POLITECNICO
MILANO 1863

SCUOLA DI INGEGNERIA INDUSTRIALE
E DELLINFORMAZIONE

Smart City Startups: State of
the Art

TESI DI LAUREA MAGISTRALE IN
MANAGEMENT ENGINEERING
INGEGNERIA GESTIONALE

Author: Pétur Hrafn Frioriksson

Student ID: 10903754

Advisor: Luca Gastaldi

Co-advisor: Flavia Belluscio Academic Year: 2024-25



N\ VW x

SN 177517777
N ////N//////,,,E,:,_{_f s
AR Lpitlye7
NN W b0
SOOI Wit
SN NN N 1064777147
S NN 1 0077727
R N @@ﬂxxx&ﬂﬁ# Wi 1111777
e N //..../N,,/,,,,,////....f Q&\\\\\\Yn\\t
— N @77
TSI £ =
—_——— TS ===
o =
=T, NN
B S e A 1 DR
e e TR
e L NS
SIS RN

e S Sy Yy U NI

,,.
TISERANNRANG



Abstract

This thesis investigates the global landscape of smart city startups, with the focus on
startups founded from 2020 onwards and the most recent funding in 2022 or later. The
primary research question addresses the current state of the art of smart city startups
worldwide with a comprehensive database with over 800 startups extracted using
targeted queries of Smart City domains. Using a mix of qualitative and quantitative
analysis the startups were sorted into appropriate sectors and applications fields
before being analysed for identification of geographical and sectoral trends along with
a comparison of funding. To deepen the understanding behind some of the trends, the
impacts of policies and regional initiatives along with innovation hotspots and the
technological advancements are discussed further. The findings reveal a heavily
dominated presence of startups from the United States in all sectors while Europe as a
whole has the upper hand in a few sectors and the presence of India is also significant
with the second highest total of startups observed, only behind the US. A number of
case studies are presented to demonstrate the broad range of application fields which

the Smart City ecosystem is comprised of.

Key-words: smart city, startups, smart mobility, urban innovation, sustainability






iii

Contents
WX 0115 T i
CONLENES ..ottt s bbb bbb b ne iii
INETOAUCHION ettt asas e ss s s e s sssssseasnenes 5
1 Literature reVIeW ...ttt ssssesssssssssssesssssssssssssnesssssnes 7
1.1. Defining smart City........ccocoviiiiiiiiiiiic 7
1.1.1.  Smart city characteristics.........cccccoeiviniiiiiiiiiiiiiiiiccce 8
1.2. Startup definition ..o 9
121, Startup lifecycle ..., 9
1.3. Key Technical Components of Smart Cities.........ccccooeeiiiiiiniicinnnnnee 10
1.3.1.  Artificial Intelligence (AI) ......cccoviviniiniiiiiiiiicc, 10
1.3.2.  Internet of Things (I0T) ......ccceceiviiiiniiiniiiiiiice, 11
1.3.3.  Machine Learning (ML).......cccccccviiiiniiniiniiiiiiiciccccce, 12
1.3.4.  BigData ..o 13
1.3.5. Information and communication technologies............ccccccccocucrnunneee. 13
2 Objectives & Methodologies ..........uiivriireiirenriisniirensisinniininsesisseessescsnsseanes 15
2.1. ODJECHIVES ..ttt 15
2.2. MethodOlOgY .....ccovviiiiiiiiiii s 16
221, Database ...t 17
222, Database Structure..........cccoevieiiiniiniiininiiiiinicice e 20
3  Smart City Startup ANalysis ..., 23
3.1. MODILItY ... 27
3.1.1.  Electric MODILItY ...ccooveiviiiiiiiiiciiciiccicccccceeeee 30
3.1.2.  Sharing MObility.......cccevviiiiiiniiiiiceeee, 33
3.1.3.  Mobility-as-a-Service (MaaS)........ccccevueririreiniiiniiiiinicinicciceceeeens 36
3.1.4.  Smart Parking and Parking Management...........cccccceeeviriinucnnnnnee. 39
3.1.5.  Last-mile Delivery .......c.cccoovviniiniiiniiiiniciiccicceeeeeeee 41
3.1.6. Autonomous DITVING........cccceiviiiiiniiiiiiiiiiiiiccccenns 43
3.1.7.  Public Transport.......cccevcviiiniiiniciniciiciccccccee e 46
3.2. Smart BUuilding .........cccoviiiiiiiiiiiiiias 48
3.3. Security & Surveillance ... 51
3.3. 1. Smart Cameras.......cccoeviiiiiiiiiiiiiiiii s 53



iv | Contents

3.3.2.  Video ANalytics.....ccccoveoimriiiiiiinieiieiiniciccctee e 53

3.4. SINATE GIId .ottt 56
3.5. Waste Management..............cooeiiiiiiiinicinic 59
3.5.1.  Circular ECONOMY ......ccocvvvimiiiiiiiiiiiiiccc s 60
3.5.2.  Effective Waste GOVErnance ..........ccoeeueeeverveieenenieinenceieeneeeenen 63
3.5.3.  Litter Bin SyStems.......cccoeueiiiiiiniiiiiiiccc e 64

3.6. Lighting/Crosswalk/Benches...............cccoeiviiiiiniiininiicccn, 66
3.7. Smart Metering .........ccovviviiiiiniiiiiniiiiici e 68
3.8. Environmental Parameter SEensors.........cccoevveerverieineneneninencieeneeenes 70
3.9. Digital TWInN c..cooooiiiii 72

4 CONCIUSIONS uuceinrriririririniinniiniiniiiesieeisssssseissessessssssessssssssssssssssssssssanens 75
4.1. Main FINAINGS ......coviviiiiiiiiiiiiciii s 75
4.2. Limitations and future developments............ccccocoevninniiniinnnnnnnnn, 76

5 RefereNCeS...uiiiiiiiririiitiinniiniiiiseissississnesiissinsesssssssssssessssssssssssssssssssessasens 78
LiSt Of FIGUIES .ucvruiirriiririinriistiitnnciniiitiscinactssestssssssssesisssssssssssessssesssssssssssssssssssaes 85

LISt OFf TADILES auuuueeeeeeeiiiicieeeeeeeeeeceeesssnneeeeeseecssssssssssessssssssssssssssssssssssssssssssssssssessssssnsssnes 86



Introduction

Cities are a complex system with many different interacting factors involved
(Glinaydin & Yiicekaya, 2020). Through history, cities have been at the forefront of
human civilization with main pillars of innovation, trade, culture, and governance
coincided with a continuous evolvement to respond to technological, economic, and
social shifts. However, today’s cities are facing many different challenges, particularly
in light of rapid urbanization. The United Nations report that more than 56% of the
world’s population currently resides in urban areas, with the number projected to rise
to nearly 70% by 2050 (UN DESA, 2019). This growth thus places immense pressure
on various infrastructure such as housing, transportation, and energy systems. The
European Green Deal establishes a roapmap for Europe to be the first climate-neutral
continent and aims to achieve it by 2050, with cities playing an important role in that
as cities are home to 75% of all EU citizens and consume over 65% of the world’s
energy and are responsible for over 70% of global CO2 emissions (European
Commission, 2024a). Furthermore, the EU has set up EU missions to achieve the goals
of the European Green Deal, aiming to deliver 100 climate-neutral and smart cities by
2030, paving the way for all other European cities to follow suit by 2050 (European
Commission, 2024b). These initiatives are however not only bound by Europe. In the
United States, New York City launched the framework “Building a Smart and
Equitable City” to emphasize data and digital tools for an improved city for all
residents, outlining their vision and ongoing projects to make the city smarter on all
fronts (NYC CTO, 2015) with a follow up initiative in 2017 called NYCx, with emphasis
on community driven innovation and cross-sector collaboration and a 2021 report on
the city’s IoT strategy where the city aims to leverage IoT technology in various smart
city applications and smart city infrastructure, by utilizing environmental sensors,
GPS, utility meters, counters, cameras, and other connected devices to give the city

more expansive data to measure environmental conditions, set goals, and manage
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interventions that result in improvements for residents (NYC CTO, 2021). Beyond
Europe and North America, governments across Asia, Africa, and the Middle East
have also provided initiatives for smart city development with India's Smart Cities
Mission, Singapore's Smart Nation initiative, and Kenya’s Konza Technopolis some
examples. Bearing that in mind, the role of this thesis is to look at startups in the smart
city environment, meaning a deeper dive into state and city-led initiatives only
captures part of the innovation ecosystem as it is usually relied upon the private sector
to deliver new solutions for smart cities, although of course the public infrastructure
and initiatives can influence it locally or on a regional level. The thesis will also look
further into the meaning and role of smart cities, while looking at the global ecosystem
of startups providing solutions for smart cities, especially how things have developed
since 2020. Through a structured database, this study classifies over 800 startups
founded from 2020 onwards by predefined groups and applications, the technologies
they adopt, their geographic distribution, and their funding maturity. The findings are
intended to support urban policymakers, investors, and researchers in understanding
the post-2020 evolution of smart city innovation and the growing role of startups as

urban change agents.
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1 Literature review

1.1. Defining smart city

The concept of the smart city was first used in the 1990s (Albino, 2015) but has since
evolved significantly with many definitions emerging around 2010 but with no
commonly accepted definition. Harrison et al. (2010), described a smart city as
instrumented, interconnected and intelligent city. In this context, instrumented refers
to the ability to collect and integrate real-time data from the physical environment
using sensors, meters, appliances, personal devices, and other similar
sensors; Interconnected signifies the integration of this data into a centralized
computing platform enabling communication of the data between various city
services; Intelligent referring to the use of advanced analytics, modelling,
optimization, and visualization tools to support improved operational decision-
making (Harrison et al., 2010). Smart cities can also be described as a way of managing
urban environments through the use of the latest technological advancements as the
goalposts are continuously moving in terms of “smart” solutions (Rejeb et al., 2022).
Hollands (2008) has noted that the term of being “smart” is often not defined for a city
when said city prides themselves and describes itself as a smart city and thus

devaluing the term
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1.1.1. Smart city characteristics

While the concept of smart city varies in definition the characteristics are a common
set of multidimensional qualities that align with the aims of a smart city. With one of
the most widely adopted frameworks being proposed by Giffinger et al. (2007) to
understand and outline six different dimensions of a smart city derived from 31 factors
and those derived from 74 indicators. Each dimension covers a distinct but
interconnected field in urban life and links to both technological and socio-political
aspects of a smart city. These characteristics are presented in the table below, along

with the key factors comprising each dimension.

Characteristic Description

Smart Economy Economic competitiveness, innovative spirit, productivity,
labour flexibility

Smart People Qualification levels, public participation, creativity,
flexibility

Smart Governance Participation, transparency, public services

Smart Mobility Accessible, sustainable transportation with ICT-
infrastructure

Smart Environment  Attractivity of natural conditions, pollution levels,

environmental and resource management
Smart Living Quality of life through culture, health, safety and education

Table 1: Dimensions of a Smart City
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1.2. Startup definition

Startups are newly established companies that plan to develop innovative products or
services starting off with a minimum viable product (MVP), improving that product
with testing and revising before introducing them to the market. Startups aim to
address the limitations in current offerings in any given market (Red Ocean Strategy)
or to create new market categories (Blue Ocean Strategy). In doing so, they often
challenge established business models and industry norms, earning them the
designation of "disruptors" within their respective sectors. To survive, the startup
needs to generate significant customer demand by offering solutions that are

perceived as both essential and superior to existing alternatives.

The funding of the startup is generally done through a few rounds. Initial capital often
comes from the founders and their personal networks, a phase known as
bootstrapping. After that, seed funding from “angel investors”, wealthy individuals
who invest in ventures, is secured. As the company grows, Series A, B, C, and D
funding rounds are sought, led by venture capital firms investing substantial sums.
Startups may decide to go public through an initial public offering (IPO), a special
purpose acquisition company (SPAC) merger, or a direct listing on the stock exchange

and in the process allowing early stakeholders to realize returns on their holdings.

1.2.1. Startup lifecycle
The lifecycle of startups has been described in many different ways through different
stages and phases. According to Salamzadeh and Kawamorita Kesim (2015) startups

evolve through three key stages; bootstrapping, seed, and creation.

In the bootstrapping stage, the entrepreneur “initiates a set of activities to turn his/her
idea into a profitable business”, gathers a team and possible co-founders and uses
personal funds and relies on investments from friends and family to continue the

business idea, with the aim of the stage to position the venture for growth by
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validating the feasibility of the product, demonstrating effective cash flow

management, building a capable team, and achieving customer acceptance.

After bootstrapping, the founder enters the seed stage, possibly seeking out
accelerators and incubators with the aim of gaining extra funding, some structured
guidance and experience to refine the business model and prepare for market entry.
The seed stage also involves the development of a prototype with the aim of entering
the market, usually done more on a team level opposed to the bootstrapping stage,

with the support of incubators or accelerators as earlier mentioned.

In the creation stage, the startup starts to generate revenue through sales after entering
the market, number of employees increases and meanwhile the organization is formed
more clearly and develops its purpose, norms, and routines, giving way to the
entrepreneurship that characterizes startups and moves clearer into management and

organizational characteristics. (Salamzadeh & Kawamorita Kesim, 2015)

1.3. Key Technical Components of Smart Cities

1.3.1. Artificial Intelligence (AI)

Artificial Intelligence (AI) can be defined as the capability of a system to accurately
interpret external data, learn from that data, and apply the acquired knowledge to
accomplish specific tasks or objectives through adaptive and flexible behavior (Kaplan
& Haenlein, 2018). Kaplan and Haenlein present three different stages of Al; Artificial
Narrow Intelligence (ANI), Artificial General Intelligence (AGI), and Artificial Super
Intelligence (ASI).
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Al type Description

ANI Ability to only apply Al to specific areas, where in that area Al can

outperform humans but in other areas it is unable to solve problems.

Ability to apply Al to several areas and the possibility to solve

problems in other areas as well.

Al can be applied to any area where it exceeds human performance.

Table 2: AI Typology

Al utilizes external information that is gathered from IoT devices or other big data
sources as input to identify hidden patterns and rules. This process relies on machine
learning techniques, which refer to methods that enable computers to learn and
improve their performance without being explicitly programmed. Wolniak and

Stecula provide six main areas where Al

1.3.2. Internet of Things (IoT)

The Internet of Things (IoT) refers to a network of physical devices that are connected
through RFID, sensors, software, and can allow for real-time data exchange across
devices and systems through the Internet. IoT is usually applied alongside most of the
other technologies mentioned in this chapter and IoT architecture is usually divided
into three layers: the perception layer, the network layer, and the application layer.
The perception layer is responsible for sensing and collecting data from the physical
environment. The network layer facilitates the transmission and processing of this
data. Finally, the application layer delivers relevant services and functionalities to end-
users, based on the information gathered and processed by the lower layers (Rejeb et

al., 2022).
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Layer Utility

Perception Layer Wireless Sensors, RFID, Cameras, GPS

Network Layer Bluetooth, WiFi, 5G, ZigBee

Application Layer Smart Cities, Smart Homes/Buildings, Environmental

Monitoring, EVs, Intelligent Transportation Systems (ITS)

Table 3: Layers of IoT

In smart city context, IoT is useful in a variety of applications and is present in all Smart
City Groups in this study and a multiple of application fields, such as Smart Building,

Electric Mobility, Environmental Parameter Sensors, and Litter Bin Systems.

Machine Learning (ML) is a subset of Al that enables systems to learn from data and
improve autonomously to make decisions or predictions. ML algorithms can be
classified into three types: supervised, unsupervised, and reinforcement learning.
Supervised learning uses labeled data to train models for tasks like classification and
regression. Unsupervised learning uses unlabeled data to identify hidden patterns and
structures while reinforcement learning involves training of an agent to make optimal
decisions through interaction with an environment where the agent must make
sequential decisions (Dou et al., 2023). In smart cities, ML plays a pivotal role by using
algorithms to analyse vast amounts of data from diverse sources, such as sensor
networks and databases to gain insights. It is present in a large range of Application
Fields in the database present in this study but has a high occurrence in video analytics,

traffic management, and digital twins.
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1.3.4. Big Data

The understanding and definition of Big Data is in constant development but Alam et
al. (2014) have reported the 3Vs of Big Data that entail volume, velocity, and variety of
large and complex datasets. Volume being the large quantity of data, velocity the sheer
speed of data being presented through the multiple possibles modes of sources such
as social media, and variety referring to the many formats of data that is delivered.
The use and analysis of Big Data is crucial for cities and startups operating in these

sectors to move from reactive to proactive approaches, through the use of Al and ML.

1.3.5. Information and communication technologies

Information and communication technologies (ICT) include the digital infrastructure
and tools that enable people, systems, and services to be connected for the effective
sharing of information. These technologies range from internet networks and cloud
computing to mobile applications and sensor platforms. The emergence of ICT has
fundamentally changed how technology can contribute to more efficient and
sustainable urban areas. Characteristics most commonly associated with smart cities
include the “utilization of networked infrastructure to improve economic and political
efficiency and enable social, cultural, and urban development” (Hollands, 2008) and
the statement that a city is smart “when investments in human and social capital and
traditional (transport) and modern (ICT) communication infrastructure fuel
sustainable economic development and a high quality of life, with a wise management

of natural resources, through participatory governance” (Caragliu et al., 2011).
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2 Objectives & Methodologies

2.1. Objectives

This thesis aims to explore the global landscape of smart city startups, focusing on
understanding their current state, how it is distributed across sectors and across the
globe along with the technological orientation. In light of that, one primary research
question has been chosen along with other research objectives to delve deeper into
initiatives from startups that are addressing the main challenges that urban areas are
faced with in the movement towards a smart city and a sustainable urban

development.

Primary Research Question

o What is the state of the art of smart city startups at a global level?

To address this central question, the thesis pursues the following specific research

objectives:

1. To compile and consolidate data on smart city startups worldwide

Using a combination of databases and search queries, relevant startups will be

identified and collected into a single structured dataset.

2. To classify smart city startups into relevant sectors and application fields

Startups will be categorized based on their primary domain of activity (e.g., smart
mobility, energy, smart building, waste management) as well as a specific application

field for a clearer insight into the main focus areas of innovation and comparisons.

3. To analyse geographic trends and regional distributions
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The study will examine the global dispersion of smart city startups, identifying

regional trends and potential gaps in innovation activity.

4. To explain and analyse different sectors

The study aims to explain all relevant sectors of the smart city ecosystem, discuss their
applications in the ecosystem and through which technologies they are enabled, and

integrated for urban innovation and efficiency.

5. Toidentify technological and business model patterns among smart city startups

This includes an exploration of common solutions, services, and technologies being

deployed, such as data analytics, [oT, Al, or platform-based models.

6. To discuss the implications policy-making and entrepreneurial support

systems has on some sectors

Explore how governmental policies and startup support programs influence the

development of specific smart city sectors.

2.2. Methodology

This methodology chapter outlines the research design, data collection, and analysis
techniques employed in the study of smart city startups. The aim of this chapter is to
provide a transparent and replicable framework that justifies the research methods
applied to explore the startups operating in the smart city ecosystem. The primary data

source for this analysis is a comprehensive database extracted from Crunchbase.
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The analysis is based on a database extracted from searches in the startup tracker
Crunchbase. Existing search queries from “Smart City Observatory” of Politecnico di
Milano were used along with newly created ones. Main criteria’s were that the
company should be founded 2020 or later and the most recent funding provided to the
company should be 2022 or later. Each of the different queries included keywords in
the given sector to give appropriate search results. Existing queries were named after

each of the categories analysed and included:
Observed Categories
Mobility
Security
Building/Engagement
Lighting/Crosswalk/Benches
Digital Twin & Control Room
Smart Grid
Sustainable Tourism
Waste Management

Smart Metering and Environmental Monitoring

Table 4: Smart City Groups

Additional queries with different keywords included the same categories as in the

table above but were found separately by the author.
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Water, LED light, Smart Lighting, Civic Engagement, e-Governance, e-

Environment, Health, Smart Hospital, Health Analytics, Remote Patient
Health, Monitoring, Smart Healthcare, Pollution Control, Wastewater

Government, Management, Smart Monitoring, Air Quality Monitoring, Water

Light Quality Monitoring, Smart Water

Buildi.ngs, Situational Awareness, Scenario Planning, 3D City Modeling,

Security,

Digital Twin, Predictive Modeling, Asset Lifecycle Management, Real-Time

Eontrol Monitoring, Virtual Simulation, Building Automation, Workspace

oom

Management, Air Quality Monitoring, Asset Tracking, Smart
Lighting, HVAC Optimization, Building Management System,
Smart Building, Secure Communications, Threat Detection, Access
Control, IoT Security, Home Security, Perimeter Security, Smart
Security

Waste, Renewable Energy Integration, Distributed Energy Resources, Grid

Mobility,

& Resilience, Energy Monitoring, Microgrid, Smart Metering, Smart

Grid, Smart Parking, Car Pooling, Last Mile Delivery, Mobility
Sharing, Sharing Mobility, Electric Mobility, Charging Station,
Charging Point, Urban Mobility, Urban Waste, Smart Bin, Smart

Waste

Table 5: Additional Searches in Crunchbase

To combine all possible startups from the queries into a single file the data was cleaned
to include only columns possibly relevant to the analysis, it was ensured that all
databases had the same columns before being combined and subsequently duplicates

were removed after combining the databases. To get an understanding of each startup
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in the database and to estimate whether it was appropriate to include any given
startup in the analysis, three things were done; check the industry groups the startup
was categorised in, read the full description, and if necessary, get additional
information of the startups activity on the startups website or even from secondary
sources. Based on this it was determined if the startups were in scope or out of scope
and each startup was assigned to a relevant Smart City Group, and an appropriate
application field was identified. Some common types of startups that were regularly

present in the database but were deemed out of scope and subsequently excluded.

Online attack prevention and network

security.

Warehouse automation and inventory

management in industrial supply chains.

Monitoring and safety in industrial or

corporate work environments.

Design or manufacturing of chips and

hardware components.

Aerial robotics companies offering
drone-based services such as surveying
and inspection.

Platforms and tools related to financial
trading or other fintech solutions that
aren’t related to urban development or

governance.

Table 6: Excluded Categories
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2.2.2. Database structure

The final dataset used in this study was structured to support both quantitative and
qualitative analyses of the startups within the smart city domain. After filtering and
validating the entries, each startup was represented as a single row in the dataset with
multiple attributes captured across several standardized columns. To improve clarity
and readability and to facilitate analysis, the columns in the database were grouped
based on relevancy. Related attributes were placed together to create a more structured
and readable dataset. In the table below all relevant fields are listed along with their
description.

First group included General Info, basic information about the operations of

the startups and location.

Organization Name Name of the startup.

Description Information about the business offer of the

startups and their value proposition.

Website A link to the startups’” websites.
Year Founded The year when the startups were founded.

Headquarter Country The country where startups’ headquarters

are based.

Headquarters Regions The region of the headquarters.

Headquarters Location More precise location of the startup.
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Number of Employees Estimate on how many are employed at

the startup.

Next cluster of info was important information about the Industry Fit for the

startups, which sectors they operated in and which technologies they used.

In-Scope/Out-of-Scope Deems whether the startup in question is

relevant in this analysis.

Smart City Group Relevant group identified for each startup

after analysing each startup.

Application Field The application field was determined

following a relevant group identification.

Industries This column captures the primary
operational or technological domains each

startup is active in.

Industry Groups This column reflects broader categories
that consolidate the industry labels into

more general domains.

Third and last cluster contained the Financial Info of the startups.

Total Funding Amount How much money has the startup raised

from its founding date.
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Last Funding Amount How high was the amount of last funding

(in USD).

Last Funding Date When was the last funding.

Last Funding Type How was the last financing for the startup

made.

Top 5 Investors The entities with the biggest shares in said

startup.

Acquisition Status Explains if the startup has either been

acquired or made acquisitions.

Number of Acquisitions How many times the startup has acquired

or been acquired.

Table 7: Columns from the Database Explained
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3 Smart City Startup Analysis

After analysing each company, the total of relevant companies for the research were
811 out of the 1260 found initially. To better understand the current state of Smart City
startups it is relevant to assess the funding of each sector and compare to see where
the biggest focus is. Funding serves as a key indicator of both market confidence and
innovation momentum. The table below shows the total funding amount (in
USD) allocated to each Smart City Group, providing insight into the economic

emphasis placed in each category by investors.

$9,000 M
$8,093 M
$8,000 M
$7,000 M
$6,000 M
$5,000 M
$4,000 M

$3,000 M

$2,000 M
$937 M
$1,000 M $809M  $780 M

- - $129M  $17M  $14M  sqM 1M
$0M

m Mobility ® Building/Engagement

® Smart Metering and Environmental Monitoring Waste Management

B Security & Surveillance M Smart Grid

B Digital Twin & Control Room W Lighting/Crosswalk/Benches

M Smart Tourism

Figure 1: Total Funding for Each Sector
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Subsequently, to get a full understanding of the database and the landscape of the
different groups of Smart City Startups, the total number of startups from each group
are also presented.

Total Number of Startups by Smart City Group

305

193

= Mobility 124

B Waste Management

M Smart Metering and Environmental Monitoring 92

M Building/Engagement

. . a7
M Security & Surveillance

Digital Twin & Control Room
Smart Grid
Smart Tourism 13

M Lighting/Crosswalk/Benches

L]
ES

=
=

100 150 200 250 300 350

Figure 2: Startups by Smart City Group

A comparison of startups by sector and founding year reveals some trends and
imbalances in how it has evolved across the smart city landscape. Notably the amount
of startups in each sector has declined since at the start of data recording. For that a
few reasons will be delivered to try and explain this downturn of startups in the
dataset. In 2020, 117 startups from the database were classified in the Smart Mobility
group, while in 2023 they had decreased down to 27, giving a 77% reduction between
the years. The year of 2024 will be ignored in this comparison and discussion due to
the dataset being compiled while 2024 was still ongoing. The second biggest sector of
Waste Management also sees a 63% decrease in the same timeframe and the total
decrease of all the startups between the years is at 66%. For these limitations a few
reasons will be provided that might explain the limitations in the extracted database.
The likelihood of startups from 2022 and 2023 to appear might be lower as they would
need to be funded publicly or added by founders into the Crunchbase database as the

database tends to include only startups that have received an official investment or
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startups that have a public profile and have media coverage, leaving startups from
2020 and 2021 with more time to be discovered and added to the database. These
limitations should be kept in mind when comparing sectors and application fields

between years.
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Figure 3: Startups by Groups Split by Year Founded
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From the dataset, Mobility emerged as the most heavily funded category, accounting
for over $8 billion, or approximately 74% of total tracked funding, while also topping
the charts for the total number of startups with 305 out of 811 documented. This reflects
the high level of investor confidence and global policy focus on transforming urban
transport with the electric mobility subsector dominating the charts and also a high
level of investment in sharing mobility and last-mile delivery, all sectors aimed at
reducing reliance on private car ownership and lowering greenhouse gas emissions in
dense urban areas. The dominant position of mobility-related startups suggests that
urban transport is perceived not only as a major contributor to environmental

challenges, but also as a key opportunity for scalable, revenue-generating innovation.
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3.1. Mobility

Smart mobility contains a number of actions that enhance users” mobility by foot,
public or private transportation. It contains integrated technology-enabled transport
solutions, including electric vehicles, shared mobility services, real-time traffic
management, and multimodal transportation systems with the aim of reducing
economic, environmental and time costs (Aleta et al., 2017). The increased ownership
and usage of privately owned cars in cities has coincided with an increased awareness
of climate crisis and the effects and externalities of the use of cars, which include
greenhouse gas emissions, traffic congestions resulting in time lost for individuals, air
and noise pollution, safety on roads and for other transport modes, urban sprawl
entailing increased infrastructure costs, and the excessive occupancy of public space.

(Vega-Gonzalo et al., 2024)

The integration of information and communication technologies (ICT) and
advanced data analytics enhances the user experience in the smart mobility setting.
They deliver real-time monitoring and optimization of transportation systems by
analysing enormous amount of data from multiple sources such as sensors, GPS
devices, mobile applications, and connected vehicles. ICT include for example
dynamic traffic management, predictive maintenance, and route optimization. Data
analytics can deliver evidence-based decision-making, thus enabling city planners and
policymakers to identify congestion patterns, evaluate transport demand, and
implement adaptive mobility solutions. This new era of smart mobility infrastructure
contributes not only to reduced emissions and costs but also an improved urban

accessibility through all different modes of transportation.
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Total Smart Mobility Funding by Region
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Figure 5: Smart Mobility Funding and Totals for Regions
When looking at the total funding for all startups present in the Smart Mobility sector

it is evident that Europe is a clear dominant region. With over $6 billion in total
investments, European startups significantly outpace other regions. However, the
presence of one startup skews the total funding, with Verkor, a French startup
accounting for a half of all funding for the Smart Mobility sector, as can be seen below

in Figure 6 when compared to the other 304 Smart Mobility startups.
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Figure 6: Funding of Verkor versus Other Startups in the Mobility Sector
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Verkor
1. Company Info

Year Founded: 2020
Headquarters: Grenoble, France

Founders: Benoit Lemaignan (CEO), Christophe Mille (CTO), Sylvain Paineau (Head of S&I), Phillipe
Chain (CCO) & Gilles Moreau (CSO)

Employees: 900 from 46 countries
Geographic Scope of the Offer: Europe
Use Case / Application Area: Battery-cell Manufacturing

Website: https://verkor.com/

Concept Description: Verkor is focused on the large-scale industrialisation of lithium-ion batteries
through development and production of high-performance, low-carbon battery cells for electric vehicles
(EVs) and energy storage systems.

2. Financing

Total Funding Amount: $4,060,104,173

Date of Most Recent Financing Round: 2024
Last Financing Amount Received: $1,400,000,000

Type of Last Financing Received: Series C

3. Business Model

Value Proposition: To support Europe’s battery independence and decarbonization goals. The
company develops advanced lithium-ion batteries with a focus on co-designing and co-developing with
stakeholders’ requirements and specifications. Verkor aims to cooperate vertically across the value
chain in their ecosystem and with the emphasis on reducing the logistics footprint and provides
businesses with batteries that are inexpensive compared to competitors.

Target Clients: Automotive OEMs, Energy Utilities

Revenue Model: Direct industrial partnerships, long-term supply agreements, B2B manufacturing

4. Use Case

Use Case: Verkor’s flagship projects are the construction of the Verkor Innovation Centre (VIC) in
Grenoble and a Gigafactory in Dunkirk, both aimed at scaling up European battery cell production. The
VIC’s main function is to develop the products and perform full-scale testing of the digital
manufacturing processes. The VIC will also include a replica of the Gigafactory with an annual
production of 100-150 MWh and in that VIC Megafactory the first Verkor battery cells will be produced.
The Gigafactory is planned to have an annual production capacity of 16 GWh in lithium-ion batteries,
which provides for 300,000 electric vehicles and will create over 1,200 direct jobs at a 500.000 m? site.
The company biggest collaboration is with Renault Group, a long-term partnership commited to supply
12 GWh per year of batteries for their electric vehicles.

Main Clients: Renault, other automative OEMs

Geographic Scope of the Offer: France, Europe
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3.1.1. Electric Mobility

From this database the companies marked with electric mobility were companies
working in the installation and management of charging stations and for other
segments related to electric vehicles. In recent years, the global transportation
landscape has undergone a significant transformation, addressing the main issues
amongst other of climate change, urban air quality, and the depletion of fossil fuel
resources. The response to these challenges has been the rapid adoption of electric
vehicles (EVs) and particularly in urban areas where the demand for cleaner and more
efficient mobility solutions has been the most. The exponential rise of EVs in recent
years has demanded the infrastructure to improve with it. That entails an integrated
network of charging solutions around countries for a seamless long-haul trip and the
option of charging at home or anywhere, so many companies are taking part and
offering their solutions. As can be seen in the comparisons below that even when
Verkor has been excluded, the subsector of Electric Mobility still dominates in total

funding amounts for all Smart Mobility sectors.
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Figure 7: Funding for Smart Mobility & Total Number of Startups in Each Application Field
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Considering the high investments and many different startups present in all the
different Smart Mobility sectors a deeper dive will be taken into most of the subsectors
of Smart Mobility and many different and interesting projects will be presented. Below
it can be seen that when looking at all subsectors with a minimum of five startups
present the Mobility sector dominates in terms of total subsectors presented, with nine

subsectors having a minimum of five startups.
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Figure 8: Number of Startups by Application Field

Looking at tables Figure 7 and Figure 8 above it can be seen how dominant the Electric
Mobility subsector is. With that in mind, it was decided to look at one other startup
operating in the Electric Mobility sector, with a different concept from Verkor. That
startup is Electra, a rapidly growing French startup focused on the deployment of

ultra-fast charging stations across Europe.
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Electra

1. Company Info

Year Founded: 2020

Headquarters: Paris, France

Founders: Aurélien de Meaux (CEO), Julien Belliato (COO) and Augustin Derville
Employees: 250

Geographic Scope of the Offer: France, Belgium, Luxembourg, Netherlands, Germany, Italy,
Switzerland, Austria, and Spain

Use Case / Application Area: Electric Vehicle (EV) Fast-Charging Infrastructure

Website: https://www.go-electra.com/en/

Concept Description: Fast-charging for electric vehicles with the aim to remove all barriers to the
adoption of electric cars by deploying an efficient network of fast-charging stations across Europe.

2. Financing

Total Funding Amount: $547 millions

Date of Most Recent Financing Round: January 2024
Last Financing Amount Received: $332 millions

Type of Last Financing Received: Equity Financing (Series B)

3. Business Model

Value Proposition: Electra aims to accelerate the transition to green mobility by providing fast, reliable,
and user-friendly EV charging stations. Features like Autocharge and automatic vehicle recognition
make charging easier and faster, and users can also reserve a charging station directly through the
Electra app before using.

Target Clients: Individual EV Drivers, Corporate Fleets, Landowners

Revenue Model: Charging Services per kWh, Partnerships with station hosts.

4. Use Case

Use Case: Electra offer landowners; supermarkets, restaurants, hotels and others the chance to set up
fast-charging stations in their parking area, resulting in a mutually beneficial relationship for both
parties. Electra profits from the users charging while the landowner profits from the rent as well as the
increased traffic through their site from EV car owners potentially using the time needed to charge at
the facility of the landowner.

Main Clients:
Individual EV Drivers: Utilizing Electra's fast-charging network for convenient travel.
Landowners: Companies with parking areas suitable for adding Electra’s charging stations.

Geographic Scope of the Offer: Electra operates in France, Belgium, Luxembourg, Netherlands,
Germany, Italy, Switzerland, Austria, and Spain.
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3.1.2. Sharing Mobility

A sharing mobility provides access to transportation without the need of ownership.
The popularity of sharing of services has grown rapidly in recent years as digital
platforms such as AirBnb and Uber have emerged (Solieman and Duleba, 2023). The
aim of shared mobility is to provide flexibility and convenience for multiple
transporting users through means not relying solely on a privately owned vehicle but
includes a shared component, either a shared vehicle from a fleet where the user
operates said vehicle or a shared ride as a passenger (Martinez et al., 2024). The shared
vehicles can be accessed in three main delivery categories. (Martinez et al., 2024) while

there aree six different modes of shared mobility (Solieman and Duleba, 2023).

Delivery category @ Description

Station-based and | Enables users to pick up and drop off vehicles at specific,
designated predefined locations or parking areas

parking services

Free-floating Offers greater user flexibility by distributing vehicles across a
services specified service zone, allowing for one-way trips without

fixed pick-up or drop-off points.

Peer-to-peer Allows private vehicle owners to rent out their vehicle when
services they are not in use, with the expectation that the vehicle will

be returned to its original location.

Table 8: Delivery Categories of Shared Vehicles
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Mode Description

Carsharing Users can rent vehicles on a short-term, pay-per-use basis and
thus reduce the need for personal car ownership. Station-based
or free-floating, although free-floating provides much more

flexibility. Mostly EVs in use.

Personal vehicle | Private car owners rent out their vehicles when not in use,

sharing increasing the utility of the vehicle.

Bikesharing Bike-sharing systems (BSS) allows users to rent bikes for short

trips, both electric bikes and regular ones.

Ridesharing Passengers share rides with drivers heading in the same

direction, contributing to reduction of traffic congestion.

On-demand ride | On-demand ride services which use mobile applications to

services connect passengers with drivers for real-time, point-to-point
transportation.
Scooter Scooter sharing provides users with access to electric scooters

for short-distance urban travel. These vehicles are typically
available in free-floating models and can be unlocked via

mobile apps

Table 9: Modes of Shared Mobility

A new intriguing way of shared mobility is the startup of Eve Air Mobility, originally
spun off from the Brazilian company Embraer. It plans to set off as the first commercial
electric vertical take-off and landing (eVTOL) aircraft, operating in the largest of urban

areas.
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Eve Air Mobility
1. Company Info

Year Founded: 2020 (spun off from EmbraerX, Embraer's innovation division)

Headquarters: Sao José dos Campos, Sao Paulo, Brazil

Founded: Through Embraer as an innovation project

CEO: Johann Bordais. Background in aerospace engineering and strategy.

Employees: Approximately 1000

Geographic Scope of the Offer: Urban centers in North America, Europe, Asia, and Latin America
Use Case / Application Area: Urban Air Mobility (UAM)

Website: https://www.eveairmobility.com

Concept Description: Eve Air Mobility is developing electric vertical take-off and landing (eVTOL)
aircraft designed to serve as air taxis for urban environments along with an Urban Air Traffic
Management (UATM) software.

2. Financing

Total Funding Amount: $554,000,000

Date of Most Recent Financing Round: October 2024
Last Financing Amount Received: $50 million

Type of Last Financing Received: Debt Financing

3. Business Model

Value Proposition: Eve aims to revolutionize urban transportation by providing safe, sustainable and
accessible air mobility solutions that can reduce distances and increase quality of time for everyone. Eve
focuses on reducing urban congestion by offering an alternative mode of transportation to alleviate
ground traffic in densely populated cities and to provide the necessary infrastructure, services, and
regulatory support for UAM. The development of the software Vector to manage the integration of
eVTOLs into existing airspace is aimed to ensure safe and efficient operations.

Target Clients: Urban Transportation Providers, Municipalities and Governments, Private Operators

Revenue Model: Aircraft Sales, Services and Support, Software Solutions

4. Use Case

Use Case: Eve's primary focus is on developing and deploying eVTOL aircrafts for urban air taxi
services. These aircrafts are designed for short-distance travel within cities, providing a faster and more
efficient alternative to traditional ground transportation. The eVTOL Aircraft is a fully electric aircraft
with a range of up to 60 miles (100 km), capable of carrying four passengers and one pilot with the
potential to be ready for uncrewed operations and consequently carrying up to six passengers in the
process. Eve has secured nearly 3,000 orders from 30 customers in 13 countries.

Main Clients: Partnership with Halo Aviation, Various Global Operators

Geographic Scope of the Offer: Large cities across North America, Europe, Asia, and Latin America.
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3.1.3. Mobility-as-a-Service (MaaS)

Mobility-as-a-Service is an all-in-one platform aimed to replace privately owned
vehicles by offering an integrated journey planning by all transportation modals
possible. It provides real-time information on all possible transportation modals and
allows for booking and paying of all modals through this single platform (Nikitas et
al., 2020). The platform consists of two main entities; the user of the service provided
and the Maa$S system that provides the Mobility-as-a-Service. To function effectively,
a support system that can deliver various services and facilitate the seamless
information exchange between different transport modes and the user needs to be in
place. This support system may take the form of a centralized platform that aggregates
data from all possible transportation modes and presents it to the user in a an
accessible format through its main component, an ICT support system which deals
with collecting, transmitting, and processing information as well as presenting this

information in an understandable format for the user (Nemtanu et al., 2016).
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Figure 9: Mobility-as-a-Service Startups by Region
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Aninteresting trend in the MaaS sector is the high percentage of Europe based startups
presented, counting for almost a half of all Maa$S startups while it can also be noted
that a half of the Public Transport startups are based in Europe. This might stem from
the strong emphasis most European countries place on sustainable urban mobility and
well-developed public transport networks through supportive policy frameworks
such as the EU Urban Mobility Framework (2021) which suggests that MaaS platforms
are instrumental to increase attractiveness of public transport and thus need to be
developed to ensure public transport and other sustainable transportation options are
competitive.

A notable example of a startup from Europe’s advancing urban mobility
through MaaS is the London-based company TRC. It provides scalable and integrated
solutions under its “City as a Service” platform. With the focus on Mobility-as-a-
Service, the company enables the deployment of smart mobility systems by

combination of IoT, real-time data, and API infrastructure.



38 3| Smart City Startup Analysis

TRC
1. Company Info

Year Founded: 2020

Headquarters: London, United Kingdom
Founder: Rohith Varma (CEO), Martin Wang
Employees: 10-20

Geographic Scope of the Offer: Global

Use Case / Application Area: Mobility-as-a-service (MaaS), Smart Parking, City as a service

Website: https://www.trc.city

Concept Description: Provide cities with different solutions related to smart cities with their
“City-as-a-Service” platform.

2. Financing

Total Funding Amount: $410,200

Date of Most Recent Financing Round: 2024
Last Financing Amount Received: Not Available

Type of Last Financing Received: Seed

3. Business Model

Value Proposition: TRC provide cities with limited budget and who lack the in-house expertise with
smart solutions by leveraging existing infrastructure and turn it into a smart city. Three main pillars of
Mobility-as-a-Service, smart parking management, and smart city services under the
“City-as-a-Service” platform. The platform helps municipalities to launch digital urban services quickly
and affordably and allows cities to run day-to-day operations fluently using API-first solutions that
combines IoT sensors with real-time data analytics, and plug-and-play mobility and parking services.
It can reduce CO, emissions, help to improve parking efficiency as users spend less time looking for
parking, and optimize transport in the city through their MaaS without large upfront investments.

Target Clients: Cities

Revenue Model: Platform selling, software subscription

4. Use Case

Use Case: The MaaS solution integrates multiple transport modes, including public transit, on-demand
shuttles, bike-share, and micromobility, seamlessly into a single real-time platform. With a user-friendly
app powered by IoT sensors and APIs, the citizens can plan, book, and pay for end-to-end journeys
without switching between services. The platform automatically suggests the most suitable mode of
transport from any location within the city and enables cities to manage mobility more efficiently and
comprehensively. Municipalities can gain access to live usage data and dashboards, which helps in
optimization of fleet deployment depending on demand and the reduction of congestion and CO.
emissions. In KAEC in Saudi Arabia they have built a custom solution dictated by the needs of KAEC
as well as preparing agreements with the planned region of NEOM, a region hosting the city The Line.

Main Clients: KAEC, NEOM
Geographic Scope of the Offer: Worldwide
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3.1.4. Smart Parking and Parking Management

Geng and Cassandras (2012) report that in downtown areas of major cities the average
time to find a parking spot is 7.8 minutes and estimate that 30% of vehicles on the road
are looking for a parking spot giving this subject important issues to resolve for the
benefit of users and urban environments. The implementation of solutions in smart
parking can thus optimize time use, reduce fuel consumption, and carbon dioxide
emissions as fewer cars will be on the road at any given time since fewer cars are
looking for a parking spot. Three particular components define smart parking; sensors,
communication protocols, and software solutions, with each component having many

types that can be used in the deployment of these solutions (Barriga et al., 2019).

Total Funding Amount in Smart Parking Startups
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Figure 10: Comparison of Parqour with other Smart Parking startups.

Figure 7 shows the dominance of the Kazakhstani based company of Parqour
compared to other Smart Parking startups which has enabled them to expand
worldwide recently after their establishment in 2020 with their smart parking

management solution and represent almost a half of all funding that has been
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provided to smart parking management startups compared to the other eight that have

reported funding figures.

Parqour

1. Company Info

Year Founded: 2020

Headquarters: Almaty, Kazakhstan

Founder: Amirkhan Omarov (CEO)

Employees: 150

Geographic Scope of the Offer: Asia, Europe, North America
Use Case / Application Area: Smart Parking

Website: https://www.parqour.kz/

Concept Description: A smart parking management solution that integrates any parking hardware
with a mobile application.

2. Financing

Total Funding Amount: $8 million

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $5 million

Type of Last Financing Received: Series A

3. Business Model

Value Proposition: Digitization of parking operations by implementing smart parking technologies
with a completely contactless experience. Helps partners to reduce operational costs and improve
customer satisfaction and revenue. Offers real-time data and analytics of revenue, utilization, and
parking trends with a 24/7 remote control system and automated plate recognition.

Target Clients: Parking owners and parking operators, Residential buildings and business centers,
Smart cities

Revenue Model: SaaS licensing and subscription, hardware-as-a-service with revenue-sharing or zero
upfront model, fees from payment processing and premium analytics

4. Use Case

Use Case: Collaboration with cities and municipalities to organise their parking policy and manage the
entire parking environment from a single platform without the need for tickets. License plates are
automatically detected when drivers park and the session starts. Visitors then scan a QR code at the first
visit and then charging is automatic for further parking. It enables drivers to find parking more easily,
automated payments, and the system can detect parking violations in the area.

Main Clients: Cities and municipalities, citizens

Geographic Scope of the Offer: Asia, Europe and North-America
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Total Number of Startups by Region
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Figure 11: Comparison of US startups vs. Rest of the World

When the startup numbers are compared between countries it is pretty clear which
country is the dominant force. The United States account for 219 startups in the
database and are only topped by the whole of Europe when compared to different
regions. That results in a heavy focus on startups from the US throughout this thesis
and some reasons are laid out for the source of this heavy US startup dominance in the
text. Three of the next four startups that will be analysed all come from the US while

the fourth is based in Canada but is also present in the US with operations.

3.1.5. Last-mile Delivery

Last-mile delivery is the concept of transporting goods from a distribution hub or a
final transit point to the end consumer, representing the final and most complex leg of
the supply chain. The increasing volume of recent years have come about mainly
because of a big increase in e-commerce and increased urbanization. Due to this, some
challenges have arisen and increased, traffic congestion in urban areas, number of

failed deliveries, and costs associated with the last-mile deliveries. (Boysen et al., 2020)

Many innovative solutions have emerged in recent years, including parcel lockers

where the customer does the last-mile himself by picking a shipment up in a centrally
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located locker and crowdsourced delivery like Uber Eats and Wolt that have couriers
pick up the shipment from the sender and deliver it to the consumer. Another new
solution is autonomous delivery through drones or sidewalk robots. A startup
operating in that manner is Coco, with sidewalk robots that take care of the last-mile

delivery from sender to consumer.

Coco

1. Company Info

Year Founded: 2020

Headquarters: Santa Monica, California, United States

Founders: Zach Rash (CEO), Brad Squicciarini (CTO)

Employees: 101-250

Geographic Scope of the Offer: United States and Europe

Use Case / Application Area: Last-Mile Delivery, Food Delivery, Urban Logistics, Robotics

Website: https://www.cocodelivery.com

Concept Description: A last-mile delivery service that deploys human-operated sidewalk robots to
transport goods from merchants to their customers with the aim of providing faster and more reliable
urban deliveries.

2. Financing

Total Funding Amount: $41.5 million

Date of Most Recent Financing Round: 2022
Last Financing Amount Received: $36 million

Type of Last Financing Received: Series A

3. Business Model

Value Proposition: To provide food deliveries faster, cheaper, and more reliably so the food is delivered
still fresh and in a cost-effective way using electric robots with zero-emission. It enhances customer
experience as the robots are equipped with real-time tracking and provide an easy hand-off once the
robot arrives. The service can reduce traffic congestion and lower carbon emissions in urban areas.

Target Clients: Local restaurants that seek efficient last-mile delivery solutions, urban consumers that
want a quick, cheap, and eco-friendly delivery service.

Revenue Model: Service fees charged to merchants for utilizing Coco's delivery robots, subscription
models for businesses requiring regular delivery services, partnerships with other food delivery
platforms (e.g., DoorDash, Uber Eats) for deliveries.
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4. Use Case
Use Case:

Coco's delivery robots are stationed at partner restaurants, so they are ready to deliver orders as soon
as they're prepared. Customers place orders via the Coco app or on partner platforms and the robot

navigates sidewalks to deliver directly to the customer's location straight after the food is prepared.
Upon arrival at the destination, the customers receive a notification and retrieve the order by unlocking
the robot's compartment.

Main Clients: Restaurants registered as partners, consumers that order.

Geographic Scope of the Offer: United States: Los Angeles, Chicago, Miami, Europe: Helsinki, Finland.

3.1.6. Autonomous Driving

Through the low latency and high data rates of 5G, autonomous vehicles (AVs) are
becoming a reality. AVs are integrated with city infrastructure and send and receive
data through Al-powered sensors such as radar, LIDAR, and cameras. This allows for
real-time decision-making and instantaneous communication with traffic signals and
other systems for the enhancement of safety and optimization of traffic flow. Equipped
with vehicle-to-everything (V2X) connectivity, AVs can contribute to responsive urban
environments that are able adapt to traffic conditions and use edge-computing and Al
to process real-time data at the curbside to detect pedestrian behavior and reduce
latency. AVs aim to reduce accidents and congestion and improve mobility for
disabled and elderly people. In urban areas, people usually spend long hours in traffic,
resulting in wasted fuel. The technology involved in AVs can reduce fuel consumption
and in turn reduce emissions by 60 percent. Autonomous cars can help in reducing a
significant number of accidents which usually happen due to drunk driving, over
speeding, and human errors (Yaqoob et al., 2019). In a US survey conducted between
2005 and 2007 by the National Motor Vehicle Crash Causation Survey (NMVCCS) it
was reported that 94% of crashes were the fault of a driver involved. Autonomous

driving can be defined on five different levels according to SAE International (2021).
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Total Funding for Autonomous Driving
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Figure 12: Total Funding for Autonomous Driving Application Field

Of the nine companies sorted in the autonomous driving application field only four of
them had a reported funding amount making it hard to evaluate and compare the
sector both between regions and against other sectors. An interesting startup from this
sector was Faction, a US based software company that is developing driverless
solutions for light electric vehicles with a combination of autonomy and a remote

system operated by remote teleoperators.
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Faction

1. Company Info

Year Founded: 2020

Headquarters: San Francisco, California, United States

Founder: Ain McKendrick (CEO)

Employees: 50

Geographic Scope of the Offer: North America

Use Case / Application Area: Autonomous on-demand micro EVs, last-mile deliveries

Website: https://www.faction.us

Concept Description: Faction designs and deploys electric micro-vehicles equipped with hybrid
autonomy and human-assisted TeleAssist via its DriveLink platform.

2. Financing

Total Funding Amount: $11.9 million

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $6 million

Type of Last Financing Received: Seed

3. Business Model

Value Proposition: Multiple applications of zero-emission, driverless solutions at a competitive price.
When used in deliveries, customers can track orders live and interact with the vehicle over the app and
for operators it delivers real-time tracking and an easily managable fleet management tool for agile
operations.

Target Clients: Ride-share and on-demand platforms, last-mile delivery and logistics fleets, airfields
and closed-course commercial areas

Revenue Model: Sale or lease of DriveLink and TeleAssist systems, SaaS-based fleet management
subscription, fleet deployment cost-share or revenue-share models

4. Use Case

Use Case: Faction has partnered with GoCar Tours to deploy up to 310 driverless Arcimoto FUVs (Fun
Utility Vehicles) across select U.S. cities and later in Barcelona, Spain. These vehicles will provide
tourists with a narrated self-driving experience through GoCar’s GPS-guided tour service, while
Faction’s DriveLink and TeleAssist systems will handle navigation and control, to enable hands-free
operations with remote human support when necessary.

Main Clients: GoCar Tours, Arcimoto, tourists

Geographic Scope of the Offer: Several U.S. cities, Barcelona
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3.1.7. Public Transport

With an increased urbanization in the world more and more people are moving to
cities with over 55% living in urban areas meaning the need for a good public transport
system increases by the day with increased traffic congestion in city centers and urban
areas around. In smart cities, the system of public transport must be able to provide
real-time response to the demand at hand with a convenient, quality system through
energy efficient operations. Kuo et al. propose public transport in smart cities to be
evaluated on five performance goals through S-M-A-R-T, with each metric explained

in more detail in the table below.

S — Service The service of the public transportation must be available
throughout the city and can reach all residential and
commercial areas with sufficient frequency and also be

affordable.

M - Mobility The system must have the capacity to support all required
trips with minimal number of transfers and a minimal extra
journey compared to a door-to-door journey for the same
trip.

A - Accessibility It has to be easy for people to access the transport modes,
with a minimal distance between the origin of the trip and
the access point of the desired transport mode.

R — Responsiveness | There must be flexibility to deal with demand changes in
real-time due to disruption or any events that might call for
a demand spike.

T - Technology The available technologies must be present, through
communication for better passenger information to enhance
travel experience and the improvement of service quality.

Table 10: SMART Public Transport

The Canadian based company of Transify has been offering their services to local

transit planners to improve public transportation services.
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Transify

1. Company Info

Year Founded: 2020

Headquarters: Toronto, Ontario, Canada

Founder: Eddy Ionescu

Employees: 10

Geographic Scope of the Offer: Canada and the United States

Use Case / Application Area: Data-driven transit planning and analysis

Website: https://www.transify.com

Concept Description: A data-visualization platform that provides transit planners with real-time
actionable insights which enables fast actions on schedule changes, route runtimes, and network design.

2. Financing

Total Funding Amount: $10,000

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $10,000

Type of Last Financing Received: Non-equity Assistance

3. Business Model

Value Proposition: Transify helps transit planners to make faster, data-backed decisions by reducing
decision-making on schedule changes down to under two minutes. With their platform they also allow
customers to improve on-time performance, address crowding with targeted service enhancements, and
increase ridership through valuable insights in network redesign backed by Transify’s Ridership Maps.

Target Clients: Public transit agencies, municipal and regional transit authorities, planning and
consulting firms supporting network redesign

Revenue Model: Subscription-based SaaS platform, consulting for data integration and network
planning services

4. Use Case

Use Case: In collaboration with Barrie Transit, the public transport agency serving the city of Barrie,
Ontario, Transify has designed and implemented a new hybrid fixed-route and on-demand transit
network. By using Transify’s platform, Barrie Transit was able to rapidly iterate on runtimes, visualize
ridership demand, and optimize stop spacing and service patterns. With the new network
improvements, ridership numbers have grown by 14% as well as improving their On-Time Performance
(OTP) by 25%. Through continuous improvements and the use of the Transify’s platform, Barrie Transit
staff have refined the runtimes of all their new routes within just a few weeks and additionally adjusted
on-demand stops in response to feedback and ridership patterns.

Main Clients: Barrie Transit, inhabitants of Barrie

Geographic Scope of the Offer: Barrie, Ontario, Canada
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3.2. Smart Building

Smart buildings are integrated buildings that account for intelligence, enterprise,
control, and materials and construction and operate as cohesive, intelligent systems
with adaptability at the core. It utilizes real-time data from both internal and external
sources to anticipate and prepare for events before they occur, and this is the main
difference from an intelligent building which operates on a reactive basis. By being
proactive the smart buildings will optimize energy consumption, enhance comfort of
occupants and extend building longevity through continuous learning and

adjustment.

At the core of smart building design are four main pillars: intelligence, enterprise,
materials & design, and control. Intelligence is the building's capability to process
information and to make decisions autonomously. Enterprise reflects the integration
of building systems on a common network, allowing the system to be integrated
between various infrastructure elements (Singer, 2010; Powell, 2010). The construction
of a Smart Building needs to reflect and house the smart functions within it and thus
the materials and the design must take that into account. Enabling buildings to
accommodate shifts in use and climate conditions, the internal structure should also
reflect the dynamic nature of the building adapting to occupant needs. Control
encompasses both automation and the human control, so occupants can adapt to the
building as well as the building can adapt to the preferences and requirements of
occupants. Smart buildings are occupant-based, designed to create active participants
in building management by providing real-time feedback loops and methods for
control with integrated enterprise and intelligent systems. This interaction allows
users to adjust their comfort settings while also contributing data to the building's
systems that can be used to optimize future operations as the buildings learn and
evolve by interpreting the pattern of usage and thus continuously improving

efficiency and occupant satisfaction (Buckman et al., 2014).
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Figure 13: Region Comparison of Smart Building Application Field Funding & Total Startups

The high total investments for North America in the Smart Building sector can be a
little deceiving as one startup is responsible for over 70% of all North American
funding. That is R-Zero, a promising startup which enables buildings to maintain
healthier indoor environments through the use of intelligent, data-driven air quality

management into the smart building ecosystem.
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R-Zero
1. Company Info

Year Founded: 2020

Headquarters: San Francisco, California, United States

Founders: Benjamin Boyer (President), Eli Harris (Excecutive Chairman), Grant Morgan
Employees: 100

Geographic Scope of the Offer: United States

Use Case / Application Area: Smart Building Technology, Indoor Air Quality (IAQ), UV-C
Disinfection

Website: https://rzero.com

Concept Description: R-Zero is a biosafety technology company dedicated to making indoor spaces
safer, healthier, and more productive.

2. Financing

Total Funding Amount: $170 million

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $105 million

Type of Last Financing Received: Series C

3. Business Model

Value Proposition: R-Zero helps to reduce spreads of infectious diseases by transforming buildings into
healthier and smarter environments by automating disinfection and tracking indoor air quality. This
improves occupant comfort and helps to reduce absenteeism and creates savings on energy costs.

Target Clients: Healthcare Systems, Educational Institutions, Public Buildings and Offices

Revenue Model: Product Sales, Software Subscriptions, Service Contracts

4. Use Case

Use Case: R-Zero's platform can be implemented in various settings to enhance indoor environmental
quality and safety and to optimize space utilization. By deploying R-Zero's occupancy sensors and IAQ
monitors, it is possible to gain real-time insights into room usage and air quality metrics which then
adjusts HVAC operations and ensures optimal ventilation and air disinfection and, in the process, leads
to reduced absenteeism and reduced energy costs.

Main Clients: Healthcare Systems, Educational Institutions, Public Buildings and Offices
Geographic Scope of the Offer: United States
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3.3. Security & Surveillance

Security and surveillance in smart cities refers to the integration of tools such as smart
cameras, sensors, and video analytics and the use real-time data processing to monitor
and respond to public safety challenges. These strategies involve the link of different
urban components with the help of ICT and different types of advanced technologies
such as IoT, Al, Big Data, and Blockchain technology (Allam, 2019). Before, the
surveillance of cities relied on human monitored CCTV systems resulting in slow
response times and limited situational awareness. On the contrary, modern smart
surveillance systems can use automated threat detection and predictive analysis to
detect anomalies and respond proactively to incidents. On an urban level these
systems can be integrated into centralized control rooms where real-time data from
sources around the city, including traffic cameras, environmental sensors, and CCTV
is analysed to enhance situational awareness and coordination to deal with the risks
most associated with urban areas with systems now being able to identify suspicious
behavior before things escalate. These advancements are one of the key factors in the
notion of the "Safe City," a concept within the smart city that is focused on a secure
environment or all citizens (Ristvej et al., 2020) However, the integration of these
technologies raises concerns over individuals” privacy and the potential for misuse of
data, with many cities exploring the construction of ethical frameworks and
transparency guidelines to ensure that surveillance innovations respect civil liberties

while enhancing public safety (Finch & Tene, 2018).
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Figure 14: All startups split up by region.
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Figure 15: Number of startups in the Security & Surveillance sector.

When comparing the stacked bars, one trend stands out. The high concentration of
North American companies in the security & surveillance sector, of the 47 startups
observed, 26 of them are based in North America, over 55% of all. When comparing to

all 811 startups the total percentage of North American startups drops to 31.8%. This
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could be traced to the prevalence of danger associated with the many problems the
United States face, particularly the abundance of school shootings and other untimely

and unjustified dangers.

3.3.1. Smart Cameras

Smart cameras add an extra layer on top of traditional CCTV systems by incorporating
increased processing power and intelligent analytics capabilities. They can interpret
visual data in real time to automatically detect motion, classify different objects, and
trigger alerts if they identify suspicious activity or hazardous conditions, unlike
traditional surveillance tools that rely mainly on central monitoring. Used in urban
areas such as public transit stations and commercial districts to help the safety of the
public while also being paramount to traffic monitoring, these cameras serve as
important nodes in the smart city ecosystem. In traffic management, smart cameras
offer real-time analysis of vehicular movement and road conditions and can detect
congestion, accidents, and traffic violations. This can reduce congestion and improve
road safety and also facilitate predictive maintenance on roads by identifying
infrastructure issues being essential in optimizing Intelligent Transportation Systems

(ITS) within the broader smart city framework (Magrini et al., 2016).

3.3.2. Video Analytics

Video analytics usually involves a software able to process multiple video feeds at a
time to extract insights through machine learning and artificial intelligence. This can
provide analysis of visual data to detect anomalies such as crowd formation,
abandoned objects, or imminent danger from humans with some advanced systems
being able to differentiate between humans, vehicles, and animals, to enable better
judgement of the correct response. Instead of relying on human operators to monitor
dozens of feeds, it provides the potential to automate threat detection and resource
deployment since platforms can integrate with command centers to initiate automatic

responses.
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As mentioned above, the North American startups dominate these sectors. An
emerging startup in this space from North America is PerVista Al, which specializes
in firearm detection through the analysis of multiple live video feeds. Focusing on real-
time identification of visible weapons, sending instant alerts to school officials, law
enforcement, or venue security personnel. Operating in the United States where the
continuous danger of gun violence looms in schools and other public spaces,
technologies like PerVista’s offer an example of how Al can play a direct, preventative

role in saving lives and faster response times.

PerVista Al

1. Company Info

Year Founded: 2022

Headquarters: Oxon Hill, Maryland, United States

Founder: Vennard Wright (CEO)

Employees: 5-10

Geographic Scope of the Offer: United States

Use Case / Application Area: Al-Powered Weapon Detection, Video Analytics, Public Safety

Website: https://pervista.ai

Concept Description: PerVista Al specializes in real-time firearm detection using advanced computer
vision and Al integrated with existing security camera systems to proactively identify visible firearms
and instantly alert security teams to prevent incidents.

2. Financing

Total Funding Amount: 100,000$

Date of Most Recent Financing Round: 2024
Last Financing Amount Received: $100,000
Type of Last Financing Received: Pre-Seed

3. Business Model

Value Proposition: To harness the potential of Al by providing real-time Al-driven firearm detection
solutions to enhance public safety that is integrated with existing surveillance infrastructure. The
technology offers proactive threat identification, enabling faster response times and potentially
preventing violent incidents in public spaces.

Target Clients: Educational Institutions, Public Venues, Law Enforcement Agencies, Commercial
Properties

Revenue Model: Software-as-a-Service (SaaS) subscriptions
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4. Use Case

Use Case: The continuous monitoring of live video feeds from security cameras to detect visible firearms
or other danger. When detected, the system sends immediate alerts to relevant security teams to take

swift action.
Main Clients: Schools, sports teams and entertainment venues.

Geographic Scope of the Offer: United States
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3.4. Smart Grid

Smart grids can be described as energy networks with the ability to monitor energy
flows automatically, and balance changes between supply and demand for energy
correspondingly, using ICT. Smart grids can be paired to smart meters to measure the
energy coming into the grid and being consumed by the grid and can deliver real-time
information on the usage to consumers and suppliers. As the smart grids can react to
changes in supply and demand, they are well set-up to handle difference in supply
from renewable energy sources such as wind and solar as well as emerging
consumption patterns driven by electrification such as heat pumps and electric
vehicles. Smart grids open-up the possibility for consumers to sell back to the grid their
own renewable energy that has been generated from, for example, roof-top solar

panels.

Smart Grid Startups by Region
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Figure 16: Number of startups in the Smart Grid sector.

In the smart grid segment, one continent stood out above the rest: Europe, with over

60% of the 13 startups in the sector being European compared to 34.77% overall as can
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be seen in Figure 14. This market leadership can be traced to a combination of policies
implemented by the EU such as Trans-European Networks for Energy (Ten-E) with a
European Grid Action Plan which ensures cross-border and local electricity grids will
operate more efficiently and is introduced faster and the BRIDGE initiative which
bring together promising projects from Horizon 2020 and HorizonEurope and
provides funding and support. Objectives contributing to the increased importance of
smart grids in Europe include Fit for 55 and REPowerEU, which aim to reduce EU
greenhouse gas emissions by 55% and eliminate dependence on Russian fossil fuels by
2027, respectively. To reach the Fit for 55 and REPowerEU objectives, the EU estimates
around €584 billion of investments in electricity infrastructure is needed before 2030,
primarily in distribution grids, where investments in digital solutions such as grid
optimisation can reduce additional expenditures by improving the efficiency of
existing infrastructure. Smarter grids are an important factor in the EU’s strategy to
digitalise the energy system so increased investments in data exchange between
transmission system operators (TSOs) and distribution system operators (DSOs),
along with coordinated infrastructure and network planning, are essential to
accelerate the development and deployment of digital solutions across the energy
value chain. The Digitalisation of Energy Action Plan, adopted in October 2022,
supports this objective by promoting investments in smart grid technologies

(European Commission, 2024).

With these EU policies and objectives that continue to prioritize smart grid
deployment, many companies across Europe are trying to provide solutions for
enhanced real-time grid responsiveness and the integration of distributed energy
resources. One notable example based in Europe is the Swedish company Flower,
which is actively contributing to the next generation of smart grid solutions with their

deployment of a virtual power plant (VPP) platform.



58 3| Smart City Startup Analysis

Flower

1. Company Info

Year Founded: 2020

Headquarters: Stockholm, Sweden

Founder: John Dikleev (CEO)

Employees: 50

Geographic Scope of the Offer: Scandinavia and Central Europe

Use Case / Application Area: Energy Storage Optimization, Virtual Power Plant (VPP), Renewable
Energy Trading, Smart Grid Flexibility

Website: https://www.flower.se

Concept Description: Optimization and management of energy assets through its Al-driven platform.
By integrating flexible energy resources Flower enhances grid stability and facilitates a transition in the
energy system.

2. Financing

Total Funding Amount: $58,168,147

Date of Most Recent Financing Round: October 2024
Last Financing Amount Received: $21,712,745

Type of Last Financing Received: Series A

3. Business Model

Value Proposition: Flower provides an energy trading platform that enhances efficiency and grid
stability and provides easier forcasting of energy resources for asset and grid owners and in turn enables
asset and grid owners to optimize performance and participate in energy markets to provide a new
revenue stream.

Target Clients: Grid-scale Battery Energy Storage System (BESS) operators, renewable energy
producers (wind and solar), energy consumers, residential customers.

Revenue Model: Software-as-a-Service (SaaS) subscriptions, revenue sharing from energy trading,
long-term Power Purchase Agreements (PPAs).

4. Use Case

Use Case: The Flower Hub is an energy optimization service designed to transform home battery
systems into active participants in the energy market and allows homeowners to earn a passive income.
The device is connected to a household's battery and internet router and enables a real-time
optimization of energy and the trading of stored energy. This allows for homeowners to contribute to
grid stability and earn a passive income through a fixed monthly compensation which is irrelevant to
the battery's active usage. The service does not only provide financial benefits but it also is supporting
the broader transition to a sustainable and resilient energy system by leveraging distributed energy
resources.

Main Clients: Homeowners with solar energy and storage systems.

Geographic Scope of the Offer: Sweden
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3.5. Waste Management

Waste management is an ongoing struggle in today’s world, with more than 2 billion
tonnes of municipal waste being produced each year and that number expected to
grow to 3.5 billion per year by 2050 if nothing is done to reverse it (Yatoo et al., 2024).

The waste is distributed as follows:
Food and Green Waste Recycling Waste Other Materials
44% 38% 18%

Table 11: Worldwide Waste Distribution

This growing volume of waste can be attributed to urbanization, economic
development, and a change in consumer habits. With growing cities where 54% of the
global population resides (UN DESA, 2018) and rising standards of living, the waste
generation per capita increases with it and especially in the middle- and high-income
countries where packaging, electronic waste, and consumption-based materials are
more common. Landfilling remains the most common method of waste disposal, but
it raises major concerns, both environmentally and for human health as the
decomposing waste can emit harmful gases such as methane (CH,4) and carbon dioxide
(CO,), while leachate generated can contaminate nearby soil and water resources
(Chavan et al., 2019). To address these issues many startups are providing solutions in
the most relevant sector, in this chapter we will go over the three biggest categories
and provide one example of a startup in each that is creating exciting economic
opportunities while helping the recovery of resources and creating tool for improved

waste management.
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A circular economy (CE) can be described as a system that by design aims to reduce

waste and keep resources in use for as long as possible. It moves away from the

traditional end-of-life model as it promotes reuse, relies on renewable energy, avoids

harmful chemicals that can limit the recycling potential and moves the focus towards

a smart design of material, products, systems, and business models (Ellen MacArthur

Foundation, 2013). A common framework used to guide circular economy strategies

is the concept of the 5 Rs: Refuse, Reduce, Reuse, Repurpose, and Recycle. In the table

below these concepts will be described further.

R Principle |Description

Refuse Refuse products or materials that generate unnecessary waste, such
as single-use plastics or excessive packaging.

Reduce Use fewer resources by improving efficiency in production and
consumption, leading to less waste.

Reuse With repeated use of products or components it leads to less amount
of excess waste.

Repurpose |Give used items a new function by repurposing them beyond their
original purpose.

Recycle At the bottom of the hierarchy is recycling, only to be used when
reuse or repurposing is no longer possible. It involves processing
discarded materials to recover raw inputs, which can then be used to
manufacture new products.

Table 12: Circular Economy Strategies

Circular Economy has been a hot topic in recent years as can be seen in the investments

in the sector in recent years, being the third highest by total funding of all application

fields.
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Figure 17: Funding of Top 10 Application Fields

After further analysis of all the companies that made up the Circular Economy
category it was decided to take a further look at Sykell, a German startup utilizing

reusable packaging systems and circular Enterprise Resource Planning (ERP) software

for reverse-logistics and circular economy operations.

Sykell
1. Company Info

Year Founded: 2021

Headquarters: Berlin, Germany

Founder: Davide Mazzanti (CEO) and Michael Kappler
Employees: 11-50

Geographic Scope of the Offer: Germany

Use Case / Application Area: Circular Economy

Website: https://www.syvkell.com

Concept Description: Reusable packaging systems and circular Enterprise Resource Planning (ERP)
software for reverse-logistics and circular economy operations.

2. Financing

Total Funding Amount: $4,980,824

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $4,980,824

Type of Last Financing Received: Seed
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3. Business Model

Value Proposition: Sykell helps businesses transition from single-use packaging to reusable packaging
with a circular solution and prevent millions of tons of packaging waste per year by combining two of
their flagship solutions: Einfach Mehrweg, a consumer-friendly deposit-and-return system compatible
with reverse vending machines, and Circular ERP, an award-winning SaaS platform that manages the
tracking, logistics, compliance, and analytics of reusable assets.

Target Clients: Retailers and grocery chains, food-service providers and fast-food restaurants, events,
festivals, and hospitality venues

Revenue Model: Hardware-as-a-service leasing deposit-enabled containers, subscription-based SaaS
for Circular ERP usage, consultancy and implementation support for reverse logistics and compliance

4. Use Case

Use Case: The Einfach Mehrweg reusable packaging system is in use in more than 6,500 locations in
Germany, including large retail chains petrol stations, restaurants, and event venues. Each container is
serialized and tracked through Sykell’s platform, Circular ERP, which sees through full lifecycle
management, from deposit and return to washing and logistics, all without needing consumer
registration or a dedicated app. The reusable packaging ensures 91% less waste is generated over 50
reuse cycles compared to single-use packaging while carbon emissions are lowered by 71% compared
to single-use plastic packaging. The process and lifecycle of the system will be explained further in the
table below.

Purpose To make reusable packaging as convenient as single-use and encourage
regular use in everyday life.

Usage Consumers pay a deposit (1 € for cups, 1.5-2.5 € for containers) and return
the used items through reverse vending machines (RVM) with no app or
registration required.

Return After collection, packaging is sorted, deposits are cleared, and items are
professionally washed and inspected before being returned to circulation.

Material All components are made from mono-material polypropylene (PP), which
is fully recyclable. They are free of BPA and harmful substances, and meet
EU food safety standards (EU Regulation 10/2011).

Serialisation All packaging is uniquely serialized and tracked through the CIRCULAR
ERP system, enabling automated returns, weighing, and scanning at
checkout systems to guarantee a transparent deposit processing.

End of Life When containers reach the end of their lifecycle, they are sorted at the
washing facility and recycled into PP granules before being reintroduced
into circulation.

Table 13: Einfach Mehrweg System of Sykell

Main Clients: Retailers and grocery chains, food-service providers and fast-food restaurants, events,
festivals, and hospitality venues, local consumers

Geographic Scope of the Offer: Germany
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3.5.2. Effective Waste Governance

Effective waste governance systems provide the citizens with information and
involvement tools for better waste collection and better sorting of waste. With tools
such as mobile apps and web platforms being developed to help residents monitor
their own waste habits and get suggestions on better sorting, usually done through a
game or a social comparison for the motivation of users. The data collected can then

be used on improvement for municipalities for things to improve on.

The Italian, Turin-based ReLearn has been developing products under the brand name
NANDO with the focus on three main pillars of effective waste governance;

monitoring, reporting, and engagement.

ReLearn

1. Company Info

Year Founded: 2020
Headquarters: Turin, Italy

Founders: Riccardo Leonardi (CEO), Giovanni Lucifora, Fabrizio Custorella, Federico Fedi and Simone
Cavariani

Employees: 11-50
Geographic Scope of the Offer: Europe
Use Case / Application Area: Waste Governance, Smart Bins

Website: https://www.re-learn.eu

Concept Description: Al-powered waste monitoring and smart bins for corporate, educational, and
public venues which also guides users to correct sorting and provides real-time data and compliance
reports.

2. Financing

Total Funding Amount: $1,335,344

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $1,069,750

Type of Last Financing Received: Seed

3. Business Model

Value Proposition: ReLearn builds NANDO, an Al-driven waste management solution, that consists
of three main pillars; monitoring, reporting, and engagement. The monitoring component uses Al-
powered sensors and cameras to track waste input in real time, while identifying material types,
contamination, and disposal behaviors. Reporting transforms this data into actionable insights through
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dashboards and automated reports aligned with sustainability standards, enabling organizations to
measure impact and track waste management progress. The engagement pillar focuses on educating
users through interactive screens and real-time feedback at the point of disposal to encourage correct
sorting and implement long-term behavioral change. Together these elements empower institutions to
reduce waste and increase recycling accuracy and to build a sustainable waste management culture
across their operations.

Target Clients: Corporate and office buildings, educational facilities, public venues

Revenue Model: Selling sensors and displays, SaaS subscriptions for analytics, dashboards, and
reporting, consultancy and integration services

4. Use Case

Use Case: At Bocconi University in Milan, ReLearn deployed its AI-powered NANDO system, engaging
over 15,000 users, students and staff, in just two months. By integrating NANDO.Quiz, an interactive
learning tool to raise awareness of correct sorting of waste, students received real-time feedback on
sorting decisions while being educated on proper waste segregation. This combination of monitoring
and engagement led to a 60% improvement in correct disposal behavior and a significantly enhanced

quality of recycling collection across campus of Bocconi. The NANDO system also provided the

university’s facility managers with actionable data to adjust bin placement and customize
communication strategies through the platform to make sustainability efforts both visible and
measurable.

Main Clients: Bocconi University, students of Bocconi

Geographic Scope of the Offer: Campus of Bocconi University, Milan, Italy

3.5.3. Litter Bin Systems

Through the use of litter bin filling level detection systems it is possible to monitor
more precisely the fill levels and when it is feasible to empty the bins, providing data
that can help in optimization of collection routes and reduce unnecessary pickups. Out
of Norway, the startup Sensorita has been using sensor data and analytics to improve

waste disposal efficiency.
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Sensorita

1. Company Info

Year Founded: 2020

Headquarters: Oslo, Norway

Founders: Ulrikke Lien (CEO)

Employees: 10

Geographic Scope of the Offer: Norway

Use Case / Application Area: Waste Management, Litter Bin Systems, Digital Twin

Website: https://www.sensorita.com

Concept Description: Sensorita offers software that finds ways to cut costs and emissions in waste
management by using sensor data and analytics.

2. Financing

Total Funding Amount: $3.3 million

Date of Most Recent Financing Round: 2024
Last Financing Amount Received: $3.25 million

Type of Last Financing Received: Seed

3. Business Model

Value Proposition: Sensorita offers real-time digital twin for every waste container and can monitor fill
levels using radar sensors and machine learning algorithms. This will help waste management
companies to reduce unnecessary collection trips and improve on waste disposal efficiency. This can
increase revenue for companies as it offers improved services though automation collection orders and
reduces the chance of overfilled containers. On Sensorita’s platform, customers can track the status of
the containers with dedicated dashboards to enable the customer to take data-driven decisions in their
waste management.

Target Clients: Waste Management companies, construction firms and other large-scale waste handling
entities, municipalities

Revenue Model: Product Sales, Software Licensing

4. Use Case

Use Case: Sensorita's sensors are installed in waste containers for a more efficient waste management.
With advanced GPS & radar sensors, every container has a digital-twin that provides real-time data on
fill levels and relevant metadata, allowing waste management companies to schedule pickups only
when necessary, in turn cutting down on transportation costs and improving waste stream efficiency
and reducing the chance of overfilled containers by advising timely removal.

Main Clients: Waste Management companies, construction firms and other large-scale waste handling
entities

Geographic Scope of the Offer: Norway
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3.6. Lighting/Crosswalk/Benches

Total Funding Amount (USD)
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Figure 18: Startups Present in Lighting/Crosswalk/Benches

The categories of Lighting/Crosswalk/Benches returned only four results from the
original Crunchbase search and no particular startup that was interesting enough for
further discussion, above the funding for each of the companies can be seen while two
of them didn’t have the funding numbers registered. The main topics of Smart
Lighting in Smart Cities are the use of LED lighting, adaptive lighting and intelligent
streetlights, which can be a combination of the first two mentioned or managed
remotely. The presence of sensors, controllable interfaces and a controlling system in
LED lighting is key to the management of these lights through smartphone apps,
motion sensors or another automation (Palmer & Gibbons, 2020). The huge potential
for cities to save on energy costs is also an intriguing part for intelligent streetlighting,
by using adaptive lighting to adjust to needed level of light, whether in the day,
evening or night. The intelligent streetlights can also serve a bigger purpose, using IoT
devices to monitor traffic as interconnected lights, or host environmental sensors that
can measure weather conditions such as temperature, humidity or air quality. Smart

benches are benches used in an urban environment that provide modern services such
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as USB charging and Wi-Fi hotspots. The benches are driven by solar panels meaning
they are operating off the grid using renewable energy and they can also be equipped
with environmental sensors to track temperature, air quality or noise levels

(Chakwesha & Sastry, 2023).

Smart crosswalks are pedestrian crossings that are enhanced with technology such as
motion sensors to analyse movement, smart and adaptive lighting that adjusts to time
of day or if crosswalk is being crossed and it can also be connected through Al with
cameras to analyse traffic patterns and connect to nearby traffic lights (Cehi¢ et al.,
2024). A company classified into the Smart City Group of Digital Twin but has also
provided solutions for smart crosswalk is Quanergy. The use case will delve deeper

into their application of a smart crosswalk in South-Korea.

Quanergy
1. Company Info

Year Founded: 2023

Headquarters: San Jose, California, United States

Founders: Enzo Signore (CEO), Alexander Turkot, Simon Vine, and Tamer Hassanein
Employees: 50

Geographic Scope of the Offer: Global

Use Case / Application Area: 3D LiDAR mapping, industrial automation, transportation, and smart
crosswalks

Website: https://quanergy.com

Concept Description: Quanergy develops advanced 3D LiDAR sensors and perception software,
enabling real-time 3D mapping and object detection with solutions utilized in a number of sectors,
including security applications, crowd management, industrial automation, and traffic management

2. Financing

Total Funding Amount: $10 million

Date of Most Recent Financing Round: 2023
Last Financing Amount Received: $10 million

Type of Last Financing Received: Seed
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3. Business Model

Value Proposition: Quanergy delivers real-time insights that enhance safety, streamline operations, and
empower smart decision-making by offering high-performance 3D LiDAR sensors and intelligent

perception software that provide real-time data for object detection and tracking. With the aim of
enhancing safety, improving efficiency, and enable automation of physical security in smart city
infrastructure, industrial processes, and autonomous transportation systems.

Target Clients: Municipalities and urban planners, security firms, transportation authorities

Revenue Model: LiDAR hardware sale, Software Licensing

4. Use Case

Use Case: Quanergy has installed their M-Series sensors, a Smart LiDAR solution, at crosswalks in
school zones in South-Korea to improve pedestrian safety by providing real-time data on pedestrian
movements and vehicle traffic, enabling proactive safety measures. The sensors offer a 360 degree
coverage with 95% accuracy of objects and pedestrians. Data is collected on vehicle speed and traffic
patterns as well as a count on pedestrians and the data has been used for local authorities in South-
Korea to formulate effective traffic policies and to implement appropriate safety measures.

Main Clients: South-Korean municipalities

Geographic Scope of the Offer: South-Korea

3.7. Smart Metering

Smart metering is the installation of an intelligent meter at a residential building which
include sophisticated measurement and calculation hardware, software, calibration
and communication capabilities with the ability to also act as sensors across the
distribution grid and using the sensors to detect outage or disruptions. With an
Advanced Metering Infrastructure (AMI), the meters can measure the real power

usage for a given time interval, giving them better room for planning operations (Barai,

Krishnan, & Venkatesh, 2015).

In recent years, the global energy sector has faced unprecedented challenges.
Volatile energy prices driven by geopolitical tensions and supply chain disruptions
along with increased demand, have driven the need for different and more resilient
sustainable energy solutions as the use of smart metering systems where consumers
can also be the producers has been rising and giving different options for consumers
rather than the typical centralized energy systems. As households and businesses aim

to control more of their energy usage and costs, innovative startups are developing
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integrated solutions that combine hardware and software to facilitate energy
independence and efficiency. This has been the case for the startup Lunar Energy,
which has created an integrated home energy management system, changing how
energy can be produced, distributed, and consumed. These advancements are not only
empowering consumers but also contributing to the stability and sustainability of the

broader energy grid.

Lunar Energy

1. Company Info

Year Founded: 2020

Headquarters: Mountain View, California, USA

Founder: Kunal Girotra (CEO). Background in energy & engineering
Employees: 200

Geographic Scope of the Offer: Worldwide

Use Case / Application Area: Home Energy Management Systems, Solar Energy

Website: https://www.lunarenergy.com

Concept Description: Lunar Energy aims to help homeowners with energy usage by providing an
integrated system that allows homeowners to generate, store, and manage their own energy.

2. Financing

Total Funding Amount: $527.5 million

Date of Most Recent Financing Round: November 2023
Last Financing Amount Received: $195 million

Type of Last Financing Received: Series C

3. Business Model

Value Proposition: Lunar Energy offers a comprehensive home energy solution helping users to save
money and avoid grid outages and even make money when conditions are correct by enabling users to
store excess energy and sell it back to the grid when demand is high as Lunar Energy not only reduces
reliance on traditional energy sources but provides an opportunity for homeowners to generate income.
The system integrates solar energy from panels, battery storage, and intelligent energy management
and is designed to optimize energy usage based on real-time data like weather forecasts and energy
price fluctuations to ensure maximum efficiency and cost savings for homeowners.

Target Clients: Homeowners, Residential Solar Installers, Utility Companies

Revenue Model: Product Sales, Software Subscriptions, Grid Services
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4. Use Case

Use Case: Lunar Al enables households to optimize their energy usage autonomously. The AI monitors
and learns from real-time and historical data and takes into account a number of factors, including
weather forecasts, household energy consumption patterns, solar production, and grid electricity prices
to predict when a home will generate and consume energy, and when it needs to make a decision on
when to store electricity in the 20 kWh battery and when to use it and when to give energy back into

the grid and receive money doing so. This allows homeowners to reduce reliance on the grid during
expensive peak hours as the battery can store electricity and in turn maximize savings and maintain
energy during outages if needed.

Main Clients: Residential Customers

Geographic Scope of the Offer: United States

3.8. Environmental Parameter Sensors

Air pollution is widely regarded as the biggest environmental risk to health, being
responsible for approximately one in every nine deaths annually (Landrigan et al.,
2018) and noise pollution being a risk factor contributing to stress, sleep disturbance,
and decreased quality of life, which can have broader implications on cardiovascular
and mental health over time (WHO, 2018). This makes it easy to see that the monitoring
of environmental conditions has become essential for the protection of public health.
Real-time data allows cities to assess pollution hotspots and understand long-term
exposure risks and implement interventions to address problems and protect
vulnerable populations such as children and the elderly. Sensors that monitor
environmental parameters enable real-time insights into urban conditions such as air
quality, temperature, humidity, CO, concentration, and noise pollution. Using a
network of sensors deployed as fixed nodes at city locations or as mobile units
connected to vehicles or drones to extend the coverage, the information can be
collected and verified for operational decision-making and long-term urban planning
as it is continuously feeding data into centralized platforms for processing and the
analysis. The resulting insights can allow for proactive interventions, such as traffic
flow adjustment to reduce emissions or issuance of alerts during high-pollution
events. In addition to hardware-based monitoring, systems can also incorporate

participatory sensing to allow citizens to contribute through mobile applications. This
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input complements sensor data and enhances the system’s responsiveness to localized
environmental conditions (Bacco et al., 2017). After comparing the origin of all startups
in the database in Figure 4 it was clear that India with the second highest total needed
a representative. A total of 57 startups, only beaten by the US, who seem to play in a
league of their own due to factors such as the size of their startup ecosystem through
the access to venture capital and the presence of established innovation hubs like
Silicon Valley. However, looking at India it can be argued that their strong state in the
startup market can be attributed to factors such as their “Smart Cities Mission”
mentioned earlier, that has provided funding and policy support for digital urban
innovation in over 100 cities, along with a large pool of talent throughout this densely
populated country. In the section of environmental sensors an Indian startup can be
found that provides the government and citizens with real-time environmental
knowledge, enabling informed decisions and a healthy lifestyle and deliver
environmental monitoring solutions through a network of IoT-enabled sensors and

Al-powered analytics to do so.

Aurassure

1. Company Info

Year Founded: 2022

Headquarters: Bhubaneswar, Orissa, India

Founder: Akanksha Priyadarshini (CEO), Vamsi Krishna, Raviteja Cherukuri, Omprakash Patra
Employees: 33

Geographic Scope of the Offer: India and Brazil

Use Case / Application Area: Environmental Parameter Sensors

Website: https://aurassure.com

Concept Description: Environmental monitoring through a network of IoT-enabled sensors and Al-
powered analytics

2. Financing
Total Funding Amount: $481,422
Date of Most Recent Financing Round: 2023

Last Financing Amount Received: $481,422
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3. Business Model

Value Proposition: The smart solutions provided by Aurassure involve real-time monitoring of
environmental parameters. The air quality sensors provide pollution data to help cities address air
quality issues to improve public health and overall urban livability while also providing insights into
traffic and infrastructure development, which can lead to the design of a more sustainable mobility. The
flood risk management involves sensors monitoring water levels for a proactive response to potential

flooding and guidance for better infrastructure decisions of urban development. All of this being
accessible through their climate intelligence Al platform.

Target Clients: Smart cities and municipal governments, construction sites, hospitals, institutes,
industrial enterprises

Revenue Model: Sale or SaaS/hardware-as-a-service of environmental sensors, DaaS and analytics
subscriptions

4. Use Case

Use Case: In collaboration with Google’s Air View+ initiative in India, Aurassure deployed hyperlocal
air quality sensors in over 150 Indian cities, including pilots in Navi Mumbai and Greater Chennai. The
real-time air quality sensors provide AQI data that measures PM2.5, PM10, and NO,, along with
temperature and humidity, and is integrated into Google Maps via API. This enables users to access the
“cleanest route” feature, which as the term implies allows users to select travel routes based on best air
quality. This India-focused deployment empowers city planners, commuters, and residents with
actionable environmental information for healthier route choices and smarter urban planning.

Main Clients: Google, commuters and residents across India

Geographic Scope of the Offer: India

3.9. Digital Twin

A digital twin is a virtual copy or a model of a physical entity, connected through real-
time data exchange and imitates the state of that physical entity. It is a dynamic, self-
evolving simulation of the real-life subject, which follows any changes in the physical
entity and vice-versa. It can provide an in-depth analysis of the physical entity,
including simulations of varying states, diagnostics of problems, and optimization of
performance, resource usage or maintenance. The possible simulations of the digital

twin allow for an investigation of endless possibilities into future states or possible

designs (Singh et al., 2021)

In the context of Smart Cities, the digital twin is utilized to replicate real-world
city objects such as buildings, roads, traffic systems, and other infrastructure to enable

real-time monitoring for the improvement of planning and allocation of resources (Jin
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et al., 2024). By integrating data from IoT sensors, machine learning models, and
external sources such as weather and traffic feeds, digital twins enable cities to test
endless possible scenarios and outcomes with high precision. Persium, a startup
founded in 2023, has been using digital twins to model pollution, simulate different
impacts of policy and see real-time ROI on health and economy and in turn make cities

smarter, cleaner and healthier.
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Persium

1. Company Info

Year Founded: 2023

Headquarters: London, England, United Kingdom

Founder: Ali Yousefian (CEO). Background in Engineering.

Employees: 5-10

Geographic Scope of the Offer: United Kingdom and international markets
Use Case / Application Area: Air Quality Monitoring, Digital Twin

Website: https://persium.co.uk

Concept Description: Persium aims to tackle air pollution globally by using customizable IoT air
quality sensors and a digital twin platform for air quality and public health modeling.

2. Financing
Total Funding Amount: $1,231,422
Date of Most Recent Financing Round: 2024
Last Financing Amount Received: $445,117

Type of Last Financing Received: Grant

. Business Model

Value Proposition: Persium offers an air quality monitoring system that can be scaled and customized
for many different utilities. It combines advanced IoT sensors with a digital twinning platform, offering
cities, industries and institutions the ability to visualise pollution in 3D, simulate different impacts of
policy and see real-time ROI on health and economy and in turn make cities smarter, cleaner and
healthier.

Target Clients: Local Governments, Industrial Operators, Educational Institutions, Transportation
Authorities, Construction and Mining Companies

Revenue Model: Product Sales, Software Subscriptions, Consulting Services

4. Use Case

Use Case: For Smart Cities the IoT Persium Pods communicate with other IoT systems in the city to
enable real-time data-driven decisions for air pollution boundaries and directional trends that can be
used to plan for space for walking, cycling and usage of green spaces. The system benchmarks against
national and international standards for air quality and provides information on the most vulnerable
places and areas in the city. It can also identify the pollutions hotspots at source in real-time which can
increase the transparency of air quality data.

Main Clients: Smart cities and local governments

Geographic Scope of the Offer: Worldwide
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4 Conclusions

4.1. Main Findings

This thesis has looked at the global landscape of Smart City startups, focusing on
startups founded in 2020 or later and with the most recent funding in 2022 or later.
Main purpose was to assess the current state of the art of Smart City startups by
compiling and consolidating data on Smart City startups worldwide and then
classifying all into relevant sectors and application fields depending on their main
functions while disregarding the startups not compatible from the database that was
originally extracted. Different components of the startups were examined and
compared to see trends on a geographic level and how different sectors and
application fields were performing in various factors to then discover some factors that
may contribute to findings and trends. Among the key findings was the incredible
domination from the United States in terms of their position inside the startup
ecosystem, with 219 total startups, although it could have been anticipated beforehand
due to their strong venture capital support and established technology clusters,
supported by an enabling policy environment. Second in the total startup numbers
was India with 57 startups to their name. The case of India was a bit more unexpected
but after looking at potential explanations it was clear that their “Smart Cities Mission”
initiative along with a young, tech-savvy population in a growing urban economy,
were some of the reasons for India to be second in terms of the total startups observed,
with the startup of Aurassure providing air quality sensors monitoring pollution data
to help cities address air quality issues to improve public health and overall urban
livability, a key initiative for Indian cities, who have long been battling high levels of
air pollution and related health impacts. The EU Mission to deliver 100 climate-neutral,
Smart Cities by 2030 is a step towards achieving the goals of the European Green Deal

and is one of the key factors along with the policies of the Trans-European Networks
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for Energy (Ten-E) with a European Grid Action Plan and the BRIDGE that contribute
to a strong showing from European nations in the Smart Grid sector. Smarter Grids
are an important factor in the EU’s strategy to digitalise the energy system while
the Digitalisation of Energy Action Plan, adopted in October 2022 promotes
investments in smart grid technologies. Another dominant European sector was the
Smart Mobility one, with important EU frameworks like the EU Urban Mobility
Framework and European Green Deal’s Sustainable and Smart Mobility Strategy,
which included the initiative “Fit for 55” and the regulation of trans-European
transport network (TEN-T), providing direction and support resulting in a broad
range of Smart Mobility startups from Europe. As mentioned above, the United States
were dominant in terms of number of startups and particularly stood out in one sector,
Security & Surveillance, as North America accounted for over 55% of all startups with
most of them coming from the US. This concentration suggests that public safety,
threat detection, and digital monitoring solutions are a focal point as the threat of daily
life in the US increases by the day through school shootings, where PerVista Al plan

to deliver solutions, and other untimely dangers.

The study also highlights the key technical components of Smart Cities and discusses
their applications of Internet of Things (IoT), artificial intelligence and machine
learning (AI/ML), information and communication technologies (ICT), and Big Data
in various application fields. These technologies are a foundation for many of the
sectors and application fields and are a mainstay in most of the startups that were

introduced throughout the studies in some capacity.

4.2. Limitations and future developments

The main limitations associated with this research are two-fold. The limitations of the
Crunchbase database which results in a huge difference between the number of
startups founded per year. This might be mitigated by broadening the search and

looking at additional external sources for information that can provide a more
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comprehensive overview of all recent startups since there seems to be a delay in the
importation of newly founded startups on Crunchbase. The other issue is the huge
imbalance in funding, with only one startup, Verkor, being responsible for a half of the
funding of Mobility startups, and with Mobility startups being responsible for almost
74% of all funding. This makes comparisons between Smart City groups and between
funding years difficult since a big outlier in present in Verkor as well as a dominant

group in Smart Mobility.

Theoretically, the paper enriches the comprehension of the interaction between
entrepreneurial ecosystems, technological innovation, and urban governance.
Practically, it equips policymakers, urban planners, and investors with knowledge on
the existence of innovation hotspots as well as the supporting frameworks and sectoral
gaps that need further intervention or support. More cities and countries are
encouraged to adopt policies for active involvement for startups in Smart City sectors
and the collaboration between cities and countries could help to share Smart City

knowledge across regions, especially with developing economies.

In conclusion, this research provides valuable insights for multiple stakeholders
within the smart city innovation ecosystem. It gives a strategic look at the present
market situation showing which areas are most active, what technologies are focused
on, and how successful startups place themselves in different fields of application. By
analysing this both at a macro-level as well as delivering case examples, this thesis
creates a base for further research and helps to better understand where opportunities

lie and what characteristics or capabilities are likely to serve as market differentiators.
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