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Development of Smart Cities in the World
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Addressing Sustainability Challenges in Smart Cities
• Upgrading ageing and deteriorating infrastructure for energy
distribution
• Reducing environmental burdens (CO2 emissions, air pollution) by
increasing renewable energy sources and efficient energy usage
• Strengthening the resilience of the supply of energy and services
against disruptions and disasters (earthquakes, typhoons)
• Coping with cost pressure to improve energy efficiency and to cut
back its consumption during peak periods
• Providing services to an ageing and declining population in efficient,
flexible and user-friendly ways
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Research Questions
• What are the technological fields emphasized in
innovative activities?
• Who are the main actors in innovative activities?
• What are the key drivers and obstacles in creating
innovation?
• What are the effects of institutional conditions and
environments on innovation?
• What are the implications for public policy and
governance for data-driven-innovation?
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Elements of Innovation Systems
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Knowledge and Technology Domains in Smart Cities

Japan: PVs, distributed energy, and energy storage,
home appliances, electric vehicles, community
energy management
Yarime and Karlsson (2018)

US: smart grid, smart meter technologies,
communication network
9

Network of Actors in Developing Smart Cities in Japan & US

Japan: concentrated structure dominated by
a small number of large actors, e.g. energy &
electric companies and public organizations
Yarime and Karlsson (2018)

US: distributed structure with many actors,
such as utilities and ICT companies
including SMEs and start-ups
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Major Actors in Japanese Innovation System of Smart Cities
Organization
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Electronics company
Trading company
Governmental funding agency

Sharp

74
64
67
28

Betweenness
5212.703
3735.588
2908.344
2735.742

Consumer electronics company

91

1603.521

Denso
Fuji Electric
JX Nippon Oil & Energy
Panasonic
Furukawa Electric
University of Tokyo
Sumitomo Electric Industries
Urban Renaissance Agency
TOTO

Automotive component supplier
Infrastructure vendor
Petroleum company
Electronics company
Infrastructure vendor
University
Infrastructure vendor
Real estate agency
White ware vendor

55
53
55
35
47
13
55
47
30

1567.229
1516.667
1481.08
1276.681
1187.081
1154.299
1123.101
960.8317
917.3737

IBM
Omron

Software vendor
Automotive component supplier

30
24

917.3737
770.785

Kansai Electric Power Co
Iwatani

Electric utility
Gas equipment vendor

24
29

770.785
658.7583

Nittetsu Elex
Tokyo Gas

Infrastructure vendor
Gas utility

29
31

658.7583
609.8406

Yarime and Karlsson (2018)

Degree

11

Innovation Systems of Smart Cities in Japan & US
Japan
• Strong interest in resilience to natural disasters and distributed energy systems
• Focus on application technologies for home appliances and electric vehicles,
energy storage, community management
• Concentrated structure dominated by a small number of large actors, including
government organizations and electric & electronic companies
• Innovation system mainly driven by the energy sector
US
• Strong interest in resilience to physical and cyber attacks and cost reduction
• Focus on grid and smart meter technologies, communication, infrastructure
network
• Distributed structure with many actors, such as utilities and smart meter
manufacturers including SMEs and start-ups
• Innovation system mainly driven by the information and communication sector
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Smart City Projects in China

Characteristics of Smart City Projects in China
Topic
1 Data/information
platform/system/management
2 Construction of the city

3 City improvement engineering projects

4 Big data/information
platform/management/system
5 Big data/information
platform/management/system
6 Big data/information system/management
7 Database and server room

Key Contents
Health and medical care, tourism, community,
Transportation, city management,
infrastructure, education, tourism, agriculture,
information safety, and civic life, etc.
Roads project, car park space, greening
projects, and street lights, etc.
Access safety, operation surveillance, internet
surveillance, etc.
Logistics system, agricultural technology, and
surveillance and analysis on agriculture and
logistics.
Video surveillance, public safety, and
transportation.

Data-Driven Innovation for Smart Cities
• Sophisticated systems of information and
communication hardware and software
• Intelligent exchanges of information that flow
between its many different subsystems
• Covering various types of products and services
relevant to urban functions
• Exchange of information analyzed and translated into
citizen and commercial services
• Acting on the information exchange to make urban
ecosystem more resource-efficient and sustainable
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Alphabet Sidewalk Toronto
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Alibaba City Brain Hangzhou
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Data-Driven Innovation for Smart Cities
• Energy
–Distributed energy systems with peer-to-peer exchange based on
blockchain
–SaaS – Solar as a Service
• Building and Housing
–Smart meters and IoT
• Transportation
–CASE - Connected, Autonomous, Sharing, and Electrified
–MaaS – Mobility as a Service
• Health
–Diagnosis of cancer based on image recognition
–SaMD – Software as a Medical Device

18

Data, Data Science & Domain Expertise for Data-Driven Innovation
• Data
–
–
–
–
–

Availability and accessibility
Quantity and quality
Open data
Internet of Things (IoT)
Drones, satellite images

• Data Science

– Big data
– Data analytics
– Artificial Intelligence (machine learning)

• Domain Expertise
–
–
–
–
–

Sector-specific knowledge
Cyber-physical systems
Manufacturing
Smart cities
Sustainability
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Rapid Technological Progress of AI

Economist (2016)
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Landscape of the Internet of Things
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Data-Driven Innovation
• Deriving new and important insights from the vast amount of data
generated during the delivery of services every day
• Ability to learn from real-world use and experience
– Training

• Capability to improve the performance
– Adaptation
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Challenges to Policy Makers in Facilitating Data-Driven Innovation
• Speed and direction of technological change
–Rapid progress and significant uncertainty
–Widening gap between technological and institutional changes - “Pacing Problem”
–Difficult to explain or understand the process of technological improvement

• Interconnectedness of technologies
–Cyber-physical systems such as smart cities
–Coordination of policies in different fields and sectors

• Real-world use and experience
–Stakeholder engagement and collaboration
–Multi-stakeholder platform
–Societal experimentation
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AI for Predicting Demand and Supply & Improving Market Efficiency
• Potential of AI to improve efficiency by predicting demand and supply,
overcoming computational barriers, and reducing search frictions.
• AI will play a substantial role in the design and implementation of
electricity markets.
• Machine learning could help predict human behavior in a variety of
settings including bargaining, risky choice, and games, helping to verify
or reject theory.
– Provide insight into new ways to model biases in human decision-making.
•

(Agrawal, Gans, and Goldfarb, 2019)
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Distributed Energy Systems
• Proximity to the customer

– Localisation of energy development
– Reduction of T&D costs
– Improved understanding of customer needs

• High energy efficiency

– Multi-generation and cascading energy usage
– Combination of complementary energy resources
– Use of excess heat and residual pressure

• Utilising clean and low-carbon energy sources

•

–
–
–
–

Integration of VRE
Reduction of air pollutant emissions
Reduction of carbon emissions
Reduction of fossil fuel consumption

(OECD/IEA, 2017)
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Peer-to-Peer Distributed Energy Systems Based on Blockchain

Ahl, Yarime, Tanaka, Sagawa (2019)
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Blockchain-Based Distributed Energy Systems

• Blockchain is rapidly gaining momentum as a platform
• Internet of Value

– A distributed ledger leveraging consensus procedures and cryptographic security

• Emerging applications of blockchain are highly disruptive
– Irreversibility
– Incorruptibility
– Aptitude to decentralize markets

• Benefits of decentralization

– Fault tolerance
– Attack resistance
– Avoiding collusion and price cartels

• Internet of Energy (IoE)

– enabling transparent, distributed prosumer markets.

• Can contribute to a shared energy economy with a platform
– All people can produce, sell, and purchase energy.

Ahl, Yarime, Tanaka, Sagawa (2019)
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Technological, Economic, Social, Environmental, and Institutional Challenges in Distributed Energy Systems

Ahl, Yarime, Tanaka, Sagawa (2019)
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Blockchain-Based Distributed Energy System, Urawa-Misono, Saitama, Japan

Abe, Tanaka, Triet (2019)
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Challenges and Opportunities in the Blockchain-Based Microgrid in Japan
• Technology
– Throughput, latency, data storage, high speed connectivity, interoperability, cybersecurity
– Consensus mechanism development, sharding, multichain communication, off-chain storage, state
channels, 5G internet, CR, AI solutions, machine learning, smart meter blockchain integration (such
as via light clients), IoT, M2M, privacy measures, quantum resilience.

• Economics
– Subsidy-dependence, lacking market competition, contract interoperability, platform market growth
– Business model innovation, market transparency, wholesale trading, pricing mechanism
development, AI solutions, machine learning, DAO- and fee-based platforms for trading and
infrastructure cost-sharing, EaaS.

• Society
– Behavioral change, public acceptance, stakeholder management, skill development
– Platform transparency and userfriendliness, digital platform company partnerships, convenience,
user interaction, AI solutions, blockchain searchability, expanded consumer/prosumer choice,
university blockchain training and programs.
Ahl, Yarime, Goto, et al. (2019)
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Challenges and Opportunities in the Blockchain-Based Microgrid in Japan
• Environment
– Emissions reduction scheme uncertainty, environmental regulation in smart contracts,
grid equipment end-of-life management
– Transparency and traceability in renewable energy trading, green wholesale market
opportunities such as ancillary markets, emissions-tracking and trading, carbon taxation,
validation of rights and meter data, environmental metric fraud prevention, end-to-end
supply chain traceability, IoT, coherent technology management

• Institutions
– Low renewable energy targets, uncertain stakeholder roles, tokenization, prosumer
licenses, balancing obligations, grid interconnection codes, network consignment fees,
smart meter measurement act, privacy protection, centralized decision making.
– Market unbundling and competition, network consignment fee structure update, DNO
and DSO role establishment, prosumer contract and license development, smart meter
act and standard development for blockchain integration, smart meter security and data
traceability, Living Labs, regulatory sandboxes, interdisciplinary teams.
Ahl, Yarime, Goto, et al. (2019)
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The Regulatory Sandbox for Stimulating Innovation
• Allows firms to test innovative products, services and business models
in a live market environment, while ensuring that appropriate
safeguards are in place.
• Potential benefits
– Reducing the time and the cost of getting innovative ideas to market
– Enabling greater access to finance for innovators, by reducing regulatory
uncertainty
– Enabling more products to be tested and potentially introduced to the market

• Potential risks
– Accidents, health, safety, environmental disasters, privacy, security
– Responsibility
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Applications of Regulatory Sandboxes
• Established by UK Financial Conduct Authority in early 2016
• Fintech Supervisory Sandbox launched by the Hong Kong Monetary
Authority in September 2016
• Regulatory Sandbox to Encourage Energy Sector Innovations launched in
Singapore in October 2017
• The Japanese government introduced a new framework for regulatory
sandboxes in June 2018, covering financial services, healthcare industry,
mobility and transportation
• Extending from Fintech to Cyber-Physical Systems
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UK Smart Data Review: Proposals

• Accelerating the development of innovative data-driven services in consumer markets

– The establishment of a new cross-sectoral Smart Data Function to oversee the delivery of smart data
initiatives across multiple markets
– Introducing an Open Communications initiative that will require communications businesses to provide
consumers’ data to third party providers at the consumer’s request

• Using data and technology to help vulnerable consumers

– Establishing a Vulnerable Consumer Challenge that will encourage data-driven innovation to improve
outcomes for vulnerable consumers
– Placing the needs of vulnerable consumers at the centre of Smart Data initiatives and the new Smart
Data Function
– Exploring ways regulators can utilise consumer data, subject to the right protections, to support
vulnerable consumers

• Ensuring consumers and their data are protected

– Building trust in innovative data-driven services by introducing strong data protection requirements on
Third Party Providers accessing consumer data
– A cross-sectoral approach to the regulation of Third Party Providers to minimise burdens on providers
that operate across multiple markets
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Alphabet’s Sidewalk Toronto
• The company won a bid to redevelop 800 acres of Toronto’s waterfront in October 2018
• Promises ubiquitous high-speed internet; intelligent traffic lights and curbs; smart awnings in
public spaces; underground delivery robots; wooden homes; and a thermal energy grid.
– Generates large quantities of data that can be used to optimize and improve services.

• Privacy challenges in building smart cities capable of tracking their inhabitants in unprecedented
detail
• Citizen groups questioned Sidewalk’s business objectives and have worried about the privacy
implications.
– Canadian Civil Liberties Association sued the city of Toronto in an effort to block the project.

• Master Innovation & Development Plan (MIDP) for Toronto released in June 2019
• Rebooting the smart-city concept through community engagement and understanding of local
technology needs.
• Data governance plan
– Data gathered through the project will be kept by an independent “civic data trust” and will not be sold,
used for advertising, or shared without people’s permission.

(MIT Technology Review, 2019)
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Nikkei Asian Review (2019)
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Nikkei Asian Review (2019)
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Rise of Data Protectionism?

Financial Times (2018)
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Challenges in Governing Data-Driven Innovation for Smart Cities
• Rapid progress and significant uncertainty in technological change
• Increasing integration of various sectors through data
• What incentives can be provided to various stakeholders for
publishing, exchanging, and sharing data?
• Who owns the data and who can use it for what purposes?
• Who can have and how to control accessibility to data?
• How to control the quality of the data
• How to maintain data portability and interoperability
• How to valuate data and to distribute the value
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Integrating Technologies and People in Smart Cities
Smart City 1.0

Smart City 2.0

Focus of Vision

• Technology-driven,
business-oriented

• People-centered

Role of Citizens

• Passive role as sensors,
end-users/consumers

• Active role as co-creators or
contributors to innovation,
problem solving and planning

Objective of
• Optimize infrastructures
Technology and
and services
Experimentation • Serve user demands and
spur new business
opportunities
• Efficiency through ICT and
big data
Approach
• Top-down, centralised

Cf. Crowley, Nutter et al. (2016), Nomura (2017), Trencher (2017)

• Solve social challenges
• Enhance citizen wellbeing and
public services
• Legitimacy through
participation and transparency
in decision making and
consensus building
• Bottom-up, decentralised,
inclusive to diverse
stakeholders
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China Daily, September 11, 2019
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