Edited by
Oleg Golubchikov e« Komali Yenneti

WILEY







Smart Cities, Energy and Climate






Smart Cities, Energy and Climate: Governing
Cities for a Low-Carbon Future

Edited by

Prof. Oleg Golubchikov
Cardiff University

Cardiff

UK

Dr Komali Yenneti
University of Wolverhampton
Wolverhampton

UK

WILEY



This edition first published 2024
© 2024 John Wiley & Sons Ltd

All rights reserved, including rights for text and data mining and training of artificial technologies or
similar technologies. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
except as permitted by law. Advice on how to obtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.

The right of Oleg Golubchikov and Komali Yenneti to be identified as the authors of the editorial material
in this work has been asserted in accordance with law.

Registered Offices
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, customer services, and more information about Wiley products
visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content
that appears in standard print versions of this book may not be available in other formats.

Trademarks: Wiley and the Wiley logo are trademarks or registered trademarks of John Wiley & Sons,
Inc. and/or its affiliates in the United States and other countries and may not be used without written
permission. All other trademarks are the property of their respective owners. John Wiley & Sons, Inc.
is not associated with any product or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty

While the publisher and authors have used their best efforts in preparing this work, they make no
representations or warranties with respect to the accuracy or completeness of the contents of this

work and specifically disclaim all warranties, including without limitation any implied warranties

of merchantability or fitness for a particular purpose. No warranty may be created or extended by

sales representatives, written sales materials or promotional statements for this work. The fact that

an organization, website, or product is referred to in this work as a citation and/or potential source of
further information does not mean that the publisher and authors endorse the information or services the
organization, website, or product may provide or recommendations it may make. This work is sold with
the understanding that the publisher is not engaged in rendering professional services. The advice and
strategies contained herein may not be suitable for your situation. You should consult with a specialist
where appropriate. Further, readers should be aware that websites listed in this work may have changed or
disappeared between when this work was written and when it is read. Neither the publisher nor authors
shall be liable for any loss of profit or any other commercial damages, including but not limited to special,
incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data Applied for
Hardback ISBN: 9781118640661

ePDF ISBN: 9781118641118

ePub ISBN: 9781118641170

oBook ISBN: 9781118641156

Cover Design: Wiley
Cover Image: © Pavlo Glazkov/Shutterstock

Set in 9.5/12.5pt STIXTwoText by Straive, Pondicherry, India


http://www.wiley.com/go/permissions
http://www.wiley.com/

Dedicated to our parents
Yuri Golubchikov and Nadezhda Dementyeva
Ramarao Yenneti and Jayalakshmi Yenneti






1.1
1.2
1.3
14
1.5
1.6

2.1
2.2
2.3
24
2.5
2.6
2.7

3.1
3.2

Contents

About the Editors xiii
List of Contributors xv

Introduction: Cities in the Twin Net-Zero and Digital Transition I
Oleg Golubchikov and Komali Yenneti

The Rise of Smart Energy Cities 1

Thematical Threads and Issues 3

Imagining Smart Urban Energy Systems 6

Urban Design, Planning and Policies 7

Technologies and Data for Smart and Low-Carbon Urban Futures 9
Relevance for Practice and Future Research 11

References 12

Partl Imagining Smart Urban Energy Systems 15

Competing Narratives and Interests in Smart Urban Energy Systems 17
Jess Britton and Emily Judson

Introduction 17

Smart Energy Cities 19

Momentum in Energy System Change 20

Smart Local Energy Systems in the United Kingdom 21

Competing Logics and Interests 25

Evolving Smart Energy Governance 26

Conclusions 29

References 30

Where are Smart Sustainable Cities Made? Tracing Wired Socio-Technical
Relationships in, Through, Beneath, and Beyond a City 35

Torik Holmes, Rebecca Windemer, and Carla De Laurentis

Introduction 35

Orientating Ideas, Approaches and Methods 36

vii



viii | Contents

3.3  The City of Manchester 38
3.4  Connecting ‘Smart’ Buildings 40
3.5 ‘Smart’ and Not-So-Smart Large-Scale Network Investments 42
3.6 Turbulent Urban-Rural Relationships and Contingencies 43
3.7  Scout Moor Wind Farm: Policy, Social Attitudes and Limiting Growth 44
3.8 Royd Moor Wind Farm: The Continuation of Ageing Infrastructure 45
3.9 Addressing ‘Hot Areas’ 47
3.10 Conclusions 49
References 50

4 Smart Energy Cities: A Perspective from West Africa 53
Charlotte Ray, Sam Williamson, Zuzana Hrdlitkovd, Derrick Kajjoba, Hillary Kasedde,
Lauren Hermanus, Amadu Labor, Joseph Macarthy, and Braima Koroma
4.1 Introduction — Smart Cities: An Urban Panacea? 53
4.2  Smart Energy City in an African Context 56
4.3  Current Policy Environment around Smart Cities and SECs in West Africa 58
4.4  The Need for a More Integrated Approach 63
4.5 Conclusions 65
References 66

5 Beyond Urban Smart Grid Experiments: Replication and Upscaling
as Contested Concepts 75
Harald Rohracher, Gudrun Haindlmaier, Klaus Kubeczko, and Dick Magnusson
51 Introduction 75
5.2 Analysing Context Conditions for the Replicability of Smart Grid Pilot
Projects 77
5.3  Analysis of the Use Cases from the Demo Sites Hartberg and Malmo 81
5.4  Discussion and Conclusions 88
Acknowledgements 90
References 90

6 The Role of Active Buildings in Smart Energy Imaginaries: Implications
of Living Well in Low-Carbon Homes and Neighbourhoods 93
Kate O’Sullivan, Fiona Shirani, Nick Pidgeon, and Karen Henwood

6.1 Introduction 93

6.2  Decarbonisation and Smart Energy Systems 95

6.3  Smart Homes, Smart Occupants? 96

6.4  Realising Smart Energy Futures: Active Buildings and Homes 99

6.5 Living Well in Low-Carbon Homes - Initial Insights 100

6.6  Discussion 105
References 106

7 Do Mobility and Sustainability Rhyme in the Autonomous City? 111
Federico Cugurullo and Alexander Gaio
7.1 Introduction 111



7.2
7.3
7.4
7.5
7.6

8.1
8.2
8.3
8.4
8.5
8.6

9.1
9.2
9.3

9.4
9.5
9.6

10

10.1
10.2
10.3
10.4

Contents

From Smart to Autonomous Cities 112
Sustainability in the Autonomous City 113
Autonomous Vehicle-Induced Urbanism 114
Bicycle Urbanism in the Autonomous City 117
Conclusions 119

References 120

Part Il Urban Design, Planning and Policies 123

Re-Defining the Smart City Concept from the Urban Climate Perspectives 125
Joachim Fallmann, Christopher Holst, Matthias Mauder, and Stefan Emeis
Introduction 125

Existing Urban Studies 127

Recent Approaches for Reshaping Building Design 129

Suggestions for Urban Planning and Building Design 130

Model Approaches 135

Conclusion 137

Funding Sources 138

Conflict of Interests 138

References 138

Berlin’s Pathway to Climate Neutrality: Scenarios and Measures

for a European Metropole 147

Bernd Hirschl

Introduction 147

The Search for a Climate Policy Target for Berlin 149

The Status Quo and Current Trends: Berlin Not Yet on the Path to Climate
Neutrality 154

Scenarios for 2050, 2030 and 2040 — A Restrictions-Based Approach 155
Strategy Recommendations and Measures for a Climate-Neutral Berlin 160
Conclusions 162

Acknowledgement 164

Literature/References 164

City, Neighbourhood and Citizens: Putting the ‘20-Minute’ Idea

to Work in Edinburgh 167

Alice Creasy, Matthew Lane, and Dan van der Horst

Introduction 167

The 20-Minute Idea 169

Case Study: Putting the 20-Minute Concept to Work in Edinburgh 176
Discussion 185

Acknowledgements 188

References 188

ix



x| Contents

11 From Smart Urbanism to Sustainable Urban Mobility Plan:
A Critical Evaluation of the Case of Cagliari 195
Chiara Garau, Giulia Desogus, and Vincenza Torrisi
11.1 Introduction: Sustainable Urban Mobility Plan (SUMP) 195
11.2 Comparison Between the Guidelines for Italian PUMS
and the Guidelines of the MCC 197
11.3 Results and Discussion 208
11.4 Conclusions 210
Acknowledgements 210
References 211

12 Analysing India’s Smart Cities Mission from a Sustainability Perspective 215
Sarbeswar Praharaj

12.1 Introduction 215

12.2 Overview of the Smart Cities Mission in India 217

12.3 Untangling the Indian Smart City Models 219

12.4 Sustainability Assessment of Indian Smart Cities 221

12.5 Discussion and Conclusions 231
References 233

13  Energy Transitions and Smart Cities in Russia 237
Irina Ilina and Michinaga Kohno
13.1 Introduction 237
13.2 National Climate Policy 237
13.3 Cities in the Climate and Energy Agendas 241
13.4 The Digitalisation of Energy and Smart Cities 242
13.5 Conclusions 246
References 247

14  Energy Poverty in Cities: A Behaviourally Informed Perspective 249
Nives Della Valle
14.1 Introduction 249
14.2  An Additional Lens to Approaching Urban Energy Poverty 251
14.3 Limitations and Ways Forward 256
14.4 Conclusions 257
Disclaimer 257
References 258

Partlll Technologies and Data for Smart and Low-carbon Urban Futures 263

15  Smart Energy Future and Smart Cities 265
Wadim Strielkowski

15.1 Introduction 265

15.2 The Concept of the Smart City 266

15.3 Growing Importance of Cities 266



15.4
15.5
15.6

16

16.1
16.2
16.3
16.4
16.5
16.6

17

17.1
17.2
17.3

17.4

18

18.1
18.2
18.3
18.4
18.5
18.6
18.7
18.8

19

19.1
19.2
19.3
19.4

Contents

Smart Technologies and Energy 268
Energy Infrastructure for Smart Cities 269
Concluding Remarks 272

References 273

Governing the Transition Towards Smart Grids Through Organised
Industry Events 277

Suyash Jolly

Introduction 277

Theoretical Background 278

Research Method 280

India Smart Grid Week 2016 281

Discussion: Role of the Event in Facilitating Future Developments 285
Conclusion 287

References 288

Emission Reduction and Renewables Integration Through Distributed
Ledger Technology 293

Hamid M. Pouran, Komali Yenneti, Mariana Padilha Campos Lopes,

Louis Gyoh, and Yong Sheng

Introduction 293

What is the DLT or Blockchain Platform? 293

How DLT Could Catalyse Mitigation of GHG Emissions and Integration
of Renewables 296

Concluding Remarks 300

References 300

Just Comfort: District Heating and Cooling as a Sustainable Energy Solution 305
Keith Baker and Ronald Mould

Glossary of Abbreviations 305

Introduction — A Brief History of District Heating 305

Defining District Heating and Cooling by Generation 307
Technologies and Fuel Supplies 308

District Cooling 311

Lessons from Denmark’s District Heating Revolution 313
District Heating and Cooling as a Solution to Energy Poverty 316
Defining Successful District Heating and Cooling Schemes 318
Concluding Remarks 321

References 322

The Role of Energy-Efficient Buildings in the Post-Carbon Future 327
Gloria Pignatta and Shayan Naderi

Introduction 327

Building Retrofitting 330

Thermal Mass Energy Storage 332

Battery Energy Storage 335

Xi



xii

Contents

19.5
19.6
19.7

20

20.1
20.2
20.3
20.4
20.5

21

21.1
21.2
21.3
214
21.5
21.6
21.7
21.8
21.9

Solar Energy Utilisation 336

Energy Flexibility in Buildings and Districts 339
Conclusions 340

References 341

Using Bottom-Up Digital Technologies in Technical Decision-Making for Designing
a Low-Carbon Built Environment 347

Clarice Bleil de Souza, Camilla Pezzica, and Jakob Hahn

The Role of Bottom-Up Data in Technical Decision-Making 347

Possibilities for Bottom-Up Data Gathering 349

Data Gathered by Sensors on Behalf of the People 351

Data Gathered by Citizen Scientists Using Digital Technologies 356

Challenges in Using Bottom-Up Data in Technical Decision-Making 360
Acknowledgements 361

References 361

Street Lighting as a Dimension of Smart Energy Cities 365
Mary Thornbush and Oleg Golubchikov
Introduction 365

Hardwiring the City 365

Street Lighting Efficiency 366

Smart Lighting 367

System of Street Lights Controller 367
Connected Security Lighting System 368
The ‘Smart Pole’ 368

Dynamic Lighting Control System 369
Conclusions 370

References 370

Index 373



About the Editors

Oleg Golubchikov is Professor of Human Geography at the School of Geography and
Planning, Cardiff University. He has over 20 years of experience researching urban and
spatial transitions. His publications focus on urban and regional governance and economic
development, on green energy economies and low-carbon cities, as well as on smart cities
and smart energy systems. One of the strands of his research explores the relationships
between decarbonisation and smartization, including how cities, regions and other places
respond to the concurrent energy, digital and sustainability transitions. He has a DPhil
from the University of Oxford and prior to joining Cardiff University held academic posts
at the University of Oxford and the University of Birmingham. He has also undertaken a
breadth of policy and strategy assessment, including as a long-term consultant to the
United Nations (UN). He has been the lead author of over ten substantive UN publications
on topics concerning urban development and housing, climate-neutral cities and people-
smart cities.

Dr Komali Yenneti is a Senior Lecturer in Geography, Urban Planning and Environment
at the School of Architecture and Built Environment, University of Wolverhampton. She
has extensive research, policy and advocacy experience in urban studies, climate change,
energy and sustainability. Her current research involves more than 25 academic, govern-
ment and industry partners around the world. She has published widely and has made
policy contributions to the United Nations Office for Disaster Risk Reduction, United
Nations Environment Programme and Governments around the world. She has organised
and chaired conferences and conferences sessions, delivered keynote addresses and invited
lectures in more than 100 events around the world. She holds a PhD in Geography and
Environmental Sciences from the University of Birmingham and previously worked at the
University of New South Wales (UNSW) and the Nanjing Institute of Geography and
Limnology, Chinese Academy of Sciences (NIGLAS). She has received the inaugural
International Geographical Union’s Early Career Research award and is also the founding
chair of the IGU - Young and Early Career Geographers Taskforce. She is an academic
secondee at the Department of Energy Security & Net-Zero, Government of the UK.

xiii






List of Contributors

Keith Baker

Built Environment Asset Management
(BEAM) Centre

Glasgow Caledonian University
Glasgow, Scotland, UK

Jess Britton

School of Social and Political Science
University of Edinburgh

Edinburgh, UK

Alice Creasy
Net Zero Cities consultant at WSP
Edinburgh, UK

Federico Cugurullo

Department of Geography

School of Natural Sciences, Trinity College
Dublin, Ireland

Giulia Desogus

Department of Civil and Environmental
Engineering and Architecture (DICAAR)
University of Cagliari

Cagliari, Italy

Stefan Emeis
Karlsruhe Institute of Technology
Garmisch-Partenkirchen, Germany

Joachim Fallmann
Karlsruhe Institute of Technology
Karlsruhe, Germany

Alexander Gaio
Department of Geography
School of Natural Sciences
Trinity College

Dublin, Ireland

Oleg Golubchikov

School of Geography and Planning
Cardiff University

Cardiff, Wales, UK

Louis Gyoh

Faculty of Science and Engineering
University of Wolverhampton
Wolverhampton, UK

Chiara Garau

Department of Civil and Environmental
Engineering and Architecture (DICAAR)
University of Cagliari

Cagliari, Italy

Jakob Hahn

Research Institute CENERGIE - Center for
Energy Efficient Buildings and Districts
Munich University of Applied Sciences
Munich, Germany

Gudrun Haindlmaier
Austrian Institute of Technology
Vienna, Austria

Xv



XVi

List of Contributors

Karen Henwood

School of Social Science
Cardiff University
Cardiff, Wales, UK

Lauren Hermanus

African Centre for Cities
University of Cape Town
Cape Town, South Africa

Bernd Hirschl

Sustainable Energy and Climate Protection
Institute for Ecological Economy Research
Berlin, Germany

and

Management of Regional Energy Systems
Brandenburg University of Technology
Cottbus-Senftenberg (BTU), Cottbus
Senftenberg, Germany

Torik Holmes

Sustainable Consumption Institute
University of Manchester
Manchester, UK

Christopher Holst
Karlsruhe Institute of Technology
Garmisch-Partenkirchen, Germany

Dan van der Horst
School of Geosciences
University of Edinburgh
Edinburgh, UK

Zuzana Hrdli¢kovd
Sierra Leone Urban Research Centre
Freetown, Sierra Leone

Irina llina

Faculty of Urban and Regional Development
HSE University

Moscow, Russia

Suyash Jolly

Business Research Group
Nordland Research Institute
Bodoe, Norway

and

Division of History of Science, Technology
and Environment

KTH Royal Institute of Technology
Stockholm, Sweden

Emily Judson

Centre for Geography and
Environmental Science

University of Exeter

Exeter, UK

and

The Global Sustainability Institute
Anglia Ruskin University
Cambridge, UK

Derrick Kajjoba
Makerere University
Kampala, Uganda

Hillary Kasedde
Makerere University
Kampala, Uganda

Michinaga Kohno
Michi Creative City Designers Inc.
Hokuto, Japan

Braima Koroma
Sierra Leone Urban Research Centre
Freetown, Sierra Leone

Klaus Kubeczko
Austrian Institute of Technology
Vienna, Austria

Amadu Labor
Sierra Leone Urban Research Centre
Freetown, Sierra Leone

Matthew Lane

School of Geosciences
University of Edinburgh
Edinburgh, UK



Carla De Laurentis

Department of Geography and
Environmental Management
University of the West of England
Bristol, UK

Mariana Padilha Campos Lopes
Federal University of Rio de Janeiro
Rio de Janeiro, Brazil

Joseph Macarthy
Sierra Leone Urban Research Centre
Freetown, Sierra Leone

Dick Magnusson

Department of Thematic Studies (TEMA)
Link6ping University

Technology and Social Change
Link6ping, Sweden

Matthias Mauder
Karlsruhe Institute of Technology
Garmisch-Partenkirchen, Germany

Ronald Mould

Built Environment Asset Management
(BEAM) Centre

Glasgow Caledonian University
Glasgow, Scotland, UK

Shayan Naderi

School of Built Environment, Faculty of
Art, Design and Architecture

University of New South Wales (UNSW)
Sydney, Australia

Kate O’Sullivan

School of Social Sciences
Cardiff University
Cardiff, Wales, UK

Gloria Pignatta

School of Built Environment, Faculty of
Art, Design and Architecture

University of New South Wales (UNSW)
Sydney, Australia

List of Contributors

and

City Futures Research Centre (CFRC)
University of New South Wales (UNSW)
Sydney, Australia

Camilla Pezzica

Welsh School of Architecture
Cardiff University

Cardiff, Wales, UK

Nick Pidgeon

School of Psychology
Cardiff University
Cardiff, Wales, UK

Hamid M. Pouran

Faculty of Science and Engineering
University of Wolverhampton
Wolverhampton, UK

Charlotte Ray

School of Electrical, Electronic and
Mechanical Engineering

Cabot Institute for the Environment
University of Bristol

Bristol, UK

Harald Rohracher

Department of Thematic Studies (TEMA)
Link6ping University

Technology and Social Change
Linkdping, Sweden

Yong Sheng

Faculty of Science and Engineering
University of Hull

Hull, UK

Fiona Shirani

School of Social Sciences
Cardiff University
Cardiff, UK

Clarice Bleil de Souza

Welsh School of Architecture
Cardiff University

Cardiff, Wales, UK

xvii



xviii

List of Contributors

Wadim Strielkowski

Department of Agricultural and Resource
Economics

University of California

Berkeley, CA, USA

and

Department of Trade and Finance
Faculty of Economics and Management
Czech University of Life Sciences Prague
Prague, Czech Republic

Mary Thornbush

Faculty of Environmental Studies
York University

Toronto, ON, Canada

Vincenza Torrisi

Department of Civil Engineering and
Architecture (DICAR)

University of Catania

Catania, Italy

Nives Della Valle

European Commission
Joint Research Centre (JRC)
Ispra, Italy

Sam Williamson

School of Electrical, Electronic and
Mechanical Engineering

Cabot Institute for the Environment
University of Bristol

Bristol, UK

Rebecca Windemer
Regen
Exeter, UK

Komali Yenneti

School of Architecture and Built
Environment

University of Wolverhampton
Wolverhampton, UK

Sarbeswar Praharaj

Department of Geography and
Sustainable Development, University of
Miami, FL, USA



1

Introduction: Cities in the Twin Net-Zero and Digital Transition
Oleg Golubchikov! and Komali Yenneti?

1 School of Geography and Planning, Cardiff University, Cardiff, Wales, UK
2 School of Architecture and Built Environment, University of Wolverhampton, Wolverhampton, England, UK

1.1 The Rise of Smart Energy Cities

The future of cities is going to be digital and that future is also to be low-carbon. To use the
language of modellers, there is a high confidence level that the future will be both digital
and low-carbon: there are simply too many symptoms pointing us in that direction. But
how can we make sense of these two dimensions of the urban future, digital and low-
carbon? To what extent are they co-constitutive of one another? For example, how will the
cities of the future harness digital innovations to optimise energy consumption, reduce
greenhouse gases (GHGs) and achieve overall sustainability? Are those futures already
shaping the cities of today? If so, what do these experiences of today tell us about the
future, as much as they do about the current trends? These are some of the concerns as well
as inspirations underlying this volume.

The global consensus about the need to limit global warming to 1.5°C and global pres-
sures for climate mitigation have far-reaching implications for cities. Accounting for GHG
emissions inside and outside urban areas, the urban share of combined global CO, and
CH, emissions was estimated 67-72% in 2020 (IPCC 2022). These emissions are certainly
unevenly distributed across the world, with cities in high- and upper-middle-income coun-
tries contributing as much as an estimated 86% of global urban CO, emissions in 2015
(Mukim and Roberts 2023). However, as urbanisation is more rapid in the rest of the world,
the share of cities in lower-income countries also increases. This means that cities around
the world, as a ‘global collective’, and irrespective of their location, are seen as a key target
for climate mitigation and ‘deep decarbonisation’ to achieve zero or near net-zero emis-
sions (Seto et al. 2021).

Since the ‘climate change problem is principally an energy problem’ (MacKay 2009, p. 16) -
the acknowledgement that it is fossil fuels that make the greatest contribution to GHG
emission - actions addressing energy (reducing energy demand, switching energy provision
to low-carbon supply and improving energy efficiency) are what climate governance at the

Smart Cities, Energy and Climate: Governing Cities for a Low-Carbon Future, First Edition.
Edited by Oleg Golubchikov and Komali Yenneti.
© 2024 John Wiley & Sons Ltd. Published 2024 by John Wiley & Sons Ltd.
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1 Introduction: Cities in the Twin Net-Zero and Digital Transition

urban level seeks to prioritise. Indeed, many socio-technical systems that contribute to GHG
emissions, such as electricity systems, heating and transport, get ‘densified’ at the scale of the
city, overlaying and interplaying with one another. Consequently, the whole variety of urban
sectors and urban practices are implicated in the push for low-carbon transition: energy
infrastructure, the built environment, the construction sector, industries, business and public
services, transport and mobility, natural environments, waste and water management, food
and other consumption practices, people’s lifestyle and behavioural patterns, urban design
and urban planning (Bulkeley et al. 2010; Golubchikov 2011; IPCC 2022; Seto et al. 2021).

The increasing digitalisation of society and the advent of ‘smart city’ add a new dimen-
sion to the urban climate agenda - the promise of leveraging digital innovation for acceler-
ated energy transitions and decarbonisation. While there are no universal definitions for
‘smart cities’, the common denominator is the use of Information and Communications
Technology (ICT) and automation for the improvements of urban processes, services and
infrastructure (UNECE and ITU 2016). Wireless connectivity, the Internet of Things (IoT),
big data and robotics have all been part of this trend, with artificial intelligence (AI) also
becoming increasingly prominent at the urban scale (Cugurullo et al. 2023; Golubchikov
and Thornbush 2020, 2022). Smart city has consequently gained wide currency in interna-
tional practice with the promise of integration, efficiency, sustainability and people-
centricity (Thornbush and Golubchikov 2020).

Smart buildings, smart water management, intelligent transport systems and smart
waste management systems are a few developments that tap into digitally-enabled tech-
nologies in order to contribute to the promise of urban-scale decarbonisation. In parallel
developments, energy systems are also becoming ‘smart’ and transitioning to net-zero and
distributed/decentralised/micro-generation systems. Smart urban energy systems become
an integral part of urban climate governance, offering solutions that not only optimise
energy usage but also promote resilience and adaptability in the face of changing environ-
mental and social dynamics. Smart energy systems can operate on a cross-system level,
including the management of electricity via smart grids across different urban systems, or
be integrated into particular urban systems, for example, buildings, with the deployment of
smart energy meters, smart thermostats, battery storage, smart hot water tanks and electric
vehicle charges, to name a few technologies. The relationships between providers of energy
and users of energy also change; for example, enabled by smart energy systems the built
environment becomes the infrastructure for energy generation and storage.

What essentially combines these various trends and developments is the notion of smart
energy cities (Thornbush and Golubchikov 2021). Smart energy cities can be seen as part of
the evolution of the city-energy-sustainability nexus, also tapping into the opportunities
that digital transition brings for managing energy demand, energy supply and energy flows
within urban domains, where digitally-enhanced smart cities and energy transitions repre-
sent mutually supporting processes. Combining the developments in ICT-led smart cities
and sustainable energy, the notion of the smart energy city has come close to represent a
digitally-mediated variant of low-carbon cities. Smart energy city, in its different manifesta-
tions, is consequently one of the central elements emerging from the discussions in the
present volume.

Many cities have already incorporated smart, climate and energy targets into their strate-
gies and plans, with a growing ‘club’ of cities that declare their intent to become



1.2 Thematical Threads and Issues

carbon-neutral, climate-neutral, climate-smart, or net-zero in the near future. The European
Union’s 100 climate-neutral and smart cities (European Union 2022) or India’s climate-smart
cities initiative (NIUA-C3 2020) are examples of even larger-scale commitments to net-zero
cities and sustainable urban development. Other cities and regions around the world are also
making strides towards achieving similar goals (Bulkeley and Stripple 2021; Mendes 2022).

The technology-centred visions for net-zero and digital transitions are not without their
problems, however. The smart city concept in particular has been widely critiqued for its
tendency to glorify technology, where citizens become subordinate to, rather than placed at
the heart of, a sustainable city project and where the city’s actual needs are often circum-
vented by the availability of technology (Luque-Ayala and Marvin 2020). As some lines of
critique suggested (Yigitcanlar et al. 2019), policymakers often opt for ‘Black Box’ technol-
ogy solutions promoted by technology companies, rather than producing long-term visions
for the ‘good city’. Relatedly, the issues around social justice - in particular, how costs and
benefits are distributed and who is included in smart and low-carbon urban transitions -
have become an important part of academic and policy conversations (Golubchikov 2020).

In response, the concept of ‘smart city’ has also morphed over time: from what some now
call ‘Smart City 1.0’ (characterised by a top-down framework, with a focus on ICT infra-
structure and deploying solutions promoted by technological companies) to ‘Smart City
2.0’ (a people-focused, users-friendly framework) and even to ‘Smart City 3.0’ (a framework
for inclusive and participatory urban governance, even if still technology-enhanced)
(Golubchikov 2020). The active involvement of stakeholders - including citizens - in the
co-creation and implementation of smart city solutions is now claimed, in theory at least,
to be the key to improving transparency and incentivising society towards more sustainable
practices and behaviours. With regard to technologies, instead of their uncritical deploy-
ment, there is now a search for solutions that are tailored to specific needs of individual
cities and communities.

This volume further explores how cities - in particular, their energy systems — are being
re-shaped by smartisation and decarbonisation (as encapsulated in the notions of the twin
net-zero and digital transition and smart energy cities) and with what consequences for
wider society. The volume draws together insights and case studies from across a variety of
disciplines — from smart energy grids to active and energy-efficient buildings, urban design,
sustainable mobility and climate policies. Another objective is to foster an understanding
of what these new trends mean for urban imaginaries, urban governance and, ultimately,
for urban futures.

1.2 Thematical Threads and Issues

While the book comprehensively covers the role of the ‘urban’ in the twin net-zero and
digital transition, it also generates a number of important common threads, which can be
broadly grouped into three dimensions:

o Context-sensitive and contingent urban transitions;
o Complexities and uncertainties coming from the disruptive nature of transitions; and
o The imperative of people-centrality and justice.

3
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1 Introduction: Cities in the Twin Net-Zero and Digital Transition

These threads are reviewed in this section before the structure and individual chapters
are introduced in the subsequent sections.

The very magnitude of the task of transition(s) requires long-term and persistent political,
economic and institutional commitments, as well as innovative, creative and often ‘alterna-
tive’ ways of carrying out businesses, producing and consuming goods and services. However,
what complicates the landscape is that underlying factors are not merely complex, but are
variegated across different localities. There are, for example, wide variations between cities
in terms of population densities, climate, inherited economic structures, existing building
stock, infrastructure development and capacities of municipal authorities. Besides, cities are
shaped by the different national systems of regulation. This means that the transition to a
low- or post-carbon city is not linear and each city has its own pathway in this transition
(Castan Broto 2019; Haupt et al. 2023; Rutherford and Coutard 2014). The tensions between
geographically variegated contextual complexities, technical systems and existing regula-
tions come to the attention of many chapters in this volume (e.g. Chapters 2, 3, 5, 11 and 14).

For technological providers and policymakers, it is the scalability and replicability of dif-
ferent solutions (institutional or technical) that matters (e.g. Chapters 5 and 13). However,
translating ‘solutions’ from one context into another means their de-territorialisation from
the whole system of institutional, social and cultural relationships into which these solu-
tions were embedded and re-territorialisation them into the new contexts (this is alterna-
tively conceptualised as disembedding and re-embedding in Chapter 5). This is often
problematic and limits the replicability of ‘good practices’. Furthermore, technological pro-
viders develop their solutions for a universal deployment to ensure that they are deployed
‘at scale’ and maximise returns on investments. Local context is important, but either for
experimentation and testing solutions (upstream) or as one of the many local markets
(downstream), with the aim to upscale and replicate solutions across the largest possible
geographical area. However, even if built on generalised and replicable solutions, the
deployment of smart urbanism involves re-negotiation of these solutions with social and
organisational structures and local needs and interests, which are a product of localised
processes (Chapter 18). If so, the local context becomes much more than a testbed or a
market — but as the place-based arena of negotiation (and often contestations) between
what is seen technical and what is seen social. This can (and should) be seen as a process
of transforming ‘non-political technologies’ into being a political, socio-technical actor,
where local contexts play the role of the mediator (Chapter 2).

Related to this thread are complexities that accomplish the twin net-zero and digital transi-
tion in cities. While the transition brings disruptive changes to many existing institutions and
practices, this is happening against the multi-layered palimpsest of different systems that
make existing cities, including infrastructural and institutional asynchronies (e.g. different
urban-scale systems having their own legacies and operational rhythms) and asymmetries
(e.g. tensions between different institutional logics and interests) (e.g. Chapter 3). This makes
urban systems open to alternative pathways of development; but this also means uncertain-
ties around urban futures, including room for unintended consequences of different actions.

Many previous notions also acquire new meanings. Even the seemingly very ‘mundane’
urban services such as street lighting experience deep transformations with the conversion
into ‘smart’ street lighting (Chapter 21). Energy systems in smart cities also experience new
types of vulnerabilities than in the ‘analogous cities’; this requires new understanding as
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well as approaches to reduce the vulnerabilities (Chapter 15). Blockchain and distributed
ledger technology can be used to improve the reliability of smart grids, as well as facilitate
new energy governance regimes such as P2P energy transactions (Chapter 17). The com-
plexity of managing urban systems also increases with the push towards coordination of
energy performance at the scale of urban districts rather than solely individual buildings
(Chapter 19). Cities also need more nuanced tools for decision-making for sustainable
planning and development; for example, even more traditional tools such as scenario-
building and modelling need to take into account the increased complexity of the relation-
ships between different urban systems (Chapters 8 and 9). Big data is increasingly available
for modelling, but there are new types of complexities such as translating users’ data into
decision-making (Chapter 20). Exchange of experiences between cities and other actors is
important in navigating these complexities, although such exchange may also lead to the
propagation of particular narratives (Chapter 16).

Many contributors to this volume are still concerned that the consensus about reducing
GHG mission is not sufficiently coordinated with the principles of distributive justice and
participatory democracy, while low carbon transition is not immune of its own socio-
political struggles. The imposition of particular development strategies for cities often con-
fronts equity, affordability and civic participation. There is a clear understanding that at the
core of transitions must be people, citizens and communities and their actual needs (e.g.
Chapter 4). This requires no less than ‘humanising’ relationships in smart cities (Chapter 6),
foregrounding deliberative participation and human-centred principles (Chapter 7), as
well as addressing placed-based and context-specific energy needs and vulnerabilities (e.g.
Chapter 14). Evidence is abundant that without redistributive policies and also without
engagement with procedural/participatory justice, low carbon transitions have uneven
impacts on different communities and places, with vulnerable social groups and deprived
areas being left behind the benefits of transition (Chapters 10 and 12; also see Yenneti et al.
2016; Golubchikov and O’Sullivan 2020; O’Sullivan et al. 2020).

Ideas around ‘energy justice’ and ‘just transition’ offer important critique for unpacking
the underlying circumstances, focusing the attention on the social costs of climate transition
and the imperative of ensuring that the transition towards a climate-neutral economy hap-
pens in a fair way (Bouzarovski et al. 2023; Sovacool et al. 2013). Partly for the same reason of
ensuring just transition many cities, for example, insist on retaining municipal ownership of
key utilities and infrastructure, including those which are energy related. As, for example,
Chapters 5 and 18 demonstrate, publicly owned vertically integrated energy providers are not
only more socially accountable, but also potentially more conducive of more seamless whole-
system transformations. In any case, policies need to be people-smart, prioritising, for exam-
ple, low-income groups or social housing (Golubchikov 2020; Golubchikov and Deda 2012).

These threads outlined above are common but by far not exhaustive of the whole range
of issues raised in this volume. The book consists of 21 chapters, including 20 chapters that
follow this introductory chapter. They are divided into three parts:

Part I ITmagining smart urban energy systems;
Part II: Urban design, planning and policies; and
Part III: Technologies and data for smart and low-carbon urban futures.

Below the contribution of each chapter in these three Parts is considered in more detail.
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1.3 Imagining Smart Urban Energy Systems

Part I of the book examines the different ways that smart cities, in particular smart urban
energy systems, are imagined (or socially constructed) and operationalised. This Part intro-
duces the varieties of socio-technical visions for the sustainable and smart urban futures.

Against the preponderance for one-size-fits-all approaches to smart energy transitions,
with cities often framed merely as spaces for experimentation, Britton and Judson (Chapter 2)
stress the importance of the geographical and historical contexts on which smart energy
developments are being based. The UK government’s ‘smart local energy systems’ (SLES)
initiative, for example, emphasises the decarbonisation potential of more distributed energy
systems and scalable local energy business models. Local and specific materiality of place
are important for SLES in terms of developing functionality, but the overall logic is to homog-
enise this materiality into scalable business models. Nevertheless, the development of local
public-private partnerships and initiatives around SLES already demonstrates a great deal of
local divergence in terms of how different cities foreground priorities and ‘internalise’ SLES
differently. The authors argue that national narratives prioritising market-based solutions
and end-consumer benefit may conflict with these local narratives and priorities.

Holmes et al. (Chapter 3) discuss the relationships between smart city governance and
inherited electricity infrastructures. Taking inspiration from science and technology studies
(STS), the authors consider the electricity system as a multitude of interrelated socio-
technical components, each with its specific affordances and path dependency. They unpack
electricity infrastructure decision-making processes in Manchester. Their study highlights
the reliance of Manchester’s smart sustainable city aspirations on the material conditions of
electricity connections, grid extensions and generation investment. These elements, in turn,
depend on the actions of a range of different interest groups, many of whom are outside of
the control of the city and even geographically located outside of the city. Local policies are
circumscribed by the existing ordering and management of these electricity systems.

Ray et al. (Chapter 4) delve into the topic from the perspectives of West Africa. Physical
access to basic services, including electricity, remains among key priorities for the urban
poor. The use of ‘smart’ technologies - particularly mobile-based services or off-grid
electricity — allows leapfrogging some stages in traditional infrastructure development.
Leveraging technologies such as smart grids, meters and mobile phones to access and pay
for energy services is one of the ways to offer services to even the poorest communities. But
communities on the fringes are often left out of the debates and access to such technologies
and energy services. The discourse on a smart city has rather been dominated by the urban
middle class and development agencies who foster their own vision and imaginaries, often
prioritising high-tech solutions rather than smartness for the ‘masses’.

Rohracher et al. (Chapter 5) take up the issue of upscaling of smart grid experiments.
Smart grids are expected to radically change the electricity systems, especially at the local grid
level. However, how such grids will be organised in practice (including their institutional
configurations) still remains to be decided, with a number of possible alternatives currently
being tried in pilot or demonstration projects. Similarly to Chapter 2, the authors argue that
upscaling and replicating tend to privilege standardisation and interoperability. However,
implementing the same type of projects somewhere else involves cross-contextual translation
or disembedding projects from their place-specific conditions and re-embedding emerging
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new systems into local contexts. This is nothing less than innovation in itself, which also
requires mobilisation of stakeholders, as well as negotiation, contesting and reshaping new
systems. The cases of two demonstration sites in Sweden (Hyllie in Malmo) and Austria
(Okopark Hartberg) show that there are numerous factors which make experimentation pro-
jects highly unique and highly embedded in local contexts.

O’Sullivan et al. (Chapter 6) bring the concept of active homes into the conversation with
smart city and smart energy. Enabled through ICT-based smart energy grids and in-house
smart technologies, active homes have the capacity to produce and store energy, use energy
more efficiently and communicate with other infrastructure (e.g. transport and industry).
Active homes are also imagined as sites of improved liveability, due to the streamlining of
occupant activities and daily needs by smart technologies. However, the authors argue that
such assumptions are based on ‘generic’ occupant lifestyles and behaviours, as well as
assumptions about household capability to both understand and digitally manage their
energy systems. The authors identify a number of real-life challenges surrounding these
imaginaries. For example, smart technologies do not necessarily work as expected; assump-
tions may not be completely accurate; household needs change over time; households also
circumvent their smart energy system to achieve required comfort needs. This highlights
the importance of appreciating the role of both occupants and other agents and intermedi-
aries who support them.

Cugurullo and Gaio (Chapter 7) introduce another set of imaginaries - autonomous
cities, where Al plays a key role. Al is enabled by traditional smart tech, but it also tran-
scends smart cities in its capacities to learn, think and make decisions, including in norma-
tive and ethical domains. However, the authors remind us that there is no one universal Al,
there are myriads of different Als. This is important as it is erroneous to assume the same
quality to all ATs, for example, whether they are sustainable or not. By the same token, the
same Al can manifest itself differently in different places. The chapter specifically discusses
urban mobility in the autonomous city. Autonomous cars can enable a new kind of urban-
ism, often of a contradictory nature. On the one hand, they may trigger even further subur-
banisation; on the other, they may also help vacate parking space for other needs. One
possible unintended outcome is marginalisation of cycling. The authors come to the
conclusion that Al-enabled city should be rethought in a way that would open rather than
close space for deliberative participation and human-centred principles.

1.4 Urban Design, Planning and Policies

Part IT of the book includes chapters that are focused on interplay of climate governance,
smart systems and energy transitions with urban planning, urban modelling and urban
policies.

Fallmann et al. (Chapter 8) put the future city in the context of the interface between cli-
mate assessment, climate modelling and urban planning. Sustainable urban planning needs
to be ‘fit-for-purpose’, i.e. recognise both local climate conditions and the historical develop-
ment of a particular city or region. The chapter reiterates a number of practical solutions for
building design, city planning and national infrastructure. It also explores the interrelation-
ships of different urban systems. One example is that a reduced heat island effect in cities
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(due to adaptation to climate change) will reduce thermally driven vertical ventilation in
cities; this will lead to a higher pollutant concentration. It is important that future cities at
the same time work on reducing car exhausts to prevent harmful effects on health. Modelling
approaches have seen a steady trend towards smaller scales and increased complexity, but
the question remains how to facilitate those tools for sustainable planning and development.

Hirschl (Chapter 9) further demonstrates challenges in executing climate governance at
the city level. There are no universal standards that can be applied to municipalities to
establish their carbon budget. In their absence, arbitrary target years are set for achieving
carbon neutrality. Contrary to many cities targeting earlier achievement of carbon neutral-
ity (e.g. 2025-2030), Berlin lacks renewable energy and would struggle with implementing
earlier energy transition goals. The chapter shows considerable hurdles for the city econ-
omy to restructure itself to accommodate climate neutrality targets. The scenarios show
that achievement of climate neutrality is scarcely feasible for the 2030s, but could be done
in the 2040s if considerable effort is made, including a much more ambitious rollout at the
national level. There is no single sector that can undertake significant reductions on behalf
of the others, but each and every sector will have to contribute to a similar extent.

Creasy et al. (Chapter 10) explore the 20-minute city ideas in the context of Edinburgh.
The idea is also often connected to smart city, focusing on the decentralisation of cities by
bringing essential services into neighbourhoods. However, the infrastructure development
is unevenly distributed in the city, so that in combination with a socially fragmented com-
munity, the very idea confronts historic spatial and systematic environmental, economic
and social justice issues. This chapter also brings examples such as Portland in the United
States or Melbourne in Australia to unpack those issues and point out the importance of
citizens’ involvement and co-design. The chapter then uses the case of Edinburgh to show
how a more inclusive 20-minute neighbourhood can be achieved. This essentially requires
the development of multi-service ‘hubs’ located with the historic levels of service develop-
ment in mind. The use of digital techniques in city analysis and planning may facilitate an
understanding of where pedestrian infrastructure upgrades would have the most impact.

Sustainable and smart urban mobility should be seen as a crucial part of urban climate
governance and energy transitions, which can also improve social aspects of sustainability.
Garau et al. (Chapter 11) review the city-level guidance for the Sustainable Urban Mobility
Plan of the Metropolitan City of Cagliari. The chapter identifies a number of gaps in the
analysed guidelines, including the discrepancies between the contextual conditions of the
city (such as being a maritime location) and the guidelines’ actions. The authors also note
the absence of info-mobility and innovative intelligent transport solutions. These gaps call
for a more targeted approach to urban mobility planning that takes into account the unique
characteristics and needs of a city.

India’s Smart City Mission (SCM) has been the most ambitious national-level plan to
address the problems of urbanisation by making 100+ smart cities. Praharaj (Chapter 12)
reviews the policy. The SCM outlines area-based smart cities development components,
including, principality: city improvements (e.g. intelligent traffic management, CCTVs), city
renewal (e.g. urban density, mixed-use development, cycle infrastructure development) and
city extension (e.g. development of urban peripheries and growth attraction). Integrated
command and control centres seek to build synergies between various projects and monitor
the performance of urban services and infrastructure. The author analyses existing smart
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city policy documents to assess the four pillars of sustainability — social, environmental,
economic and institutional. The author reveals that cities have ventured into the develop-
ment of a few handpicked technological fixes and the majority of investments are skewed
towards exclusive enclaves. This helps little to negate regional disparities across the country
and the varying levels of capacities and needs of the different scales of cities.

Ilina and Kohno (Chapter 13) take the case of Russia and investigate the relationships
between national climate governance and the development of smart city solutions to tackle
climate and energy issues. Cities like Moscow pioneer many technologically sophisticated
solutions, with a focus on citizens and their comfort, while the federal government is cen-
tral for replicating and upscaling smart city solutions from pilot cities to places across the
country. The authors demonstrate that heating is one of particularly challenging areas for
Russian cities. ICT solutions are also combined with more traditional urban planning solu-
tions for climate mitigation and adaptation measures.

Della Valle (Chapter 14) discusses measures to address energy poverty, basing the analy-
sis on behavioural science. The author argues that policy interventions cannot afford to be
designed without detecting the context-specific energy needs and practices. Context-
specific conditions may make people act or abstain from acting, which may be further sus-
tained by other people’s approval and disapproval. Thus, depending on the prevalent
behaviour in the context, social norms may prescribe behaviours that exacerbate subopti-
mal conditions. Smart solutions that delegate tasks to home automation technologies and
make decisions ‘easy’ can help make optimal choices as a ‘default’; but they also reduce
people’s autonomy and agency. As the condition of deprivation already negatively affects
how people perceive the way they control their lives, it is important that behaviour change
strategies empower one’s agency. For example, people can be trained to design daily envi-
ronments that induce them to make optimal decisions.

1.5 Technologies and Data for Smart and Low-Carbon
Urban Futures

Part ITI of the book addresses the disruptive potential, but also complexities and challenges,
of smart technologies and other innovations, particularly with respect to facilitating low-
carbon urban futures.

Strielkowski (Chapter 15) reminds the readers about the role of cities as catalysts for
innovations and highlights some of the new opportunities and tensions emerging with
smart energy systems within cities. As the IoT is combined with the Internet of Energy
(IoE), this brings new considerations for the planning and operation of energy infrastruc-
ture. Smart cities need to maintain secure and reliable energy infrastructures that are resil-
ient against a broad spectrum of adversities, both natural and anthropogenic. For example,
with increasing digitalisation, the concept of energy security is acquiring a new meaning.

Jolly (Chapter 16) explores the role of the so-called ‘field-configuring events’ (industry-
organised events such as special exhibitions and trade shows) in shaping common under-
standing and potential of smart grids. Such events not only demonstrate the latest
technological trends and stimulate business networks but also propagate different narra-
tives to disrupt the institutional status quo and to shape new agendas.
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Pouran et al. (Chapter 17) discuss how the blockchain platform and distributed ledger
technology can be used to ensure more transparency in carbon emission data reporting by
creating a digital flow of information alongside the physical flow of fossil fuels from the
source to end users. The technology can also improve the reliability of smart grid and facili-
tate the ‘prosumer’ concept in energy governance and peer-to-peer (P2P) energy transac-
tions. The chapter concludes that in order to make this technology play a significant role in
decarbonisation, the challenges related to socio-economic issues, commercial viability,
legal complexities and technological shortcomings must be addressed.

Baker and Mould (Chapter 18) note that district heating was already used in the Middle
Ages, but remains an attractive option for more energy-efficient and sustainable futures.
The penetration of urban district heating and cooling systems is considerable in ‘state-
managed’ societies but represents a remarkable failure in more ‘liberal’ economies. The
impact of policy silos and the lack of a strategic approach to developing new fuel chains
still remain a major hindrance for district heating and cooling networks. However, as post-
carbon transition reintroduces government interventions in the energy demand-supply
relationships (e.g. in the form of subsidies and regulation), a more coordinated approach
may be ‘retrofitted’ into urban economies. This is not straightforward, however. Using the
example of Denmark, the chapter stresses the legislative and ownership context for the
development of the technical systems, which limits the direct replicability of ‘best prac-
tices’. Furthermore, ensuring that the system is just (e.g. in terms of mitigating energy
poverty) represents an additional challenge.

Reducing energy demand in buildings and improving energy efficiency measures are
essential in climate mitigation. Furthermore, with global warming, there is a growing need
for cooling in buildings and the use of air conditioning. Pignatta and Naderi (Chapter 19)
discuss different technical and building design solutions to shift energy demand from peak
to off-peak periods, to reduce energy demand, as well as to generate energy. The chapter
then highlights that attention is also now being directed towards the energy performance
of building complexes and districts, rather than individual buildings. This shift allows for
the economies of scale to be leveraged while highlighting the role of the urban scale as an
‘energy collective’. One of the key takeaways is the importance of collaboration, education,
awareness and incentives in the transition to a post-carbon future through net-zero and
positive energy buildings and communities.

De Souza et al. (Chapter 20) consider users’ data collection and how it can inform techni-
cal decision-making. The chapter focuses on two approaches to bottom-up data collection:
when data are collected by digital sensors ‘on behalf’ of people and when data are collected
by citizen scientists using digital technologies. Through two distinct case studies from
Germany and Italy, the chapter discusses some key techniques for data collection as well as
the problems that technicians face when translating this data into ‘useful’ decision-making,
which vary from data quality and inferred meaning to making a single holistic view out of
disjoint data. Both case studies illustrate how bottom-up and citizen-centric data collection
can help decision-making processes and reduce costs involved in data collection. The chap-
ter ends by arguing that a set of ‘standardised’ guidelines on how data are to be gathered by
citizen scientists is required to represent community aspirations and needs.

Finally, Thornbush and Golubchikov (Chapter 21) analyse the role of smart street
lighting technologies in making energy efficiency gains. Switching to more efficient



