained above was used in selecting the participants in interviews who provided
in-depth information in this research.

4.6.1.3 Interview Process
A participant consent form (PCF) and participant information sheet (PIS) were
prepared (see Appendix O), and research ethical approval was obtained from the
Faculty Research Ethics Panel prior to approaching participants.

WaSCs were approached for semi-structured interviews; letters to the Chief
Executive Officers (CEO) of WaSCs were sent via recorded post. These letters set
out the purpose of the research, the scope of the inquiry, and included a
participation willingness enquiry. These letters were forwarded by the CEO to the
heads of relevant departments in their companies, and further communications were
made through email. An interview guide, PCF and PIS were sent to all participants
as attachments in the interview request email. This was followed up by email and
telephone calls in order to confirm details to organise initial discussion/presentation
and then interview meetings with participants who were found suitable and were
interested in participating in the research. Twelve interviews (nine face-to-face and
three telephone interviews) were conducted between March and August 2015. All
face-to-face interviews were carried out at the participants’ places of work.
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At the beginning of an interview, the participant was asked for their consent and
informed of their right to not answer any specific question or to stop the interview at
any time. They were also assured that information about them would be treated as
confidential and kept securely.

The interviews were steered by indicative questions derived from an in-depth review
of the literature. Although the areas to be explored during the interview were
identified in the interview guide, this did not preclude the participant from raising new
issues. The aspects were covered through a number of open-ended questions. This
was done to ensure consistency across interviews and to conduct the interviews in
such a way that the understanding and exploring of the aspects influencing
innovation could emerge. The questions included in the semi-structured interview
guide can be found in Appendix F.

The researcher had the interview guide at the interview meeting to ensure that all
aspects were covered, or at least raised for comment. Given the nature of the
interview, the questions were not necessarily asked in the same order, or indeed at
all, if the researcher judged that they already had been covered in the discussion.
The same questions were used for all interviews but adapted to the particular
circumstances of the participant and organisation being interviewed.

With the agreement of the interviewees, interviews were audio recorded except on
one occasion when the participant did not feel comfortable with his voice being
recorded: in that case, interview notes were taken by the researcher. Audio
recording enabled the researcher to focus fully on the participant’s responses and
expressions and to make observations in the face-to-face interviews, and to take
additional notes to recall later on during transcriptions of audio recording to text.
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The interviews lasted about an hour on average (minimum of 45 minutes and
maximum 1 hour 23 minutes). In one instance, the interviewee also prepared notes
of the interview, and at the end of the interview requested a copy of the supply chain
questionnaire as he was also interested in looking at details of what had been asked
of supply chain firms. At the end of each interview, the researcher prepared notes
on the interview’s setting, nature, level of participation, level of openness, corporatist
posture and other details as observed. This helped during transcription of the audio
recordings.

4.6.1.4 Limitations
Interviewees communicated with multiple voices, reflecting individual and corporate
standpoints. To an extent, the content and fairness of the dialogue were influenced
by the relative anonymity agreed with the interviewees. This was tied to the potential
sensitivity of their comments or what they believed they could say in their position
considering both their organisational setting and the external perception of their
position and their commitments to the organisation. Thus those informants who
believed that their comments might be attributable and were in well-known positions
had a tendency to engage at the start in a corporatist manner, modulating their
responses against their perception of external communication on what could be or
was permissible for them to say. For instance, in response to a question one
informant, holding an important position, said “for the purposes of your recording
you may better switch off this for an honest answer,” and in another instance the
interviewee commented that he had to be careful in answering this question to
distance their personal views from the official one, and frequently used the phrase at
the start an answer, “to me this is…” The existence of legal and statutory norms
within which participants operate could be the reason for these constraints. Such
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constraints, however, provided an increase in the diversity in the responses and
were managed to some extent by reassuring participants several times during the
interview, about the confidentiality and the recording being destroyed once the
research was complete to minimising these influences.

4.6.2 Structured Questionnaire (Supply Chain)
WaSCs work closely with supply chain firms in delivering their AMP commitments
and schemes. Most of the innovation in water companies comes from supply chain
firms. Therefore, supply chain perceptions on innovation are an important
component in the study of innovation in WaSCs. This directed the inquiry to gather
an additional set of quantitative data from supply chain firms that relied on surveybased methodologies to test the hypotheses (Section 3.4) to address the study’s
second research objective. To collect the second set of data from supply chain
firms, a questionnaire was employed to obtain the perceptions of supply chain firms’
professionals on aspects derived from the literature review (Appendix B and Chapter
Three). The use of a questionnaire allowed the researcher to undertake a number of
statistical analysis techniques, as described in subsequent sections, to assess the
influence of various factors and understand the relationships between them in
relation to innovation in supply chain firms. The use of questionnaire in the study
was also appropriate considering the much larger supply chain group compared to
ten WaSCs.

A structured questionnaire provides a quantitative description of the attitude of the
population by studying a sample of that population (Creswell, 2013a). Bryman
(2012, p.232) defined a questionnaire as one of the main instruments for gathering
data using a survey design. Surveys are the most well-known quantitative (nonexperimental) research strategy choice in the social sciences (Muijs, 2004), and are
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associated with a deductive approach (Sapsford, 2007). Surveys are also mainly
used when a researcher‘s aim is to collect data on a phenomenon that cannot be
directly measured (Basharat et al., 2013). Since the innovation behaviour of supply
chain firms’ professionals and the barriers they perceive when make innovation
decisions are difficult to measure directly, a questionnaire approach was an
appropriate strategy.

In general, surveys which use standard questionnaires to collect large amounts of
data are flexible, inexpensive, fast ways of collecting data, and can generate useful
statistical data (Sapsford, 2007). Although surveys may lack some validity compared
to interviews (e.g. how truthful the respondents are being, how much thought they
have put in to answering the questions (Ackroyd and Hughes, 1992)), it is still
considered the most appropriate strategy to approach a large number of
respondents easily. Therefore the choice of a survey for supply chain firms was
appropriate to collect reliable and valid information related to innovation.

Thus, employing a quantitative strategy using a questionnaire allowed the
researcher to test the hypotheses to achieve the study’s second objective and
generate findings by applying statistical methods. In addition, quantitative methods
mainly rely on determining the relationship between variables (Saunders et al.,
2009; Creswell, 2005). In a quantitative approach, researchers must not only give
consideration to the study‘s results but also put effort into enhancing the quality of
the research using validity and reliability measurements (Heale and Twycross,
2015). Validity is concerned with the integrity of the findings produced by a study
(Bryman and Bell, 2015, p.50). According to Bryman (2015, p.41), validity can be
classified into external validity, which is concerned with the question of whether the
results can be generalised; internal validity, which is concerned with whether the
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research design follows the principles of cause and effect; and construct validity,
which is concerned with the question of whether a measure that is developed really
reflects the idea that it is supposed to be representing. Construct validity is important
for questionnaires that are administrated by the researcher and sent by post or
online (Greener, 2008, p.37). Since this research used mostly online and offline
(Utility Live events) questionnaire, it is therefore important to validate it using
statistical methods. On the other hand, reliability measures are concerned with the
question of whether the study‘s findings are repeatable and consistent (Bryman,
2015, p. 41). In other words, reliability refers to the extent to which the methods
used to collect and analyse the data produce consistent results (Saunders et al.,
2009, p. 156). Assessing the validity and reliability of the study helps the researcher
to produce good-quality research, and also to decide whether or not he should apply
the findings, considering the impact of various variables. Validity and reliability are
considered in greater depth in Sections 7.1.

4.6.2.1 Participants and Sampling Strategy
To collect data from supply chain firms, it was necessary to get access to
participants who have knowledge about innovation in the water regulation
framework and also have experience in supply chain firms in the UK water sector.
The researcher’s attendance at various water sector events, conferences,
workshops and discussions with professionals from supply chain firms were helpful
for approaching and selecting participants, in addition to the following online
sources:

•

Water Active (http://www.wateractive.co.uk/directory/)

•

Water Industry Forum (http://www.waterindustryforum.com/)

•

British Water (https://www.britishwater.co.uk/directory/)
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•

Buildoffsite (https://www.buildoffsite.com/membership/membershipdirectory/)

•

Ofwat delivery partners directory (https://www.ofwat.gov.uk/wpcontent/uploads/2017/06/Directory-of-interested-parties-for-the-DeliveryPartner-for-Ofwats-Price-Review-2019.pdf)

•

Supply Chain Marketplace
(http://www.wisupplychainmarketplace.com/directory/industry-sectors/waterindustry)

The nature of the information needed from the supply chain led to a sampling
strategy that fell under a non-probability purposive sampling technique. In purposive
sampling, it is the researcher’s judgement as to who can provide the best
information to achieve the objectives of the study. The researcher ensured that
participants selected to complete questionnaire represented the target population.
This led the researcher to include another bespoke approach in the standard
sampling technique for selecting participants. This was done through scanning
information from multiple sources including Web-based searches, face-to-face
meetings, discussions with participants, telephone conversions, emails, discussing
the study with participants at various utility events and information available from the
above-listed websites.

4.6.2.2 Questionnaire
In order to address the study’s objectives and test its hypotheses, the researcher
carefully designed the online questionnaire with eighteen closed questions. Prior to

designing the questionnaire, the researcher extensively reviewed the existing
literature (Chapter Two, Appendix B and Chapter Three) which assisted in
setting the questionnaire’s aim and questions. The information obtained from
various conferences, events, workshops and discussions with industry professionals
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were also useful in understanding concerns. The researcher ensured that the
questions are short, clear and direct as possible so that respondents could easily
answer them and complete the questionnaire in 15 minutes at most. Since the way
in which questions are worded influences respondents’ answers (Muijs, 2004, p.58),
the researcher included an annotated glossary of terms at the beginning and
attempted to use simple wording in each question so all respondents could
understand the content without difficulties. Furthermore, the researcher used only

structured short multiple-choice questions that did not take a large amount of
effort and time to answer. All questions were designed to measure the
innovation behaviour of supply chain professionals to assess barriers and
enablers for them to innovate in the regulatory framework.
While conducting an online survey (using the questionnaire), there was a possibility
of receiving responses from firms not directly related to WaSCs or the regulatory
framework as a supply chain firm. Therefore, to exclude those extraneous
responses, a screening question about the role of the participant’s firm (supply
chain/developer services/any other) was included as the first question of the
questionnaire. The second question was designed to find out the participant’s firm
business territories (UK market only, or UK & overseas markets). This question was
designed to serve two purposes: first, to facilitate analysis by groups, and second to
exclude the inclusion in the analysis of responses from firms whose functional area
was in overseas markets only. The third question was related to the participant’s
firm’s business type (manufacturing/ consulting/contractor/consultant (freelance)/any
other). Questions one to three were category questions, so each participant‘s

response fits them into a category (Saunders et al., 2009). This allowed the
researcher to undertake and compare analysis at the group level. The remaining
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fourteen questions were designed to describe the innovation behaviour of supply
chain professionals using rating questions when asking about their opinion

(Saunders et al., 2009) on how strongly they agreed or disagreed with a
statement. The rating questions used the standard 5-Likert-style rating scale
(agreement rating type).
The researcher tested the questionnaire by reviewing it with supervisory team
and then conducting a pilot testing with supply chain professionals. The
questionnaire form is included as Appendix G. Piloting has an important role in
ensuring that the research instrument functions well (Bryman, 2012). A pilot survey
helps in identifying poorly worded questions and suggesting necessary corrections
to finalise the questionnaire before it is administered. Therefore, pilot testing
enhances the content validity and reliability of the survey data (Saunders, 2009).

The researcher first reviewed various drafts of the questionnaire with the lead
supervisor for its content and purpose of questions. Then, the questionnaire was
reviewed with three water experts (including the researcher’s co-supervisor) to
ensure the quality, scope and accuracy of the questions in relation to the
aspects covered. After the questionnaire‘s final revision, the researcher selected
a sample of eleven supply chain professionals for a pilot testing. The focus in the
testing was to ensure interpretation, understanding, coverage, layout format and
completion time. The respondents easily understood all questions and were able

to answer all questions, which was a good indication of the instrument’s validity.
However, there were comments from some respondents who suggested
including the name of a specific regulator and short phrases in parentheses for
more clarity in a few questions; other comments were about completion time.
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These comments were discussed with the respondents and supervisory team, and
modifications were made to prepare the final version of the questionnaire.

The questionnaire survey was administered mainly through the online survey tool
SurveyMonkey (https://www.surveymonkey.com/s/DDMT8D6). SurveyMonkey was
used because of its design function, convenient administration capabilities and ease
of accessibility (www.surveymonkey.com). The survey was also administered offline
through handing over paper copies of a questionnaire to supply chain professionals
at Utility Live events (http://utilityweek.co.uk/news/utility-week-live-launches-atbirmingham-nec/1069752#.WPcNA8uGMq0);(https://www.utilityweeklive.co.uk/fullagenda-a6ib) where more than 150 companies participated. An online survey link,
PCF and PIS were emailed to about 550 supply chain firm professionals. A total of
142 responses (73 in 2015 and 69 in 2018) were received. Twenty-four
questionnaires were rejected because participants’ responses had recording errors,
the participant had skipped most of the questions, the participant’s firm was
operating in only in the overseas markets, or firms were operating in developer
services only. Developer firms or their consultants work on behalf of developers,
under Section 98 of the Water Industry Act, requesting WaSC to provide public
sewers for their development. The professionals of these firms generally do not
have sufficient information about the water regulatory framework and WaSCs’
functioning in an AMP period, and that is why responses from such firms were
excluded from the analysis. A total of 118 responses from supply chain firms were
considered usable for the analysis (a net response rate of 21.4%). These responses
were input into SPSS software to perform quantitative statistical analysis.

There are some limitations regarding this method. The questionnaire included
closed questions to collect data quantitatively from supply chain firms. A quantitative
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method does not allow in-depth knowledge on human perceptions and beliefs and is
also unable to capture in-depth descriptions of experiences (Choy, 2014). The
quantitative method, however, is used in social sciences research, including in
education, medicine, information systems, business and finance, but still the method
has this limitation. For instance, hypotheses can be tested, but unknowns will not be
discovered. In addition, the knowledge produced from the results could be to
general for direct application to a particular situation (Johnson and Onwuegbuzie,
2004). The final results may also be biased because the researcher is confirming
hypotheses instead of developing theory from the research results (Muijs, 2004).
Nonetheless, a quantitative method is still suitable, since it allows findings to be
generalised. Furthermore, this study benefited from both qualitative and quantitative
methods in accordance with what was best suited to the study’s objectives. The
mixing of methods provides strength to research validity and offsets the weaknesses
of each method (Creswell and Plano-Clark, 2011).

4.6.3 Written Evidence (Literature Review)
Written evidence (the literature review) comprised published material from diverse
sources of information as described in Section 1.5. The information reviewed and
analysed from these sources formed written evidence (the literature reviewed in
Chapters Two, Appendix B and Chapter Three) in this thesis.

Oral evidence from listening to the sector’s professionals often occurred in an
unstructured way by means of an open, informal inquiry through asking questions
either at an industry event or in the workplace to examine the consistency of the
evidence received from various sources such as interviews, surveys and document
reviews. This provided a means by which views, opinions and thinking from
practitioners were obtained without social and legal norms. This source of
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information provided a natural setting for the issues to be included and explored and
helped the researcher in establishing self-reflections on the flow of arguments when
the results were discussed.

4.6.4 Engagement and Observation
A certain degree of observation was carried out. This took two forms: attending
conferences, events and workshops on topics of particular relevance to the study
and presenting key results to companies, stakeholders and at conferences. This
mainly included observations from four main events; first, the Water Industry
Innovation conference on driving efficiency through new technologies and approach
(WWT, 2014); second, a conference on adapting to a more competitive environment
(WWT, 2015); third, a three-day Utility Week Live event (Utility Week, 2015); and the
Westminster Energy, Environment & Transport Forum keynote seminar on next
steps for the water industry: prices, regulation and infrastructure (Westminster
Energy Environment & Transport Forum, 2015). Water companies, supply chain
firms and regulatory agencies dominated these events, with some representation
from universities and councils. These conferences and events were useful to
discuss the research with a number of professionals and experts and gather their
views on the study topic. The researcher took part in formal and informal meetings
with key professionals in the water industry through presenting the research at
WaSCs, consultancy firms and conferences. Table 4.3 presents a list of such
sources of information and the periods of the researcher’s engagement with the UK
water industry.
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Table 4.3: Periods of Engagement with Industry and Sources of Information
Period (2005-19)

Sources

AMP4, AMP5, AMP6

Conferences, workshops, university training, CIWEM
meetings, ICE events, workplace training, open events,
exhibitions, lectures, discussions, company’s briefings,
meetings, ODI performance meetings, SIM performance
meetings; university conferences.

The researcher also used the main pages and headlines of sector-specific key
websites

such

as

Water

UK

(https://www.water.org.uk);

(https://www.ukwir.org/site/web/content/home);

Ofwat

UKWIR

(https://www.ofwat.gov.uk),

etc. Reading the literature available on these sites also helped in discovering the
prevalent concerns in the sector. The information from these sources provided
outlines and outlooks of practitioners’ concerns to explore in depth through the
existing body of water sector literature. These observations assisted the researcher
in understanding issues and discussing insights on what is more critical and relevant
from a practitioner perspective. The process of observation was maintained
throughout the research, including the period of analysis and dissemination of the
results. The written evidence (literature review), engagement and observations were
particularly useful in designing the interview guide and questionnaires, and in the
discussion of the study’s findings.

4.6.5 Stakeholder Consultation
A consultation with the water sector’s stakeholder groups was completed to obtain
their views on the key findings. A summary of key findings was compiled from the
results of the analysis of the semi-structured interviews and supply chain
questionnaire. In achieving a deeper understanding of what stakeholders think, the
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richness of data was central in selecting an appropriate method. An open-ended
questionnaire was employed to consult stakeholders and obtain their input in
quantitative (‘agree’/’neutral’/’do not agree’) and qualitative (comments as textual
data) form.

The questionnaire was pilot-tested with seven key professionals at WaSCs and two
professionals of the quality regulators to understand and interpret its findings
content and its length, layout and completion time, and modifications were made to
finalise it.

Participant information with a consent sheet was prepared, and research ethical
approval was obtained from the Faculty Research Ethics Panel prior to approaching
stakeholders.

The researcher followed a process to approach relevant water sector stakeholders:
first, the consultation questionnaire with a cover letter explaining the purpose of
consultation was sent to the head of each key stakeholder group through recorded
post. Second, individuals in the stakeholder groups were approached to complete
the questionnaire. Individuals were found from a search of stakeholders’
organisations’ websites, online searches for participants’ profiles holding key
positions and looking at the list of speakers for industry-specific conferences and
events. The consultation questionnaire was also sent to the WaSCs and key supply
chain participants for their views on the findings. Participants were also contacted
through follow-up emails and telephone calls to complete the questionnaire. A list of
stakeholder groups contacted and participating stakeholder groups are shown in
Table 4.4.
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Table 4.4: Stakeholder Groups Contacted and Participating in the Consultation
Stakeholder

The Environment Agency, The Drinking Water Inspectorate /

groups

contacted

DDFRA, Ofwat, Waterwise, Water Industry Research UK

to

complete (UKWIR), Water Engineering and Development Centre

consultation

(WEDC), STREAM, Water Research Centre (WRc), British

questionnaire.

Water, Here2Grow, Food and Environment Research
Agency, the UK Regulators Network (UKRN), Water
Innovation and Research Centre, Future Water Association,
Advizzo, BHR group, ICE, WaSCs, and supply chain firms

Stakeholder

The Environment Agency, The Drinking Water Inspectorate /

groups

DEFRA, Ofwat, Waterwise, Water Industry Research UK

participating in the

(UKWIR), Water Engineering and Development Centre

consultation.

(WEDC), Water Research Centre (WRc), British Water, the
UK Regulators Network (UKRN), Here2Grow, Future Water
Association, Advizzo, Food and Environment Research,
WaSCs, and supply chain firms

A total of 38 responses were received from participants from stakeholder groups
(minimum one and maximum four responses from each stakeholder group). The
consultation questionnaire, a sample letter sent to stakeholder groups and a sample
response letter received from stakeholder groups are attached as Appendix H.

The views of stakeholder groups were collected, analysed and discussed to refine
the study’s findings. The consultation inputs enhanced the validity of the study’s
findings and its contributions to the literature related to innovation and technology
adoption theories and the growing body of literature concerned with encouraging
innovation in the water sector. The process of the analysis of the data collected from
consultation is described in Chapter Eight.
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4.7 Data Analysis
Comprehensive detail of the process involved in the analysis with examples is
provided at the start of each analysis chapter. This section outlines the techniques
used in the analysis of data.

The following analytical techniques were applied to the WaSCs’ and stakeholders’
textual data.

4.7.1 Thematic Content Analysis
Content analysis was applied to textual data. Grbich (2007, p.112) defined content
analysis as “a systematic coding and categorising approach that you can use
unobtrusively to explore large amounts of textual information”. Thematic content
analysis, a subset of content analysis, analyses the contents to identify themes
arising from transcripts (Given, 2008). As the objective was to process individuals’
constructions, identify concepts and patterns and then compare and contrast
dialectically with the aim of producing a few constructs on which there is significant
consensus and use those constructs in developing the conceptual framework, the
use of thematic analysis was best suited to, and therefore used in, this research. In
the thematic content analysis, individual units of data (text lines or paragraphs) were
allocated to themes inductively. The grouping of data units generates a few data
sets (themes) to manage large amount of data into a few manageable representing
themes (constructs). In the analysis, the same data unit was sometimes coded for
multiple themes based on their contents and the contexts in which the concept was
described.

In thematic analysis, a way to analyse the relative importance of various themes is
simply by counting the number of data units (references in NVivo software
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environment) coded under each theme. Another useful exploratory technique, called
‘cluster analysis’ was applied to the coded data to identify associations (similarities
and differences) across themes by comparing the words contained in the selected
themes. Word-based analysis, however, emphasises the importance of meaningful
relationships (Colorado State University, 2006), and therefore the researcher, along
with cluster analysis, used code-based analysis to look into the texts to identify
relationships through the axial coding technique as described in the next section.

4.7.2 Coding
The research followed two stages in coding the textual data. The first stage included
open coding where transcripts were explored in order to reflect the ideas or
concerns of participants. Weber (1990) defined a code or category as a group of
words with the same meanings or connotation. The process involved several
readings of what participants had particularly commented on and then assigning a
code to text lines or paragraphs representing their views on a particular issue (Peter
and Wester, 2007). A screenshot of interview text coding in the NVivo program is
shown in Figure 4.3.
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Figure 4.3: Interview Data (Transcript) Coding
The second stage of coding can be referred as axial coding, which is a process of
interconnecting codes or categories (themes / sub-themes / constructs) (Corbin,
2015) by revisiting the coded texts in order to elaborate various dimensions in
themes. For example regulation (theme) could have a positive or negative
association with the adoption of innovation, or regulation could impose ease or
difficulty in the adoption of innovation through some of its provisions (for example,
flexibility from an outcomes approach could improve innovation and penalties can
slow down innovation), or a specific aspect (sub-theme) within the regulation, such
as alignment among various regulators appearing repeatedly in themes. In the axial
coding, the researcher sought to make links and find relationships between the
concepts and themes derived from the coding process. Axial coding enabled the
researcher to develop a more profound understanding of the data by revisiting
coded data and identifying themes and their relationship. As an example, a few
coding schema (visual maps) showing codes, themes and associations, developed
from multiple readings of transcripts, are included as Appendix I. The reason for
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using axial coding was the substantial amount of data, collected through interviews
and open-ended consultation questionnaire, which needed a programme-based
inductive process to discover and test themes (concepts/constructs) and an
understanding of the association among themes (concepts).

This analysis process was applied in this research because the conceptual
framework based on the existing model’s (TAM’s) constructs were too general, and
insufficient to explain the adoption of innovation in a regulated industry. Therefore,
the framework required testing and may include pre-existing and new themes to
extend the TAM in the context of the adoption of innovation in a regulated company
(WaSC). Therefore, this inductive approach of coding was used to develop the
themes. However, pre-existing themes label were developed from the conceptual
framework to map the inductive themes and test them against the proposed
framework. In this way new themes could emerge inductively as well as informing
the conceptual framework themes. The process of code-based analysis, illustrating
an example of the ‘adoption’ main theme (node set), is explained in more detail in
Section 5.2.

Software Program used in the Analysis of Textual Data
All voice-recorded interviews were transcribed by the researcher ‘word for word’,
and the transcripts were saved in MS Word document format. Interviews were
conducted with participants of four WaSCs. These companies were assigned codes:
‘WA’, ‘WB’, ‘WC’ and ‘WD’. Each interview transcript was assigned a code which
included the company code followed by a number representing the order in which
the interviews were conducted. For instance, ‘WB05’ represents a water expert from
‘WB’ company who was the fifth to be interviewed. Similarly, ‘WBCD02’ represents a
water expert with experience of the WaSCs ‘WB’, ‘WC’ and ‘WD’ who was
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interviewed second. The participants’ codes, company codes and information about
participants’ roles are summarised in Table 4.5.

Table 4.5: Participant information
Interviewee’s role in organisation

Participant code

WaSC code

Capital Delivery Manager

WA01

WA

Principal Engineer

WAB02

WA & WB

Planning and Performance Head

WB03

WB

Framework Manager

WAB04

WA & WB

Head of Capital Delivery and Supply Chain

WA05

WA

Chairman

WA06

WA

Service Director

WB07

WB

Head of Innovation

WA08

WA

Head of Research and Development

WB09

WB

Director (Water)

WC10

WC

Head of Integrated Operational Solutions

WA11

WA

Climate Change and Sustainability Strategy

WD12

WD

Manager
All transcripts were saved and imported into the NVivo program. A screenshot of
imported transcripts in NVivo is shown in Figure 4.4.
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Figure 4.4: Import of Interviews Transcripts into NVivo v10
The reasons for using NVivo software is its specific design to perform textual data
analysis, its availability and capability of storing and managing large amounts of
qualitative data and codes, robustness of analysis, training and resources provided
by the university, universal acceptance, suitability for the data collected in this
research, and intended outcome format of the analysis. The NVivo program assisted
the researcher to analyse a large amount of textual data and identify factors using
code-based analysis techniques. These techniques and software assisted the
researcher in carrying out the analysis and establishing associations between
themes. For example textual data coded to the theme ‘regulation and policy’ were
commonly coded with, or near to textual data coded to the theme ‘perceived ease
and difficulty’ and the theme ‘attitude towards innovation’ (Cluster analysis Table
5.6, Chapter Five).

The next section describes the statistical methods and analytical tools for
quantitative analysis used in the analysis of data collected from supply chain firms.
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4.7.3 Statistical Methods used in Data Analysis
The researcher selected the most suitable methods for analysing the data collected
from supply chain firms to address the study‘s second objective, test the hypotheses
and measure validity and reliability. Prior to that, the distribution of the variables was
tested to determine whether they were normally distributed. SPSS software was
used throughout in the statistical analysis. Appendix M gives the details of the
statistical test applied in this study to understand the distribution of data and
instrument items’ reliability and validity.

The forthcoming paragraphs describe the statistical methods and tools used in the
quantitative analysis.

Frequency Distribution: After testing the reliability and validity of the study‘s
instrument, this research employed various statistical methods to address the
study‘s second objective and test hypotheses. To highlight the most important
innovation barriers and enablers based on the responses of participants from supply
chain firms, a frequency distribution table was constructed. Frequency distribution
summarises data in a table, in which the data is organised into established
numerically ordered class groupings or categories (Levine et al., 2003, p.50). The
frequency table is a simple way to show the number of occurrences (frequency) of a
specific category. Hence, a frequency distribution table is used often in studies
examining the attitude or behaviour of individuals via questionnaire (Eckel and
Grossman, 2002). This table was used to identify separately the most important
innovation barriers and enablers depending on the number of occurrences. In
addition to using the frequency distribution for supply chain data, the researcher also
used it for analysing data collected from the WaSCs and stakeholder groups.
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Non-Parametric Tests: Several non-parametric tests were used to investigate the
innovation behaviour of supply chain professionals in different types of supply chain
firms. Non-parametric tests are hypothesis tests that do not make assumptions
about the population‘s parameters and do not make use of the parameters‘
distribution (Kothari, 2004, p.283). Further, these tests (which test the group median
instead of the group mean) are applied to analyse data when outcomes do not
follow a normal distribution, such as when the outcome is an ordinal variable or a
rank (Sullivan, 2016). Since the study used an ordinal scale and data were not
normally distributed, non-parametric tests were appropriate. Table 4.6 shows the
popular parametric tests with their equivalent non-parametric tests.

Table 4.6: Parametric Tests with Equivalent Non-parametric Tests
Parametric Test

Non-parametric Equivalent

One sample T-Test

One sample Wilcox on Signed-Rank Test

Two sample T-Test

Mann-Whitney U Test

One Way ANOVA

Kruskal-Wallis H Test

Pearson’s

Product

Moment

Spearman’s Rank Correlation Analysis

Correlation Analysis
Overall, non-parametric tests are considered universal and are recommended where
they can be sufficient for testing non-normally distributed data (Cleophas and
Zwinderman, 2012). In this research, the following non-parametric tests were used
to test the hypotheses and address second research objective:

Kruskal-Wallis H test: a popular rank sum non-parametric test used to compare
outcomes between more than two independent groups (Vargha and Delaney, 1998).
It indicates whether there are statistically significant differences between more than
two groups of an independent variable on a continuous or ordinal dependent
variable. In addition, this test is applied to compare medians among K comparison
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groups, where K is greater than 2 (Sullivan, 2016). In this study, the Kruskal-Wallis
(H) was used to test separately how different types of firms are associated with the
risk-sharing behaviour of supply chain firms’ professionals.

Mann-Whitney U Test: another very popular non-parametric test among the rank
sum tests; used to compare differences between two independent groups when the
dependent variable is continuous or ordinal. It compares two sample means that
come from the same population, and is used to test whether two sample means are
equal (Kothari, 2004). Overall, the Mann-Whitney test is more powerful than the ttest unless the data is normally distributed (Vickers, 2005). The researcher used the
Mann-Whitney test to identify differences in different types of supply chain firms’
innovation behaviour (in terms of risk-sharing, regulatory framework influences,
adoption of innovation, and collaboration), where two groups comprised a
manufacturing firm and consulting firm, or a UK market-based firm and UK and
overseas market-based firm.

Regression Analysis: a statistical method used to predict the values of a dependant
variable (response) based on one or more variables (Levine et al., 2003, p.420).
Regression analysis has two types; simple liner regression and multiple regression
analysis. Simple liner regression uses a single numerical independent variable (X) to
predict or explain a single dependent variable (Y). This analysis develops a
statistical model that gives a straight line between the two (independent and
dependent) variables; otherwise the model is called a nonlinear regression model
(Mann, 2007, p.556). The regression analysis is based on the following assumptions
(Levine et al., 2003, p.436):

Linearity: The relationship between X and Y is linear.
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Independence of Error: Error values are statistically independent for each value of X

Normality of Error: Error values are normally distributed at each value of X.

Homoscedasticity (equal variance): Probability distribution of errors has constant
variance; the errors vary by the same amount when X is a low value as when X is a
high value.

Regression analysis was applied in this research to investigate the impact of the
sharing of innovation risks, adoption of innovation, and collaboration with WaSCs on
the business certainty of a supply chain firm, and to verify the type and size of the
impact. The five regression model assumptions (linearity, multicollinearity,
homoscedasticity, normality of error distribution and independence of errors) were
tested.

Correlation Analysis: correlation theorises that relationships exist between
everything in the world (Davis, 1989). The analysis measures the strength and
direction of relationships between variables. The correlation coefficient was used in
this research to measure the level up to which two variables were correlated. The
coefficient ranges from -1.0 (strong negative) to +1.0 (strong positive). A value of ‘0’
shows that there is no relationship between variables. The correlation analysis in
this research was used to examine the direction and strength of the linear
association between variables. There are slight variations in the coefficient ranges
defined by various authors in the literature. Cohen (1988) described the ranges for
weak, medium and strong correlation as 0.10 to 0.29, 0.30 to 0.49 and 0.50 to 1.0
respectively. According to Taylor’s (1990) labelling system, correlation coefficients ≤
0.35 represent low associations; 0.36 to 0.67 represent moderate associations and
0.68 to 1.0 represent strong associations. In this research, the correlation analysis
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was applied in the cluster analysis, using NVivo, to explore the extent of similarity
and differences across various themes (WaSCs data set), and also in the correlation
analysis, using SPSS, to examine the association between variables in respect of
innovation in supply chain firms. Table 4.7 summarises the statistical tools used in
this research and their purposes.

Table 4.7: Summary of Statistical Tools used in the Study and their Purpose
Statistical Tools Applied

Purpose

Frequency Distribution

Address research objectives of innovation
barriers,

enablers

and

developing

framework
Correlation Analysis

Examine association between variables to
address research objectives

Kruskal-Wallis H Test

Test H1 (the connection of the type of firm
with innovation risk-sharing)

Mann-Whitney U Test

Test H3, H4, H5, and H8 to address study’s
Objective Two. (The innovation behaviour of
manufacturing firms relative to consulting
firms)

Regression Analysis

Test H2, H6, H7, H9, H10, H11 and H12 to
address study’s Objective Two. (The effect
of innovation risk sharing, adoption of
innovation and WaSCs collaboration on the
business certainty of the supply chain)

4.8 Credibility, Validity and Reliability
According to Trochim and James (2007), credibility involves establishing that the
research results are credible and believable from the perspective of participants.
Interviews were digitally recorded and processed through reliable software (NVivo)
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to obtain the results which were sent back to participants. A consultation with
relevant stakeholder groups was completed and their inputs were included in this
research.

Holloway (1997) defined validity as the scientific concept for belief in the truth. It is
described as the degree or extent to which the researcher has measured what they
intended to measure (Smith, 1983). The validity can be verified through judging
content validity, construct validity and criterion validity (Fink, 2009; Saunders, 2009).
Content validity judges the extent of coverage of the research objectives used in the
research. The objectives in the study were derived from an extensive literature
review, views of sector professionals gathered through attending industry
conferences and events, and the researcher’s experience in the water industry. The
research used semi-structured interviews and questionnaires to collect data and
before commencing data collection activity, formal and informal discussions with
supervisory team and the research training team were held to ensure the data
collected addressed the research objectives adequately.

Construct validity refers to the quality of methods employed in the research. The
construct and predictive validity were not as significant as in the case of an
experimental method using instruments in a research laboratory. However, the
contents and structure of the interview guide and questionnaires were ensured
through a number of revisions accommodating the comments of the supervisory
team, sector professionals and ethical approval reviewers. The pilot survey
completed in the research to enhance content validity and construct validity.

According to Bryman (2012), research is said to be reliable if it is consistent,
predictable and accurate. Consistency of results can be examined by re-testing and
119

using an alternative way of collecting data (Bryman, 2012). Re-testing involves
collecting the data again in similar settings. For this research, re-collecting
responses through questionnaires from the supply chain and re-interviewing
participants were not undertaken due to the time and the resources available.
However, consultations over key findings with stakeholders including WaSCs and
supply chain were completed and their input included into the study. The reliability of
the semi-structured interviews was ensured through the recording of interviews and
question standardisation. The adherence of the researcher to the research
procedure throughout the research, and measures such as sending a participant
information sheet, consent form and interview guide before the interview were in
place to ensure reliability. Meetings and discussions with WaSCs, recording of
interviews, presentation of research findings, and stakeholder consultation
strengthened the reliability. Furthermore, this research employed multiple data set
methods which also strengthened the validity and reliability of the research results
(Denscombe, 2014; Saunders, 2009).

4.9 Limitations of Methods and Approaches
Table 4.8 summaries the limitations of the methods and justifications for using them.

Table 4.8: Summary of the Limitations of Methods and Justification of using
Approaches/
Methods Used
Pragmatism

Limitations

Justification

The adopted pragmatism
paradigm and methods
were limited by the
worldviews of those who
were interviewed and
completed
questionnaires.
There
may
be
other
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The study collected evidence
from existing theories, interviews,
questionnaire and consultation,
and employed both qualitative
and quantitative methods in the
analysis to achieve the research
objectives. Pragmatism allows
the synthesis of findings from

Mixed Methods

professionals who were
not
interviewed
or
participated
in
this
research and might have
different
views,
and
therefore the findings
should be understood
with this limitation.

multiple methods in a study. The
pragmatism paradigm is the best
philosophical
foundation
for
mixed methods (Tashakkori and
Teddlie, 2010).

Johnson
and
Onwuegbuzie
(2004)
described the following
limitations
of
mixed
methods:

This research and researcher
benefited from both qualitative
and quantitative methods best
suited to the research objectives.

Can be difficult for a single
researcher to have
experience in both
qualitative and
quantitative research.

The mixing of methods provides
strength to the research validity
and offsets the weaknesses of
quantitative
and
qualitative
research (Creswell and PlanoClark, 2011).

Difficulties in the
interpretation of conflicting
results if emerges in the
study.
Time consuming and
expensive.

Semi-structured
interviews

Interviewees
communicated
with
multiple voices, reflecting
individual and corporate
standpoints. This was
due to the possibly
sensitivity
of
their
comments, or what they
believed they should say
in
their
position
considering
their
organisational
external
setting and the external
perception
of
their
position.
Multiple voices provided
an increase in the
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The use of semi-structured
interviews is justified because it is
less
restrictive
and
more
prescriptive in providing rich data,
and
allows
in-depth
understanding, discussion and
coverage of issues. Bryman
(2012) stated that the semistructured interview method has
the potential to draw a breadth
and depth of information.
This method allowed participants
enough space and time to
become self-reflexive in exploring
the determining practices in their
organisation
and
external
environment
that
influence

Questionnaires

diversity
of
the
responses. This was
managed, as far as
possible, by reassuring
participants
several
times
about
confidentiality during the
interview.

innovation.

A questionnaire was
used
to
collect
quantitative data from
supply chain firms.

The use of questionnaires
allowed the researcher to include
the perceptions and concerns of
a larger number of supply chain
firms in the study. The use of the
questionnaire was a practical
choice for gathering information
from a large number of supply
chain firms.

Another
questionnaire
was used to obtain views
of stakeholders on key
findings.
The quantitative method
does not allow human
perceptions, beliefs and
an in-depth description of
experiences
to
be
gathered (Choy, 2014).

Sample Size

The research needs rich
and in-depth information
from individuals with
breadth and depth of
knowledge
in
both
innovation and regulatory
frameworks, and who
make innovation-related
decisions
in
their
company; there are not
many such individuals in
companies.

The consultation questionnaire
included both objective and
detailed
responses
from
participants. The consultation
method triangulated the results
and improved the validated
findings.
The research aims to understand
the
innovation
adoption
behaviour of individuals who
make innovation decisions such
as innovation heads, R & D
managers, etc. It is clear that in a
WaSC, there are not many
people who make innovationrelated decisions on behalf of
company which justifies why
twelve interviews in four WaSCs
represents a total ten WaSCs in
England and Wales and achieved
data saturation. These interviews
produced in-depth rich textual
data comprising a 46,456-word
interview transcript document.
In
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addition,

this

research

collected
142
questionnaire
responses from participants in
supply chain firms.
The research also included 38
consultation
responses
from
participants of water sector’s
relevant stakeholders.
Snowball
sampling
(Interviews)
Purposive
sampling
(Questionnaires)

A
non-probability
snowball
sampling
method
relies
on
individuals
and
their
perceptions about other
participants.
A
non-probability
purposive
sampling
method relies on the
researcher’s judgement.

The research objectives and
nature of information required
from participants were the key
reasons
to
select
specific
sampling methods.
While employing the snowball
sampling method, the researcher
included
a
bespoke
dual
approach; first, developing a list
of possible participant roles which
could provide the required
information; second, a top-down
communication
approach
to
gaining access to participants
with similar roles for interviews. In
addition, an interview guide was
to send to participants to discuss
the research subject in advance
to make them aware of the level
of
information
needed,
so
interviewees could have selfreflection on whether they would
be able to participate.
Similarly, a bespoke approach to
the purposive sampling method
was applied. This included
scanning
information
from
multiple
sources:
company
websites, face-to-face meetings,
discussions with participants,
telephone
conversations,
exchanges of views through
email, and discussing the study
with participants at industry
events. Aditional measure was
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the
inclusion
of
screening
questions at the start of the
supply chain questionnaire to
check the information about
participants’
organisation,
business type and area.
Thematic
Content Analysis

The
results
are
situational and context
specific, interpreted by
individuals
and
their
shared
constructions.
The reality, therefore,
can be multiple. The
knowledge claims are
intelligible and debatable
only within a particular
context which limits the
generalisation of the
findings.

The study intended to process
individuals’ constructions and
identify concepts and patterns
and then compare and contrast
them logically with the aim of
producing
few
themes
(constructs) on which there is
significant consensus and use
those
constructs
in
the
conceptual
framework.
The
thematic content analysis with
axial coding and cluster analysis
provided improved understanding
of existing themes, and identified
new themes and relationship
between themes which justify the
use of thematic analysis to
achieve the research objectives.

Statistical
Methods

This study employed
quantitative
analysis
using statistical methods.
The
limitation
of
statistical methods is that
they do not provide
flexibility
and
depth,
which is one of the main
advantages of qualitative
methods.
Knowledge
production
is
too
abstract, and general to
apply to local situations,
contexts and individuals
(Johnson
and
Onwuegbuzie, 2004)

The statistical methods were
appropriate
for
studying
innovation in a much larger
supply chain compared to the
WaSCs. The nature of the study’s
second objective, the type of data
collected (measuring attitude
using
Likert
Scale),
data
distribution and analysis purpose
guided the use of the statistical
methods to examine innovationinfluencing factors, and to test the
study’s hypotheses.
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4.10 Summary
This chapter has explained the study‘s research design in detail and the mixed
methods approach (qualitative and quantitative). It has justified in detail the methods
used in analysing the data collected through interviews and questionnaires.

This research is situated within a pragmatism paradigm in its approach to reality,
and espoused singular and multiple realities (ontology) with a practicability
epistemology, and a methodology based on mixed methods. The focus in this
research remains on the consequences with primary importance for the research
objectives; therefore, it is pluralistic and oriented towards what works.

This research is both deductive and inductive, where an initial conceptual framework
(Figure 3.4) was proposed through a deductive process, and the final conceptual
framework of innovation adoption will be developed using an inductive analysis
process identifying factors that influence the adoption of innovation in a WaSC.

The researcher adopted both qualitative and quantitative approaches to collect and
analyse the data to draw conclusions. The analytical tools were mainly thematic
content analysis, cluster analysis and statistical methods comprising non-parametric
tests (e.g. the Mann-Whitney U Test and the Kruskal-Wallis H Test) along with
correlation and regression analysis.

The next chapter analyses the data collected from WaSCs through semi-structured
interviews, and test and extend innovation adoption part of the initial conceptual
framework.

125

Chapter 5 - BARRIERS TO INNOVATION AND ADOPTION OF
INNOVATION: INTERVIEW DATA ANALYSIS AND
DISCUSSION - PART 1
5.1 Introduction
This and the next chapter present and discuss the analysis of data from the semistructured interviews conducted within WaSCs. The aim of the analysis and
discussion completed in this chapter is to understand and identify barriers to
innovation and conduct an in-depth exploration of factors related to innovation
adoption in WaSCs. This chapter begins by describing the interviews’ data and
analysis process followed by analysis and discussion of barriers to innovation and
the adoption of innovation to test and extend the innovation adoption part of the
initial conceptual framework (Figure 3.4) to propose the final conceptual framework
of innovation adoption in a WaSC.

5.2 Semi-structured Interviews Analysis
The semi-structured interviews were conducted with water experts in four out of the
total of ten WaSCs in the water sector in England and Wales. All those interviewed
were prominent in the UK water sector and senior officials with several years of
experience, who make innovation-related decisions in their organisations, and hold
key positions such as heads of departments, divisions or programme areas. The
interviews produced a rich qualitative textual data of a 46,456-word interview
transcript document for analysis. To maintain confidentiality, each participant is
represented by a unique code in this thesis as explained in Section 4.7.2.
Participants’ codes, company codes and information about participants’ roles are
summarised in Table 4.5, Chapter Four.
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The interviews’ textual data were coded within a structure of main themes (see
Node Sets (I) in Figure 5.1) that represent the inquiry areas to inform the conceptual
framework and other research objectives. Themes (constructs/concepts) emerged
from the code-based analysis under each main theme inductively. Table 5.1
presents an example of a main theme (innovation adoption) and the identified
themes (constructs) from the qualitative analysis of the textual data (Appendix J).

Table 5.1: Themes Identified from Analysis
Adoption (Main Theme)
01
Regulations and policy
02
Industry characteristics
03
Resources
04
Collaboration
05
Perceived cost efficacy
06
Perceived benefits
07
Individual's attitude towards innovation
08
Perceived risks (financial-reputational)
09
Organisation goals and aspiration
10
Subjective norm
Under each main theme, themes emerged from the code-based analysis of
interviews data inductively. A theme identified from the analysis represented either a
similar theme that was identified from the review of literature in Chapters Two and
Three or formed a new theme. For example, under the main theme ‘adoption’,
coding of texts resulted in an existing theme ‘Resources’, which was identified
earlier from the analysis of existing adoption theories (Figure 2.10, Chapter Two),
another existing theme ‘Regulation’ which was identified from the review of literature
related to the water sector (Figure 3.4, Chapter Three) and a new theme,
‘Individual's attitude towards innovation’. Both the existing and new themes were
formed inductively through a process of coding, merging and grouping similar codes.
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5.2.1 Analysis Process
The process of the analysis illustrating the example of the ‘adoption’ main theme
(node set) is explained in forthcoming paragraphs.

Main Themes (Node Sets)
The main themes (Node Sets) provided an overarching node structure (Figure 5.1)
to organise a large amount of text to code inductively, for example the codes in
Figure 5.2. In the NVivo environment, the main themes are parent nodes.

Figure 5.1: Main Themes (Node Sets) and Analysis Process
Coding
The interview transcripts texts were coded inductively following a bottom-up
approach to bring out themes naturally from texts under a particular node set (main
theme). For example, the main theme (node set) ‘Adoption’: the process of coding
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involved several readings of interview transcripts to understand what participants
had particularly commented on in interviews and then assigning a code to text lines
or paragraphs representing the core of participants’ views, ideas, comments,
experience, etc. The coding process included the constant comparison of text to be
coded with the existing codes and the texts within the codes. Once all the interview
texts were coded, the researcher reviewed the codes and coded texts and merged
alike codes (used NVivo node merge function) to reduce the number of codes
(Figure 5.2, nodes in II). This organised a huge volume of raw coded information
into a manageable number of codes containing information, ideas and concepts.

Then, the researcher looked for similar codes and grouped them to form sub-themes
and/or themes as shown in Figure 5.2 (nodes in III and IV). The grouping of codes
formed either a theme similar to one that was identified in the initial conceptual
framework (e.g. resources, regulation), or formed a new theme (e.g. perceived cost
efficacy, individuals’ attitude to innovation, etc.).

This stage of the coding process also included axial coding, where the researcher
sought to make links and searched for relationships between themes. Codes
sometimes inform a theme (e.g. subjective norm) associated directly with the main
theme (e.g. adoption), while in other situations codes need grouping to form themes,
for example ‘regulation and policy’. The process of finding associations was
predominantly through reading coded texts and look for associations and more
importantly the direction of associations. This included looking at how various
concepts and ideas in codes are associated with themes, and how various themes
are associated with each other and with the next level of themes or the main theme.
This coding process enabled the researcher to develop a more profound
understanding of a large amount of data by revisiting coded data within various
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codes (nodes in NVivo environment). Figure 5.2 shows the coding and association
between some of the codes, themes and main themes as an example of the
analysis for the ‘adoption’ node set.

Figure 5.2: Coding and Relationship between Codes and Themes (Example)

Searching and retrieving quotes further assisted in discussing themes in a
sequential narrative from nodes (themes/sub-theme/codes) to look into all
ideas/issues about a particular theme.

In addition to the above-explained qualitative analysis, a cluster analysis further
assisted in the exploration of associations between various themes through
quantitative analysis. This analysis explores the extent of similarities and differences
across themes (nodes/codes) using word similarity (occurrence and frequency of
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words) and a similarity metric (correlation coefficient) which is a statistical method to
calculate correlation between themes. A value of ‘0’ indicates no similarity while a
similarity metric with a maximum value of ‘1’ indicates the strongest similarity
between the two themes (see Table 5.6).

Another quantitative technique used in the analysis was analysing the relative
importance of themes (constructs) by discovering the number of instances of
discussion about a particular idea, concept or issue (node/code references) and the
number of interviewees who discussed that idea, concept or issue (sources).

5.3 Innovation Barriers for a Water and Sewerage Company
This section presents and discusses the study’s findings related to barriers to
innovation in a WaSC. Identifying barriers to innovation inform constructs and
elements of the conceptual framework of innovation adoption in a WaSC in the
current chapter and the supply chain innovation framework in Chapter Seven in
terms of factors that influence innovation. The interview texts related to innovation
barriers were analysed (coding, merging similar codes and grouping) and results
were obtained using the NVivo coding summary report (Appendix J). A coding
schema for the node set ‘barriers’ is included as Figure I-1 in Appendix I. It can be
seen from the coding summary report that the participants discussed barriers to
innovation in 139 instances (references). In these 139 instances, each barrier was
analysed, and the results are presented in Figure 5.3 as percentages. The
subsequent paragraphs present the findings of key barriers to innovation.
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Figure 5.3: Barriers to Innovation for a WaSC

A key finding is that the majority of interviewees highlighted that regulations have a
profound influence on innovation in WaSCs (Figure 5.3). WaSCs make changes in
their organisations and in the delivery process in every AMP to align with the
regulatory changes introduced by the regulators. While the intended purpose of
regulatory changes is mainly to drive efficiency through innovation, some
participants highlighted, interestingly, that innovation outside the regulated business
is easier to implement for a WaSC. For example, participant WA05 highlighted the
issue of difficulties of innovation within the water regulation framework and said:

“We are looking at new technology around energy generation that
effectively delivers through a non-regulatory business and that, I
guess, is a part of the challenge around the way we are regulated. It's
easier to do innovative business outside the regulated business than
inside.”
The majority of the participants, however, agreed that the economic regulation is
good for the industry. However, the consequences of frequent changes in every
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AMP led to uncertainties in longer-term innovation and a lack of confidence in the
future of water companies. Participant WA06 commented by providing an example
of the separation of wholesale and retail business:

“Smaller the units the more difficult it is going to be to do something
outstanding, and that probably means a lot of the innovation that
perhaps is going on in water companies themselves is shifted to the
smaller firms.”
Participants acknowledged that higher environmental and quality standards create
opportunities for innovation. However, participants felt that sometimes the approach
of regulators in terms of complying higher standards slows down innovation. For
example, the following quote shows the issue around consenting arrangement.

“Variable consenting needs to be the way which the industry should
end up but it is not there yet, and the Environment Agency isn't brave
enough to actually make decisions, so that's a barrier.” (WAB04)
The interviewees highlighted nine regulatory retarders that slow down innovation:
regulatory penalties; restrictions on WaSCs’ collaboration due to regulation around
competition law; inconsistency in regulations; the cost of innovation to supply chain
firms; misalignment in various programme cycles; misalignment of regulatory
aspirations and companies’ capacity of achieving those aspirations; a lack of clarity
on the future form of the industry at government level; water companies are not
allowed to keep financial benefits for a longer duration than an AMP period; the
Service Incentive Mechanism (SIM) and the distant relationship of water companies
with regulators as a sector. Interviewees’ quotes highlighting these retarders are
provided in Table I-1 in Appendix I.
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The majority of the interviewees believed that a key barrier to innovation is the
inertia to change or the mind-set of some individuals who have been in the industry
for a long time and do not prefer changes in conventional practices. Their attitude
slows down innovation.

The following quotes from participants demonstrate the spread of this issue and its
reason.

“There are people in this company that would stick in their heels and
say what was wrong with the way we did it before?” (WB03)
“Probably the attitude of people involved in the industry provides
some sort of barrier to innovation … So; really personal perspective
can be so heavily on the personality that certain individuals
sometimes provide a barrier.” (WAB02)
An example of inertia in accepting new things could be the limited application of
flexible consenting in the sector, or historically a late acceptance of plastic pipes for
water and sewerage. Participants reported that individuals in WaSCs are not very
keen to go first in trying new things, especially technology-based innovation:

“When you look at more technology-based innovation, no one really
wants to go first ….When someone has used it then they say: oh
right, well, I can go out, look at that, OK, it makes sense, I may
procure it, but no one really want to make a lead to go first and I think
that's a barrier.” (WA05)
Participant WB09 highlighted that the way of setting up supply chain contracts make
it difficult for supply chain firms to propose new things due to the risk of losing their
contracts or reputation with WaSCs if the proposed innovation fails.
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“I think every day our supply chain putting new development into our
site, and it is true to say that they may not want to try something very
innovative because they may worry that they may lose their
reputation with us if it does not work.” (WB09)
No single reason was identified to explain this mind-set. However, key highlighted
reasons include the risk-avoidance, blame culture in companies, individuals’
experience, a lack of a strong need for change, individuals’ attitude towards change,
organisational culture and time and cost constraints that influence the mind-set of
individuals and their attitude towards trying new products, processes or technologies
in their companies.

An example of risk-avoidance could be seen in the following example:

“The barriers are that the facts are new, and the facts haven't done
before … So, many times we want tried and trusted things. So, there
is inertia to accept the changes because there is a risk in that.”
(WAB04)
Another participant highlighted the issue of blame culture:

“I think generally there is inertia; people get blamed when something
goes wrong … Some of them blame the individual, saying, you have
said that we could do it in a different way.” (WAB02)
An individual’s past experience and organisational culture influence their mind-set of
being less keen to try new things. An example of the connection of individual’s
attitude to their past working culture and experience can be seen in the following
comment:
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“There are lots of people from local authority and councils who joined
before the water industry privatised. There are lots of people who are
very stuck in their mind-set and say: it should be always done this
way.” (WA11)
Participant WA05 believed that the nature of industry is generally fail-safe and there
is a lack of a real need to be innovative in the water industry:

“I think we probably haven't had the real true necessity in the way we
can say we are innovative; we try some stuff, but generally the
industry is fail-safe.”
Participants believed that engaging and empowering staff in the process of
innovation could reduce the inertia:

“I think the barrier can fairly be well resolved if you get people into the
culture of contributing to innovation … if you include them in the
process and empower them in the process then it tends to encourage
and involve them.” (WB07)
A similar view was supported by participant WC10:

“It is creating the environment where aside from that people can try
things out such as a new piece of equipment or a new way of thinking
or new procedure and encourage a culture that people say: we do it
differently.”
The participants agreed that the five-year cyclical nature of AMP and framework
contracts is one of the key barriers to longer-term innovation in a WaSC. For
example, participant WA08 stated:
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“I think there is a limitation on how much innovation you can deliver in
the short term …, the five-year cycle, has made the innovation even
more short term.”
The results of investments in innovation generally do not appear within an AMP
period and need a longer period to realise benefits. For example, interviewee WA08
commented:

“There are innovations that are coming now that were proven five
years ago, and we are putting that into the current schemes.”
Most of the companies in the current AMP have engaged their partner companies
with an intention to carry on their contracts after five years in AMP7 and possibly in
AMP8. The five-year regulatory cycle, however, does not support them to invest in
longer-term innovation due to the unpredictability of upcoming changes from
regulators. WaSCs, therefore, feel it difficult to find ways to invest in longer-term
innovation without a financial risk to them. Participants commented on the current
nature of regulated business for cost certainty against the uncertainties involved with
innovation. For example, interviewees commented:

“Water companies need certainty because they got a price set for five
years; they’ve also got different incentives for how they perform, so
they want to make sure that they will not increase the risks of
additional cost and also reputational damage as well. So, they need
certainty.” (WB04)
“I think in terms of the periodic review cycle, it's absolutely a barrier.”
(WC10)
The current approach of WaSCs to setting up framework contracts with the supply
chain was identified as a barrier to innovation for those firms who are not in the
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framework, as they have to wait for the next five years. This can be seen in
participant WA05’s comment:

“In carrying my role that is coming to me in the last couple of years, a
big barrier to innovation is the way we actually establish the
framework. So, the way we actually buy goods and services creates
certainty for those suppliers that we do put on to our framework and
this allows a level of innovation, however, I have actively seen where
once you are out and if you are not in a framework, it is a really
difficult door to knock on.”
Participants, however, reported that the supply chain firms in their framework
contract themselves are not very keen to try something very innovative due to the
risk of failure of innovation and losing their contracts.

The majority of participants believed the industry is traditional and risk-averse with a
mind-set of using conventional, tried and tested practices to avoid risks to the
environment and human health. A few participants, however, did not think the water
industry is a risk-averse industry. For example, interviewee WC10 said:

“It is not acceptable to provide poor quality water, so it is not a riskaverse thing.”
Innovation has been seen as a risk due to the unpredictability of its success.
Sometimes, potential benefits are overlooked in innovation due to difficulties in its
precise measuring. This can be seen from the comment of participant WA08:

“Innovation is sometimes seen as a risk, although, there may be a
potential benefit, so to overcome that it's important that people
understand how you are going to measure some of its benefits.”
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Some interviewees highlighted limited revenue (fixed domestic customer base) as a
barrier to innovation. They highlighted the constraint of keeping customers’ bills
lower as a big challenge to innovation. Interviewee WD12 commented:

“One of the key pressures on us is to keep customers’ bills low. So,
that means you have limited money to spend.”
There are limited financial resources for a WaSC to innovate in the water sector.
Interviewee WA11 stated:

“I think customers don't really want to pay a high price, and therefore
they need to work with the water company to take reasonable risks
and try new things.”
Another constraint is a limited market for an innovative product. This can be
explained by an example provided by one of the participants stating that the
development of an instrument that could measure rubidium in water treatment works
does not have a huge market in the UK once it is installed on a dozen of treatment
works.

Individuals in WaSCs have efficiency targets in delivering outputs. This in some
cases leads to providing a cheap solution or product to meet the targets. For
example, the concept of minimum asset standards or just enough engineering make
savings in the cost, but reduce the opportunities for innovation. Interviewee WB07
shared their experience about just enough engineering and innovation in an AMP
period:

“You know there was an innovation … but the message of just
enough engineering went all the way from feasibility to construction
...the first person to look at just enough was always going to be a
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solution which is tried and tested and not really going to be innovative
at all, and that cascaded all the way down until the construction was
done in a traditional manner, so no innovation at all.”
The innovative solution could result in more spending and higher risks of increased
staff time. For example, Interviewee WAB02 highlighted the risk of trying a new
approach:

“I used to do in a manual way, and by doing that way I will meet the
budget and I will produce the products and everybody will be happy. If
I innovate and try things differently, I might save or improve the
product or may go horribly wrong and end up losing significant time
and going nowhere in terms of efficiency.”
There were differences in participants’ views on whether innovation should be
considered as part of a staff job role. For example, interviewee WA11 felt innovation
in WaSCs is happening in a very controlled way, whereas individuals should be
allowed more time to consider innovation as part of their job rather than through
some department or group of people. Interviewee WB07 thinks that finding a space
within normal working time to drive innovation is challenging.

The issue of the unattractiveness of the industry for young graduate was highlighted
by a few interviewees. The lower attractiveness of the industry has created a
shortage of professionals in the sector. These issues can be seen in the following
quote from interviewee WB03.

“People don't have much interest to go to university and do civil
engineering anymore … We have a lack of professionals in this
industry; we don't have enough young engineers, and there is not any
money in this sector anymore.”
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The reasons for the industry’s unattractiveness among young graduates are a lower
pay and industrialised construction which do not offer them an interesting and
rewarding career. The issue of the attractiveness of a water career is also
connected to the efforts and progress made by the industry to sell the career to
graduates in the water industry. This can be seen from Participant WA11’s
comment:

“I think we do a bad job selling to graduates within the water industry.
I think that can be incredibly diverse, very rewarding, and I think as
we move towards customer satisfaction, we move towards engaging
with customers on more than emotional level rather than just building
assets. I think there’s much more to a career within the water industry
than just building things and laying pipes, but also it is the sewage at
the end of the day and who wants to work with sewage?”

5.3.1 Discussion on Barriers to Innovation
The next paragraphs discuss the key barriers to innovation described above, taking
into account the literature reviewed in Chapter Three supported by Appendix B.
These are organised under key themes.

Regulations
The results showed that regulations drive innovation, which is consistent with the
literature (UKWIR, 2006; HM Treasury, 2012) that documented the usefulness of the
regulatory framework in the industry. This study, however, identified a number of
regulatory elements that slow down innovation. The main barriers or retarders
include regulatory penalties, restrictive collaboration, inconsistency in regulations,
misalignment in various programme cycles, and misalignment in regulatory
aspiration and WaSCs’ capacity of achieving those aspirations, the distant
relationship between WaSCs and the regulators and a lack of clarity of vision at the
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government level on the future form of the water industry. These results are
consistent with EKTN (2008), which documented that the regulatory regime
administered by Ofwat significantly stifles innovation.

The provision of financial penalties by the regulators acts as a retarder to innovation.
There is a higher probability of any new idea failing in practice, and if there are too
many penalties for failure in the regulatory framework then it does not support
innovation. This result builds on Cave and Wright (2010), who found that incentives
to innovate are limited and often too weak to outweigh the risks. An example could
be that the recent regulatory change from outputs to outcomes provides more
flexibility to innovate, but financial penalties limit this flexibility.

Another key retarder to innovation is the restriction on collaboration across WaSCs.
WaSCs operate in a commercial environment, and in the interests of the sector,
customers and business, a WaSC can work together with other companies in
research and development, and potentially procuring goods and services across the
business. One reason for not collaborating as a sector is identified in the way
WaSCs are regulated. The anti-competitive legislation is perceived as a barrier to
innovation, while WaSCs can make better commercial decisions when they
collaborate as a sector. Although WaSCs sometimes collaborate through UKWIR
and other research organisations on research projects in the sector, they can
arguably be much more effective in resolving sector challenges through working
together directly. The result builds on the findings of UKWIR (2011) and Department
of Business Innovation and Skills (2011b), which highlighted collaboration as a
possible efficient route for increasing innovation. This result is also aligned with
existing findings which have documented a need for the regulator to engage more
effectively with all stakeholders and be more transparent in decisions (Gray, 2011).
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The study results highlighted inconsistency in regulations, misalignment in various
programme cycles, and misalignment in regulatory aspirations and WaSCs’ capacity
to achieve those aspirations suppress innovation. WaSCs reported that sometimes
they develop good ideas, but current regulations and standards do not encourage
their implementation. One reason is the presence of a number of regulations which
sometimes conflict. An example of competing drivers is where the WFD and its
daughter directives introduced a substantial improvement in the water quality
standards with an increase in energy consumption and carbon emissions from the
treatment processes to comply with the higher standards. At the same time, the EU
and UK Government introduced stringent targets on energy use, waste recycling
and carbon emissions. This points directly to a lack of alignment between setting up
atmospheric quality aspirations to reduce greenhouse gases and targeting
improvements to the aquatic environment by decreasing hazardous substances
such as ammonia and phosphates, which results in increased energy consumption
and carbon emissions. The environmental and quality regulations sometimes
unintentionally slow down innovation. For example, in the case of consenting, the
industry needs to take a new look at the next stage of consenting arrangements, but
this is not happening to any great extent in the sector due to a lack of decisionmaking at the regulatory level.

The study identified that misalignment in various programme cycles adds additional
costs to WaSCs over and above the amount agreed in the business plan. The WFD
cycle, financial cycle, National Environment Programme and AMP regulatory cycle
all have their different needs and timing. For instance, if a particular programme
seeks to commence a plan by a WaSC and the company does not have financial
resources, then it becomes difficult to meet that plan requirement and the company
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has to wait until the next AMP period. The differences in programme timing
sometimes become a major concern for WaSCs, which makes it difficult to meet all
regulatory requirements. The results showed that there is also a misalignment in
regulatory aspiration and WaSCs’ capacity to achieve those aspirations. As an
example, one of the participants reported that the DWI’s aspiration is 100%
compliance, but this may not be achievable practically. The water industry is
somewhere around 99.8% on average, so the higher compliance aspiration of the
regulator sometimes does not align with what a WaSC can achieve.

The study identified a distant relationship between WaSCs and the regulators. Being
a monopoly, companies have to satisfy a competition pace in the regulatory system
and due to the nature of the regulated business, a degree of proximity with the
regulator is not easy to establish. It was seen from the review of the literature that
the regulator’s outlook towards WaSCs has changed over past years from
controlling to engaging. However, this study interestingly found that WaSCs and
regulators are still not close enough as a sector, while WaSCs and regulators need
to work more closely for a better understanding of capabilities, limitations, and
aspirations and to have a clear vision of where the changes introduced by regulators
would take the sector, and what various companies and their relationship with
stakeholders would look like in the future. This result is aligned with Gray (2011),
who confirmed the need of regulators to engage more effectively with all
stakeholders in the sector and be more transparent in their decision-making.

The study results raised the question of whether there is enough clarity from the
government on the national-level priorities for research in the water sector. UKWIR
(2011) for example stated that policy is not clear on what the contribution of the
water sector should be to sustainable development. Several areas where innovation
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is needed are not explicit in policies, and the guidance for regulators is also not very
clear, for example on charging to customers. Sainsbury (2007) more than 10 years
ago stated that regulators should review their policies to ensure an appropriate level
such that emphasis is given to innovation in decision-making in price-regulated
sectors to protect the interests of both current and future consumers. Gray (2011)
also pointed out that government and the regulators must set the policy objectives
and outcomes, and water companies should be flexible in devising innovative
solutions in the best interests of consumers.

Mind-set: Inertia to Change
The study results showed that a key barrier to innovation is the mind-set of certain
individuals who have been in the water industry for a long time. They often favour
only conventional practices which they have used comfortably for a long time, and
their personal stance does not promote an innovative culture in organisations. For
technology-based innovation, individuals’ attitude of using only conventional
practices slows down the adoption of new technology or different ways of working.
Because of this mind-set, the adoption and implementation of new technology in
WaSCs is sometimes hampered. In addition, people sometimes get blamed when
innovation goes wrong; therefore, the inertia is also steered by the fear and blame
culture.

In addition to individuals’ attitude towards innovation in WaSCs, the study results
showed that in the current framework practices, supply chain firms themselves do
not want to try anything very different because of the risk of losing their reputation
and contracts with the WaSCs if an innovation does not work. Behavioural change,
engaging individuals and empowering them in the process of innovation, and
creating a culture of exploring solutions globally, could reduce this inertia and
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motivate individuals in contributing towards innovation rather than following the
changes introduced by the company.

AMP Duration and Framework Contracts
The analysis results concluded that the five-year duration of the AMP cycle tends to
create a short-term business mind-set where WaSCs focus on short-term financial
returns within an AMP period. The five-year AMP duration is thus arguable too short
to support research and development, especially when the regulatory norms are
under continuous changes. Although some of the WaSCs have engaged their
partners for a longer period in AMP6, the regulatory assessment is on the basis of
five years. The result is consistent with the findings of Cave and Wright (2010),
which indicated lower investment in research and development in the water sector.
Consistent with this study’s results, HM Treasury (2012) also raised concerns that
the cyclical effect of the five-year AMP has become cultural and is now a permanent
feature of the water industry. The nature and roots of this culture are complex. The
returns on investment in innovation from longer-term research generally do not
appear within an AMP period. WaSCs also need cost certainty because they have a
price set for five years, and their financial rewards are linked to their performance.
Therefore, WaSCs want to make sure that they minimise the risks of the additional
cost or lower profits. Hence, innovation in a WaSC is mainly central to cost saving in
the delivery of services and schemes in an AMP period. Furthermore, WaSCs are
not able to keep the financial rewards of their outperformance longer than an AMP
duration; therefore, they make efforts to take out any possible cost to achieving
efficiency. This short-term gain narrows down their vision of medium- to long-term
innovation benefits. Therefore, for a WaSC, there is no real incentive to plan for
longer-term innovation when their benefits realisation is limited to five years. Hence,
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innovation with a payback period of more than five years is seen as unattractive,
even though it may be in the long-term interest of customers and the environment.
This explains why the five-year duration of AMP is seen as a barrier to medium- and
longer-term innovation in WaSCs.

The study identified that the approach of setting up framework contracts is a barrier
to innovation. Framework contracts create some certainty in the business for those
supply chain firms which are in the framework contracts. However, firms which are
not able to get into the framework will have to wait for the next five years or
sometimes more. Innovation in supply chain firms to meet the needs of a WaSC can
take more than five years, while the WaSC cannot guarantee to extend the contract
beyond five years. In addition, in a framework contract, supply chain firms
themselves do not want to take the risk of trying very different because of losing
their reputation and contracts if an innovative idea does not work.

Risk-Averseness

The study‘s results documented that the water industry is a traditional risk-averse
industry with a mind-set of using conventional, tried and tested practices to avoid
risks to the environment, human health and regulatory penalties, which is
reasonable, as in the provision of water services to the community, a risk to human
life or the environment cannot be accepted. This result is consistent with earlier

results that have documented that the UK water industry is risk-averse, heavily
regulated and driven by tightening standards (APPWG, 2008). Cave and Wright,
(2010) also stated that WaSCs are overly dependent on direction from the economic
regulator and have created an industry that is risk-averse.
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Innovation in the water industry more often leads to failure than success, and
sometimes this is seen as too risky without adequately capturing its potential
benefits due to difficulties in measuring those benefits and also lack of sharing of
innovation risks. This emphasises how an improved understanding of innovation
risks, their sharing with potential beneficiaries and the measuring of innovation
benefits is important when making innovation-related decisions. Another reason for
risk-avoidance is the Service Incentive Mechanism (SIM), which is a measure of a
company’s performance by the economic regulator through customer surveys. Risks
and uncertainties are associated with innovation, and failure of a particular
innovation could lead to negative responses from customers during performance
assessment. WaSCs, therefore, remain cautious in adopting innovations which may
have a direct impact on their performance assessment.

Fixed Revenue and Smaller Market for Innovation
Since products to customers supplied by WaSCs are unchangeable and the
domestic customer base is also fixed, there is a limited opportunity to diversify the
income source for unchangeable products. These are challenges to a WaSC for
investing in innovation. Customers generally do not show much interest in
innovation, and their focus remains on improved services at a lower price.
Furthermore, pressure from the economic regulator to keep customers’ bills lower is
another challenge to making investments, whereas the results of an analysis
conducted by Frontier Economics (2013) clearly indicated a need for significant
investment to meet the future needs of customers and the environment. Although,
since April 2017, business customers are able to switch their water services
provider, domestic customers form a very large proportion of WaSCs’ revenue and

148

are fixed and, therefore, WaSCs have very low control over the revenue coming
from customers, which is a barrier to investing in innovation.

Another limitation to investing in innovation is the size of the market in the UK for a
new water product or technology. The market to apply new technologies or products
is not a large growth opportunity. Therefore, it would be very challenging for a
WaSC to consider investing in this type of innovation as a growth strategy. The
smaller market, unchangeable nature of products and fixed domestic customer base
are barriers to innovation and slow down innovation in WaSCs and their supply
chain.

Efficiency: Lack of Diverse Approaches
The results showed that the approach to delivering schemes in AMPs is very much
influenced by the cost-saving mind-set to achieve efficiency targets. It is important to
ensure that efficiency gain does not affect the whole-life value of a solution. The
study’s results indicate that the approach of just enough engineering or minimum
standards does not support innovation due to too much focus on reducing cost. For
almost all companies, the delivery process intends to keep the cost to a minimum to
drive efficiency which affects individuals’ attitude of selecting solution with just
enough engineering, rather than a more upfront analysis of creating an innovative
solution. The results suggest that a diverse approach which may be a combination
of factory style delivery and a more upfront analysis could maximise asset utilisation
with more input on the analysis to understand the asset functioning and true
recourses of a problem and the nature of a solution intervention to come up with an
innovative solution without additional asset build. The diverse approach, however,
needs improved skills which may be another challenge in an AMP period where
peak investment happens in the middle three years with years one and five
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remaining relatively quieter due to the cyclical nature of the AMP. The results
indicate that WaSCs are commissioning innovation in a very controlled way, while
they need to be much more open in providing a diversified approach in delivering
schemes.

Unattractiveness of the Industry
The study’s results indicate that the water industry is not seen as an attractive place
to work for young graduates, and the industry has a shortage of skilled workers. This
result is consistent with the finding of CST (2009), which highlighted that the skills
base in the water industry is a cause for concern. There are difficulties in recruiting
skilled people at graduate level in the water industry. Schafer (2011) also highlighted
that it is important for the water industry to know what expertise is available in the
sector to maximise opportunities.

Graduates move to other industries because they receive a more rewarding
professional career and exciting place to work. The reasons for the unattractiveness
of a water sector career among graduates were found to be lower pay, off-site
construction and a lack of a good job-selling strategy. Concerns in WaSCs were
also found over the efforts made in the water industry to sell a better career to young
graduates. A career in the water industry could be incredibly diverse and rewarding
as the industry is moving towards customer engagement and satisfaction at a more
behavioural level rather than building new assets. This indicates that more efforts
are needed to make the water industry attractive through a better career-selling
strategy with a competitive pay package.
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5.4 AMP6 New Approaches of Outcomes and Totex
This section presents and discusses the findings about outcomes and totex
approaches. PR14 introduced outcomes and totex in AMP6. Both concepts are new
to the water sector and were considered by participants as a good move in the
sector. Totex approach have opened up a wide range of options and consider the
whole-life cost of a solution, which reduces the reliance on only the capital element
being considered in the regulatory capital value. Therefore, the move has created
new opportunities for considering the best solution based on total expenditure.

For example, participant WA11 stated:

“Practically, it feels like a right move, and it feels once we get a hand
on it, it would be better.”
Participants see totex as a new opportunity to choose the best solution rather than a
capex-biased solution. Totex also incentivises innovation in the supply chain when
there is a totex-based contract. The solution is selected on the basis of total
expenditure or affordability cost, and can be an operational solution, capital solution,
or a mix of both based on whole-life value.

Outputs-based delivery has been replaced by outcomes. WaSCs set their outcomes
in business plans through engaging their customers, as some outcomes are largely
governed by them and their needs. WaSCs also have their own challenges specific
to the region. They have different topographies and their assets’ age differs;
therefore, outcomes set by companies depend and vary according to customers’
preferences and regional settings and companies need to deliver efficient services.
The flexibility in outcomes has created opportunities to include new ideas; for
example, how a scheme could be delivered with less disruption to traffic or the
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public which means proposing a ‘traffic disruption’ outcomes directly related to
public/customer satisfaction. The outcomes approach widens long-term solutions
that could be specific to a company, or represent customers’ needs. This was clearly
expressed by participant WD12:

“It’s company-specific; it’s not going to be the sector-specific ... We
have different assets that we are operating; we have different
numbers of customers; we have different industries which rely on us;
our assets infrastructures are of different ages; we have different
needs that we have to be fulfilled, and we have outcomes we wish to
achieve now.”
The majority of participants agreed that the outcomes approach provides flexibility to
them in planning asset improvement and schemes in the business plan, considering
longer-term solutions and customers’ requirements. The approach allows problems
to be resolved at source and promotes cross-sector working; for example, working
with farmers to stop pollution before it reaches a watercourse.

Participant WD12 shared their view about the outcomes approach:

“In our business plan, we have eighty outcomes that we need to
achieve. What regulators have given us now is the flexibility in how
we achieve those things.”
Although participants agreed that the outcomes approach encourages innovation,
they also raised concerns that the five-year duration of the regulatory cycle is too
short for the realisation of outcomes benefits. The regulator Ofgem increased the
determination period to eight years when implemented the RIIO model.

Participant WA05 said:
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“Outcomes is an interesting concept because it forces you to think
long-term … but we are regulated economically every five years;
interestingly when Ofgem went to RIIO, they moved it to eight years
to acknowledge the fact that actually, on outcomes, five years feels a
little bit short term; we haven't: we are still at five years; so, in theory,
outcomes approach sounds great.”
Closer working by WaSCs with regulators, customers and other stakeholders is
important to get the full benefits from totex and outcomes. For example, the current
consenting method needs innovative thinking, flexibility and alignment with the totex
and outcomes approaches to support longer-term environmental benefits.

Interviewee WAB04 highlighted this issue:

“Regulators need to be more innovative from the environmental side:
keeping consent on a particular treatment works doesn't meet the
watercourse objectives because something else is happening in the
catchment. So the whole discussion tending to innovation around
catchment consenting. We are looking at the outcomes of the
watercourse rather than the output from a particular treatment
source.”
A number of activities that occur in the catchment have impacts on the water quality
of the receiving water body. The outcomes approach has increased the scope of
innovative solutions at a catchment level. It has provided flexibility to find innovative
solutions at the source with much less cost. Similarly, totex extends opportunities to
innovate and provides a wider range of options including a blend of operational and
capital solutions rather than the capital-intensive solutions favoured in the previous
AMPs. Although outcomes and totex support innovation in a WaSC by providing
more flexibility in choosing a solution from a wide range of options, concerns
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regarding consenting arrangements and the five-year duration of the regulatory
cycle were found. The assessment from this research is that the five-year AMP
cycle is too short for to realise benefits from totex and outcomes. Catchment
consenting and close working with regulators and other stakeholders are also
important to achieve outcomes and totex objectives.

5.5 Innovation Adoption in a Water and Sewerage Company
This section presents and discusses findings related to the adoption of innovation in
WaSCs. The analytical approach used to analyse textual data from interviews
explores perspectives, concerns, experiences, and ideas of individuals to identify
factors (constructs/themes) that influence innovation adoption decisions (intentions)
in WaSCs.

The coding of textual data related to the node set ‘adoption’ was completed in NVivo
v11 following the coding process explained in the previous section. The coding,
merging and grouping of similar nodes resulted in a number of constructs, and the
exploration of the directionality of the association between constructs led to findings
that ten constructs were associated with innovation adoption: Individual’s Attitude
towards Innovation (IA), Perceived Risks (PR), Organisational Goals and
Aspirations (OA), Collaboration (CB), Subjective Norm (SN), Regulation and Policy
(RP), Industry Characteristics (IC), Resources (RS), Perceived Cost Efficacy (CE),
and Perceived Benefits (PB) (see ‘Adoption’ node in NVivo code summary report in
Appendix J).

The NVivo coding summary report results (Appendix J) provided coded nodes, their
references (number of instances of discussions) and the sources (number of
interviewees who discussed them). Table 5.2 shows the constructs, their references
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(i.e. instances these constructs were discussed) and sources (i.e. interviewees who
discussed these constructs). A higher number of references, for example RP,
signifies the importance of a particular construct, concept, idea or theme over
others.
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The adoption of innovation was discussed in 302 instances (Table 5.2). A number of
elements in each construct were discussed, which were found to be either positively
or negatively associated with the adoption of innovation. The key elements of each
construct are described in Table 5.3 and Table 5.4 as an example, and discussed in
the next sections.
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Table 5.3: Innovation Adoption Ease and Difficulty Elements
Constructs
Regulation and
Policy (RP)

Adoption ease (+) / difficulty (-) elements
+Outcomes and totex approaches;
+Competition among water companies created by economic
regulator;
+Economic regulation and regulatory framework;
+Financial incentives;
+Reward retention;
+Quality regulators’ higher standards;
+Partners in framework contracts;
+Outcomes incentives;
+Regulatory approach of keeping customers’ bills lower;
+Innovation in the regulatory regime
-Current practices of setting up five-year supply chain
framework contracts;
-Perceived risks of losing contracts (by supply chain firm) in
the case of failure;
-The way water companies are currently regulated;
-Restrictive collaboration among water companies as a sector;
-Distant communication of water companies with regulators;
-Service incentive mechanism;
-Five-year duration of price control period;
-Financial penalties;
-Extra cost to water companies for political intervention
-Lack of longer-term vision beyond five-year AMP period;
-Uncertainty of the future form of water companies and the
industry
-Regulatory alignment

Industry
Characteristics
(IC)

+Sector’s

challenges;

+Shareholders’ expectations;
+Customers’ expectations;
+Individuals’ connection with the water and environment;
-Traditional nature;
-Risk-averseness;
-Mindset of using conventional and tried and tested practices
-Fixed domestic customers;
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-Unchangeable nature of water and sewage products;
-Limited market size;
-Five-year duration of AMP cycle
-Low motivation in young graduates to join the water industry;
-Lower pay package;
-Less exciting place to work for graduates
Resources
(RS)

+Sharing of funding and resources;
+Bundling jobs together to make innovation viable;
+Sharing of financial risks;
+Providing time to staff to research innovative solutions
externally;
-Cost of innovation to supply chain;
-Lack of sharing of resources and funding;
-High competition;
-Five-year price review period in respect of funding longer-term
research projects

Table 5.4: Innovation Adoption Constructs and their Elements
Constructs
Perceived
Risks (PR)

Elements positively or negatively associated with adoption of
innovation
+Risk-managing measures such as sharing of financial risks in
the event of failure and rewarding partners for success;
+Pain-gain system of risk-reward sharing;
+Medium- to large-scale innovation research in business plan
+Removal of financial penalties;
+Adoption of proven technology from elsewhere
-Increases financial and reputational risks to a water company;
-Financial risks (penalties);
-Reputational risks;
-Programme risks;
-Delivery risks;
-Outcomes risks

Individual’s
Attitude
towards
Innovation (IA)

+A change in organisational culture;
+Learning from other countries or industries
-lack of desire to be a first mover or early adopter;
-Mind-set of using conventional technology;
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-Minimal risk acceptance attitude;
-Individuals’ own perception of innovation;
-Intended benefits of cost reduction;
-Individuals’ own targets set by their company ;
-Tight delivery programme;
-Regulatory compliances;
-Cost;
-Diminishing returns from innovation;
-Blame culture;
-Individual’s own experiences;
-Risk of losing reputation;
Collaboration
(CB)

+Creating pathways;
+Providing medium and platform and promoting channels
-Distant relationship between water companies and regulators;
-Collaboration across water companies;
-Competition

Subjective
Norm (SN)

+Socio-environmental responsibility;
+Reputational gain by adopting carbon neutral technology;
+Environment betterment;
+Carbon reducing measures

Organisation
Goals and
Aspiration
(OA)

+Organisational goals;
+Internal targets, particularly delivery outcomes set by board;
+Company’s aspirations in terms of service improvements,
environment improvement, customer services and shareholder
expectations
+Culture of engaging staff with external innovating firms;
+Organisation’s support to external innovating organisations;
+Supporting own staff;
+Clear articulation of demands and priorities
-Unbundling (separation of business into smaller units);

Perceived
Cost Efficacy
and Perceived
Benefits
(CE & PB)

+Environmental benefits;
+Social benefits;
+Reputational gain;
+Differentiation advantages;
+Regulatory value;
+Best value solution;
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+Pragmatic service delivery
+Better performance in customer service
-Organisational changes (video conferencing, Lync call,
alliance model) to save costs;
-Financial saving to WaSCs and partner organisations;
-Delivering solution for least cost;
-Reduction in cost to customers;
-Shareholder profitability;
-Meeting financial regulatory commitments
The identified constructs were related to individuals and their contextual settings
(external to individual). Four constructs, individual’s attitude towards innovation,
perceived risks, perceived cost efficacy and perceived benefits, being more related
to individuals, can be labelled Personal Factors (PF). Another six constructs,
regulation and policy, organisational goals and aspirations, collaboration, subjective
norm, industry characteristics and resources are more related to the individual’s
external environment and, therefore, classified as Contextual Factors (CF). The CF
are discussed next, followed by the PF.

5.5.1 Contextual Factors
The percentage referencing in Figure 5.4 indicates the relative importance of the
factors given by the interviewees. The contextual factors influencing innovation
adoption (intentions) were found to be regulation and policy (23% references, n=12),
industry characteristics (17% references, n=11), collaboration (16% references,
n=12), organisational goals and aspirations (8% references, n=9), subjective norm
(3%, n=8) and resources (2% references, n=5) (Table 5.2).
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Figure 5.4: Contextual Factors of Innovation Adoption
Figure 5.4 shows that 23% of references (n=12) are from the discussion on
regulation and policy. Participants discussed regulation and policy more compared
to other factors.

A number of themes within ‘regulation and policy’ were found to be positively
associated with innovation adoption. The key themes included: outcomes and totex
approaches; competition in water companies created by economic regulator;
economic regulation and regulatory framework; financial incentives; quality
regulators’ higher standards; partners in framework contracts; outcomes incentives;
regulatory approach of keeping customers’ bills lower; and innovation in the
regulatory regime (WA01, WAB04, WA05, WB09, WA08, WC10, WA11, WD12).

For example, participant WA05 stated:

“There are financial drivers that are set by regulator; yes there is a
kind of a competition that is created by the regulator in terms of trying
innovation to become and to be frontier.”
A number of themes within ‘regulation and policy’ were found to be negatively
associated with innovation adoption. These themes included: the current practices
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of setting up five-year supply chain framework contracts; perceived risks of losing
contracts (by supply chain firm) in the case of failure; the way water companies are
currently regulated; restrictions on collaboration among water companies as a
sector; distant communication of water companies with regulators; service incentive
mechanism; five-year duration of price control periods; financial penalties; and extra
cost to water companies for political intervention (WAB04, WB03, WA05, WB07,
WA08, WA11).

For instance, an interviewee commented:

“There is too much emphasis on financial penalty in the current
regulation that reduces the enthusiasm of an innovative idea being
adopted.” (WAB04)
A surge in organisational innovation was seen in every AMP period due to
innovation in the regulatory regime. The focus of this type of innovation remains,
mainly, complying with new norms and reducing the cost of business plan delivery to
maximise benefits. A lack of a longer-term vision beyond the five-year AMP period
was reported by participants in addition to their concerns over the uncertainty of the
future form of water companies and the industry. This lack of long-term vision and
uncertainty influences individuals’ decisions about longer-term innovation (WA06,
WB09, WC10). Financial incentives and reward retention were found to be positively
associated with the adoption of innovation (WAB04, WA05, WA11).

Furthermore, a number of themes were identified in the analysis related to the
increasing adoption of innovation. These include more flexibility in the regulatory
approach; a flexible consenting arrangement; clarity from government on the future
form of the industry; very clear high-level innovation priorities; simplification of
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regulations; reprioritisation of strategic needs at national level; managing risks in
delivering outcomes; and aligning the thinking of various regulators (WB02, WAB04,
WB09, WC10, WD12). Similarly, a clearer policy on research and research priorities
was also found to be associated with increasing innovation adoption (WB02, WA08,
WB09; WC10, WD12).

The second key factor influencing the adoption of innovation is industry
characteristics (17% references, n=11). The majority of participants characterised
the industry as traditional and risk-averse with a mind-set of using conventional and
tried and tested practices to avoid risks to the environment or human health (WA01,
WB03, WA06, WA08, WB09, WAB04, WC10, WA11).

For example, a participant said:

“It is risk-averse and therefore WA (Water Company) is careful in
adoption to avoid failure consequences.” (WA01)
The fixed domestic customers, unchangeable nature of water and sewage products,
limited market size and five-year duration of the AMP cycle were found to be
negatively associated with adoption (WA05, WA08, WC10, WD12). The sector’s
challenges, shareholders’ expectations, customers’ expectations and individuals’
connection with the water and environment were found to be positively associated
with adoption (WA01, WA05, WA06, WA08, WB09, WC10). The industry’s other
features, not particularly in relation to adoption include low motivation in young
graduates to join the water industry as a career due to a lower pay package in the
industry. The water industry is considered as a less exciting place to work by
graduates (WB03, WC10, WA11).
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For example, one participant commented:

“People don't want to work in the water industry and it is a hard work;
who wants to be work with sewage?” (WB03)
Collaboration was identified as a key influencing factor in the adoption of
innovation (16% references, n=12). Collaboration with the supply chain, regulators,
across water companies, companies’ own staff and stakeholder groups is
associated with adoption (WA01, WB09, WC10, WD12). The relationship between
water companies and regulators was found to be distant, and collaboration across
water companies was seen as restricted due to competition rules and current
regulatory practices. The water industry could be in a better position to manage
resources jointly, and cope better with the sector’s challenges by working in close
collaboration as a sector (WA01, WA05, WB07, WB09, WA11).

An interviewee commented:

“I am not sure we collaborate as a sector as we could.” (WB07)
Creating pathways, providing a medium and platform and promoting channels to
raise awareness about innovation needs, by companies’ internal teams or by
individuals were found to be positively associated with innovation adoption (WA01,
WA05, WA08, WB09, WC10, WD12).

Organisational elements such as aspiration, ownership, culture, internal targets and
collaboration with external innovating firms influence adoption (8% references, n=9).
Organisational goals and targets, particularly delivery outcomes and internal
targets set by the board, were found positively associated with adoption. The
company’s own aspirations in terms of service improvements, environment
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improvement, customer services and shareholder expectations were found to be
positively associated with adoption (WA01, WA05, WA08, WB09, WC10). The
organisation’s values, nature of ownership, leadership, size and culture were
associated with adoption (WAB04, WA05, WA06, WA08, WB07, WB09, WD12). For
example unbundling makes adoption of innovation, particularly in terms of expensive
technology, much more difficult for a water company (WA06). A culture of engaging
staff with external innovating firms compared to innovation by a central innovation
team was identified as positively associated with adoption (WA06, WA08, WB09).
The organisation’s support to external innovating firms and staff, clear articulation of
demands and setting priorities were found to be positively associated with adoption
(WA05, WA08, WB09).

For example, an interviewee said:

“The change from a central innovation team doing all the work to a
company-wide culture of innovation brings a lot more innovation in
the company.” (WA08)
Subjective norm (perceived social pressure) was less frequently discussed (3%
references, n=7) compared to other factors. Even though this factor was less
frequently referenced, the construct was discussed by more than half of the
interviewees. Individuals’ adoption intention is influenced by the way they believe
that others (regulators, other water companies, customers, etc.) will view their
innovation decisions to the benefit of the environment and wider society. Subjective
norm was associated with adoption and mainly sat in the voluntary context centred
around socio-environmental responsibility and reputational gain through betterment
of the natural environment and carbon-reducing measures (WAB02, WAB04, WB05,
WA06, WA08, WC10, WA11).
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Resources was found to be less influencing (2% references, n=5) compared to
other factors, and was discussed by less than half of the participants. This is
because water companies do not see innovation as a growth strategy for their
company and mainly rely on innovation developed by the supply chain to meet
companies’ needs. Sharing of funding and resources to make innovation viable were
found to be positively associated with adoption.

For example, an interviewee stated:

“I think other thing is to make sure ideas are properly funded and
resourced.” (WA11)
The cost of innovation to the supply chain in the event of not sharing resources and
funds, practices of doing innovation in a controlled way, competition and five-year
price review period for funding longer-term research were found to be negatively
associated with adoption. Sharing of financial risks and providing time to staff for
researching solutions externally in other sectors or countries were found to be
positively associated with innovation adoption (WA01, WB03, WB9, WC10, WA11).

5.5.2 Personal Factors
The key personal factors that influence the adoption of innovation were found to be
the individual’s attitude towards innovation (11% referencing, n=11), perceived risks
(8% referencing, n=9), perceived cost efficacy (7% referencing, n=11) and perceived
benefits (excluding cost benefit) (5% referencing, n=7) (Figure 5.5)
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Figure 5.5: Personal Factors of Innovation Adoption
Individual’s attitude towards innovation (11% referencing, n=11) was found to be
one of the most discussed factors influencing innovation adoption. Participants
reported the current attitude in individuals is lacking regarding becoming a first
mover or early adopter of innovation.

For instance, an interviewee commented:

“When you look at more technology-based innovation no one really
wants go to first.” (WA05)
The reasons for the slow adoption attitude were found in the mind-set of using
conventional technology (WA11, WC10) and minimal risk acceptance attitude in the
industry (WA11). Inertia in adopting new products or technology (WAB02) is
because of individuals’ perception of innovation and its intended benefits which is
generally cost reduction compared with existing practices (WA05, WA08, WB07).
Individuals, therefore, incline more towards traditional practices to meet the targets
set by their company (WAB04, WB03). Individuals in water companies are also
controlled by a tight delivery programme (WA11), which does not allow enough time
to consider innovation adequately. Regulatory compliances, cost, timeframe
(WA05), lower diminishing returns from innovation (WA06), blame culture (WAB02),
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individuals’ experiences (WB07), risks of losing reputation (WB09) were found to be
negatively associated with adoption. A change in organisation culture (WA06,
WB07), learning from other countries or industries (WA11) and cultural change
(WC10) could increase adoption of innovation.

Adoption of innovation was associated with perceived cost efficacy (7%
referencing, n=11) and perceived benefits (other than cost benefits) (5%
referencing, n=7). Both perceived cost efficacy and perceived benefits, in
combination, formed an important factor (12% referencing, n = 11) influencing
adoption. Almost all interviewees highlighted that cost efficacy is positively
associated with adoption. The current attitude of water companies towards
innovation is to make savings in the cost and adopt those innovations that provide
improved services without any cost increases.

For example, an interviewee said:

“We are pushing things in your way so please you [supply chain] give
us innovation and help us in change, but also do it with 25%
less.”(WAB04)
Most innovation aims for financial benefits such as reducing existing cost and
providing cost-effective solutions. Aspects such as organisational changes to save
costs, financial saving to WaSCs and partner organisations, delivering solutions for
least cost, reduction in cost to customers, shareholder profitability, meeting
regulatory financial commitments and other similar themes of cost reduction were
found to be associated with adoption (WA01, WA06, WA08, WA11, WAB02,
WAB04, WB03, WB07, WB09, WC10, WD12). It was identified that an innovation
with an unambiguous advantage of cost-effectiveness is more likely to be adopted.
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In addition, there is a political dimension to the regulatory cycle due to the start of
periodic price reviews before general elections. WaSCs sometimes face political
interventions during this period which cost them outside the cost agreed in the
business plan (WB03, WC10, WD12).Perceived benefits (other than cost reduction)
such as environmental or social benefits, reputational gain, differentiation
advantages, regulatory value, best value solution and better performance in
customer services were positively associated with innovation adoption (WA08,
WAB02, WAB04, WB03, WB07, WB09, WC10).

Perceived risks (8% referencing, n=9) was found a key factor influencing
innovation adoption. Adoption of an innovation increases financial and reputational
risks to a water company if the innovation does not work well or fails in its intended
performance. In the adoption of an innovation, risks such as financial (penalties),
reputational, programme, delivery and outcomes risks bring uncertainty and
therefore the possibility of accepting these risks was found to be negatively
associated with innovation adoption (WA01, WAB04, WB03, WA05, WA08, WC10,
WA11): it is highly unlikely that such innovation would be adopted by a WaSC.

For example, interviewees stated:

“Water Company would look at on a strategic level so it is risk-averse,
but what risk whether it is reputational risk or programme risk,
delivery risk, outcome risk and all sorts of elements of risks.”
(WAB04)
“I am bound by my lenders not to taking the risk that we haven't got
ability to directly manage.” (WA05)
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Risk-managing measures such as sharing financial risks in the event of failure and
rewarding partners for success such as a pain-gain system of risk-reward sharing,
removal of financial penalties and the adoption of a proven technology from
elsewhere were found to be positively associated with adoption (WA01, WA05,
WAB04, WA08, WA11). The inclusion of medium and larger research projects in a
company’s business plan could distribute the risks of innovation among
beneficiaries. This, however, could increase customers’ bills slightly more, but
increases innovation in the sector by proportionately sharing the risks in the longerterm benefits (WA05, WA08, WB07, WD12).

5.5.3 Integrating Adoption Factors
The coding, merging and grouping of similar codes and exploration of the
directionality of the association between codes (see Section 5.2.1) led to findings
that five constructs – individual’s attitude towards innovation, perceived risks,
organisational goals and aspirations, collaboration and subjective norm – were
directly associated with the adoption of innovation. Another five constructs –
regulation and policy, industry characteristics, resources, perceived cost efficacy,
and perceived benefits – were found to be associated with adoption through two
mediating constructs ‘Perceived Ease and Difficulty in Adoption’ (PEDA) and
‘Perceived Advantage’ (PA) (see Table 5.5 and NVivo code summary report in
Appendix J). The construct PEDA is about the degree to which an individual
perceives difficulty or ease in adopting an innovation. PA is about the degree to
which individuals perceive advantages from adopting an innovation in relation to
cost, benefits to the environment or customers, or reputational advantages. The
industry characteristics and resources constructs were associated with adoption
though the antecedent construct PEDA, and the perceived cost efficacy and
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perceived benefits constructs were associated with adoption though the antecedent
construct PA. Regulation and policy was associated with adoption though both the
antecedent constructs PEDA and PA.

Table 5.5: Codes-Themes Schema of Adoption Node (NVivo)
Codes
Short-termism
Sector’s challenges
Product, market & revenue
Risk-averseness
Customers' expectations
Attractiveness
Traditional
Alignment
Economic
-Contract
- Flexibility
-Innovate
-New way
-Outcomes
-Prices
-Rewards-penalty
-SDS
-SIM
-Totex
Policy
Quality
Regulatory change
Cost
Time
Cost savings
Services
Benefits
Reputation
Personal beliefs
Perception about innovation
Internal
Leadership
Long-term vision
Growth strategy
Structure & culture
Unbundling
Risks
Subjective norm
Customers

Themes
(Constructs)

Industry
Characteristics

Mediating Themes
(Constructs)
Perceived Ease
and Difficulty

Perceived Ease
and Difficulty

Regulations and
Policy

Perceived
Advantage
Perceived Ease
and Difficulty

Resources
Perceived Cost
Efficacy
Perceived Benefits

Perceived
Advantage

Individual’s attitude
towards Innovation

-

Organisational
goals and
aspiration

-

Perceived Risks
Subjective Norm
Collaboration
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-

Main Theme
(Node Set)

Adoption of
Innovation

Water companies
Process and medium
Regulators
Supply chain
Support companies

-

Internal team

The results of the cluster analysis provided the extent of similarity and differences
across factors. The results of the analysis are shown in Table 5.6.

Table 5.6: Results of Cluster Analysis (NVivo v11)
Strong Similarity (Correlation Coefficient = or > 0.50)*
Moderate Similarity (Correlation Coefficient = 0.30 to 0.49)*
Node
Node
Correlation Coefficient
Perceived Ease and Difficulty
Adoption
0.93
Perceived Advantage
Adoption
0.65
Perceived Cost Efficacy
Perceived Advantage
0.87
Perceived Benefits
Perceived Advantage
0.77
Attitude towards Innovation
Adoption
0.73
Perceived Risks
Adoption
0.60
Regulation and Policy
Perceived Ease and Difficulty
0.89
Regulation and Policy
Perceived Advantage
0.51
Industry Characteristics
Perceived Ease and Difficulty
0.85
Collaboration
Adoption
0.74
Organisation
Adoption
0.69
Resources
Perceived Ease and Difficulty
0.52
Subjective Norm
Adoption
0.47
Organisation
Regulation & Policy
0.56
Attitude towards Innovation
Regulation & Policy
0.55
Attitude towards Innovation
Resources
0.52
Perceived Risks
Industry Characteristics
0.52
Attitude towards Innovation
Organisation
0.48
*Cohen (1988)

The analysis showed an overlap in association that pertains to PA, PEDA and
adoption. It can be seen from the analysis results (Table 5.6) that association with
one is generally stronger that the other. For example, regulation and policy is
strongly associated with PEDA (r = 0.89) rather than PA (r = 0.51). A similarity
matrix was developed to compare the results of the cluster analysis. The results of
the analysis, using a similarity metric, were populated in the matrix to compare
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various constructs in relation to adoption and its predecessor constructs (PEDA and
PA) (Figure 5.6).

Figure 5.6: Similarity Matrix (showing association between themes): Results of
Cluster Analysis (NVivo)

This matrix shows the extent of association between various factors by specifying a
similarity metric with a maximum value of ‘1’ indicating strong similarity.

The next section discusses how the results of the analysis above were fed into the
initial conceptual framework (Figure 3.4) in order to propose the final conceptual
framework of innovation adoption.
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5.5.4 Discussion and Development of Conceptual Framework of
Innovation Adoption
The adoption results are broadly consistent with the existing adoption theories
discussed in Chapter Two. The conceptual framework was adapted from TAM
(Venkatesh and Davis, 1996) in respect of individuals’ intention and behaviour to
model individuals’ innovation adoption behaviour in WaSCs, and postulates that
adoption intentions form the behaviour (Fishbein and Ajzen, 1975; Gregory and Leo,
2003).

However, while the initial conceptual framework (Figure 3.4, Chapter Three)
theorised the TAM model constructs Perceived Ease of Use (PEU) and Perceived
Usefulness (PU), the analysis found that adoption of innovation is affected by
Perceived Ease and Difficulties in Adoption (PEDA) of innovation and Perceived
Advantage (PA) of innovation. Both the PEDA and PA determinants are therefore
specific in relation to individuals’ adoption behaviour in a WaSC in the water sector
in England and Wales, taking into account the water sector’s specific beliefs, values,
culture, practices, and implications of regulations. The analysis found that PEDA
and PA had a significant effect on the adoption of innovation through five underlying
factors (regulation and policy, industry characteristics, resources, perceived cost
efficacy, and perceived benefits).

Whereas the TAM model’s first determinant PEU signifies the degree to which a
person believes that using a particular technology or system would be free from
effort (Davis, 1989), the PEDA construct is about the degree to which an individual,
in a regulated organisation, perceives difficulty or ease in adopting an innovation.
TAM’s second determinant PU is about the degree to which a person believes that
using a particular system would enhance their performance (Davis, 1989); the PA
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construct signifies the degree to which individuals perceive the advantages of
adopting the innovation in question in relation to cost, environmental benefits,
benefits to customers, and reputational advantages. These differences are due to
differences in the nature of the industries; the water sector being heavily regulated,
traditional in nature and with monopolistic characteristics is different from the IT
sector in which TAM was originally introduced. This is consistent with Eugenia et al.
(2013) and Safdari et al. (2017) in the context of using TAM as framework in the
education and the health sectors

One of the most interesting results of the analysis was that the link between
innovation adoption and PEDA is stronger than PA whereas Davis (1989), in the
original TAM, demonstrated that the link between the intention to use an information
system and PU is stronger than PEU, which explains the significance of the
regulatory environment and industry-specific beliefs, values, facts and meanings for
a regulated company (WaSC) in the adoption of innovation and also explains the
issue of slow adoption of innovation in the water industry compared with other
industries (PwC, 2007; see Figure B-2, Appendix B).

The adoption of innovation in a WaSC is thus modelled as being affected by ten
factors related to individuals and their contextual settings within which they make
innovation decisions, directly or through the mediating factors PEDA and PA. The
analysis found individuals’ considerations while making adoption decisions around
personal factors and contextual factors which were consistent with the findings of
existing theories: TRA, TPB, and TAM (Davis, 1989). The three most significant
contextual factors in the adoption of innovation in WaSCs were regulation and
policy, industry characteristics and collaboration. Regulation and policy was the
most significant, which was expected because WaSCs function in a heavily
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regulated environment. Interestingly, the study found that the regulation and policy
perform as stimuli to individuals’ innovation adoption intention via outcomes and
totex, financial incentives, reward retention, and higher standards; however, the
adoption of innovation is not motivated by the five-year price control cycle, restricted
collaboration across WaSCs, distant working of WaSCs from regulators, and lack of
sharing innovation risks. These results build on the findings in Lodge and Stern
(2014), Boscheck et al. (2013), Gray (2011) and Cave (2009a). Regulation and
policy was followed by Industry characteristics, mainly fixed domestic customers,
the unchangeable nature of products, smaller market size and five-year cyclical
nature of AMP. Industry characteristics were followed by Collaboration. In the
context of this study, collaboration was found to have a significant effect on the
adoption of innovation. One reason is that WaSCs do not consider innovation as a
growth strategy for their business, and mostly bring in innovation from supply chain
firms. They, however, facilitate innovating firms and other organisations to innovate
through collaboration. Collaboration was followed by Organisational goals and
aspirations. Individuals in WaSCs are driven by companies’ goals and aspiration
that support them to do things differently to add more value to the company
business, customers and the environment. Subjective norm and Resources were
less significant factors in the adoption of innovation, which is consistent with the
findings in Sihih and Fang (2004), who found that subjective norm is likely to have a
significant influence on behavioural intention in a mandatory environment, whilst the
effect could be insignificant in a voluntary environment. This finding is also
consistent with the earlier findings of Venkatesh and Davis (2000). Therefore, the
results on subjective norm are consistent with the findings of previous studies.
Resources influence adoption which is consistent with Bounded Rationality theory
(Simon, 1991).
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Consistent with previous theories, for example TRA (Fishbein and Ajzen, 1975) and
TPB (Ajzen, 1991), Individuals’ attitude towards innovation was found to be more
significant than Subjective norm in this study. This indicates that individuals’
positive or negative feelings about innovation have more significant effects in the
adoption of innovation than individuals’ perception that other individuals or groups
who are important to them think they should or should not perform a specific
behaviour related to innovation adoption. Individuals’ attitude towards innovation
forms from their interaction with the regulatory system, and the availability of
resources. With regard to perceived risks, the literature illustrated that WaSCs are
overly dependent on the direction of the economic regulator and have created an
industry culture that is risk-averse (APPWG, 2008; Cave and Wright, 2010). New
evidence was found in this study that this was mainly due to a lack of sharing
innovation risks, distant working from regulators, and lack of collaboration across
WaSCs as a sector. Perceived cost efficacy had a strong association with
adoption of innovation, which was expected, as the study sample included
participants who were decision-makers in their organisations holding a high level of
responsibility for achieving financial targets in relation to economic regulators and
companies’ internal financial targets which reflects their inclination towards
innovation that could reduce outturn cost. Perceived cost efficacy was followed by
perceived benefits which can be combined with perceived cost efficacy to include
elements of financial, environmental and reputational benefits. Both perceived cost
efficacy and perceived benefits are antecedents of PA, which is consistent with the
Diffusion of Innovation theory (the characteristic of innovation being better than its
precursor). The significance of perceived cost efficacy and perceived benefits for
individuals’ adoption decisions is because of the comparative competition created by
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the economic regulator, and the propensity of WaSCs to maximise their profits and
achieve reputational gains.

The final conceptual framework of innovation adoption in a WaSC (the final
component of the initial conceptual framework related to innovation adoption) is
shown in Figure 5.7, and is directly linked to the study’s first research objective. This
conceptual framework contributes by extending TAM theory to a regulated company
in a heavily regulated industry, that is, to a water company in the water sector in
England and Wales.

Figure 5.7: Final Conceptual Framework of Innovation Adoption (WaSCs)
The final conceptual framework of innovation adoption includes factors that are
significant in the adoption of innovation in a WaSC. The contribution of this study in
terms of the conceptual framework lies in the significance of additional factors of
perceived risks, perceived cost efficacy, perceived benefits, individual’s attitude
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towards innovation, regulation and policy, industry characteristics and organisation’s
goal and aspiration, which have a significant influence on the adoption of innovation
in a water company, directly or through two new mediating factors, PEDA and PA, in
the context of the water sector in England and Wales, which is heavily regulated and
traditional in nature. The conceptual framework explains individuals’ innovation
adoption behaviour in a regulated company (WaSC) in a heavily regulated
environment (the water sector). The conceptual framework contributes to the
literature on innovation and technology adoption theories by extending the use of
the Technology Acceptance Model (TAM), a framework specifically designed for
modelling users’ adoption of information systems, in the area of a heavily regulated
sector such as the water sector in England and Wales. Although innovation has
been discussed in previous water sector studies, this study is the first to provide a
conceptual framework that explains the innovation adoption behaviour of individuals
in a WaSC, taking into account the changes introduced by the water sector’s
economic regulator in the current AMP through 2014 price review.

The analytical method provides an important methodological contribution by
analysing the collected data using the qualitative approach of code-based analysis,
and the quantitative approach of cluster analysis, which is consistent with the
qualitative data analysis employed by Eugenia et al. (2013) in the education

sector, and Safdari et al. (2017) in the health sector using TAM as a research
framework to examine various factors in their studies.

5.6 Summary
This chapter has presented and discussed the analysis of data from the semistructured interviews conducted with water experts in WaSCs and proposed a final
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conceptual framework of innovation adoption in a WaSC in the water sector in
England and Wales (Figure 5.7). This conceptual framework of innovation adoption
forms the first part (innovation adoption in WaSCs) of the initial conceptual
framework (Figure 3.4).

This research found the key barriers to innovation to be inertia to change, some
features of regulations, AMP duration, framework contracts and limited revenue and
smaller market size. When it comes to regulatory barriers, it found financial
penalties, restrictive collaboration as a sector, distant relationship with regulators,
fixed customer base, short-term benefit culture and AMP duration as key retarders
to innovation.

The final proposed conceptual framework of innovation adoption explains the
adoption behaviour in a regulated company (WaSC). The personal factors ‘Attitude
towards Innovation’, ‘Perceived Benefits’, ‘Perceived Risks’, ‘Perceived Cost
Efficacy’,

and

the

contextual

factors

‘Regulation

and

Policy’,

‘Industry

Characteristics’, ‘Resources’, ‘Organisation’s Aspirations’, ‘Subjective Norm’ and
‘Collaboration’ are significant, and influence the adoption of innovation directly, or
through ‘Perceived Advantage’ and ‘Perceived Ease and Difficulties in Adoption’.

The analysis, interestingly, found that while the TAM model constructs of Perceived
Ease of Use (PEU) and Perceived Usefulness (PU) have a direct influence on
behaviour intention and usage behaviour in information systems, this study’s
analysis found two new mediating constructs ‘Perceived Ease and Difficulties in
Adoption’ and ‘Perceived Advantage’ have a direct influence on adoption intention in
a heavily regulated industry (the water sector in England and Wales).
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Another interesting finding of this study was the stronger association of adoption
intention with ‘perceived ease and difficulty in adoption’ than ‘perceived advantage’
in the case of a regulated industry.

The conceptual framework of innovation adoption model directly contributes to the
existing body of literature related to innovation and technology adoption by
extending the Technology Acceptance Model (TAM) in the area of a heavily
regulated sector (the water sector in England and Wales).
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Chapter 6 - INNOVATION MEANING AND OPPORTUNITIES
FOR

INNOVATION: INTERVIEW DATA ANALYSIS AND

DISCUSSION - PART 2
6.1 Introduction
This chapter continues the presentation and discussion of the analysis of data of
semi-structured interviews conducted within WaSCs. The aim of the discussion
provided in this chapter is to understand the meaning of innovation for a WaSC to
provide boundaries for the conceptual framework of innovation adoption, and to
explore opportunities for innovation for a WaSC to link this investigation with the
study’s overall aim to improve innovation in WaSCs and supply chains within the
water regulation framework in England and Wale.

6.2 Meaning of Innovation for a Water and Sewerage
Company
This section presents and discusses the findings on the meaning of innovation for a
WaSC. The meaning of innovation provides a context to the adoption of innovation
within which individuals in a WaSC make innovation adoption decisions.
Interviewees were asked about their understanding of the term ‘innovation’, and
what innovation means to their company. This question aimed to understand the
meaning of innovation from the perspectives of WaSCs. The participants’ responses
were coded, merged and grouped to identify themes and their connections as
explained in Section 5.2.1. Themes emerging from the analysis identified the
meaning of innovation for a WaSC as a wide range of activities. These themes
signify the meaning of innovation, and were mainly grouped into two key constructs:
‘doing differently’ and ‘value addition’ as shown in the coding schema (Figure 6.1).
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This section loosely uses the structure of the coding schema to present and discuss
the findings.

Figure 6.1: Themes Schema: Meaning of Innovation

6.2.1 Doing Differently
Participants articulated the meaning of innovation as doing differently from existing
practices which comprises a wide range of activities from the development of a new
technology to the use of existing technology differently. It could be a completely new
thing in the sector, or the use of an existing product, technology or process in a
different way.

For example, interviewee WD12 said:

“Innovation is quite wide-ranging things: thinking differently, doing
things differently; it could be small changes; it could be big changes.”

182

A participant provided an example of using Dyson technology to stress the view of
using existing technology in a different way:

“Dyson vacuum cleaner was invented, but the concept and
technology had been around there for a long time.” (WAB04).
Innovation for a WaSC could be office-based, or a new process of doing things
differently. It does not have to be a complex or new thing; it could be an existing
practice, but in a different order; for example, the use of reed beds for water sludge
in water treatment works; it is traditionally extensively used for sewage sludge in
wastewater treatment. Innovation may bring a big change (disruptive innovation), or
a series of small changes, but it should bring improvements in existing practices. An
example of a big change could be the introduction of outcomes and the totex model
in the 2014 price review that has changed the way WaSCs deliver their business
plans from a very output-driven approach in the previous AMPs to outcomes
delivery in the current AMP (AMP6).

Innovation also means supporting a culture of innovation in promoting new ideas
and a thriving environment for researching those ideas.

For example, interviewee WA06 stated:

“Innovation is not just about technology; it’s about a way in which the
organisation turns in innovation within the culture of the organisation.”
Both incremental changes and fundamental changes are included in the meaning of
innovation.

Most

participants

agreed

that

innovation

is

about

continuous

improvements as well as step changes. A few participants, however, did not agree
with the inclusion of incremental change in innovation. They viewed only step
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changes as innovation, such as the development of a cutting-edge technology or a
new process. For example, interviewee WA05 viewed innovation as “a step change
not a slight improvement”. In any case, whether it is a fundamental change or an
incremental improvement, the realisation and clarity that what is in the prevailing
practice is not good enough is important and a prerequisite for innovation.

Importing ideas from elsewhere was found to be an important theme in innovation.
The majority of participants agreed that innovation includes bringing proven ideas or
things from other industries into the water sector to improve performance and
importantly reduce costs, for example, bringing the concept of industrialised
construction or modular construction from the car industry to the water industry for
constructing various units off-site and then assembling them on-site to reduce
construction time, cost and health and safety risks. Interviewee WD12 provided an
example of ‘Bucher Presses’ which

extensively used in the food industry, but

someone had an idea of using in wastewater treatment to separate solids and liquid
to produce a drier sludge for moving sludge efficiently from treatment works.

Another dimension added by most of the participants in the meaning of innovation
was to do things differently for ‘better’ outcomes. Better outcomes could be financial,
making a process simpler, or new techniques increasing the useful life of assets,
etc. Participants highlighted innovation as better outcomes in the context of
business, customers and the environment. They reported that WaSCs are not in the
business of developing and selling innovation as a growth strategy as this is not
their main business. Participants stressed that their company does not tend to do
innovation by themselves, rather they adopt innovation in their company through the
supply chain. WaSCs do innovation through collaborating with innovating firms who
get good ideas and encourage their people to think differently.
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The reason for thinking differently, somehow, remains financial, as most of the
participants stated that due to limited availability of money, the way to perform is to
find new ways of delivering services at the lowest cost.

For example, interviewee WC10 stated:

“Because of the financial constraints, we and everyone else is forced
to think differently. This is a common corporative objective.”
The reason for considering a wider range of activities in innovation in the sector is
tied in to the limited opportunities for WaSCs to change products they supply to their
customers; therefore, the focus of WaSCs remains on a wider area of innovation
such as design, construction, maintenance, process, commercial, business and
technology. This is also because of a higher expectation of reducing cost from
customers and the economic regulator where revenues are limited for WaSCs.

6.2.2 Value Addition
Innovation was seen by the majority of participants as value addition to the
business, customers or the environment. Value can be added in any form such as
financial, reputational or differentiation of business. Innovation has to provide some
benefits from its adoption and implementation. The value addition from innovation,
generally, is intended as a financial gain for the company. A participant stated:

“There may be an innovation which could make things fantastic, but
will not be actually doing if there isn't an indication of direct financial
gain.” (WAB02)
WaSCs are fundamentally for providing good services to customers and earning
reasonable profits. An interviewee commented:
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“I think the current attitude of all the water companies is genuinely
sympathetic to innovation: the backdrop is what best we can save.”
(WA06)
Most participants highlighted that better services to customers and cost saving must
be the two important value additions from innovation. However, cost saving, even
though a most desirable outcome of innovation, does not mean providing a cheap
and disposable asset. Water companies always seek to reach the top position in the
SIM score by providing better value for the money they charge to their customers.
Companies look for different kinds of innovation in products, materials, commercial,
business and processes to reduce cost as far as possible.

6.2.3 Discussion on the Meaning of Innovation
The meaning of innovation for a WaSC as identified through this study includes
doing differently with existing practices, which covers a wide range of activities
including different thinking that brings in new ideas, new products, new processes,
new technology, or using an existing idea, product, process, or technology in a
different way to provide additional value to the business, customers or the
environment. Value can be in the form of financial, reputational, environmental or
differentiation of business, but generally, the desired consequence of innovation in
WaSCs is saving cost and improvements in services delivered to customers. The
fixed customer base of domestic consumers, the unchangeable nature of products
and the pressure of the economic regulator to keep customers’ bills lower are the
key contributing factors in forming these meanings of innovation. The meaning of
innovation for a WaSC identified by this study, is consistent with the broader
meaning of innovation in the water industry provided by UKWIR (2006, p.1), Cave
(2009b, p.24) and Water Sector Leadership Group (2011, p.2). Interestingly
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however, the meanings of innovation for WaSC were found more central towards
cost, and innovation is seen as an instrument for reducing cost rather than bringing
longer-term improvements in the industry which is consistent with the cost efficiency
element of the existing innovation definition, but differs in terms of longer-term
improvements.

New and Existing Technology: The meaning of innovation for a WaSC includes
developing a new technology or process or product, and also the use of an existing
technology or process or product in a different way to bring changes in existing
practices to improve services and reduce costs. Innovation in the water sector
defined by HMSO (1994), Matthews (1997), Cave (2009), Water Sector Innovation
Leadership Group (2011), however, included new products, technologies, processes
for improving efficiency, effectiveness or competitive advantage. The reason for this
difference is twofold: first, defining the meaning of innovation at different level (water
sector vs. water company) in previous studies and this study, and second, because
the present stand of WaSCs towards innovation is very much focused on what
companies can save in terms of costs in delivering services and AMP schemes,
irrespective of whether it comes through a new technology or improvements in
existing technology. Innovation for a WaSC is about changing the way that things
have been done earlier, either to exploit technology or to meet a need which often
requires developing a new technology or improvements in existing products,
processes and technologies. These findings, however, agree with UKWIR (2006),
which defined innovation in the water industry as new products and processes, and
also included the application of existing products and processes in a novel way. The
Oslo Manual (OECD, 2005) also included a new and significantly improved product
(good or service), or process, or a new marketing method in innovation.
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Step Change and Continuous Improvements: The meaning of innovation for a
WaSC includes step changes (radical change) and continuous improvements in the
company or in industry that could result in reducing the cost of delivering services or
adding extra services to the existing practices. This finding differs from HMSO
(1994) which viewed innovation as an invention which has the potential to alter a
product or process radically. However, the finding agrees with a number of studies
that define innovation. Cave (2009b) included both type of changes, fundamental
change and incremental improvements in innovation in the water industry. Similarly,
Queensland Government (2015) also included breakthrough change and a series of
smaller changes in innovation. The inclusion of both radical and incremental
changes in the meaning has been formed due to the constraints of fixed customer
base of domestic consumers, the unchangeable nature of the products and the
pressure of the economic regulator to keep bills lower for customers. Therefore,
WaSCs see innovation as doing better in a cheaper way, which includes both small
changes such as incremental improvements in the delivery process, and a big
change such as developing a new technology that brings radical changes to existing
practices.

Novelty in the Asset Management Plan Delivery: Innovation includes improvements
in the delivery process (of delivering AMP schemes) considering the changes in the
regulatory framework. This includes continuous improvement in the process over
subsequent AMPs. For example, the changes in PR14 encouraged WaSCs to
introduce novelty in the scheme delivery process to achieve agreed outcomes rather
than scheme-by-scheme outputs in AMP6. This finding is consistent with the
findings of existing studies and literature related to innovation and the water industry
(HMSO, 1994; OECD, 2005; UKWIR, 2006; Baregheh et al, 2009; Cave, 2009b;
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Water Sector Innovation Leadership Group, 2011) that include process innovation to
bring incremental or radical changes.

Importing Ideas: The findings showed that the meaning of innovation for a WaSC
includes bringing in ideas or technologies from other industries in order to improve
efficiencies. Ideas can be new to the water industry but have been previously proven
in another industry. The study found that most of the innovations in WaSCs are
diffusions of existing innovations which have already been implemented by another
firm, but new to the company. This is aligned with OECD (2005), which defined
diffusion of innovation as a novelty in relation to innovation. WaSCs make efforts to
deliver AMP schemes at the lowest cost and generally collaborate with supply chain
firms to meet financial targets. Most of the innovation in WaSCs comes from supply
chain firms. The intended purpose of bringing in ideas or technologies from other
industries is to increase efficiencies. This result is consistent with Cave (2009b),
Water Sector Innovation Leadership Group (2011) and Queensland Government
(2015), which described the aim of innovation as improving efficiency and costeffectiveness.

Cost and Carbon Reduction: Innovation includes ideas, technologies, products or
processes that can reduce cost and carbon in a WaSC. A reduction in cost can take
many forms such as adding value to existing assets by optimising their use for a
longer period, use of real-time control in assets operation and delivering the same
services at lower price. In the water sector, it is the characteristics of long-term
assets which have opportunities for keeping operational beyond their designed life
through the application of innovative ideas such as a pressure reduction method in
pumping mains to reduce future bursts, or undertaking slip lining in the pipe. The
cost and carbon, generally, remains proportional; it is most likely that a reduction in
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carbon provides a cost reduction, too, and a reputational benefit. A reduction in
water use in the delivery of schemes is another dimension of cost reduction,
although it is more complicated than carbon due to its location dependency,
seasonal variation and difficulty in precise quantification.

Paradigm Change: The changes in PR14 were seen by participants as a paradigm
shift in the way a WaSC is regulated. This shift means aligning WaSCs’ actions with
longer-term objectives, and a change in their thinking such as improving bathing
water quality to enhance local economy and tourism near coastal areas. This finding
aligns with Bessant and Tidd (2007) and Schafer (2011), who viewed paradigm
innovation from the perspective of changes that come in the underlying mental
model which reframes what an organisation does, for example, an understanding of
how water can be provided to the public in the most efficient and sustainable way
which requires a paradigm change in the way water is currently supplied and a
review of its true value.

Creating a Culture of Innovation: The meaning of innovation for a WaSC is about
developing a culture of freedom in thinking and expressing ideas, and being curious
to research ideas providing value to business, customers and the environment. This
includes the ways through which a WaSC brings in a culture of doing things
differently for creating values. Once this starts flourishing in an organisation,
innovation appears in several forms at various levels rather than being limited to
some specific department such as research and development. The creation of an
innovation culture in a company can also be seen as a paradigm innovation which
happens when the way of looking at things is reframed in the company (Tidd and
Bessant, 2013).
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From the discussion, the seven meanings of innovation can be summarised as:
•

research and development of a brand new technology as well as
improvements to an existing technology.

•

both a step change and continuous improvements.

•

improvements in the scheme delivery process considering changes in the
regulatory framework in an AMP.

•

bringing in ideas or technology from other industries to the company in order
to improve efficiency.

•

outcomes of ideas in the context of social, financial and environmental
benefits.

•

ideas, technologies, products or processes that can reduce cost and carbon
in delivering schemes.

•

creating a culture where there is freedom to think and express ideas and
being curious enough to research those ideas to add value to the business,
customers and environment.
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This study therefore provides the following definition of innovation:
“Innovation for a water and sewerage company is doing existing practices
differently which comprises a wide range of activities that include having or
bringing in a different thinking that brings in new ideas, new products, new
processes, new technology, or using an existing idea, product, process or
technology in a different way or in a different order, as well as having a
culture of freedom to think and express ideas and being curious to research
those ideas. The outcome of innovation will, therefore, be to bring in
incremental or fundamental changes that provide additional value to
businesses, customers and the environment. Value can be in the form of
financial, reputational, environmental value, or differentiating the business
from others, but generally, the desired consequence of innovation is to
improve efficiency.”

6.3 Opportunities for Innovation for a Water and Sewerage
Company
This section presents and discusses the study’s findings related to innovation
opportunities for a WaSC. Identifying opportunities for innovation sits within the
study’s overall aim of improving innovation. The interview texts related to innovation
opportunities were analysed (coding, merging similar codes and grouping) and
results were obtained using the NVivo coding summary report. A coding schema for
the node set ‘opportunities’ is included as Figure I-2 in Appendix I. The analysis
showed that interviewees discussed opportunities in 63 instances (see code
summary report in Appendix J). In these 63 instances of discussions, key areas of
innovation were identified, and the results are presented in Figure 6.2.
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Figure 6.2: Innovation Opportunities for WaSCs
The analysis highlighted five key areas of innovation: resilience against weather
uncertainty,

efficiency

improvement,

energy

and

carbon

reduction,

asset

optimisation and environmental sustainability. It can be seen from Figure 6.2 that
27% of references were related to the discussion on resilience. The participants
reported efficiency improvement and energy and carbon reduction as the second
highest-priority areas for innovation with 14% referencing for each. The next priority
areas for innovation were reported to be asset optimisation (12% referencing),
automation (9% referencing), environmental sustainability (8% referencing) and
region-specific innovation opportunities (8% referencing). These are each outlined in
turn.

Resilience against weather uncertainty was identified as the highest-priority area
of innovation. Resilience is a major challenge in the water sector, and has created
opportunities to innovate in increasing resilience against flooding, drought and water
supply to manage issues of population growth and weather uncertainty. It was
evident from participants’ comments that building new and bigger assets is not
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affordable considering available resources and expectations of keeping customers’
bills lowest. Both supply-side and demand-side solutions along with a higher level of
customer engagement in deciding solutions are important for resilience.

For example, interviewee WA05 said:

“We are looking for innovation at both ends of the spectrum: things
like taking the level of leakage to below economic level ... So, I am
looking for innovation at the economic level and on other end of the
spectrum to be more innovative for demand-side management and
engage our customers to help them to use less water and create
better ways of connecting ourselves to meet the needs in a much
better way when we hit with drought at one end of spectrum and
flooding at other, so all way across the line.”
WaSCs engage their customers and provide ideas where they can save water.
Almost every water company is making some sort of effort to change customers’
water-using behaviour and focusing on technology, design, construction, equipment
and behavioural changes. Sustaining a less water-using behaviour is a challenge
which creates opportunities for innovation in behavioural aspects of customers.

Participant WC10 shared their views on this:

“We talk to our customers and give them ideas where they can save
water ... We have moved on now from technology, design, equipment
to behavioural changes.”
Efficiency improvement was identified as the second highest-priority area of
innovation. Opportunities for efficiency improvement start from a company’s
commitments in the business plan and extend to framework partners, supply chain
firms and customers through collaboration in engineering design, construction,
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procurement and commercial aspects. Efficiency improvement ideas can appear in
the WaSCs from their own staff or from a framework partner. Participants reported
that they are always short of efficiency improvement ideas and seek new
approaches to innovation.

For example, interviewee WB09 stated:

“We always, in every five-year business plan period, short of
efficiency ideas until we start the AMP period, so we are relying on
co-creating some efficiency as we go through the process.”
Collaboration with partner firms is important to become more efficient and to meet
the company’s financial commitments to regulators. WaSCs engage with partner
firms in delivering AMP schemes, which brings opportunities for partner firms
(consulting, construction, supply chain) to bring new ideas of efficiency
improvements in companies. In addition to collaboration with partner firms,
collaboration with customers is important to understand their needs and help them in
meeting those needs at a price they are willing to pay. WaSCs have opportunities
for efficiency improvements in energy use, chemicals use, automation, logistics and
workforce as these areas are reported as high cost contributors. Some participants
also indicated new emerging areas of innovation such as a new type of commercial
model to trade with supply chain firms.

For example, interviewee WA05 highlighted:

“Innovation could take a form of the different commercial model, so I
am not necessary looking for just innovation in term of someone
supplying me a different type of widgets; what I am actually looking
for is an innovation in a way we would trade with the supplier, so for
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me there isn't an aspect of what we do as a business that cannot be
improved by bringing in innovation.”
Carbon and energy reduction was identified as a priority area of innovation. The
majority of participants highlighted opportunities for reducing carbon and energy
consumption. Although carbon reduction is not a direct regulatory incentive,
reducing carbon most likely reduces energy consumption and therefore cost, which
is related to regulatory financial benefits. It also provides reputational benefits to a
WaSC.

Interviewee WA08 pointed out the targets in his company and said:

“We set environmental goals for reducing embodied carbon by 70% in
this AMP period. In AMP 5 we have reduced our embodied carbon in
new structures and new projects by 55%, our target was 50%, so that
actually drove innovation.”
Participants highlighted the issue of the high cost of energy, which is a key reason
why they are looking for innovation in all aspects of energy whether it is demandside energy reduction or energy generation. There are a number of alternative
sources of energy generation such as energy from anaerobic digestion, solar, wind,
or reclaiming heat from wastewater. There are opportunities for WaSCs and their
supply chain in developing new technologies around energy generation through a
non-regulatory business stream.

For instance, interviewees WA05 commented:

“Energy is expensive, so innovation to reduce the cost of energy; we
are looking at renewable energy.”
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Asset optimisation was identified as a priority area of innovation. There are
opportunities for better understanding assets and using improved information to
optimise asset performance to get the best output from existing assets. This
includes innovation in gathering asset information, asset data analysis and creating
quality control around asset data to keep up-to-date asset information for a much
better understanding of asset operation and their condition. Opportunities around
real-time control involve asset management and better use of asset data to optimise
asset performance.

For example, participant WA08 said:

“Opportunity is around real-time control of assets which involves
better management of data; it involves cheaper and more effective
sensors and a shift towards real-time control of our network and
treatment process.”
Participants reported that there are many opportunities for innovation in optimising
existing assets and in the real-time control of assets to get more output from them. A
number of opportunities for innovation exist in increasing assets utilisation and their
useful life.

For example, participant WA11 stated:

“I think there is an opportunity to change the way we optimise our
existing assets and get best out from existing assets.”
Environmental sustainability was reported to be an area in which WaSCs could
innovate. Participants discussed opportunities for innovation in sustainable
drainage. Opportunities for innovation include separating surface water from foul or
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combined network and in the area of sustainable drainage which is linked to asset
optimisation for improving performances.

For example, participants WAB02 commented:

“I think there are questions yet to be answered in terms of actual
long-term performance of the sustainable drainage infrastructure … I
am talking actually about research that demonstrates how the
different shapes and forms can improve the quality in a smaller space
because fundamentally that's the financial drivers behind the
innovation.”
The separation of surface water from foul water is important for network optimisation
and has many advantages such as reducing the cost of treatment, spare capacity
for flows from new developments and sewer flooding reduction.

For example, participant WB09 said:

“Resilience is about environmental sustainability, so put stormwater
back into our river because river for us is a raw product.”
Automation was reported by participants as an opportunity area for innovation. The
participants reported a shift in skills from traditional engineering and science-based
skills to IT-based skills.

Participant WA05 highlighted this opportunity:

“I think lots of opportunities to innovate because people automatically
gravitate to technology innovation, and usually widgets stuff, physical
bits of assets whether that is a new type of sensor or a new form of
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mechanical engineering or even new form of technology around
process engineering”.

Participants also raised concerns over the disappearance of traditional skills and
knowledge as a result of automation.

For example, participant WC10 stated:

“Now the laboratory analysis is so automated that the skills necessary
to run equipment are much lower.”
Some participants reported opportunities related to a specific region or scheme due
to local conditions. For example, constraints relating to archaeology, ecology,
confined space, or land issues sometimes create opportunities for developing a
specific solution. A few participants highlighted opportunities in managing water
together with agriculture and the energy sector. Farmers have their own
infrastructure and abstract water, so there are opportunities in managing water
together. These opportunities, however, appeared in less frequently in the analysis.

6.3.1 Discussion on Innovation Opportunities
Under the broad envelope of the water sector’s challenges discussed in Appendix B
and the needs highlighted in the literature (UKWIR, 2011; Department of Business
Innovation and Skills, 2011a; CST, 2009; Water Sector Innovation Leadership
Group, 2011; EKTN, 2008), this study identified innovation opportunities from
analysing semi-structured interview data collected from WaSCs. The results showed
that resilience is the highest-priority area of innovation for a WaSC. There are
innovation opportunities in increasing resilience against flooding and drought to
supply water sustainably to customers and mitigate the impact of weather
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uncertainty. The study found opportunities to develop innovation on the supply side
such as developing techniques to identify and reduce leakage below the economic
level and network optimisation and at the same time exploit opportunities on the
demand side through engaging customers and helping them use less water during
drought at one end and flooding at the other. There is a range of opportunities
between these two ends of the spectrum to manage water using sustainable
drainage and water reuse. In addition to innovation in technology and equipment,
opportunities exist in the behavioural change of customers in using water by
developing ideas on where and how to save water, and what support can be
provided to customers for changing their water-using behaviour. These result are

consistent with existing findings, which reveal that climate change is real, and
projections suggest extreme weather will occur more frequently in the future, which
will reduce the availability of water (Pitt, 2008; Cave and Wright, 2010; Bridgeman,
2011). Similarly, the Water Sector Innovation Leadership Group (2011) also
highlighted a need for developing a better understanding of the implications of
climate change and adapting infrastructure to respond to the risks of changes in
climate. Projections for England and Wales highlight that net overall river flows could
fall by up to 15% by 2050 with winters becoming wetter and summers drier,
particularly in the south-east of England where 15% of water resource zones are
classified as severely water-stressed (Cave and Wright, 2010).

The operation of an ageing water infrastructure and increasing energy cost are two
key concerns of the water industry. This study’s results showed innovation
opportunities in developing new technology for cheaper energy production using
alternative sources of energy such as that from anaerobic digestion and reclaiming
heat from wastewater. There are opportunities for WaSCs to work jointly with the
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power and agriculture sectors because both these sectors use a lot of water to
create electricity and agricultural products. These results are build on and consistent
with Schafer (2011), who pointed out energy efficiency as one of the priority
research areas. The Department of Business Innovation and Skills (2013), in a
survey undertaken by Black and Veatch in 2012 on rising operating costs, also
found that energy costs in England and Wales as a share of operating costs had
risen significantly. The results are also consistent with previous studies including

Cave (2009a) and Bridgeman (2011), who highlighted that using current
technology to meet the quality standards of the WFD could result in an increase in
energy usage and greenhouse gas emissions. The energy usage in wastewater is
likely to increase if WaSCs continue to use conventional treatment processes to
meet effluent quality standards. The transition from conventional treatment process
to low-energy treatment, however, requires large investment in the sector.

The study identified opportunities for a WaSC to reduce carbon emissions. Carbon
reduction in WaSCs is seen as a cost reduction; therefore, it is linked to regulatory
financial incentives. Carbon reduction and investing in green technology are also
considered as a reputation benefit for WaSCs. Innovative solutions are needed in
energy and carbon reduction, whether demand-side energy reduction to reduce the
cost of energy for running wastewater recycling plants or the energy production side
through alternate sources. Energy usage in the production of clean water may
reduce in the future as a result of leakage control and demand-reduction measures,
but wastewater energy uses will be likely increase due to uncertainty in the weather
and higher environmental improvement aspirations such as bathing water quality
improvements in coastal areas. These results are consistent with the findings of
CST (2009), which indicated the need for optimising energy use in treatment
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technologies and the development of low-energy pumping and a low-carbon
footprint approach to move towards the delivery of carbon-neutral or carbon
negative aspirations. Bridgeman (2011) also supported this view and stated that in
order to achieve greenhouse gas emissions targets, a paradigm shift is required to
reduce the carbon footprint and energy consumption by considering water and
wastewater holistically, which is consistent with the study’s findings.

The study found asset optimisation and efficiency improvement to be key
opportunity areas for a WaSC to innovate. The results showed opportunities in a
better understanding of asset data and use of that information to optimise
performance to get the best output and efficiency from existing assets. Opportunities
in the real-time control of assets involve the better management of data, improved
modelling techniques and developing more effective sensors and solutions for the
real-time control of network and treatment works to maximise assets utilisation.
These findings are consistent with Cave and Wright (2010), who confirmed that
increased demand and lower supply compel the industry to find new and more
efficient ways of allocating, treating and using water and wastewater, not only to
ensure sufficient supply but also to protect the environment by using fewer inputs
with a reduced need for new assets.

The study found the fixed domestic customer base and the pressure of the
economic regulator to keep customer’s bills lower do not support the construction of
new and bigger assets; therefore, opportunities for WaSCs lie in maximising the use
of assets and finding new ways to reduce demands; optimising network, plant and
equipment in the ways these are currently used and operated; for instance, new
technology development to detect small leaks in an affordable way or repairing a
pumping main with minimum disruption to road traffic and customers. The study
202

identified opportunities for increasing efficiency in energy use, chemical use,
automation and resource optimisation, as high cost contributors. WaSCs always fall
short of efficiency improvement ideas and collaborate with supply chain partners for
increasing efficiency. This is a reason for emerging new areas of innovation such as
a new type of commercial model for trading with partner firms. Opportunities for
efficiency improvement, therefore, are expanded to governance, procurement,
delivery processes, contracts, optimisation and commercial areas.

The results showed opportunities for WaSCs in the area of sustainable drainage,
specifically in surface water attenuation, separation of surface water from foul water
and resilience in the conveyance network. There are still a number of questions for
sustainable drainage that need answering in terms of its long-term performance; for
example, opportunities to research how a smaller swale can produce better benefits,
or how its different shape can improve the quality of water in a smaller space of
land. The study’s results showed opportunities for innovation in developing
technologies in separating surface water from foul water or combined water systems
for optimising the conveyance network, which has many advantages such as
reducing the cost of treatment, allowing capacity in networks for new developments,
reducing sewer flooding and reductions in pumping costs and carbon. These results
are consistent with DEFRA (2011), which stressed that the water industry needs
new ways of working to improve efficiency and the use of resources and available
supplies. The study identified opportunities for exploring more innovative ways to
capture rainwater and use it in buildings to maximise the potential of this resource,
while minimising carbon, cost and water usage. Further, the recycling of grey water,
particularly in new developments or those undergoing major renovation, could
reduce the pressure on the water supply and drainage infrastructure.
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There are multiple opportunities for innovation in real-time flood alerts, operational
responses to prevent or minimise the impact of flooding incidents and developing
alternative operational methodologies to make maximum use of the capacity within
existing networks which can be further linked to the opportunities in asset
optimisation for improving performance. These results are consistent with the
findings of Sir Michael Pitt’s independent review (Pitt, 2008) on flooding emergency,
which highlighted a need for a step change in the quality of flood warnings through
closer co-operation between the EA and the Met Office and the need to improve the
modelling of all forms of flooding. The results are also consistent with the Water
Sector Innovation Leadership Group (2011), which highlighted the need for change
in the culture and attitude towards sustainable drainage to reduce flooding by
improving operational integration with the flood protection infrastructure and
wastewater networks.

In addition to innovation opportunities in resilience, efficiency improvement, energy
and carbon reduction, asset optimisation and environmental sustainability, the study
identified opportunities in the area of automation, region-specific opportunities,
outcomes and totex, and managing water jointly with the agriculture and energy
sectors. Opportunities in automation include developing new technology, equipment
and plant and bring in learning from other sectors; for example, learning from the
paramedical sector may be useful in the water sector, where using a live camera at
the site with a maintenance specialist in the back office could diagnose the problem,
and assist technicians to resolve the problem at site. The study found automation to
be an important area of innovation for a WaSC to increase efficiency and to reduce
the cost of operating and maintaining assets.
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Scheme-specific or region-based constraints such as archaeological and ecological
issues, highways and specific topography provide opportunities to find bespoke
solutions to resolve specific issues related to the environment or services to
customers. For example, space constraints, or crossing a busy area provide
opportunities for using a directional drilling technique rather than a conventional
(open cut and cover) method to install a new pipe which also provides benefits of
lower carbon emissions. Totex and outcomes approaches support innovation and
provide opportunities to WaSCs to choose solutions from a wider range of options
on the basis of whole-life cost and long-term outcomes. The results also showed
opportunities in managing water jointly with other sectors. There are many
commonalities between the water, agriculture and power sectors. WaSCs provide
fertiliser from bio-solids and water for agriculture and water to the power sector for
generating electricity. Therefore, opportunities for innovation exist in managing
water jointly by collaborating with the energy and agriculture sectors.

6.4 Summary
This chapter has presented and discussed the results of further analysis of the data
collected from the WaSCs interviews specifically to understand the meaning of
innovation for a WaSC to provide boundaries for the conceptual framework of
innovation adoption and to explore specific opportunities for innovation for a WaSC.

This research understood and identified the meaning of innovation which has
provided a context to the adoption of innovation within which individuals in a WaSC
make innovation related decisions. The meaning of innovation for a WaSC is ‘doing
differently’ with existing practices that can add value to the business, customers and
the environment. ‘Doing differently’ includes a wide range of activities, and values
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can take the form of financial, reputational and environmental value, or
differentiation of the business as an outcome of innovation. This study has provided
a new definition of innovation taking into account the perceptions of WaSCs, a key
stakeholder group managing innovation in the UK water sector.

The five key priority areas for innovation were identified as resilience against
weather uncertainty, energy and carbon reduction, efficiency improvements, asset
optimisation and environmental sustainability.

The next chapter analyses and discusses the data collected from supply chain firms
and presents a supply chain innovation framework to improve understanding of
innovation along with ways to increase innovation in supply chain firms in the water
regulation framework context.
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Chapter 7 – INNOVATION IN THE SUPPLY CHAIN:
QUESTIONNAIRE DATA ANALYSIS AND DISCUSSION
7.1 Introduction
This chapter analyses the study‘s questionnaire data gathered from sample supply
chain firms to achieve the second objective. First, the study‘s main variables were
defined and the distribution of responses received through questionnaire was
explored. The distribution of responses allowed the appropriate selection of
statistical analysis for further study to be made. Then, the reliability and validity of
the study‘s questionnaire were tested using Cronbach’s Alpha and factor analysis,
respectively. The data background is then described; followed by an examination of
innovation barriers and enablers in the sample supply chain firms using frequency
distribution analysis. The study’s hypotheses are tested, and the research objective
addressed through the analysis of data, using non-parametric tests along with
regression and correlation analysis. Finally, the results are discussed to provide a
new framework that integrates various influencing factors to improve the
understanding of innovation in a supply chain firm and also the ways of improving
innovation in the water regulation framework context. The analysis and discussion
completed in this chapter thus develops in detail the supply chain innovation part of
the initial conceptual framework (Figure 3.4).

7.1.1 Distribution of the Study’s Main Variables
This study describes the innovation behaviour of supply chain firms’ professionals
within the water regulation framework using variables of innovation risk-sharing,
regulatory framework influence, WaSCs’ adoption of innovation, and WaSCs’
collaboration (Section 3.4). Prior to analysing the questionnaire responses, the
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normality distribution of the data was tested using the Kolmogorov-Smirnov and
Shapiro-Wilk‘s tests at α = 0.05. Since the sample size was less than 2,000 (N =
118), only the Shapiro-Wilk‘s test results were used. Outputs for the normality test
(Table 7.1) illustrate that none of the main study variables had a normal distribution.

Table 7.1: Test of Normality of Variables
Tests of Normality
a
Kolmogorov-Smirnov
Statistic
df
Sig.
Clarity of WaSCs’ needs (5.1)
.223
81
.000
Clarity of Sector’s needs (5.2)
.279
81
.000
Certainty of business (5.3)
.194
81
.000
AMP cycle influence (5.4)
.180
81
.000
Quality regulators’ approach (5.5)
.180
81
.000
Incentives from economic
.195
81
.000
regulator (5.6)
Policy to incentivise R&D (5.7)
.163
81
.000
WaSCs’ adoption of innovation
.189
81
.000
(Q5.8)
Sharing of innovation risks (5.9)
.193
81
.000
WaSCs’ collaboration (5.10)
.179
81
.000
Stakeholders’ collaboration (5.11)
.222
81
.000
Availability of right skills (5.12)
.177
81
.000
Availability of information (5.13)
.158
81
.000
Accessibility of information (5.14)
.171
81
.000
Innovation Risk (Q4)
.387
81
.000
a. Lilliefors Significance Correction
For items 5.1 to 5.14 and Q4 see Appendix G

Shapiro-Wilk
Statistic
df
.882
81
.867
81
.884
81
.908
81
.914
81
.898
81

Sig.
.000
.000
.000
.000
.000
.000

.911
.889

81
81

.000
.000

.912
.887
.872
.896
.889
.884
.735

81
81
81
81
81
81
81

.000
.000
.000
.000
.000
.000
.000

According to this finding, the researcher attempted to normalise the data through
standardisation to the z-scale and the seven (Box-Cox) transformations (inverse,
square root, inverse square root, square, inverse square, log base e (ln), and log
base 10 (log) transformations). Overall, the Box-Cox transformation (Box and Cox,
1964) signifies a family of power transformations, which includes and extends the
traditional options to easily find the optimal normalising transformation for every
variable and eliminate the need to try various transformations randomly to determine
the best option (Osborne, 2010). The results indicate that neither standardisation
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nor transformation led to normalisation of the aforementioned variables (Table N-1
in Appendix N).

Based upon this result, non-parametric, rather than parametric, statistical techniques
were applied in the data processing. According to Qualls et al. (2010), implementing
parametric statistical tests on non-normally distributed data decreases power and
raise the probability of type II error, which is the failure to identify true differences or
associations, leading to lower than true explanatory power (smaller value of the
coefficient of determination, R2). Furthermore, the true problem with parametric
tests is they lack power when their assumptions are violated, such as when they are
applied to non-parametric data. Vickers (2005) and McCrum-Gardner (2008)
indicated that parametric statistics should not be applied to data with non-normal
distributions; they are preferred when their assumptions can be satisfied or justified.
Accordingly, non-parametric tests were applied to the data and the reliability and
validity of the questionnaire‘s items tested.

7.1.2 Instrument Reliability
The instrument reliability was tested using Cronbach‘s Alpha test, to assess
specifically the internal consistency of the questionnaire items. It was used to
estimate the reliability of all the participants’ responses to the measurement (Helms
et al., 2006, p.633). In social and behavioural research, specifically, the Cronbach‘s
Alpha test is used as an indicator of reliability (Liu et al., 2010, p.5). Since this study
is on the behavioural side of innovation, measuring perceptions, and the
questionnaire consisted of 5-point Likert measurements, Cronbach‘s Alpha test was
used. The main findings are presented in Tables 7.2 and N-2 (Appendix N).
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Table 7.2: Reliability Analysis: Reliability and Scale Statistics
Reliability Statistics
Cronbach’s Alpha

N of Items

0.926

14
Scale Statistics

Mean

Variance

Std. Deviation

N of Items

42.30

157.067

12.533

14

Table 7.2 shows that the value of Cronbach’s Alpha coefficient (α) is 0.926. The
accepted lower limit for Cronbach’s α is 0.70 (Cronbach, 1970; Nunnally, 1978,
p.245) for measurements to be considered reliable. Hinton et al. (1980, 2004)
suggested a categorisation of Cronbach’s α into four levels reliability: low reliability
(≤ 0.50), moderate reliability (0.50-0.70), high reliability (0.70-0.90) and excellent
reliability (≥ 0.90). Accordingly, it can be stated that the instrument used in this study
is reliable and acceptable.

The ‘Corrected Item-Total Correlation’ column (Table N-2, Appendix N) presents
values of the correlation coefficients (r) of each item with the sum of the remaining
items (all items less the questioned item). In general, a reliable scale is one whose
items correlate with the total score. Thus, when some items contribute to the internal
consistency of the instrument, their correlation coefficients need to be large. To be
able to read entries in this column, the Taylor (1990) labelling system for the
categorisation and interpretation of the correlation coefficients was adopted in this
study. According to this labelling system, absolute correlation coefficients ≤ 0.35
represent low associations; 0.36 to 0.67 represent moderate associations and 0.68
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to 1.0 represent strong associations (Taylor, 1990). Based on this labelling system
and Table N-5 (Appendix N), the researcher concluded that all the instrument’s
items have moderate and strong correlations with the instrument.

7.1.3 Instrument Validity
The instrument‘s construct validity was assessed using Factor Analysis (FA) to
group items into small numbers of factors and interpret every factor based on items
with a high loading in it (Bryman and Cramer, 2002). Construct validity refers to the
degree to which the instrument’s items relate to the corresponding theoretical
construct (DeVon et al., 2007). The results in Table 7.3 reveal that the sample size
(N = 118) met the sample size requirement of FA since the value of KMO, a
measure of sampling adequacy, is 0.861. The outcomes of the KMO test were
interpreted following Kaiser‘s rules (Kaiser, 1974), which argued that a KMO value
between the range of 0.80 to <0.90 indicates a good sampling adequacy.

Furthermore, Bartlett‘s test of sphericity is significant (p = 0.000 < 0.05) (Table 7.3),
which indicates that this data set is suitable for FA. Bartlett‘s test of sphericity is
used to test the hypothesis that states that the correlation matrix is an identity
matrix, which would indicate that the factor model is inappropriate (Field, 2005).
Therefore, the desired result is to reject this hypothesis (McNeil et al., 2005) to
ensure that the variables employed in the FA are correlated. Since the probability is
zero (lower than α = .05), it can be concluded that the variables used in the FA are
correlated.
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Table 7.3: Construct Validity Analysis of Instrument: KMO and Bartlett’s Tests
KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's Test of Sphericity

Approx. Chi-Square

.861
838.345

df
Sig.

91
.000

According to Table 7.4 (Table N-3, Appendix N) along with Kaiser’s ‘greater than
one’ rule (Kaiser, 1960), it was concluded that the data construct consists of
three factors, which together explain 71.6% of the variations in the data. The
analysis of the component and pattern matrix output of FA (Table N-4 in
Appendix N), to determine the nature and composition of the extracted factors,
indicate the following:
For items 5.1 to 5.14, see supply chain questionnaire in Appendix G
1. The first factor includes five items (5.4, 5.5, 5.6, 5.7, 5.9) related to
regulation, policy and innovation risk sharing.
2. The second factor consists of four items (5.11, 5.12, 5.13, 5.14) related to
collaboration, information-sharing and skills availability.
3. The third factor includes five items: four WaSC-related items (5.1, 5.3,
5.8, 5.10), and one sector-related item (5.2).
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Table 7.4: Construct Validity Analysis of the Instrument: Total Variance
Explained
Total Variance Explained
Initial Eigenvalues
Extraction Sums of Squared
Loadings

Total

Rotation
Sums of
Squared
a
Loadings
Total

% of
Cumul
Total
% of
Cumulati
Variance
ative %
Variance
ve %
1
7.279
51.991
51.991
7.279
51.991
51.991
5.448
2
1.679
11.993
63.984
1.679
11.993
63.984
4.609
3
1.069
7.638
71.622
1.069
7.638
71.622
5.207
4
.677
4.835
76.457
5
.627
4.476
80.933
6
.524
3.740
84.673
7
.483
3.450
88.124
8
.401
2.864
90.987
9
.377
2.694
93.681
10
.294
2.100
95.781
11
.245
1.749
97.530
12
.157
1.125
98.655
13
.135
.961
99.615
14
.054
.385
100.00
Extraction Method: Principal Component Analysis.
a. When components are correlated, sums of squared loadings cannot be added to
obtain a total variance.

Overall, the study‘s instrument had solid construct validity. Its key variables defining
innovation behaviour (WaSCs’ adoption, innovation risk-sharing, business certainty,
AMP cycle effects and WaSCs’ collaboration) had clear and distinct representation
in the three extracted factors. Interestingly, some variables had factors that only
included their items (such as the WaSCs’ adoption and WaSCs’ collaboration
variables); however, the above extraction is on the basis of the highest value for
such items. Moreover, the underlying structure of the study data was made up of
three extracted factors that explain 71.622% of the variation in the data.

213

7.2 Description of Data
A frequency distribution analysis showed that the majority of the participants (84% of
responses) were from supply chain firms (Table 7.5). The table also shows that
some participants (13.5% of the total responses) were from firms providing products
or services to WaSCs as supply chain firms and also active in the area of developer
services (residential and commercial developments). Considering the direct
involvement of these firms with WaSCs, participants’ responses from these firms
were included in the analysis. A few responses (2.5%) were received from
professionals who belong to firms that are not directly related to WaSCs; however,
these participants have an in-depth knowledge of the research area and belong to
universities or publishing firms. These participants recorded their responses in the
category ‘others’. Their responses were also considered relevant to the study and
included in the analysis.

Table 7.5: Description of Questionnaire Data
Functional Area
Supply Chain
Supply Chain and
Developer Services
Others
Total
Business Territory
UK
UK & Overseas
Total
Business Nature
Manufacturers /
Supplier
Consultancy/
Surveys / Software
Others
Total

Frequency

Percent
83.9
13.6

Valid
Percent
83.9
13.6

Cumulative
Percent
83.9
97.5

99
16
3
118

2.5
100.0

2.5
100.0

100.0

57
61
118

48.3
51.7
100.0

48.3
51.7
100.0

48.3
100.0

67

56.8

56.8

56.8

46

39.0

39.0

95.8

5
118

4.2
100.0

4.2
100.0

100.0
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In terms of firms' main business territories, 48% of responses included in the
analysis were from professionals from UK market-based companies and 52% from
professionals from UK and overseas market-based firms.

Regarding firms’ nature of business, responses included in the analysis comprised
57% responses from professionals from manufacturer or supplier firms and 39%
from consulting firms and firms undertaking surveys, site investigation, or providing
software services to WaSCs. A few responses from the professionals from a
university, publishers, and freelance consultants were included due to the
respondents’ knowledge and interest in the research subject.

7.2.1 Descriptive Statistics of Variables
Descriptive statistics were calculated for the variables based on the completed valid
questionnaire forms (N =118). The descriptive statistics results are presented in
Table 7.6. According to the results presented here, the values of the standard errors
of the means (SEM) of variables are generally very low and much less than 1.0
(range: 0.098-0.134). The lower the SEM, the more representative the study‘s
sample is of the whole population. Furthermore, Table 7.6 displays the values of the
standard deviations and variances of the variables, which are also low.

Table 7.6: Descriptive Statistics of Variables
N

Clarity of WaSCs’ needs
Clarity of Sector’s needs
Certainty of business
AMP cycle influence
Quality regulators’
approach
Economic regulator’s

Mean

Statistic

Statistic

114
114
117
115
113

3.26
3.58
3.34
2.67
2.84

Std.
Error
.123
.107
.109
.109
.098

109

2.74

.120
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Std.
Deviation
Statistic

Variance

1.317
1.144
1.176
1.168
1.040

1.735
1.308
1.382
1.364
1.082

1.250

1.563

Statistic

incentives
Policy to incentivise R&D
WaSCs’ adoption of
innovation
Sharing of innovation risks
WaSCs’ collaboration
Stakeholders’ collaboration
Availability of right skills
Availability of information
Accessibility of information

112
114

2.80
2.90

.110
.124

1.161
1.324

1.348
1.752

110
116
115
112
112
112

2.65
3.16
3.43
3.40
2.74
2.77

.100
.125
.124
.113
.129
.134

1.044
1.349
1.325
1.197
1.361
1.414

1.091
1.819
1.755
1.432
1.851
2.000

After completing the descriptive statistics, the analysis identified the main barriers
and enablers of innovation from the perspectives of the sample supply chain firms.

7.3 Innovation Barriers and Enablers
The analysis identified innovation barriers that limit supply chain professionals in
the sample from innovating within the water regulation framework. To this end,
five barriers and three enablers were identified. A frequency distribution
statistical method was applied to analyse participant‘s responses (Table 7.7).
The response categories of ‘strongly favourable’ and ‘favourable’ were combined as
‘enabler’, and ‘strongly unfavourable’ and ‘unfavourable’ as ‘barrier’ in Table 7.7 for
ease of understanding, discussion and presenting the analysis results.

The five key innovation barriers from the view of professionals of the sample supply
chain firms were:
•

Sharing of risks when undertaking innovation for a water company. This
barrier was reported by many professionals (45% of total respondents) of the
sample supply chain firms. Only, 20% of respondents found this an enabler.

•

Lack of incentives from the economic regulator and in policies for
research and development. This barrier was reported by many respondents
(Table 7.7).
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•

Effect of AMP cycle on supply chain capacity to innovate was reported
as a barrier by nearly half of professionals (48% of total respondents) from
the sample supply chain firms.

•

Adoption of innovation by water companies: this barrier was cited by
47% of professionals of sample supply chain firms against 33%
professionals who found this an enabler.

•

Availability and accessibility of databases and information about
research and technology trials. These linked barriers were reported by
many professionals from the sample supply chain firms.

The three innovation enablers (Table 7.7) from the point of view of professionals
from sample supply chain firms were:
•

Certainty of business from water companies through a framework
contract under an AMP period – cited as an innovation enabler by nearly
half of the professionals (49% of total respondents) from the sample supply
chain firms.

•

Collaboration

by

water

companies

and

collaboration

among

stakeholders. However, when counting ‘no influence’ responses, more than
half of the total professionals from the sample supply chain firms (58% of
total responses) agreed that WaSCs’ collaboration either has no influence or
is a barrier to innovation in supply chain firms.
•

Clarity of the supply chain about innovation needs of WaSCs and the
sector was identified as an innovation enabler by more than half of the
professionals from the sample supply chain firms.
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Table 7.7: Innovation Barriers and Enablers
Frequency (Valid Percentage)
Innovation Enabler / Barrier
41
(36%)
26
(23%)
36
(31%)
55
(48%)
41
(36%)
52
(48%)
46
(41%)
53
(47%)
49
(45%)
43
(37%)
35
(30%)
30
(27%)
49
(44%)
51
(46%)

No
Influence
15
(13%)
12
(10%)
24
(20%)
28
(24%)
46
(41%)
29
(27%)
30
(27%)
23
(20%)
38
(35%)
24
(21%)
17
(15%)
25
(22%)
31
(28%)
22
(20%)

High

Moderate

Low

5
(4%)

79
(71%)

28
(25%)

Barrier
Clarity of Supply Chain about WaSCs’
requirements of innovation
Clarity of Supply Chain about Sector’s needs of
innovation
Certainty of business from WaSCs in the
framework contract
AMP cycle influence on supply chain
Quality regulators’ approach
Economic regulator’s incentives
Policy to incentivise R&D
Adoption of innovation by WaSCs
Sharing of innovation risks
WaSCs’ collaboration with supply chain
Stakeholders’ collaboration with supply chain
Availability of right skills
Availability of database and information
Accessibility of database and information

Innovation risks to supply chain at the sector level

Enabler
58
(51%)
76
(67%)
57
(49%)
32
(28%)
26
(23%)
28
(25%)
36
(32%)
38
(33%)
23
(20%)
49
(42%)
63
(55%)
57
(51%)
32
(28%)
39
(34%)

A correlation analysis was completed to understand the associations among the
identified barriers and enablers. The results of the analysis are presented in Table

N-5 of Appendix N. The next sections analyse the data in detail to test study’s
twelve hypotheses described in Section 3.4 to achieve the study’s second research
objective.
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7.4 Hypotheses
This section tests the study’s twelve hypotheses proposed in Section 3.4.1).

Hypotheses H1 and H2 examine innovation risk-sharing, and its effect on the
business certainty of supply chain firm. Hypotheses H3, H4 and H5 are related
to regulatory and framework influence. Hypotheses H6 and H7 examine the
adoption of innovation. Further, hypotheses (H8, H9, H10, H11 and H12)
examine collaboration, and its effects on the clarity of innovation needs,
business certainty, sharing of risks, and information-sharing.
Regarding the data, since none of the study‘s variables has a normal distribution
(Table 7.1) non-parametric statistical techniques were applied (mainly the KruskalWallis H Test and the Mann-Whitney U Test). The Kruskal-Wallis H, an equivalent
test to ANOVA, is useful to evaluate whether the population medians on certain
dependent variables are comparable, or not, across levels of a test factor. In this
test the independent variable splits individuals into two groups or more, and the
dependent variable evaluates individuals on an interval or an ordinal scale. If the
independent variable has two levels only, no further significance tests needed to be
conducted. If the factor has more than two levels and the test is significant, then
post hoc tests are needed, which involve comparisons between pairs of group
medians. In the case of the Kruskal-Wallis H test, the Mann-Whitney U test can be
implemented to identify the unique sub-groups.

The first hypothesis examines how different types of firms behave when it comes to
innovation within the water regulation framework. It analyses whether there is any
significant difference in the innovation behaviour from a firm who is having their
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business only in the UK market from those firms who do business in the UK market
and overseas market. The hypothesis is:

H1: The sharing of innovation risk between supply chain and WaSCs is
associated with the type of firm (i.e. consulting, manufacturing / suppliers etc)
and their geographical operating area (i.e. the UK market only, or the UK &
overseas markets).

This above hypothesis can be split into following two secondary hypotheses for the
analysis:

H1.1: There are statistically significant differences in the sharing of innovation risk
from consulting firm and manufacturing firm.

H1.2: There are statistically significant differences in the sharing of innovation risk
from the UK-market based firm and the UK & overseas market based firm.

The Kruskal-Wallis H test was used to examine significant differences, if any,
between the three types of groups of the sample supply chain firms on the median
change in their risk-sharing behaviour. According to Table 7.8, the test implies that
there is no statistically significant differences in various groups for the ‘risk-sharing’
variable (p = .28 > .05 = α). Thus, the hypothesis H1.1 is rejected which means that
there is no differences in the risk-sharing behaviour in different types of firms.
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Table 7.8: Differences in sharing of innovation risks between different types of
firms
Test Statistics

a,b

Innovation Risk-sharing
Chi-Square

2.546

df

2

Asymp. Sig.

.280

a. Kruskal Wallis Test
b. Grouping Variable: Business Nature (type)
Ranks
Business Nature
Manufacturer/Supplier
Consultancy/Surveys/Software
Others (individual consultants etc)
Total

N
62
43
5
110

Mean Rank
52.69
57.38
74.20

It can be seen from the results of participant’s ranking (Table 7.8) that the group
‘others’ (comprising freelancing consultants / professionals, University scholars,
publishers etc) has a negligible representation (5 respondents, see Table 7.8), and
therefore could be excluded from tests in forthcoming hypotheses.

Since there would be only two groups (manufacturing firms and consulting firms) in
the testing of hypotheses further, the Mann-Whitney U test is used to examine for
significant differences, if any, between consulting firm and manufacturing firm of the
sample supply chain firms on the median change in the variables relating to supply
chain professionals’ behaviour on innovation.

The Mann-Whitney U test was run to examine for potential significant differences
between two geographical area groups (UK market and UK & overseas market) of
the sample supply chain firms in respect to the median change in their risk-sharing
behaviours. The outputs (Table 7.9) illustrate that the test is not significant for the
investigated variable because p is greater than 0.05. Based on the results, the
hypothesis H1.2 is rejected.
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Table 7.9: Differences in sharing of innovation risks between firms having
business in the UK market and the UK & overseas markets.
Test Statistics

a

Innovation Risk-sharing
Mann-Whitney U

1389.500

Wilcoxon W

2715.500

Z

-.717

Asymp. Sig. (2-tailed)

.473

a. Grouping Variable: Market
Ranks
Market
UK
UK & Overseas
Total

N

Mean Rank

Sum of Ranks

51

53.25

2715.50

59
110

57.45

3389.50

Therefore, the test results rejected the hypothesis H1 which means no significant
difference in the sharing of innovation risk behaviour was found in terms of the type
of supply chain firm or their geographical functioning area.

The second hypothesis examines the effect of sharing of innovation risk to the
business certainty of supply chain firms. The hypothesis is:

H2: Sharing of innovation risk between WaSC and the supply chain has a
statistically significant effect on the business certainty of a supply chain firm.

This hypothesis was tested using regression analysis, specifically the five regression
model assumptions; linearity of the regression function in its parameters,
multicollinearity, homoscedasticity, normality of error distribution and independence
of errors. Since this and the following hypothesis (wherever regression analysis is
performed) correspond to a 1:1 regression modelling, there is only one explanatory
variable. Thus, the assumption of multicollinearity does not hold and there is no
need to test the data for multicollinearity.
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1- Linearity.
The assumption of linearity was tested using correlation analysis. According to
Table 7.10, and with reference to Taylor‘s (1990) rules, the results show a moderate
strength association between the certainty of business and sharing of innovation
risk. Furthermore, the results show this association is statistically significant (p =
.000 < .05, Table 7.11). This finding indicates that the linearity assumption is met.

2- Multicollinearity.
All hypotheses, in this thesis, correspond to 1:1 regression modelling, where there is
only one explanatory variable, there is no need to test the data for multicollinearity.

3- Homoscedasticity.
Plotting the regression standardized residual error (*ZRESID) on the y-axis against
the regression standardized predicted error (*ZPRED) helps to determine whether
assumptions of homoscedasticity and random errors (i.e., linearity of the regression
function) are, or are not, met. Typically, the residuals are scattered randomly around
zero and manifest a comparatively uniform distribution. As Figure 7.1 illustrates, the
data points appear to be distributed randomly with a broadly equal spread of the
residuals at almost all predicted values. It can therefore be concluded that both the
homoscedasticity and the random errors (i.e., linearity of the regression function)
assumptions are satisfied.
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Q5.3: Business certainty

Figure 7.1: A plot of the regression standardised residual error (*ZRESID)
against the regression standardised predicted error (*ZPRED)

4- Normality of error distribution.
In regression modelling, the residual error should be normally distributed for each
set of variable values. This requirement is typically tested by means of a histogram
plot of the regression standardized residual error versus frequency, which should
show a normal, or nearly normal, curve. The regression, however, should remain
robust to some deviations from this assumption. According to Figure 7.2, the normal
plot is almost linear, which confirms that the unexplained variation is roughly normal.
In other words, the residual error is normally distributed.
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Q5.3: Business certainty

Figure 7.2: A plot of the regression standardised residual error against
frequency
5- Independence of errors.
Independence of errors implies that the errors related to the different observations
are not correlated with each other. It can be examined by means of the Durbin–
Watson test statistic (Table 7.10), which can assume any value between 0 and 4. In
general, a value <2 states a positive association between adjacent residuals, while a
value > 2 expresses a negative interrelation between adjacent residuals, and a
value of 2 means that the residuals are uncorrelated. That said, a range of 1.5 to 2.5
is widely accepted to be indicative of uncorrelated residuals (Durbin and Watson,
1951; Zakerian and Subramaniam, 2009). With reference to Table 7.10, the data
satisfies the independence of errors assumption since the associated Durbin-
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Watson test statistic is 2.130, which falls within the range of 1.5 to 2.5, and thus
indicates uncorrelated residuals.

Table 7.10: The effect of sharing of risks on the business certainty of supply
chain: Model Summaryb
Model

1

R

.525

R Square

a

.276

Adjusted R

Std. Error of the

Square

Estimate

.269

Durbin-Watson

1.005

2.130

a. Predictors (constant),sharing of innovation risks; b. Dependent Variable: business certainty

Table 7.11 and Table 7.12 show that the results of the regression model in respect
to the relationship between ‘risk-sharing‘ and ‘business certainty‘ for the sample
supply chain firms is statistically significant (p = 0.000), which means that about
27% variance in the certainty of business for supply chain can be statistically
explained by the sharing of innovation risks. Hypothesis H2 is therefore accepted
and it was concluded that sharing of innovation risk have a statistically significant
effect on the business certainty of sample supply chain firms.

Table 7.11: The effect of sharing of risk on the business certainty of supply
chain: Coefficientsa

Model

Unstandardized
Coefficients

1.773

Std.
Error
.264

.591

.093

B

1

(Constant)
Sharing of
innovation
risks

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.525

a. Dependent Variable: business certainty
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6.714

.000

6,383

.000

Tolerance

VIF

1.000

1.000

Table 7.12: The effect of sharing of risk on the business certainty of supply
chain: ANOVAa
Model
1

Sum of Squares

df

Mean Square

F

Sig.

Regression

41.160

1

41.160

40.739

.000

Residual

108.108

107

1.010

Total

149.268

108

b

a. Dependent Variable: Business certainty; b. Predictors: (Constant), Sharing of innovation risk

The frequency distribution analysis results earlier showed AMP cycle effect on
innovation for a supply chain firm as a barrier. The hypotheses H3 and H4
investigate any significant differences in respect of AMP influence, if any, in terms of
manufacturing and consulting firm, or for a company who does business in the UKmarket only and the UK and overseas markets.

H3: The AMP cyclical effect is greater in manufacturing firm than consulting
firm.

The Mann-Whitney U test results (Table 7.13) demonstrate that the test is not
significant for the investigated variables ‘AMP cycle’ because p is greater than 0.05.
Based on this results, the hypothesis is rejected which means no significant
difference in the AMP cycle effect in regard to the capacity to innovate in terms of a
consulting firm or manufacturing firm.

Table 7.13: Differences in AMP cycle effect in consulting and manufacturing
firms: Test statistics
Test Statistics

a

AMP cycle effect
Mann-Whitney U

1247.500

Wilcoxon W

3392.500

Z

-1.346

Asymp. Sig. (2-tailed)

.178

a. Grouping Variable: Business Nature
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Ranks
Business Nature
N
Manufacturer/Supplier
65
Consultancy/Surveys/Software
45
Total
110

Mean Rank
52.19
60.28

Sum of Ranks
3392.50
2712.50

H4: The AMP cyclical effect is greater among UK market firms (functional area
in the UK market only) than UK and overseas firms (functional area in the UK
and overseas markets)

The Mann-Whitney U test results (Table 7.14) demonstrate that the test is not
significant because p is greater than 0.05. Based on the results, the hypothesis is
rejected which means no significant differences in the AMP cycle effect in regard to
the capacity to innovate were seen for the firms operating in the UK market only or
in the UK and overseas markets.

Table 7.14: Differences in AMP cyclic influences in UK based firm and UK and
overseas market firm
Test Statistics

a

AMP cycle effect
Mann-Whitney U

1570.500

Wilcoxon W

3461.500

Z

-.442

Asymp. Sig. (2-tailed)

.659

a. Grouping Variable: Market
Market
UK
UK & Overseas
Total

Ranks
N

Mean
Rank
59.42
56.75

54
61
115
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Sum of
Ranks
3208.50
3461.50

H5: Consulting firms have better incentives for researching and developing an
innovative idea in an AMP framework compared to manufacturing companies.

The research next investigated whether there are significant differences in
incentives for researching and developing an innovative idea for a manufacturing
firm and consulting organisation in the AMP framework. Since the number of groups
is two, the Mann-Whitney U test is used. The test results (Table 7.15) indicate that
professionals of sample manufacturing and consulting firms think that there is a
statistically significant difference in terms of incentives (p = .017). According to the
test‘s mean ranks outcome, it was found that consulting organisations have a higher
mean rank of the total score on incentives compared to manufacturing firms (60.66
against 46.75). Thus, the aforementioned hypothesis is accepted and it was
concluded that the incentives to innovate for consulting firms are significantly better
than that of manufacturing firms.

Table 7.15: Pairwise comparison of differences in incentives to innovation
between consulting firms and manufacturing firms
Test Statistics

a

Incentives
Mann-Whitney U

960.500

Wilcoxon W

2851.500

Z

-2.388

Asymp. Sig. (2-tailed)

.017

a. Grouping Variable: Business Nature
Ranks
Business Nature
CRPTotal

N

Manufacturer/Supplier
Consultancy/Surveys/Software
Total

229

61
43
104

Mean
Rank
46.75
60.66

Sum of
Ranks
2851.50
2608.50

Hypotheses H6 and H7 examine the effect of WaSCs’ adoption to the business
certainty of supply chain firms (H6), and the effects of supply chain clarity of WaSCs’
innovation needs to the adoption of innovation in WaSCs (H7).

The sixth hypothesis is:

H6: WaSCs’ adoption of innovation has a statistically significant effect on the
business certainty of supply chain.

This hypothesis was examined using regression analysis, by testing the four
regression model assumptions.

1- Linearity.
The assumption of linearity was examined using correlation analysis. According to
Table 7.16, the association between business certainty and WaSC’s adoption has a
higher side of moderate strength, and this association is statistically significant.
These findings indicate that the linearity assumption is met.

2- Homoscedasticity.
The scatterplot (Figure N-1, Appendix N) demonstrates that the residuals are not
distributed in any clear pattern with the predicted values. This suggests that the
model does not violate the assumptions of the homoscedasticity and random errors
(i.e., linearity of the regression function).

3- Normality of error distribution.
The normal plot in (Figure N-2, Appendix N) is nearly linear, although there seems
to be some deviation from normality between some of the observed cumulative
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probabilities. Thus, the unexplained variation is nearly normal, that is, the residual
error is normally distributed.

4- Independence of errors.
With reference to Table 7.16, the data meets the independence of errors
assumption. The Durbin–Watson test statistic is 1.980, which falls within the range
of 1.5 to 2.5 and indicates uncorrelated residuals, i.e., the errors is independent.

Table 7.16: The effect of WaSC’s adoption on the business certainty of supply
chain: Model Summaryb
Mode
l

R

1

.656

a

R
Square

Adjusted R
Square

Std. Error of the
Estimate

Durbin-Watson

.430

.425

.891

1.980

a. Predictors: (constant), WaSC’s adoption; b. Dependent Variable: business certainty

In addition, Tables 7.17 and 7.18 show that the results of the regression model
measuring the relationship between WaSC’s adoption and business certainty of
sample supply chain is statistically significant (p = .000 < .05 = α) which means that
about 43% variance in the certainty of business can be statistically explained by
WaSCs’ adoption. Thus, hypothesis H6 was accepted and it was concluded that
adoption of innovation by WaSC have a statistically significant effect on the certainty
of business of supply chain firms.

Table 7.17: The effect of WaSC’s adoption on the business certainty of supply
chain: Coefficientsa

Model

Unstandardized
Coefficients

1.650

Std.
Error
.203

.583

.064

B
1

(Constant)
WaSC
Adoption

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.656

a. Dependent Variable: Business certainty
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8.132

.000

9.159

.000

Tolerance

VIF

1.000

1.000

Table 7.18: The effect of WaSC’s adoption on the business certainty of supply
chain: ANOVAa

Regression

Sum of
Squares
66.633

Residual
Total

Model

1

1

Mean
Square
66.633

88.164

111

.794

154.796

112

df

F

Sig.

83.892

.000

b

a. Dependent Variable: Business certainty; b. Predictors: (Constant), WaSC’s adoption

H7: Supply chain clarity about innovation needs (of WaSCs) has a statistically
significant effect on the WaSCs’ adoption of innovation.

This hypothesis is investigated using regression analysis by testing the four
assumptions of regression modelling.

1- Linearity.
The assumption of linearity is tested using correlation analysis. Table 7.19 shows
that the association of supply chain clarity of innovation needs of WaSCs with the
adoption of innovation is strong in strength, and that this association is significant
statistically. These results show that the linearity assumption is met.

2- Homoscedasticity
Figure

N-3

(Appendix

N)

provides

evidence

that

the

assumptions

of

homoscedasticity and random errors are both fulfilled. The scatterplot demonstrates
that the residuals are not distributed in a clear pattern with the predicted values. This
suggests that the model does not violate the assumptions of the homoscedasticity
and random errors.
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3- Normality of error distribution.
The normal plot in Figure N-4 (Appendix N) is almost linear, with a slight deviation
from the straight line, which indicates that the unexplained variation is nearly normal,
that is, the residual error is normally distributed.

4- Independence of errors.
Table 8.19 shows that the data fulfils the assumption of independent errors since the
Durbin-Watson test statistic is 2.312, which falls in the range of 1.5 to 2.5, indicating
uncorrelated residuals.

Table 7.19: The effect of clarity of innovation needs on the WaSCs’ adoption of
innovation: Model Summaryb
Model

R

1

.727

a

R Square

Adjusted R
Square

Std. Error of
the Estimate

Durbin-Watson

.529

.525

.912

2.312

a. Predictors: (Constant), clarity of needs; b. Dependent Variable: adoption of innovation

Additionally, the outputs in Tables 7.20 and Table 7.21 show that the results of the
regression model measuring the relationship between adoption of innovation and
clarity of innovation need is statistically significant (p = .000). The hypothesis was
therefore accepted and it was concluded that supply chain clarity of WaSCs
innovation needs has a statistically significant effect on the adoption of innovation.

Table 7.20: The effect of clarity of needs on the adoption of innovation:
Coefficientsa
Model

(Constant)

Unstandardized
Coefficients
Std.
B
Error
.519

Standardized
Coefficients

t

Sig.

Beta

.232

Clarity of
innovation
.731
.066
.727
needs
a. Dependent Variable: adoption of innovation
1
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2.234

.028

11.068

.000

Collinearity
Statistics
Tolerance

VIF

1.000

1.00

Table 7.21: The effect of clarity of innovation needs on the adoption of
innovation: ANOVAa
Model

Sum of
Squares

df

Mean
Square

F

Sig.

Regressio
122.50
b
101.960
1
101.960
.000
n
1
1
Residual
90.723
109
.832
Total
192.684
110
a. Dependent Variable: adoption of innovation; b. Predictors: (Constant), clarity of needs

The next sets of hypotheses (H8, H9, H10, H11, and H12) investigate WaSCs’
collaboration and its effect on clarity of innovation needs, business certainty, sharing
of innovation risk and availability and accessibility of research database and
information.

H8: WaSC collaboration is greater among consulting firm than manufacturing
firms.

Significant differences between consulting firms and manufacturing firms in regards
to their collaboration were explored. There are only two groups under consideration;
therefore, the Mann-Whitney U test is used which is equivalent to the twoindependent sample t-test. The test results in Table 7.22 demonstrate that
significant differences exist between consulting firms and manufacturing firms in the
sample (p = 0.033) regarding collaboration with WaSCs. Specifically, the test‘s
mean ranks output reveals that consulting firms have a higher mean ranked score
than manufacturing firms (63.72 against 50.73). Accordingly, the hypothesis is
accepted and it is concluded that WaSCs’ collaboration is significantly greater with
consulting firms than manufacturing firms. This finding is also consistent with the
results of hypothesis H5 where a consulting firm has more incentives to innovate
than a manufacturing company.
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Table 7.22: Pair-wise comparison of WaSCs’ collaboration between consulting
and manufacturing firms
Test Statistics

a

WaSCs’ Collaboration
Mann-Whitney U

1137.500

Wilcoxon W

3348.500

Z

-2.137

Asymp. Sig. (2-tailed)

.033

a. Grouping Variable: Business Nature
Ranks
Business Nature

N

Manufacturer/Supplier
Consultancy/Surveys/Software
Total

66
45
111

Mean
Rank
50.73
63.72

Sum of
Ranks
3348.50
2867.50

H9: WaSC collaboration has a statistically significant effect on the supply
chain clarity of innovation needs.

This hypothesis is investigated using regression analysis by testing the four
assumptions of regression modelling.

1- Linearity.
The assumption of linearity is tested using correlation analysis. Table 7.23 shows
that the association of supply chain clarity of innovation with collaboration is
moderate in strength, and that this association is significant statistically. This result
shows that the linearity assumption is met.

2- Homoscedasticity
Figure

N-5

(Appendix

N)

provides

evidence

that

the

assumptions

of

homoscedasticity and random errors are both fulfilled. The scatterplot demonstrates
that the residuals are not distributed in a clear pattern with the predicted values. This
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suggests that the model does not violate the assumptions of the homoscedasticity
and random errors.

3- Normality of error distribution.
The normal plot in Figure N-6 (Appendix N) is almost linear, with a slight deviation
from the straight line, which indicates that the unexplained variation is nearly normal,
that is, the residual error is normally distributed.

4- Independence of errors.
Table 7.23 shows that the data fulfils the assumption of independent errors since the
Durbin-Watson test statistic is 1.529, which falls in the range of 1.5 to 2.5, indicating
uncorrelated residuals.

Table 7.23: The effect of WaSC’s collaboration on the clarity of innovation in
supply chain: Model Summaryb
Model

R

1

.594

a

R
Square

Adjusted R
Square

Std. Error of the
Estimate

Durbin-Watson

.353

.347

1.005

1.529

a. Predictors: (Constant), WaSC’s collaboration, b. Dependent Variable: clarity of innovation needs

Additionally, the outputs in Tables 7.24 and 7.25 show that the results of the
regression model measuring the relationship between collaboration and clarity of
innovation needs in the sample supply chain firms is statistically significant (p =
.000). Hypothesis H9 is therefore accepted and it is concluded that WaSC’s
collaboration have a statistically significant effect on the supply chain’s clarity of
innovation needs of WaSCs.
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Table 7.24: The effect of WaSC’s collaboration on the clarity of innovation in
supply chain: Coefficientsa
Unstandardized
Coefficients

Model

1

B

Std.
Error

(Constant)

1.447

.256

WaSC
collaborat
ion

.576

.074

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.594

5.657

.000

7.788

.000

Tolerance

VIF

1.000

1.000

a. Dependent Variable: Clarity of innovation needs in supply chain

Table 7.25: The effect of WaSC’s collaboration on the clarity of innovation in
supply chain: ANOVAa
Model
Regression
1

Sum of Squares
67.462

df
1

Mean Square
67.462

Residual

123.476

111

1.112

Total

190.938

112

F
60.646

Sig.
b
.000

a. Dependent Variable: Clarity of innovation needs; b. Predictors: (Constant), WaSC’s collaboration

H10: WaSC collaboration has a statistically significant effect on business
certainty of supply chain

This hypothesis was also investigated by applying regression analysis using the four
regression assumptions.

1- Linearity.
The assumption of linearity was examined using correlation analysis. The outcomes
of Table 7.26 argue that the association of collaboration with business certainty is of
moderate strength, and is statistically significant. This results underlines that the
linearity assumption is met.

2- Homoscedasticity.
Figure N-7 (Appendix N) indicates that the residuals are not distributed in a clear
pattern with the predicted values. This implies that the model does not violate the
homoscedasticity and the random errors assumptions.
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3- Normality of error distribution.
The normal plot in Figure N-8 (Appendix N) is approximately linear, despite some
deviation from perfect normality between some of the cumulative probabilities
observed. This indicates that the unexplained variation is somewhat normal, that is,
the residual error is nearly normally distributed.

4- Independence of errors.
Table 7.26 shows that the data meets the independence of errors assumption
because the associated Durbin–Watson test statistic is 1.96, which lies in the range
of 1.5 to 2.5 that indicates uncorrelated residuals.

Table 7.26: The effect of WaSC’s collaboration on the business certainty of
supply chain: Model Summaryb
Model

R

1

.607

R Square

Adjusted R
Square

Std. Error of the
Estimate

Durbin-Watson

.369

.363

.939

1.960

a

a. Predictors: (Constant), WaSC’s collaboration, b. Dependent Variable: Business certainty

Further, Tables 7.27 and Table 7.28 show that the results of the regression model
quantifying the relationship between collaboration and business certainty of the
sample supply chain firms is statistically significant (p = .000). Thus, hypothesis H10
was accepted, and it was concluded that WaSCs collaboration have a statistically
significant effect on the business certainty of the sample supply chain firms.

Table 7.27: The effect of WaSC’s collaboration on the business certainty of
supply chain: Coefficientsa

Model

Unstandardized
Coefficients

1.672

Std.
Error
.223

.529

.065

B
1

(Constant)
WaSC
collaboration

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.607

a. Dependent Variable: Business certainty
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7.484

.000

8.125

.000

Tolerance

VIF

1.000

1.000

Table 7.28: The effect of WaSC’s collaboration on the business certainty of
supply chain: ANOVAa
Model
Regression
1

Sum of Squares
58.099

df
1

Mean Square
58.099

Residual

99.461

113

.880

Total

157.561

114

F
66.008

Sig.
b
.000

a. Dependent Variable: Business certainty; b. Predictors: (Constant), WaSC’s collaboration

H11: WaSC collaboration has a statistically significant effect on the sharing of
innovation risks between the supply chain and WaSC.

This hypothesis is investigated using regression analysis by testing the four
assumptions of regression modelling.

1- Linearity.
The assumption of linearity is tested using correlation analysis. Table 7.29 shows
that the association between sharing of innovation risks and collaboration is
moderate in strength, and this association is significant statistically. These results
show that the linearity assumption is met.

2- Homoscedasticity
Figure

N-9

(Appendix

N)

provides

evidence

that

the

assumptions

of

homoscedasticity and random errors are both fulfilled. The scatterplot demonstrates
that the residuals are not distributed in a clear pattern with the predicted values. This
suggests that the model does not violate the assumptions of the homoscedasticity
and random errors.
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3- Normality of error distribution.
The normal plot in Figure M-10 (Appendix N) is almost linear, with some deviation
from the straight line, which indicates that the unexplained variation is nearly normal,
i.e., the residual error is normally distributed.

4- Independence of errors.
Table 7.29 shows that the data fulfils the assumption of independent errors since the
Durbin-Watson test statistic is 2.314, which falls in the range of 1.5 to 2.5, indicating
uncorrelated residuals.

Table 7.29: The effect of WaSC’s collaboration on the sharing of innovation
risk: Model Summaryb
Model

R

1

.636

a

R
Square

Adjusted R
Square

Std. Error of the
Estimate

DurbinWatson

.405

.399

.810

2.314

a. Predictors: (Constant), WaSC’s collaboration, b. Dependent Variable: Sharing of innovation risks

Additionally, the outputs in Tables 7.30 and Table 7.31 show that the results of the
regression model measuring the relationship between collaboration and sharing of
innovation risks, in the sample supply chain firms, is statistically significant (p =
.000). Hypothesis H11 was therefore accepted and it was concluded that WaSC’s
collaboration has a statistically significant effect on the risk-sharing of innovation.

Table 7.30: The effect of WaSC’s collaboration on the sharing of innovation
risk: Coefficientsa

Model

1

Unstandardized
Coefficients
B

Std.
Error

(Constant)

1.101

.199

WaSC
collaborat
ion

.492

.058

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.636

a. Dependent Variable: Sharing of innovation risks
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5.532

.000

8.487

.000

Tolerance

VIF

1.000

1.000

Table 7.31: The effect of WaSC’s collaboration on the sharing of innovation
risks: ANOVAa
Model
Regression
1

Sum of Squares
47.210

df
1

Mean Square
47.210

Residual

69.482

106

.655

Total

116.692

107

F
72.023

Sig.
b
.000

a. Dependent Variable: Sharing of innovation risks; b. Predictors: (Constant), WaSC’s collaboration

H12: WaSC collaboration has a statistically significant effect on the availability
and accessibility of research database and information.

This hypothesis is investigated using regression analysis by testing the four
assumptions of regression modelling.

1- Linearity.
The assumption of linearity is tested using correlation analysis. Table 7.32 shows
that the association between collaboration and sharing of information is moderate in
strength, and this association is significant statistically. These results show that the
linearity assumption is met.

2- Homoscedasticity
Figure N-11 and N-12 (Appendix N) provides evidence that the assumptions of
homoscedasticity and random errors are both fulfilled. The scatterplot demonstrates
that the residuals are not distributed in a clear pattern with the predicted values. This
suggests that the model does not violate the assumptions of the homoscedasticity
and random errors.

3- Normality of error distribution.
The normal plot in Figure N-13 and N-14 (Appendix N) is almost linear, with slight
deviation from the straight line, which indicates that the unexplained variation is
nearly normal, i.e., the residual error is normally distributed.
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4- Independence of errors.
Table 7.32 shows that the data fulfils the assumption of independent errors since the
Durbin-Watson test statistic is 1.551 and 1.590, which fall in the range of 1.5 to 2.5,
indicating uncorrelated residuals.

Table 7.32: The effect of WaSC’s collaboration on the sharing of information
and database: Model Summaryb
R
Availability
Accessibility

a

.585
a
.632

R
Square

Adjusted R
Square

Std. Error of
the Estimate

Durbin-Watson

.342
.400

.336
.394

1.109
1.101

1.551
1.590

a. Predictors: (Constant), WaSC’s collaboration, b. Dependent Variable: Availability/Accessibility of
database and information

Additionally, the outputs in Tables 7.33 and Table 7.34 show that the results of the
regression model measuring the relationship between collaboration and sharing of
information, in the sample supply chain firms, is statistically significant (p = .000).
Hypothesis H12 was therefore accepted and it was concluded that WaSC’s
collaboration have a statistically significant effect on the availability and accessibility
of research database and information sharing.

Table 7.33: The effect of WaSC’s collaboration on the sharing of information
and database: Coefficientsa

Accessibility

Availability

Model

(Constant)
WaSC
collaborat
ion
(Constant)
WaSC
collaborat
ion

Unstandardized
Coefficients
B

Std.
Error

.879

.270

.590

.079

.677

.268

.663

.078

Standardized
Coefficients

Collinearity Statistics
t

Sig.

Beta

.585

.632

3.256

.002

7.498

.000

2.524

.013

8.479

.000

a. Dependent Variable: Availability/Accessibility of database and information
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Tolerance

VIF

1.000

1.000

1.000

1.000

Accessibility

Availability

Table 7.34: The effect of WaSC’s collaboration and sharing of information and
database: ANOVAa
Model
Regression

Sum of Squares
69.081

df
1

Mean Square
69.081

Residual

132.708

108

1.229

Total

201.789

109

Regression

87.114

1

87.114

Residual

130.851

108

1.212

Total

217.965

109

F
56.219

Sig.
b
.000

71.902

.000

b

a. Dependent Variable: : Availability/Accessibility of database and information; b. Predictors:
(Constant), WaSC’s collaboration
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7.5 Discussion and Development of Supply Chain Innovation
Framework
The findings of hypotheses testing are summaries in Table 7.35 and discussed
along with barriers and enablers for innovation.

Table 7.35: Summary of the findings of hypotheses
H1

Hypothesis Contents

Results

Findings

The sharing of innovation risk

The findings

No significant difference in

between

do

the

supply

chain

and

Innovation Risk-sharing

WaSCs is associated with the

not

support H1

risk-sharing

behaviour

was found in regards to the

type of firm (i.e. consulting,

type of firm (consulting or

manufacturing etc) and their

manufacturing), or in terms

geographical operating area

of

(i.e. the UK market only, or the

operating area i.e. the UK

UK & overseas markets).

market

their

geographical

and

the

UK

&

overseas market.
H2

Sharing

of

innovation

risk

between WaSC and the supply
chain

has

significant

a

The findings

The sharing of innovation

support H2

risk

statistically

effect

on

between

chain

the

and

business

business certainty of a supply

the

supply

WaSC

affects

certainty

of

a

supply chain firm.

chain firm.

Regulatory and Framework Influence

H3

The AMP cyclical effect is

The findings

No significant difference in

greater in manufacturing firms

do

the AMP cyclical effect in

than consulting firms.

support H3

not

regard

to

supply

chain

capacity to innovate was
found in terms of the type of
firms i.e. for consulting firms
or manufacturing firms.
H4

The AMP cyclical effect is

The findings

No significant difference in

greater

do

the AMP cyclical effect in

among

UK-market

firms (functional area in the UK

not

support H4

regard

to

supply

chain

market only) than UK and

capacity to innovate was

overseas firms (functional area

seen for the firms operating

in

in UK market only or in UK

the

UK

and

overseas

markets)

and overseas markets.
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H5

Consulting firms have better

The findings

The incentives to innovate

incentives for researching and

support H5

for manufacturing firms are

developing an innovative idea

significantly lower than that

in

of consulting firms.

an

AMP

compared

to

framework
manufacturing

companies.

WaSCs’ Adoption

H6

H7

WaSCs’ adoption of innovation

The findings

WaSC’s

has a statistically significant

support H6

innovation

adoption

of

affects

the

effect on the business certainty

business

of supply chain firm.

supply chain firm.

Supply

chain

clarity

about

innovation needs (of WaSCs)

certainty
chain

of

clarity

a

The findings

Supply

of

support H7

WaSCs innovation need is

has a statistically significant

positively associated to the

effect on WaSCs’ adoption of

adoption of innovation.

innovation.
H8

WaSC collaboration is greater

The findings

WaSCs’

among consulting firms than

support H8

significantly

greater

with

consulting

firms

than

manufacturing firms.

collaboration

is

manufacturing firms.
H9

WaSC

collaboration

has

a

WaSCs’ Collaboration

statistically significant effect on

H10

The findings

WaSC

collaboration

is

support H9

positively associated to the

the supply chain clarity of

clarity of supply chain about

innovation needs.

the need of innovation.

WaSC

collaboration

has

a

statistically significant effect on

The findings

WaSC collaboration affects

support H10

business

business certainty of supply

certainty

of

a

supply chain firm.

chain firms.
H11

WaSC

collaboration

has

a

statistically significant effect on

H12

The findings

WaSC’s collaboration has a

support H11

statistically significant effect

the sharing of innovation risks

on the sharing of innovation

between the supply chain and

risk between supply chain

WaSC

and WaSCs.

WaSC

collaboration

has

a

statistically significant effect on
the

availability

accessibility

of

The findings

WaSC’s

support H12

significant

collaboration
effect

on

has
the

and

availability and accessibility

research

of research database and

database and information.

information sharing
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The analysis of the sample supply chain data using several quantitative (nonparametric) tests showed that innovation in supply chain firms in the context of the
water regulation framework is related to WaSCs’ adoption of innovation, WaSCs’
sharing of innovation risk, WaSCs’ collaboration, and regulatory and framework
influences. From the frequency distribution analysis results, WaSCs’ adoption of
innovation, sharing of innovation risks, the cyclical nature of AMP, incentives for
research and development and sharing of data and information were found to be
key barriers that limit the sample supply chain firms to innovate in the water
regulation framework.

The sharing of innovation risks is a key barrier for a supply chain firm to innovate in
the framework. Although investing in innovation is not considered as a high risk in
the water sector by sample supply chain firms, when it comes to innovation in the
AMP framework, it is the sharing of innovation risks (financial and reputational) that
does not encourage supply chain firms to innovate in the framework. The analysis
showed that overall risk in innovation for a supply chain firm is ‘moderate’ in the
water sector. This was reported by more than two-thirds of total respondents (71%
of responses). The analysis also showed that very few respondents (4% of the total
responses) felt innovation is a high risk for a supply chain firm. Combining the
response categories of ‘moderate risk’ with ‘low risk’ concluded that the vast majority
of respondents (96%) believe innovation in the water sector for a supply chain firm
has a low to moderate risk. Surprisingly, even though 96% of the sample supply
chain professionals feel innovation in the water sector has a low to moderate risk,
only one-fifth of the total respondents (20% of total responses) think the current
approach of sharing innovation risk between WaSCs and supply chain firms is
favourable for a supply chain firm to develop innovation for WaSCs. This result
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indicates that 80% of professionals of sample supply chain firms feel the current
approach of sharing innovation risks between WaSCs and supply chain firms has
either no influence, or is unfavourable to innovation. Therefore, the results showed
that the majority of professionals in the sample supply chain firms believe that their
firm does not see innovation as a high risk, but the current approach of sharing
innovation risk between WaSCs and supply chain firms is a barrier to innovation.

In the regulatory framework, the certainty of supply chain firms’ business remains
dependent on their contracts with WaSCs, which has a profound impact on
innovation (CST, 2009). Firms which are in framework contracts feel much greater
business certainty compared to firms which are not in framework contracts. About
half of the professionals from the sample supply chain firms (Table 7.7) believe that
the WaSCs’ framework contract provides certainty to their business. The results also
show that about one-third of respondents (31% of total responses) see the
framework as an innovation barrier, and 20% feel the framework has no influence on
their business. Even though the framework provides certainty to business for a
supply chain firm, the analysis showed that the adoption of innovation by WaSCs is
not encouraging for supply chain firms, as reported by the majority of participants.
Only 33% of professionals from the sample supply chain firms feel adoption of
innovation is encouraging, as opposed to 67% respondents who believe adoption of
innovation is either not encouraging (47%), or has no influence (20%) in their firms.
Nearly half of the total respondents (48% of total responses) believe that the fiveyearly AMP cycle has a negative effect on their firm’s capacity to innovate and is a
barrier to innovation for them. It can be concluded from the analysis that a
framework contract provides certainty to the business of the supply chain; however,
adoption of innovation by WaSCs and the cyclical nature of AMP stifle innovation in
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supply chain firms. These results are aligned with the discussion completed in
Chapter Five, and the issues highlighted in previous studies around low innovation
and slow adoption of innovation in the UK water sector (CST, 2009; Cave and
Wright, 2010; UKWIR, 2006, 2011; Bridgeman, 2011; Schafer, 2011; Department of
Business Innovation and Skills, 2013).

About a third of the professionals (32% of responses) feel that current policies at the
national level in respect of incentives to research and development are encouraging.
More than one-third of professionals (41% of responses) reported that policies are
not motivating and 27% said they had no influence on innovation in their firms.
Regarding the influence of the quality regulators (EA and DWI), only 23% of
respondents feel the regulators have a motivating effect on the trial and testing of an
innovative product, technology, process or solution. More than 77% of the
professionals believe the quality regulators’ current approach is either not
encouraging (36% of total responses) or has no influence (41% of total responses)
on innovation in a supply chain firm. This gap varies slightly, and respondents’ view
became more negative (48% vs. 36%) when asked about the economic regulator’s
(Ofwat) incentives for research and development of new technology or products:
most respondents believe that it is either not motivating (48% of responses), or has
no influence (27%) (Table7.7). It can be concluded from the analysis that regulators’
current approach, incentives and policies at national level in the water sector are not
encouraging for supply chain firms in terms of research, development, trial and
testing of new product or technology. These results further build on the findings of
previous studies that have shown that incentives to innovate are limited and often
too weak to outweigh the risks (Cave and Wright, 2010). In the energy sector, the
stimulus programme of innovation funding incentives by Ofgem has been seen as a
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success by networks (UKRN, 2015). The water sector does not have such a
stimulus package and mainly relies on the financial incentives to WaSCs through
outperformance. WaSCs in the current AMP have engaged contractors and
consulting firms as alliance partners to share financial gains in the delivery of AMP
schemes. However, the majority of manufactures, suppliers and other firms
generally do not have such incentives to innovate in framework contracts. The
analysis results (Table N-5, Appendix N) also indicated that there is a positive
correlation among quality regulators’ approach to the trial and testing of innovative
ideas, economic regulation incentives for research and the adoption of innovation by
WaSCs (r = 0.510, n=110, p<0.01 and r = 0.431, n=106, p<0.01). This means
increased incentives from regulators to trial and test innovative ideas is positively
associated with an increase in the adoption of innovation in a WaSC.

In addition, the majority of the professionals (about two-thirds) from the supply chain
firms are clear about the sector’s demand for innovation (Table 7.7). Twenty-three
per cent of respondents feel that they do not have clarity on the sector’s needs, and
10% feel the sector’s needs have no significant influence on their company to
innovate. In addition to clarity on the sector’s needs, participants reported on the
clarity of WaSCs’ requirements of innovation. Half of the professionals (51% of the
total responses) believe that they are clear about the innovation needs of WaSCs. A
comparison of the clarity of the sector’s needs with WaSCs’ requirement shows a
better clarity of sector’s needs compared to the clarity of WaSCs’ innovation
requirements, which indicates a need for increasing collaboration between WaSCs
and the supply chain for better clarity on WaSCs’ innovation needs. When it comes
to collaboration among stakeholders, more than half of the total respondents (55%
of responses) feel collaboration is favourable, as opposed to 30% of respondents
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who indicated this as unfavourable. Participants also rated WaSCs’ collaboration
with the supply chain: 42% of professionals feel collaboration with WaSCs is
favourable, and 37% believe it is unfavourable. It can therefore be concluded that in
the case of WaSCs’ collaboration with the supply chain, there is a great need for
improving collaboration as 58% of professionals believe the present collaboration
between WaSCs and the supply chain is either not very encouraging (37% of
responses), or has no influence (21% of responses) on innovation in their firms. This
result is consistent with the finding that there is better clarity on the sector’s
innovation needs than the WaSCs’ needs. This means when it comes to research
and development, there is much greater collaboration among stakeholders outside
the regulatory framework compare to collaboration of supply chain firms with
WaSCs within the water regulation framework, for example, collaboration among
WaSCs, supply chain firms, universities, regulators and other stakeholders through
UKWIR (a leading research organisation in the water sector) in research and
development programmes. In addition, the study’s findings statistically indicated that
WaSCs’ collaboration directly affects the sharing of information and data related to
research and development. This is because WaSCs, with their risk-averse nature
(Cave and Wright, 2010), in fulfilling their commitments (financial, service delivery,
internal targets) to regulators, customers and shareholders, focus on short-term
innovation that can reduce outturn costs and provide financial benefits within an
AMP period.

Furthermore, the correlation coefficient value confirmed that there is a positive
correlation between risk-sharing and collaboration (r = 0.543, n=108, p<0.01).
Therefore, increased collaboration is associated with more sharing of innovation risk
between WaSCs and supply chain firms. The correlation analysis results also
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indicated a positive relationship between adoption of innovation and collaboration
between WaSCs and the supply chain (r = 0.607, n=113, p<0.01). This suggests
that improved collaboration increases in the adoption of innovation in WaSCs.

Accessibility and availability of usable information about past research and
technology trials are important to the supply chain for developing innovation. In
respect of the accessibility of databases on lessons learnt from previous research
and technology trials, only 34% of professionals from the sample supply chain firms
believe that information is accessible, 46% feel it is a barrier, and 20% reported that
it has no influence (Table 7.7). The analysis showed concerns over the availability of
information wherever a database is accessible. Only 28% of respondents believe
that useful information on lessons learnt from previous research and technology
trials is available, against 44% respondents who feel it is not available, and 28%
think it has no influence. It can be seen from the results that the lessons are there to
be learned, but have not been filtered into accessible systems to make use of the
information, therefore the accessibility and availability of information and databases
has been seen as a barrier to innovation by professionals from the sample supply
chain firms. An examination of the relationship among stakeholder collaboration and
availability and accessibility of information on past research and trials by various
stakeholders indicated that increased collaboration tends to increase informationsharing among stakeholders (r = 0.561, n=109, p<0.01 and r = 0.613, n=109,
p<0.01).

The findings of the analysis of data from sample supply chain firms demonstrated
that WaSCs’ adoption of innovation significantly affects the business certainty of
sample supply chain firms to innovate in the regulatory framework. WaSCs’ adoption
of innovation is also associated with their collaboration with supply chain firms. The
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collaboration between WaSCs and supply chain firms statistically affects the clarity
of supply chain firms about WaSCs’ innovation needs, which in turn influences the
adoption of innovation in WaSCs.

One interesting finding is the impact of the sharing of risk on the business certainty
of the sample supply chain firms. The analysis revealed that sharing of risk, which is
also an important factor for WaSCs in innovation adoption, affects the business
certainty of the firms; however, no significant difference in the risk-sharing behaviour
was seen in regard to the type of firm (consulting vs. manufacturing), or in terms of
their geographical operating area; that is, the UK market vs. the UK and overseas
market. This can partly be explained by the findings of Cave and Wright (2010), who
claimed that incentives to innovate are limited and often too weak to outweigh the
risks. In contrast, Buckland et al., (2015) stated that the UK regulators have
chronically overestimated the systematic risks borne by investors in water utilities.
Although the study’s findings statistically indicated that there are no significant
differences in risk-sharing behaviour for different types of firm, realistically tier-1
contractors and consulting firms are engaged more often through a financial risksharing arrangement such as a pain-gain mechanism compared to manufacturing or
suppliers’ firms. This explains why the analysis showed that collaboration has a
direct influence on the sharing of innovation risks. The analysis, however, showed
that WaSCs’ collaboration and incentives to innovate in the framework are
associated with the type of supply chain firm (consulting vs. manufacturing). The
findings statistically indicated that WaSCs’ collaboration directly affects the business
certainty of sample supply chain firms. In regard to the type of supply chain firm, the
research found that there are significant differences in WaSCs’ collaboration among
the study‘s sample firms. The Mann-Whitney test revealed that WaSCs’
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collaboration is significantly greater with consulting firms than manufacturing firms.
This test also found that the incentives to innovate for consulting firms are
significantly better than those for manufacturing firms in the framework. This is
because of the WaSCs’ current approach of engaging consulting firms and
contractors in the alliance model, where financial savings are shared among
partners, while manufacturing or supplier firms do not have such financial sharing
arrangements. It is also because WaSCs, in almost every AMP, continuously look
towards consulting firms in search for innovative efficiency improvements in the
delivery of their business plan.

Building on the tested hypotheses, and discussion above, the supply chain
innovation framework (innovation development part of the initial conceptual
framework) is shown in Figure 7.3 below:
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Figure 7.3: Supply Chain Innovation Framework
The framework (Figure 7.3) combines the findings to demonstrate an improved
understanding of factors that influence innovation in supply chain firms in the context
of the water regulation framework. The framework also suggests ways to increase
innovation in the water regulation framework.
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This framework of innovation in a supply chain firm and the conceptual framework of
innovation adoption in a WaSC described in Chapter Five can be extended and
easily adjusted for use in other regulated industries with the addition/deletion of
constructs specific to a sector, due to its dynamic features and flexibility.

7.6 Summary
This chapter has analysed the supply chain questionnaire data to meet the study’s
second objective. The chapter investigated innovation behaviour of a sample of
supply chain firms’ professionals and informed the supply chain innovation
framework (Figure 7.3) by integrating innovation-influencing factors. The supply
chain part of the conceptual framework improves understanding of innovation in a
supply chain firm and suggests ways of improving innovation in the context of the
water regulation framework.

The next chapter presents the results of the consultation phase of the study
completed with relevant stakeholder groups of the water sector in England and
Wales. For the consultation, the study’s key findings were presented to the
stakeholder groups for their views and comments, to include their inputs in the final
results of the study.
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Chapter 8 - STAKEHOLDER CONSULTATION ON STUDY’S
KEY FINDINGS AND DISCUSSION
8.1 Introduction
This chapter presents and discusses the results of a consultation completed with
relevant stakeholders of the water sector in England and Wales. The consultation
was a follow-on exercise after the interviews (WaSCs) and survey (supply chain) to
include a wider group of stakeholders’ views to provide an extra validation on the
findings.

This chapter begins with a brief description of the consultation process with a profile
of the stakeholder groups consulted. Then, their agreement, disagreement and
views on the findings are discussed. The chapter brings together the findings of the
consultation process with the literature reviewed to discuss potential changes in the
form of actions to increase innovation in WaSCs and the supply chain. The final,
validated, conceptual framework is then presented.

8.2 The Study Consultation
A study validation exercise improves the credibility of study results, and enhances
understanding and explanation of the study’s results (Patton, 2002; Cronbach,
1990). For validation of the study’s findings, it was essential to include the views of
water sector key stakeholders especially the EA, Defra, Ofwat etc who have an
important role in formulating sector’s policies and implementation of recommended
changes. Therefore, in order to refine the study findings, the researcher compiled a
summary of key results from the analysis of the semi-structured interviews and
supply chain questionnaire data. These summaries were then presented for the
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inputs of participants from relevant stakeholder groups. The consultation exercise
formed a study triangulation to verify the study’s findings.

The consultation followed a similar process to the semi-structured interviews in
approaching relevant stakeholder groups. Initially, the head of each key stakeholder
group was contacted and a request to complete a consultation questionnaire was
made. The stakeholders included regulators, research organisations/centres and
other relevant stakeholder groups. In addition to contacting the head of
organisations, individuals from the stakeholder organisations were also approached
to participate. The consultation process and a list of the stakeholder groups which
participated in the consultation are provided in Section 4.6.5. The consultation
questionnaire sent to stakeholders is attached as Appendix H. It broadly included
findings related to the conceptual framework of innovation adoption and the study’s
twelve key findings in the area of regulation, policy, behaviour and collaboration
including key findings of the supply chain innovation framework.

8.3 Analysis Process
The consultation questionnaire was designed to record both participants’ responses
to findings in abstract form (‘agree’, ‘neutral’ and ‘not agree’) and their detailed views
or comments (textual data). The objective responses were intended to determine
whether the study’s findings were supported by stakeholders, and also to discover
how many respondents agreed with the findings. Further, the narrative response
(textual data) was intended to understand participants’ views or comments in detail
to finalise the study’s findings and inform any final changes to the conceptual
framework. The importance of a particular finding, however, depended on the nature
of the stakeholder group. For example, regulation, policy and collaboration were
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more important for regulators, while other stakeholder groups, for example research
organisations or research centres, would be much more interested in all findings.
Therefore, a ‘neutral’ response from a particular stakeholder group could also mean
that the finding is not particularly much related to that stakeholder group. Wherever
stakeholder groups provided multiple responses (from different individuals), all of
their responses were included in the analysis.

Thirty-eight participants from fourteen stakeholder groups of the water sector
participated in the consultation. Seven participants were from regulatory stakeholder
groups (Environment Agency, Drinking Water Inspectorate and Ofwat) and 31 from
non-regulatory stakeholder groups (Waterwise, Water Industry Research UK
(UKWIR), Water Engineering and Development Centre (WEDC), British Water, etc.).

The consultation data analysis involved the following steps:

Assigning Codes and Categories to Responses
Participants’ responses were assigned the letter ‘S’ followed by a number (e.g. S1,
S2) rather than their name or initials. Responses were grouped within two
categories: regulatory stakeholders, including responses from the regulators, and
non-regulatory stakeholders, including responses from other stakeholder groups
such as research organisations, research centres, campaigning organisations,
associations of members covering the water industry, etc. The participants’
response have a number before the letter ‘S’ which represents the stakeholder’s
category (1 for regulatory stakeholders and 2 for non-regulatory stakeholders) such
as 1S01, 1S02, 2S09 etc. This categorisation facilitated the discussion of the
consultation results by regulatory and non-regulatory stakeholders to discover
whether there were any significant differences in their opinion about the findings.
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Identifying Agreement and Disagreement
Participants were asked to indicate their responses to the findings as ‘agree’,
‘neutral’ and ‘not agree’. They were further asked to provide views or comments for
each finding.

A table-style template (Tables 8.1 and 8.2) was developed to analyse the responses
to each finding. This template assisted the researcher to know whether a finding
was agreed with or not by the majority of participants, and further to look into
whether there were any significant differences in the responses of regulatory and
non-regulatory stakeholders.

Identifying the Extent of Agreement or Disagreement
Participants’ comments on each finding were collated to compare their views to
identify similarities and differences in their views to discuss the results. This process
was followed for all findings included in the consultation questionnaire. This assisted
the researcher to understand the extent of stakeholders’ support or concerns about
the findings in order to include consultation results in the discussion to refine the
study’s findings as required.

8.4 Consultation Results
The consultation results are presented to illustrate the agreement or disagreement
of participants with the key findings. A summary of the objective responses of
participants from regulatory and non-regulatory stakeholders is provided in Tables
8.1 and 8.2. The consultation findings are discussed in the same order as presented
in the questionnaire, and quotations are used in the discussion.
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Conceptual Framework of Innovation Adoption
Finding: the study found that the adoption of innovation in WaSCs is more greatly
affected by the perceived ease and difficulty in the adoption of innovation, rather
than the perceived advantages of innovation. Regulations and policy, industry
characteristics and resources are significantly associated with perceived ease and
difficulty in adopting innovation. Regulation, perceived cost efficacy and other
benefits (services, environmental and reputational) were found significant and
associated with perceived advantage. Four other factors: perceived risks,
individual’s attitude towards innovation, organisation’s goals and aspirations and
collaboration were found significant and directly associated with innovation adoption
intention (Sections 5.3, 5.4, 5.5; Sections 7.3, 7.4, 7.5).

The majority of participants agreed with the proposed conceptual framework (Tables
8.1 and 8.2). Participant 2S28, however, thought that perceived advantage should
have a stronger link with innovation adoption rather than perceived ease and
difficulty. Although perceived cost efficacy is a significant factor in innovation
adoption through the mediating factor perceived advantages, participants in the
semi-structured interviews discussed more the elements of regulation, policy,
resources and industry characteristics which explains why perceived ease and
difficulty outweighs perceived advantages. Most participants from both the
regulatory and non-regulatory stakeholders agreed with the stronger link between
innovation adoption and perceived ease and difficulty compare to perceived
advantage.

Participant 1S02 from the regulatory stakeholder group said:
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“There is agreement that perceived difficulty of innovation adoption
often seems to outweigh potential advantages. The factors identified
seem correct.”
Participant 1S06 from the regulatory stakeholder group said:

“I do agree with this. Innovation in my experience depends on the
aspirations of companies, and the individuals involved in the
process.”
Another participant 2S08 from the non-regulatory stakeholder group mentioned:

“Agree, It’s very interesting that you’ve found evidence that adoption
is impacted by keenness to innovate in water and sewerage
companies rather than the advantages themselves … Your finding is
an interesting new element that I hadn’t considered as a cultural
barrier – though it was one criteria in some innovation awards I
judged for the Institute of Water this year.”
Participant 2S11 from the non-regulatory stakeholder group stated:

“A significant amount of thought has gone into preparing the adoption
model diagram.”
Participant 2S30 from the non-regulatory group said:

“A reluctance to innovate in the Water Industry is correctly picked up
in the study as being largely due to the industry being risk-averse.”
A participant from a leading research organisation commented:
“It would be very useful to know why water companies do not adopt
innovation.” (2S33)
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Sharing Innovation Risks and Rewards
Finding: the analysis found that the risks of innovation failure mainly remain with a
WaSC, which limits innovation adoption in WaSCs. Sharing of risks in the event of
failure and rewards for successes among WaSCs, supply chain, customers and
other potential beneficiaries could increase innovation in WaSCs and the supply
chain (Sections 5.3, 5.5; Sections 7.3, 7.4, 7.5).

There was the highest degree of agreement in participants on this finding.
Participants of the regulatory stakeholder group indicated agree or neutral and none
of the respondents disagreed with this result. Participants 1S02 and 1S04 from the
regulatory stakeholder group indicated a neutral response because they did not
think that all innovation risks remain with WaSCs, especially financial risks. In
addition, Participant 2S08, although agreeing with the finding, commented that they
did not believe that risks lie with the WaSCs and thought ultimately they are held by
customers and the environment.

Therefore, the majority of participants of both the regulatory and non-regulatory
stakeholder groups agreed with this finding. A few participants from both groups,
however, did not think that all innovation risks remain with WaSCs.

Longer Price Control Period
Finding: the analysis found that the five-year duration of the AMP period is too short
to realise the benefits of outcomes and totex. Decisions made under totex and
outcomes are for a longer period, potentially the life of an asset. A longer price
control period is likely to increase innovation considering the outcomes and totex
environment (Sections 5.3, 5.4, 5.5; Sections 7.3).
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Most participants agreed with this finding. However, more than half of the
participants from the regulatory stakeholder groups were neutral while the remaining
ones agreed with the finding. Most of the participants from the non-regulatory
stakeholder groups agreed that a longer price control period is likely to increase
innovation.

Only two participants (2S28 and 2S37) disagreed with this finding; one participant
thought certain shareholders cannot be trusted, and Ofwat should consider, through
its commitment, limiting returns to 5% or a fair return for their risk. Anything above
this limit should be shared with customers. Participant 2S24 agreed with the finding
and furthermore suggested ten-year duration. This study, however, does not
suggest a specific duration for the AMP period because the data collected is not
sufficient to analyse an appropriate duration. This study, however, found from the
analysis of interviews and supply chain questionnaire data that a longer price control
period affects innovation in WaSCs and supply chain firms positively. The
researcher contended the idea of ten-year duration because waiting up to ten years
would be a longer period for customers to receive the benefits of efficiency. A
separate study is required to determine the most appropriate duration of the price
control, taking into account the views of all stakeholders.

Inclusion of Large-Scale Research into Companies’ Business Plans
Finding: this study found that the inclusion of large research projects in water
companies’ business plans could increase innovation in WaSCs and their supply
chain (Section 5.5).
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The majority of participants from the regulatory and non-regulatory stakeholders
agreed with this finding. Participant 1S01 from the regulatory stakeholder group
said:

“R&D in the industry is slender and my feeling is that it should be
higher.”
Some participants (1S06, 2S11, 2S24, 2S29, 2S33 and 2S37) reported their
response as neutral and their comments were about the low possibility of accepting
this idea by the economic regulator (Ofwat) considering the current regulatory mood.
The majority of participants from the regulatory stakeholder group, however,
supported the inclusion of large-scale research in business plans. For example,
Participant 1S2 from the regulatory stakeholder group said:

“Agree, an example of this is the Price Review (PR14) Phosphorus
technology trials. The Environment Agency, via Water Industry
Research UK, established an investigation involving all WaSCs.
Novel technologies were trialled and a fund was allowed for lab
testing of new innovative technologies. This seemed to spark interest
from the supply chain.”
Pragmatic Service Delivery
Finding: Water companies face additional risks of increasing cost for political
intervention and unpredictable situations. The inclusion of a procedure for a
conversation between WaSCs, regulators, customer challenge groups and
politicians to ensure an agreement on services delivered under an agreed predefined envelope of services could reduce the risks of increasing costs due to
political intervention (Section 5.5).
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The majority of participants were neutral about this finding. The regulatory
stakeholders did not support this finding and most non-regulatory stakeholders were
neutral. Participant 1S02 from the regulatory stakeholder group said:

“During any Asset Management Period (AMP), for wastewater, the
measures which we ask WaSCs to put in place will only increase if
we have received steering that the requirement is urgent and cannot
wait until the next AMP.”
Participant 1S05 commented:
“Is there really that much political intervention in the UK?”
The participants provided a wide range of views and it is not possible to conclude a
consensus view as there is not significant agreement. The diversity in their views
can be seen from the following few comments:

“There are several conversations between regulators and water
companies: I believe this is standard.” (1S01)
“It might constrain flexibility on how to deliver outcomes services.”
(2S08)
“This appears sensible if political stability is likely. However, the
governing party may change, and introduce new policies, and policy
may change within a party. Politics is quite volatile.” (2S11)
“The

two

causes

of

uncertainty

…

Brexit

and

potential

nationalisation.” (2S28)
“The final determination of prices does in effect provide the agreed
position between challenge groups, companies and regulators.”
(2S33)
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“This is a difficult area with many opposing issues which make finding
a route through very hard and could reduce the appetite for
innovation.” (2S37)
Considering the low support for this finding in the consultation, this result was not
taken forward as a suggested action in this study.

Regulatory Alignment
Finding: Alignment in regulatory expectations and WaSCs’ aspirations could assist
companies to set clearer longer-term outcomes (Sections 5.3, 5.4, 5.5).

The majority of participants from the regulatory and non-regulatory stakeholder
groups agreed with this finding. Participant 1S01 from the regulatory stakeholder
group said:

“I think there is a need for regulators to be clearer on expectations
and for companies to pursue those with energy.”
Participant 2S33 agreed with the finding and further commented about economic
regulation:

“The Ofwat regulation tends to drive innovation for less money.”
Participant 2S24 shared their views and said, “This gives confidence to invest in
technology”. Participant 2S11 commented, “Dialogue helps and having shared aims
is beneficial”.

The regulatory stakeholders’ comments were generally related to providing a
number of documents that outline regulators’ longer-term expectations. Regulators
expect water companies to align their aspirations and goals to meet the
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expectations specified in documents such as the Water Industry Strategic
Environmental Requirements, UK Government Priorities and 2019 Price Review
Final Methodology, Resilience in the Round, etc. In these documents, the regulators
feel they have made clear what they expect from WaSCs to meet their expectations.
All stakeholders from both groups acknowledged the importance of aligning
regulators’ and WaSCs’ aspirations, expectations and goals for the benefits of the
sector.

Flexible Consenting
Finding: an increase in flexible consenting could encourage novel solutions from a
wide range of catchment-based solutions (Sections 5.3, 5.5).

The majority of participants from all stakeholders agreed with this finding. There
were, however, concerns among participants about the extent of the flexibility, but
most of the participants supported that an increase in flexible consenting could
encourage a wide range of novel catchment-based solutions in the sector.

Clarity of Research Priorities at National Level and Future Form of Industry
Finding: the study found there is a lack of clarity in WaSCs about the national-level
priorities for longer-term research in the water sector from the government. WaSCs
need a very clear policy on research and clarity on research priority areas at the
national level and the future form of the industry and water companies from the
government. Clarity on these aspects could increase longer-term research activities
in water companies and their supply chain (Sections 5.3, 5.5; Section 7.3).

This finding was not agreed with by the majority of participants. Most of the
participants from the regulatory stakeholder group disagreed or were neutral, and no
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participants in the regulatory group fully supported this finding. A few respondents
from the regulatory stakeholders partly agreed with this finding. For example,
participant 1S01, who indicated a neutral response, commented:

“I would say that more clarity is needed, but water companies should
take some responsibility for these themselves.”
Participant 2S08 from the non-regulatory stakeholder group commented:
“I think the companies should be deciding on research priorities and
collaborating with the other companies and other sectors, not waiting
to be told what these are by government and regulators.”
Participant 2S19 also expressed a similar view:

“I think Ofwat makes aims pretty clear for water companies, so the
issue of direction cannot really be an excuse.”
Participant 2S33 stated:

“We

do

include

water

companies,

regulators,

supply

chain,

universities and do research on technical and other issues and also
draw attention about research, priorities, concerns and issues.”
The disagreement of the stakeholders with the WaSCs about this finding highlights
the differences in the perspectives of WaSCs and stakeholder groups which also
indicates a gap between the thinking of regulators and WaSCs on longer-term
research priorities and the future form of the industry, and also raising questions
about accepting their responsibilities. The stakeholders’ views are reasonable
considering the number of policy and strategy documents such as DEFRA’s TwentyFive-Year Plan, the EA and Natural England’s Water Industry Strategic
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Environmental Requirements, the Drainage and Wastewater Management Plan
Framework, Ofwat’s PR14 Final Methodology, the UK Government Priorities and the
2019 Price Review Final Methodology which provide overarching direction to water
companies on longer-term visions and regulatory expectations. These documents
do not provide specific research priorities; however, they provide a direction to look
in and inform about the government and regulators’ vision for the future form of the
industry, and thus guide water companies to set research priorities accordingly.
UKWIR and other research organisations/centres also bring together regulators,
water companies, supply chain, government and other stakeholders in various
research programmes considering the sector’s challenges and priorities, and
contribute greatly in the water sector. However, there is a need to address this gap
in thinking between regulators and WaSCs on longer-term research priorities and
clarity on the future form of the industry. Providing a number of vision and strategy
policy documents appears less effective, which highlights the need for closer
working between the WaSCs and the regulators compared to their current working
relationship. Considering the low support for this result in the consultation, this result
was not considered as a suggested action in this study. However, the result
highlights the need for closer working between WaSCs and regulators to align their
thinking about the future form of the industry and longer-term research priorities.

Behavioural Change in WaSCs Towards Innovation Adoption
Finding: the most frequently reported reasons for the mind-set of using conventional
solutions/approaches by individuals in WaSCs were found to be risk-avoidance, cost
and time constraints, blame culture and an individual’s past experiences.
Behavioural change, engaging individuals and empowering them in the process of
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innovation could reduce the inertia in adopting new technologies/products, and
could motivate individuals in contributing towards innovation (Sections 5.3, 5.5).

Participants from both the regulatory and non-regulatory stakeholder groups agreed
with this finding. A few participants, however, disagreed or were neutral as in
particular they did not agree with the reasons of risk-avoidance and blame culture
for using conventional solutions or approaches. For example, Participant 2S28 said:

“Blame culture being apparent or a reason could be in some
companies, not in many as I think.”
Overall, two-thirds of participants of both groups supported this finding. For
example, Participant 1S01 from the regulatory stakeholder group shared their past
experience of a water company before joining a regulatory organisation:

“This rings true with my past experience of working in a water
company. It’s an industry that doesn’t always attract innovators.”
Participant 2S19 also expressed a similar view:

“I think it is very accurate … Often individuals are scared to be the
ones to put themselves out and take a risk for fear of the personal
repercussions should the risk not pay off.”
Creating a Culture of Exploring Solutions Globally
Finding: the analysis found that individuals in WaSCs do not try innovation as it is
tried in other industries such as manufacturing or information technology or firms
such as Google, Amazon, and Apple, etc. WaSCs should create a culture of
exploring solutions globally to bring innovative ideas and technology into the
company from the rest of the world and other industries (Section 5.3, 5.5).
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The majority of participants from the regulatory and non-regulatory stakeholders
agreed with this finding.

For example, Participant 1S01 from the regulatory stakeholder group said:

“I can’t imagine any water companies that are as innovative as the
tech giants you refer to.”
Participant 1S02 from the regulatory stakeholder group stated that Individual and
company behaviour affects innovation in WaSCs:

“Individual and company behaviour does seem to affect levels of
innovation. Even within the same regulatory regime some companies
are much more forward-thinking than others in terms of innovation.”
Increasing Collaboration Across WaSCs
Findings: the analysis found that there is not a sufficient joint working culture and
sharing of information across WaSCs as a sector. WaSCs can do much more
innovation collectively as a sector rather than working in isolation. Ofwat should
work with WaSCs in reviewing economic regulations that discourage WaSCs from
joining as a sector to deal with the sector’s challenges collectively (Sections 5.3,
5.5).

The majority of participants from the regulatory and non-regulatory stakeholder
groups agreed with this finding. All the participants from the regulatory stakeholder
group supported this finding. A few participants, however, recorded a neutral
response and said WaSCs are collaborating on technical issues through UKWIR.

Participant 1S02 from the regulatory stakeholder group supported this finding:
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“We have undertaken several research projects with all of the
companies looking at innovation for treating phosphorus and
chemicals. Water companies have had to share outcomes of their
investigations with other companies. However, there have been
difficulties in sharing of some information such as cost. These joint
investigations have sped up the learning of the water companies in a
more cost-effective manner.”
Participant 2S33 from the non-regulatory stakeholder group stated:

“Companies probably didn’t openly share, where they have done
things well and created things efficiently, as they wanted to make
savings from a selfish point of view.”
Increasing Collaboration Between WaSCs and Regulators
Finding: a closer working relationship between the regulators and WaSCs could
align medium- (5 to 10 years) and longer-term (more than 10 years) goals and
aspirations which could encourage WaSCs to take up medium- and longer-duration
research with supply chain firms. Ofwat could promote and facilitate closer working
between WaSCs and regulators (Sections 5.3, 5.5).

The majority of participants agreed with this finding. About half of the participants
from regulatory stakeholders agreed and believed that a number of documents are
already in place that outline regulatory expectations and aspirations. In the case of
non-regulatory stakeholders, more than half of the participants agreed with this
finding, and none disagreed. A few participants also highlighted the contribution of
UKWIR in bringing together WaSCs, regulators and other stakeholders. The EA
works with WaSCs through UKWIR on research related to technical matters. For
example, in PR14 the EA incorporated a cross-water industry project within the
National Environment Programme (NEP) looking at innovative effluent treatment for
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phosphorus. As a result, the EA redefined what is considered to be technically
achievable for phosphorus limits for wastewater effluent. There are other similar
examples with other stakeholder groups.

Increasing Collaboration Between WaSCs and the Supply Chain
Finding: the analysis found that increased collaboration between WaSCs and the
supply chain could increase innovation adoption in WaSCs and innovation
development in the supply chain (Section 5.3, 5.5; Sections 7.3, 7.4, 7.5).

The majority of participants agreed with this finding. More than half of the
participants from the regulatory stakeholders, and most participants from the nonregulatory stakeholders agreed with this finding. Participant 2S011 highlighted the
differences in the type of innovation offered by consulting firms and manufacturing
firms:

“Designers and manufacturers may promote different types of innovation.”
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Table 8.1: Summary of Regulators’ Responses
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Table 8.2: Summary of Research Organisations’ and Others’ Responses
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8.5 Discussion on the Study’s key Findings
This section discusses the study’s key findings taking into account the literature
reviewed which leads to this study’s actions plan (named as policy-practice action
plan in this thesis) to improve innovation in WaSCs and the supply chain in the
context of the water sector regulation framework.

The results in Chapter Five showed that WaSCs believe that it is much easier to do
innovation outside the regulated business than in the regulatory framework. The
provision of financial penalties by the regulators slows down innovation. The AMP6
regulatory change of outputs to outcomes provides flexibility to innovate; however,
the financial penalties limit this flexibility. These results build on Cave and Wright
(2010), who found that incentives to innovate are limited. For supply chain firms, the
current approach of WaSCs to share financial risks does not support them to
undertake innovation due to the risks of losing their contract with the WaSC
(Chapter Seven). Sharing of risks in the event of failure and appropriate reward
retention for success among WaSCs, supply chain firms and customers can
manage risks associated with innovation in a better way. The consultation results
validated that the sharing of risks and rewards could increase innovation in WaSCs
and supply chain firms.

Another key retarder of innovation is the restrictive collaboration across WaSCs. In
the interest of the sector, customers and business, a WaSC can join with other
water companies in research and development, and potentially procuring goods and
services across the business. WaSCs can make better commercial decisions when
they collaborate as a sector. The consultation result also supported this finding. This
result is also consistent with existing studies which have documented a need for the
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regulator to engage more effectively with the full range of stakeholders and to be
more transparent in its decisions (UKWIR, 2011; Gray, 2011).

In addition to collaboration across WaSCs, there is a need for improving
collaboration between WaSCs and supply chain firms compared with collaboration
among the sector’s stakeholders. The availability and accessibility of information
about research and technology trials are not encouraging for innovation in the
supply chain, which highlights the need to increase collaboration (Chapter Seven). It
was also found that WaSCs’ collaboration is significantly greater with consulting
firms compared to manufacturing firms (Table 7.35, Chapter Seven). Manufacturing
firms often do not have direct financial incentives in the framework contract, while
consulting firms and contractors (tier one) have more opportunities to innovate for a
financial share they receive from the efficiency gain subject to their contractual
arrangements with the WaSCs. Increased collaboration with manufacturing firms
with financial incentives could increase innovation in supply chain firms. The
consultation result was consistent with this finding, and confirmed that increased
collaboration between WaSCs and the supply chain could increase the adoption of
innovation in WaSCs and innovation in supply chain firms. Collaboration has a
positive association with the adoption of innovation (Chapter Seven). Improved
collaboration tends to increase sharing of information (Chapter Seven). This
suggests that improvement in collaboration between WaSCs and supply chain firms
would improve adoption of innovation and sharing of information on research and
development. This is consistent with the results of UKWIR (2011) and the
Department of Business Innovation and Skills (2011b), which indicated collaboration
as a possible efficient route for increasing innovation, and highlighted that
insufficient attention had been given to collaboration in the water sector.
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The study results showed that inconsistency in regulations stifles innovation
(Chapter Five). A reason for this is the presence of a number of regulatory norms
which sometimes conflict. This is aligned with the results of CST (2009), which
indicated that higher standards compliance for good biological and chemical quality
brings higher energy demand, and this demonstrates where regulatory drivers are
competing. The environmental and quality regulations sometimes unintentionally
slow down innovation. For example, in the case of consenting, the industry needs to
take a new look at the next stage of consenting arrangements, but this is not
happening in the sector due to a lack of decision-making at the regulatory level. This
result is consistent with the questionnaire analysis results, which showed that the
quality regulators’ approach is either not encouraging or does not have a significant
influence on innovation in supply chain firms.

The study identified that misalignment in various programme cycles imposes
additional costs on WaSCs. The results showed that there is also a misalignment in
regulatory aspirations and WaSCs’ capacity to achieve these aspirations. The
consultation results were consistent with these findings, and confirmed that
measures such as aligning regulatory expectations and WaSCs’ aspirations, flexible
consenting arrangements and a closer working relationship between regulators and
WaSCs would assist companies to set clearer longer-term outcomes in accordance
with regulatory aspirations which could increase innovation in WaSCs and their
supply chains. This result showed that WaSCs and regulators are not close enough
as a sector. This result is aligned with Gray (2011), who highlighted the need for
regulators to engage more effectively with all stakeholders in the sector. The result
is consistent with the findings of the consultation that confirmed that a closer
working relationship between regulators and WaSCs could align medium- (5 to 10
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years) and longer-term (more than 10 years) goals and aspirations which could
increase medium- to longer-term innovation in WaSCs and supply chain firms.

The results also showed that there is not enough clarity provided by the government
on the national-level priorities for research in the water sector. The supply chain
questionnaire analysis results also found that the national-level policy and regulatory
incentives on research and development are not encouraging. These results are
consistent with UKWIR (2011), which stated that several areas where innovation is
needed are not explicit in the policy, and guidance for regulators is also not very
clear.

The study identified that a clearer policy on research with clarity on priorities at the
national level from the government could increase innovation in WaSCs and supply
chains. This result is consistent with Sainsbury, who more than 10 years ago
highlighted that regulators should review their policies to ensure an appropriate level
of emphasis is given to innovation. Gray (2011) also highlighted that the government
and regulators must set policy objectives and outcomes, and water companies
should be flexible in devising innovative solutions in the best interests of consumers.
This result, however, was not consistent with the results of the stakeholders’
consultation. The disagreement of the stakeholders on this finding highlighted the
differences in the perspectives of WaSCs, supply chain members and stakeholder
groups, and showed the lack of understanding and mis-alignment in WaSCs’, the
supply chain’s and regulators’ perceptions over longer-term research priorities and
the future form of the industry, which shows the need for closer working between
WaSCs and regulators and policy-makers compared to the present situation. This
finding has been around for over 10 years (Sainsbury, 2007) which indicates again a
lack of communications as stakeholders do not want to see it or WaSCs think
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differently; in any case, it further supports the need for closer working especially as
it’s been going on for a long time.

The study results showed that for technology-based innovation, the mind-set of
using only conventional practices slows down the adoption of new technology or
different ways of working. This result is consistent with the consultation finding, and
a change in individuals’ behaviour towards innovation could reduce the inertia in the
adoption of new technologies or products. In addition to individual’s attitude towards
innovation in WaSCs, the results showed that in the current framework practices,
supply chain firms themselves do not want to try very different because of the risks
of losing their reputation and contracts with WaSCs. This is consistent with the
findings of the supply chain questionnaire analysis where firms indicated that the
regulatory framework provides certainty to their business, but the current approach
of sharing innovation risks is not encouraging them to innovate (Chapter Seven).
Consistent with the result of the consultation, behavioural change, engaging
individuals, empowering them in the process of innovation and creating a culture of
exploring solutions globally in WaSCs may reduce the inertia in the adoption of
innovation.

The results showed that the five-year duration of the AMP cycle tends to create a
short-term business mind-set where WaSCs focus on short-term financial returns
within an AMP period. The five-year cyclical nature of AMP is reported as a barrier
to longer-term innovation in WaSCs and their supply chains. WaSCs are not allowed
to keep the financial rewards of their outperformance longer than the AMP’s
duration; therefore, they make efforts to take out any possible cost to achieve
efficiency. This short-term gain behaviour of WaSCs does not support medium- to
long-term innovation. The five-year duration is too short to support research and
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development, especially when the regulatory norms are under continuous change.
The result is consistent with the findings of Cave and Wright (2010) which indicate
lower investment in research and development in the water sector. For a WaSC,
there is no real incentive to plan longer-term innovation when the realisation of their
benefits is limited to five years. Therefore, an innovation with a payback period of
more than five years is unattractive, even though it could be to the benefit of
customers and the environment, which explains why the five-year duration of AMP is
a barrier to medium- and longer-term innovation.

The study also identified that the approach of setting up framework contracts does
not support innovation. Framework contracts create some certainty for the business
of supply chain firms which are on the framework contracts. However, firms which
are not able to get onto the framework will have to wait for the next five years or
more. The supply chain questionnaire results also confirmed that the cyclical nature
of AMP stifles innovation. Innovation in supply chain firms to meet the needs of a
WaSC can take more than five years, while contract extension beyond five years is
not guaranteed by a WaSC. In addition, in a framework contract, supply chain firms
themselves do not want to take the risk of trying very different because of losing
their reputation and contracts. This explains why supply chain firms have indicated
that a framework contract provides certainty to their business, but the current
approach of sharing risks does not encourage them to carry out innovation (Chapter
Seven). The consultation results were consistent with these findings, and confirmed
that a longer price control period and inclusion of large research projects in the
business plan could increase innovation in WaSCs and their supply chains.

The study‘s results (Chapter Five) documented that the water industry is a
traditional and risk-averse industry with a mind-set of using conventional, tried and
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tested practices to avoid risks to the environment and human health and regulatory
penalties. This result is consistent with existing literature that has documented

that the UK water industry is a risk-averse industry, heavily regulated and driven by
tightening standards (APPWG, 2008; Cave and Wright, 2010). Innovation
sometimes is seen as too risky without adequately capturing its potential benefits
and opportunities to share risks. This explains the findings of the supply chain
questionnaire which reported that supply chain firms do not see innovation as a high
risk in the water sector, but the approach of WaSCs towards sharing of innovation
risks is a barrier for supply chain firms. Another reason for risk-avoidance is the
Service Incentive Mechanism (SIM), which is a measure of a company’s
performance by the economic regulator through customer surveys. WaSCs remain
cautious in adopting innovations which could have an impact on their performance
assessment.

The next section specifically describes potential changes to increase innovation.
The next section mirror with the discussions completed in this section and
summaries nine recommended actions within five key improvement themes.
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8.6 Potential Changes to Increase Innovation
This study suggested key improvements in the form of nine actions. These
suggestions were validated through the stakeholder consultation, and are presented
in the form of an action plan. The action plan includes both policy and practice
related actions. It describes suggested actions and who should take those actions,
to improve innovation in WaSCs and the supply chain in the context of the water
sector regulation framework, and is provided in Table 8.3. These actions would be
much more effective if they were considered for implementation in combination
rather than in isolation.

Table 8.3: Policy-Practice Action Plan
Action by whom
1

WaSCs and
Supply Chain
(Lead)
(Ofwat,
Customer
Challenge
Groups)

2

Ofwat, DEFRA,
EA, WaSCs
(Lead)
Customer
Challenge
Groups

Action

Consultation results

Sharing of risks in the event of
failure and rewards for successes
among WaSCs, supply chain,
customers and other potential
beneficiaries to increase innovation
in WaSCs and supply chain.

Generally
regulatory
groups

agreed by
stakeholder

The
inclusion
of
large-scale
research schemes in WaSCs’
business
plans
to
increase
innovation in WaSCs and their
supply chains.

Agreed by the majority
of regulatory and nonregulatory stakeholder
groups.

Highest
degree
of
agreement among nonregulatory stakeholder
groups.

3

Ofwat, DEFRA,
EA, WaSCs
(Lead)

A longer-term price control period
to increase innovation, considering
the
outcomes
and
totex
environment.

Agreed by more than
half of the participants
from the stakeholder
groups.

4

Ofwat, DEFRA,
EA, WaSCs
(Lead)

An
alignment
in
regulatory
expectations
and
WaSCs’
aspirations to assist companies to

Agreed by regulatory
and non- regulatory
stakeholder groups.

283

set clearer longer-term outcomes.

5

WaSCs (Lead)

WaSCs to create a culture of
exploring solutions globally to bring
innovative ideas and technology
into the company from the rest of
the world and other industries.

Agreed by regulatory
and non- regulatory
stakeholders groups.

6

WaSCs (Lead)

Engaging
individuals
and
empowering them in the process of
innovation to motivate individuals in
contributing towards innovation.

Agreed by regulatory
and
non-regulatory
stakeholder groups.

7

WaSCs (Lead)

Ofwat and WaSCs to work together
in reviewing provisions of economic
regulation that discourage WaSCs
from joining together as a sector.

Agreed by regulatory
and non- regulatory
stakeholder groups.

Ofwat

8

WaSCs, Supply
Chain (Lead)

Increasing collaboration between
WaSCs and supply chain to
increase innovation adoption in
WaSCs
and
innovation
development in supply chain.

Agreed by regulatory
and non- regulatory
stakeholder groups.

9

WaSCs, Ofwat,
DEFRA, EA
(Lead)

A closer working relationship
between regulators and WaSCs to
align medium (5 to 10 years) and
longer-term (more than 10 years)
goals and aspirations which could
encourage WaSCs to take up
mediumand
longer-duration
research with the supply chain.

Agreed by regulatory
and non- regulatory
stakeholder groups.

Ofwat to promote and facilitate a
closer working culture between
WaSCs and regulators.

The above nine actions are summarised within five improvement themes in
forthcoming sections.
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8.6.1 Sharing of Innovation Risks (Action 1 and 2)
The sharing of risks in the event of failure and rewards for successes among
WaSCs, the supply chain, customers and other potential beneficiaries could
increase innovation in WaSCs and the supply chain. The current approach of
WaSCs for sharing risks is a barrier to innovation for supply chain firms. There is a
positive correlation between risk-sharing and collaboration. There is also a strong
positive relationship between adoption and collaboration which suggests improved
collaboration and risk-sharing tends to increase adoption of innovation in WaSCs.
WaSCs also need to be more proactive in engaging supply chain partners and
offering them attractive incentives alongside risk-sharing. This suggestion is
consistent with the view of Gray (2011), who commented that the system of
incentives applied by the economic regulator might be too focused on penalties and
compliance as opposed to positive incentives for desired changes of behaviour in
WaSCs. The consultation result validated that the sharing of risks in the event of
failure and rewards for successes could increase innovation in WaSCs and their
supply chain.

As agreed by the majority of regulatory and non-regulatory stakeholder groups,
inclusion of large-scale research projects in companies’ business plans is likely to
increase innovation in WaSCs and the supply chain. Customers may have to pay
slightly more initially to include research in business plans, but in the longer term,
the companies, customers and the environment would benefit from research
projects. This would, however, need a step change in the current thinking of the
economic regulator in respect of keeping customers’ bills to the lowest level
possible.
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8.6.2 Longer Price Control Period (Action 3)
The study found that the five-year duration of the AMP does not support mediumand longer-term innovation due to WaSCs’ propensity to concentrate on realising
short-term benefits. The five-year duration of AMPs was seen by WaSCs as too
short to realise the benefits of outcomes and totex, as decisions made on the basis
of totex and outcomes strategy are generally for a longer period. The results of the
supply chain data analysis also showed that the five-year AMP cycle has a negative
influence on a supply chain firm’s capacity to innovate and is a barrier to innovation.

The results are consistent with those of various existing studies documented in
the water sector (HM Treasury, 2012; Gray, 2011; Consumer Council for Water,
2006). HM Treasury (2012) highlighted that the period of core delivery under the
AMP is around three years and raised concerns about the impact of the five-year
cycle on innovation. Gray (2011) commented that the effect of the AMP cycle is tied
to the regulatory process, and WaSCs think investment around the times of the price
review is too risky. A longer price control period can even out the peaks and troughs
of the AMP cycle and incentivise companies, under the totex and outcomes model,
to undertake longer-term innovation. The stakeholder consultation confirmed that a
longer price control period could increase innovation in WaSCs and their supply
chain firms. From the data collected in this research, it is not possible to make an
assessment of how long an AMP period should be within the regulatory framework;
a more detailed study and analysis for deciding the appropriate duration of price
control period is needed, taking into consideration the interests of all stakeholder
groups in the water industry. The Consumer Council for Water (2006) stated that
numerous contractors employed by water companies might be likely to accept lower
contract prices if investment programmes are of a longer duration and more
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predictable. Gray (2011) also suggested a need to change behaviour from a cyclical
culture to steady investments, which is consistent with this study finding.

8.6.3 Regulatory Alignment (Action 4)
This study found a perceived lack of alignment in the thinking of various regulators.
For instance, the most pressing expectation from the economic regulator is to keep
customers’ bills the lowest. The EA has their own expectations of improving the
environment, and some of the environmental improvements obligations fall under
WaSCs’ functional areas. The EA’s approach is to discharge those obligations and
charge customers accordingly, which is not aligned with the thinking of the economic
regulator. Similarly, there is a need to align the thinking of the regulators and
WaSCs. For instance, totex and outcomes decisions are made for a longer duration,
while a WaSC’s performance is assessed on the basis of five-year window criteria.
A closer working relationship between regulators and WaSCs to develop clarity on
the regulators’ aspirations and aligning those aspirations with the objectives of
WaSCs would assist companies to include clear outcomes in their business plan
and find innovative solutions with their supply chain firms to achieve those
outcomes. A closer working relationship could align medium- (5 to 10 years) and
longer-term (more than 10 years) aspirations and encourage WaSCs to undertake
medium- to longer-term research with the supply chain firms. The stakeholder
consultation validated this suggestion.

8.6.4 Culture of Exploring Solutions Globally (Action 5 and 6)
Consistent with the stakeholders’ consultation result, WaSCs should create a culture
of exploring solutions globally to bring innovative ideas and technology into the
company from the rest of the world and other industries. Further, behavioural
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change, engaging individuals and empowering them in the process of innovation
could increase the adoption of new technologies/products, and motivate individuals
to contribute more towards innovation. This suggestion, however, needs a further
study on how to create a culture of exploring solutions globally in a WaSC in the
water sector.

8.6.5 Increasing Collaboration (Action 7, 8 and 9)
This study suggests improving collaboration on three levels: first, increasing
collaboration across WaSCs as a sector; second, increasing collaboration between
WaSCs and the supply chain; and finally, a closer working relationship between
regulators and WaSCs. The study found that there is not enough joint working
culture and sharing of information across WaSCs. WaSCs can do much more
innovation collectively as a sector. Increasing collaboration across WaSCs in
research, development, trials and information-sharing as a sector could increase
innovation. One of the reasons for the restrictive collaboration is related to the fear
of breaking competition law. This acknowledges the need for a review of the
Competition Act and policies that restrict WaSCs in collaborating as a sector, and
also directs the attention of policy-makers to reviewing the provisions of economic
regulation that discourage WaSCs from joining together as a sector to deal with the
sector’s challenges collectively.

The study also suggests increasing collaboration between WaSCs and supply chain
firms, which could increase innovation adoption in WaSCs and innovation
development in the supply chain. Furthermore, a closer working relationship
between regulators and WaSCs could align medium- (5 to 10 years) and longerterm (more than 10 years) goals and aspirations which could encourage WaSCs to
take on medium- and longer-duration research with their supply chains.
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Ofwat could further promote and facilitate a closer working between WaSCs and
regulators. The stakeholder consultation confirmed that increased collaboration
across WaSCs and between regulators, WaSCs and the supply chain could
increase the adoption of innovation in WaSCs and innovation in supply chain firms.

8.6.6 Discounted Actions
Research Priorities and Future Form of Industry: The study identified a lack of
clarity on research priorities and the future form of the industry in WaSCs from the
government. The government has provided limited vision for the water industry as
documented in Cave and Wright (2010): a resilient and sustainable industry which is
innovative. To achieve this objective, it is important to establish a clear vision of the
future form of the industry and a clear division of responsibilities between the
government and the economic regulator. The Department of Business Innovation
and Skills (2011a, p.6) stated that setting the policy direction and making a politically
sensitive trade-off between objectives is likely to require democratic legitimacy,
accountability and a clearly defined role of the government. The government should
not ignore difficult policy decisions, or pass them to the regulators to determine. It is
obvious that it is also not always possible to draw a precise distinction between
certain matters of policy and regulation, as the two are closely connected. However,
for the regulatory system to become more effective and robust, the future should be
articulated as clearly as possible so that consumers and WaSCs know where the
industry is going, what is required to achieve this, who is responsible for what, and
to whom they are accountable. The supply chain firms also reported that nationallevel policies and incentives do not motivate them or have no influence on them in
terms of research and development. These results, however, were not supported by
stakeholder groups in consultation, which shows differences in the perspectives of
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WaSCs (and the supply chain) from other stakeholder groups. When considering the
availability of a number of policy and strategy documents that provide high-level
direction to WaSCs on the longer-term vision and regulatory expectations, the
stakeholder groups’ view looks reasonable. These strategy documents, however, do
not provide specific research priorities, but inform about the government and
regulators’ longer-term view and could assists WaSCs to draw up their own
research priorities. UKWIR and other research organisations bring together
regulators, water companies, supply chain, government and other stakeholders
through various research programmes. The differences in the perceptions of WaSCs
(including the supply chain) and the rest of the stakeholders, however, shows a
need to improve understanding of regulators and WaSCs over longer-term research
and their priorities and through improved collaboration. The provision of a number of
longer-term strategy and policy documents by regulators and government seems
less effective and requires a closer collaboration of WaSCs with regulators and
policy-makers.

Pragmatic Service Delivery: One of the most interesting results in the analysis was
the political dimension within the services delivery process due to the start of the
price review before the UK General Election every five years. Political interventions
appear due to its timing and sometimes influence WaSCs in managing services at a
higher cost with limited resources. For example, if a WaSC brings restrictions during
a drought period as a part of a plan agreed earlier with the regulators, the political
responses to the restrictions go against what has been agreed before. In such
situations, a WaSC has to go for a solution which is too expensive which, in turn,
could increase customers’ bills or give an additional cost to the company. A
conversation between WaSCs and stakeholders, including politicians, could be
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useful to understand and agree on a pre-defined envelope of services that can be
delivered within the agreed business plan. The start of this conversation process
would be innovative in its own right and is missing in the regulatory framework. This
result was not supported by most of the participants in the stakeholders
consultation.

8.7 Three Key Changes to Increase Innovation
The current temperament of WaSCs is very much towards savings in cost in AMPs.
The constraints of the fixed domestic customers, the unchangeable nature of water
and sewage products, a smaller market size for growth, continuous pressure from
the economic regulator to keep water bills lower and a propensity to maximise
financial rewards limit companies to undertaking innovations that mainly focus on
what best can be saved in the delivery of the services and schemes during an AMP
period. This short-term nature of maximising financial gains is an unintended
consequence of the economic regulation, where a company retains the financial
rewards of outperformance for an AMP period and thereafter passes the benefits of
outperformance to customers in successive AMP periods.

In reality, customers’ water bills have increased significantly after privatisation, and
simultaneously, a lower rate of innovation has been very clearly documented in the
literature on the water sector. WaSCs also feel it is easier to do innovation outside
the regulated business than within the regulatory framework. Between these two
end results, the concerns around short-term rewards maximising culture, lack of
robust risk-sharing for uptake of innovation, slow adoption of innovation, lower
investment in research and development and restrictive collaboration were identified
in the study.
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The delivery of schemes in an AMP period is influenced by the short-term rewards
culture. The belief in restricting outperformance benefits to the five-year duration of
an AMP and then transferring it to customers in successive AMPs has rooted this
culture in the WaSCs. Therefore, outperformance gains to customers are not visible
and sometimes this concept is seen sceptically. In addition, the five-year duration of
an AMP does not support the thinking behind the outcomes and totex model and
stifles longer-term innovation in WaSCs and the supply chain. The five-year duration
of price control was reported as too short to realise benefits from outcomes and
totex. The AMP duration also has a negative influence on supply chain firms’
capacity to innovate. This is because an innovation to meet the specific needs of a
WaSC or the sector could take much more than five years in a supply chain firm
while contract extension beyond five years cannot be assured by the WaSCs. There
are limitations to how much innovation can be delivered within the five-year duration.
Therefore, an innovation with a payback period of more than five years becomes
unattractive, despite it being in the longer-term interest of customers and the
environment. The first key improvement is, therefore, a longer price control period
which would provide steady investments to meet long-term outcomes under the
outcomes and totex delivery model. The assessment of a perfect duration for an
AMP needs further detailed quantification of long-term benefits due to its financial
implications on customers and it not possible to determine this from the data sets
gathered in this study.

The second key improvement for increasing innovation is sharing innovation risks
among potential beneficiaries and inclusion of medium- and large-scale
research schemes in companies’ business plans. The inclusion of large-scale
research projects in water companies’ business plans could increase innovation in
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WaSCs and their supply chains. This could motivate WaSCs to increase innovation
adoption, and supply chain firms to develop more innovation to achieve objectives
set for research and development to the benefit of the environment, customers and
the sector. The current approach of sharing innovation risks does not support
innovation in supply chain firms. WaSCs also feel that all the risks of innovation
failure remain with them an attitude which, however, was discarded by most of the
stakeholders during the consultation. The approach to sharing risks in the event of
failure and retention of rewards for success among customers, WaSCs, supply
chain firms and other beneficiaries will place WaSCs and supply chain in a better
position to manage risks related to innovation. The economic regulator (Ofwat), in
consultation with WaSCs and other stakeholder groups, would be in the best place
to take the lead on implementing this action along with the inclusion of medium- and
large-scale research in business plans that could further encourage WaSCs to take
up more research with supply chain firms in the UK and possibly internationally to
bring innovation into the sector from other countries. Consequently, innovation in the
water regulation framework will increase either by investing more (if they are current
investors in the water sector) or starting investing (if they are new investors across
sector around the world).

The third key improvement to increase innovation is to increase collaboration as a
sector. This especially includes increasing collaboration across WaSCs through
removing barriers raised by the perceived anti-competitive law and promoting a
culture of joining up as a sector to promote long-term innovation. At present, there is
silo thinking across WaSCs regarding innovation. The sharing of information is
restricted due to commercial interests, while WaSCs can do much more innovation
collectively through collaboration. The idea of including medium- and large-scale
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research in business plans would create an environment for attracting more
investment jointly for innovation. This would also encourage supply chain firms to
utilise their potential to undertake research with WaSCs.

The three key changes: removing or reducing the short-term benefit culture through
longer price control periods; sharing innovation risks-rewards among beneficiaries;
and increasing collaboration across WaSCs as a sector along with an improvement
in the adoption of innovation in WaSCs will increase innovation within the water
regulation framework. These suggested changes could further attract wider hightech innovating firms from other sectors to enter the water sector, researching and
implementing innovative ideas to the benefit of companies, customers and the
environment. This could make the industry more attractive for global companies to
investment in innovation. The suggested actions would resolve the issues of low
innovation and slow adoption of innovation highlighted in a number of previous
studies (CST, 2009; Cave and Wright, 2010; UKWIR, 2006, 2011; Bridgeman, 2011;
Schafer, 2011; Department of Business Innovation and Skills, 2013).

8.8 Conclusions
The study’s eleven key findings: the conceptual framework of innovation adoption;
sharing of risks and rewards of innovation; a longer price control period; inclusion of
large-scale research projects in companies’ business plans; regulatory alignment;
increasing variable consenting; behavioural change towards innovation adoption;
creating a culture of exploring solutions globally; increasing collaboration across
WaSCs; increasing collaboration between regulators and WaSCs; and increasing
collaboration between WaSCs and the supply chain were accepted by the majority
of stakeholders. The study’s two findings related to pragmatic service delivery and
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clarity of research priorities at national level and the future form of the industry were
discounted as a majority of stakeholders did not agree on these results.

This study concludes the overall Conceptual Framework (including supply chain
innovation) is valid and could be adopted by the UK water industry. Figure 8.1
shows the final Conceptual Framework of this study. In addition to demonstrate an
improved understanding of innovation adoption in the WaSCs and innovation in
supply chain firms, this framework proposes ways to increase the innovation in

WaSCs and supply chain in the water sector regulation framework context.

* Finding related to clarity on research priorities at national level and future form of the industry was not
supported in the stakeholders’ consultation.
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Figure 8.1: The Study’s Final Suggested Conceptual Framework
In addition to water companies, this conceptual framework can be used by
organisations such as UKWIR and UK Water Partnership (UKWP) whose aims are
to promote innovation related research in the UK water sector. UKWP’s initiatives
such as ‘Linking Innovation to Societal Needs (LITSoN), Facilities Register and
Digital Water are intended to bring in positive changes in the UK water industry
through adopting innovative approaches. The Digital Water initiative comprises
adoption of digital approaches, techniques and thinking that could increase
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innovation in aspects from resource management and treatment technology to
operations and maintenance and resource recovery. UKWP brings together
stakeholders to embrace digital revolution in water sector, capitalise commercial
opportunities, improving long-term water security and resilience, and promote
innovation in the water sector.

Another important aspect that impacts innovation and its adoption is revolutionary
technology changes and catastrophic operational events. Climate change is real,
and projections suggest extreme weather will occur more frequently in the future
(Pitt, 2008; Cave and Wright, 2010; Bridgeman, 2011). The impact of such
catastrophic events can be reduced by adaptive measures such as adoption of
existing mitigating technologies and innovation of new technologies. While a longer
term response to climate change will be seen through Regulation & Policy changes,
natural disasters have a wide range of impacts and cause significant damage. A
recent such event is a failure in spillways concrete structure in Whaley Bridge area
due to heavy rainfall that poses a risk of failure to Whaley Bridge dam in Derby. The
incident was managed through evacuating downstream side of the dam area,
lowering in level of water through pumping and a temporary repair by dropping sand
bags in the damaged section of the dam. Furthermore, the revolutionary
technological change e.g. Robotics and Autonomous System (RAS), in addition to
its potential application in mapping and condition assessment of aging water and
sewerage underground infrastructure in the water sector, can help in detecting such
failure in much advance to manage such events and minimising their impacts. The
conceptual framework can be used to assess adoption of innovation and to
diagnose the reasons resulting in lack of adoption and to take measures to improve
adoption of innovation. By manipulating factors in the framework, companies or
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authorities can have better control over individuals’ beliefs about innovation and
subsequently their behavioural intention of adopting innovation.

This chapter has discussed the results of the consultation completed with relevant
stakeholders in the water sector. Then, it discussed the study’s key findings, taking
into account the literature reviewed. Finally, the chapter suggested potential
changes in the form of ‘policy-practice action plan for increasing innovation in
WaSCs and the supply chain firms.

The next chapter builds on Chapters Five, Six, Seven and the current chapter and
concludes the study’s contribution to knowledge, limitations and possible future work
that could extend this study.
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Chapter 9 - CONCLUSIONS
9.1 Introduction
The primary aim of this research was to enhance knowledge on innovation and
technology adoption theories by extending the Technology Acceptance Model
(TAM) in the water sector context. This was done by firstly proposing, and then
testing and extending, a new conceptual framework that provides improved
understanding of individuals’ innovation adoption behaviour in a WaSC in England
and Wales, and secondly examining supply chain professionals’ perception of
innovation in the context of the water regulation framework and proposing a
framework that improves understanding and suggests ways to increase innovation
in supply chain firms. To achieve these aims, six research objectives were
developed: 1) To understand and identify factors related to the innovation adoption
behaviour of individuals who make innovation-related decisions in WaSCs, and
propose a conceptual framework of innovation adoption that combines factors to
improve understanding of the adoption of innovation and thus can be used to
increase the adoption of innovation in a WaSC in England and Wales; 2) To
examine supply chain professionals’ perceptions about barriers and enablers of
innovation within the water regulation framework in England and Wales and analyse
innovation-influencing factors to propose a framework that combines and integrates
the factors to demonstrate an improved understanding of innovation along with ways
to increase innovation in a supply chain firm in England and Wales; 3) To
understand the meaning of innovation for a WaSC within the water regulation
framework in England and Wales; 4) To identify opportunities for a WaSC to
innovate within the water regulation framework in England and Wales; 5) To identify
barriers to innovation for a WaSC within the water regulation framework in England
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and Wales; 6) To bring together the study’s key findings to suggest changes that
could assist WaSCs and supply chain firms to increase innovation within the water
regulation framework in England and Wales. In order to achieve the aims and
objectives, the following research strategy was used.

A critical analysis of seven well-established and well-known innovation and
technology adoption theories was conducted in Chapter Two. In order to understand
the topic of innovation within the context of the water sector, an in-depth review of
the literature was then conducted; this is given in full in Appendix B with Chapter
Three highlighting critical reflection and insight of the sector specific elements that
influence innovation adoption from that review and an analysis of the literature
related to the water sector. These then bring together (water sector elements) into
the conceptual framework of innovation adoption, in particular around regulation,
industry specific beliefs, and collaboration taking into accounts both individuals and
their contextual environment within which they make innovation related decisions in
water companies. Chapter Three then proposed an initial conceptual framework
theorising key constructs and components describing the effects of external
variables to innovation adoption in WaSCs and innovation in supply chain.

Chapter Four included the philosophical foundation of this research, which was
pragmatism, and the epistemological stance was practicality, that is, the researcher
collected data by ‘what works’ to address the research objectives. Consistent with
the adopted paradigm, the study benefited from a mixed methods research design
with both qualitative and quantitative elements in the data analysis to achieve the
research objectives. Consistent with most of the existing literature, the research
used interviews and questionnaires to collect data from WaSCs, supply chain firms
and the stakeholder groups in the water sector. A key limitation was recognised to
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be in the worldviews of those individuals who make innovation related decisions in
their organisation. There are, in addition, individuals who implement innovations and
they might have different views from those who make innovation adoption decisions.
Another limitation in the use of quantitative method for examining supply chain
professional’ behaviour of innovation in their firms was that hypotheses were tested,
but unknowns cannot be discovered as they appear in qualitative methods.

Chapters Five, Six, Seven and Eight implemented the methodology in practice,
where analysis was completed for the data gathered from three different populations
(WaSCs, supply chain firms and stakeholders). Critical discussion within each of the
findings chapters was completed which in particular sought to relate findings back to
the literature. Critical discussion included: how identified contextual factors such as
‘Regulation and Policy’, ‘Industry Characteristics’ etc and/or personal factors such
as ‘Attitude towards Innovation’, ‘Perceived Cost Efficacy’ etc. influence adoption of
innovation directly, or through two new mediating factors ‘Perceived Advantage
(PA)’ and ‘Perceived Ease and Difficulty in Adoption (PEDA)’ to provide a new
original conceptual framework of innovation adoption in WaSCs (Chapter Five).
Discussing the meaning of innovation has provided a new definition of innovation
and opportunities for innovation that set a context to the conceptual framework in
terms of setting its boundaries within the understood meanings and available
opportunities to innovate (Chapter Six). A novel framework for innovation in a supply
chain firm which combined factors to demonstrate an improved understanding along
with the ways of improving innovation in a supply chain firm was critically discussed
after rigorour quantitative analysis and testing of twelve hypotheses in Chapter
Seven. Discussing concrete changes in the form of nine actions to improve
innovation in WaSCs and supply chain in the water regulation framework context
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was provided in Chapter Eight along with the study’s final conceptual frameworks.
This chapter now concludes by describing the contributions to knowledge
comprising

theoretical

contributions,

policy-practice

contributions

and

methodological contributions. This is followed by discussing the limitations of the
research and directions for future work.

9.2 Contributions to Knowledge
These are discussed below:

Theoretical Contributions
The theoretical contribution of this study is in the theory extension especially in
innovation and technology adoption theories and literature by extending TAM in the
context of the water regulation framework in England and Wales.

Extension of Innovation and Technology Adoption Theories/Literature
This research contributes to the field of innovation and technology adoption
behavioural theories by proposing a conceptual framework that allows a better
understanding of the factors that can affect innovation adoption in a WaSC in
England and Wales. The study contributes to these academic and theoretical
debates as it firstly extends the TAM (Venkatesh and Davis, 1996) within the context
of a WaSC in the water sector by adding new factors related to individuals and their
external environment within which they make innovation-related decisions. This
research contributes by extending knowledge on the applicability of TAM across a
heavily regulated industry (the water industry in England and Wales).

This study provides evidence for the ongoing debate in the literature about how
appropriate it is to extend the model of technology acceptance that was originally
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proposed for modelling users’ adoption of information systems (Legris et al., 2003;
Bagozzi,

2007;

Chuttur,

2009).

The

study

provides

a

new

outlook

in

reconceptualising as well as operationalising the TAM model within the context of
innovation adoption in a regulated company (WaSC) by integrating ten key variables
into the conceptual framework: Regulation and Policy, Industry Characteristics
(industry-specific beliefs and values), Resources, Collaboration, Organisation Goals,
Perceived Risks, Perceived Benefits, Individual’s Attitude towards Innovation,
Subjective norm and Perceived Cost Efficacy, and two new mediating factors,
Perceived Ease and Difficulty in Adoption (PEDA) and Perceived Advantage (PA),
replacing TAM’s existing variables of Perceived Ease of Use (PEU) and Perceived
Usefulness (PU). The ten identified factors influencing individuals’ innovation
adoption behaviour in WaSCs are modifiable and thus, could be changed to
increase the adoption of innovation in a WaSC. The study provides evidence of the
conformity of the conceptual framework from both regulatory and other stakeholder
groups of the water sector in England and Wales.

The literature review showed that there are existing studies in the context of
innovation and regulation in the water sector such as UKWIR (2006, 2011), CST
(2009), Cave (2009a), Gray (2011) and HM Treasury (2012), but with the
practitioners’ perspectives and none using or testing an innovation or technology
adoption theory when studying innovation. Furthermore, the literature reviewed in
Section 2.3 and 2.4 also showed a key gap in the innovation and technology
adoption literature in terms of studies that specifically include factors related to a
regulated industry. When compared with studies in other sectors such as IT,
education and the health sector (Venkatesh and Davis, 1996, 2000; Venkatesh and
Bala, 2008; Eugenia et al., 2013; Safdari et al., 2017), a lack of studies was found
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on technology and innovation adoption behaviour in the water sector context.
Importantly, the adoption of innovation in the water sector using an innovation
adoption theoretical framework is under-researched.

This study provides evidence for the ongoing debate in the growing body of
literature concerned with encouraging innovation in the water sector, especially
innovation in WaSCs and supply chain firms. The study addresses directly the
issues of low innovation and slow adoption of innovation by identifying barriers to
innovation and suggesting potential changes that could increase innovation in
WaSCs and supply chain firms. This study makes a valuable contribution to the
body of innovation literature related to the water sector by reconceptualising and
extending the concepts of the TAM model into the water sector and providing
evidence of acceptance of the new original conceptual framework of innovation
adoption

in

the

water

sector

through

stakeholders’

consultation.

The

reconceptualisation and extension of TAM to the water sector is an important
contribution of this study, as it extends the knowledge in terms of understanding how
the extended model (conceptual framework of innovation adoption) fits in a different
industry which is heavily regulated and traditional in its operating nature.

Extension of Innovation Literature by Understanding Factors that
Influence Innovation in Supply Chain Firms
The related theoretical contribution is in terms of providing a new framework with
improved understanding of innovation in supply chain firms and contribution to the
growing body of innovation literature concerned with encouraging innovation in the
UK water industry. The study contributes to the water sector innovation literature as
it provides a new framework for innovation in a supply chain firm within the context
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of the water regulation framework that shows how innovation adoption, innovation
risk-sharing, collaboration and regulatory framework are related to innovation in a
supply chain firm by testing the study’s twelve hypotheses. This study fills the gaps
in the innovation related literature in the water sector with the following four
contributions:

The first contribution to innovation literature lies in examining key innovation barriers
that limit a supply chain firm from innovating within the water regulation framework,
along with key enablers that encourage innovation. It is also important to identify
how these barriers are related and whether their effect changes in different types of
supply chain firms. This study focuses directly on investigating barriers and
enablers, taking into account the views of both WaSCs and supply chain
professionals considering totex and outcomes approaches.

The literature review provided evidence of low innovation and uncertainty to supply
chain business in AMPs (CST, 2009; Bridgeman, 2011; UKWIR, 2011; HM
Treasury, 2012). The second contribution to the innovation literature therefore lies in
identifying four specific factors (risk-sharing, AMP framework, collaboration and
adoption) significantly affect supply chain firms’ certainty of business.

The third contribution to the innovation literature is in investigating innovation
behaviour in manufacturing firms relative to consulting firms in regard to innovation
risk-sharing, AMP framework influences, WaSCs’ collaboration and WaSCs’
adoption. The study contributes in identifying differences in innovation behaviour in
terms of their type e.g. consulting vs. manufacturing.

The fourth contribution to the innovation literature is to investigate empirically the
relationship (in regard to its direction and strength) between WaSCs’ adoption of
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innovation and certainty of business in a supply chain firm in the framework. The
study identified that adoption of innovation by WaSCs has a statistically significant
effect on the certainty of business of supply chain firms within the water regulation
framework.

Overview of Frameworks Contributions
The theoretical contributions of this research (described above) are contained within
its frameworks: the final conceptual framework of innovation adoption and final
supply chain innovation framework brought together in Figure 8.1, which were
preliminary based on the findings of the existing literature and then developed
through the analysis of the three data sets gathered in this research. The initial
conceptual framework describes the study‘s main external variables in relation to
innovation adoption in WaSCs and innovation development in supply chain firms in
a single framework (Figure 3.4, Chapter Three). The study‘s initial conceptual
framework, derived from the analysis of the existing literature, extends the existing
literature by exploring and examining the influences of known and new factors from
the inputs of individuals in WaSCs who make innovation-related decisions. The final
conceptual framework of innovation adoption (Figure 5.7, Chapter Five) combines
the factors to improve understanding of the adoption of innovation and thus, to
increase innovation adoption in a WaSC. The supply chain innovation framework
combines and integrates the influencing factors and provides an improved
understanding of innovation along with ways of increasing innovation in a supply
chain firm (Figure 7.3, Chapter Seven).
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Policy-Practice Contributions
The theoretical contributions were built on through a consultation exercise to
develop a final set of practical contributions for improving innovation adoption in
WaSCs and innovation in supply chain firms in the water sector.

Significantly, this study, by analysing three data sets (from WaSCs, supply chain
and stakeholder groups) identified key barriers to innovation for a WaSCs and
supply chain firm and suggested a policy-practice action plan (Table 8.3, Chapter
Eight), indicating nine actions and who should take those actions, to improve
innovation in WaSCs and supply chain.

The six most significant contributions related to policy and practices are:

1) This study’s findings showed that adoption of innovation in WaSCs significantly
affects business certainty in supply chain firms. The water sector literature review
provided evidence that the water sector is slow to adopt innovation (UKWIR, 2011)
and emphasised the need to increase innovation (Ofwat, 2012a; 2017b). This study
contributed to addressing the issue practically by identified both personal and
contextual factors that influence individuals’ behaviour in innovation adoption in
WaSCs and proposed a conceptual framework of innovation adoption (Section 5.5).
This framework, in addition to contributing to innovation and technology adoption
theories, is useful to WaSCs in increasing understanding of factors that influence
individuals’ innovation adoption behaviour in a WaSC. A consultation with
stakeholders provided conformity to the conceptual framework from both regulatory
and other stakeholder groups of the water sector.
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2) Similarly, the study‘s proposed supply chain innovation framework shows how
WaSCs’ adoption of innovation, sharing of innovation risks and collaboration, along
with the AMP framework and regulations, are related to innovation in supply chain
firms. This framework also suggests how innovation may be increased specifically
by improving collaboration, risk-sharing and adoption of innovation (Section 7.5).

3) The conceptual framework of innovation adoption with the similarity matrix as a
template (Section 5.5.3) offers a framework to assess and compare the adoption of
innovation among WaSCs to discover how various external and internal factors
affect individuals’ adoption decisions in different WaSCs or different sets of WaSCs,
and whether there are any similarities in the trends of factors which could assist in
identifying sector-wide or region-wide changes that could improve the adoption of
innovation in the sector or for a region.

4) The research findings contribute directly to the water sector’s ongoing regulatory
reform by providing new original evidence to policy-makers and regulators about the
insights of WaSCs and supply chain firms on regulatory and non-regulatory factors
that act as barriers to innovation. The study’s findings can therefore help policymakers making decisions on issues e.g., price control duration, regulatory
alignment, closer working relationship, collaboration as a sector etc. The findings
around barriers to innovation and potential changes for increasing innovation could
be useful to practitioners, regulators, WaSCs, supply chain firms and other
stakeholders concerned with encouraging innovation in the water sector for further
debate and their consideration for implementing the suggested actions to increasing
innovation in the sector.
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5) The innovation adoption model offers a framework to assess the adoption of
innovation in any regulated company, and which factors need significant alteration
for improving adoption of innovation. This model could also be used or extended to
other regulated industries due to its dynamism to incorporate industry-specific
beliefs and values along with personal variables.

6) Finally, the improved understanding of the meaning, opportunities, barriers and
potential changes could also be useful to potential investors and officials in other
countries who are thinking about privatising their water industry and look for
adopting a similar regulatory framework in their country.

Empirical and Methodological Contributions
These are discussed below:

1) The empirical work in this research (semi-structured interviews with water
experts, questionnaire with supply chain firms and consultation with water sector
stakeholders) is original and provides new evidence in the water sector and
innovation and technology adoption theories.

2) Innovation in previous water sector studies has mostly been considered at the
industry level rather than specific groups of businesses. There is a lack of studies
that seek to address innovation from a WaSC and supply chain perspective, two
main sources of innovation in the water sector. The study provides new empirical
evidence related to innovation in WaSCs and supply chains.

3) This research provides a methodological contribution in terms of its sampling
method in selecting participants for semi-structured interviews. In contrast to the
classical snowball sampling process of selecting a sample using networks, this
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research used a multistage top-down methodology to select interviewees who make
innovation-related decisions or hold a position in which they are the decision-maker
for innovation-related matters. This included a top-down communication, identifying
roles of the potential interviewee, involving interviewees in selecting other
participants, sending interview guides to potential participants prior to interview for
self-reflection whether they had sufficient knowledge to participate in the research
and discussing the research topic with potential participants prior to the interviews.
This approach allowed the researcher to gather relevant information and data in the
research.

4) The research enhances knowledge and consistency in using the term ‘innovation’
within the context of the water sector regulation framework by providing a novel,
evidence-based, definition for use in both academic and practice research, and
thereby enhances the rigour and accessibility of the existing knowledge database on
innovation in the water sector.

5) A contribution related to analytical method used is the novel combination of
qualitative and quantitative analysis to develop original findings where a code based
qualitative analysis is used along with cluster analysis (quantitative analysis) to
establish association among themes.

9.3 Limitations of the Research
It is also imperative to reflect on the limitations of this research so that the findings
can be appropriately interpreted. Whilst this research has provided valuable and
relevant findings, a number of limitations which are relevant to the research are
presented below.
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1) The frameworks proposed in this research were developed at a particular point
time which is AMP6 (2015-20). The influence of the factors, unarguably, may
change with time due to changes in regulations and policies and companies’ internal
changes.

2) Based on this research work, it would be difficult to provide an exact prediction as
to what sort of enablers, and how suggested changes might affect industry-wide
innovation, as the research scope was limited to WaSCs and supply chain firms.
Although WaSCs and supply chains are the two key sources of innovation in the
water sector, the remaining stakeholders’ contributions towards innovation cannot
be marginalised. For example, the contributions of the EA, Ofwat, UKWIR and other
stakeholders in promoting innovation in the sector.

3) This research suggested a longer price control period. It is not however possible
to provide an exact prediction on how long an AMP period should be for increasing
innovation based on the data collected in this research. This would require a
separate study taking into account the interests of all stakeholders of the water
industry.

4) Another limitation might be an inclination to engaging in a corporatist way by
those participants who believed that their comments might be attributable and
therefore modulated their responses against their perception of external constraints
on what was permissible for them to say. The research has this potential limitation
due to the nature of the inquiry. This limitation, however, was managed to some
extent by reassuring participants several times during the interview, about the
confidentiality.
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5) Finally, the adopted paradigm pragmatism and interview and questionnaire
research methods are of course limited by the worldviews of those participants who
were interviewed and completed the questionnaires. There may be other
professionals in the WaSCs, supply chain firms and stakeholder groups who were
not interviewed or did not participate in the survey and consultation and might have
different views; therefore, the study’s findings should be comprehended with this
limitation.

9.4 Suggestions for Future Research
It is the researcher’s intention to use the results of this research to conduct further
studies that include experimental or quantitative studies using the proposed
conceptual framework of innovation adoption with different groups within a WaSC
(or across WaSCs). It would be useful to introduce changes at a programme area
level (for study within a WaSCs) or company level (for study across WaSCs) and
then compare the results of the change group with a baseline group having no
change in terms of innovation adoption, cost, collaboration, solution quality.

Other future research could include:
•

Work with customers, WaSCs and regulators assessing the impact on
customers from the inclusion of medium- and large-scale research schemes
in WaSCs’ business plans.

•

Exploring what the outcomes and totex approach in the current AMP has
actually done, and whether it has created any change from the previous
AMPs.
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•

Identifying an optimal duration of the price review period to improve
innovation within the water regulation framework, taking into account the
outcomes and totex model.

•

Research could also be commissioned in other regulated sectors or
countries, using the conceptual framework proposed in this research, to
conduct a comparative analysis to identify whether specific regulatory
approaches create different rates of innovation adoption.

•

A longitudinal study with a specific innovative product or technology to
examine what sort of regulatory and non-regulatory barriers influence various
stages of research, development and adoption process in a UK WaSC in
comparison to an international WaSC.

This study found a political dimension related to political intervention near a General
Election. The study’s policy-practice action plan discounted this particular finding
due to a lack of support from stakeholders. However, the impacts of the political
intervention could be explored through a new study, and in this way, it could be
possible to obtain deeper insights into the political and social dimensions to develop
a policy proposal about the extent of political intervention and obligations to be
fulfilled by a WaSC.

Future research could also be focused on improving understanding of the sector’s
policy and regulatory efforts on collaboration as a sector retrospectively to look at
how competition and separation of the retail arm in the water sector have affected
innovation and sharing of knowledge, experience and databases across WaSCs and
supply chain firms. Such research results could inform policy and regulatory
initiatives in the sector which can highlight the opportunities for political-social
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involvement acting as a catalyst in informing future policy and regulatory incentives
for promoting and supporting innovation in the water industry.

Finally, further research could include creating a new programme area (change
group) in a WaSC through integrating maintenance, enhancement and growth
drivers without focusing on maintain spending on a yearly basis and comparing the
outcomes and performance of change group with the performance of an original
programme areas group to see the benefits of integrating programme areas to
achieve overall outcomes in terms of cost, time, innovation adoption and solution
quality.
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Appendix A. Innovation Models and Innovation Stages
Subsequent sections discuss foundation and integrative models of innovation, in
order to understand various types of innovation, based on how they have developed
chronologically in the academic literature.

Foundation Model of Innovation
An early model by Knight (1967), cited in Rowley et al. (2011, p.76), suggested four
types of innovation: product-service, production-process, organisational-structure
and people (Figure A1). He stated that “product or service innovation is related to
the organisation’s new product or service offerings. Production-process innovation
refers to the changes to the organisational operations and production; this is also
usually initiated by technological advancements. Organisational-structure innovation
is concerned with the organisation authority relations, communication systems, or
formal reward systems. People innovation is relating to the changes to the staff
within an organisation including changes in staffing levels, personnel, job roles,
cultures and behaviours.”

Figure A1: Knight (1967) Model of Innovation
A variety of binary classifications, introduced in 1970s and 1980s, included many
types of innovation such as technical, administrative, incremental, radical, product
and process (Figure A2).
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Figure A2: Binary Classification of Innovation during 1960s-80s (Bantel and
Jackson, 1989; Daft, 1978; Damanpour, 1991; Damanpour and Evan, 1984;
Evan, 1966)
The developments of new products, services, or processes are covered under the
technical innovation, while modifications in the social structure of a company are
related to administrative innovation (Evan, 1966). Under administrative innovation,
changes may include policies of recruitment and employment, allocation of
resources, skills development, structuring of tasks, increasing efficiency, enhancing
administrative

effectiveness,

authority,

strategic

planning

and

reward

or

compensation (Daft, 1978; Bhargava et al., 1982; Bantel and Jackson, 1989).

Bantel and Jackson (1989) suggest all innovations that are initiated in the technical
core of an organisation can be considered technical innovation such as innovation in
relation to products, services, production process, product design, delivery,
marketing and office operations. The term technical innovation is often confused
with the technological innovation. Advancement in the technology initiates
technological innovation opportunities in an organisation, while technical innovation
refers to mainly the technical core of the organisation (Damanpour and Evan, 1984).

Second binary model of innovation types is product and process innovation. Product
innovation is about developing a new product or a new service for customers or for a
market. The way of producing products or undertaking services operations is
covered under process innovation. Process innovation is related to the changes in
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the company operations or performance, while product innovation focuses a new or
improved product or service, and generally, consumers notice the changes in the
product or services from the application of the innovation (Knight, 1967; Utterback,
1971).

A third binary classification is incremental and radical innovation. Dewar and Dutton
(1986) describe incremental innovation as improvements to the existing technology
or process without any significant changes in the fundamental concepts, while
radical innovation essentially includes a fundamental change. Fundamental changes
may be in response to a market need or capturing a new opportunity through
creating a new product or process. Incremental innovation is about modest
improvements to the current products, processes or services (Queensland
Government, 2015); for instance, alteration in material composition to improve
product performance, modification in the design or adding more functions in its
application. Table 2.1 summaries the binary forms of innovations.

Table A1: Binary Type of Innovation (Evan, 1966; Knight, 1967; Utterback,
1971; Daft, 1978; Damanpour and Evan, 1984; Dewar and Dutton, 1986; Bantel
and Jackson, 1989; Damanpour, 1991; Rowley et al., 2011; Queensland
Government, 2015)
Binary classification of Innovation
Technical innovation

Administrative innovation

Products,
processes,
operation or services.

Recruitment,
resources,
tasks
allocation,
authority, reward, strategic planning and training.

Product innovation

Process innovation

New or improved products
and services.

Improve the way organisations perform,
undertake production or service operations.

Radical innovation

Incremental innovation

Completely new process or
product

Moderate improvements to current product,
processes and services, benefiting product
through design alteration, or adding few more
functions in application.
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Integrative Model of Innovation
In addition to the foundation model discussed above, many integrative models were
introduced, and almost all of those models recognised various types of innovation.

Diversity and Complexity in Early Integrative Models
Damanpour (1987) introduced ancillary innovation addressing the requirements of
involving both the organisation and customers or clients. This type of innovation
essentially engages customers such as “customer active programs” for generating
ideas for a product to meet customers’ requirements (Damanpour, 1987, p.678). A
focus towards customer engagement to tailor services they want and wish to pay for
is this type of innovation. Hegger et al. (2011) mentioned that a closer more frequent
direct connection with customers and inclusion of their views in the early stages of
the innovation process can be helpful for making innovations successful, or can at
least helpful to avoid expected failures due to inapplicability about innovation that
emerges with their views and practices.

A multidimensional integrative model was introduced by Cooper (1998). This model
brings together the innovations that were included in the three binary models:
technical-administrative, product-process and incremental-fundamental innovation.
Cooper (1998) believes that any type of innovation can include elements of any of
the six types of innovation described in the binary classification. Cooper (1998,
p.501) states “multidimensional model of innovation means that by defining
innovations more narrowly in terms of the attribute combinations they possess (e.g.
process-administration-radical).” According to Boer and During (2001, p.84),
innovation

is

“creation

of

a

new

product-market-technology-organisation

combination.” Boer and During (2001) related process innovation with manufacturing
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activities, and organisational innovation to the changes or improvements in the
operation of an organisation such as introducing Quality Environment Management
system in the process of the delivery of services or products.

A more comprehensive model of types of innovation was presented by Johannessen
et al. (2001), which discussed the six main activities under innovation comprising
new services, products, ways of production, launching markets, sources of supply,
and approaches of organising. Hovgaard and Hansen (2004) model of types of
innovation comprises product innovation, process innovation and business system
related innovations. The business system model refers to all those innovations
which cannot be classified under the product or process innovation. The concepts of
business system innovation have similarity with Boer and During’s (2001) notion of
organisational innovation. Product and process innovation categories can be linked
to technical innovation and innovations in the business system to the administrative
innovation.

Recent Integrative Models
Trott (2005) has attempted to bring together some of these categories of innovation
after acknowledging the diversity and complexity in the classification presented by
earlier models. He suggested organisational innovation, management innovation,
production innovation and commercial or marketing innovation besides product,
service and process innovation (Figure A3).
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Figure A3: Trott (2005) Model of Innovation
According to Trott (2005), organisational innovation represents a new venture unit in
existing business, a brand new way of internal communication, bringing in a new
accounting system; management innovation comprising introduction of practices
such as quality and environment system (QES), total quality management (TQM)
and business process re-engineering (BPR); production innovation in an
organisation includes a brand new software application for production planning,
Quality Circles, just-in-time (JIT) manufacturing system; commercial innovation is
about introducing a new financing sources, or contractual arrangements such as
alliance delivery model. Birkinshaw et al. (2008) defined management innovation as
an introduction of novelty in an organisation to bring a particular form of
organisational change which is novel or a significant departure from the past. Garcia
and Muniz (2007) in their study showed the relationship between efficiency and
institutional factors such as management system.

OECD (2005) defines four types of innovation which include product, process,
marketing and organisational innovation. Introduction of a brand new product or
service, or a significantly modified product or service, is categorised as a product
innovation. Process innovation is related to production, which can be introducing a
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new or significantly improved way of producing a product or supplying services. A
marketing innovation means the introduction of a new marketing approach or
strategy comprising substantial improvements in the design of a product such as offsite product procurement strategy, product placement, the promotional offering of a
product or promotional pricing. Marketing innovations are generally targeted to
address customers’ requirements or regulatory norms; for example, the introduction
of a new market for non-domestic water customers, or a new position of a product in
the market with the aim of increasing revenue or customers’ benefits. Organisational
innovation is the introduction of new approaches in an organisation in relation to its
business practices, workplace environment, or organisation relations with the
external world.

Another type of innovation emerging and gaining importance is hybrid products.
These products provide integrated solutions with a mix of product and service
(Velamuri et al., 2008). These innovative solutions, sometimes named as productservice systems, offer customers or clients both product and related services at a
single point of contact. The organisations, developing this type of innovation, are
more focused on combining possible product and services considering customers
needs holistically (Velamuri et al., 2008, p.2, citing Manzini and Vezzoli, 2002); for
example, a design-build-operate contract for providing new infrastructure is a hybrid
innovation.

Recently, two integrative models are suggested by Oke et al. (2007) and Francis
and Bessant (2005). Oke et al. (2007) describe three types of innovation product
(including radical and incremental), service, and process (including administrative
and production), separating product and service innovation. A product innovation is
linked with radical innovation or incremental innovation depending on the extent of
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newness and its influences. Similarly, service innovation is connected with the
measures of presenting products more attractive to customers through modifications
in the delivery system, and process innovation links to administrative, organisational,
production and services (Figure A4).

Figure A4: Oke et al. (2007) Model of Innovation (Rowley et al., 2011)
Francis and Bessant (2005) look at changes which innovation can bring in to the
market and organisation. Using this perspective, Bessant and Tidd (2007) proposed
product innovation, process innovation, position innovation and paradigm innovation
categories (Figure A5).

Figure A5: Innovation Framework by Francis and Bessant (2005)
Bessant and Tidd (2007) defined product innovation as changes in the products or
services offered by an organisation, and process innovation is referred to the
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changes in the method of developing or delivering the products or services. Position
innovation is related to the changes in the context in which products or services are
promoted. Paradigm innovation brings in changes in the underlying mental model
which frame what organisation does. Rowley et al., 2011 mapped various types of
innovation onto the framework provided by Francis and Bessant (2005) as shown in
Figure A6

Figure A6: Innovation Types Mapping Tool (Rowley et al., 2011)

Attributes of Innovation
The attributes of innovation are defined by Rogers (2003) as below:

Relative Advantage is defined by Rogers (2003, p.229) as“the degree to which an
innovation is perceived as being better than the idea it supersedes”. The
advantages of adopting innovation can have economical, social or reputational
benefits.
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Compatibility is defined as “the degree to which an innovation is perceived as
consistent with the existing values, past experiences, and needs of potential
adopters” (Rogers, 2003, p.240). Individuals find easy to adopt innovation if it is
consistent and compatible with the existing system or with the previous experience.

Complexity is defined by Rogers (2003, p.257) as“the degree to which an
innovation is perceived as relatively difficult to understand and use”. The complexity
attribute informs how easy the innovation is to use in practice. Complexity in
innovation has a negative influence on the rate of innovation adoption (Rogers,
2003).

Trialability is defined by Rogers (2003, p.255) as“the degree to which an
innovation may be experimental with on a limited basis”. The rate of innovation
adoption is positively associated to the ease of trial of technology, product or an
innovative idea.

Observability can be defined as “the degree to which the results of an innovation
are visible to others” (Rogers, 2003, p.258). This attribute refers to whether the
innovation can be easily communicated and observed among adaptors. The easier
an innovation is to observe, the higher and faster would be its rate of adoption
(Rogers, 2003).

Innovation Stages and Adoption
Innovation Development: Moore identified five lifecycle categories of products and
services innovation: emergent, growth, maturity, decline, and end of life (Moore,
2008). Matthews (1997), previously, simplified the innovation phases as conception,
research and exploitation. UKWIR (2006) also mentioned stages of development of
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innovation as start (conception or invention), research and development (laboratory
or theory work), demonstration, pre-commercial stage, established and wider use,
and finally obsolete. These stages are shown in Figure A7. Conception or invention
phase arises with bright ideas which may be gathered from outside the innovation
process or from a market demand. Research is the phase in which progress is
constantly tested against goals and needs. With the construction of the first
reference plant, the project emerges into an exploitation phase at which point the
technologists have a very strong team role within the operational and corporate
marketing staff, and finally, iterating back to drive new ideas (Matthews, 1997).

Figure A7: Stages of Innovation Development (Adapted from UKWIR, 2006)
Adoption Phase: According to Botha and Atkins (2005, p.1), the adoption phase
involves a “process of decision-making by individuals or a group of people in an
organisation that require cognition”. Individuals, within organisation, first become
aware of innovation and assess information with which they can make decision
before actual adoption (Frambach and Schillewaert,2002; Greenhalgh et al., 2004).
It requires the use of an individual‘s abilities to perceive, understand and interact
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with their environment, and following five stages (Figure 2.3) of an adoption
decision-making process: ignore, aware, interest, compare and test (Nutley et al.,
2002; Rogers, 2003 and Clarke, 1996).

Figure A8: Innovation Adoption Phase (Adapted from Nutley et al., 2002;
Rogers, 2003; Botha and Atkins, 2005 and Clarke, 1996)
A person moves from the stage of ‘ignorance’ to ‘aware’ at the start of the adoption
process. The person may reject the innovation, or may enter into the next stage of
the process called ‘interest’. At this stage, the person develops an interest in the
innovation and shows his interest towards innovation. Rejection may follow, or the
person may move to the stage of ‘compare’ where he compares the innovation with
other available options. Rejection may also happen at this stage, or the person may
further proceed to the stage of ‘test’ if the comparison is favourable towards
innovation. In the test stage, the person wants to implement the innovation on a
small scale to see how it works. The person may also compare the innovation with
other available or existing options at this stage and reject the innovation if it fails the
test. If the innovation passes the test, the person will adopt the innovation.
Discontinuation or rejection of innovation may also be possible after adoption at any
time (Botha and Atkins, 2005). Roger (2003) defined the innovation decision
process as ‘knowledge’, ‘persuasion’ and ‘decision’ stages, and Nutley et al. (2002)
named it as ‘knowledge’, ‘merits’ and ‘adopt’. Wisdom et al. (2013) found that there
is little known about the factors related to adoption phase.
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Appendix B. Landscape of the UK Water Sector
The subsequent sections provide a background to the water sector as it relates to
innovation. The purpose is to present information about water companies, water
sector regulations, key challenges and their implication for innovation from the
review of existing literature of the water sector. The review of literature in this
appendix is important and underpins the development of study’s proposed
conceptual framework.

Background
The water industry comprises 1,249 waterworks, 4,430 service reservoirs and over
347,500km of mains; and using these assets, water companies provide over 14,492
million litres of water to customers every day (DWI, 2015; Department of Business
Innovation and Skills, 2013). This contrasts with the industry in 1990 (just after
privatisation), which was made up of more water companies than now, supplying
less water using more assets (1,817 works and 4,924 service reservoirs) with a
smaller distribution network of 307,000km (DWI, 2015) which showed improvements
in the efficiency of supplying water to customers after privatisation. However, Saal et
al. (2007) undertook an analysis using data from ten Water and Sewerage
Companies (WaSCs) of England and Wales and found that while technical change
improved after privatisation, efficiency and scale change affected productivity
negatively (Saal et al., 2007, cited by Walter et al., 2009).

Water Companies
In England and Wales, there are ten regional WaSCs, twelve regional Water only
Companies (WoCs) and six local water companies (Water UK, 2017; Ofwat, 2017a).
These companies are private, and many companies are subsidiaries of international
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enterprises. Welsh Water, which supplies water and sewerage services in Wales, is
a not-for-profit company. The companies are a mix of publicly listed and privately
owned companies. A limited direct competition, limited to businesses, charities and
public sector, does exist in the water sector, and the industry performance depends
mainly on rigorous comparative efficiency assessment by the economic regulator,
Ofwat (Pollitt and Steer, 2012). The geographical boundaries of WaSCs and WoCs
in England and Wales are shown in Figure B-1.

Key:
AFW: Affinity Water,
BRL: Bristol Water,
DVW: Dee Valley Water,
PRT: Portsmouth Water,
SBW: Bournemouth Water (part of
South West Water),
SES: Sutton & East Surrey Water,
SEW: South East Water,
SSC: South Staffs Water (also
trading as Cambridge Water)
CHL: Cholderton & District Water,
ESK: Essex and Suffolk (part of
Northumbrian Water),
HPL: Hartlepool (part of Anglian
Water),

Figure B-1: Water Company’s supply area in England and Wales (Ofwat,
2017a)
The WoCs own water resources and engage in raw water transfer, water treatment
and supply of water to their customers. The WaSCs, in addition to the activities of
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WoCs, collect wastewater, transfer it to wastewater treatment works and manage
wastewater. WaSCs, in comparison to WoCs, constitute the major share in terms of
customers’ connections and the delivery of water to customers (Ofwat, 2010).

A history of the UK water industry is provided in Appendix C.

Before proceeding to the next sections, it is important to define the meaning of term
‘Water Sector’. The term ‘Water Sector’ in this thesis is adopted from the Water
Sector Innovation Leadership Group and refers to all individuals and organisations
contributing to the management of water and wastewater in the natural environment.
It includes, but not restricted to the government departments, regulators, WaSCs,
WoCs, local authorities, consumer representative organisations, consultants,
contractors, supply chain companies, universities, research centres and Research
Councils.

Innovation in the Water Sector
The UK water industry is one of the oldest in the world, and many of the traditional
technologies or practices were developed or influenced by the UK. This is no longer
the case due to a verity of reasons such as global market, legislation, regulatory
forces and technologies in other countries being developed and implemented more
rapidly (Thomas and Ford, 2005). The water sector has invested about £126 billion
in AMPs since the industry was privatised (National Audit Office, 2015); however, a
slow rate of innovation has been reported in a number of previous studies (CST,
2009; Bridgeman, 2011).

Innovation is a much wider notion than research and development and could be
influenced by a broad range of factors (OECD, 2010). There is a lack of data on the
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actual spending on innovation in the water sector (Walker, 2014). Therefore,
spending on research and development and patent database provide an idea about
innovation, and hence used in the past studies. The Department of Business
Innovation and Skills (2013) highlighted lack of investment in research by the UK
water companies indicating that, while total revenue in 2011-2012 of the water
companies in England and Wales was around £10 billion, only £12.7 million was
spent by companies on research and development. This is 0.13% of their revenue,
which is much lower in comparison to top research and development firms. Water
Research Centre (WRc) estimated a total spending of £50-60 million on research,
development and Innovation in year 2012-13 based on the data received from ten
water companies out of a total of 23 numbers of companies (Walker, 2014). This
spending (including innovation) is about 0.5% to 0.6% of the revenue (year 201112), which is still lower in comparison to spending by other industries in research
and development (Figure B-2).

Figure B-2: Research and Development Spending (% of Revenue) by Regions
and Industries in 2014 (R&D spending for Europe are based on data from PwC,
2017)
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Balmer (2012) and CST (2009) also highlighted that research and development
expenditure by water companies in the water sector has fallen since privatisation.
Schafer (2011) pointed out that funding allocated to the water sector from Research
Councils is disproportionally low compared with other sectors. Cave and Wright
(2010) highlighted that spending on research and development has decreased to
half in the past ten years. There is a risk that continued lower funding of research
and development in the sector could lead to limiting the scope for productivity in
future, once present technological developments are fully exhausted (CST, 2009).

Water Regulation Framework in England and Wales
WaSCs deliver their business plans under a water regulation framework in the UK,
and therefore the regulatory framework and its provisions could have a profound
influence on innovation in WaSCs and their supply chain. This section reviews the
regulatory environment within which WaSCs operate their businesses and deliver
services to their customers. At the time of privatisation, the government established
the economic regulator (Ofwat) with powers to set price limits for water companies.
Ofwat is a non-Ministerial government department with DEFRA as its sponsoring
authority. The industry operates on five-year of investment cycles called Asset
Management Plan (AMP) period and is currently in AMP6 (2015 to 2020). Prices are
set by Ofwat at the starting of each AMP period following submissions of a business
plan from each company about what it will cost to deliver the plan in the next five
years (HM Treasury, 2012).

The Water Industry Act (WIA) 1991 sets out the responsibility of water companies to
supply a safe and acceptable quality of drinking water to their consumers. The DWI
has a duty to make sure that water companies fulfil statutory requirements for
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supplying drinking water and ensure that the quality of drinking water supply to
customers is acceptable. The Environment Agency (EA) (Natural Resources in
Wales) has responsibility for the regulation of pollution controls and preventing
deterioration of water quality and environment and seeks its improvement
(Wackerbauer, 2008). The EA also controls the amount of water a water company is
allowed to take out from the environment and the quality of the water that a water
company returns to it. The Department for Environment, Food and Rural Affairs
(DEFRA) manages matters of water policy in England, including water supply and
resources, and the regulatory system for the water environment and the water
industry (Department of Business Innovation and Skills, 2013). The water regulation
framework is presented in Figure B-3

Figure B-3: Water Regulation Framework (National Audit Office, 2015)
In addition to water companies and regulators, supply chain firms have an important
role in introducing a new technology to water companies, or developing a new
product that assists consumers to save water, or providing companies a new way to
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reduce the number of service interruptions due to leakage or other capital and
maintenance works (DEFRA, 2011). The supply chain is a key source of providing
innovation to water companies. UKWIR (2006) highlighted supply chain as a
proactive enabler, while water companies are a weak enabler to innovation even
though they are the main adopter of innovation. Ofwat was highlighted as neutral,
EA as a week enabler and DWI as a marginally week barrier to innovation. Gray
(2011), however, concluded in his study that no major change to the statutory and
institutional framework is required in the water sector.

Asset management can be defined as the art of balancing performance, cost and
risk (Brown and Humphrey, 2005). Achieving this balance requires the support from
three pillars of competence: management, engineering and information. Asset
management is a multidimensional approach that includes corporate strategy and
the corresponding planning, systematic coordinated activities and practices through
which a company optimally manages its assets, and their associated performance,
risks and expenditures over their lifecycle (Alegre, 2007). In the UK water industry,
asset management is categorised as asset maintenance to ensure continuity of
existing service level (capital maintenance) and planning for the future change (Brint
et al., 2009). Lindley (1992) strongly demonstrated the need for robust asset
management planning in the water sector for both regulator and water companies.
After the price review 1999, the House of Commons Environmental Audit Committee
(HoCEAC) condemned the Ofwat method of assessing capital maintenance
(HoCEAC, 2000). A response to that by Ofwat was to challenge the industry to
increase transparency and provide a robust justification for capital maintenance
expenditure. This directed the industry into developing and using an industry-wide
common framework that allows a water company to justify the requirement of future
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investment corresponding to serviceability (UKWIR 2002a) and on the basis of
present and forecast likelihood and consequence of asset failure with or without
investment (Lumbers and Kirby, 2003). The common framework needs capital
maintenance to be justified on the basis of the likely impact of failure on both
services (operational failure) and the cost (capital expenditure) with the recognition
that insufficient capital maintenance will result in the failure (UKWIR 2002a).
Therefore, a plan based on the common framework provided confidence that the
most cost-effective approach to maintaining services has been identified, or the
most cost-beneficial approach to improving services has been included in the
company’s business plan.

The price review is a financial review process governed by Ofwat in which Ofwat
determines the price limits within which water companies can increase or decrease
the prices charged to their customers over a period which is currently five years
(Ofwat, 2013). Price review essentially includes assessing efficient operating costs,
efficient investment and determining an appropriate return to being applied to the
regulatory capital value (Bolt, 2014). Water companies submit their business plan
before the start of five-year AMP period, and Ofwat agrees on the plan with each of
the water company. This sets the limits on prices that customers can be charged
based on the costs of delivering a company’s agreed business plan. Ofwat,
therefore, creates a system of incentives and penalties for replicating a comparative
competition among water companies when setting the price limits. This comparative
competition drives water companies to improve efficiency and provide better
services to customers.

See Appendix D for a more detailed review of the regulatory environment of the UK
water sector.
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AMP6 Regulatory Changes: Totex and Outcomes
The PR14 introduced two new approaches (totex and outcomes) in AMP6 with the
intention of providing more flexibility to water companies in providing and choosing
solution from a wide range of options. Since privatisation, operational expenditure
(opex) and the infrastructure renewals charge have been funded through company
revenue. Capital expenditure (capex) has been debt funded through the Regulatory
Capital Value (RCV) mechanism, with water companies earning a rate of return
against the RCV. The Capital Incentive Scheme provides financial benefits for
companies to outperform the agreed baseline capital costs. The new model
baselines are established on the totex basis, rather than capex and opex separately.
Companies propose a proportional split within the totex of these two components in
order to determine the split between company revenue and regulatory capital value.
The RCV mechanism allows a rate of return on capital employed, with adjustments
to RCV for capital asset enhancements. Companies are incentivised to minimise
totex in the most effective way as possible, regardless of whether the best solution
is capex or opex based.

In outcomes approach water companies, in consultation with their customers,
propose outcomes rather than presenting scheme-by-scheme outputs in their
business plan (First Economics, 2015). Outcomes are supposed to be longer lived
than outputs. Extending outcomes beyond the five-year regulatory cycle means
companies are have longer to deliver a series of pre-defined outputs. Instead,
regardless of the balance between capital and operational expenditure, companies
are expected to be rewarded for delivering the long-term outcomes desired by their
customers (Turner and Townsend, 2013). The outcomes and totex approaches
are intended to provide more flexibility to water companies without worrying about
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preferential treatment of one type of expenditure over the other and keeping scope
for outperformance even greater.

Whether these approaches facilitate or cause difficulties to innovation is not known
and also not being addressed in the past studies as both the approaches are
introduced recently in PR14 (AMP6). The notion embedded in totex and outcomes is
to focus on whole-life value and what customers want rather than outputs set by the
regulators. The outcomes approach, possibly, reduce the culture of dependency on
regulators and creates a dynamic, customer-oriented business and is much more
likely to stimulate innovation considering medium to longer terms benefits to
customers, businesses and the environment. However, there are concerns about
outcomes’ setting and measuring the progress of outcomes through AMPs. At the
onset of the approach, concerns were raised about the clarity of areas where
incentives complement, reinforce or contradict to one another (Ofwat, 2012b).
Another difficulty is about regulator’s ability to define optimal outcomes when the
economic regulator wants companies to have incentives to make the best use of
scarce water resources and create incentives for its efficient and innovative
operation to achieve outcomes. A criticism to the approach is whether the approach
really captures what customers want and value, and how the approach influences
medium (5 to 10 years) and longer terms (more than 10 years) innovation in the
water industry? Measuring of outcomes in AMPs is not straightforward when
compared to outputs. It is not easy to measure outcomes precisely (UKRN, 2015) in
order to know whether companies are really delivering their commitments on
outcomes. Other important questions relevant to these approaches in context of
innovation are how accurately water companies know their assets and how precisely
they understand their operations and what database, and how accurately we can
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rely on assets performance information. It is not only about compartmentalisation of
the money on the assets; it is also about behavioural changes of creating a culture
that focuses long term improvements by generating value based solutions taking
into account longer-term investment, procurement practices, maintenance practices,
asset monitoring, asset performance recording, collaboration, clarity on demands,
sector’s challenges, standardisation, information-sharing and longer-term research
and development objectives.

Another change in AMP6 is introducing different level of scrutiny to companies’
business plan. Ofwat assigned one of the three processes to a company business
plan: enhanced, standard or resubmission, which determines the level of scrutiny
and challenge by the economic regulator (Ofwat). Each company scored within one
of the above three categories which determines procedural, reputational and
financial benefits. An enhanced rating was assigned to those business plans which
pass all tests. Standard rating to those that fail at least one test but still a good
quality and have no serious shortcomings. A resubmission rating was assigned to
those plans where there were serious weaknesses. A resubmission receives the
most intense scrutiny and challenges, and the company has to resubmit the plan to
Ofwat (Ofwat, 2012a; Ofwat, 2013; Pinsent Masons, 2014). This risk-based
regulation means water companies are likely to face reduced regulatory control, but
at the same time take greater responsibility for managing their business plans.
Boards of water companies now have greater ownership and accountability for their
business plans, and how well the company delivers the plan against the proposed
outcomes (Pinsent Masons, 2014). Water companies now have more flexibility to
innovate and introducing efficiency measures to secure cost savings; however,
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penalties for failure to comply with regulatory requirements are also higher along
with reputational risks.

Key Challenges and their Implication for Innovation
The water sector faces well-known challenges, some of which are new or at least
recently acknowledged. Some of these can be described as the resilience of
infrastructure, carbon reduction, improving the quality of the aquatic environment,
promote biodiversity, attract investments, increasing bills and increased customers
expectations (UKWIR, 2011). Ofwat (2012a; 2017b) acknowledged that all
stakeholders in the water sector have recognised that the challenges ahead are
different in nature and scale to what has been experienced before. More specifically,
climate change, weather volatility, population growth, higher environmental
standards and increased customer expectations mean a need for finding
innovative ways of delivering water and sewerage services against a very real and
present backdrop of difficulties with some customers to afford bills and regulatory
pressure of not increasing customers’ bills.

However, the annual customer bills in the UK have risen from an average of £64 to
£376 since 2001 (The Telegraph, 2012). These bills have risen by 40% in real terms
after privatisation, even though the industry has become more efficient (National
Audit Office, 2015). A 7.3% population growth is expected in England and Wales by
2025, and an average rise of 2°C temperature in south-east England by 2040 has
been projected by the UK Climate Projections (UKCP09) which poses the risk of
flooding and drought (PwC, 2016). England has already been experienced drought
over the last 40 years (Environment Agency, 2012a). An analysis carried out by Met
Office predicts that the UK might have severe short-term drought once in every
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decade similar to the drought experienced in 1975-76 (Burke et al., 2010). Rahiz
and New (2013) predict the occurrence of long and intense droughts at the same
time in more regions, which could affect the extent of sharing water across regions
against drought. Lord Smith states that the UK must become more resilient to both
flood and drought (Environment Agency, 2012b). Boscheck et al. (2013) critically
commented that current regulatory arrangements would not be able to respond to
the sector’s future challenges of climate change and population growth.

The Technology Strategy Board (TSB) highlighted challenges as well as
opportunities in flooding, water scarcity, water quality, sector’s energy consumption
and greenhouse gas emissions (Department of Business Innovation and Skills,
2011a). The Water Sector Innovation Leadership Group (2011) also highlighted the
water sector’s challenges that affect the sustainability of water and wastewater
services over the longer term. The water sector’s other challenges are unpredictable
climate, economic uncertainty, rising environmental standards and increasing
demand for energy (Ofwat, 2017b). The industry needs to respond to these
challenges for securing water supply and wastewater effluent quality for future
growth without failure to meet higher standards, and also for the continuing
environmental improvements more efficiently than ever before (Bridgeman, 2011).
Water companies, being the largest stakeholder group in terms of managing water
and sewerage services, need to know in-depth how their water and wastewater
networks perform, and how their networks interface with other drainage systems.
Flooding from surface water is complex and has a combined effect of the flooding
from water courses, overland flow, sewers and groundwater infiltration. Considering
the growing pressures on water and wastewater infrastructure in terms of its
capacity to accommodate additional flows due to weather uncertainties, a precise
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understanding of risk and the benefits of providing integrated solutions taking into
account flooding from various sources with improved modelling is needed, which
provides a number of innovation opportunities in optimisation of networks and
existing storage facilities within the network. Moreover, the integration of strategic
plans such as surface water management plans, flood risk management plans, local
flood risk management strategies and catchment-based flood management, through
combined modelling, can provide a more accurate understanding and analysis of
resilient

networks.

Other

innovation

opportunities

are

in

the

real

time

understanding and controlling of networks to reduce the impact of asset failure on
services, controlling strategic water networks to manage water supply demand in
real time, improving operational practices and management procedures to reduce
the likelihood and impacts of the loss of supply for customers, employing intelligent
assets and non-intrusive maintenance techniques to minimise disruption to
customers, wastewater treatment compliance with zero environmental pollution
incidents etc. A number of areas for innovation (Water Sector Innovation Leadership
Group, 2011) are listed in Appendix P. These opportunities need development of
new technologies and their adoption in the water companies to deal with sector’s
various challenges.

Some of the key challenges are discussed in detail in forthcoming paragraphs to
highlight the magnitude of challenges and their impact which justify the need for
increasing innovation in the UK water sector.

Supply-Demand Deficit
Climate change influences water resource planning, water and sewerage services,
energy consumption in pumping and treatment, chemical usage and flooding from
various sources (Bridgeman, 2011). A change in rainfall intensity and duration has
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consequences on the availability of water (water resource planning) and the
management of surplus water (flood alleviation). In England and Wales the river
water flows might reduce up to 15% by the year 2050, predominantly in South East
England where about 15% of water resources are in severely water-stressed
classification zones (Cave and Wright, 2010). Measures to reduce groundwater
pollution and likely restrictions on groundwater and river water abstraction will
further decrease the availability of water up to 2500 million litres per day by the year
2030 which is equivalent to 15% of supply in England and Wales (Bridgeman,
2011).

The population of England is also anticipated to increase by 15% by 2030 (Figure B4), with the largest increases in the areas with least water availability (Cave and
Wright, 2010).
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Figure B-4: Projected increase in the population in England and Wales (Cave,
2009a)
Cave and Wright (2010) pointed out that increased demand and lower supply
compel the water industry to explore new and more efficient approaches to allocate,
treat and use water and recycle wastewater to ensure sufficient water availability for
future and adequate protection to the natural environment. The water industry needs
new technology and new ways of working to improve resources efficiency and use
of available supplies as efficiently as possible. Harris et al. (2014) highlighted a need
for changing the approach of making decisions on longer-term water resourcing as
augmenting of the resilience of water resources to climate change on a catchment
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scale requires precise modelling and the robustness of the method with which the
results can be used to make adaptation decisions.

The water demand-supply concerns can be best resolved through addressing the
issues via a ‘twin-track approach’ (HoLSTC, 2006, p.367), where demand-side
solutions should be considered with supply-side solutions. The demand side solution
includes a reduction in water demand at source through its efficient use such as the
installation of water-efficient domestic appliances, use of low flush toilets, metering
of domestic water supplies and a change in water-using behaviour. Supply-side
solutions, on the other end, may include leakage control, new reservoirs,
groundwater recharge and wastewater recycling and reuse.

Butler and Memon (2006) suggested measures of raising prices and promoting
water conservation practices offered by technological changes. There is no real
effective incentive for encouraging widespread adoption of technology-driven
demand management practices and changing water-using behaviour (Mitchell and
McDonald, 2015). An empirical study by Corral-Verdugo et al. (2003) on
environmental beliefs and water conservation behaviour found that an individual’s
environmental beliefs significantly influence water consumption behaviour, and
individual’s general beliefs also affect environmental behaviour although this relation
is mediated by specific beliefs. A study by Stewart et al., (2013) showed that
behaviourally influenced water consumption is complicated and does not happen by
technology alone. A sustainable change in habitual behaviour is also not easy to
achieve and may include many forms of measures to promote water conservation,
such as pricing, informative billing system, water saving appliances, government
rebates and water conservation campaigns. Queensland Water Commission (2010),
cited in Fielding et al. (2013), highlighted that a less extreme water conservation
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campaign may change water-using behaviour and can deliver demand reductions.
The psychology surrounding water conservation behaviour and perception of
consumers to perform that behaviour needs to be more fully understood (Syme et
al., 2000) which shows an enormous scope in increasing the behavioural and
technology related innovation in demand side water management.

Legacy Assets and Water Leakage
Ageing water infrastructure network is a key concern of the water industry
(Department of Business Innovation and Skills, 2013). The water infrastructure
includes over 347,500km of pipes length, and many of those pipes are very old. For
example, in the London area, 45% of water pipes are over 100 years old, and 30%
of pipes are over 150 years old (Bridgeman, 2011). About 21% of all water supplied
in England and Wales is lost through leakage in spite of successes made in
controlling leakage (Balmer, 2012). The Department of Business Innovation and
Skills made a specific reference that some water companies are facing losses of
treated water up to 27% due to poor water pipes condition in their water supply
network (Department of Business Innovation and Skills, 2013). Ofwat sets stringent
leakage control targets for water companies to address the issue of leakage.
However, it is also true that tougher action on water leakage would mean higher bills
to customers (Department of Business Innovation and Skills, 2013). Bridgeman
(2011) highlighted difficulties in achieving further significant leakage reductions
without major investment. In addition to investment, tackling leakage requires
researching novel technology in the area of leakage control, identifying solutions for
managing out of date networks and efficient fixing of leakage with minimal disruption
to road traffic and the public. This includes reducing leakage to a sustainable
economic level through innovative, intelligent and leak proof water network
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techniques which offer improved operational and capital efficiencies; developing and
adopting new technologies which can provide an accurate leakage detection and its
quantification; developing non-intrusive leakage repair techniques to reduce service
disruption; and developing techniques that allow water supply network control and
pressure management in real-time control in the network operation (Water Sector
Innovation Leadership Group, 2011). New innovative technologies are needed that
can offer ways to identify small leakage accurately at an affordable cost and at the
same time can repair the water mains with minimum disruption to customers.

Water Affordability
A recent study by Ofwat reveals that in England and Wales, 24% of households
spend more than 3%, while 11% of households pay out more than 5% of their
income on water (Ofwat, 2015b). The data also reveal that the total level of revenue
outstanding from customers’ unpaid bills has increased from £1.9 billion to £2.2
billion in the four years between 2010/11 and 2014/15. This is an increase of about
17% over four years (Ofwat, 2015b). The bad debt means fewer funds would be
available for water companies.

The government policy for helping water companies tackle affordability is by
introducing social tariffs. A water company can include social tariffs in their charging
system under section 44 of the Flood and Water Management Act 2010 (Flood and
Water Management Act, 2010). Following the Act and a consultation, DEFRA has
issued guidance to facilitate water companies to develop social tariffs to moderate
water charges to those customers who are not able to afford their water bills
(DEFRA, 2012a). This enables water companies to decrease water bills for those
who are at a higher risk of affordability. Most of the water companies have payment
support schemes, such as social tariffs i.e. special rates for people on low income or
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receiving specific benefits (Water UK, 2015b). While about one-quarter of
households are facing an affordability problem, social tariffs are benefiting very few
customers (Kenway and Tinson, 2015). Moreover, the reduction in water prices
could increase the quantity of water demanded, limiting investment in water
infrastructure and innovation (Renzetti et al., 2015).

The water charge system requires incentivising customers in the efficient use of
water. In the rational economic model discussed in Chapter Two, Simon (1955)
argues that consumers make decisions by calculating the individual costs and
benefits of different courses of actions, and choosing the options that maximise their
expected net benefits. Metering of water supply is often considered a demand
management tool, but the majority of water consumers in England and Wales
choose metered supply when they think they are low water users (Mitchell and
McDonald, 2015). If companies rely on individuals to opt for metered water supply
when it makes financial sense to them, then the transition from unmetered to the
metered water supply would be expensive. In 2013-14, unmetered bills were higher
on an average by 17% (Kenway and Tinson, 2015). Walker (2009) suggested
charging of water by volume of water used (metering of water supply) is an effective
approach to incentivising the efficient use of water, but water meters also have
additional costs. The countries with a high rate of metering sometimes use an
inclining block tariff where a low or zero price is charged for an initial block of
essential water use and higher prices for subsequent blocks to discourage wasteful
use of water (Worthington and Hoffman, 2008; Crase et al., 2007; Herrington, 2007).
There is a huge scope in exploiting environmental application in smart meter
including collection and analysis of consumption data (Marvin et al., 1999) and using
of differential tariff rates to modify the demand.
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Resilience
There is a growing need of innovation in making assets more resilient against
extreme weather changes (Ofwat, 2017b). A comprehensive review on the flooding
emergency which occurred in June and July 2007 highlighted a need for radical
change in the quality of flood warnings through a closer collaboration between Met
Office and the EA and improved hydraulic modelling of flooding from various
sources (Pitt, 2008). The review was focused on flood risk management, the
resilience and vulnerability of critical infrastructure, the emergency response,
emergency planning and the recovery. The Flood and Water Management Act
implemented the review’s recommendations of legislation, flood warning, flood risk
reduction, emergency response, protecting essential services, better education and
speed recovery. However, there are still concerns around managing extreme events
without providing necessary attention to emerging widespread understanding of
sustainability concepts into policy and practices (Brown et al., 2010). The Water
Sector Innovation Leadership Group (2011) highlighted the need for change in the
cultural and attitude towards sustainable drainage for reducing flooding by improving
operational integration with flood protection infrastructure and wastewater networks.
This includes real-time flood alert, operational responses to prevent or minimise the
impact of flooding incidents, developing alternative systems and operational
methodologies to maximise the use of the existing assets storage capacity in the
network.

Water Environment Quality
The Water Framework Directive (WFD) provides a holistic approach to the
management of water environment quality and provides a system for the protection
and improvement of all aspects of the water environment including rivers, lakes,
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estuaries, coastal waters and groundwater. Some good progress has been made in
improving water environment quality, since privatisation, largely due to stringent EU
regulations and immense capital investment to prevent environmental deterioration
(Cashman, 2006).The percentage of river length of good chemical quality in England
rose from 55 to 79 per cent, while the percentage of river length of good biological
quality went up from 55 to 72 per cent since the privatisation of the water industry
(DEFRA, 2011). Burgess et al. (2000) highlighted, previously, a higher
improvement in chemical quality compared to the biological quality of water.
The improvement achieved in the river water quality so far came largely through
tackling point sources of pollution such as discharge from sewage treatment works
or from industrial processes (DEFRA, 2011; Gozzard et al., 2011). Now, there are
tougher challenges to focus on the pollution from diffuse sources such as from
roads, farms, industrial estates that wash down into watercourses. Innovative
approaches are needed to find out new ways to stop pollution at the source
which would be much cheaper than a WaSC providing an end of pipe treatment
before discharging effluent into a water body.

The chemical quality of the water is much improved compared to the
biological quality in most of the river stretches in the UK. This means the water
quality in the river, for instance, comply with restrictions on ammonia and BOD5;
however, the ecology is not considered as good as the chemical quality of the water
in rivers. Discharge consents are given as numeric targets, usually expressed as
concentrations of oxygen demand and other key chemical substances (Burgess, et
al., 2000). The ultimate aim of the UK aquatic environment is compliance with
narrative targets associated with use-based quality targets and objectives. The
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numeric targets are not heading towards the narrative targets being met which
resulted in poor river ecology (Burgess et al., 2000; UK Rivers Network, 2012).

Increasing Energy Demand and Carbon Emission
The UK Department of Business Innovation and Skills (2013) refers to a survey
undertaken by Black and Veatch in 2012 that highlighted energy costs in England
and Wales as a portion of operating costs have increased significantly. UKWIR
(2002b), cited in Cave (2009a), highlighted four times expected increase in the
energy uses and greenhouse gas emissions by 2030 if the water industry continues
to use present technology to meet the quality standards of the WFD. There is a
considerable uncertainty over fossil fuel resources in the mid to long-term which will
affect energy security and relative energy costs (Allen et al., 2008). Currently,
energy consumption has a proportional relationship with the carbon emissions.
Caffoor (2010) highlighted that no single statutory carbon target is in place specific
to the water industry, and the vision for a low-carbon water industry is mainly a
response to environmental, social and corporate targets. The Committee on Climate
Change (2008) mentioned, at a broad level, the government target for carbon
dioxide emissions is to achieve 80% below the 1990 levels by 2050. The water
industry ranks as the fourth largest energy demanding sector in the UK
(Parliamentary Office of Science and Technology, 2007). The Environmental
Knowledge Transfer Network (EKTN) also highlighted the concern over postprivatisation increase in energy for some water companies of 60%, with cautious
estimates expecting a further rise of 60–100% over the next fifteen years in order to
comply with various legislative requirements such as the bathing waters, the urban
wastewater treatment and the shellfish water standards (EKTN, 2008). Measures to
control leakage and water demand reduction may reduce the energy demand of
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clean water production, but the energy use in wastewater treatment is anticipated to
rise should water companies continue to use the conventional treatment techniques
and practices to comply with effluent quality discharge standards (Bridgeman,
2011). Caffoor (2010) suggested pump optimisation, low frictional linings, resources
optimisation, pressure reduction and energy recovery through small-scale hydro in
pumped networks. A paradigm change is needed to reduce energy uses and carbon
emission by considering the supply of water and wastewater and its treatment
holistically. There is a need for identifying sustainable alternatives such as wind
energy, pump optimisation techniques and energy recovery from wastewater to
reduce energy consumption.

Summary
The literature reviewed in this appendix support the underpinning of the conceptual
framework for including elements related to the water sector’s regulatory
environment and the sector’s characteristics in the next chapter. The review
highlighted that innovation is driven by the economic regulator through efficiency
measures which mainly rely on rigorous comparative efficiency assessment. The EA
and the DWI drive innovation through setting higher quality standards. The review of
literature also included discussion on key challenges of the water sector which drive
WaSCs and their supply chain to innovate for providing resilient services to their
customers in a heavily regulated environment.
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Appendix C. History of the UK Water Industry
The Towns Act 1388 was the first act to address concerns relating to the pollution of
rivers due to the disposal of waste into rivers. The Act aimed to improve public health
through pollution control and laid the foundation of today’s water industry. The Public
Health Act 1848 is considered another milestone by public health historians for asset
management practices in the water industry (Bridgeman, 2011). From the nineteenth
century onwards water services were provided by local authorities in various forms such
as running their own water companies, others with big inter-municipal operators and a
few private companies were providing water only services under a cap of maximum 5%
profit (Bridgeman, 2011). Nineteenth-century schemes were funded by both private and
public sources. Most of the sewerage and drainage schemes, such as the scheme of
providing drainage to London city by Bazalgette, were implemented from public funds.
Water resource schemes were mainly sourced from private funds. A number of small
publicly and privately funded water and sewerage service providers appeared in the
19th and 20th centuries (Hassan, 1998).

Before 1974, the industry was highly fragmented. Water and sewerage services were
generally operated at the municipal level, and rivers were controlled by local river boards
(Howard, 1989). The Water Act 1973 led to the formation of ten Regional Water
Authorities (RWAs) in England and Wales (Bridgeman, 2011). These RWAs were not
accountable to the local authorities as they were appointed by the national government.
RWAs were responsible for providing water supply, sanitation and water quality in river
basin areas (CST, 2009).This act merged operational and administrative functioning of
numerous sewerage agencies and water supply authorities and forced RWAs to regard
river basin management holistically. This resulted in the betterment of river water quality
through improved standards and governance (Bridgeman, 2011).
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The implementation of ever more demanding European legislation, such as EU Water
Framework Directive (WFD), led the requirements for a larger capital investment and
revenue for the RWAs which was not possible to provide from the annual budget set by
the government. Consequently, the government decided to look into alternative models
for providing water and sewerage services. In 1986, the Department of the Environment
(DOE) published a discussion “White Paper” on the privatisation of ten RWAs (CST,
2009). This subsequently resulted in the 1989 Water Act and privatisation of the water
industry (Bridgeman, 2011). The underlying beliefs were that private ownership would
provide a better value for money to customers and make new technologies available
more quickly than state ownership supply (Vickers and Yarrow, 1988). The privatisation
of other utilities such as gas, electricity and telecommunication was also happening
around the same time in the UK, so this move was not uncommon.

The privatisation of the water industry led to the formation of ten Water and Sewerage
Companies (WaSCs) in addition to the pre-existing water supply only companies. The
WaSCs were responsible for providing water and wastewater services under economic
and the quality regulators. The Office of Water Services, now known as Water Services
Regulatory Authority (Ofwat), was accountable for the economic regulation, and control
on quality of drinking water became the responsibility of Drinking Water Inspectorate
(DWI). The National Rivers Authority (NRA) became responsible for controlling effluent
discharges to rivers and water resources affairs (Hassan, 1998). Under the
Environmental Act 1995, a new regulatory authority, the Environment Agency (EA), was
formed in 1996 which subsumed the National Rivers Authority with the accountability of
improving and protecting the natural environment in England and Wales (Bridgeman,
2011).

379

Appendix D. Economic and Quality Regulations
Economic Regulation
Water companies, in England and Wales, are operating under a long-term licence,
granted by the Secretary of State for the Environment, Food and Rural Affairs, with
financing arrangements driven by an incentive-based mechanism of price cap
regulation (Littlechild, 1988). Ofwat is responsible for ensuring that water companies
provide customers with a good quality and efficient services at a fair price
(Cashman, 2006). Price limits are set at every five-year on the basis of a formula
RPI +/- K. RPI represents the retail price index, and K is the amount by which water
companies can adjust their prices to the customers compared with inflation
(Wackerbauer, 2008). An upper limit on price increases, set by the economic
regulator, enables an efficient water company to get sufficient revenue to allow
financing of its operations (Glynn, 1992; Bakker, 2003b).

The Regulatory Asset Base (RAB) model, introduced by Ofwat in 1992 (Bolt, 2014),
captures the amount of finance raised from debt and equity investors. The
regulatory principles allow efficient companies to earn a reasonable return on the
RAB; the economic regulator makes a commitment to investors that water
companies can earn revenue from customers to recover efficiently incurred
investment and an allowed return on the investment (Frontier Economics, 2013).
This is achieved principally through the RAB which is also known as the Regulatory
Capital Value (RCV). For breaking a direct link between costs and revenues,
Shleifer (1985) proposed comparing of regulated company’s cost with the costs of
an efficient company in the sector. This approach links costs of the regulated
company with comparators and provides high-powered incentives similar to
competitive market. The approach of judging a regulated company’s performance
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against relevant efficient comparators (benchmark) has been applied in the UK
water sector (Dassler et al., 2006).

AMP6 is covering a period from 2015 to 2020 with a total expected spend of more
than £44bn (National Audit Office, 2015). In such a large program, it is crucial to
find an appropriate level of the price control which continues to incentivise
innovation and investment in the research and development in the benefit of
customers and the environment.

In addition to economic regulation, water companies are also regulated by quality
regulations that cover regulation related to drinking water quality, wastewater quality
and environmental improvement. Spiller et al. (2015) highlighted that regulations in
respect of drinking water or environment stimulate innovation. Many regulations are
derived from European Union Directives such as drinking water, urban wastewater
treatment and groundwater protection. Some of the key water quality and
environmental regulations are described in following paragraphs.

European Union Water Framework Directive
European Union (EU) legislation, in particular, the WFD introduced in December
2000, was enacted into the UK law in 2003. The objectives of WFD are to improve
the status and prevent further deterioration of aquatic ecosystems and associated
wetlands that depend on the aquatic ecosystems, promote sustainability in using
water and ensure a progressive reduction of groundwater pollution (CST, 2009). The
WFD set up a strategic approach to managing the water environment in European
Union member states. This includes ways to set up environmental objectives for the
water bodies, groundwater and wetlands within the European Union, meeting the
standards and objectives in place for the protected areas and the execution of
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programmes to fulfil set objectives. For each water body, such as a stretch of a river,
coastline, lake, groundwater body, objectives and outline of programmes of
measures to achieve set objectives are in place through the River Basin
Management Plans (RBMPs) under the WFD. For example, in the surface water
area, the WFD objectives include prevention of deterioration of surface water
quality, achieving good ecological status, good chemical status, reducing emissions,
reducing discharges and meeting protected area objectives. For groundwater, the
WFD objectives include prevention of deterioration of water quality status, achieving
good quantitative status, achieving good chemical status and prevent or limit the
input of pollutants. This means that the WFD presents a risk-based framework for
protecting the aquatic environment allowing a flexible approach to regulation with a
good level of environmental protection (DEFRA, 2012b).

UK Water Act 2014
The Water Act 2014 received Royal Assent on 14 May 2014. It amended the Water
Industry Act 1991 and introduced changes to other legislation. The act aims to
reform the water industry to be more responsive to customers and increase the
resilience of water supplies. Another purpose is to outline the approaches to
address the availability and affordability of insurance for those households which are
at high flood risk and make sure a smooth transition to free market over the longer
term. The act’s main features (The National Archives, 2014), which provide a
number of innovation opportunities, are:

i.

Enabling all business, charity and public sector customers in England to
switch their water and sewerage supplier,

ii.

Establishing a cross-border arrangement with Scotland,

iii.

Enabling businesses to provide new sources of water or sewerage
treatment services,
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iv.

Developing a national water supply network by making it easier for water
companies to buy and sell water from each other,

v.

Enabling owners of small-scale water storage to sell excess water into
the public supply,

vi.

Enabling government to set the level to which a water company needs to
plan to cope with droughts,

vii.

Improving the regulations relating to merger of water sewage
undertakers,

viii.

Providing Ofwat with a new overarching duty to take greater account of
long-term resilience and changes to improve economic regulation in the
water industry.

The Act presents additional measures to restore the sustainable abstraction of
water, improving the approach to managing water resource management and
drought planning, providing powers to streamline the environmental permitting
framework which enables operators to apply for a single rather than multiple permits
with the inclusion of licensing schemes for water abstraction, flood defence
consents, encouraging the use of sustainable drainage by clarifying that building
and maintenance could be a function of sewerage undertakers, reducing the
bureaucracy relating to the governance of Internal Drainage Boards and transferring
the responsibility of maintaining main river maps to the EA and the Natural
Resources for Wales (The National Archives, 2014). The Act also introduces an
approach to the approval and adoption of the sustainable drainage system for a
development which has drainage implications: a planning condition compels the
installation of the sustainable drainage system and to ensure the maintenance of
that system for the lifetime of the development.

A new primary duty ‘resilience objective’ has been imposed on the economic
regulator. This means securing the long-term resilience of water supply and
383

sewerage systems, promoting long-term planning and investment, taking measures
to manage water resources sustainably and to increase efficiency in the use of
water and reducing demand for water.

Water Quality Regulations
The 1998 European Drinking Water Directive is the main legislation that lays down
standards for drinking water quality. The Directive was put into practice for the public
water supplies by the Water Supply (Water Quality) Regulations 2000 and includes
the water quality standards of the Directive accompanied by national standards.
Water companies, under regulations, are required to employ a risk-based approach
following the World Health Organisation (WHO) Guidelines for Drinking Water
Quality (DEFRA, 2012b). The overall quality of drinking water has been improved
since privatisation but at a higher cost to customers and higher returns on private
capital (Dore et al., 2004).

Under the WFD, the EA has an obligation to designate all water bodies (surface
water and groundwater) from which water is abstracted or expected to be abstracted
for public consumption in excess of 10 m3 in a day as an average or serve more
than 50 persons as the area of Drinking Water Protected Areas (DWPAs). The WFD
also specifies the requirements for implementing measures of protecting raw water
quality from pollution due to human activities in the DWPAs to reduce the level of
treatment of raw water. Water companies are required to forecast water demand for
the next twenty-five years considering population growth and additional demand due
to climate change. The Water Industry Act (WIA) 1991, as amended by the Water
Act 2003, stipulates the requirements for the water resources planning which
requires water companies to prepare, consult and adopt a Water Resources
Management Plan (WRMP). The aim of the WRMP is to detail how a water
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company is going to manage water resources to meet obligations of supplying safe
potable water to domestic and non-domestic customers. The process for preparing
the plan is stipulated in section 37B of the WIA 1991 as amended by the Water Act
2003 and in WRMP Regulations 2007 (DEFRA, 2012b).

Water companies should consider the Water Resource Planning Guideline when
completing their WRMP taking into account the sustainability recommended by the
EA along with the water resources supply-demand balancing in their business plan
proposal. Water companies have a statutory responsibility of promoting the efficient
use of water by customers (section 93A of the WIA 1991), and water conservation
(Section 3(2) of the WIA 1991), considering the appropriateness of water
conservation as a public authority (Section 83 of the Water Act 2003). Water
companies must draft, consult and adopt a drought plan that describes how the
company is going to meet its obligations under part III of the WIA 1991, to provide
adequate quantities of wholesome water during drought time (Section 39B of the
WIA 1991). Water companies must abide by legislation on temporary restrictions
stipulated in the Floods and Water Management Act 2010. The Drought Plan
Direction 2011 stipulates additional provisions of the plan comprising the
management structure to deal with a drought, the drought orders or permits that
may be required and the liaison which will be required for such orders or permits
(DEFRA, 2012b).

Environmental Regulation
The Urban Waste Water Treatment Directive (UWWTD) implemented by the Urban
Waste Water Treatment Regulations 1994 protects the environment from any
potential harmful effects of urban wastewater discharges into the natural
environment. These should be grasped with the general obligation of providing,
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improving and extending the wastewater system as stipulated in Section 94 of the
Water Industry Act 1991 (DEFRA, 2012b). Burgess et al. (2000, p.37) describe
“under Section 7 of the UK Environmental Protection Act 1990, any individual or
company that discharges effluent is bound to use the best available technique not
entailing an excessive cost to render harmless any materials released into the
environment. In addition, it is an offence under Section 85 of the Water Resources
Act, 1991 to cause or knowingly permit any poisonous, noxious or polluting matter or
any solid waste matter to enter controlled waters. The exceptions to these rules are
discharges made into receiving water body with an authorisation or consent by the
relevant authority.” The Bathing Water Directive, implemented by the Bathing Water
Regulations 2008, protects the health of bathers and maintains aesthetic quality at
identified bathing waters locations (DEFRA, 2012b).

Ofgem Innovation Funding Incentive
Ofgem employed innovation funding incentive and has three funds set aside for
innovation. First, Network Innovation Allowance (NIA): the NIA is a set allowance
that each of the RIIO (Revenue=Incentives + Innovation + Outputs) network
licensees will receive to fund smaller scale innovative schemes and are part of their
price control settlement. Second, Network Innovation Competition (NIC): the NIC is
an annual competition for funding larger more complex schemes which have the
potential to deliver low-carbon and wider environmental benefits to consumers.
Third, Innovation Roll-out Mechanism (IRM): the IRM is a revenue adjustment
mechanism which enables companies to apply for additional funding within the price
control period for the roll-out of initiatives with demonstrable cost-effective lowcarbon and environmental benefits. The stimulus programme overall has seen a
number of successful projects developed by networks (UKRN, 2015).
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Appendix E. Interpretive Framework
Interpretive Framework (Denzin and Lincoln, 2011) (adapted from Guba and
Lincoln, 2005)
Positivism
Realist
“hard
science”
researcher

Postpositivism
Modified form of
positivism

Critical Theory
et al.
Create changes,
to the benefit of
those oppressed
by power

Constructivism
Gain understanding
by
interpreting
subject perceptions

Ontology
The worldview
and
assumptions in
which
researchers
operate in the
search for new
knowledge
(Schwandt,
2007, p.190).
What is the
nature
of
reality?
(Creswell,
2013b).

Realist: Belief in
a
single
identifiable
reality. There is
a single truth
and
can
be
measured and
studied.
The
purpose
of
research is to
predict
and
control
nature
(Guba
and
Lincoln,
2005;
Merriam, 1991;
Merriam et al.,
2007).

Critical Realism:
Recognise that
nature
can
never fully be
understood.
There is a single
reality, but we
may not be able
to
fully
understand what
it is or how to
get to it because
of
hidden
variables and a
lack
of
absolutes
in
nature
(Guba
and
Lincoln,
2005; Merriam,
1991; Merriam
et al., 2007).

Human
nature
operates in a
world
that
is
based
on
a
struggle
for
power. This leads
to interactions of
privilege
and
oppression
that
can be based on
race or ethnicity,
socioeconomic
class,
gender,
mental or sexual
preference
(Giroux, 2001).

Relativist: Reality
exists in the form of
multiple
mental
constructions,
socially
and
experimentally
based, local and
specific, dependent
for their form and
content
on
the
persons who hold
them (Guba, 1990,
p.27).

Epistemology
The process of
thinking. The
relationship
between what
we know and
what we see

Belief in total
objectivity.
There
is
no
reason
to
interact
with
who or what
researcher
study.
The
researcher
should
value
only
scientific
rigour and not
its impact on
society
or
research subject
(Guba
and
Lincoln,
2005;
Merriam, 1991;
Merriam et al.,
2007).

Assume we can
only
approximate
nature.
Interaction with
research
subjects should
be kept to a
minimum. The
validity
of
research comes
from
peers
(research
community), not
from the subject
being
studied
(Guba
and
Lincoln,
2005;
Merriam,
1991;Merriam et

Research
is
driven
by
the
study of social
structures,
freedom
and
oppression, and
power
and
control.
Researcher
believes that the
knowledge that is
produced
can
change existing
oppressive
structures
and
remove
oppression
through
empowerment
(Merriam, 1991).

The philosophical
beliefs that people
construct their own
understanding
of
reality; we construct
meaning based on
our interaction with
our
surroundings
(Guba and Lincoln,
1985).
Social reality is a
construction based
upon the actor’s
frame of reference
within the setting
Findings are due to
the
interaction
between researcher
and the subject.
This means we are
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al.,2007).

shaped by our lived
experiences,
and
these will always
come out in the
knowledge
we
generate
as
researchers and in
the data generated
by our subjects.

Methodology
The process of
how we seek
out
knowledge.
The principles
of our inquiry
and
how
inquiry should
proceed
(Schwandt,
2007, p.190).

Belief in the
scientific
method.
Value
data
produced
by
studies that can
be
replicated
(Merriam, 1991).

Use of statistics
is important to
visually interpret
findings.
Belief
in
scientific
method.
Research is the
effort to create
new knowledge,
seek
scientific
discovery.

Dialogic
/
Dialectical (Guba
and
Lincoln,
2005).

Hermeneutic,
dialectic: Individual
constructions
are
elicited and refined
hermeneutically,
and compared and
contrasted
dialectically,
with
aim of generating
one or a few
constructions
on
which
there
is
substantial
consensus (Guba,
1990, p.27).

Inquiry aim

Research
should
be
geared towards
the
prediction
and control of
natural
phenomena.

Researcher
attempt to get
as close to the
answer
as
possible.

Aim of inquiry is
to find the social
structure in an
attempt
to
discover the truth
as it relates to
social
power
struggles
(
Merriam, 1991).

To understand and
interpret
through
meaning
of
phenomena
(obtained from joint
construction
/
reconstruction
of
meaning of lived
experience); such
understanding
is
sought to inform
praxis
(improved
practice)
An
approach
needed to fill in the
gaps
between
theory and practice.

Nature
of
knowledge

Hypothesis
is
verified as fact.

There
is
a
correct
single
truth, which may
have
multiple
hidden
values
and
variables
that
prevent
ever
fully
knowing
the
answer.

Knowledge
is
viewed
as
subjective,
emancipator, and
productive
of
fundamental
social
change
(Merriam,
1991,p.53).

The
constructed
meaning of actors
are the foundation
of knowledge

Knowledge
accumulation

Seek to find
cause and effect

Use
and

Knowledge
accumulation

More informed and
sophisticated

statistics
other
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is

How
does
knowledge
build on prior
knowledge to
develop
a
better
understanding
of the subject
or field? (Guba
and
Lincoln,
2005)

linkages
that
can build into a
better
understanding
of the subject or
field (Merriam,
1991).

techniques
to
get as close as
possible
to
reality. Although
it can never be
attained,
approximation of
reality can be
made to develop
further
understanding.

based
on
historical
perspective and
revision of how
history is viewed
so that it no
longer serves as
an oppressive tool
by those with
structural power
(Guba
and
Lincoln, 2005).

reconstruction;
vicarious
experience (Guba
and Lincoln, 2005,
p.196).

Goodness or
quality
criteria
How
researcher
judge
the
quality
of
inquiry (Guba
and
Lincoln,
2005)

Rigorous
produced
through
scientific
research.

data

Statistical
confidence level
and objectivity in
data produced
through inquiry.

The
value
is
found
in
the
erosion
of
unearned
privileges and its
ability to impart
action for the
creation of more
fair society (Guba
and
Lincoln,
2005).

Intersubjective
agreement
and
reasoning among
actors,
reached
through dialogue;
shared
conversation
and
construction.
Credibility,
transferability,
dependability, and
conformability
(Guba and Lincoln,
2005).

Inquirer
posture
The point of
view in which
the researcher
operates

Researcher
should remain
distant from the
change process
and should not
attempt
to
influence
decisions
(Guba
and
Lincoln, 2005).

Researchers are
removed
from
the process but
concerned
about its results
(Guba
and
Lincoln, 2005).

The
researcher
serves
as
an
activist and a
transformative
intellectual. The
researcher
understands
a
way of producing
a
fair
society
through
social
justice (Guba and
Lincoln,
2005;
Merriam, 1991).

A co-constructor of
knowledge,
understanding and
interpretation
of
meaning of lived
experiences (Guba
and Lincoln, 2005,
p. 196).

Generally, studies with mainly quantitative methods engage positivism paradigm
(Guba and Lincoln, 1994, p.109, Table 6.1). However, qualitative methods can also
be used in positivism paradigm when a quantitative approach is predominant
(Crossan, 2003). The research, engaging this paradigm, should be geared towards
explanation, prediction and control of natural phenomena and seek to find cause
and effect linkages (Merriam, 1991). The paradigm follows the ontological
assumption that reality is external and objective with a belief in a single identifiable
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reality (Guba and Lincoln, 2005; Merriam, 1991; Merriam et al., 2007). Positivism
worldview has epistemological belief that reality should be assessed objectively
without intuition, reflection, or sensation (Esterby-Smith et al., 2002). There is no
reason to interact with who or what researcher study. The researcher should value
only scientific rigour and not its impact on society or research subject (Guba and
Lincoln, 2005; Merriam, 1991; Merriam et al., 2007). Therefore, under positivism
worldview, the researcher remains independent of the research environment to
ensure unbiased results through mainly scientific method, and value data produced
by studies that can be replicated.

Constructivism paradigm, on the other side, is generally used in social sciences with
the aim of inquiry to understand and interpret through the meaning of phenomena
obtained from the joint construction of the meaning of lived experience which sought
to inform improved practice (Guba and Lincoln, 2005). The ontological assumption
for this paradigm is that realities exist in the form of multiple mental constructions
(Guba, 1990). Constructivism has epistemological assumption that people construct
their own understanding of reality (Guba and Lincoln, 1985). Inquirer and inquired
are fused into single entity and findings are the process of interaction between the
two (Guba, 1990), i.e. subjective co-created findings (Guba and Lincoln, 2005).
Constructivists believe that individuals search for understanding of the world in
which they live and work. Individuals develop subjective meanings about certain
objects or things from their experiences. These meanings are varied and multiple,
leading the researcher to look for the complexity of views. Constructivism has
potential limitation due to its subjective nature and use of mainly qualitative methods
(Angen, 2000) to discover the reality of research problem (Guba and Lincoln, 1994).
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Appendix F. Interview Guide
Innovation under AMP Regulation in the UK Water Sector

1. What is your understanding of the term Innovation and what does innovation
mean for your company?
2. In your opinion, what are the main opportunities for innovation in the water
sector?
3. In your opinion, what are the main barriers to innovation in the water sector?
4. Who or what have been the driving forces for innovation in a WaSC?
5. How does your company incorporate innovation developed by i) supply chain
ii) in-house)? Does the current level of innovation adoption meet future
needs?
6. In your opinion, which regulatory incentives encourage innovation adoption
and generation? Which incentives discourage innovation adoption and
generation? In particular, how does Outcomes, TOTEX and SDS
approaches impact innovation?
7. In your opinion, what regulatory changes could increase innovation adoption
and generation in a WaSC?
8. In your opinion, how does the current culture in the water sector influence
innovation?
9. Who has responsibility for taking laboratory-based R&D to full-scale
installation? And why?
10. Are there any non-regulatory incentives that impact on innovation? If so what
are they and how do they influence innovation?
11. From your perspective what is the trend in research and development
investment since privatisation and why might this be the case?
12. Does the water sector learn from past research and technology trials? Could
this be improved and if so how?

13.Any other issues/point you wish to highlight related to the subject area of
research?
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Appendix G. Questionnaire Form (Supply Chain)

Innovation under AMP
Thank you for completing this questionnaire which forms a part of an overarching study to
investigate innovation under the asset management plan (AMP) cycle. The study is
undertaken by Sanjay Kumar Chaturvedi, a PhD Researcher at Anglia Ruskin University.
You have been invited to take part in this study because of your experience in the water
sector. The questionnaire should take approximately 10 minutes to complete. All
information you provide will be made anonymous and treated as confidential. If you have
any problems completing the questionnaire or would like to see the final results of the
research, please send an email at Sanjay.Chaturvedi@student.anglia.ac.uk.
Online Survey link:

https://www.surveymonkey.com/s/DDMT8D6

An Annotated Glossary of Terms
AMP cycle: The water industry operates on five-yearly cycles called Asset Management Plan
(AMP) period.
DWI: Drinking Water Inspectorate ensures drinking water supplied by WaSC to customers is
acceptable.
EA: The Environment Agency controls the amount of water a WaSC is allowed to abstract from
the environment and the quality of water discharged into the environment.
Innovation: The creation, development and implementation of a new product, technology,
service, tariff design or process of production with aim of improving efficiency, effectiveness or
competitive advantage (Cave, 2009b).
UK water sector challenges examples: Water demand stress, flooding, sustainable drainage
system, sustainable water management, climate change, energy efficiency, population growth
etc.
WaSC: Water and Sewage Company
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1. Please tick the box appropriate to the main role of your organisation. Please tick
one or more boxes as applicable.
o

Supply Chain (an organization / association / manufacturer/ supplier/ individual
/consulting firm/ contractor who provides products / services/ surveys/ site investigation
/equipment/ M&E installation/ instrumentation/ civil work and so forth directly or indirectly
to a WaSC)

o

Developer Services (an organization / association /builder/ manufacturer/ supplier/
individual /Architect/ consulting firm in the field of planning and development of new
residential/ commercial sites)

o

Any other (Please specify)___________________________________________

2. Which are your organisation’s main targeting territories for business?
o

UK market

o

Overseas market

o

UK market and overseas market

3. Please tick the box most appropriate to the type of your business.
o

Manufacturer/supplier of Civil / M&E/ Instrumentation products

o

Consulting firm/ surveys/ site investigation/software/service provider

o

Contractor/ builder/developer

o

Freelance Architect/ consultant/planning consultant

o

Any other (Please specify)_____________________

4. How would you define the risks in innovation for the UK water sector?
o High risk
o

Moderate Risk

o

Low Risk

o

No Risk

o

I don’t Know

5. Answers to the following questions will help to understand reasons that influence
innovation generation in an innovating organisation. Based on your own
experience, please tick the relevant box on a scale of 1 to 5 where:
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1 – Strongly unfavourable/extremely negative (aspect acts as a strong barrier to generate
innovation)
2 – Unfavourable / negative (aspect acts as a weak barrier to generate innovation)
3 – No influence (aspect does not have any influence to generate innovation)
4 – Favourable/ positive (aspect acts as a weak enabler/helpful to generate innovation)
5 – Strongly Favourable/extremely positive (aspect acts as a strong enabler/very helpful
to generate innovation)
9 – Uncertain (Don’t Know)

5.1

Clarity to your organisation about WaSC requirements

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

to generate innovative product, services, technology,
equipment, process and solutions.
5.2

Clarity to your organisation about the UK water sector
demands to generate innovative product, services,
technology, equipment, process and solutions.

5.3

Certainty of business to your organisation from WaSC
directly or through a framework contract partner under
AMP cycle.

5.4

AMP cycle influence on your organisation’s capacity for
generating innovation for the UK water sector.

5.5

Quality Regulators (DWI, EA) approach for trial &
testing of new product, services, technology,
equipment, process and solutions.

5.6

Economic Regulator (Ofwat) incentives on R&D
(including trial & testing) for new product, services,
technology, equipment, process and solutions.

5.7

Current policies at the national level in respect of
incentives for research & development in the water
sector.

5.8

WaSC adoption of new product, services, technology,
equipment, process and solutions developed by
innovating organisation.
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5.9

Present approach to sharing innovation risks (for

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

1

2

3

4

5

9

example target cost contracts) between innovating
organisation and WaSC.
5.10

WaSC collaboration with innovating organisation on
trial and testing of new product, services, technology,
equipment, process and solutions.

5.11

Collaboration among stakeholders on R&D, trial and
testing for developing innovative product, services ,
technology, equipment, process and solutions.

5.12

Availability of right skills and innovation champions in
the water sector.

5.13

Availability of database about the lessons learnt from
previous research and technology trials by various
stakeholders

5.14

Accessibility of database about the lessons learnt from
previous research and technology trials by various
stakeholders

Thank you for completing this questionnaire. Please do not hesitate to email
(sanjay.Chaturvedi@student.anglia.ac.uk) should you require any additional information on
the research should you wish to share for study. Your information will be very useful for the
study. All information will be treated as confidential and anonymous.
Once complete, please save and email questionnaire to Sanjay.Chaturvedi@student.anglia.ac.uk
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Appendix H. Stakeholders’ Consultation

396

397

Stakeholder Consultation Questionnaire
01. Innovation Adoption Model
The study results revealed that the intention to adopt innovation in Water and
Sewerage Companies (WaSCs) was found to be more greatly affected by the
perceived ease and difficulty in adoption (of innovation), rather than the perceived
advantages (of innovation). The regulatory and industry dimensions and resources
were found important and significantly associated with perceived ease and difficulty
to adopt innovation. Regulation, perceived cost efficacy and other benefits were
found significant and associated with perceived advantage. Four other factors:
perceived risks, attitude, organisation’s aspiration and collaboration were found
significant directly associated with intention of innovation adoption. The figure below
shows the model of individual’s adoption of innovation in WaSCs.

Organisation Name:
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Please use this space to tell what do you think about the study findings of adoption of
innovation?
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02. Regulation
R1

Sharing of risks and
rewards of innovation

R2

A longer price control
period

R3

Inclusion of large-scale
research projects in
water companies’
business plan
Pragmatic service
delivery

R4

R5

Regulatory alignment

R6

Increasing Flexible
consenting

Research Findings and Suggested Improvements
The analysis found that all the risks of innovation failure
remain with a water and sewerage company (WaSC) which
limit innovation adoption in WaSCs. Sharing of risks in the
event of failure and rewards for successes among WaSCs,
supply chain, customers and other potential beneficiaries
could increase innovation in WaSCs and supply chain.
The analysis highlighted that five-year duration of AMP
period is too short for the realisation of benefits of
outcomes and totex. The decisions made under totex and
outcomes are for a longer period, potentially for the life of
an asset. A longer-term price control period is likely to
increase innovation in WaSCs considering outcomes and
totex environment.
The inclusion of large research projects in WaSCs’ business
plan could increase innovation in WaSCs and their supply
chain.
Water companies face additional risks of increasing cost for
political intervention and unpredictable situation. An
inclusion of a procedure of having a conversation between
WaSCs, regulators, customer challenge groups and
politicians to ensure agreement on services delivered
under an agreed pre-defined envelope of services in the
AMP period could reduce the risks of increasing cost due to
political intervention.
An alignment in regulatory expectations and WaSCs’
aspiration could assist companies to set clearer longerterm outcomes.
An increase in the flexible consenting could encourage
novel solution from a wide range of catchment-based
solutions.

Your response:

Please indicate your response to above findings.
views/comments please add in the space below.
Nr.
R1
R2

Agree

Neutral
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If

you

have

Not Agree

further

R3
R4
R5
R6

Please use this space to share your views/comments:
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03. Policy
P1

Clarity of research
priorities at national
level and future form of
the industry

Research Findings and Suggested Improvements
The study found that there is a lack of clarity in
WaSCs about the national level priorities over longerterm research in the water sector from the
government. WaSCs need a very clear policy on
research, clarity on research priority areas at the
national level and the future form of the industry and
water companies from the government. Clarity on
these aspects could increase longer-term research
activities in water companies and their supply chain.

Your response:

Please indicate your response to above findings.
views/comments please add in the space below.
Nr.
P1

Agree

Neutral

Please use this space to share your views/comments:
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If

you

have

Not Agree

further

04. WaSCs Behaviour Change
Research Findings and Suggested Improvements
B1

Behavioural change
towards innovation
adoption

The most frequently reported reasons for the mind-set of
using conventional solutions / approaches by individuals in
WaSCs were found as risk-avoidance, blame culture and an
individual’s past experiences. Behavioural change
programme, engaging individuals and empowering them in
the process of innovation could reduce the inertia in
adopting new technologies/products, and could motivate
individuals in contributing towards innovation.

B2

Creating a culture of
exploring solutions
globally

The analysis found that individuals in WaSCs do not try
innovation similar to as it is tried in other industry such as
manufacturing or information technology or firms such as
Google, Amazon, and Apple etc. WaSCs should create a
culture of exploring solutions globally to bring in innovative
ideas and technology in the company from rest of the
world and other industries.

Your response:

Please indicate your response to above findings.
views/comments please add in the space below.
Nr.
B1
B2

Agree

Neutral

Please use this space to share your views/comments:

403

If

you

have

Not Agree

further

05. Collaboration
C1

Increasing collaboration
across WaSCs

C2

Increasing collaboration

C3

Collaboration with supply
chain

Research Findings and Suggested Improvements
The analysis found that there is not sufficient joint
working culture and sharing of information across
WaSCs as a sector. WaSCs can do much more innovation
collectively as a sector rather than working in isolation.
Ofwat should work with WaSCs in reviewing provisions
of economic regulation that discouraging them to join as
a sector in dealing sector’s challenges collectively.
A closer working relationship between regulators and
WaSCs could align medium (5 to 10 years) and longerterm (more than 10 years) goals and aspirations which
could encourage WaSCs to up-take medium and longerduration research with supply chain. Ofwat could further
promote and facilitate a closer working culture between
WaSCs and regulators.
Increasing more collaboration between WaSCs and
supply chain could increase innovation adoption in
WaSCs and innovation development in supply chain.

Your response:

Please indicate your response to above findings. If you have further
views/comments please add in the space below
Nr.
C1
C2
C3

Agree

Neutral

404

Not Agree

Please use this space to share your views/comments:

405

406
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Appendix I. Coding Schema (Visual Maps)

Figure I-1: Coding Schema: Barriers to Innovation
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Figure I-2: Coding Schema: Innovation Opportunities

Figure I-3: Coding Schema: Drivers of Innovation
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Figure I-4: Coding Schema: Changes for Increasing Innovation
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Table I-1: Examples of Participants’ Quotes about Regulatory Retarders to
Innovation
Participant’s Comments

Retarders

“You can’t encourage people to be innovative if you penalise
them for failing.” (WAB04)

Regulatory
penalties

“We are intending to deliver outcomes and if you actually have
things to be achieved and there are financial penalties in future
price review period that may limit how innovative you are within
the period.” (WD12)
“I was talking to one of my counterpart in some other water
company and you know if we were in a commercial
environment, true commercial environments, I potentially, for
the advantages of my customers and this business, want to
join forces with other water companies to engage research and
development and potentially procure goods and services
across the business because upside for the business is better
than not doing it; but the way we are regulated absolutely
restricts those opportunities.” (WA05)

Restrictive
collaboration
across WaSCs

“Sometimes we come up with the great ideas to save water,
but the building regulations and standards don’t allow that
innovation.” (WA08)

Inconsistency in
regulations

”Policy and legislation is a barrier and confusion become so
clouded due to the number of documents exploding in the last
ten years and they sometimes conflict.” (WAB02)
“I think the cost of innovation to supply chain and risk of failure
to water company are the main issue for the water company.”
(WA01)

Cost of
innovation to
supply chain

“The market for the products and innovative technologies is
quite small.” (WA08)
“If I am supplying plastic bottles to coca-cola, and I have a very
clever technique for making my lines with the special material; I
will be pretty worried about trying out on coca-cola what I am
thinking: if get wrong, then coca-cola will never buy of me
again, so it is the same sort of thing.” (WB09)
“We just had the Water Framework Directive cycle and the
financial cycle is going to be further aligned and also the
national environment programme. We are in the first year of
the AMP, because they want something and if there is no
money left to do that it is not going to happen. It is not going to
happen because you got a plan that may be for 7/8 years
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Misalignment in
various
programme
cycles

ahead to get the money to do that thing, so that is a
misalignment. So, there are lots of misalignment making it very
difficult, but there is still aspiration that you would deliver that
and some time water company feels they caught in the middle
of somewhere between the Environment Agency and Ofwat.”
(WD12)
“We have Drinking Water Inspectorate and they have this
phrase ‘100% compliance the minimum’ and they want more,
and that could be an issue because 100% looks like it may be
not achievable; generally industry is something like 99.8% on
average so very high compliance number. I am not sure
whether you find better elsewhere in the world serving 60m
people.” (WD12)

Misalignment in
regulatory
aspiration and
WaSCs’
capacity
of
achieving those
aspirations.

“Government is not giving enough clarity of vision and same
with energy and same with gas. We should be having a very
clear view over the next 10, 20 and 30.” (WC10)

Lack of clarity
on future form of
the industry

“…prices are re-set every five years, the company isn't able to Financial
keep financial benefits longer and the baseline is re-set. For benefits duration
the last 18 years, we delivered on average 3% to 4% efficiency
year on year; we have taken actions of taking out the cost of
what we are doing, so many of my people say this can't go on,
but every year we find other ways of doing things creatively or
cheaper.” (WC10)
“An example of a regulatory aspect that retards innovation
would be the service incentive mechanism, SIM because I
think a risk is associated with innovation and failure can lead to
customer’s bad impact.” (WA11).

Service
Incentive
Mechanism
(SIM)

“It’s a dilemma of having a monopoly situation: a form of
regulation to satisfy that sort of competition pace. It’ll never go
away, and the question is can you work close enough with
regulators and do they really understand and give clear
direction on where the new kind of outcomes are taking us, or
do you work at quite a distance imposing these on us.” (WA05)

Distant
relationship
between
WaSCs and the
regulators
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Appendix J. NVivo Code Summary Report
Name

Sources

References

12

302

12

131

12

71

11

43

Innovate

6

10

Outcomes

8

10

Rewards-penality

7

7

Totex

4

4

SDS

4

4

Prices

3

3

SIM

2

2

Contract

2

2

Flexibility

1

1

Quality

4

12

Policy

4

7

Regulatory change

3

5

Alignment

4

4

Industry Characteristics

11

53

Sectors's challenges

8

14

Risk-averseness

7

9

Short termism

4

8

Product, market & revenue

3

6

Traditional

5

6

Attractiveness

2

6

Customer's expectations

3

4

Resources

5

7

Cost

4

4

Time

2

3

Collaboration

12

49

Process and medium

6

12

Internal team

6

11

Supply Chain

6

8

Regulators

5

8

Water companies

5

5

Customers

3

3

Support companies

2

2

11

34

Adoption
Perceived Ease and Difficulty
Regulations and Policy
Economic

Perceived Advantage
Perceived Cost Efficacy

11

20

Cost savings

11

20

Perceived Benefits

7

14
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Benefits

4

6

Reputation

3

5

Services

3

3

11

33

Personal Beliefs

9

23

Perception about Innovation

Individual's Attitude towards Innovation

8

10

Perceived Risks (Financial-Reputational)

9

24

Organisation Goals and Aspirarion

9

23

Subjective Norm

8

8

Barriers to Innovation

12

139

12

46

12

26

Regulatory penalties

6

7

Restrictive collaboration

5

7

Misalignment, clarity, distant from regulator

4

7

Inconsistency in regulations

3

3

Cost of innovation to supply chain

2

2

Regulatory changes

7

16

Perception vs. reality

2

2

Lower diminishing returns

1

1

Subjective interpretation

1

1

Mindset (inertia to change)

Regulations
Regulations-Retarders to Innovation

9

26

Inertia

6

11

Mindset for tried and tested

7

10

Fail Safe (supply chain)

2

3

Information sharing

1

2

7

19

Framework contracts

5

9

5 year AMP cycle

4

9

Time and size of project

1

1

9

17

Risk aversenes

9

12

Accepting risks

3

3

Accepting changes

AMP Duration & Framework Contracts

Risk-averseness

1

2

Revenue and Market Size

4

9

Efficiency Targets

6

7

Unattractive and Low Pay Career

2

7

First Mover

4

4

Finding Innovation Investment

3

3

Financial Structure

1

1

12

99

12

57

8

24

Meaning
Doing different
Doing differently
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Fundamental change

3

7

Right culture

4

6

New Technology

5

5

Bringing ideas from elsewhere

5

5

Business process

3

4

Applying existing technology differently

3

3

Incremental change

2

2

Good leadership

1

1

8

22

Profitability, revenue and cost saving

7

10

Better value to customers

4

5

Differentiating business

2

2

Environmental benefits

2

2

Reputational value

1

1

7

20

Business

6

8

Outcome of great idea

2

3

Customer

2

3

Knowledge management and technical marketing

1

2

Environmental

2

2

Organisation structure reflecting regulatory change

1

1

Value addition

Better outcomes

Exploitation of technology

1

1

12

86

Knowledge sharing

9

17

Innovation Learning database

9

16

Lower R&D

7

12

Risk sharing

5

8

Learning from elsewhere

4

5

R & D at WaSC

3

4

Pain-gain arrangement

3

3

WaSC collaboration

2

3

Collaboration on co-funding

2

2

Contractor

2

2

Cost driven

2

2

Prices risk balance

2

2

Seeking solutions

2

2

Customer side research

1

1

First mover advantage

1

1

Increased people time

1

1

Insurance against failure

1

1

Lower Training

1

1

New product need and life cycle

1

1

Water company and regulators

1

1

Research and Development
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Pier recognition

1

1

12

76

9

18

Longer AMP Duration

4

7

Alignment in thinking of different regulators

4

6

Water company and regulators

3

4

Simplification of procedures

1

1

9

14

Risks sharing

8

11

Pain-gain

3

3

7

9

Medium & large scale innovation in business plan

4

5

Co-funding

2

2

Risk balance

2

2

5

9

Collective working across WaSC

5

7

Sharing ideas across WaSCs

2

2

Changes to Improve Innovation
Regulatory alignment

Risks sharing

Innovation research in a business plan

Collaboration

Clarity of research priorities and future industry

5

8

High level national priorities

3

4

WaSC research

4

4

5

6

Exploring solutions globally
Exploring solutions globally

5

6

Incentives to water company

4

5

Incentivise water company

4

5

3

4

Political dimension

3

3

Pragmatic delivery envelop

1

1

2

3

12

65

11

23

9

16

Tax break

3

4

Reputational benefits

4

4

Environmental benefits

2

2

Awards

1

1

Very nature of organisation

1

1

Water scarcity

1

1

Revolutionary and evolutionary changes

1

1

Connection with water environment

1

1

Challenges in region and sector

1

1

5

7

Customer Service Performance (SIM)

2

2

Financial gain

2

2

Pragmatic service delivery

Flexible consenting
Drivers and Incentives for Innovation
Incentives
Non- Regulatory

Regulatory

416

Regulatory values
Economic regulations & Env. Standards

3

0

10

19

Regulator

5

9

Environment standards

3

3

Efficiency improvement

2

2

Rewards

2

2

Competition

2

2

Delivering lasting solution for a lower cost

1

1

6

12

Company culture & engagement

3

5

Internal Challanges & Ownership

3

4

Aspirations and goals of water company

2

2

Stakeholder expectations

1

1

4

11

12

63

7

17

Resilience

5

6

Supply and Demand side solution

4

4

Resilience against water supply

2

3

Resilience against drought

2

2

Resilience against floods

2

2

9

17

7

9

Cost effectiveness

3

3

Co-creating efficiency with supply chain

1

1

Manpower cost reduction

1

1

Different commercial model

1

1

Collaborate with customers

1

1

Efficient

1

1

Logistics

1

1

6

8

Real time control and asset understanding

3

4

Extending assets life

2

2

Asset optimisation

2

2

Carbon and Energy Reduction

4

8

Energy reduction

3

5

Carbon reduction

Aspiration, goals, challenges and culture

Keeping customer’s
expectations
Opportunities

bill

low

&

customers

increasing

Resilience against weather uncertainty

Asset optimisation & efficiency
Efficiency

Asset optimisation

2

3

Automation

3

6

Environment sustainability

4

5

Sustainable drainage

3

4

Chemicals reduction

1

1

Region or scheme specific

2

5
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Outcomes & Totex

2

Managing water with other sectors

2

2

9

27

Approach and Process

8

18

By collaborating

4

6

Platform and medium

4

4

For adoption

3

3

Specific R&D projects with Supply Chain

3

3

Innovation through collaboration

2

2

Programme Control

5

7

Control over cost

3

3

Control over programme

1

2

Restructuring

2

2

9

26

8

15

Outcome

6

10

Outcome encourage innovation

4

5

Innovation process

AMP6 New Approaches-Outcomes and Totex
Outcome

Totex

3

7

11

Totex

5

5

Totex encourage innovation

2

3

Capex biased

3

3

SDS

6

8

Current Level of Innovation

6

6

Cost -Time

1

3

Internal Team

2

2

External knowledge management platform

2

3
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Appendix K. Drivers and Incentives for Innovation
Innovation in WaSCs is driven firstly by regulations and a company’s own
aspirations and goals. All WaSCs want to be more efficient to receive financial
incentives and reputational advantages. Reputational gain and a good ranking score
lead to less scrutiny of their business plans. Both outcomes delivery incentives and
customer service performance assessment by the economic regulator attract
rewards and penalties. WaSCs can retain the savings earned from their
outperformance for an AMP period, and customers benefit in successive AMPs. This
incentive motivates a WaSC to seek innovative ideas of efficiency improvement that
increase profits and therefore returns to shareholders and partner firms if a financial
sharing mechanism is in place with partner firms in the framework contracts.

The second regulatory driver of innovation is pressure from the economic regulator
to keep customers’ bills lower. This looks like a paradox, but it drives innovation and
pushes WaSCs to find ways to deliver services for less money. WaSCs have a fixed
domestic customer base; therefore, their revenue from this stream is almost fixed
unless customers demand and pay for additional improvements. In addition to the
fixed customer base, the nature of products and services is unchangeable. These
constraints drive innovations in a WaSC which reduce the cost of meeting regulator
targets in the business plan. To achieve the financial targets, WaSCs set their own
internal targets which, in turn, drive innovation by their internal team and delivery
partners. This innovation-driving mechanism, however, does not motivate longerterm innovation to the benefit of the environment, customers and the industry due to
the much greater focus on saving costs within an AMP period to maximise shortterm profits. This acknowledges the case for reviewing and improving understanding
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of the sector’s policy and regulatory position on research and development,
including clarity on the sector’s longer-term research priorities.

The third regulatory driver for innovation is higher environmental standards
compliance: a company has to meet increasing quality targets against heavy metals,
pharmaceuticals, etc. in treating water and wastewater. These quality targets and
discharge standards are raised because environmental protection measures are
increased. This imposes challenges for assets such as treatment works which were
designed several years before the current regulations were introduced. WaSCs
continuously search for new ways of meeting higher standards; therefore, the
regulations around higher environment standards drive innovation in WaSCs to the
benefit of the environment and communities. These results are consistent with the
overall imperatives of innovation in the water industry as identified from the literature
review (UKWIR, 2006; Walker, 2009; CST, 2009; Cave, 2009a; UKWIR, 2011; Gray,
2011; HM Treasury, 2012) that informed on the imperatives of driving innovation as
increasing water demand, leakage reduction at a sustainable economic level without
major investment, providing good affordable services at the lowest cost, water
sector challenges related to climate change and increasingly stringent regulatory
requirements.

This study also found non-regulatory drivers of innovation. A WaSC’s own
aspirations and goals, over and above regulatory requirements, set by the
management board, drive innovation such as reduction in carbon, flooding and
pollution and high levels of customer satisfaction. WaSCs’ internal and external
challenges drive innovation. External challenges come from customers and
stakeholders. Customer expectations have increased, and WaSCs need to think
differently to meet increasing expectations along with investors’ expectations of
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returns on their investment. The study found a company-wide culture of innovation
drives more innovation in a company rather than innovation through a central
innovation team or research and development department. The aspiration to use
low-carbon techniques drives innovation in providing assets in a way that reduces
capital and operational carbon, which also has a reputational benefit. Personal
interest and connection with water and the environment motivate some people to
innovate for the benefit of the environment. Tax breaks also provide some incentive
to WaSCs to spend more on research and development.

A few examples of participants’ comments highlighting regulatory and nonregulatory incentives for innovation are provided in Tables K1 and K2.

Table K1: Regulatory Incentives for Innovation
Incentives

Description

Examples of Participant’s Comments

Customer
service
performance

Customer service
performance assessment
by the economic regulator
attracts rewards and
penalties worth millions of
pounds for a WaSC.

“We historically were really well rated in
terms of our performance for the Service
Incentive Mechanism (SIM). The change
of rules happened, and we have gone top
to ninth, but it absolutely reinforced the
point that when the rules change, you
need to do something fundamentally
different and if you carry on thinking that
you can just carry on as before and not do
something different then you go from first
to ninth, and in a way that's been there a
sort of wake-up call for the business that
says we can’t be complacent.” (WA05)

Financial
gain

Companies can keep
savings from efficiency
improvements for AMP
period.

“I think capital efficiency will be under
encouraging innovation: the reason I said
this due to the delivery of solution at lower
cost.” (WA11)

Value to
company
and
customers

Providing better services
to customers; provide
financial and reputational
value to a company.

“There is a regulatory value as long as in
some way all parties can recognise and
achieve their proportion of the value,
financial or reputational, that will increase
the opportunity for innovation to be
accepted.” (WAB04)
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“Incentives are a very good question
because it’s come back to carrot and stick
question. Some people would say that
water companies are only getting better
because the regulator told them to do so; I
am sure it is the case for some water
companies; for us, we believe it’s very
much part of what we want to do. We are
here to provide great services to
customers so that's where it starts and
finishes and the regulator is almost on the
side somewhere.” (WC10)

Table K2: Key Non-regulatory Incentives for Innovation
Incentives

Description

Example of Participant’s comments

Environmental
benefits.

Low-carbon techniques to
construct
assets
for
environmental benefit.

“The way innovation comes is the way
assets are constructed; so, directional
drilling is a good example. Another
good example is climate change and
carbon management, so there is a
long list of such aspects.” (WA06)

Connection to
the water and
environment.

Personal
interest
in
contributing to the water
and
environment
motivates
people
to
develop innovation.

“Actually, people working in the water
industry want to leave a lasting legacy
actually. I think the people that water
industry attracts don't tend to be sort
of people who make quick money;
they tend to have a real connection
with water environment, so they want
innovation.” (WB09)

Nature
organisation

The company’s financial
structure
affects
its
innovation strategy.

“The nature of the ownership of a
company: I mean, is it owned by an
insurance company, or it is owned by
equity
shareholders
in
the
marketplace? The ownership of the
company will affect the innovation, so
in terms of non-regulatory incentive,
the very nature of a company itself
affects innovation.” (WA06)

Tax break provides a little
incentive to a company to
spend on innovation.

“There is a tax offset associated with
anything related to R&D, but it has to
be proven that the research and
development benefits industry as a
whole. It can't be R&D that helps just a
company to be more profitable; it’s
going to be contributing to the
industry.” (WB07)

Tax offset

of
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Appendix L. WaSCs’ Approach to Collaborate Supply Chain
All interviewees agreed that their companies collaborate with supply chain firms to
create opportunities for them to innovate, and bring innovation into their companies
from supply chain firms in delivering business plan commitments. The approach to
collaborating with supply chain firms differs from company to company; however,
cost saving was found to be a central theme in all forms of collaboration.

This study found that WaSCs do not consider innovation as a growth strategy for
their business, and look towards supply chain firms for innovation. WaSCs keep
their efforts focused on developing effective strategy for collaborating with supply
chain firms. WaSCs collaborate with supply chain firms and create opportunities for
them to innovate. The approach to collaborating with the supply chain varies across
companies; however, the ambition to achieve cost savings from innovation remains
a common objective of collaboration in all companies. WaSCs engage tier one
partners and expect them to further integrate smaller and medium-sized firms to
create pathways for developing innovation. Some WaSCs, in AMP6, have engaged
design and delivery partners by forming a new organisation prior to determining
business plans with an intention of engaging the same partners in following AMPs.
This can reduce some of the impact of the cyclical nature of the AMP; however, the
amount of works remains uncertain in the framework in the fifth year of an AMP and
then the first year of the following AMP. The longer-term engagement of partners,
however, does not guarantee continuity of work for the supply chain, and cannot
resolve the issue of additional costs due to redundancy and re-hiring costs as
highlighted by HM Treasury (2012).
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WaSCs also collaborate with supply chain firms through showcase events and
conferences to increase collaboration on technological developments, and create a
better understanding of each other’s requirements for delivering AMP schemes. A
better understanding of needs and capabilities sometimes provides opportunities to
make joint investments in researching new processes or technology to meet specific
requirements.

WaSCs create a platform and medium to bring in innovative ideas from wider supply
chain firms through an internal innovation team. The innovation team does not
necessarily take up all innovation needs of the company as this cannot be done by a
central innovation unit. The team only provides a platform for supply chain firms to
present innovation. In addition to the central innovation team, individuals in
companies sometimes facilitate and create pathways for innovation, raising issues
either within the company or with supply chain firms.
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Appendix M. Statistical Tests
Distribution of Variables, Reliability and Validity
Shapiro-Wilk’s test: To know the distribution of the data collected from supply chain,
the Kolmogorov-Smirnov and Shapiro-Wilk‘s tests are applied. These are the most
frequently used tests to measure the assumptions of normality (Mendes and Pala,
2003). The Shapiro-Wilk‘s test is the most effective because it gives the most
powerful results in most situations and because of its good power properties
compared to other normality tests (Shapiro et al., 1968). Thus, it is superior to
Kolmogorov-Smirnov test. Regarding the recommended sample size, the Shapiro
and Wilk (1965) test initially limited the sample size to less than 50. Royston (1995),
however, gave an improved approximation weight to α in the Shapiro and Wilk
(1965) test, which makes the test useable for any sample in the range of 3 ≤ n ≤
5000 (Razali and Wah, 2011). Accordingly, the Shapiro-Wilk‘s test is used in this
study to test the variables for normality. Further, the researcher tests the reliability
and validity of the research instrument using Cronbach‘s Alpha test and Factor
Analysis, respectively.

Cronbach’s Alpha: The Cronbach‘s alpha test was used to evaluate the study‘s
instrument items (questionnaire) for internal consistency (reliability). The test is
applied to determine the internal degree of consistency or the average correlation of
items in the research instrument to measure its reliability (Santos, 1999).

In this test, the alpha (expressed between 0 and 1) measures internal consistency to
show the extent to which all the instrument‘s items gauge the same construct. The
value of alpha increases when the instrument items are correlated to each other and
testing the same construct. In itself, however, a high coefficient alpha does not often
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indicate a high degree of internal consistency because alpha is also affected by the
length of the instrument and dimensionality (Tavakol and Dennick, 2011).

Overall, Cronbach alpha along with corrected item-total correlations (which indicates
the correlation of each item and the total score for all other items in the
questionnaire (Reliability analysis, 2018) are often applied in social and behavioural
studies as a measure of internal reliability (Liu et al. 2010, p.5).

Factor Analysis: is widely used in psychology and social science studies to test
construct validity because they usually encounter large sets of observable data
(Fabrigar and Wegener, 2011). Factor analysis contains multivariable statistical
techniques, which aim to reduce and simplify complex sets of variables to smaller
groups called factors (Arimond and Elfessi, 2001). These factors include correlated
variables that are quite similar in terms of meaning or content. In the social
sciences, factor analysis is often used to determine correlations between variables
(Kline, 1994).

Factor analysis has two major types: exploratory factor analysis (EFA) and
Confirmatory factor analysis (CFA). EFA is a variable reduction method, which aims
to explore the underlying structure of a large numbers of variables where the
underlying factor structure is identified (Suhr, 2006). The aim of EFA is to find the
underlying associations between measured variables. In contrast, CFA is applied to
confirm the factor structure of a set of observed variables (Suhr, 2006). In this study,
EFA is used to identify the factors that underlie the supply chain dataset depending
on the correlation between the questionnaire‘s items (Field, 2009), as well as to
explore the factors that the study’s main variables, related to supply chain dataset,
belong to.
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The researcher also uses important measures of EFA, such as the Kaiser-MeyerOkin measure of sampling adequacy (KMO) to indicate in advance whether the
sample size is large enough to extract factors reliably (Field, 2009, p.645). Hence,
KMO should be between 0.5 and 1.0 to ensure that factor analysis is suitable for the
data (Ali et al. 2006, p.16). KMO values between 0.8 and 0.9 are great values and
values above 0.9 are excellent because they are close to 1.0 (Field, 2009, p.647).
The Barlett‘s test of sphericity is often applied together with the KMO test to
examine whether the variables do not correlate too high or too low with other
variables (Field, 2009, p.650). This test is applied before generating the correlation
matrix because, if it gives a significant result, the researcher can assume that the
items correlate somehow (Hof, 2012). In addition, the total variance explained is
used, which is suggested to be more than 50% (Spicer, 2005). In respect to Eigenvalue (which gauges the proportion of the variance of the observed variables a
retained factor explains) Kaiser (1960) proposed that this needs to be greater than 1
if factors are to be retained for interpretation.
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Appendix N. Results: Analysis of Questionnaire (Supply
Chain)
Table N - 1: Tests of Normality for Raw and Transformed Variables

Q5.1
Squareroot_51
Sqroot_Inverse_51
Inverse_51
Square_51
Square_Inverse_51
Log10_51
Log_e_51
Zscore(Q5.1)
Q5.3
Squareroot_53
Sqroot_Inverse_53
Inverse_53
Square_53
Square_Inverse_53
Log10_53
Log_e_53
Zscore(Q5.3)
Q5.4
Squareroot_54
Sqroot_Inverse_54
Inverse_54
Square_54
Square_Inverse_54
Log10_54
Log_e_54
Zscore(Q5.4)
Q5.8
Squareroot_58
Sqroot_Inverse_58
Inverse_58
Square_58
Square_Inverse_58
Log10_58
Log_e_58
Zscore(Q5.8)
Q5.9
Squareroot_59
Sqroot_Inverse_59
Inverse_59
Square_59
Square_Inverse_59

Tests of Normality
a
Kolmogorov-Smirnov
Statistic
df
Sig.
.209
102
.000
.223
102
.000
.229
102
.000
.232
102
.000
.200
102
.000
.335
102
.000
.230
102
.000
.230
102
.000
.209
102
.000
.202
102
.000
.217
102
.000
.225
102
.000
.244
102
.000
.183
102
.000
.292
102
.000
.225
102
.000
.225
102
.000
.202
102
.000
.196
102
.000
.164
102
.000
.230
102
.000
.284
102
.000
.231
102
.000
.374
102
.000
.194
102
.000
.194
102
.000
.196
102
.000
.200
102
.000
.175
102
.000
.208
102
.000
.265
102
.000
.224
102
.000
.368
102
.000
.165
102
.000
.165
102
.000
.200
102
.000
.198
102
.000
.229
102
.000
.269
102
.000
.280
102
.000
.236
102
.000
.374
102
.000
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Statistic
.887
.880
.800
.728
.863
.568
.852
.852
.887
.891
.885
.807
.726
.870
.526
.859
.859
.891
.904
.899
.823
.763
.858
.648
.871
.871
.904
.892
.898
.832
.766
.835
.628
.879
.879
.892
.909
.896
.797
.730
.868
.605

Shapiro-Wilk
df
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102

Sig.
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

Log10_59
.253
Log_e_59
.253
Zscore(Q5.9)
.198
Q5.10
.178
Squareroot_510
.179
Sqroot_Inverse_510
.213
Inverse_510
.246
Square_510
.197
Square_Inverse_510
.344
Log10_510
.186
Log_e_510
.186
Zscore(Q5.10)
.178
a. Lilliefors Significance Correction

102
102
102
102
102
102
102
102
102
102
102
102

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.856
.856
.909
.890
.887
.808
.735
.854
.583
.861
.861
.890

102
102
102
102
102
102
102
102
102
102
102
102

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

Table N - 2:Reliability analysis: Item-Total Statistics

Item-Total Statistics
Scale Mean if
Item Deleted
Q5.1
Q5.2
Q5.3
Q5.4
Q5.5
Q5.6
Q5.7
Q5.8
Q5.9
Q5.10
Q5.11
Q5.12
Q5.13
Q5.14

39.05
38.73
38.88
39.63
39.49
39.48
39.51
39.34
39.58
39.10
38.92
39.00
39.64
39.58

Scale
Variance if
Item Deleted
134.754
140.392
135.156
137.993
139.302
137.326
135.716
133.129
137.466
131.917
133.493
143.707
133.209
133.198

Corrected
Item-Total
Correlation
.680
.564
.733
.613
.670
.588
.728
.717
.732
.758
.697
.407
.710
.683
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Squared
Multiple
Correlation
.700
.611
.689
.619
.563
.488
.640
.749
.632
.753
.730
.365
.891
.897

Cronbach's
Alpha if Item
Deleted
.920
.924
.919
.923
.921
.924
.919
.919
.919
.918
.920
.929
.919
.920

Instrument Validity: Factored Analysis
Table N - 3: Total Variance Explained
Total Variance Explained

Component

Initial Eigenvalues

Total

Cumulative
%
51.991

Extraction Sums of Squared
Loadings

Total
7.279

% of
Variance
51.991

Cumulative
%
51.991

Rotation
Sums of
Squared
a
Loadings
Total

1

7.279

% of
Variance
51.991

2

1.679

11.993

63.984

1.679

11.993

63.984

4.609

3

1.069

7.638

71.622

1.069

7.638

71.622

5.207

4

.677

4.835

76.457

5

.627

4.476

80.933

6

.524

3.740

84.673

7

.483

3.450

88.124

8

.401

2.864

90.987

9

.377

2.694

93.681

10

.294

2.100

95.781

11

.245

1.749

97.530

12

.157

1.125

98.655

13

.135

.961

99.615

14

.054

.385

100.000

5.448

Extraction Method: Principal Component Analysis.
a. When components are correlated, sums of squared loadings cannot be added to obtain a total
variance.
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Table N - 4: Instrument Construct Validity Analysis: Component and Pattern
Matrix

a

a

Component Matrix
Component
1
2
3
Q5.10
.805
Q5.3
.784
Q5.9
.782
Q5.7
.779
-.369
Q5.8
.777
-.394
Q5.13
.746
.532
Q5.11
.740
.403
Q5.1
.739
-.332
.313
Q5.5
.727
Q5.14
.725
.564
Q5.4
.679
-.345
Q5.6
.657
-.434
Q5.2
.625
.505
Q5.12
.457
.577
Extraction Method: Principal Component
Analysis.
a. 3 components extracted.

Pattern Matrix
Component
1
2
.845
.776
.746
.701
.495
.854
.828
.796
.740

3
Q5.6
Q5.4
Q5.7
Q5.5
Q5.9
Q5.14
Q5.13
Q5.12
Q5.11
Q5.2
.928
Q5.1
.809
Q5.3
.694
Q5.8
.390
.641
Q5.10
.333
.553
Extraction Method: Principal Component
Analysis.
Rotation Method: Oblimin with Kaiser
Normalization.
a. Rotation converged in 11 iterations.

Table N - 5: Non-parametric Correlations
Q5.9
Kendall's tau_b

Q5.9

Correlation Coefficient
Sig. (2-tailed)
N
Q5.1
Correlation Coefficient
0
Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).

1.000
.
110
**
.543
.000
108

Q5.8
Kendall's tau_b

Q5.8

Correlation Coefficient
Sig. (2-tailed)
N
Q5.1
Correlation Coefficient
0
Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).
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1.000
.
114
**
.607
.000
113

Q5.10
**

.543
.000
108
1.000
.
116

Q5.10
**

.607
.000
113
1.000
.
116

Q5.11
Kendall's tau_b

Q5.1
1

Correlation Coefficient
Sig. (2-tailed)
N
Q5.1
Correlation Coefficient
3
Sig. (2-tailed)
N
Q5.1
Correlation Coefficient
4
Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).

Kendall's tau_b

Q5.5

1.000
.
115
**
.561
.000
109
**
.613
.000
109

Q5.5
Correlation Coefficient
Sig. (2-tailed)
N
Q5.6
Correlation Coefficient
Sig. (2-tailed)
N
Q5.8
Correlation Coefficient
Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).
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1.000
.
113
**
.415
.000
104
**
.510
.000
110

Q5.13

Q5.14
**

.561
.000
109
1.000
.
112
**
.858
.000
110

Q5.6

**

.613
.000
109
**
.858
.000
110
1.000
.
112

Q5.8
**

.415
.000
104
1.000
.
109
**
.431
.000
106

**

.510
.000
110
**
.431
.000
106
1.000
.
114

Investigation of the effect of the adoption of innovation on business certainty
of a supply chain firm

Figure N-1: A plot of *ZRESID against *ZPRED

Figure N-2: Plot of the regression standardized residual error versus frequency
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Investigation of the effect of the clarity of innovation needs of WaSCs on the
adoption of innovation

Figure N-3: A plot of *ZRESID against *ZPRED

Figure N-4: Plot of the regression standardized residual error versus frequency
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Investigation of the effect of WaSCs’ collaboration on supply chain clarity of
innovation needs

Figure N-5: A plot of *ZRESID against *ZPRED

Figure N-6: Plot of the regression standardized residual error versus frequency
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Investigation of the effect of WaSCs’ collaboration on the business certainty

Figure N-7: A plot of *ZRESID against *ZPRED

Figure N-8: Plot of the regression standardized residual error versus frequency
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Investigation of the effect of WaSCs’ collaboration on the sharing of
innovation risk

Figure N-9: A plot of *ZRESID against *ZPRED

Figure N-10: Plot of the regression standardized residual error versus frequency
437

Investigation of the effect of WaSCs’ collaboration on the availability and
accessibly of database and information on research and technology trials

Figure N-11: A plot of *ZRESID against *ZPRED

Figure N-12: A plot of *ZRESID against *ZPRED
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Figure N-13: Plot of the regression standardized residual error versus frequency

Figure N-14: Plot of the regression standardized residual error versus frequency
439

Appendix O. Participant Information Sheet and Consent Form

PARTICIPANT INFORMATION SHEET
This sheet gives you more information about the study and what it involves. Please
read this carefully before you decide whether or not to take part. If you have any
questions, please ask me.

Section A: The Research Project
1.

Title of project
Exploring Innovations under AMP cycle in the Water Sector in England and
Wales

2.

Purpose and value of study
The purpose of the study is to investigate barriers/opportunities for
innovation under the asset management plan (AMP) regulatory regime and
what changes would assist improving innovation intensity in an innovating
organisation. The study is being undertaken and is self-funded to the
fulfilment of the requirements of Degree of Doctor of Philosophy (PhD).

3.

Invitation to participate
I would like to invite you to take part in the research and share your views,
experience and knowledge for the study. Before you decide you need to
understand why the research is being undertaken and what it would involve
for you. Please take time to read the following information. Ask questions if
anything you read is not clear or would like more information.

4.

Who is organising the research
The study is being undertaken by Sanjay Kumar Chaturvedi for his PhD
course. The study is under the supervision of Dr Aled Jones, Director, Global
Sustainability Institute, Anglia Ruskin University.

5.

What will happen to the results of the study
Interviews will be analysed and anonymised findings written up. Results will
be published in academic papers. PhD thesis will also be published.

6.

Source of funding for the research
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This research is funded by me for PhD degree course.
7.

Contact for further information
Sanjay Chaturvedi,
Mobile: Email:

Section B: Your Participation in the Research Project
1.

Why you have been invited to take part
You are invited to take part in this research as an experienced official whose
views could contribute to increasing knowledge on the research subject.

2.

Whether you can refuse to take part
You are under no obligation to take part in this research. You can also
withdraw at any time without giving a reason.

3.

Whether you can withdraw at any time, and how:
You have the right to withdraw from the interview / questionnaire survey at
any time without giving any reasons. Even after the interview/survey, if you
want to withdraw from the study, you can withdraw anytime. Please inform
the researcher if you want to withdraw, and all the information collected from
you will be destroyed.

4.

What will happen if you agree to take part (brief description of
procedures/tests) :
You will be requested to participate in the Interview or Questionnaire Survey.
Please read the following section as applicable to you.
For Interviews: - The researcher will arrange a face-to-face interview with
you. Location and time for interview will be agreed with you well in advance.
You will be requested to sign a consent form, a copy of which will be given to
you to keep along with this information sheet. Interview will last about 45
minutes. Participants will NOT be identified by name in the thesis unless they
indicate otherwise.
For Questionnaire: - The researcher will send you an online questionnaire
survey link and instructions to complete the survey along with consent form
and participant information sheet (this sheet) for your record. Completing the
questionnaire will take approximately 15 minutes. You need to complete this
questionnaire online and send it to me. Participants will NOT be identified by
name in the thesis unless they indicate otherwise.
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5.

Whether there are any risks involved (e.g. side effects from taking part) and
if so what will be done to ensure your wellbeing/safety
Interview/ questionnaire will collect your views from your experiences and do
not involve any risks of wellbeing. You can withdraw from the study at any
time without giving any reasons.

6.

Agreement to participate in this research should not compromise your legal
rights should something go wrong
All of the information you give will be anonymous so that those reading
reports from the research will not know who has contributed to it, unless you
explicitly agree that the name of your company may be made public. Nobody
other than the researcher will have access to the data. If you have a concern
about any aspect of this study, you should ask to speak to the researcher
who will do their best to answer your questions.

7.

Whether there are any special precautions you must take before, during or
after taking part in the study
No special precautions required at any stage of the research.

8.

What will happen to any information/data/samples that are collected from
you
The information you give will be used along with the information from other
participants to write PhD thesis on the research subject.

9.

Whether there are any benefits from taking part
You have been chosen for interview/ questionnaire survey because of your
knowledge and experience and your participation will help to increase the
knowledge on various aspects associated with innovation in the water sector.
In addition to my academic achievement, results from the study when
published, would be beneficial for various stakeholders, research institutions,
consumers, regulators, SMEs and natural environment. If you wish to receive
copies of these outputs please let the researcher know, and these will be
sent to you.

10.

How your participation in the project will be kept confidential
All information which is collected from you for the research will be kept
strictly confidential, and any information about you will be removed so that
you cannot be recognised.
YOU WILL BE GIVEN A COPY OF THIS TO KEEP,
TOGETHER WITH A COPY OF YOUR CONSENT FORM
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PARTICIPANT CONSENT FORM

THIS IS A GUIDANCE DOCUMENT AND MUST BE ADAPTED FOR YOUR
RESEARCH STUDY.
THIS FORM MUST BE ON ANGLIA RUSKIN UNIVERSITY HEADED NOTEPAPER
OR HAVE THE ANGLIA RUSKIN UNIVERSITY LOGO AS THE HEADER.
NAME OF PARTICIPANT:
Title of the project: Exploring Innovations under AMP cycle in the Water Sector in
England and Wales.
Main investigator and contact details: Sanjay Kumar Chaturvedi
Cos 009, Global Sustainability Institute, Anglia Ruskin University,
Cambridge, CB1 1PT, Mobile:
Email:

Members of the research team: Dr Aled Jones (main supervisor), Dr Candice
Howarth (2nd supervisor), Professor Peter Matthews (co-supervisor)
1.

I agree to take part in the above research. I have read the Participant Information
Sheet for the study. I understand what my role will be in this research, and all my
questions have been answered to my satisfaction.

2.

I understand that I am free to withdraw from the research at any time, for any
reason and without prejudice.

3.

I have been informed that the confidentiality of the information I provide will be
safeguarded.

4.

I am free to ask any questions at any time before and during the study.
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5.

I have been provided with a copy of this form and the Participant Information
Sheet.

Data Protection: I agree to the University1 processing personal data which I have
supplied. I agree to the processing of such data for any purposes connected with
the Research Project as outlined to me*

Name of participant
(print)………………………….Signed………………..….Date………………

YOU WILL BE GIVEN A COPY OF THIS FORM TO KEEP

----------------------------------------------------------------------------------------------------------------

If you wish to withdraw from the research, please complete the form below and return to the
main investigator named above.

Title of Project: Exploring Innovations under AMP cycle in the Water Sector in
England and Wales.

I WISH TO WITHDRAW FROM THIS STUDY

Signed: _____________________________ Date: _____________________

1

“The University” includes Anglia Ruskin University and its partner colleges
444

Appendix P. Subject Areas for Innovation
i.

Treatment process and waste management,

ii.

Optimisation of water and wastewater treatment processes through efficient energy
management,

iii.

Working towards a low-carbon or carbon-neutral treatment processes,

iv.

Real-time monitoring and control of system,

v.

Reducing the number of untreatable by-products with the aim of achieving zero
waste,

vi.

Developing chemical-free treatment solutions,

vii.

Develop cost-effective low-carbon solutions for desalination,

viii.

Water consumption: cultural and technological change to reduce overall water
consumption,

ix.

Sustainable abstraction,

x.

More reliable forecasting in demand management,

xi.

Applying real-time control and water management including investigating the use of
real-time licensing,

xii.

Reducing the environmental impact of abstraction,

xiii.

Optimising efficiencies in abstraction and water treatment processes,

xiv.

Ensuring security of supply for customers with the aspiration of having no hosepipe
bans or drought orders,

xv.

Developing strategic asset and infrastructure connections in water-stressed areas to
increase resilience,

xvi.

Developing real-time information to allow effective and timely decisions on water
resource management,

xvii.

Smart metering,

xviii.

Developing and maximising the installation of self-powered smart water meters,

xix.

Maximising water efficiency and providing relevant information to customers for
making effective choices about water uses,

xx.

Incentivising water-efficient behaviour by customers through tariffs,

xxi.

Comprehensive underground asset mapping,

xxii.

Developing and implementing technology to accurately map underground
infrastructure of all utilities,

xxiii.

Integrating and increasing engineering design coordination to enhance productivity
and health and safety,
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