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O 1 Introduction

This white paper aims to explore the opportunities deriving from urban data in the
shortand medium run (3 to 7 years' time horizon). By urban data we refer to a category
of the broader data concept, defined as the data that provides information about a
city that is proper to that city."

The rapid adoption of new technologies - such as Internet of Things (loT) devices,
smartphones, high-resolution cameras, social media platforms or real-time
geolocation - in cities is generating vast troves of data that can be used to improve
city life through better mobility, energy use, air quality, etc. Unlocking that value will
require the development of new products and services that are able to leverage that
data through financially sustainable business models.

In section 2, the paper first explores the value of urban data and makes some
conceptual clarifications around the notion of urban data and its lifecycle. The third
section presents and analyzes a range of emerging products and services built around
urban data. The fourth section lays out some of the main bottlenecks that currently
exist to fully materialize the opportunities presented by urban data. This section
also identifies some of the possible approaches to tackling these barriers, which can
become business opportunities in and on themselves. The final section concludes
with a succinct account of the main points made in the white paper.

Both the exponential growth of data generation and the increase in the market
valuation of data analytics and management products point to an immense potential
value deriving from urban data. Some of the emerging products and services
presented in this paper describe the likely short to medium term scenario that will
unfold in this sector.
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Despite these promises, unlocking the potential value of urban data will not be easy.
The urban data landscape is fragmented, the regulation is nascent and therefore
unclear, and there is a significant need to level up the investment on infrastructure,
systems, skills, and capacities. These are not only challenges, but interesting
opportunities that will require financing, sound policy decisions, strengthening of

private and public sector capacities, and the establishment of effective collaborations
across sectors.
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O 2 Where is urban data today?

European data economy is estimated to reach €829 billion in 2025, representing 4
percent of the overall EU GDP.? In other regions such as Latin America, the big data
and analytics market is forecast to reach $8.5 billion in 2023.> Open data, which is just
a fraction of the total amount of data generated in an economy, has been estimated
ata market value of €325 billion in the EU for the period between 2016 to 2020, and
between $3 to $5 trillion in economic value annually across seven sectors in the US.5
Perhaps more important than these figures is the speed at which new data is created.
The volume of data is growing exponentially (see figure 1), with some calculations
estimating that 90 percent of existing data was generated in the previous two years.®

One of the main ways in which data can create value is through its use to improve
and optimize current public and business processes, services, and practices.
Several academic and practitioner analyses have found that the use of information
technologies and data increases companies’ productivity and competitive advantage.”
At the same time, data itself has given way to the emergence of new business models,
products, and services built on it.®

For example, many companies are already making money by selling the data that
they collect regularly as part of their businesses to other companies, and almost
every big company in the market is already buying data from other sources.®
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Figure. 1

Volume of data/information created, captured, copied, and consumed worldwide
from 2010 to 2020, with forecasts from 2021 to 2025 (in zettabytes)
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Interestingly, many of the opportunities created by data will materialize at the city
level, where a large proportion of the data is being generated from loT devices,
public and private mobility operators, utilities and telcos, platforms operating in the
accommodation, mobility, e-commerce or delivery sectors, the administrative data
collected and increasingly opened up by governments, and all the data generated in
smartphones and the web that can be tracked to physical places thanks to geolocation
technologies. Just the market for big data derived from smart city IoT devices was
estimated to reach $800 million by 2026, with a compound annual growth rate (CAGR)
of 35.6% between 20217 and 2026.7°

In addition, emerging technologies such as autonomous vehicles and drones largely
operate on data-driven technologies, and at the same time, generate vast amounts
of data that could be used to create additional value.
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Despite these opportunities, the urban data market faces important bottlenecks to
its long-term development: fragmentation, lack of common standards, data hoarding
practices by different entities, and unclear regulations. According to an analysis by
the World Economic Forum, of the 2.5 quintillion bytes of data that are generated
daily, less than 1 percent is fully utilized due to these reasons."” Given the emerging
nature of many of the economic opportunities presented by urban data, there is also
a lack of clear and concrete understanding about what are some of the products,
services, and revenue models emerging around it. Before analyzing some of these,
however, it is important to make some clarifications around the concept of urban
data and its lifecycle.
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In focus

Urban data and its lifecycle

Data are usually defined as measures of the world that constitute the building
blocks from which information, knowledge and wisdom are produced. Big
data or urban data are specific types of the broader data concept (see Annex
1 for a more detailed discussion). The focus of this white paper is on urban
data.

Figure. 2
Data Lifecycle

Storage

Visualization

Processing

Creation
& collection

Analysis

Destruction
Transportation

Security

Sharing

December 2022
Opportunities to Unlock the Value of Urban Data




Santander X ot By & Santander

We can distinguish several stages in the lifecycle of data: (1) creation and
collection, (2) transportation, (3) storage, (4) security, (5) processing, (6)
sharing, (7) analysis, (8) visualization, and (9) destruction.”* There are
opportunities to generate value - and therefore spaces for the creation of
new businesses, products, and services - at each of these different stages.
For example, some companies may create a new product by collecting data
from novel sources which is then processed and sold or licensed to other
organizations. Other companies may specialize in the stages of processing
and analyzing data that is then used to develop a new product or service.
The business model may also be centered around the exchange of data, for
example by combining different data sources and selling new datasets or by
creating and running a marketplace for data exchanges.
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O 3 Where is urban data headed?

This section explores some of the products and services focused on urban that
are emerging and that have the potential to consolidate as the main business
opportunities in a 3 to 7 years' time horizon. Some of these products and services
are well-established but face important regulatory uncertainties (e.g., data brokers).
Others have a less-proven business model but could become major sources of value
generation (e.g., micro-mobility data pooling platforms). It is possible that some of
these products will disappear or morph over the coming years, and that new ones
not captured in this white paper may emerge. The picture provided in this section,
however, contains some of the main traits of the urban data product and services’
market in a short to medium term.

It is also important to note that a large part of the market potential arising from the
use of technology in urban contexts is linked to investments in infrastructure, loT
devices, and other technologies, some of which are analyzed in detail in the other
white papers of this series.’ In this paper we focus on those products or services
that have urban data at the core of their value generation strategy.

Building on the idea of the data lifecycle, we can distinguish several products and
services built upon urban data:

Data provision

This refers to organizations who collect data to sell it, once processed, as a product
or as a service. This product can be made of data originally collected by the data
provider, or of a combination of such original data with other data collected by third
parties (including open data).
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Sometimes this activity can be a byproduct of the company's main activity (e.g.,
telephone operating companies who sell anonymized geolocated data about their
users). Data providers can make these data products or services available through
data marketplaces or in bilateral exchanges with interested buyers or customers.

According to an analysis from the Boston Consulting Group,' nearly half of all smart-
city applications use data from a variety of sources, so single - but particularly multi-
source — data will become an important input for this market, and therefore the
demand for these product and services will likely grow in the coming years. Another
interesting aspect of this business derives from data's economies of scope. Because
a single investment in data collection and processing can allow a variety of analytical
and visualization applications, companies can design data collection in a way that
enables multiple uses, generating potentially enormous productivity gains.™®

Data brokerage

There are organizations that do not collect new data, but instead focus on gathering
data from multiple sources to create novel datasets through their combination. Data
brokers collect personal, locational, and transactional data about consumers that
then sell - both as finished products or as services - for a variety of purposes such as
identity verification, marketing, or fraud detection.
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In focus

Data brokerage in focus

According to a report by the US Federal Trade Commission published in 2014,
these products generated a combined total of approximately $426 million
in annual revenue in 2012 for the nine data brokers that it investigated.
Estimates about the data brokerage market value forecast it to reach $42
billion at a CAGR of 6.8% during the period from 2022 to 2031."” Although
data brokers do not exclusively focus on urban data, local governments are
an important source of data, as well as recurrent clients of data brokers.

Companies like Oracle, Nielsen and Salesforce lead an industry whose growth
has only boomed since the Federal Trade Commission’s investigation, and yet,
many of the concerns raised by the US government and others about data
brokers have still not been addressed.™ This is an area where further and
clearer regulation is needed to tackle the risks of a largely opaque industry
while enabling the benefits that advanced data processing and exchange can
provide in a data-rich economy.
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Data marketplace

A data marketplace is a digital platform on which data products are exchanged or
traded. These platforms are neutral intermediaries where users can upload, sell, and
buy data products. Data marketplaces are often run by organizations that establish
the standards, licensing models, and terms of access and use. While some data
marketplaces focus on facilitating transactions between two parties (e.g., IOTA,
Streamr, and DAWEX) others also provide data analysis, visualization, and processing
functionalities within the platform infrastructure (e.g., Telekom Data Intelligence
Hub, Advaneo, and Caruso).™
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Case in point

The Copenhagen City Data Exchange (CDE)

Aninterestingexample of anurban data marketplace was the Copenhagen City
Data Exchange (CDE) developed in 2015 by the Municipality of Copenhagen,
the Capital Region of Denmark, and Hitachi. According to an evaluation of
the initiative, the CDE “supported local companies in exploring the value of
their data by identifying potential customers and acted as a data broker by
looking into challenges and opportunities and by matching their needs with
data sources from both the public and private sectors”.?

In 2018, the CDE was discontinued because it was not able to reach a critical
mass of datasets and data purchasers to make the model sustainable.?’ The
evaluation carried out by the CDE partners after the project ended found some
key obstacles for the adoption of the marketplace, such as the immature
and fragmented nature of the data market, the need to develop clearer use
cases, the reluctance to share data by some organizations and the lack of
skills and competencies.
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Looking to the future, a key success factor for data marketplaces will be the provision
of value-adding data-related services by these platforms. The future development
of data marketplaces will likely be shaped also by the adoption of smart contracting
and distributed ledger technologies that can enable faster and more secure execution
of transactions.?

Data platform

Urban data platforms are those that enable the integration, linking, and use of
data from different sources to address urban issues such as traffic management,
pollution control, or energy use. There are, of course, many software products that
city governments can use to manage their data. Over the last years, however, there
has been anincrease in the emergence of platforms that integrate data from multiple
sources and break organizational siloes to unlock the potential value of better data
management in urban settings. Some of these platforms are sold as software
products, but many others are licensed as Software as a Service (SaaS). Urban data
platforms may or may not include analytic services as part of their features, but most
often do, somewhat overlapping with the next category (analytics provider).

Some of the most innovative data platforms (e.g., DKSR-OUP?3) are built using
open-source code and specialize in operating loT-based applications with real-time
data. Social media is also enabling the gathering of real-time feedback that can be
processed through artificial intelligence to better understand populations’ concerns
and opinions on issues, policies, and decisions. That is the product developed by
companies such as CitiBeats, who processes large quantities of unstructured data
through ethicalartificialintelligence to gatheractionable insightsinto the population’s
concerns.?* Other companies, like Vianova, develop and operate platforms that enable
the collaboration between city governments and mobility operators by integrating
private and public sector data and providing data management and analytic services
in the mobility sector.
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The most advanced features even enable the direct communication of geo-fenced
policies from the city government to shared mobility operators, to ensure compliance
with regulation in real time.®

Analytics provision

Many organizations operating in the urban data market collect data from multiple
sources but do notto sellitas a product or provide a platform to another organization.
Instead, they offer a service to an end user that is based on the analysis of such data.
The service can be a recommendation of a travel route (e.g., Waze or CityMapper),
the rating of a restaurant (e.g., Yelp or Trip Advisor), or information on real-time
parking costs using garage occupancy data, current weather data or information on
upcoming public events.?® Most companies combine user data (e.g., geo-localization
or route endpoints) with third-party data (e.g., open weather data). Mobility as a
Service (MaaS)?” companies fall under this category.

A second type of analytics' providers is formed by companies that provide tailored
data analytics and visualization products or services, usually to governments or
other companies. For example, a company named Aretian Urban Analytics and Design
combines “data analytics, complexity science, and network theory-driven machine
learning to produce high-resolution digital models of cities.””® These models can
be used to generate insights that can inform urban planning decisions such as
infrastructure and building design.

Athird category can be found in “digital twin technology”, computer programs that use
real-time 3D data to model urban environments or buildings and create simulations
that can predict how a product or process will perform.2
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Through augmented reality technologies, these platforms enable the monitoring and
assessment of conditions and changes in the built environment.

This can be used to enable participatory planning but also to assess the potential
impact of certain decisions. When combined with other technologies such as
unmanned aerial vehicles, digital twins can be used to inspect areas or buildings that
are difficult to access, for example in the aftermath of an earthquake.?®

Data-driven coordination

One of the models of data-driven coordination is known as peer-to-peer urban
platforms. It is used by companies such as AirBnB, Uber or Deliveroo, which operate
in urban settings to leverage the large numbers of consumers and suppliers existing
in cities through network effects,®” and in turn, further deepen the density of these
markets with a faster connection between them.?? While some of these platforms
are profitable, the financial sustainability of other companies has not been proven yet
and is particularly vulnerable after many courts have ruled that they are not merely
matchmaking-platforms but rather employers of drivers or riders.
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Case in point

Trees as Infrastructure

Amorerecent, and therefore relatively less tested but promising, type of data-
driven coordination platform can be found in those that are leveraging data
and digital technologies to match investors (both institutional and private)
with projects that can address urban challenges. An interesting example is
Trees as Infrastructure?®? (TreesAl), a cloud-based platform that collects data
from multiple sources to quantify and value the benefits—relating to carbon,
water, health, energy, biodiversity, and the economy - of urban trees and
forests. The platform then connects investors and urban residents who are
willing to fund trees with the city governments or entities seeking to plant
and maintain them.

Annex 2 contains a description of the main the revenue models deployed by the
organizations who are innovating with the products and services described in this
section.
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O 4 Main bottlenecks and opportunities to unlock
the value of urban data

Despite the potential value of urban data and the continuous emergence of new
products and services, the full realization of their promises is hampered by important
bottlenecks. In this section we highlight some of those barriers and suggest potential
approaches to tackle them.

Fragmented urban data Opportunity 1: Improve open data models
landscape

Opportunity 2: Increase private sector
data sharing

Opportunity 3: More clear standards and
technical interoperability

Need for better infrastructure Opportunity 4: Public and private
and systems investment in infrastructure

Opportunity 5: Decentralized

infrastructures
Unclear regulatory Opportunity 6: Clarify and strengthen the
landscapes regulatory framework

Lack of clear skills

and capacities Opportunity 7: Invest in data-related skills

Opportunity 8: Invest in capacities in
organizations

December 2022
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Fragmented urban data landscape. Most data sit behind the walls of different
organizations, who do not publish it openly nor share it with other entities. This limits
the flow of data and the potential to unlock its value. Many organizations are wary
about sharing their data because they think this can pose a risk to their competitive
advantage or out of fear that such releases will result in a breach of their privacy
protection obligations. With regards to public open data, often just publishing
datasets is not enough to generate value. This failure to meet the expectations of
the open data movement has sometimes resulted in the loss of interest by the actors
involved in open data ecosystems. Finally, data exchange is often hampered by the
lack of common standards or technical interoperability.

Opportunity 1: Improve open data models

The EU has recognized the importance of high-value datasets and has taken
legislative measures to increase their publication. While this is important, the
focus has been on releasing these public assets free of charge. In some cases,
however, it makes sense to establish fees or charges for the use of such data.
This can increase the incentive of public bodies to release their data in valuable
formats, as well as finance the costs derived from the process of publishing
data in a way that can generate value.
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In focus

From Open Data to Data as a Service

Cities like London are moving from open data portals that operate as
catalogues of datasets to creating a model of “data as a service". In this
approach the focus is on sourcing data based on user needs and linking users
to where data is held, including the sharing of non-open data.>* Governments
steward and provide sustainable and equitable access to data for data seekers
inside and outside the public sector.?>

When data is available on demand it enables the development of different
products, such as using that data to provide up-to-the-minute flood warning
information by an external developer.3® Companies can specialize in creating
these new products and services based on the ‘on demand data' but can
also be pivotal in helping city governments transition from static open data
inventories to Data as a Service models.
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Opportunity 2: Increase private sector data sharing

A large part of the valuable urban data is collected, generated, and controlled
by private entities such as mobility operators, accommodation platforms, or
energy companies. Increasing the sharing of such data can enable the creation
of new products and services, enable more competitive markets, and improve
the regulation of the negative externalities of certain activities.?” In some cases
data sharing can be made mandatory, such as those foreseen by the Data Act
proposed by the European Commission3® or those increasingly being established
by cities for micro-mobility operators. In most instances, however, data sharing
can be enhanced by the promotion of data collaboratives® where all parties can
benefit from the exchange and pooling of data.

Opportunity 3: More clear standards and technical interoperability

The development of clear and common standards is a fundamental tool to
overcome data fragmentation. Several initiatives are underway that can
play a key role in tackling this challenge. For example, the work on common
European data spaces will be key in creating a secure and privacy-preserving
infrastructure to pool, access, share, process and use data, while establishing
clearand trustworthy data governance mechanisms.* Other initiatives have also
been launched at the local level to establish common standards, in particular
for shared mobility operators (see for example the Mobility Data Specification*'
developed in the US and now applied in several European cities, or the CDS-M
mobility standard currently being developed by five Dutch cities®). As some of
these examples show, developing solutions for better data flow and sharing is
also a business opportunity in and on itself.
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Need for better infrastructure and systems. Creating a more thriving economy
around urban data will require significant investments in the infrastructure and
technological tools required for upgrading the collection, processing, sharing,
analysis, and use of data at scale.

Opportunity 4: Public and private investment in infrastructure

The EUhas proposed toinvest€2 billion (and to crowd-inan additional€4 billion by
private investment) in a European High Impact Project to develop data processing
infrastructures, data sharing tools, architectures, and governance mechanisms
for thriving data sharing and to federate energy-efficient and trustworthy cloud
infrastructures and related services. The potential for investment by the private
sector is particularly promising since the business of managing data - just one
of the components of the data lifecycle - has already become one of the fastest
growing areas in enterprise infrastructure investments in 2021 and has an
estimated worth of over $70 billion.*

Opportunity 5: Decentralized infrastructures

New developments in distributed ledger and privacy enhancing technologies
are fostering interesting innovations in decentralized infrastructures for the
creation of trustworthy data ecosystems that enable the creation of value while
ensuring individuals' control over their data. One of the early examples in this
space was the DECODE project funded by the EU and piloted in Amsterdam and
Barcelona.** More recent projects, like Solid, launched by Tim Berners Lee, are
among the most cutting-edge and promising approaches in this space.*

Unclear regulatory landscape. Given the nascent nature of the urban data
market, there is still a high degree of uncertainty on applicable regulations for many
of the activities performed around data. Different jurisdictions are establishing
their own norms resulting in further fragmentation and confusion. In other cases,
regulation lags new technologies, products, or business models, resulting in
regulatory vacuums. For example, there is no property regime for data, with actors
deploying two main legal strategies to exert certain rights over data: strategies based
on intellectual property laws and strategies combining general terms of use with
trade secrets.*®
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Opportunity 6: Clarify and strengthen the regulatory framework

Awell-functioning urban data market needs clearlegislation on data governance,
access, sharing and use. Some of these regulations need to be established at
the supra-national level, and the EU is already taking the lead through a set
of important norms.%” In addition, cities like Barcelona have taken action to
establish measures on the ethical management of data.*® This initiative by city
governments is important, particularly in the face of legal vacuums. Yet, to
avoid fragmentation, the coordination and development of common regulatory
frameworks that can be replicated by other cities will be very important. In this
space, supporting initiatives such as the UN's Cities Coalition for Digital Rights*
will be particularly important.

Lack of clear skills and capacities. Gaps in skills and capacities are another
significant bottleneck to the full unlocking of the value of urban data. First, there
is a widely acknowledged gap in data-related skills among the population. A report
from the UN has called for increasing global data literacy as a necessary condition to
catalyze the “data revolution”,*® with a report by McKinsey estimating the data skills
gap in millions of unfulfilled posts.>' In addition, many businesses and governments
lack the capacity (understood as the personnel and tools) needed to perform their
critical roles in the urban data economy. In this regard, a recent flagship report by
the World Bank published in 20217 notes that a shortage of skilled data scientists,
statisticians, and economists across public data systems is a critical constraint, which
is compounded by constraints in technology and infrastructure.>?
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Opportunity 7: Invest in data-related skills

Organizations need to invest in the skills related to finding, manipulating,
managing, and interpreting data which will be "“an integral aspect of every
business function and activity".>® In the EU, this means moving from 5.7 million
data professionals in 2018 to 10.9 million data professionals in 2025.>* This of
course represents a huge investment opportunity in training, reskilling, and
upskilling activities.

Opportunity 8: Invest in capacities in organizations

Meeting this need will require large investments in (i) staff training, (ii) proper
staff remuneration, (ii) career incentives, and (iv) technology tools inside public
and private organizations.
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O 5 Conclusion

Urban data offers huge potential, and it is reasonable to expect the consolidation
of existing innovative products and services and the emergence of new ones in the
short to medium term.

To unlock this value, substantial barriers need to be overcome. Regulation needs to
be issued and harmonized, and standards and technology need to be developed to
increase interoperability and data sharing. All this will enable increased secure data
flows, which will in turn favor the consolidation of existing products and services
and innovation with new ones around data provision, exchange, management, and
analysis. These businesses will demand capital, and the broader market will require
substantial investments in infrastructures, technologies, and skills.

The rapid growth on sectors such as data management already reveal the future
that may unfold. If the bottlenecks described in this paper are successfully tackled -
through a mix of public sector decisions and private sector actions - such future will
likely be defined by the exponential growth in the urban data products and services'
market in the 3 to 7 next years.
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Annex 1- Understanding urban data

Data are usually defined as measures of the world that constitute the building
blocks from which information, knowledge and wisdom are produced.>® This process
of turning data into information, then knowledge and finally wisdom has been
described using the image of a pyramid (see figure 3), where the transition from
each stage to the next stage above is carried out by performing different actions
(abstraction, processing, analysis, interpretation, and application).

Figure. 3
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Data can be classified according to different criteria or characteristics. At a very basic
level, we can group data according to the sector that they pertain to (e.g., water,
mobility, energy, etc.). Data can also be grouped based on their form (structured,
semi-structured or unstructured), type (indexical, attribute or metadata), and other
criteria. For our purposes, four main characteristics are particularly important. First,
whether data are historical or real-time (that is, data representing phenomena at the
same instance as these phenomena occur). Second, whether data is controlled®® by
a public organization, a private organization, or a private individual. Third, whether
data is considered personal or non-personal.’” Fourth, whether data is open, shared
(voluntarily or due to mandatory legal requirements) or closed.®

Thereare two additionaldefinitions that we need to make. Although often confounded,
not all data is big data. There is no single definition of big data, but it is often
defined in relation to three characteristics known as the 3Vs: huge in Volume, high in
Velocity, and diverse in Variety.>® Other definitions include more attributes, and some
definitions of big data incorporate the technological advances in computing, storage
and analysis that have enabled the handling of massive amounts of data in real time.
0Similarly, urban data is a subset of the broader data concept. We define urban data
as that which provides information about a city that is proper to that city.®’
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Annex 2- Revenue models around urban data

Although there is no single definition of the concept of business model, most
approaches are quite comprehensive in nature. Forexample, the framework proposed
by Osterwalder and co-authors® contains nine building blocks of business models:
key partners, key activities, key resources, value propositions, customer relationships,
channels, customer segments, cost structure and revenue models. Analyzing each
of those components for all emerging urban data products and services exceeds
the scope of this article, so we will zoom in on the revenue models deployed by
the organizations who are innovating with the products and services described in
section 3:

1. Asset Sales:

This model is used, for example, when a data asset (e.g., a dataset or an analytical
product) is sold to a customer. A few data platforms may also sell their platform as
a software package and earn additional revenue by charging for maintenance and
updates.

2. Usage Fees:

This model is often used by data marketplaces and data-driven coordination
companies, who charge a fee for every transaction that they facilitate.

3. Licensing:

This is often used by data platforms, who license the use of their platform through
SaaS arrangements.

4. Subscription Fees:

In some data marketplaces, subscription fees are also charged for membership,
listing of data products, storage space or use of data services. A sub-category here
are freemium models in which platform users can use basic functions at no cost but
must pay a fee for an extended or full range of functions.
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5. Advertising Fees:

Some of the analytic providers have a difficult time charging their users a fee (e.g.,
Yelp or Trip Advisor), so they often derive their revenue from selling visibility and
targeted advertisement to other companies.®

6. Data-targeted complementary services:

Those data-driven coordination companies that collect continuous data from a user
can gain precise insights about users’ habits. These companies can then leverage
these insights to sell complementary services to those users.
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