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Abstract 

The purpose of this study is to contribute to the ‘Businesses’ action plan defined in the European Location 
Interoperability Solutions for e-Government (ELISE) Policy Note on the state of play of location data for policy 
and digital public services in Europe. It also builds on the ELISE work already undertaken on the topic of 
geospatial co-innovation presented at the INSPIRE 2020 Online Conference workshop: Co-innovation with 
public-private sector data ecosystems. The study assessed the potential collaborations and prospective 
partnerships between European public administrations and location industry that may further elevate 
effective use of location information and intelligence for policy and digital public services in the region. 

  

https://inspire.ec.europa.eu/conference2020/webinars/co-innovation-public-private-sector-data-ecosystems
https://inspire.ec.europa.eu/conference2020/webinars/co-innovation-public-private-sector-data-ecosystems
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1 Executive Summary 

In recent years, the wide diffusion of technologies such as cloud computing, Internet of Things (IoT), and 
4G/5G, has enabled many cities and local communities to transform into hubs of digital transformation – 
realising unprecedented levels of safety, resilience, and quality of life. 

Adopting openness principles and best-of-breed ICT innovations, such as Artificial Intelligence (AI) and data 
analytics, spatial and satellite positioning, digital twins and mobile edge computing, government 
transformation is being redirected towards an increasing centrality of users’ needs and requirements and is 
no longer considered as stable across time and place but continuously changing depending on location and 
contingent status. 

These trends are raising the challenge of digital transformation of the EU public sector, requiring a seamless 
adaptation of its organisational structures, service models, policy frameworks and governance systems. 

For the medium to long term, the establishment of a new digital infrastructure – comparable to public 
utilities’ networks, such as energy or water – can be predicted, that acts as the primary interface between 
government and citizens and businesses on the move, both within and across the country borders. Like 
“network industries” this network of governance stakeholders and their administrative entities, will be so 
intertwined with the physical world that separating it from other “traditional” infrastructures will no longer be 
possible. 

Such evolution is formally acknowledged by the “Join, Boost, Sustain” declaration for upscaling digital 
solutions in Europe (JBS), which has been introduced during the Finnish EU Presidency and is now promoted 
by a growing number of European cities and a large group of stakeholders, with the active support and 
orchestration of the European Commission. 

In this context, an unexpected game changer is constituted by the Covid-19 crisis, characterised by a 
convergent pattern of national and regional initiatives at the EU level, all aimed at the best possible 
compromise between protection of public safety and integrity on the one hand, and the restart and relaunch 
of socio-economic activities on the other. 

Most of these initiatives directly impacted the delivery mode of public services to businesses and citizens, and 
some of them utilise methods and tools that are somehow related to user geolocalisation and behaviour 
tracking. 

1.1 Purpose, Objectives and Scope of Study 

A progressive and enabling policy is key to creating significant economic and societal benefits that accompany 
the use of location intelligence solutions in varied applications. While SDIs and policy frameworks are 
primarily the responsibility of the public sector; the private sector which holds a large amount of spatial data 
relevant for government bears a significant management responsibility and therefore plays an important role 
in building the policy framework. 

To bridge the gap in understanding and implementation of location intelligence solutions, it is necessary for 
the public sector to proactively engage with the private sector in various spheres of the location intelligence 
domain for defining its value proposition for the economy and society. 

At present, there needs to be greater collaboration toward strengthening integrated (spatial and non-spatial) 
data spaces and policy frameworks at national, regional, and global levels serving larger development goals 
and governance through mutual understanding and cooperation. The European public administrations can 
benefit from more effective partnerships with the location intelligence industry and with other private sector 
companies developing products with a heavy reliance on location data. 

Private sector location data can be combined with public sector data via a well-defined co-innovation model. 
The European data ecosystems, including the evolution of SDI models and (2D, 3D and 4D) city models can be 
designed in a more collaborative way if private sector requirements are also considered. This way, the private 
sector companies operating in multiple countries in Europe can benefit from harmonised public sector location 
data and services. 

The purpose of this study is to contribute to the ‘Businesses’ action plan defined in the ELISE Policy Note on 
the state of play of location data for policy and digital public services in Europe. The study assessed the 
potential collaborations and prospective partnerships between European public administrations and location 
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industry that may further elevate effective use of location information and intelligence for policy and digital 
public services in the region. 

The objectives of this study are: 

— To develop an overview of location data and technology and application trends in the industry. 

— To capture private sector views on collaboration with the public sector on location data and location 
intelligence under the umbrella of European Data Spaces – including national and local contexts and 
areas for improvement. 

— To capture industry’s views on what they would like to see emerge from the Open Data Directive and 
European Data Strategy and how they can contribute to support the aims of these policies. 

— To explore the potential collaborations and partnerships between European public administrations and the 
location data and technology sector. 

1.2 Methodology  

To achieve the objective of the study two-step approach was taken: 

— Direct engagement with relevant industry stakeholders for inputs. 

— Secondary research based on online articles, blogs, press releases and existing reports on the location 
data and technology ecosystem, its current landscape, trends, best practices, and existing public-private 
partnerships.  

1.3 Structure of the Report  

This final report is structured as follows: 

Chapter 1 provides the trends in location Industry. It elaborates the trends that are creating, organizing, and 
propelling development in location technologies creating value of location data or information in several 
sectors. 

Chapter 2 explains the views of private sector on what they would like to see emerge from the Open Data 
Directive and European Data Strategy and how they can contribute to support the aims of these policies. 

Chapter 3 details the evolution of SDI, areas of improvement, approach to co-innovation, and the role of 
INSPIRE. 

Chapter 4 elaborates specific areas where the private sector can contribute along with the value proposition 
for their contribution and few models of co-innovation. 

Chapter 5 highlights 4 case studies covering different aspects of collaboration. 

— Amsterdam Smart City highlights the public private partnership for development of the smart city 
platform. 

— Port of Rotterdam underlines the current state of collaboration for location data and knowledge for 
Digital Twin 

— SCALGO demonstrates how open location data contributes to the social and economic well-being of the 
nation 

— An international case study “Virtual Singapore program” highlights collaboration for 3D model at national 
level.  

In addition, the document includes the following annexes: 

Annex 1: List of organizations interviewed 

Annex 2: Profile of the key companies in location ecosystem 



5 

 

2 Location Industry Trends 

2.1 Location Industry and Digital Economy 

For evidence-based decision making, location technology is a country’s “digital currency.” It is a vital part of 
the nation’s infrastructure and information economy, as it serves as a roadmap for what happens when and 
where. It integrates a broad range of government programmes that support economic growth, environmental 
protection, national security, social development, and national prosperity. 

The term “location technology” refers to a wide variety of modern methods for mapping the earth’s surface. It 
uses intelligence and analytics to provide a context for the collected spatial data. As a result, any technology 
that allows for the development, management, analysis, and visualisation of location data is known as 
location technology. 

With the advancement of information technology, location data has become a popular language for the 
world’s 7+ billion people. The Fourth Industrial Revolution has made location knowledge commonplace and an 
integral part of our everyday lives. Over the last few years, it has integrated with the broader Information 
Technology and Engineering processes. This digital disruption is merging human, physical and digital 
environments, leading to unprecedented societal changes and radically disrupting the location industry that 
has opened to more significant market drivers, creating new opportunities while weathering through market 
forces and consumer behaviour. 

2.2 Location Technology Ecosystem 

The location technology ecosystem, as shown in Figure 1, is a multidimensional entity with multiple 
interactive components. From the technology point of view, it includes: 

— Spatial Analytics: a system that is designed to capture, store, manipulate, analyse, and interpret data 
relationships, patterns, and trends. 

— Global Navigation Satellite System (GNSS) & Positioning: consists of GNSS upstream and downstream 
markets, the surveying market and the indoor positioning market. 

— Earth Observation: includes technologies like satellites in space, aerial photography (manned as well as 
unmanned flying vehicles). 

— 3D Scanning: comprises of Laser, LiDAR, Radar and Point Cloud – non-contact technologies that can 
digitally capture the shape of physical objects 

Figure 1. Location technology ecosystem 

Source: Geospatial World. 

The value chain of the location industry can be divided into upstream and downstream, as shown in Figure 2. 
The downstream of location industry spans from component manufacturer to hardware and software with 
data/content as a key component for providing data analytics and solutions. The data is processed and stored 
on a platform by the data providers. Service and solution providers also play an eminent role in making the 
data available to the end user. 
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Figure 2. Value-chain of location industry 

Source: Geospatial World. 

2.3 Location Data Key to Fourth Industrial Revolution 

Various government as well as private initiatives are seen to promote a data-based industrial revolution in the 
world. Cloud, mobile, internet, and Internet of Things (IoT) technologies have resulted in an avalanche of data, 
necessitating the use of data analytics. Their active use in business and everyday life would mean that “data” 
would rule the world, and this is what we refer to as the Data-based Industrial Revolution. More than 80% of 
all the available data has a spatial component, which is a foundational component of the data infrastructure, 
as demonstrated in Figure 3. The availability of such large amounts of data has given rise to the Data 
Economy, which is thriving on analytics and value derived from the varied data sources. A converged Digital 
Infrastructure underpins this data economy, ensuring continuous data storage and sharing via communication 
systems. Any data or system requires a crucial ‘where’ or position component, which is provided by location 
data. 
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Figure 3. Location data - foundational component of data economy 

Source: Adapted from IBM and Geospatial World. 

2.4 Industry Trends 

Following are the trends that are creating, organizing, and propelling development in location technologies: 
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2.4.1 Integrating Workflow 

Location technology has evolved from being a highly compartmentalized industry towards convergence, 
collaboration, and integration of constituent technologies as its cornerstone. This accelerated end-to-end geo-
enabled workflows across several vertical industries. The two industries that are currently witnessing large 
use of multiple location technologies, mostly in integrated forms, are Architecture, Engineering & Construction 
(AEC) and the Business Intelligence & Location Intelligence, and Figure 4 demonstrates the application areas 
of location technology within these industries. Construction companies who have taken on design, build, 
operate and/or maintain projects have found, for full life-cycle construction projects an approach that 
combines BIM + geospatial significantly improves outcomes. Major construction firms like EllisDon, Parsons 
Brinckerhoff, Atkins Global, Arcadis, BAM, AECOM etc. have realized that BIM + geospatial integration provide 
greater value for full lifecycle projects. 

Figure 4. Workflow integration of location industry 

Source: Adapted from Geospatial World. 

2.4.2 Miniaturization of Sensors 

The increase in number of sensors everywhere, from space to smartphone to cars around us will lead to an 
explosion in the volume of location data. Miniaturized and lower-cost sensors have led to an increase in 
information of what, when, where, and popularized the technology. Starting with smartphones, the technology 
has now progressed to the fields of LiDAR and Earth Observation, with advancements in LIDAR sensors for 
autonomous vehicles and a handheld imaging backpack. The satellite industry has been revolutionised by the 
launch of breadbox-sized and even smaller satellites, which have the advantages of improved efficiency, 
enhanced capability, and reduced costs. The miniaturization is making location a default in all walks of life. 
With the advanced imaging systems in the mobile phone, it has the potential for indoor and close-range 3D 
mapping with required software for 3D modelling. 

2.4.3 Expanding Wireless and Web Networks 

Wider and faster wireless and web networks are helping the end users to meet the increasing demand for 
better data transmission and location data delivery. This paves the way for governments and users around 
the world to exchange and use spatiotemporal data more widely, including for real-time applications. 
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2.4.4 Advancement of Mobile Location Sensor Platforms (High Altitude Platform 

Systems (HAPS) and Unmanned Aerial Vehicles (UAV) 

A new direction for data collection has emerged thanks to advances in Unmanned Aerial Vehicles (UAVs) and 
High-Altitude Platform Stations (HAPS). These technologies increase the capacity to collect high and very high-
resolution imagery in near real time for local monitoring applications, addressing some of the demand for 
immediate access to high-quality EO data. 

2.4.5 The “Real-Time” and “Knowledge on Demand” Revolution 

Knowledge-on-demand will be enabled by the continued development of AI/ML applications and modelling. 
While real-time spatiotemporal data is now almost universally created, and its applications in research and 
commerce are widespread and rapidly expanding, the ability to continuously create and interact with this data 
in real time is a relatively new phenomenon. This breakthrough is acting as a catalyst for progress in the field 
of location. This immediate interaction between space and time remains today the underlying process that is 
generating myriad mobile location apps in governments, businesses, and society. 

2.4.6 Advances in Computing Capacity and Data Democratization  

High-performance computing, cloud computing services and networks are providing governments and other 
sectors with channels through which they can retrieve as well as contribute to the expanding location data, 
services, and tools with more ease. 

Big data and data science play a pivotal role in data democratization. Smart buildings, self-driving vehicles, 
and crowd sourced data are examples of location-based technologies that capture useful data around the 
clock. Big data can be used to build new location databases or update existing ones in real time, bringing 
benefits to a variety of industries such as planning, construction, utilities, and transportation. 

By adopting the latest advances in the fields of machine learning, artificial intelligence and deep learning will 
shorten the time needed to mine data and transform it into knowledge. It is the way to grow the industry. 

2.4.7 Mapping-as-services  

Cloud technology advancements have opened new doors and revealed new business models. Mapping as a 
Service is one such business model. On-demand and based on consumer requirements, companies are 
offering data, high-resolution satellite imagery and maps for every place in the world. This has completely 
transformed location industry. 

2.4.8 GeoAI 

In the latest age of automation, artificial intelligence (AI), deep learning (DL), and spatial artificial intelligence 
(GeoAI) are the most recent additions. When combined with location, these emerging innovations are leading 
the technology environment toward exciting capabilities. GeoAI is the product of combining artificial 
intelligence (AI) and the geographic information systems (GIS). 

GeoAI’s growth has opened up unprecedented opportunities for both the public and private sectors. It has the 
potential to be a critical component in contributing to global economic growth and social change, as well as 
opening previously unattainable opportunities. 

2.4.9 Predictive Analytics 

Predictive analytics is an amalgamation of statistical techniques derived from cutting-edge technologies such 
data mining, predictive modelling, and machine learning to predict about future outcomes. It has the ability to 
generate insights about the future with a significant amount of precision. An organization can now 
consistently forecast trends and behaviours using previous and present data as an input to predictive 
analytics tools and models. 
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2.5 Application trends 

The growing demand for location solutions from 
various industries to combine their workflow 
management with location data has rendered 
location data an indispensable tool for obtaining 
the necessary precision (Figure 5). The 
users/developers rely on mapping platforms and 
location data for developing autonomous driving 
and connected cars, developing food delivery apps, 
analysis of fleet management, etc.  

It is difficult to deny the value of location data or 
information in several sectors, with benefits 
accruing to organisations in a broad range of 
application areas. 

Granular location data can provide exceptional 
insights regarding the physical world, and this has 
been realised by various governments and businesses, which are now focusing on location data and its impact 
across the globe. In today’s interconnected world, the realistic uses of position data are nearly limitless. A 
diverse range of solutions can be produced by combining different data sources, in-situ data, and location 
data. 

In the present day, the complexity of the knowledge ecosystem has made partnerships and collaborations a 
necessary component as no single unit can generate end-to-end solutions without being technically 
dependent on some other sector. 

2.5.1 Digital Twin 

Building a virtual model of a physical asset allows for scenario preparation and testing against data collected 
by today’s growing number of sensors. Digital twins are within reach of most industries, thanks to Internet of 
Things (IoT), Internet of Behaviour (IoB), edge computing, and new devices being created and operationalized 
for all forms of data collection. With the incorporation of location data and links to the models, it is possible 
to understand not just where a critical asset is located, but also when the data was collected and what 
circumstances occurred at the time and location. To fully develop a location-aware digital twin, it must be 
refined by analysing the volume of data collected and that data must be incorporated through location 
connectivity. The development and use of such digital twins are transformative. Estonia's nation-wide digital 
twin initiated in 2018 has been developed in cooperation between public and private sector. It includes 
buildings, roads, and other transportation infrastructure such as rail and airports, and underground utility 
networks. The first big step in the creation of a 3D model of Estonia, is bringing construction to the 21st 
century, by converting data to 3D format, connecting to metadata, and adopting a BIM-based building permit 
process. These initiatives are expected to speed up permitting and raise level of compliance thereby improving 
construction productivity by a factor of three. The digital twin gathers data and visualizes real-life situations 
so accurately that, in the future, the country will be able to test and work on constructions projects in virtual 
reality, before putting them into action in real life. Going forward, the applicability of the national digital twin 
can be expanded to diverse areas including product development, spatial planning, surveillance, remote 
control, maintenance etc. 

2.5.2 Position to Precision 

The growing demand for location-based solutions from various industries to combine their workflow 
management with location data has rendered location data an even more important tool for obtaining the 
necessary precision. Seismology, Metrology, Manufacturing, Engineering, Architecture, Indoor Positioning, 
Building Information, Archaeology, and Land Administration are some of the leading user segments utilizing 
location technology. These application areas require precision in location of a data at less than a meter (even 
millimetre accuracy in some cases), which emphasizes on the need of location technologies to capture 
satellite data for application purposes. The precision requirements for location data in application areas 
across various sectors are shown in Figure 6. In the current scenario, the use of location technology is not only 
restricted to the conventional sectors like defence and internal security, urban development, infrastructure, 

Figure 5. Application Areas of location solutions 
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disaster management. Location analytics is being used in varied areas, that may or may not drive the location 
market directly but surely adds to the democratization of the sector. 

Figure 6: Application area-specific precision requirements 

Source: Adapted from Geospatial World. 

2.5.3 Autonomous Revolution 

With the increase in popularity and demand of self-driving cars, the involvement of car manufacturers in 
autonomous driving is more active. Self-driving cars use artificial intelligence and location data to understand 
infrastructure specifications and conditions. The most important part of self-driving vehicles is geodata and 
this data is gathered by using multiple sensors. These sensors are being used for mapping, localization and 
for avoiding obstacles. It is predicted that the location industry will hold a significant market share of the 
services and technologies that will be used to support and navigate the smart revolution. In Netherlands, the 
Cabinet has approved a change in the law to allow large-scale testing with self-driving cars and lorries on 
public roads. There are three major ongoing autonomous bus trials across Europe: In Helsinki, Finland, by 
Sohjoa; in Sion, Switzerland, by Postbus; and in Wageningen, Netherlands, by WePods. 

2.5.4 Smart Cities and Urban Platform 

Smart cities and intelligent transportation systems are some of the concepts which are growing rapidly. The 
digital trends like big data, machine learning, digital twins are significant contributors to this growth. 
Additionally, the utilization of IoT for cloud data storage and processing in near-real time facilitate this wider 
expansion of location technologies. The origin of this new and dynamic ecosystem has helped in technical 
transition of applications like traffic management, public health, budgeting, environment, urban heat islands, 
urban mapping, etc.  



12 

 

Figure 7: Smart City Platforms and Applications 

Source: ARC Advisory 

 

A smart city is a system of systems that includes smart lighting systems, building automation systems, 
emergency management systems, security and access control systems, intelligent grids, renewable power, 
water treatment and supply, transportation, and more. The Smart City Platform unifies these systems for 
users and provides a common system for data management, data visualization and optimization of overall 
city operations, as shown in Figure 7. Some of the different existing solutions created to support smart city-
oriented services are shown in Figure 8. 

Figure 8: Existing solutions to support Smart City-oriented services  

2.6 Benefits of Location Technologies 

Location data is one of the most essential components to study any sectoral market today. Location 
technologies help government and businesses improve their quality, capacity, efficiency, and productivity 
(Figure 9). It is not only useful for increasing awareness but also for discovering potential customers, planning 
and management. 
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Figure 9: Benefits of location technology 

 

In addition to detecting location, this technology can also give organizations and citizens real-time 
information about weather and traffic to identify the best route or potential time to visit that location. 

Location technologies benefit consumers in secured transaction and fraud prevention. For example, it can 
verify a customer’s location through their phone and match that location with the credit card being used for 
the transaction to determine if the credit card is being used fraudulently or not. The location data is however 
needed to be handled with complete authorization and authentication to prevent any security breach. 

From a small-scale business to an organization, location- based networking data is one of the most essential 
components of any running business/industry. The data can be effectively leveraged for publicity of a 
business location, the real-time monitoring of customer traffic, reviewing customer comments, offering 
rewards, monitoring success rate of the business for various outlets, etc. With the evolving technology to 4IR, 
the true potential of location technology is yet to be uncovered and utilized. 
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3 Open Data Directives and European Data Strategy 

Spatial data has become a key asset for the economy and our societies. Data is leading to innovations in 
technology, competitiveness, job creation and development of new tools and new skills. From the standpoint 
of Europe’s data landscape, the recently announced Open Data Directive and the European Data Strategy is a 
pioneer and innovative approach towards building an attractive, secure, and dynamic European data economy 
benefiting the overall economy and society. 

European Data Strategy establishes an ambitious agenda that aims to leverage the favourable technological 
and political context, and empowers EU citizens, businesses and the public authorities through a data-agile 
approach which is in line with European values and reflects the needs of a multitude of actors. 

The Open Data Directive aims at exploitation of the potential of public sector information at its maximum for 
the European economy and society. It also encourages the access to and re-use of public and publicly funded 
data. As per the Directive the ‘high-value dataset’s has the potential to generate significant socio-economic or 
environmental benefits and innovative services which will benefit many businesses and users by encouraging 
innovation, creating additional opportunities, boosting customer intelligence and in delivering services leading 
to generating revenues. A few cases of companies delivering services using open data are stated in Table 1: 

Table 1. Private companies delivering services using open data  

Company Service 

City mapper City mapper, the start-up uses information made public by TfL for its navigational 
app which has now been valued at around £250 million. 

GeoLytix GeoLytix offers location consultancy services to smaller companies that don't have 
the resources to build their own datasets. 

Parkopedia Parkopedia fuses location and live data from local authorities to help drivers 
identify free car parking spaces. 

Geomanagement Geomanagement offers various services based on the analysis of location data 
helping clients to find solutions for their specific problem. 

Duedil Duedil is a business information provider that gives free access to governance and 
financial information for every company in UK and Ireland and combines this with 
data from online sources, APIs, social network and more. 

Source: City mapper, GeoLytix, Parkopedia, Geomanagement, Duedil. 

 

The value chain of open data ecosystem has two main constituents - government and businesses who deliver 
services demanded by users (government or enterprise), and citizens (Figure 10). 
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Figure 10: Value Chain of Open Data Ecosystem 

Source: Creating Value through Open Data 

In view of the involvement of private sector in adding value to the Open Data at different steps along the 
value chain it is pertinent to understand what the private sector would like to see emerge from the Open Data 
Directive and European Data Strategy, and how they can contribute to support the aims of these policies, 
Interactions were conducted with private sector organizations, and they were asked to present their view on 
the following questions: 

— What you would like to see emerge from the Open Data Directive and European Data Strategy? 

— How do you see your contribution? 

— What benefits can the private stakeholders reap from the adoption of these initiatives? 

— What are the challenges in the effective implementation of the initiative? 

— What are the measures to be taken to overcome the challenges and make the initiative successful? 

— How do you think the creation of a single market for data from public bodies, businesses, and citizens 
under the European Data Space initiative impact the collaboration in location data? 

The table 2 below lists the companies interviewed for the study. The companies are presented more in-depth 
in Annex 1: List of organizations interviewed. 

Table 2. List of companies interviewed. 

Organisation name (1) Website Country 

Google www.google.com UK 

Catapult https://sa.catapult.org.uk UK 

Geolytix https://geolytix.com UK 

Esri www.esri.com The Netherlands 

Space4good www.space4good.com The Netherlands 

Geodan www.geodan.com The Netherlands 

Fugro www.fugro.com The Netherlands 
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Avia-GIS www.avia-gis.com Belgium 

Locatus https://locatus.com/en Belgium 

Proxyz www.pozyx.io Belgium 

Geograma www.geograma.com/en/ Spain 

CloudEO www.cloudeo.group Germany 

Oracle www.oracle.com Germany 

Data Appeal Company www.datappeal.io Italy 

(1) Apart from the above-mentioned companies four more interactions were done which are under non-
disclosure. 
 

The current chapter elaborates the views from the private sector on the Open Data Directive and the 
European Data Strategy. Their views on “SDI and areas of improvement” and “Partnership and Collaboration” 
are elaborated in chapter 4 and 5 respectively. 

3.1 What would you like to see emerge from the Open Data Directive and 

European Data Strategy? 

An unfiltered view was provided on their expectation from the Open Data Directive and Europe Data Strategy. 
Majority of them emphasized that there is a large amount of data behind closed doors. They would like to 
have access to those datasets. In many regions, the data generated by mapping agencies are freely 
accessible to government entities, whereas private entities have to pay a fee to access the openly available 
data. The datasets created for government purposes by using taxpayers’ money should be made openly 
available with fewest restrictions whether or not they add additional value to third parties. 

Even in cases where metadata is provided, there are significant hurdles in accessing the data made available. 
The open availability of data doesn’t guarantee ease of use, as in many cases they aren’t in usable formats, 
and there isn’t documentation on the methodology used to acquire data (like concepts, fields, values). The 
Open Data Directive and the European Data Strategy are expected to break down these barriers and make 
data access and use easier for private entities. The need is to have a stronger description of the form and 
structure for the release of Open Data. 

With data from diverse sources (private and public) integrated as European data strategy is envisaged, a 
trusted framework for sharing data needs to be developed, and clarity on the structure, authenticity, and 
integrity of the data needs to be ensured, to make optimal use of the shared data. In addition, clarity should 
also be ensured regarding the terms of availability of different datasets across EU, and the expected benefits 
and value generation. To set a positive regulatory framework, the public governance authorities need to 
understand the areas where open location data will be of use in the future, and make its use mandatory, 
thereby making it more goal-oriented and driving adoption. 

A measurement of the return on investment from open data sharing and data strategy, demonstrated through 
concrete examples needs to be done, to develop clarity and propel behavioural change. The private sector 
which is already set in its ways of delivering services and solutions to its users, needs clear communication 
regarding the value proposition of standardized approaches to do things differently. A service-based 
integration approach needs to be followed for data access, through development of open services with the 
integration of data into decision-ready information products, thereby opening it up to decision-makers and 
citizens. Such a cooperative approach for data can create significant value to all stakeholders involved. In 
addition, major investments need to be made in technology and infrastructure to enhance data access and 
use, while giving individuals, as well as public and private organizations full control over the data they 
generate. 

Awareness around Open Data and Data Strategy is the need of the hour at both the ends i.e., data provider 
and user. Currently the awareness is not at the optimum level. Greater levels of awareness will not only lead 

https://locatus.com/en
http://www.pozyx.io/
http://www.geograma.com/en/
http://www.cloudeo.group/
http://www.oracle.com/
http://www.datappeal.io/
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to higher use of open data benefitting the society at large, including the private and civic sector, but will also 
lead to a higher political pressure for the public sector to provide high quality Data. 

3.2 How do you see your contribution? 

Diversification and increased amount of information available from collaboration and varied sources of data 
will allow to uncover new insights. The industry is looking forward to contributing to enhancing the open data 
ecosystem through identification of new sources of data and development of new products, by collaborating 
with stakeholders through innovative business models. 

With the European Data Strategy and Open Data Directive the industry is looking to contribute by developing 
platform services for sharing open data through open catalogues. The private sector has established links 
with developers that can be utilized in making the open datasets easily available through the platforms used 
to build apps online or on mobile devices. The private sector can thus be a channel to get to the developers, 
and ultimately to the citizens. 

The industry will also bring in their expertise and experience of standardizing data formats. With the 
government in the driving seat for making better governance decisions, the industry can align their solutions 
to match their vision. 

The private sector can work as an amplifier, bringing out solutions based on these datasets, and making them 
accessible to broader communities. The private sector can also provide their expertise in the development of 
enhanced and accurate forecasts based on data from diverse sources through advanced data analytics, 
thereby enabling better decision-making and reducing inefficiencies of day-to-day operations. In addition, 
some of the data in the custody of the private sector can be made open as part of their corporate social 
responsibility agenda. 

3.3 What benefits can the private stakeholders reap from the adoption of these 

initiatives? 

These initiatives will bring in data harmonization which will have a huge impact in the generation of new 
services, value-added products, and applications to increase efficiency, and increased coordination among 
public institutions, which will in turn lead to economic development. 

The quality and consistency of the data, a critical factor for successful operation of the businesses, can be 
ensured through the open data initiatives. These initiatives will bring in consistency for Open Data, both in 
terms of content and frequency which will enable transformation of data into knowledge for solving business 
and societal challenges. 

These initiatives will develop an environment of collaborations for improving situational and causal analysis. 
Sharing, linking, and combining of data across sectoral and institutional boundaries helps in unlocking new 
insights which can help government officials to identify and understand governance problems better, and 
address them through focused evidence-based policies. 

Aggregation of data from diverse sources through data-sharing initiatives play a vital role in building more 
robust, accurate, and responsive Artificial Intelligence models. The development of AI models and creation of 
new insights will ultimately lead to benefits across the value chain and provision of better services to citizens. 

In addition to the wider benefits, open data will also lead to cost savings (through the re-use of data available 
in the public domain) and increased revenue (through services or solutions transforming raw data into 
actionable insights) for the private industry. 

3.4 What are the challenges in the effective implementation of the initiative? 

With the opening of large amount of data through open data initiatives, it is imperative upon the public 
authorities to make sure that the open data is available and accessible to both private and public sector for 
development of solutions and services for improved decision-making and policy development. 

The heterogeneity of the data in terms of format and structure across numerous portals, interfaces and 
languages can hinder re-users from automation of collection and processing of data. With the availability of 
data from diverse sources, maintaining the quality of data (eg: data not being granular enough for 
processing) becomes a significant challenge. The frequency of update of diverse data also becomes a 
challenge for organizations which rely on periodically updated data for the functions. 
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The transition from centralized data storage to a decentralized system closer to the user, under the new data 
economy opens the ecosystem to new cybersecurity challenges. Security risks associated with the new data 
infrastructure are made worse due to the lack of robust security expertise and infrastructure, coupled with 
relatively slow, inefficient, and bureaucratic operations of many public-sector entities. 

Highest standards of data privacy and security will have to be maintained to foster data sharing and ensure 
trust among the different actors and subjects of the European data ecosystems. The private sector is 
concerned about the lack of control and involvement in the governance of packaged integrated data, and the 
public authorities need to focus on strengthening the demand side and collaborations thereby developing 
shared ownership of the data sharing initiatives. 

A trusted legal and regulatory framework is required to provide clarity on the liabilities associated with data 
aggregation, monetization, and reuse by stakeholders across sectors and sovereign borders. Data acquisition 
processes needs to be streamlined, and data ownership conflicts should be addressed through a 
comprehensive legal framework. The lack of clarity in legal and regulatory frameworks will also lead to 
unbalanced market dynamics wherein a few companies gain disproportionate market power while others miss 
out on value in a winner-takes-all competition. Currently, a small number of Big Tech firms hold 
disproportionate amount of data, which could discourage data-driven businesses to emerge, grow and 
innovate in the EU. 

In addition, the industry expects to be in continual competition for data out of fear that sharing will cause 
them to lose financial value or competitive edge. The trusted framework should also address the issue of 
regional specifications on top of international standards, which is a major challenge for product developers 
with regard to their integration in products and services. The initiatives and associated framework should try 
to limit new specifications and stick to widely accepted international standards. The framework should also 
define the workflow for companies to transition and adapt to the open data ecosystem effectively, to avoid 
drastically varied results and experiences. From an economic perspective, the private companies expect the 
initiatives to impact the economic sustainability and scalability, thereby jeopardizing existing pricing models. 
The sharing of data might affect their competitive position due to erosion of commercial “data-as-a-service” 
profit margins to meet the demand for low prices for highly granular insights, and due to competition with 
their current data-monetisation products. 

3.5 What are the measures to be taken to overcome the challenges and make 

the initiative successful? 

There is a need to showcase the value of data in order to encourage sharing among the private sectors. The 
value of shared data can be showcased through hackathons, and through establishment of data exchange 
spaces for public and private entities. Governance systems can make data sharing attractive by providing 
contributors and enablers with tools while protecting their interests. The public authorities should highlight 
smart applications and use cases that showcase the type of value that data sharing can unlock. By making 
the benefits of data sharing obvious and concrete to everyone, the playing field can be levelled through a 
registry of such applications and use cases that enable contributors to identify which data to share for what 
objective. 

Legal explainers and tools should also be provided to build confidence in and reduce resistance to data 
sharing, and to help companies navigate its complexities. A ‘contract guidance’ document that summarizes 
factors to consider when drafting contracts involving use of AI or data will help private companies adapt to 
the new framework and ecosystem. The guidance can also provide examples of data utilization contracts and 
in-depth explanations of basic concepts regarding the rights and responsibilities associated with AI-based 
software and data use. 

The private industry needs to be ensured future revenues through co-innovation models, and provision of 
subsidies and incentives which will enable further investments in co-innovation. Direct incentives for sharing 
data and disincentives for hoarding through rewards and penalties are powerful motivators for private 
companies. The European Commission can create tax incentives and administrative advantages for companies 
that comply with standard requirements and tax penalties for those that do not. Data sharing cooperation 
frameworks can also be developed to protect small players, and to reduce rivalries and competition thereby 
promoting trust. 

With availability and integration of data from diverse sources, rigorous due diligence through verification of 
the provenance, completeness and accuracy of data inputs needs to be conducted to ensure resource 
availability and quality. An operational plan with auditing and ethical oversight needs to be established to 
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ensure the implementation and operationalization of a responsible data sharing protocol. In addition, external 
review boards can also be set up to address legal ambiguities and ethical uncertainties. 

The interoperability of derived data insights needs to be assured through standardization, and feedback loops 
need to be established to check the reliability and legitimacy of the outputs. These measures will lead to the 
implementation of a secure, resilient, responsible, and fit-to-purpose governance and technical infrastructure 
and processes for distribution of data products. 

The above-mentioned measures need to be complemented and supported through investment in sharing 
infrastructure, tools, architecture, and governance mechanisms. Scaling of the initiative across industries and 
geographies requires evaluation and identification of suitable funding mechanisms matching the project 
objectives. Shared data ownership can be further encouraged through the setting up of data trusts, 
community co-ops etc. 

Data ownership and control can be further enhanced through investment in digital skills and capacity building 
initiatives with collective engagement of public, private, and not-for-profit organizations in order to boost the 
skills needed for a world-class, inclusive digital economy. 

3.6 How do you think the creation of a single market for data impact the 

collaboration in location data? 

The single market for data offers a multitude of opportunities and is something that needs to happen. The 
availability of relevant data from different sources at a single place makes life easier for both the industry 
and the users. But more clarity needs to be developed regarding the single market for data through active 
discussion between the public authorities and the private sector partners already working in the space. It is 
important to define the mechanism for development of a single market, and how the current work done by 
private and public entities fit into the proposed plan. Business models need to be developed considering the 
intellectual property value of data, thereby making sure that companies do not suffer losses compared to 
current operations. The public sector should involve the private industry at an earlier stage in decision-making 
to address their concerns effectively, and to develop collaborative business models benefitting all involved 
stakeholders. To make the vision work in the long term, it is important to identify the intermediary markets to 
be targeted and develop the data marketplace around them. 

The data fusion will bring real value to the data, and benefit allied technology like IoT with access to 
contextual information and intelligence. The development of a single market will lead to efficient 
commercialization of data through the provision of insights derived from analysis of shared data for solving 
clients’ business challenges. The open digital data from diverse sources needs to be collected and cleaned 
first in order to translate them into useful insights, thereby offering business opportunities for organizations 
specialized in related service provision. The single data marketplace will thus lead to the development of the 
infomediary sector, acting as a data broker and aggregator, collecting and aggregating data from various 
sources.  

 

Recommendations 

— The data generated by mapping agencies are freely accessible to government entities, whereas 
private entities have to pay a fee to access the openly available data. The datasets created for 
government purposes by using taxpayers’ money should be made openly available with fewest 
restrictions whether they add additional value to third parties. 

— A trusted framework for sharing data needs to be developed, and clarity on the structure, 
authenticity, and integrity of the data needs to be ensured, to make optimal use of the shared data. 

— Major investments need to be made in technology and infrastructure to enhance data access and 
use, while giving individuals, as well as public and private organizations full control over the data 
they generate. 

— The heterogeneity of the data in terms of format and structure across numerous portals, interfaces 
and languages can hinder re-users from automation of collection and processing of data. A 
framework to be developed to address this. 

— A trusted legal and regulatory framework is required to provide clarity on the liabilities associated 
with data aggregation, monetization and reuse by stakeholders across sectors and sovereign borders. 
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— The private sector can contribute by developing platform services for sharing open data through open 
catalogues, and by bringing out solutions based on these datasets, thereby making them accessible 
to broader communities. 

— The private industry needs to be ensured future revenues through co-innovation models, and 
provision of subsidies and incentives will enable further investments in co-innovation. Direct 
incentives for sharing data and disincentives for hoarding through rewards and penalties are 
powerful motivators for private companies. 

— More clarity needs to be developed regarding the single market for data through active discussion 
between the public authorities and the private sector partners already working in the space. 
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4 SDI Collaboration and Areas of Improvement 

INSPIRE - The European SDI came into effect to create a spatial data infrastructure that would make it easier 
to share standardized geographic data. The major goal was to create a common European geographic 
database that could be accessed via GeoServices to aid environmental policy. Applications are essential for 
extracting the value of SDI/INSPIRE infrastructures in e-government and private-sector business operations. 

The private sector makes extensive use of public sector SDI data, which has proven crucial in the development 
of new innovative services and products. Some of the cases of usage of SDI data are given below in Table 3. 

Table 3. Cases of using SDI data by private organizations. 

Company Project Country 

Scalgo Flood risk screening of streams and flow paths Denmark 

Bisbase Connects location and business data for banks for 
relevant business analysis 

Denmark 

Datel Urban Planning and Permitting System providing location 
services to governments 

Estonia 

Zwemwater Information on the water quality and services offered at 
swimming locations 

The Netherlands 

Realo Shows real estate properties and provides demographic 
information about the different places the country. 

Belgium 

Source: Scalgo, Bisbane, Datel, Zwemwater, Realo 

Though INSPIRE was implemented with the public sector in mind, the private sector is also benefitting by 
deriving value from these public sector datasets. Currently value is derived majorly from the use of public 
sector datasets like administrative boundaries, electoral geography, addresses etc. as source information. 
These datasets are tied closely to the activities of the government and generate value for businesses. The 
private sector is in custody of more frequently updated datasets like traffic information or road networks, and 
hence they do not have to rely on the government datasets for the same. Private companies in varied 
domains and scales ranging from small and medium enterprises to global corporations hold huge amount of 
data. These data which are being collected, stored, and used in private sphere is an asset that is vital for the 
economy and society. 

The future of Spatial Data Infrastructure will be shaped by the integration of data from a variety of sources, 
as well as innovation in data collection, management, processing, dissemination, and application. While the 
current SDI focuses mostly on “unlocking” data from the public sector, it is necessary to examine evolving 
technological trends as well as the role of other actors such as the business sector, aggregators, research, 
users, and citizens. Sensors, crowdsourcing, big data storage/ analytics, and information dissemination 
technologies developed by the private sector, as well as academia and government-funded research, are 
driving SDI innovation and development. To progress the SDI, data and technological advancements 
necessitate collaboration with the private sector. 

To understand the perspective of private sector stakeholders on SDI, interactions were conducted. Discussions 
were done to gather their views broadly on: 

— What is the state of integration of private and public location data on SDIs in Europe? 

— What are the issues and challenges to effective integration and further improvement? 

— Does the SDI concept resonate with the private sector, or do they have another view on data 
infrastructures? 

— How do you see the evolution of public sector Spatial Data Infrastructure? 

— What are the approaches to stimulate co-innovation for SDI? 

— How do you see the role of INSPIRE? 
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4.1 What is the state of integration of private and public location data in 

Europe? 

Private companies nowadays hold significant volume of data but integration of private and public location 
data as part of SDIs are minimal. Currently, integration is happening at different levels in different places, 
with licensed private data and data falling under a contract vehicle being used to supplement data from 
public authorities. There are also instances where telecommunication companies who aggregate data publish 
and sell it. The reuse of private-sector data is at present difficult, as companies are in most cases contributing 
them on a voluntary basis. 

The private stakeholders in general have their own approach to data management, processing, and sharing, 
and there is very little interface with the public sector, and the wider data infrastructure. Technology giants 
like Amazon, Facebook, Google etc. have large sets of data in their custody, but data sharing will have to 
accommodate private data protection considerations. Considering that data is an asset of the companies, they 
are very often not willing to share them with the rest of the world. In the absence of regulatory framework 
requiring the private sector across multiple domains to contribute their data, societal benefits from their 
possible reuse unfortunately remains limited. Furthermore, if private data is to be shared, methods for 
anonymization must be implemented, while ensuring that the organizations that contribute them maintain 
their competitiveness. 

To ensure greater involvement of the private sector, the value proposition of a data infrastructure and single 
marketplace needs to be demonstrated along with sharing of details regarding the type of value generated 
from data made available by the private sector. A revenue sharing model, with dividends made available to 
the data producer according to the value proposition of the product, needs to be developed to lure private 
data producers to share data in the marketplace. 

4.2 What are the issues and challenges to effective integration and further 

improvement? 

The different actors in the location ecosystem function at different ends of the spectrum. The private sector is 
very focused regarding their users. The value proposition is identified, and the services or solutions are 
developed and delivered accordingly. Whereas the focus of the public sector is the development of the 
national spatial data infrastructure which aims to deliver significant value for diverse set of users, mainly the 
public sector. The gap needs to be bridged and seen from a common lens. 

The focus of SDI is biased in favour of government-to-government interactions and partnerships, and hence 
licensing and release of data to third parties is restrictive. The focus should shift to creation of value for 
commercial industry or organizations other than the public authorities for the SDIs to be effective. 

To realize the market opportunity and value of SDI, significant investment is required from the public 
authorities. The lack of investment has led to incomplete data in SDI projects at national and regional levels. 
The data available on SDIs are not complete enough for the use of commercial industry, which leads to 
creation of own complete datasets or licensing from commercial partners. The datasets generated are also 
not consistent across any geography, well discoverable and accessible. Governments are perennially short on 
money. But given ongoing demands for currency of data and infrastructure investment, this funding gap 
needs to be bridged. Co-investment model is an option wherein private sector and governments will need to 
collaborate on financing for these much-needed initiatives. 

4.3 Does the SDI concept resonate with the private sector, or do they have 

another view on data infrastructures? 

Traditionally the concept of Spatial Data infrastructure emerged from the public sector, but with the explosion 
of data through 4IR, the private sector has become the primary custodians of location data. The change in 
user requirements has led to new requirements with regards to data for increased transparency, currency, 
accuracy, and accessibility. There needs to be a shift from centralized web portals to next generation 
decentralized resources with dynamic data from private sector, government, academia, and citizens. The next 
generation resources should also provide access to location data analysis which was until recently the forte of 
professionals and experts but have now become a component of the overall information management fabric. 
The next generation spatial data infrastructure must be accessible and provide value to end users with 
diverse backgrounds and skill sets. Using location as the organizational index, it should bring together and 
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integrate disparate data from diverse sources and offer visualization and analytical capabilities to the end-
users in an accessible, secure, reliable, confidential, and cost-efficient manner. 

4.4 How do you see the evolution of public sector Spatial Data Infrastructure? 

Static, centralized data is expected to make way for dynamic, 
real-time, big data hosted on decentralized platforms closer to 
the user with analytical capabilities, thereby making it more 
accessible. 

With the advent of the fourth industrial revolution and 
associated technologies, systems for information delivery will 
become ubiquitous, and will get integrated with the wider 
network of information workflows. There is a heightened need 
to collect and process data from sensors and citizens and 
integrate it with traditional spatial data in the SDIs to generate 
further granular insights and actionable information. SDI 
should look at harnessing data provided by sensors and social 
media through IoT for improved monitoring, and enhanced 
decision-making, thereby enhancing authoritative processes 
and products. The usability and reliability of data from these 
sources need to be enhanced significantly to ensure effective 
knowledge creation and informed decisions. The ‘big data’ 
from integration of sensor data needs to visualized using advanced analytical capabilities to provide succinct 
intelligence to decision-makers. 

The future SDI should also focus on deployment strategies and open standards. The integration and use of 
advanced technologies like IoT, Big data, AI etc. will lead to adoption and integration of their associated 
standards and best practices. The enhanced access to location data through SDI will thus aid in the 
application of location information in diverse sectors for newer use cases. There is a common need for data in 
various sectors, and tailored solutions can be developed using open APIs which enable integration of the data 
into sector-specific applications for custom needs. It provides a means to visualize and explore data through 
seamless integration of location data with broader database to serve the needs of government, businesses 
and citizens. 

There is an impending need to rethink national-level strategies for SDI to link them with the broader digital 
ecosystem and to align them with the emerging technology trends. Policies, financial models, and service level 
agreements should be established to access and share real time location data from public and private 
sources for operations management and decision support. 

Strategies should account for the volatile nature of the market and should therefore accommodate time-to-
market and future agility factors. Thus, a social fabric extending beyond a government entity needs to be 
nurtured to build a consensus and sense of community among the diverse stakeholders of the data 
infrastructure ecosystem. 

4.5 What are the approaches to stimulate co-innovation for SDI? 

INSPIRE is a government-funded initiative that is mostly owned and controlled by government agencies. A 
paradigm for private sector engagement is urgently needed, primarily to enhance SDI economics, to provide 
results quickly and effectively, and to stimulate innovation. As part of this transformation, the approach to co-
innovation of geographic data infrastructure must be based on a digital platform business model that 
supports value-creating interactions between producers and consumers, evolving role of government as 
ecosystem driver for authoritative and trusted data, and interaction with set of data users. The co-innovation 
approach will lead to greater involvement of the private sector, thereby leading to development of an SDI 
which meets the evolving demands and expectations of users. The private sector expertise in the development 
and integration of advanced technologies like IoT, Big data, AI etc. will contribute to the cost and time-
effective development and transformation of the SDI. The private sector can also invest through a co-
investment model with a risk-sharing agreement between the public and private sector, which can help in 
guaranteeing sustained quality of services and solutions. 

Private Sector View on Future of SDI 

— Focus on applied data for better 
location-based decision-making. 

— Real-time data feeds and sensor 
webs. 

— Multi-temporal data linked to 
location. 

— Integrate and use advanced 
technologies and their associated 
standards. 

— Discoverable data for innovation 
and derive knowledge. 
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4.6 How do you see the role of INSPIRE? 

In comparison to a decade ago, we are now confronted with a vastly altered technological landscape. The 
relative prominence of the terms 'big data' and 'Internet of Things, influences SDIs' technological boundaries. 
The requirement for knowledge infrastructure is exacerbated by the heterogeneity of data sources and 
changing user demand. These are posing a challenge to the government's role as the primary producer and 
owner of location content. Considering these factors, INSPIRE must evolve and redefine itself in order to keep 
up with the constantly evolving concept of data spaces while still delivering geospatial knowledge. It should 
firstly explore an inclusive strategy in which users, providers, and data integrators are considered at all stages 
of data generation, management, and usage; and secondly, whenever possible, benefit from approaches and 
technologies that are characteristic to mainstream IT instead of silo approaches. 

 

Recommendations 

— To ensure greater involvement of the private sector, the value proposition of a data infrastructure 
and single marketplace needs to be demonstrated along with sharing of details regarding the type of 
value generated from data made available by the private sector. 

— The enhanced access to location data through SDI will thus aid in the application of location 
information in diverse sectors for newer use cases. There is a common need for data in various 
sectors, and tailored solutions can be developed using open APIs which enable integration of the data 
into sector-specific applications for custom needs. 

— There is an impending need to rethink national-level strategies for SDI to link them with the broader 
digital ecosystem and to align them with the emerging technology trends. 

— The approach to co-innovation of geographic data infrastructure must be based on a digital platform 
business model that supports value-creating interactions between producers and consumers, evolving 
role of government as ecosystem driver for authoritative and trusted data, and interaction with set of 
data users. 

— The requirement for knowledge infrastructure is exacerbated by the heterogeneity of data sources 
and changing user demand. INSPIRE must evolve and redefine itself to keep up with the constantly 
evolving concept of data spaces while still delivering geospatial knowledge. 
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5 Partnership and Collaboration for Location Services and Solutions 

The progress of open data initiatives, SDIs, data, and technological advancements is dependent on the 
partnership and collaboration between public and private stakeholders. Traditionally SDIs and policy 
frameworks have been the forte and primary responsibility of the public sector, but with the increasing 
amount of spatial data in the custody of private entities, it has become increasingly important to collaborate 
for co-innovating and strengthening integrated data spaces, while also considering the private sector 
requirements. 

The long timelines associated with the creation of location data have hindered Public Private Partnerships 
(PPP) in the sector. Hence rather than focusing on traditional PPPs, new value- based partnerships based on 
co-creation, and sharing the value of derived knowledge needs to be developed. The 4th Industrial Revolution 
also introduces new purposes for partnerships i.e., the need for integration of analytics, digital 
platforms/networks, and multiple sources of information for derivation of knowledge and value. 

The public sector recognizes the increasing importance of partnering with the private sector for adopting and 
integrating the latest technology into their workflow. The coming together of the public and private sector 
offers the best of both worlds. As part of the collaboration, the public sector can leverage their core strengths 
of legal authority and procurement policies, whereas the private sector can offer their expertise in new 
technology, cash flow management, personnel development etc. 

In the location industry, partnerships between the public and private sector span a spectrum of models that 
progressively engage the expertise or capital of the private sector with shared risk. The scope of 
collaborations span across three areas: 

— Collaboration for data 

— Collaboration for developing location infrastructure 

— Collaboration for services 

Some of the cases of collaboration between public and private stakeholders for provision of location-enabled 
services are given in Table 4, and discussed in next chapter: 

Table 4. List of projects with collaboration between public and private stakeholders for location-enabled services. 

Project Country Scope 

Amsterdam 
Smart City 

The 
Netherlands 

The construction of a platform bringing together urban stakeholders at 
the metropolitan regional scale to enable local initiatives in favour of the 
development of a smart city. 

Port of 
Rotterdam 

The 
Netherlands 

Development of a dynamic digital twin of the port to automate 
procedures and interactions between ships and the port elements and 
help model interactions of the real world, by integrating 4IR technology 
into the workflow through collaborations. 

Copenhagen 
City Data 
Exchange 

Denmark Development of a big data platform to bring together data from public 
and private data providers, turning it into a one-stop-shop for public and 
private data thereby making public and anonymous citizen data more 
accessible to government agencies, businesses and residents. 

Barcelona 
Smart City 

Spain Urban Habitat, the unit responsible for the maintenance of the city and 
improving the urban landscape, including urban transformation and 
regeneration, implemented 22 smart local programs covering smart 
lighting, water, mobility, telecommunications, security etc. through PPPs. 

Source: Amsterdam Smart City, Port of Rotterdam, Copenhagen City, Barcelona Smart City 

Interactions were conducted with the private sector to understand their views on collaborations for location 
services and solutions in Europe, broadly categorised into the following topics: 

— What are industry’s views on the effectiveness of the current state of collaboration between the public 
and private sector in Europe? 
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— Is there a need for more robust public-private collaboration? 

— What are the specific areas where the private sector can contribute? 

— How can the location data and technology sector work more closely and more effectively with the public 
sector in Europe? 

— What are the industry’s views on a single market for data and its impact on collaboration? 

— What could be the most beneficial models of co-innovation? 

— What are the benefits observed and expected from collaboration between the public and private sector? 

— What are the challenges foreseen in the collaboration and partnership and the proposed solutions? 

— What are the key lessons on collaboration from a location data and technology perspective? 

5.1 What are industry’s views on the effectiveness of the current state of 

collaboration between the public and private sector in Europe? 

Collaboration in location services and products have evolved from the development of relatively static 
datasets traditionally viewed as cartographic products to development of real time feeds of dynamic 
information like travel, weather etc. The objective of collaborations has shifted, and the focus is on making 
location datasets accessible through open data portals for providing services like timetables, real-time 
running information for public transport. Some of the examples of existing collaboration between public and 
private sector for location services and solutions in Europe are given below: 

— Handling of high volume and velocity of data coming in, particularly from the sensor network, using the 
digital twin of Port of Rotterdam – Esri 

— Monitoring of current vacant retail spaces, calculation of future vacancy, effect of vacancy (loss of 
turnover), and influencing government retail regulations – Locatus 

— Collaboration with Ministry of tourism, Italy for provision of travel intelligence – The Data Appeal 
Company 

— Development of city models (Frankfurt, Berlin, Brussels, Helsinki) - data models to store and manage 3D 
city data – Oracle 

— City of Gothenburg created the digital twin, a city-scale 3D reality mesh to provide real-world digital 
context for Public Participation – Bentley 

— For nearly a decade, TomTom Intermediate Traffic provides VMZ Berlin the data they need to reduce both 
traffic jams and the city’s carbon footprint – TomTom 

In the current location ecosystem, the private and public sector predominantly have a supplier-consumer 
relationship, where the private/commercial sector is majorly a supplier of technology services as can be 
observed in the Port of Rotterdam Digital Twin project. The port authorities collaborated with private 
companies like IBM, Cisco, Esri, Axians etc. for integrating 4IR technology into the workflow through 
established/ custom-made solutions. The collaboration is primarily for building the database for public 
administration, with the private industry either building new datasets or providing existing data for building or 
enhancing the database. The procurement mechanisms that exist today are centralized and typically oriented 
around very long-term contractual arrangements with incumbent suppliers, which makes it very hard for 
smaller innovation-driven businesses to integrate into the supply chain. There is an opportunity for more agile 
adoption of new technologies, and this can be made possible by facilitating collaboration between small 
innovation-driven businesses and incumbent suppliers. 

In addition to the supplier-consumer relationships mentioned above, the private sector also provides software 
as a service (SaaS) solution with integrated location infrastructure to the public sector, which enables 
collaboration with the wider location community including citizens for addressing local problems with greater 
effect. The private sector can also help in improving base maps by working with the public authorities for 
integrating publicly available data with their platforms. As part of ESA projects, satellite data, software, cloud 
computation capacity etc. are purchased by the public authorities from private industry, and made available 
for projects across application areas like agriculture, climate change etc. 

A one size fits all data sharing approach is not feasible, and the focus should be on developing regional 
capabilities. The current collaboration at the regional/local level is predominantly ad hoc, and on a case-to-
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case basis. The public and private sector should work together to develop the data sharing processes and 
strategies at the regional level to make the value proposition clearer to the wider stakeholder network. To 
make collaborations more effective, an enabling environment needs to be created where true sense of 
partnership can be fostered by going beyond the current vendor-vendee relationship, and by identifying the 
value the private sector brings to the location ecosystem. 

5.2 Is there a need for more robust public-private collaboration? 

As the private sector joins the fold to provide finance, technical know-how, and innovation to complement 
public-sector initiatives, partnerships can provide major benefits to the public sector and thus arises the need 
for a more robust public-private collaboration. 

It provides flexibility, shared rewards and value, risks to both the public and private sectors, allowing them to 
innovate and improve outcomes while knowing that their risks and gains will be shared with the government. 
Thus, using a collaborative approach is a safer and better option for both public and private partners to 
experiment and take smaller, iterative steps toward innovative solutions. 

Governments must enhance infrastructure investment to reap the benefits of well-planned and functional 
infrastructure and services. Additional public investment is often difficult to come by because many of them 
are operating on tight budgets. Greater collaboration and coordination between governments and the business 
sector appear to be critical in this scenario. Increased public-private collaboration usually produces several 
benefits when combined with other policy actions. 

Through knowledge transfer and capacity building, public-private collaboration can upskill public-sector 
officials and improve public procurements, ultimately improving project quality. Improving operational 
efficiency by incorporating private sector technology and innovation into government operations can result in 
better public services. 

Public-private initiatives can match social benefits with commercial prospects by fostering information 
exchange and offering a platform to discuss policy challenges via a multistakeholder perspective. This, in turn, 
accelerates the flow of private investment. 

5.3 What are the specific areas where the private sector can contribute? 

Private enterprises have been participating in the government's data capture and procurement initiatives and 
supply services through a partnership mechanism, while the government pays for the infrastructure and 
geographic data acquisition. The private sector can contribute with the development of location information 
and technology, as well as the creation of new datasets such as 3D data and subsurface data, as well as the 
preservation of current core and specific theme datasets. 

In a situation where the central government is the custodian of data and use that to plan and implement 
development goals, private sector enterprises and local governments (municipalities) can work together to 
implement practical data procurement, maintenance, and system operations solutions. 

Private sector can contribute to the following areas in an collaborative framework: 

— Providing accurate, neutral, and explainable insight 

— Giving decision-makers the tools, processes, and support they need to act on new insights 

— Ensuring long term sustainability 

— Diversifying and expanding the amount of data available to discover new insights 

— Identifying new drivers of more accurate forecast from disparate, interrelated, and interconnected data 
sources from the use of advanced data analytics 

— Identifying new sources of value that can translate into new product offerings and innovate business-
model opportunities in collaboration with other stakeholders in areas of shared value. 

5.4 How can the location data and technology sector work more closely and 

more effectively with the public sector in Europe? 

The 4th Industrial Revolution is leading to the private sector being custodians of large amounts of dynamic 
and real-time location data from diverse sources, and in possession of capabilities to analyse and generate 
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knowledge from the big location data, which in turn necessitates collaboration between the private and public 
stakeholders of the location ecosystem. Collaboration between diverse stakeholders leads to a decentralized 
approach where different steps of the workflow happen at different places, and hence it is important to 
develop efficient APIs for coordination between technology providers, and to ensure development of scalable 
applications at lower cost. The market which has experience and expertise in these areas is expected to take 
the lead in generating knowledge and value from integrated location data. 

A representative governance structure forms the base for guaranteeing effective collaboration and 
sustainable partnerships. A participatory environment enabled through such a governance structure is key in 
building trust and will lead to involvement of the private sector in early stages of ideation. The challenges in 
the integration of data from the public and private sector like difference in level of detail, static and dynamic 
nature of data etc. also needs to be addressed through the representative governance structure. 

The datasets that are core to the business of the private companies have a long-lasting competitive 
advantage and releasing those datasets as part of collaboration should yield financial benefits for the private 
sector. Therefore, the representative governance structure needs to be complemented with a cooperative 
revenue sharing model to distribute revenue to the upstream data providers while generating value for 
downstream data consumers. Replacing the existing revenue models consisting of expensive licenses and 
reseller agreements, with a revenue sharing model will help in making data more accessible thereby 
generating more value downstream. Effective technology transfer between technology research entities 
should also be ensured through coordinated funding mechanisms to demonstrate multiple benefits across 
different sectors, thereby avoiding separate funding for additional research. 

Communication regarding the value proposition and innovation associated with collaboration is crucial for 
bringing together the diverse stakeholders of the location ecosystem and building trust. In addition to the 
policies and regulatory framework, there is a need for identifying and developing lighthouse projects which 
can act like a beacon for future transformation and development. Initial seeds of success can be created for 
building confidence and trust among the stakeholders in the wider ecosystem by identifying two or three 
lighthouse projects and scaling it at the European level. Experimenting with pilot or lighthouse projects, 
learning from them, and developing iteratively was crucial in the Amsterdam Smart City project, which 
resulted in more than 80 pilot projects around the city, covering a wide range of topics. The right market 
conditions can thus be established to address the demands of diverse users of location data and knowledge. 

5.5 What are the industry’s views on a single market for data and its impact on 

collaboration? 

The idea of a single market for location data has appeal because it reduces the friction among the public and 
private stakeholders. The provision to access consistent government datasets across Europe using the same 
license and same mechanism, will lead to significant reduction in legal and license costs. The single market 
should provide access to a significant amount of non-sensitive open data for it to be of use to the consumers. 
The availability of usable data will enable private industry to build applications and solutions and expand 
further. This will in turn lead to benefits for users and for the government - through provision of better 
services and solutions, higher tax collection, reduction in data collection costs etc. For the end user, the private 
or public nature of the marketplace won’t make a difference unless they are given the requisite training or 
education. The end users should thus be educated regarding data coverage, integrity, quality, licensing etc. to 
make sense of the complexities of the data marketplaces, to identify and obtain the requisite data, and to 
utilize the data effectively. 

5.6 What could be the most beneficial models of co-innovation? 

Thinking beyond the traditional location ecosystem is crucial in the expansion and evolution of location 
technology, services, and solutions in the 4th Industrial Revolution. It is imperative to look beyond the location 
ecosystem to more dynamic and developed ecosystems like finance, infrastructure, healthcare etc. to identify 
beneficial models of co-innovation that can be adopted for effective collaborations in the location industry. 
The fourth industrial revolution is also witnessing the adoption of location services and solutions for insights 
and decision-making across diverse user sectors. 

In order to drive innovation in the location sector, it is important to strengthen the demand side. Capacity 
building will lead to consumers who are more aware of the benefits of location technology, and the type of 
location data required to generate maximum value in their domain. This will lead to greater collaboration 
among private and public location technology providers for developing services and solutions to meet the 
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specific use cases raised by the consumers. Collaboration between the public and private sector and sharing 
the integrated data on a common platform will lead to more options for the empowered consumer and will 
lead to greater value generation. 

The effectiveness of collaboration is made more evident in the case of location datasets with cross-cutting 
value propositions. A cooperative approach to data procurement and sharing will lead to greater use and 
value generation, especially with respect to earth observation data, where the high cost of data rules out 
purchase of commercial data. The common demand for such data across diverse value propositions can lead 
to cooperative data procurement thereby making use of even expensive location data viable to a larger 
number of consumers. 

Since finance is a major challenge for the private sector, the public sector can collaborate with the private 
sector by funding programs that need venture capital, thereby supporting development and wider adoption of 
innovative services and solutions. Even though the costs of data acquisition and procurement can be partially 
borne through government subsidies, it is not a sustainable business model for the private industry. The 
Amsterdam Smart City project which helped in improving highways, neighbourhood, and communities relied 
on private funding sources, with the majority of the big projects being funded through a PPP model. The 
municipality shifted from public grants to private funding, while continuing as guarantor of the area’s public 
interest. The governments should thus work with the private industry to develop a commercially viable 
business model – like the collaboration between NASA and space industry for space transport where 
guarantee was provided regarding use of components developed by industry – which will lead to self-
sufficiency and confidence in the industry. A co-innovation model will be most beneficial when the private 
sector also invests in the program through a co-investment model and will lead to a sustainable and 
commercially viable model where the innovation is made accessible to consumers for continued economic 
growth. The co-investment model will also lead to a risk-sharing agreement between the public and private 
sector, with the private sector under obligation to maintain quality of services or solutions for uninterrupted 
revenue.  

The various business models for collaboration and co-innovation (Figure 11) which can be adopted in the 
location ecosystem are given below: 

— Return-on-Investment or revenue sharing: Private sector invests in development of service/ solution for 
government agencies, and extracts revenue when the service is rolled out to citizens 

— Profit sharing: Private sector invests in development of service/solution for government agencies, and 
profit is shared by both public and private sector 

— Licensing of data products and services: Infrastructure co-created by public and private sector, and 
products and services based on this infrastructure extended on a license-basis to its users 

— Cross Subsidization: Private-sector data holders cover part (or all) of the costs, from the profits of other 
commercial initiatives 

— Donor Subsidization: On non-availability of viable funding for the project, external donor provides funding 
for the project for long-term social benefits 

— Tiered: Private sector delivers “freemium” baseline services at no cost, but charges a tiered pricing model 
for more robust, granular, or timely insights 

— Domain specific partnerships for applications and services: Government agencies provide base maps to 
domain specific companies from energy, construction, telecom etc. who use it to develop applications and 
services and earn revenues based on these products 
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Figure 12. Prospective business models for collaboration and co-innovation in location ecosystem 

 

5.7 What are the benefits observed and expected from collaboration between 

the public and private sector? 

Collaboration for development of location services and solutions involves each collaborator bringing in their 
expertise which can lead to better solutions than a wholly public or private initiative. The collaboration leads 
to the public and private sector complementing each other’s strengths, leading to better performance and 
efficiency from both parties. The private sector brings in their strengths in innovation, time sensitivity and 
efficiency, which when complemented with the public sector strengths of data authenticity and longevity, 
translates to better service delivery for the consumers. Project feasibility can be determined by appraisal of 
operational and execution risks by the involved stakeholders in the early stages of the project. The identified 
risks can be shared between the government and the private sector, which has more experience in cost 
containment. The return on investment can also be enhanced through innovative financing approaches made 
available through partnerships. 

Collaborations may consider time-to-completion as a measure of performance and profit that leads to faster 
project completions and reduced delays, and include early completion bonuses for the stakeholders to 
increase efficiency. The involvement of the private sector, and the partners keeping each other in check can 
lead to maintenance of high-quality standards throughout the life cycle of the project. The greater efficiency 
of collaborations helps in reducing government budgets and budget deficits, which can in turn free up 
government funds to be redirected to other important socioeconomic areas. The potential reduction in costs 
due to collaborations can ultimately lead to lower taxes. 

5.8 What are the challenges foreseen in the collaboration and partnership and 

the proposed solutions? 

Collaborations between the public and private sector are highly complex, and the challenges faced are unique 
and vary on a case-by-case basis. There are a few core challenges which might factor in every such 
collaboration and needs to be addressed through co-operative and participatory governance mechanisms. 

There are fundamental differences in the way public and private entities work, with the agenda and pace of 
work not aligned with each other. The private sector has a concrete understanding of its customer base, and 
their requirements, whereas this understanding is not as well developed in the public sector. The difference in 
pace of work might lead to a siloed approach to application of technology which hinders the knowledge and 
capacity sharing among the stakeholders. The lack of synchronization in collaborations lead to disparate IT 
infrastructures, costly inefficiencies, and barriers to innovation. 
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The public sector expects to have some control over third-party platforms on which data from diverse sources 
are shared, as part of collaborations, as they have concerns regarding the accurate representation of data to 
citizens. Whereas the private sector has concerns regarding the sustainability of the data and platforms 
generated for sharing data, primarily with regard to sustained maintenance, security, and innovation in the 
future for staying relevant with consumers. 

The public sector is status-quo driven, and hence it is difficult to change the current process of commissioning 
services. The involvement of multiple government bodies, and the subsequent lack of centralization and 
ownership, also leads to process and coordination inefficiencies, and makes it further difficult to initiate 
change. On an average, it takes 7-8 years to change the procurement system to adopt new technology, and 
this slow pace of change is at odds with the way of functioning of private entities. The private industry has 
concerns regarding the effect slow allocation of funds, and cumbersome approval processes associated with 
collaborations will have on the efficient operations of the industry, and will make it difficult to keep pace with 
the rate of development of technology as part of the 4th Industrial Revolution. 

The location industry is traditionally driven by contracts. The long terms associated with collaborations and 
Public Private Partnerships require vision and cooperation from both the private and public sector to develop 
beneficial long-term contracts and services. The limited number of private entities with the capacity to 
successfully perform such tasks limit the competitiveness for ensuring cost-effective partnering. 

The lack of clear understanding regarding the effectiveness and limitations of location services and solutions 
among all the partners involved is also a major challenge in developing and maintaining effective 
collaborations. It is important for all parties involved to understand the possibilities and limitations of location 
data and allied advanced technologies to develop a sustainable business model that generates value for all 
stakeholders and the consumers. 

5.9 What are the key lessons on collaboration from location data and 

technology perspective? 

The 4th Industrial Revolution has led to data explosion, and there is a large amount of privately held data 
across the European Union which can be put to better use to meet citizen needs. Collaborations between the 
public and private sector have the potential to ensure long-term benefits to the stakeholders and the 
consumers. However, to deliver on these expected benefits, the collaboration must be well designed, 
developed, executed and managed, and should emphasize on the importance of building mutual trust, 
thinking collectively and working together for a common goal and good. There is no one- size-fits-all model 
that can be followed for collaborations, and it needs to be developed on a case-to-case basis considering the 
objectives, and the requirements of all the stakeholders involved. 

Collaborations pave a way for innovation, but the right environment must be developed for them to flourish 
and serve the needs of the consumers. The higher accountability associated with collaborations lead to 
efficient, timely, and accurate delivery of results. They lead to high-cost savings if executed in a collaborative 
environment, and lead to development of better economies of data and services. Accountability also ensures 
the maintaining of high-quality standards throughout the lifecycle of the project, thereby leading to greater 
efficiency. 

For the public sector, collaborations allow for innovative financing mechanisms, access to otherwise 
inaccessible financing sources, and redirection of budget to other important socio- economic areas. The 
increase in efficiency allows redirecting of crucial government funds to other important socio-economic areas, 
thereby leading to increased governmental capacity. Even in adverse situations, collaborations aid in the 
provision of high-quality public services, despite decreasing government capacities. The sharing of risks and 
responsibility thus help in reducing the pressure on public agencies while also freeing up capacity to ensure a 
quality control mechanism. 

However, the concerns of the private sector need to be addressed to build trust and foster partnerships. For 
effective collaborations, the public sector will have to adapt to match the methods and pace of functioning of 
private entities. A sustainable business model has to be adopted in discussion with all stakeholders involved 
for effective knowledge and capacity transfer. A representative governance structure should develop and 
preside over a quality control mechanism which will ensure sustained innovation and high-quality service 
delivery throughout the lifespan of the project. 
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Recommendations 

— A one size fits all data sharing approach is not feasible, and the focus should be on developing 
regional capabilities. The public and private sector should work together to develop the data sharing 
processes and strategies at the regional level to make the value proposition clearer to the wider 
stakeholder network. 

— A participatory environment enabled through a representative governance structure forms the base 
for guaranteeing effective collaboration and sustainable partnerships and is key in building trust 
among the private sector actors. 

— There is a need for identifying and developing lighthouse projects which can act like a beacon for 
future transformation and development. Initial seeds of success can be created for building 
confidence and trust among the stakeholders in the wider ecosystem by identifying two or three 
lighthouse projects and scaling it at the European level. 

— A co-innovation model will be most beneficial when the private sector also invests in the program 
through a co-investment model and will lead to a sustainable and commercially viable model. The 
co-investment model will also lead to a risk-sharing agreement between the public and private 
sector, with the private sector under obligation to maintain quality of services or solutions for 
uninterrupted revenue. 

— There are fundamental differences in the way public and private entities work, with the agenda and 
pace of work not aligned with each other. The difference in pace of work might lead to a siloed 
approach to application of technology which hinders the knowledge and capacity sharing among the 
stakeholders. 
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6 Case Studies on Use of Location Data 

The private sector’s view on collaboration for location data and intelligence in Europe, obtained through one-
on-one interactions, were discussed in detail in the previous chapters. The private industry provided their 
observations regarding the benefits and challenges of collaboration, insights regarding future directions of 
SDIs and evolving business models, and expectations from the Open Data Directive, European Data Strategy, 
and Data Spaces. In order to substantiate the insights from the interactions, the following case studies are 
presented which demonstrate the current state of collaborations in Europe, and also the best practices in 
collaboration which can be adopted across Europe. 

The 4 case studies from 4 different countries cover different aspects of collaboration and open data. The case 
study on Amsterdam Smart City demonstrates the best practices involved in the Public Private Partnership for 
development of the smart city platform. The case study on Digital Twin of Port of Rotterdam demonstrates 
the current state of collaboration for location data and knowledge in Europe. The third case study on the 
Danish company SCALGO demonstrates how open data contributes to the social and economic well-being of 
the nation. In addition to the three European case studies, a global case study on the best practices followed 
in the collaboration for development of a 3D city model under the Virtual Singapore program which can be 
adopted by European governments, is demonstrated as the fourth and final case study. The case studies are 
aimed at helping in understanding the current state of collaboration in Europe, the associated benefits, and 
challenges, and also identifying the best practices from European and global contexts which can be adopted 
and scaled up for greater social and economic benefits. 

6.1 Case Study 1: Amsterdam Smart City 

Focus area: Public Private Partnership (PPP) 

Stakeholders involved: Gemeente Amsterdam, Amsterdam Metropolitan Solutions (AMS) Institute, Max Bögl 
Nederland B.V., Count & Cooper, GEO2 Engineering B.V., Glimworm, ODINE, Amsterdam University of Applied 
Sciences, Ministry of Infrastructure and Environment, Technolution B.V., Tapp B.V., Makerversity Amsterdam, 
PLP Architecture, Fokkema & Partners Architecten B.V., G&S Bouw, OVG Real Estate, Van Rossum Consulting 
Engineers, Deerns, C2N Bouwmanagement. CBRE (Facility Management), Alliander, KPN, Phillips, CISCO, IBM, 
Accenture, Geodan, Huawei Technologies etc. 

6.1.1 Overview 

With citizens-come-first mindset Amsterdam smart city has placed sustainability as it is top priority. 
Amsterdam Smart City is a one-of-a-kind collaboration between businesses, states, academic institutions, and 
the city’s residents (Figure 12). It is built by a consortium of public and private partners with 20 programme 
members consisting of governments, knowledge organisations, businesses, and foundations. Amsterdam 
Smart City’s partners are persuaded that the changes needed to drive the city and area forward can only be 
accomplished by cooperation. The city also has an online forum that brings together all interested parties to 
work on ’smart city’ issues and solutions. 

The city relied on private funding sources, placing itself as a partner rather than the main funder. The first 
phase of the Amsterdam Smart City project (2009-2011) was 20% financed by public funds from the 
municipality, 40% by the principal private partners, and 40% by European funds (ERDF), with the total budget 
of €4 million. The municipality is now planning to deviate from the model based on public grants by 
developing private funding while continuing as guarantor of the area’s public interest. However, each project 
has its individual funding system, which varies, depending upon the need for partners and investments. 
Majority of the big projects have been funded through public-private partnerships (PPPs), whereas the projects 
involving less initial capital have been directly financed by SMEs. 
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Figure 12: Amsterdam Smart City platform: vision and objectives 

Source: Amsterdam Smart City 

6.1.2 Projects 

Since its inception, Amsterdam Smart City has facilitated the establishment of numerous projects. However, 
given the wide range of initiatives and the varying scales and timeframes needed to enforce them, it remains 
extremely difficult to accurately evaluate their effect, particularly over the long term. In four years, 43 
projects were completed, of which details of a few, including project scope, technology used, stakeholders 
involved etc. are given in Table 5. These projects are potential vectors of a better quality of public services 
and the streamlining of local government spending. 

Table 5. Amsterdam Smart City project details. 

Project Name Client Technology 

Provider 

Project Scope Technology 

Used 

Digital 

Twin 

NEXT-
BUILDINGS 
Amsterdam 

Gemeente 
Amsterdam 

DNV, Kema 
Nederland, 
Liander, 
Stichting Vu 

To demonstrate 
affordable solutions for 
social housing and 
revitalisation of town 
areas. 

GIS, Drone, BIM, 
IoT, Sensors, 
Cloud 

No 

City-Zen 
Amsterdam 

Gemeente 
Amsterdam 

VITO, 
Amsterdam 
Economic 
Board, 
Universiteit Van 
Amsterdam, 
Westpoort 
Warmte, 
Alliander, Kema 
Nederland, 
Technische 
Universiteit 
Delft, 

To focus on retrofitting 
existing housing. 

To make the e-grid 
smarter. To improve and 
expand the heat grid. 

GIS, BIM, IoT, AI, 
Sensors 

Yes 



35 

 

Mastervolt 
International, 
Solcalor, 
Siemens 
Nederland 

Project De 
Entrée 

Gemeente 
Amsterdam 

Max Bögl 
Nederland 
Count & Cooper, 
GEO2 
Engineering 

To provide a gateway 
which restricts cars and 
maximize space for 
more pedestrian and 
bicycylists in order to 
decongest the central 
station area. 

GIS, LiDAR, BIM No 

IoT Living Lab 
Amsterdam 

Gemeente 
Amsterdam 

Glimworm, 
ODINE, 
Amsterdam 
University of 
Applied 
Sciences, 
Ministry of 
Infrastructure 
and 
Environment, 
Technolution, 
Tapp, 
Makerversity 
Amsterdam. 

To provides the 
infrastructure to 
generate open data by 
beacons and LoRa 
enabled wireless sensor 
networks. 

To accelerate smart 
citizen solutions, 
stimulating the creation 
of new start-ups and IoT 
applications 

GIS, Drones, 
LiDAR, IoT, 

Sensors 

 

EDGE Olympic 
Amsterdam 

Amsterdam, 
EDGE 
Technologies 

PLP 
Architecture, 
Fokkema & 
Partners 
Architecten, 
G&S Bouw, OVG 
Real Estate, Van 
Rossum 
Consulting 
Engineers, 
Deerns, C2N 
Bouwmanagem
ent. CBRE 
(Facility 
Management) 

To connect assets within 
the building premises to 
a single cloud platform. 

GIS, Drone, 4K 
Cameras, BIM, 
IoT, AI, Sensors, 
Cloud 

Yes 

Amsterdam 
Smart City 
(ASC) Program 

Gemeente 
Amsterdam 

Alliander, KPN, 
Phillips, CISCO, 
IBM, Accenture 

To limit the urban 
expansion to reduce the 
consumption of the 
available state land 

To pursue the effective 
integration of residential 
and working areas, 
reducing the daily 
commuting and 
discarding satellite 
towns solutions 

To plan the urban 
expansion, dividing it by 

GIS, IoT, 
Sensors, Cloud 
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functions in continuity 
with existing 
infrastructure; 

Digital Twin 
Amsterdam 

Gemeente 
Amsterdam 

Geodan, Huawei 
Technologies 

To construct a digital 
replica of the city. 

To enable city planners 
and public institutions to 
experience what-if 
scenarios and effects 
there within. 

GIS, LiDAR, 
Drones, BIM, 
IoT, AI, Sensors, 
Cloud, Big 
Data,VR 

Yes 

De Ceuvel Stichting 
DOEN, 

Waternet, City 
of 
Amsterdam, 
Innovatie- 
Netwerk 

space&matte, 
DELVA 
Landscape 
Architects, 
Jeroen Apers, 
Wouter 
Valkenier, 
smeele 
architectuur 

To transform the post-
industrial neighbourhood 
of Buiksloterham into a 
mixed-use residential 
and commercial area. 

LiDAR, BIM  

Goede Doelen 
Loterijen 

 Benthem 
Crouwel 
Architects, 
Brakel Atmos, 
Verosol, Verwol, 
WVH 
Gevelprojecten 

To transform an empty, 
neglected office building 
in Amsterdam South into 
a high quality, inspiring 
and sustainable office 
where all employees of 
the Goede Doelen 
Loterijen (Dutch Charity 
Lotteries) can work 
together. 

BIM  

 

6.1.3 Benefits 

Amsterdam Smart City has succeeded in developing as a space for meetings and collaborations, and a source 
of inspiration for urban development stakeholders, establishing a new governance system for the city and 
having a positive impact on the economy of the city. The city platform has helped to improve the city’s 
credibility and impact as a centre of technological innovation that promotes long-term development and thus 
attracts new investors. The city was able to improve highways, neighbourhoods, and communities while also 
addressing the most pressing transitions, of which four significant changes are given below:  

— Transition from a linear economy to a Circular Economy; 

— Transition to a Digital City with responsible data-driven innovation; 

— Transition to renewable, decentralized and variable Energy; 

— Transition to smart, clean Mobility solutions for people, goods and services. 

Amsterdam Smart City has succeeded in becoming a space for meeting and collaborating, and a source of 
inspiration for urban development stakeholders, establishing a new governance system for the city and 
having a positive impact on the area with more than 800 jobs created in 3 years.  

Experimenting with pilot projects, learning from them, and developing iteratively has proven effective for 
Amsterdam Smart Cities. Amsterdam’s smart city programme has resulted in more than 80 pilot projects 
around the city, covering a wide range of topics. One of the pilot projects focuses on helping trash trucks 
decrease the number of trips to pick up recyclables by giving residents different coloured bags for the four 
waste streams of plastic packaging, glass, paper, and biowaste. This has helped a lot to improve the trash 
truck efficiency as the down roads were mostly wider than a truck and shared by bicycles, cars, pedestrians, 
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trains, and buses. Other projects have helped in replacing Amsterdam’s parking meter stock with pay-by-
phone apps. 

6.1.4 Challenges 

The growing involvement of private investors in financing various urban infrastructures has sparked debate, 
as it calls into question the relationship between benefit, public interest, and the common good, as well as the 
role of the municipality in fine-tuning the various objectives. Finding structured data was a challenge as 
successful analytics projects depend on solid infrastructures and thorough data, and on building a process to 
keep up with the (relentlessly) growing data supply. 

 

Recommendations 

— The City of Amsterdam’s political support and affiliation with major private investors are two of 
Amsterdam Smart City’s most important success factors. These organisations were critical in 
recruiting investors, raising money, and kicking off project execution. 

— Collaboration between public and private stakeholders has been critical to the project’s success. The 
building of trust and a good working relationship is thus crucial for effective collaboration. 

— Experimenting with pilot projects, learning from them, and developing iteratively has proven effective 
for Amsterdam Smart Cities. 

— The smart city platform offered an appropriate scale for testing, allowing researchers to recognise 
new practices and promising projects that could be scaled up or replicated in other settings. The 
accessibility of the platform enabled the involvement of larger number of non-government actors in 
the development of the smart city. 

— Data from the private sector is an important component of policy change and a success factor. Smart 
mobility, smart living, smart society, smart areas, smart economy, large and open data, infra-
structure, and living labs are all part of the Amsterdam Smart City initiative. Many of these 
programmes include people who are not affiliated with the government. For example, GPS data used 
by the city is obtained from an Amsterdam- based navigation software and technology provider to 
help manage traffic flow in real time. Hence, this input from the private sector has improved traffic 
management models built on data from 2011. The sharing and integration of public and private 
location data is thus crucial for development of applications to solve the city’s problems and to plan 
for a sustainable future. 

 

6.2 Case Study 1: Port of Rotterdam – Dynamic Digital Twin 

Focus area: Collaboration and Digital-twin 

Stakeholders involved: Digital Business Solutions (DBS) department, IBM, Cisco, Esri, Axians 

6.2.1 Overview 

The port of Rotterdam is the largest sea port in Europe, covering an area of over 41 square miles, employing 
close to 400,000 people, and serving nearly 30,000 sea-going vessels each year. The World Economic Forum 
named its infrastructure the best in the world in 2017. In 2013, the port set a goal to grow from 400 million 
tons of cargo per year to 750 million by 2030. In order to achieve the goal, the Port Vision 2030 with 
emphasis on digital transition was developed. With the vision, the Port is committed to becoming the first 
digital port by 2030 through efficient dissemination of information, thereby enabling shorter turnaround time 
for ships, fewer empty lorries on the roads and just-in-time production options. As part of the multi-year 
digitalization program, a Digital Business Solutions (DBS) department was established in 2018, focusing 
specifically on optimizing logistical processes in the port and logistic chains passing through Rotterdam. A 
phased approach for attaining digital maturity has been launched through PortForward, which enables port 
authorities to manage their port operations more efficiently and safely and reduce costs on the assets. The 
first phase deals with individual automation, where individual companies focus on digitisation. The second 
phase is an integrated system in the port, where stakeholders in the port start exchanging information. The 
third phase is an integrated system from port to the hinterland, to integrate the systems, where inland 
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barges, inland terminals, and inland service providers exchange information with the port thereby providing 
more transparency, reliability, and predictability. 

6.2.2 Project 

As part of the digitalization initiative, the Port has started integrating 4IR technology like Artificial Intelligence, 
IoT, Digital Twin etc. into the workflow through collaborations with partners like IBM, Cisco, Esri, Axians etc. 
With Cisco technology, the port has already securely connected the dynamics of the physical port with the 
digital world: through sensors, edge computing and data communications. Sensors to gather multiple data 
streams including water (hydro) and weather (meteo) data about tides and currents, temperature, wind speed 
and direction, water levels, berth availability and visibility, are installed across 42km of land and sea - 
spanning from the City of Rotterdam into the North Sea - along the Port’s quay walls, mooring posts and 
roads. The data regarding height of tide, tidal stream, salinity, wind speed, wind direction and visibility from 
44 locations throughout the port, many prediction models, data from Rijkswaterstaat, astronomical 
calculations etc. is collected on IBM Hydro/Meteo dashboard and turned into information that the Port of 
Rotterdam can use to make decisions that reduce wait times, determine optimal times for ships to dock, load 
and unload, and enable more ships into the available space. Dynamic data is collected at the central platform 
based on IBM’s Watson IoT platform, where data can be enriched through streaming analytics, cognitive 
services, weather models, artificial intelligence, etc. Esri’s technology is used to put all the data, both static 
and dynamic, in the 3D context of the port and do dimension and location related calculations. PortMaps 
(based on ArcGIS platform by Esri) is the Geographical Information System (GIS) for ports that gives insight 
into all of the port’s assets in an integrated way. PortMaps allows owners and managers to view all port 
spatial objects and related object information provided from expert systems (like the KMS), and is used to 
perform geographical analyses. It is a combination of a spatial geo system, SAP software and a SharePoint 
document management system that brings together all the documents in one, thereby drastically upgrading 
the traditional map. The Port of Rotterdam has also leveraged artificial intelligence to predict vessel arrival 
times in the port. The port's system, Pronto, utilises historical data on past arrival times as well as vessel and 
cargo type, location, route, sailing speed etc. to make predicitions. Predictions are made earlier and with 
greater accuracy using a self-learning model, which has led to vessel waiting times in the port dropping by 
20%. Thus, a dynamic digital twin of the port is created, which mirrors all the resources at the port of 
Rotterdam. 

6.2.3 Benefits 

The digital twin automates procedures and interactions between ships and the port elements and help model 
interactions of the real world. Users of the hydro/meteo system include the Pilotage Service, Rijkswaterstaat, 
DCMR and various departments within the Port Authority. The use of global and open standards makes it 
easier for external parties to connect with this real-time data. Each day, the platform is processing some 1.2 
million data points for models, systems and users. The applications of the IoT-based dynamic digital twin of 
the port include the following: 

— Predict the best time based on water level, to have a ship arrive and depart Rotterdam, ensuring that the 
maximum amount of cargo is loaded on board. 

— View the operations of all the different parties at the same time, making the process more efficient 

— Better predict visibility and calculate clearance height for ships, by accessing data about air temperature, 
wind speed, (relative) humidity, turbidity and salinity of the water, water flow and levels, tides and 
currents 

— Determine smooth entry of ship into port by predicting water conditions, wind direction and speed 

— Prepare the Port of Rotterdam’s site to host connected ships in the future. 

According to a study by Erasmus University Rotterdam, 6.2% of the Netherlands' added value is because of 
Port of Rotterdam. The digitalisation of the port is expected to further enhance the value addition due to the 
port and contribute to the digital transformation of the Dutch economy. The port has invested 265.8 million 
Euros in 2020, with digitalisation being a major area of investment. The digitalisation has contributed to the 
port remaining fully operational in 2020, amid the COVID-19 pandemic, and to the rise in revenue by 6.6% 
compared to 2019, to 753.3 million Euros. 
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6.2.4 Challenges 

The digitalization of ports is an expensive process. The Return on Investment (ROI) of digitalization needs to 
be good and shouldn’t just be done for the sake of it. It is therefore important to critically evaluate digital 
investments for estimating ROI of digital strategies. The adoption and ubiquitous use of digital technology in 
ports require a high degree of knowledge and expertise, and these areas of expertise need to be combined 
with detailed knowledge of port operations. There is also a widespread fear of change and job replacement 
which hinders digitalization and automation of ports. A systematic approach for developing and introducing 
smart port solutions is necessary to gain acceptance, and should include ongoing interactions with 
stakeholders during all phases of the project. The changes and disruptions due to climate change, changing 
trade routes due to COVID-19 etc. exposes the deficiencies of partial supply chain optimization. A 
collaborative and holistic approach is imperative to attain intelligent cargo flow optimization. 

 

Recommendations 

— The importance of a clear vision and strategy for digitalization was made evident through the 
development of Port Vision 2030, which emphasized on digital transformation. A clear strategy and 
regulatory framework is thus necessary to ensure effective collaboration and technology adoption. 

— The systematic phased approach for attaining digital maturity through PortForward will help in 
gaining acceptance and will ultimately help the port authorities manage their port operations 
efficiently. It emphasizes the importance of involving the users at an early stage of technology and 
solution development for understanding user demand and to attenuate resistance to technology 
adoption 

— The established solutions sourced from private companies help the port authorities to transition 
smoothly to a digital connected system. The collaboration among public and private stakeholders, 
and the interoperability of data and solutions from multiple players is thus more important for the 
smooth functioning of the system. 

6.3 Case Study 3: SCALGO – Location enabled applications based on open 

government data 

Focus area: Open government data 

Stakeholders involved: SCALGO, Local Government Denmark (KL), The Danish Geodata Agency, SDFE (The 
Danish Agency for Data Supply and Efficiency) 

6.3.1 Overview 

The Danish government and Local Government Denmark (KL) set up the basic data programme as part of the 
common public digitisation strategy for 2011-2015, with the objective to contribute to efficiency 
improvement, modernisation, and improved administration practice in the public sector as well as increased 
productivity in the private sector. As part of the programme, a large proportion of the data of the agency was 
made publicly available. It was followed up with the new Digital Strategy for 2016-2020, with additional 
focus given to the potential of public-sector data to support efficiency improvement, drive financial growth, 
and identifying new business opportunities. The total socio-economic value of the open geodata in Denmark 
was estimated at DKK 3.5 billion in 2016, with production effect accounting for DKK 2.5 billion and efficiency 
effect accounting for the remaining DKK 1 billion. The production effect is generated through development of 
products and services based on free access to geodata by private enterprises and public authorities. 
Production is computed based on resources used (in the form of personnel) for public authorities, whereas for 
private enterprises, the market effect is based on the share of turnover which is attributable to enterprises 
having free access to geodata. Scalgo contributes to the production effect through use of open geodata, 
particularly the elevation model to create a product which utility companies, municipalities, and consulting 
engineering companies use when working with climate proofing. 

SCALGO was founded with the aim to bring cutting-edge massive terrain data-processing technology to the 
market. The organization works with the mission of developing innovative digital tools and custom analysis 
through research on new algorithm and data-processing technology, for collecting, organizing, and analysing 
3-dimensional maps for countries where they are already available. SCALGO began its operations with the 
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national elevation model of Denmark but has since expanded coverage to all Scandinavian countries, thereby 
handling more than 700 billion elevation measurements. 

With large-scale access to updated and high-resolution maps through open geodata, instant delivery of 
accurate data and analysis for any area of interest has become possible, and this has the potential to 
fundamentally transform how engineers, urban planners, architects and government administrators work with 
geographical information. The geodata value-chain for SCALGO in climate proofing demonstrating the journey 
of open and free geodata to knowledge is shown in Figure 13. 

Figure 13: SCALGO's Geodata Value Chain in Climate Proofing 

Source: Agency for Data Supply and Efficiency 

 

Country-specific open data sources for elevation models 

— Denmark: Danish elevation model (also known as DHM) produced by the Agency for Data Supply and 
Efficiency, Jordartskort (1:25.000) from Geological Survey of Denmark and Greenland (GEUS) 

— Norway: DTM1 data from Kartverket's nasjonal detaljert høydemodell (NDH) project 

— Sweden: Lantmäteriet's Markhöjdmodell Nedladdning, LiDAR data from 2 projects – LaserdataNH and 
Laserdata Skog 

— Finland: 2m elevation model (Suomi: Korkeusmalli 2 m, KM2) from the National Land Survey of Finland 
(MML) 

— Great Britain: Open LIDAR composite DTM models from Environment Agency and Natural Resources Wales 

— Poland: Digital Terrain Model (pl. Numeryczny Model Terenu) from the Head Office of Geodesy and 
Cartography (pl. GUGiK). 

6.3.2 Products 

SCALGO Live: Using open government data, SCALGO developed Live Flood Risk which is the national flood risk 
platform for working with climate adaptation, urban planning, emergency management and administration of 
watercourses. 

SCALGO Compute: It enables development of new geodata products or improved foundation for the public 
administration through advanced analysis of geographical data. A few examples of the custom geodata 
products produced under SCALGO compute include: 

New contour line products from detailed elevation model - The Danish Geodata Agency maintains a national 
elevation model in 40-centimeter resolution and 5-centimeter vertical precision, consisting of more than 250 
billion elevation points. SCALGO used the model to produce two national contour line products for the Danish 
Geodata Agency - the reference and the shape contour line product. 
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National computation of flood risk from watercourses - The Danish Coastal Authority is responsible for 
implementing the EU Floods Directive in Denmark. 

6.3.3 Benefits 

SCALGO Live helps to quickly map the flood risk from sea, in depressions or from watercourses to get an 
overview of the combined flood risk of a property, a neighbourhood or an entire municipality. The map is 
constantly updated with the newest accessible data retrieved from governments and municipalities. The 
interactive maps like dynamic watersheds and flash flood maps help in understanding the risk factor and 
investigating effects of change in terrain (due to urban planning, emergency management, climate adaptation 
etc.), and can be used in case of flash flood, sea level rise, emergency management, wastewater, water utility 
etc. National computation of flood risk from watercourses using SCALGO Compute helps in identifying where 
the risk of flooding from watercourses was greatest. 

6.3.4 Challenges 

A number of barriers exist for private enterprises classified into 4 categories as given below, which the SDFE 
(The Danish Agency for Data Supply and Efficiency) and other public players should work on overcoming. 

— Technical challenges 

— Uncertainty concerning future market potential 

— The geographic reach and quality of open geodata 

— Uncertainty concerning nature and scope of the role of public authorities 

 

 

Recommendations 

— Open geodata has been a factor behind establishment of new enterprises, and development of new 
products or enhancement of existing products by established enterprises. It has contributed to 
creating value for users in Denmark across diverse use cases like utilities, climate proofing, banking, 
facilities and property management etc. 

— Large scale access to high resolution, updated, 3D maps help in the instant delivery of accurate data 
and analysis for any area of interest, and has the potential to transform how engineers, urban 
planners, architects, and government administrators work with geographical information. 

— The basic data program and the Digital Strategy emphasizes the government’s commitment to 
identifying new business opportunities and driving financial growth through open government data, 
and emphasizes the important role of government in the development of location ecosystem of a 
country. 

 

6.4 Case Study 4: Virtual Singapore – 3D empowered smart nation 

Focus area: Collaboration and Digital-twin 

Stakeholders involved: Singapore Land Authority (SLA), AAM Group, GPS Lands Singapore, National 
Research Foundation (NRF) 

6.4.1 Overview 

The Virtual Singapore platform is a digital twin of the city-state of Singapore. It enables users from different 
sectors to develop sophisticated tools and applications for test-bedding concepts and services. It also helps in 
planning and decision-making, and research on technologies that could solve complex and emerging 
challenges in the country. Singapore Land Authority (SLA), the national mapping agency of Singapore, 
embarked on a 3D national mapping project in 2014 to develop a Singapore Advanced Map that would 
represent the complex urban environment in high detail and aid in the creation of unlimited space from 
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limited land. The reliable high-resolution, open-source map data collected as part of the project would provide 
a digital framework for the smart nation. 

It would also help in the transition to a 3D-empowered Smart Nation where the data is used in applications 
related to national security, urban development, climate change adaptation, etc. 

6.4.2 Projects 

Data collection 

The SGD 8 million initiative to create and maintain a high-resolution 3D map of the country was led by SLA. It 
was financed 50 percent by the Government of Singapore and 50 percent by agencies, primarily the Civil 
Aviation Authority of Singapore (CAAS) and the Public Utilities Board. The initiative involved collection of large 
amounts of data in multiple formats, amounting to more than 50 terabytes (Table 6). SLA commissioned the 
AAM Group to collect data through aerial and terrestrial surveys. The project was split into two phases. In the 
first phase, aerial photography and airborne LiDAR were used to capture the country’s terrain and surface 
data and build digital models, which formed the overall framework of the Singapore Advanced Map. As part of 
the second phase of the project, vehicle-mounted laser scans supplemented the aerial imagery with street 
level data to greatly improve map detail. A vehicle-based mobile mapping survey was conducted for the 
nation’s 5500 km road network to capture more than three million images and over 600 million LiDAR points, 
and create highly detailed 3D models of the dense urban roadway system. The fastest possible data capture 
and manipulation techniques of Bentley’s MicroStation were used to achieve a modelling accuracy of 0.3m 
and save over 3000 resource days and associated costs. 

SLA contracted GPS Lands Singapore to develop the Singapore Advanced Map platform which displays all 
parts of the nation in highly detailed 3D representations. GPS Lands used Orbit 3DM Content Manager to 
integrate and import all the collected data into the platform. The goal of the Singapore Advanced Map project 
was to meet the demands of as many agencies as possible for 3D mapping data, to support daily operations, 
planning, and risk management, and was successful in meeting the requirements of partner agencies such as 
Public Utilities Board (PUB) and Civil Aviation Authority of Singapore (CAAS) for applications like flood 
management and flight safety, respectively. The 3D topographical data on the Singapore Advanced Map 
forms the framework for the development of the Virtual Singapore platform, which makes the 3D map of 
Singapore accessible to a wider range of stakeholders. 

Table 6. Singapore project details 

Service/solution 

provider 

Type of 

organization 

Service/solution provided Technology used 

AAM Group Private Collected data through aerial (aerial 
photography, airborne LiDAR) and 
terrestrial surveys (vehicle mounted 
laser scans) and built digital models 
forming the framework for Singapore 
Advanced Map. 

Bentley Microstation - for 
fastest possible data 
capture achieving 
modelling accuracy of 
0.3m and saving over 
3000 resource days and 
associated costs 

GPS Lands 
Singapore 

Private Developed the Singapore Advanced Map 
platform which displays all parts of the 
nation in highly detailed 3D 
representations, and forms the base for 
the development of the Virtual 
Singapore platform. 

Orbit 3DM Content 
Manager - to integrate and 
import all the collected 
data into the platform. 

National 
Research 
Foundation (NRF) 

Public Developed the Virtual Singapore 
platform integrating data collected from 
3D National Mapping project, data from 
public agencies, data from existing 
location and non-spatial platforms such 
as OneMap, People Hub, and 

Dassault System’s 
3DEXPERIENCity 

- to create a dynamic 3D 
digital model of the city, 
and connect all 
stakeholders in a secure, 
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Business Hub, and legacy and real-time 
data from sensors deployed across 
Singapore as part of the Smart Nation 
initiative 

controlled environment. 

Data Dissemination 

Virtual Singapore is a dynamic 3D city model and collaborative data platform, which acts as a digital twin of 
the city., It enables urban planners to test solutions without taking too many risks especially relevant in the 
case of Singapore given that land scarcity does not leave any space for risky experiments. The SGD 73 million 
project is led by the National Research Foundation (NRF) and is based on the 3D topographical data from SLA, 
which was collected as part of the 3D National Mapping project. The platform also integrates geometric and 
image data from different public agencies, 2D data and information from existing location and non-location 
platforms such as OneMap, People Hub, and Business Hub, as well as legacy and real-time data from sensors 
deployed across Singapore as part of the Smart Nation initiative. NRF uses Dassault System’s smart city offer 
called 3DEXPERIENCity to create a dynamic 3D digital model of the city, and connect all stakeholders in a 
secure, controlled environment. 

6.4.3 Benefits 

The functionality of the platform is expected to vary for different user segments and will be rolled out in a 
phased manner considering the data confidentiality and privacy protocols for different segments. The Virtual 
Singapore platform has been made available to government agencies to enable decision-making with respect 
to various whole-of-government initiatives, but they are still at an early stage of adoption and hence 3D city 
models haven’t been adopted at the enterprise level yet. On rolling out the 3D city model to other 
stakeholders, the following possible benefits with great potential for improving general quality of life can be 
accrued: 

— Citizens: To connect and create awareness and services to enrich their community. 

— Businesses: Utilize 3D data for business analytics, resource planning and management, and specialized 
services. 

— Academia and Research: To research in 3D semantic modelling and create new innovations and 
technologies for public private collaborations. 

The Virtual Singapore platform is currently in use in the following real-world projects: 

— Town planners of Yuhua district use the tools in the platform to visualize various options for designing a 
pedestrian bridge over one of its main roads and seeing how it can be integrated with the existing park. 

— Real-time monitoring of GreenPrint project, the sustainable district created in Yuhua, and providing 
insights into how it can be applied in other districts. 

6.4.4 Challenges 

The challenges faced in the adoption of the 3D city model were similar to the challenges faced in the 
adoption of any technology at the nascent stage: 

— Very high cost: The high cost of data collection for 3D city models along with the high cost of setting up 
infrastructure capable of performing analysis on 3D data leads to very high initial costs. The future cost 
of maintenance also adds to the total cost, due to the regular updating of data from real-time sensors. 

— Data interoperability: The 3D and 2D data collected from multiple sources are of different data types, 
and have to be combined using open data standards, which lead to additional costs. 

— Licensing: The wider adoption of the 3D city model requires purchasing new licenses of software capable 
of loading and analyzing 3D data. 

— User capacity and friendliness: Similar to the adoption of any technology, the users need to be trained to 
familiarize them with the 3D data and derive insights from analysis of this data. 
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Recommendations 

— The high data collection costs associated with the 3D city model were minimized through the use of 
very fast data collection and manipulation techniques, thereby bringing down resource days and 
associated costs. Through collaboration, the private sector thus brings in their expertise in efficient 
and cost-effective delivery of projects which helps in turn helps in better delivery of services to the 
citizens. 

— The SLA worked closely with Bentley to implement CityGML schema, which is a standard managed by 
the Open Geospatial Consortium (OGC) to allow data interoperability and exchange. The use of open 
standards (CityGML) and services (WFS) enable stakeholders to access and use data without 
revamping the existing systems, in turn leading to cost reduction. 

— The challenging task of managing and updating the data was handled using Bentley Map, which 
helped in creating, maintaining, and disseminating 3D information and in providing multi-user access 
to the database through direct connection and Web Feature Services (WFS). The increased access to 
the services enables the involvement of larger number of stakeholders from diverse backgrounds in 
the sustainable urban development process. 
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Annexes 

Annex 1. List of organization interviewed 

Avia-GIS 

Avia-GIS NV is a Belgian SME founded in 2001 that specializes in spatial risk mapping and modelling as a 
basis for the development of tailored spatial decision support systems applied to public-, animal and crop 
health and integrated pest management. 

www.avia-gis.com/ 

 

CloudEO 

cloudeo operates a unique, vendor independent, data agnostic market platform through which customers can 
obtain professional geoinformation services from leading national and international providers at low cost. 
Customers are provided with high resolution imagery, 3D terrain models, thematic maps, and sensor data for 
a wide range of applications. 

www.cloudeo.group 

 

Data Appeal Company 

Each minute, 5 Million pieces of data are left behind by humans experiencing the world. Customer purchasing 
decisions are driven by this human experience data. The Data Appeal Company removes the complexity from 
data-driven decisions and delivers accurate, extensive and most importantly comprehensible – data. 

https://datappeal.io 

 

Esri 

As a leading location intelligence platform provider, Esri empowers leaders with innovative tools to help 
create sustainable prosperity. Esri's customers drive digital transformation by embracing the power of 
location with a commitment to science, sustainability, community, education, research, and positive change. 

www.esri.com 

 

Fugro 

Fugro world’s leading Geo-data specialist, collecting and analysing comprehensive information about the 
Earth and the structures built upon it. Through integrated data acquisition, analysis and advice, we unlock 
insights from Geo-data to help our clients design, build and operate their assets in a safe, sustainable and 
efficient manner. 

www.fugro.com 

  

Geodan 

Geodan collects, combines, visualizes and analyses data such as company data, current file information, or 
historical data. By creating the right cross-connections between these data, Geodan create new, spatial 
insights. Insights that allow us to make the right decisions in arranging our country. That is the connecting 
power of location intelligence. 

www.geodan.com 

 

Geograma 

Geograma is the leading GIS services company in Spain, which for more than 20 years has provided GIS 
application development services, GeoInformation projects, topographic and cartographic services, 
consultancies and technical assistance, geographic services over the internet, and supply of GIS technology. 
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www.geograma.com 

 

Geolytix 

Location Planning experts providing data and consultancy for industries across the globe. Geolytix have 
extensive retail and demographic data which we use along with our expertise to find the right network 
strategy solution for our customers. It helps customers make informed decisions about how many stores, who 
to acquire, where to open, which format, how to optimise home delivery and click & collect operations. 

https://geolytix.com 

 

Google 

Google, a technology company has a mission to organise the world’s information and make it universally 
accessible and useful. It builds product that help create opportunities for everyone, whether down the street 
or across the globe. 

https://about.google 

 

Locatus 

Locatus gathers its own data on all shops and consumer-oriented service companies and makes this 
information accessible for its clients through an online database. Started in 2000 with the registration of all 
stores in the Netherlands has expanded the database since, first to Belgium, and lately to the larger European 
cities. 

https://locatus.com 

  

Oracle 

A cloud technology company that provides organizations around the world with computing infrastructure and 
software to help them innovate, unlock efficiencies and become more effective. Oracle’s location and spatial 
platform delivers enterprise scalability, security, and performance to power the most demanding applications 
in Oracle Cloud Infrastructure and on-premises. 

www.oracle.com 

 

Pozyx 

Pozyx NV specializes in accurate positioning based on ultra-wideband (UWB) technology. They provide indoor 
and outdoor solutions for a diverse group of clients. Pozyx designs its own hardware, writes its own firmware 
and invests in the development of algorithms to make the solution more stable and robust. 

https://pozyx.io 

 

Space4good 

Space4Good has been incorporated as a social enterprise in 2017. Having started it’s journey at the European 
Space Agency Business Incubation Center in The Netherlands, it grew with team of impact-driven data 
scientists, remote sensing & GIS experts, software developers as well as environmental and urban planners. 

www.space4good.com 

 

Satellite Application Catapult 

Satellite Application Catapult is helping businesses of all sizes to realise the potential from space. By 
embracing a pioneering, agile, collaborative and entrepreneurial spirit, the Satellite Applications Catapult 
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works with businesses, researchers, investors and end-users to develop new satellite-based products, services 
and applications, translating ideas from concept to market. 

http://sa.catapult.org.uk 

 

(Apart from the above-mentioned companies four more interactions where done which are under non-
disclosure.) 
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Annex 2. Company Profile 

 

Trimble Inc. was established in 1978 and is headquartered at Sunnyvale, California, U.S. The company offers 
soft- ware, hardware, and services technologies in the field of modeling, connectivity, positioning, and data 
analytics. 

Trimble services global industries in building construction, agriculture, civil engineering & construction, 
transportation, geospatial, forestry, rail, telecommunications, field service management, electric, and water 
utilities sectors, among others. Trimble Inc. is publicly listed, whose stocks are traded on NASDAQ. Trimble has 
offices in over 40 countries and has over 2,000 patents and R&D centers in more than 15 countries across 
the globe. As of yearend 2019, the company has an employee base of 11,484 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2020): USD 3147.7 Million  

Product Benchmarking: 

Product Portfolio/Service Offerings  Focus Industries 

Survey Solutions Various products offered under this category are 3D laser 
scanning, controllers, data radios/Communications, GNSS 
surveying systems, imaging software, land mobile mapping 
systems, office software for surveying, and total stations 

Agriculture 

Building 
Construction 

Civil Engineering 
and Construction 
Transportation 

Government 

Forestry 

Rail 

Field Service 
Management 

Telecommunications 

Electric & Water 
Utilities 

GNSS 
Infrastructure 

Various solutions offered under this category are DGNSS 
navigation infrastructure, GNSS real time networks, and 
monitoring 

GIS Data 
Collection 

Trimble Inc’s GIS data collection offers hardware and software 
solutions, such as handheld computers with GNSS, field 
Software, and GNSS receivers 

Correction Services The company offers a variety of GNSS correction services 
such as VRS Now, CenterPoint RTX, FieldPoint RTX, Range- 
Point RTX, ViewPoint RTX, and OmniSTAR that utilized in 
industries, including agriculture, survey, mapping/GIS, 
construction, and automotive 

Trimble BIM 
Services 

Trimble offers 3D modeling services for MEP firms while its 
3D laser scan and scan modeling services assist distinguished 
contractors tackle retrofit and renovation projects in order to 
get accurate measurements. 

Key Strategic Initiatives 

Collaboration and Partnership 

— Trimble Inc. and Esri joined hands to bring location-based products & services to the global forestry 
market. This initiative was aimed at creating a more coordinated, optimized and flexible supply chain 
from harvest through delivery to their customers (February 2021). 

— Trimble Inc. established alliance with Sirius XM Radio Inc. to deliver Trimble RTX GNSS Corrections via 
satellite radio for autonomous vehicles (December 2020). 
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— Trimble Inc. announced a strategic alliance with Boston Dynamics to extend the use of autonomous 
robots in construction. This alliance is anticipated to bring unprecedented improvements in safety, quality 
and productivity to their construction customers (October 2020). 

— Trimble Inc. and Cityworks (Azteca Systems, LLC) introduced real-time asset management solution for 
water and wastewater utilities. This initiative is likely to enable their customers in infrastructure 
construction & operations to improve infrastructure resilience, increase productivity and better return-on-
investment (July 2020). 

Mergers and Acquisitions 

— Trimble acquired Kuebix with an aim to transform and connect the transportation logistics ecosystem 
(January 2020) 

— Trimble acquired Can-Net and iBase Networks (IBASE Technology Inc.) to expands its VRS network 
footprint (December 2019) 

— Trimble acquired Cityworks to expand its digital asset and infrastructure management solutions (October 
2019) 

— Trimble acquired 3LOG Systems Inc. to expand its forestry management software solutions (September 
2019). 

Research and Development 

— Illinois Institute of Technology, U.S. established Trimble Technology Lab for civil, architectural, and 
environmental engineering sector (November 2020). 

— University of Colorado, Denver, U.S. established Trimble Technology Lab for the College of Engineering, 
Design and Computing (November 2020). 

— University of São Paulo, Brazil established Trimble Technology Lab for civil engineering (November 2020). 

— Trimble Inc. collaborated with Purdue University to develop an advanced software technology that will 
offer a proactive alerting of traffic slowdowns for commercial vehicle drivers to prevent work zone 
crashes (April 2020) 
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Autodesk Inc. was established in 1982 and is headquartered in San Rafael, California, U.S. The company 
offers design software and services, and its product portfolio includes products such as AutoCAD, AutoCAD LT, 
computer-aided manufacturing (CAM) software, and AutoCAD Civil 3D. AutoCAD and AutoCAD LT specialize in 
drafting, designing, visualization, and detailing application while the CAM software offers inspection, numeric 
control machining, and modelling for computers. AutoCAD Civil 3D, on the other hand, is a design, analysis, 
surveying, and documentation solution for civil engineering applications. 

Autodesk Inc. also offers Maya and 3Ds Max software for animation, 3D modelling, special effects, 
compositing, rendering, and industry collections. The company serves various customers, including 
architecture, product design, engineering & construction, digital media & entertainment, and manufacturing 
industries. As of January 2020, the company has an employee base of over 10,100 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2020): USD 3274.3 Million  

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

3D CAD software Autodesk offers a broad portfolio of 3D CAD software 
programs that are utilized by architects, engineers, and other 
professionals to represent and visualize objects using a 
collection of points in three dimensions on the computer 

Architecture, Engineering 
& Construction 

Building Design 
Infrastructure Design 
Construction 

Product Design & 
Manufacturing 

Automotive Industrial 
Equipment Building 
Product 

Media & Entertainment 

3D Animation Visual 
Effects 

 

3D modeling The company offers a variety of 3D modeling software that 
create a mathematical representation of a 3-dimensional 
object or shape. 

These products are then utilized in various industries, such as 
films, television, video games, architecture, construction, 
product development, science and medical sector 

Architecture, 
Engineering & 
Construction (AEC) 
Collection 

The company’s AEC collection provides designers, engineers, 
and contractors a set of BIM and CAD tools that support 
projects from early-stage design through to construction 

3D Animation 
Software 

Autodesk offers a variety of tools to the media & 
entertainment industry to build a scalable 3D animation 
pipeline for complex simulations, effects, and rendering 

AutoCAD LT Autodesk offers AutoCAD LT, which is a CAD software used for 
2D drawing, drafting, and documentation and work anywhere 
with the AutoCAD web and mobile apps. 

Product Design & 
Manufacturing 
Collection 

This category includes an integrated set of professional-grade 
CAD, CAM, and CAE applications that connect various 
stakeholders from concept to production. Various products 
included in this segment are AutoCAD, Inventor, Fusion 360, 
Navisworks Manage, Vault Basic, Inventor CAM, and Autodesk 
Drive, to name a few 
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Key Strategic Initiatives 

Collaboration and Partnership 

— Schneider Electric announced a collaboration with Autodesk Inc., wherein the Schneider will generate a 
new electrical engineering design solution by leveraging Autodesk’s cloud infrastructure (November 
2020). 

— Hyundai Motor Company collaborated with Autodesk Inc. design a concept for Hyundai’s Elevate ultimate 
mobility vehicle (UMV), wherein Autodesk will assist with the engineering process (October 2020). 

— Autodesk Inc. announced a collaborated with Volkswagen Group’s Innovation and Engineering Center 
California (IECC) to reconceptualize distinguished components of the electric-infused technical showcase 
vehicle (September 2019). 

 

Mergers and Acquisitions 

— Autodesk Inc. acquired Pype, an AI-based software company based in Virginia, U.S. Autodesk’s 
construction cloud portfolio will integrate with Pype’s suite of software solutions to streamlined 
automation and project management of critical construction workflows (October 2020) 

— Autodesk Inc. acquired Spacemaker for over USD 240 million net of cash. This acquisition is projected to 
drive and accelerate Autodek’s automation and design capabilities for its customers in architecture and 
urban planning and designing (November 2020) 

— Autodesk Inc. acquired Innovyze, a U.S.-based provider of digital twin technology for water infrastructure, 
to accelerate Autodesk’s digital twin strategy, which includes Autodesk Tandem (March 2020). 
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Esri was established in 1969 and is headquartered at Redlands, California, U.S. Esri (Environmental Systems 
Research Institute) develops GIS and mapping software for organizations in government, commercial, utility, 
natural resources, and tech start-up industries. Esri offers ArcGIS, mapping software that connects people 
with maps, data, and apps through geographic information systems. 

Esri also provides ArcGIS Enterprise that includes a range of client apps that deliver a dashboard summarizing 
critical business information, brings maps into mainstream business intelligence software, and helps field 
crews collect data, as well as process and analyze datasets. As of yearend 2019, the company has an 
employee base of over 4,000 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2019): USD 1.1 Billion 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

ArcGIS Platform ArcGIS Platform offers a location-focused PaaS (platform as 
a service) for software developers, businesses, and 
organizations that utilize location innovation into their 
products, solutions, and systems 

Architecture, 
Engineering, and 
Construction 

Business Education 

Health and Human 
Services 

National Government  

Natural Resources 

Petroleum and 
Pipeline 

Public Safety 

State and Local 
Government  

Sustainable 
Development  

Transportation 

Utilities 

ArcGIS Indoors ArcGIS Indoors is an indoor mapping system for smart 
building management. It organizes CAD, BIM, site scans, and 
other operational datasets into floor-aware indoor maps to 
support facilities, workplace, operations, and maintenance 
applications and use cases 

ArcGIS Mission ArcGIS Mission is a web app that enables its users to 
designate maps, assign tactical team resource, share 
documents, and monitor team member activity 

ArcGIS Business 
Analyst Enterprise 

ArcGIS Business Analyst Enterprise can be integrated into 
local infrastructure, or any private cloud infrastructure 
managed on Microsoft Azure and Amazon Web Services. This 
category offers desktop toolbox, products, and support 
services to create distinguished maps, reports, and 
dashboards that assists the stakeholders and executives to 
improve business strategies. 

ArcGIS Urban ArcGIS Urban enables planners and design professionals to 
collaborate across teams with a web-based 3D application 
that supports scenario planning and impact assessment 

Key Strategic Initiatives 

Collaboration and Partnership 

— Newmont Corporation partnered with Esri to leverage Esri’s ArcGIS platform that offers drone mapping 
solution to Newmont’s mine sites across the world (December 2020). 

— Esri, UN, and GEO Blue Planet released Water Health Tool that will offer coastal nations with data to help 
improve ocean quality. The project is likely to empower developing countries, with the information they 
need to understand potential impacts on coastal water quality, address those impacts, and have routinely 
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updated data to understand and report their progress to the United Nations as part of the SDG initiative 
(November 2020). 

— Esri entered into Memorandum of Understanding (MoU) with UN-Habitat to empower the UN to use 
location intelligence to build sustainable communities globally. This initiative was targeted at providing 
tools to achieve one of the UN’s Sustainable Development Goals—making cities and human settlements 
inclusive, safe, resilient, and sustainable (September 2020). 

Mergers and Acquisitions 

— Esri acquired Zibumi to enhance its 3D visualization capabilities. The acquisition of Zibumi was 
undertaken to provide the Esri software development team with new capabilities for integrating physical 
modeling into our advanced applications, while also extending their development team by creating a new 
lab in Ankara (December 2020). 

— Esri Acquired nFrames to enhance its 3D capabilities. This acquisition was aimed at enhancing ESRI’s 
ability to create extremely high-quality 3D data from imagery, which is critical for their customers in the 
municipal, planning, and AEC industries (September 2020). 
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Hexagon AB was established in 1992 and is headquartered at Stockholm, Sweden. The company operates in 
two segments, including Industrial Enterprise Solutions (IES) and Geospatial Enterprise Solutions (GIS). The IES 
segment offers sensor technologies such as coordinate measurement machines (CMM), laser trackers, and 
scanners. It also includes software for CAD (computer-aided design), CAM (computer-aided manufacturing) 
and CAE (computer-aided engineering). 

The company’s GIS segment provides sensors for capturing data from land and air, as well as for positioning 
through satellites. Moreover, its GIS software helps create 3D maps and models in surveying, construction, 
public safety, and agriculture areas. As of 31st December 2019, the company has an employee base of over 
20,250 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2020): USD 4529.5 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

GIS and Mapping Products included in this category are GeoMedia, GeoMedia 
Add-ons, and GeoMedia Smart Client. GIS mapping software 
offer simultaneous access to geospatial data in any form 
and displays it in a single unified map view for efficient 
processing, analysis, presentation, and sharing 

Agriculture Aviation 
Conservation 

Defense & Intelligence 

Emergency Management  

Education Programs  

Forestry and Wildlife 

Government 

Land and Property 
Management  

Shipping 

Maritime 

Mining 

Oil and Gas Public 
Safety 

Rail & Transit Solutions  

Road & Bridge Solutions 

Smart Site 

Smart city 

Smart Nation 

Utilities and Telecom 

Remote Sensing Products included in this category are ERDAS IMAGINE and 
ERDAS IMAGINE Add-ons. The company’s remote sensing 
software assist with photogrammetry, LiDAR analysis, basic 
vector analysis, and radar processing into a single product 

Photogrammetry Products included in this category are ImageStation and 
IMAGINE Photogrammetry. These products are utilized to 
streamline high-volume photogrammetry and production 
mapping workflows with highly automated processing 

Web GIS Various products included in this category are GeoMedia 
WebMap, Geospatial Portal, and Geospatial SDI. These 
solutions help create standard-compliant web services for 
real-time access & examination and sophisticated portrayal 
of customer’s data, which is available through interactive 
web mapping applications 

Data 
Management 

This category includes data management software, such as 
ERDAS APOLLO, ECW Compression, and GeoCompressor. 
These software help organize geospatial and business data 
into a centralized library and distributes that data from the 
cloud 

 

Key Strategic Initiatives 

Collaboration and Partnership 
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— Ventura Defense teamed with Hexagon AB on new 1Command suite for high-end C2 systems, which was 
aimed at simplifying and accelerating their customers’ journey by delivering continuous innovation in data 
integration, visualization and analysis (February 2021) 

— Hexagon Geospatial Solutions announced to aid Brazilian state water utility in Santa Catarina. CASAN 
chose Hexagon solutions to support its strategic move toward digital transformation. With Hexagon’s GIS 
solutions, utility companies can break down information silos to minimize inefficiencies, errors and risks 
(February 2021) 

— Hexagon AB & VERIPOS launches SPAN GNSS+INS technology for hydrographic survey applications. The 
latest SPAN technology for marine offers improved performance through deep coupling to provide 
exceptional positioning, velocity, attitude and heave measurements in highly demanding offshore 
hydrographic survey applications (September 2020) 

Mergers and Acquisitions 

— Hexagon AB acquired MECADAT AG, a Germany-based reseller of VISI CAD CAM software. This acquisition 
was aimed at bringing MECADAT experience and knowledge into their direct channel for their customers 
and employees in the region by providing application support, such as data management platform (DMP) 
software (December 2020) 

— Hexagon AB’s PPM division acquired CodeCAD Inc., a Canada-based software retailer and distributor of 
Hexagon’s CADWorx & Analysis Solutions. This initiative was undertaken to increase the efficiency of 
Hexagon’s PPM division, thereby offering a single structure support and services to their customers in the 
country (December 2020) 

— Hexagon AB announced the acquisition of CAEfatigue Limited to introduce a value-addition to Hexagon’s 
Smart Factory solutions portfolio, as well as to enhance their Smart Industrial Facility solutions portfolio 
(March 2020) 
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Topcon Positioning Systems was established in 1970 and is headquartered in Livermore, California, U.S. The 
company is a designer and manufacturer of precision positioning equipment and solutions. It offers 3D 
systems for excavating, mass hauling, mining, and other applications; 2D and 3D scanning and control 
systems for profiling, milling, and paving; total station solutions; magnet software suits, field controllers, 
lasers, etc. The company caters to geopositioning, construction, precision agriculture, mapping, and monitoring, 
among other sectors. As of 31st March 2019, the company has an employee base of over 4,932 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2019): USD 1277.8 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Excavating and Mass Hauling Geopositioning  

Construction  

Precision Agriculture  

Mapping 

Vertical Construction Solutions  

Monitoring 

Forestry  

Mining  

Utilities  

OEM 

Forensics  

Education 

Rough and Fine Grading 

Paving, Milling and Compaction 

GNSS & Network Solutions 

GNSS Receivers for Agriculture 

Aerial Mapping & Mass Data Collection 

Field Controllers 

Lasers, Levels & Theodolites 

OEM Components & Technology 

Consoles and Displays for Ag 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— Topcon Positioning Group announced a partnership with CyArk, which is a non-profit organization 
committed to the conservation of cultural heritage sites worldwide. Using Topcon’s 3D digital 
documentation technology, CyArk aims to ensure culturally significant sites are accurately documented 
for the benefit of current and future generations (March 2021). 

— Topcon Positioning Group and Sixense Mapping formed a partnership to provide a full range of 
construction site digitalization to increase productivity on projects across Africa. Combining their 
expertise, the companies will contribute to developing African mining, construction, infrastructure and 
agriculture projects (November 2020). 

— Topcon joined hands with Hitachi to provide innovative machine control to the latter. The partnership will 
see HCMUK install the Topcon X53-x automated machine control system on its range of excavators 
(March 2020). 
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— Bentley Systems together with Topcon Positioning Systems Launched their digital construction works joint 
venture, to close the constructioneering advancement gap. Digital Construction Works provides digital 
automation, integration, and “twinning” services for software and cloud services, from Topcon, Bentley, 
and other software vendors (October 2019). 
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FARO was established in 1981 and is headquartered in Lake Mary, Florida, U.S. The company develops and 
markets computer-aided measurement and imaging devices and software. Its solutions are used for 
inspecting components and assemblies, production planning, documenting large volume spaces or structures 
in 3D, surveying and construction, as well as for investigation and reconstruction of accident sites or crime 
scenes. As of yearend 2020, the company has an employee base of over 1,400 individuals. 

Presence: Global     

Corporate Headquarter: US 

Financial Performance (2020): USD 303.8 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Hardware Various products offered under this category are 
vantage laser trackers, focus laser scanners, tracer 
laser projectors for manufacturing & construction, and 
focus swift indoor mobile scanner, among others 

Aerospace Defense 

Architecture, Engineering 
and Construction 

Automotive 

Energy and Natural 
Resources 

Fire Investigation 

Heavy Equipment 

Law Enforcement 

Software Various products offered under this category are BuildIT 
Construction, Metrology, and projector Software; CAM2 
Software; zone 2D software; visual InspectTM Software; 
and WebShare Software, to name a few 

 

Key Strategic Initiatives 

Mergers and Acquisitions 

— FARO Technologies, Inc. acquired Advanced Technical Solutions in Scandinavia AB, a Swedish-based 3D 
digital twin solution technology. This acquisition is projected to enable FARO with differentiated accuracy 
and speed, thereby accelerating the adoption of digital twin technology. High accuracy 3D digital twin 
simulations allow capital intensive industries such as automotive and aerospace to meaningfully reduce 
their time to market and cost (August 2020). 
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Fugro was established in 1962 and is headquartered in Leidschendam, The Netherlands. Its services include 
marine site characterization, marine asset integrity, land site characterization, and land asset integrity. 
Fugro provides people, equipment, expertise and technology that support the exploration, development, 
production, and transportation of natural resources. The company serves oil and gas, power, building and 
infrastructure development, and mining industries. As of yearend 2020, the company has an employee base 
of over 9,025 individuals. 

Presence: Global     

Corporate Headquarter: The Netherlands 

Financial Performance (2020): USD 1655.9 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Marine site 
characterisation 

Various services offered under this category are 
geoconsulting, geotechnics, geophysical survey, 
metocean surveys, and hydrographic survey services 

Oil and gas; Field exploration  

Field development; Field 
production 

Oil and gas infrastructure 
decommissioning 

Renewables; Offshore wind 
Onshore wind  

Geothermal Infrastructure 

Buildings and industrial 
facilities Rail; Roads and 
highways 

Tunnelling and underground 
space  

Power transmission and 
distribution 

Nautical; Hydrographic survey 
services  

Coastal protection and flood 
control  

Offshore weather forecasting  

Metocean surveys; Mining 

Land site 
characterisation 

Various services offered under this category are 
geotechnical ground investigation, geological and 
geophysical surveys, nearshore geotechnical site 
investigation, geoconsulting, and water consultancy 
services 

Marine asset 
integrity 

Various services offered under this category are 
positioning and construction support, satellite 
positioning, monitoring and forecasting, IRM services, 
ROV services and tooling, and marine infrastructure 
solutions 

Land asset 
integrity 

Services offered under this category are 3D digital 
information of plant and pipelines, surveying and 
mapping, roadware surveys, 3D mapping techniques 
and 3D virtual model of power company assets, and 
land weather forecasting 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— Fugro signed a strategic framework agreement (SFA) with dCarbonX, a pioneering geo-energy resource 
company, for decarbonisation exploration projects supporting the development of offshore geo-energy 
resources in the UK and Ireland (March 2021). 

— Fugro NYK, and OYO teamed up to provide a comprehensive service for the offshore wind energy industry 
in Japan through the combination of the joint operation of an offshore geotechnical investigation vessel 
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by NYK; Fugro’s global knowledge and experience in site investigations for offshore wind farms, and 
OYO’s insights into the Japanese geoscience market (January 2021). 

— Australian Space Agency (ASA) partnered with Fugro to design, build and operate the Australian Space 
Automation, Artificial Intelligence and Robotics Control Complex (SpAARC) in Western Australia (June 
2020). 

Mergers and Acquisitions 

— Fugro acquired a 100% share in OREX SC, wherein OREX SC holds a 66.5% share in a Belgium-based firm 
called, LABOMOSAN SA. Synergies in services and client networks of Fugro and OREX SC is projected to 
strengthen Fugro’s position in Belgium (March 2020). 
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Cyclomedia Technology, Inc. was established in 1980 and is headquartered in Zaltbommel, the Netherlands. 
The company provides cloud-based solutions for street level imagery with GIS accuracy, employing the five-
camera panoramic image capture system. Using specialized technology, large public areas are photographed 
and stored in an online database. As of yearend 2019, the company has an employee base of 250 individuals. 

Presence: Europe    

Corporate Headquarter: The Netherlands 

Financial Performance (2019): USD 53.96 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Data capture Herein, vehicles collect precise, street-level data 
from any public right of way using recording 
vehicles, camera systems, and LiDAR sensors 

Local Government; Urban planning 

Tax assessment  

Management of public space 

Utility 

Transportation  

 

Data visualization Cyclomedia captures and provides various types 
of visual data. The imagery information and 
LiDAR point clouds are accessible through Street 
Smart an interactive web viewer and 
GeoCyclorama, which is a 360° panoramic 
image with an ultra-high resolution providing 
reliable and objective digital view of public 
spaces from street-level 

Data insights Cyclomedia delivers insights using the 360° 
street-level visualizations, enhanced by 
innovative, AI-powered analytics 

 

Key Strategic Initiatives 

Mergers and Acquisitions 

— Cyclomedia Technology, Inc. acquired Floating Point FX, a U.S.-based 3D geospatial modeling company. 
This strategic initiative was aimed at assisting CycloMedia to rapidly grow its presence in North America 
and to provide highly accurate data sets and street-level imagery across government and commercial 
markets (March 2019). 
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TomTom was established in 1991 and is headquartered in Amsterdam, the Netherlands. TomTom is a digital 
mapping and routing company that focuses on car navigation. The company offers maps through a 
combination of map data base that is continuously kept up to date through the input from their extensive 
fleet of surveying vehicles. The company also offers routing solutions through their speed profile data base 
and real time traffic information service. As of December 2020, the company has an employee base of 4,500 
individuals. 

Presence: Global    

Corporate Headquarter: The Netherlands 

Financial Performance (2020): USD 628.8 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Maps TomTom is a mapmaker at its core, offering 
different maps like HD Maps, ADAS Maps, SD 
Maps, EV Maps and Parking Maps 

 

 

 

Automotive 

Fleet management and logistics 

Mobility and on-demand 

Road traffic management  

Location intelligence 

Traffic and Travel 
Information 

The company offers traffic and travel 
information and helps drivers manage and 
predict traffic congestions, comply with different 
speed limits, and hazard warnings & road event 
reporter 

Navigation 
Software 

The company’s in-dash navigation system for 
OEMs offers hyper-fast routing, search and map 
updates which switches seamlessly to onboard 
software when there is no data connection 

Automated Driving TomTom technology aims to make automated 
driving (AD) safer, efficient and comfortable 
with its products such as HD Maps and ADAS 
Maps 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— TomTom partnered with Precisely to help Precisely’s customers achieve data integrity through location 
technology. TomTom will provide Precisely with its map and traffic datasets, thereby helping Precisely’s 
customers in financial services organizations reduce fraud, enable insurance companies to better manage 
location risk, and improve targeted retail marketing campaigns. (February 2021). 

— TomTom and Uber collaborated to develop superior mapping experiences and to enhance their location-
enabled solutions. This alliance with Uber will help TomTom deliver better location data to improve the 
mobility of the users of company’s products everywhere (October 2020) 

— TomTom partnered with Microsoft to power Microsoft cloud offerings with location-based services. 
TomTom, in turn, selected Microsoft Azure as its preferred cloud provider, while their location-based 
services will be utilized across Microsoft technologies for Microsoft Azure, Bing Maps and Cortana 
(February 2019). 
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Research and Development 

— TomTom, Toyota Research Institute Advanced Development, Inc. and DENSO collaborated to develop 
advanced mapmaking for automated driving. This initiative was aimed at demonstrating a fast high 
definition (HD) map-building method for roads, essential for safer autonomous driving (March 2020) 

— TomTom and the University of Amsterdam (UvA) announced to open a new public-private research lab 
focusing on autonomous driving. This Atlas Lab project is likely to utilize artificial intelligence to develop 
advanced and high-definition maps for self-driving vehicles (November 2019). 

— Verizon and TomTom joined hands to co-innovate and help improve public safety with 5G. With the 
combined efforts of Verizon’s 5G ultra-wideband and TomTom’s HD maps, the companies will be working 
to transform emergency vehicle identification and alerts (October 2019). 
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e-GEOS is a joint venture between Telespazio S.p.A. (80%) and the Italian Space Agency (20%), entered into 
force on June 2009. The company is headquartered in Rome, Lazio, Italy. e-GEOS offers a complete range of 
products and services in the Earth Observation and in the geo-spatial application domains, based on both 
optical and radar satellites as well as on aerial surveys. As the European hub for VHR (Very High Resolution) 
data, e-GEOS grants unique access to the COSMO-SkyMed data, and to the major optical missions. 

Presence: Europe    

Corporate Headquarter: Italy 

Financial Performance (2019): USD 75.91 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Satellite Data E-Geos is a multimission hub for satellite data both radar and 
optical fulfilling Near Real Time (NRT) needs and emergency 
activities 

Land Management and 
Infrastructures  

Maritime Surveillance 

Risk & asset management 

Disaster management 

Defense & intelligence  

Agriculture and food 
production 

 

SEonSE The company observes a continuous global monitoring 
service of the seas worldwide, including Arctic and Antarctica 
Regions, and offers customizable service chain, which is 
integrated with ancillary data, such as vessel identification 
and met-oceanographic data 

Key Strategic Initiatives 

Collaboration and Partnership 

— e-GEOS and VENG signed a strategic agreement for the world-wide distribution of satellite data from the 
SAOCOM constellation. The Agreement enriches e-GEOS’ portfolio with L-band SAR data, which will 
complement the information generated by the COSMO-SkyMed (CSK) and COSMO-SkyMed Second 
Generation (CSG) 

— X-band SAR constellation, funded by the Italian Space Agency and the Italian Ministry of Defence 
(February 2021) 

— e-GEOS signed a contract with the European Commission for the development of ARCOS, an early-
warning system in defense of the Arctic Region. e-GEOS will bring its deep knowledge and understanding 
of the current Copernicus Service in Support to EU External Action to favour the integration of the new 
monitoring system (November 2020) 

— e-GEOS to lead a European industrial team that will develop an innovative ISR (Intelligence, Surveillance 
and Reconnaissance) platform using Earth Observation data. This platform is projected to support the 
Defence Ministries in carrying out intelligence operations, by automatically extracting and recognising 
information, using artificial intelligence techniques, for land and maritime applications (June 2020).  
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Pix4D SA was established in 2011 and is headquartered in Prilly, Switzerland. The company develops software 
that converts pictures in geo-referenced images and 3D models. Its product provides the drone-based 
mapping. The Company’s software allows creating of orthomosaic, digital surface model, 3D textured, index 
and thermal maps. 

Presence: Global    

Corporate Headquarter: Switzerland 

Financial Performance (2020): USD 32.6 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Software Pix4Dd offers drone mapping & photogrammetry software 
tools with a flight app, desktop, and cloud platforms for a 
number of fields, such as agriculture, asset inspection, mining, 
and construction, among others 

Surveying & mapping  

Construction 

Agriculture 

Public safety 

Mining & aggregates  

Education 

 

Hardware 

The company is official distributor of Parrot multispectral 
camera and offers Crane camera solution, which offers live site 
inspection and integrated BIM workflow 
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DJI was established in 2006 and is headquartered in Shenzen, China. The company develops and 
manufactures drone and camera technology for commercial and recreational use. The company offers a 
range of consumer, professional, and enterprise products, including drones, aerial platforms, payloads, and 
analytic tools, gimbal cameras, camera stabilizers, as well as related software and components, such as flight 
controllers, propulsion systems, and other accessories. Its solutions can be used in a variety of applications 
and sectors, including filmmaking, recreation, agriculture, construction, infrastructure, energy, and public 
safety. 

Presence: Global    

Corporate Headquarter: China 

Financial Performance (2019): USD 3000 Million 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Drones DJI offers a number of drones for 
application like filmmaking, public 
safety, aerial inspection for 
electricity infrastructure, oil and 
gas, agriculture and consumer 
application 

Public Safety  

Aerial Surveying and AEC, Urban  

Natural Resource Management 

Electricity, Oil & Gas 

Agriculture 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— DJI signed an MoU with UNSW Sydney to form strategic partnership. Working closely with the University’s 
faculty members and making latest technologies accessible to students such as the RoboMaster EP 
Series, DJI is expected to create an enjoyable and experiential learning environment that will enable 
students to explore practical and innovative applications (June 2020) 

— DJI partnered with Rosenbauer International AG to consolidate their role as a digital pioneer while they 
work together to develop an integrated technology for comprehensive, data-based firefighting and 
disaster management (March 2020) 

— DJI partnered with Delair to enhance visual data collection, management & analysis for enterprises. 
Availability of DJI systems on Delair.ai platform, customers now have a one-stop shop and optimal 
freedom of choice in utilizing the cloud-based system’s wide range of tools to help derive insights from 
drone data, including industry-specific analytics tools optimized for specific use cases (September 2019)  
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Bentley Systems, Incorporated was established in 1984 and is headquartered in Exton, Pennsylvania, U.S. The 
company is publicly listed and its stocks are exchanged on NASDAQ. Bentley Systems is a global provider of 
software solutions to engineers, architects, geospatial professionals, constructors, and owner-operators for 
the design, construction, and operations of infrastructure. 

The company’s MicroStation-based engineering and BIM applications, and its digital twin cloud services, 
advance the project delivery (ProjectWise) and the asset performance (AssetWise) of transportation and other 
public works, utilities, industrial and resources plants, and commercial and institutional facilities. As of 
December 2020, the company has an employee base of 4,000 individuals. 

Presence: Global    

Corporate Headquarter: US 

Financial Performance (2020): USD 801.5 Million 

Product Benchmarking: 

 

Product Portfolio/Service Offerings Nunc 

Software Bentley provides a variety of software, such 
as MicroStation and AssetWise that help in 
asset management and modeling, 
documenting, accessing, and viewing 
architectural, engineering, mapping, 
construction, and operations design 
information 

Buildings and Facilities 
Communications  

Discrete Manufacturing  

Electric and Gas, Utilities  

Cities and Campuses 

Mapping and Surveying 

Mining 

Oil and Gas Power Generation 

Rail and Transit, Roads and 
Highways 

Water and Wastewater 

Services The company offers resident engineers on 
demand for a short-term or long-term 
engagement, which help in simplifying the 
complexity of legacy technologies, 
customized systems, and application 
integration 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— Bentley Systems, Incorporated invested in Digital Water Works, Inc. The companies will work in tandem, 
wherein Bentley will also license its software directly to DWW’s customers (March 2019) 

Product Development 

— Bentley Systems, Incorporated launched OpenUtilities DER planning & design assessment solutions, which 
offer decision support and cost-based models and simulations for Distributed Energy Resources (DER) 
integration (February 2019) 

Mergers and Acquisitions 

— The Cohesive Companies, a wholly owned independently operated digital integrator business unit of 
Bentley Systems, Incorporated acquired Ontracks Consulting. The acquisition is projected to add strength 
and depth to the Cohesive Companies’ Maximo business division (March 2021). 
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— Bentley Systems Acquired E7, an Australia-based civil construction software company. The addition of E7 
to Bentley’s SYNCHRO digital construction delivery solution is projected to foster Bentley’s comprehensive 
digital construction delivery solution for heavy civil contractors (February 2021) 

— The Cohesive Companies acquired SRO Solutions, a UK-based Maximo solutions provider. This strategic 
initiative is likely to assist Bentley System’s emerging digital twin offerings to reach the full extent of 
maritime and industrial assets (November 2020) 
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Here was established in 1985 and is headquartered in Eindhoven, the Netherlands. The company provides 
mapping, navigation, and location solutions. It develops a platform that features mapping content, a 
marketplace, as well as an integrated suite of solutions, services, and development tools. The company serves 
the automotive, public sector, infrastructure, transportation, and logistics sectors. 

Presence: Global    

Corporate Headquarter: The Netherlands 

Product Benchmarking: 

Product Portfolio/Service Offerings Focus Industries 

Location Data Here provides Location Data and services to 
various industries, including fleet management, 
retail, insurance, media, supply chain and urban 
mobility 

Automotive 

Transportation and logistics 

Telecommunications 

Media 

Public sector 

Retail 

Insurance 

Infrastructure planning 

HERE Platform The platform can be used to Create custom 
interactive maps, visualize geospatial data and 
perform complex analytics – in one collaborative 
environment. It is also used to buy, sell, and share 
a wide variety of location-centric assets, such as 
data and SDKs – in a secure exchange platform 

 

Key Strategic Initiatives 

Collaboration and Partnership 

— Unity and HERE collaborated on real-time 3D in-vehicle experiences. Through this collaboration, both the 
companies will closely work together on next-generation location technology for autonomous driving, 
simulations, city planning and digital twins (March 2021) 

— Lynk & Co. and HERE Technologies teamed up to create a seamless driving experience. Herein, Lynk & Co 
01 SUV will be powered by HERE’s premium map content and connected vehicle services. This 
collaboration is aimed at helping Lynk’s customers to leverage their connected services to go beyond 
real-time traffic information and make parking a smooth and fluid experience (February 2021) 

— Leia Inc. and HERE Technologies partnered to bring 3D maps and navigation onto Lightfield displays for 
automotive OEMs. This technology is likely to bring a wow-factor into the cockpit with the right content, 
and will creates a more intuitive interaction between driver and vehicle and thus enhances driving safety 
(Jan 2021)  

Research and Development 

— Wayne State University and HERE Technologies Collaborate on Autonomy. This initiative led the parties 
involved to partner on various industry projects, create education curriculums, and develop solutions with 
other technology providers at the SMDC, otherwise known as Wayne State Smart Manufacturing 
Development Center (April 2019) 

— HERE established a new International Institute for Advanced Research in Artificial Intelligence (IARAI) in 
Vienna. This initiative is likely to provide HERE with access to emerging technological capabilities in the 
company’s core field of interest, developed on its data (February 2019).  

Mergers and Acquisitions 
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— Mitsubishi Corporation and NTT completed the acquisition of 30% stake in HERE Technologies (June 
2020)  
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List of abbreviations and definitions 

AI Artificial intelligence (AI) refers to systems that display intelligent behaviour by analysing their 
environment and taking actions – with some degree of autonomy – to achieve specific goals. 

API An application programming interface (API) a set of functions and procedures allowing the creation 
of applications that access the features or data of an operating system, application, or other 
service. 

ELISE The European Location Interoperability Solutions for e-Government (ELISE) action aims at Enabling 
Digital Government through Geospatial Data and Location Intelligence. It is a package of 
legal/policy, organisational, semantic and technical interoperability solutions that aim to facilitate 
more efficient and effective digital cross-border or cross-sector interaction and data re-use. 

Big Data Big data is a combination of structured, semi-structured and unstructured data collected by 
organizations that can be mined for information and used in machine learning projects, predictive 
modeling and other advanced analytics applications. 

BIM Building Information Modelling (BIM) is the holistic process of creating and managing information 
for a built asset. 

CORS Continuously Operating Reference Stations (CORS) is a network of stations that provide global 
navigation satellite system data consisting of carrier phase and code range measurements in 
support of three-dimensional positioning. 

DTM Digital Terrain Models (DTM) sometimes called Digital Elevation Models (DEM) is a topographic 
model of the bare Earth that can be manipulated by computer programs. 

GIS Geographic information system or geospatial information system 

ICT Information and Communication Technologies 

IoB IoB (Internet of Behavior) is the extension of IoT that reveals significant information about our 
behavior. It is the interconnection of devices that provides vast data and valuable insights into user 
experience, search experience optimization, behavior, interests, and preferences. 

IoT The Internet of Things (IoT) describes the network of physical objects—“things”—that are 
embedded with sensors, software, and other technologies for the purpose of connecting and 
exchanging data with other devices and systems over the internet. 

INSPIRE INSPIRE is a legal framework for developing SDI throughout the EU to facilitate interoperability, 
that is, the improvement and sharing of information across various levels of government in all EU 
countries. 

LiDAR Light Detection and Ranging (Lidar) is a remote sensing method used to examine the surface of the 
Earth. 

ML Machine learning (ML) is an application of artificial intelligence (AI) that provides systems the ability 
to automatically learn and improve from experience without being explicitly programmed. 

RADAR Radio Detection and Ranging (Radar) is a detection system that uses radio waves to determine the 
distance (range), angle, or velocity of objects. 

RFID Radio-frequency identification (RFID) refers to a technology whereby digital data encoded in RFID 
tags or smart labels (defined below) are captured by a reader via radio waves. 

RTK Real-Time Kinematic (RTK) positioning is positioning that is based on at least two GPS receivers—a 
base receiver and one or more rover receivers. 

SDI Spatial Data Infrastructure (SDI) is defined as a framework of policies, institutional arrangements, 
technologies, data, and people that enables the sharing and effective usage of geographic 
information by standardizing formats and protocols for access and interoperability. 

SLAM SLAM (simultaneous localization and mapping) is a method used for autonomous vehicles that lets 
you build a map and localize your vehicle in that map at the same time. 
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SONAR Sound navigation and ranging (Sonar) is a technique that uses sound propagation (usually 
underwater, as in submarine navigation) to navigate, communicate with or detect objects on or 
under the surface of the water, such as other vessels. 

4IR Fourth Industrial Revolution 
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