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Keywords: The first overarching objective of the Space Agenda 2030 is to strengthen the role of the space sector as a major
Value driver of sustainable development. To achieve this objective, the European Space Agency launched already 10+
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Internet satellite uting to achieving Sustainable Development Goals (SDGs).

years ago the ESA Business Applications Programme to foster the adoption of space technologies in non-space
sectors, promoting the development of commercial satellite-based projects (i.e., projects developing business
applications based on Earth Observation, Satcom and Navigation satellite technologies and data) and contrib-

While space technologies undeniably offer substantial societal benefits, there exists an opportunity to provide
professionals and academics with a comprehensive perspective on the ongoing progress of commercial satellite-
based projects in their vital role in advancing the achievement of Sustainable Development Goals (SDGs) and
tackling Grand Challenges. Our research aims to clarify commercial satellite-based applications’ direct and in-

direct impacts on SDGs and their features contributing to achieving them.

We develop a taxonomy of the ESA Business Applications programme portfolio, analysing 603 commercial
satellite-based applications developed between 2014 and 2022 across 34 variables (including SDGs directly or
indirectly impacted), sourced from the program’s web pages. We perform descriptive statistics and exploratory
data analysis to present commercial satellite-based applications’ direct or indirect impact on the 169 SDG targets.
Finally, we describe the features of commercial satellite-based projects (e.g., geographical scope, satellite
technology adopted, non-space domains of application) contributing to the SDGs’ achievement.

Our results show that 603 commercial satellite-based applications impact at least one SDG. Overall, SGD3 is
the most impacted (136, 22 %), followed by SDG11 (105, 17 %) and SDG2 (78, 12 %). 257 Earth Observation-
based applications mostly impact SDG2 (58, 23 %), SDG15 (38, 15 %) and SDG11 (34, 13 %). 230 Satellite
Navigation-based applications mostly impact SDG3 (68, 30 %), SDG11 (52, 23 %) and SDG6 (22, 10 %). 116
Satellite communication-based applications mostly impact SDG3 (33, 28 %), SDG11 (16, 14 %) and SDG4 (15,
13 %). Moreover, we identify 14 application domains, and for each of them, we investigate their impact on SDGs.
The application domains that mainly impact SDGs are Health (91, 16 %), Food and Agriculture (85,15 %), and

Energy (51, 9 %).

Our research demonstrates and strengthens the space sector’s role as a major driver of sustainable develop-
ment. Researchers may adopt the methodology in other contexts, overcoming the geographical and data

accessibility limitations of our research.

1. Introduction knowledge and life on Earth [1]. Two main reasons explain this
consensus. First, space technologies nowadays permeate our daily lives

The States Members of the United Nations acknowledge the rele- [2]. Every day, we bring with us, literally wear, at least one technology
vance of the peaceful uses of outer space in enriching humankind’s that is linked or derived from outer space. Just think of the satellite
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navigation devices installed on the smartphone in your pocket. Second,
space technologies create unique value for their users [3]. For example,
the advent of satellite navigation has revolutionised transportation and
mobility, enabling companies such as UBER, Deliveroo, and Amazon, to
deliver new services and build new business models. Over the past
decade, the Copernicus Emergency Management Service has provided
more than 1000 products (e.g., maps, analyses based on satellite imag-
ery) before, during or after a crisis (e.g., floods, tsunamis, earthquakes)
and early warning services), for more than 50 countries, saving millions
of lives [4].

Space technologies are key in advancing global development,
particularly concerning the United Nations 2030 Agenda for Sustainable
Development, its goals and targets [5]. On the one hand, space tech-
nologies directly serve as catalysts for sustainable development [6] by,
for example, fostering clean energy adoption. On the other hand, space
technologies indirectly support the monitoring and assessment of sus-
tainable agenda achievement [7]. For example, earth observation data
are used to monitor rising sea levels, assess the biosphere evolution, and
understand climate change [8,9].

Various applications and target markets are associated with the
downstream stream. We define downstream as companies offering dig-
ital innovation solutions and services (e.g., IT provider, system inte-
grator, consulting firm) and specialised research centres that deal with
research, development and implementation of the most advanced digital
technologies leveraging space technologies and data [3,10].

Satellite communication is a prime example of space technology
utilised for commercial purposes. Nevertheless, innovative services
increasingly rely on satellite navigation and Earth observation tech-
nologies as enabling factors [9]. As satellite image resolution improves
with advancements in computational power, Earth observation (EO)
imagery becomes increasingly appealing. Numerous business applica-
tions leverage Earth Observation [11], especially in services that
contribute to the achievement of Sustainable Development Goals (SDGs)
[12].

Similarly, other user sectors leverage the Global Navigation Satellite
System (GNSS) for various purposes. Consequently, services often
employ EO and GNSS in synergy, complementing the data generated by
the former [1]. Some of these services directly address SDG-related is-
sues such as climate action, good health and well-being, or life on land
[13].

The practitioner and scientific communities acknowledge the impact
of space technologies and infrastructures [14], specifically Earth
observation and satellite navigation, on attaining specific SDG targets.
In this regard, the first overarching objective of the Space Agenda 2030
is to strengthen the role of the space sector as a major driver of sus-
tainable development, calling for a holistic and comprehensive view of
the current development of commercial satellite-based projects in sup-
porting the achievement of the SDGs.

To this end, our research aims to clarify commercial satellite-based
applications’ direct and indirect impacts on SDGs, and their features
contributing to achieving them.

In doing so, we investigate the ESA Business Applications (ESA BASS)
programme portfolio. The European Space Agency developed the pro-
gramme to promote developing, testing, and validating products, ser-
vices, and businesses enabled by space technologies. We develop a
taxonomy of the ESA BASS programme portfolio, analysing 603 com-
mercial satellite-based applications developed between 2014 and 2022
across 34 variables (including SDGs directly or indirectly positively
impacted), from the program’s web pages. We perform descriptive sta-
tistics and exploratory data analysis to present commercial satellite-
based applications’ direct or indirect impact on the 169 SDG targets.
Finally, we describe and discuss the features of commercial satellite-
based projects (e.g., geographical scope, satellite technology adopted,
non-space domains of application) contributing to the SDGs’ achieve-
ment (See Table A in Appendix for the list of SDGs).
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2. Background
2.1. Space economy and sustainability

The plethora of opportunities enabled by space technologies for
sustainability, the decrease in costs to access space [15], the new reg-
ulations and liberalisation of the market [16], as well as the new tech-
nological development [17] is fostering the growth of the so-called
“Space Economy” [8], bringing in new stakeholders in the space in-
dustry [18], and fostering the development of commercial space appli-
cations that may create value for space technologies and applications
users [19].

Space Economy and sustainability are strictly connected. The prog-
ress in these endeavors can be gauged through the Sustainable Devel-
opment Goals (SDGs) lens. The United Nations (UN) General Assembly
endorsed "Transforming Our World: the 2030 Plan for Sustainable
Development" in September 2015 [1], which serves as a global devel-
opment roadmap that governments and various stakeholders can use as
a blueprint for advancing economic, social, and environmental sus-
tainability. The UN 2030 Agenda encompasses seventeen Sustainable
Development Goals (SDGs) along with their associated targets and in-
dicators, explicitly calling for collecting new data and utilising diverse
data sources to facilitate implementation [20]. Within this context, a
plethora of important and valuable initiatives were born. For example,
the Group on Earth Observation, through its initiative, EO for Sustain-
able Development, supports realising the 2030 Agenda. One of the pri-
mary objectives of this initiative is to showcase how Earth observation
data, when combined with geospatial information, socio-economic data,
and other sources, can make a meaningful impact on achieving the SDGs
[12]. In the same vein, UNOOSA underscores the principal SDGs and
their related targets that stand to benefit from the application of Earth
observation technologies [21]. UNOOSA also highlights the influence of
GNSS on the SDGs. UNOOSA acknowledges the combined impact of
employing Earth observation technologies and GNSS on the SDGs.
Among the 17 SDGs, UNOOSA designates 13 of them as being in the
"significant contribution tier." [1] These SDGs reap the most substantial
benefits from the utilisation of space technologies. The European Space
Agency (ESA) strongly emphasises harnessing space technologies to
achieve SDGs and attain the objectives outlined in the European Green
Deal and Digital Agenda [22].

2.2. The 2030 Space Agenda

The United Nations Committee on the Peaceful Uses of Outer Space
(UNCOPUOS) has decided to develop a “Space2030” agenda and its
implementation plan. The agenda aims to capitalise on the growing
commercialisation of space by promoting innovation, competitiveness,
and sustainability. It emphasises the importance of partnerships with
industry, academia, and international organisations to develop new
space technologies and services for sustainability [23]. Additionally, it
highlights the need to address societal challenges such as climate
change, global health, and sustainable development by leveraging
space-based data and technologies. The 2030 Space Agenda represents a
significant step forward in shaping the future of space activities and
ensuring the value enactment for people and our planet [1].

2.3. The ESA Business Applications Programme

Following the Space Agenda guidelines, the European Space Agency
launched already 10+ years ago the ESA Business Applications Pro-
gramme to foster the adoption of space technologies in non-space sec-
tors, promoting the development of commercial satellite-based projects.
It provides financial and managerial support to projects that exploit, in a
short-term range, space data and technologies in non-space domains
such as insurance, energy, and healthcare. These applications have the
potential to contribute to societal challenges such as climate change and
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zero hunger by monitoring and analysing data from space, helping make
informed decisions. A practical example is represented by Earth obser-
vation satellites. If equipped with optical/thermal or radar sensors, it
can measure the concentration of various atmospheric pollutants, such
as nitrogen dioxide, sulfur dioxide, and particulate matter. The data
collected are then analysed to identify areas where air quality is poor
and determine the causes of the pollution. Governments and other au-
thorities can use this information to develop targeted interventions to
improve air quality, such as adjusting traffic flow patterns, imposing
emissions restrictions on industrial facilities, or promoting public
transportation.

The ESA Business Applications initiative actively promotes the
establishment of space-based services. This programme offers entre-
preneurs valuable guidance and three distinct financing options: Kick-
Start Activity, Feasibility Study, and Demonstration Project. The Kick-
Start Activity is a financing programme that accommodates various in-
dustries and encompasses themed initiatives. This streamlines the
development of innovative commercial services and applications that
rely on space assets and data. Feasibility studies form the cornerstone for
identifying, analysing, and defining potential new applications and
services. According to ESA’s guidelines, these studies should be driven
by user and customer needs since they must address specific problems
and have market viability. This is confirmed by gauging interest from
potential clients in adopting and investing in the proposed service. A
successful Feasibility Study paves the way for progression to a Demon-
stration Project, ultimately aimed at launching a commercial service.
Demonstration Projects are dedicated to providing pre-operational
demonstration services. Much like Feasibility Studies, these projects
are user-centred and leverage the integrated use of one or more space
assets.

Companies eligible for these programmes receive funding that covers
a percentage of their incurred costs. There are two avenues for entering
the programme. In the first scenario, the company acts as the prime
contractor and can apply through a competitive tender process initiated
by ESA to find and develop solutions to specific problems. In the second
scenario, referred to as "direct negotiation," the prime contractor sub-
mits a proposal that undergoes evaluation and approval by an evalua-
tion panel instead of a competitive bidding process.

The ESA Business Applications programme has proven instrumental
in fostering the adoption of downstream applications within the space
industry. By providing companies with professional guidance and
financial support through various funding options, such as Kick-Start
Activities, Feasibility Studies, and Demonstration Projects, the pro-
gramme empowers innovators to turn their space-related ideas into
practical, marketable solutions. This approach stimulates creativity and
innovation and accelerates the development and deployment of com-
mercial services that rely on space assets and data. In doing so, the ESA
Business Applications programme plays a vital role in advancing the
adoption of downstream applications, contributing to the growth and
sustainability of the Space Economy while addressing real-world sus-
tainability challenges and opportunities.

3. Methodology
3.1. Dataset development and data collection

We build an original database of 603 projects developed between
2014 and 2022. The research focused on extracting relevant information
from the Business Application webpage, where these projects are pub-
licly presented. Each project contains details regarding the specific
needs it aims to address, the target users, and the space technologies
being utilised.

The decision to investigate the ESA Business Application programme
for our study was grounded in four main considerations that underscore
its representativeness of the satellite-business applications landscape.
Firstly, the ESA database offers a comprehensive repository of projects
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developed within the realm of space technology applications, encom-
passing a diverse array of initiatives across various sectors and domains.
As a leading authority in space exploration and technology, the ESA
BASS portfolio reflects a broad spectrum of industry endeavours,
ranging from products and services in fields such as energy, environ-
mental monitoring, biodiversity, healthcare, education and disaster
management. Secondly, ESA’s stringent project selection and evaluation
processes ensure a high standard of quality and innovation, making the
projects featured in their database inherently significant and impactful
within the industry and SDGs. Third, the ESA database serves as a reli-
able source of publicly available information, providing transparency
and accessibility to stakeholders, researchers, and industry professionals
alike. By leveraging this authoritative database, our study gains credi-
bility and relevance, as it draws insights from a representative sample of
industry initiatives endorsed by a globally recognised institution.
Fourth, the ESA BASS database stands as a robust resource for our study,
distinguished by its comprehensive collection of over 10 years’ worth of
projects consistently gathered and catalogued. This extensive temporal
coverage ensures a rich and diverse dataset, capturing the evolution and
trends within the realm of satellite-based applications over a significant
timeframe. The consistency in data collection and inclusion protocols
further enhances the reliability and integrity of the database, facilitating
rigorous analyses and meaningful insights into the industry landscape.
As such, the ESA BASS database emerges as a fitting choice for our study,
providing a solid foundation for our research of European satellite-based
applications impacting SDGs.

The availability of reliable data primarily drove the temporal range
selection. 2014 is the year in which the commencement of publicly
accessible information pertaining univocally to projects is documented
on the ESA BASS website. This year serves as a starting point for sys-
tematically tracking and analysing the evolution of projects. We con-
ducted the data collection and analysis in 2023. Here, it is necessary to
specify that the ESA BASS projects’ duration ranges from six-month to
multi-year duration and that information regarding projects may not be
updated immediately after their completion, presenting a challenge in
terms of temporal standardisation. To mitigate possible inconsistency
regarding project information, we decided to include only projects
concluded within the calendar year 2022. This approach ensures a
cohesive dataset and ensures the integrity and reliability of our analyses,
thereby contributing meaningfully to the understanding of satellite-
based applications’ impact on SDGs dynamics and outcomes.

The collected data is then organised and recorded in a dataset. 34
variables are created, some directly available on the website (https:
//business.esa.int/), while others are ad hoc engineered and validated
with ESA experts [24]. See Table B in the Appendix describing our data
structure.

For the sake of clarity, here we briefly describe the data structure
that includes the satellite-based application name, its link to the ESA
BASS webpage, the start and end dates, the kind of activity (i.e., kick-
start, feasibility, demonstration) as presented in the background. The
status of the project is denoted as "Completed" or “Ongoing”. The the-
matic areas of the project, such as "Food & Agriculture” and “Health-
care”, specify the project’s thematic focus from the ESA perspective. The
objective of the satellite business application is taken by the project
website outlining the project’s primary goal. System architecture, space-
added value, satellite-business application features, and value proposi-
tion provide insights into the technical and strategic aspects of the
project. The dataset specifies the prime contractor name and nationality,
as well as sponsors, partners, and clients retrieved from the satellite-
business application webpage. We also specify the client(s) needs and
nationality/region to investigate the geographical scope of these pro-
jects. The dataset also includes data regarding the technology behind the
applications, such as the Satellite infrastructure, Satellite sensor used,
the complementary data and technologies (such as drones, cloud
computing, and artificial intelligence). Finally, we reported the direct
and indirect impacts on SDGs, SDGs targets, and Grand challenges.
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We thoroughly examined our data to ensure database consistency,
prioritising completeness over granularity in our dataset [17]. The
rationale behind this choice is that many attributes exhibiting incon-
sistent completeness levels across projects would hinder the feasibility of
conducting detailed and reliable analyses. Following this, we have
determined the specific sets of values that each attribute can assume,
employing two primary methodologies [18]. We have directly extracted
values from the project webpages when they occur frequently across
projects. Alternatively, we have defined attribute values based on public
documents available online. We call “value” a piece of specific infor-
mation that a variable can assume, including numbers, strings of char-
acters, boolean values (true or false) [25] (e.g., variable = “SDG
impacted”, values = “SDG1” or “SDG2” etc.) (See Table B in the
Appendix)

To guarantee the accuracy and completeness of our data, we trian-
gulated them with secondary data. For example, suppose a project
mentions partners or clients. In that case, we searched for further in-
formation on the project on the partners’ and clients’ websites, and
performed a search online for news, reports and video interviews con-
firming or disconfirming our data. Furthermore, we performed open
interviews with experts to validate our data. Expert interviews were
chosen as a suitable method to validate our data because of the
exploratory nature of our research [24,26]. The interviewees were
selected through purposive sampling [27,28] according to their job
content and direct involvement in the satellite-based applications for
sustainability. The sampling stopped when we reached theoretical
saturation [29]. Table C in the Appendix synthesises the profiles of the
experts interviewed. We conducted 5 interviews of, on average, 1 h with
experts in commercial satellite-based applications and their impacts on
SDGs, with an average of 20 years of experience in the industry. All the
conversations took place online via MSTeams, and all the interviewees
and organisations were granted anonymity. The data analysis was con-
current with the data collection. We started the interviews by showing
the expert the database and preliminary results, asking to comment,
agree and disagree with the data structure and content. The discussion
was an open interview to access the respondent’s point of view. We
followed the data structure as guidance (going line by line of Table B in
Appendix [30]. During the interview, we took note of possible im-
provements in the data structure according to their feedback [31]. For
example, interviewee 4 suggested including the “sponsors” variable to
keep track of financial flows. We concluded the interview when the
senior expert had no more suggestions. In the following interview, we
show the expert (e.g., interviewee 5) the data structure validated and
revised by the previous expert (e.g., interviewee 4). Finally, we asked via
email for further feedback and to validate the final version of our data
[32].

Our study focused on investigating the positive impacts of satellite-
based technologies on Sustainable Development Goals (SDGs). Three
key considerations guided this decision. Firstly, research focus. By
concentrating solely on positive impacts, we were able to analyse the
beneficial outcomes associated with satellite-based applications thor-
oughly. This focused approach allowed for an in-depth examination of
success stories and best practices within the ESA BASS programme,
providing valuable insights into the ways in which satellite-based ap-
plications can effectively advance sustainable development objectives.
Secondly, data availability. The ESA BASS database predominantly
features projects that highlight positive outcomes and achievements
resulting from the application of satellite-based technologies. Conse-
quently, our dataset primarily comprised initiatives that showcase the
beneficial impacts of satellite-based applications. Third, results compa-
rability. By focusing on positive impacts, we were able to identify
common characteristics of the satellite-based applications and their
direct and indirect impact on SDG targets. Nevertheless, as also dis-
cussed in the Results and Discussion section, future research could
complement our research by investigating the possible negative impacts
of satellite-based applications on SDGs.
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We adopted the framework provided by UNOOSA [9] to delineate
the Sustainable Development Goals (SDGs) impacted by the service.
Specifically, we identify the SDGs classified as the "Significant contri-
bution tier," most profoundly influenced by EO and GNSS technologies.
This approach results in an attribute structure that enables us to analyse
various dimensions of each project, including technological, economic,
and sustainability aspects [33]. Subsequently, we populate each attri-
bute with a value only when explicit references or substantial evidence
about it are found on the project’s webpage, including its textual content
and any integrated media such as images or graphs [34]. To ensure the
accuracy and completeness of our dataset, we have further validated it
through interviews conducted with subject matter experts [24].

3.2. Data analysis

We perform descriptive statistics and exploratory data analysis to
analyse the features of commercial satellite-based projects that directly
or indirectly impact SDGs [35]. Our analytical process begins with an
individual assessment of each attribute to ascertain the frequency of
occurrence for each value it can take. If an attribute allows for multiple
values, we explore how these values relate to one another within the
same attribute, uncovering potential correlations [31]. Additionally, we
introduce a temporal dimension to uncover trends and spikes attributed
to external factors. Moving forward, we examine values across thematic
areas and countries within each attribute, emphasising significant dis-
parities. This analysis focuses on the most densely populated thematic
areas and countries, offering significance to the data. We highlight the
satellite infrastructure that are exploit by projects [25].

In the subsequent stages of our analysis, we focus on evaluating the
influence of Sustainable Development Goals (SDGs) and Grand Chal-
lenges and their associated targets within each segment, offering in-
sights into the extent of their significant and minimal impact [36].
Furthermore, for projects within the subset that exhibit the most sub-
stantial short-term impact, our research aims to determine the propor-
tion of commerecial satellite-based applications contributing positively to
addressing Climate Change.

4. Results and Discussion
4.1. ESA business applications key figures

The research provides several key figures regarding different aspects
of the ESA Business Application programme projects. For once, the
analysis shows the programme’s success in attracting and developing
innovative services within the European space economy.

Regarding satellite infrastructure exploited by business applications,
satellite navigation services and Earth observation are gaining
increasing traction, while satellite communication services, traditionally
the dominant commercial force in space assets, are witnessing a shift in
market dynamics. EO and GNSS-based applications demonstrate their
value across diverse sectors and are progressively becoming central to
end-users. A noticeable trend is a gradual transition towards adopting
satellite navigation (SatNav) technologies in projects within the Busi-
ness Application until 2018. However, since then, Earth observation
(EO) data has experienced exponential growth, further facilitated by the
widespread availability of FFO (Free and Open Data) and the initiatives
developed by ESA. As a result, Earth observation has emerged as the
most prominent and widely leveraged satellite infrastructure [37]. This
signifies the increasing recognition and value of Earth observation
within the industry. Fig. 1 illustrates the trends of business applications
according to the satellite infrastructure exploited (a satellite-based
application may exploit more than one technology).

EO data-driven services find fertile ground in sectors such as Agri-
culture, Forestry & Fishing, Energy & Utilities, Construction & Infra-
structure, Finance, Insurance & Legal, and Environment & Wildlife
(Fig. 2). This technology enables operators in these fields to utilise data
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Fig. 1. Cumulated time series of satellite infrastructure exploited.

for, among others, weather forecasting, solar irradiance prediction,
ground deviation analysis, vegetation monitoring, damage assessment
after severe events, pollution monitoring, and construction site evalua-
tion [5,38]. Satellite navigation technologies find valuable applications
in sectors like Transport & Logistics and Health & Social Care, where
real-time geolocation and positioning play a critical role in operational
efficiency [39]. Lastly, satellite communications have found great
implementation in the Education Information & Communication sec-
tors, providing stable and fast internet connections in remote areas
where terrestrial telecommunications technologies are limited.
Regarding the geographical distribution of the prime contractors
participating in the programme, the most participatory countries in
applying projects to the Business Application programme are the United
Kingdom, Italy, and Germany, accounting for 46,2 % of the total number
of projects (Fig. 3). France and Spain, despite being major contributors
to ESA’s budget, demonstrated limited participation. Here, we have to
clarify that the budget allocation of a single member state influences
business project development. To incentivise applications in specific
areas or themes, the ESA releases calls for proposals, effectively
encouraging companies to utilise space technologies. They have proven
highly effective, leading to spikes in applications during the opening
periods in almost all areas and crucial during periods of significant

Information &
Manufacturing & Communication
Mining 1%
3%

Finance, Insurance & Legal
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Education
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Sport &Tourism
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Environment & Wild Life
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Construction &
Infrastructure
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Health & Social Care
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10%
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impact, stimulating a quicker recovery.

4.2. The impact of ESA business application projects on SDGs and grand
challenges

Our results show that the ESA Business Application project is key in
enabling companies to develop projects that directly or indirectly impact
SDGs. Fig. 4 illustrates the SDG’s direct and indirect impact.

Our results show that 603 commercial satellite-based applications
impact at least one SDG. Tables 1-4 present the three most impacted
SDGs, showing the overall picture, and a detailed view of Earth Obser-
vation, Satellite navigation, and Satellite communication. Overall, SGD3
is the most impacted, followed by SDG11, and SDG2. 257 Earth
Observation-based applications mostly impact SDG2, SDG15, and
SDG11. 230 Satellite Navigation-based applications mostly impact
SDG3, SDG11, and SDG6. 116 Satellite communication-based applica-
tions mostly impact SDG3, SDG11, and SDG4.

Tables 1-4. Mostly impacted SDGs.

Moreover, we identify 14 application domains, and for each of them,
we investigate their impact on SDGs. The application domains that
mainly impact SDGs are Health (91, 16 %), Food and Agriculture (85,15
%), and Energy (51, 9 %).

Their contribution varies depending on the country and socio-
economic context in which they are developed, thereby influencing
different SDGs [14,40]. Overall, only considering a direct tangible
impact, SDG 3 (Good Health and Well-being) is the most significantly
impacted (114 cases, 23 %), followed by SDG 11 (Sustainable Cities and
Communities) (91 cases, 18 %) and SDG 2 (Zero Hunger) (74 cases, 15
%) (Fig. 5). Italy’s response to the COVID-19 pandemic has led to
numerous business cases directly impacting SDG 3, with 89 % of these

cases developed after 2020 in the "Health" thematic area. France’s
projects directly impact SDG 2 and 14, aligning with the country’s
environmental and marine protection policies. Germany has made
notable progress in promoting sustainable infrastructure and clean en-
ergy, making the greatest contributions to SDGs 7 and 11.

The selection of technology plays a pivotal role in shaping its influ-
ence on Sustainable Development Goals (SDGs). Earth Observation-
based applications have emerged as a significant contributor among
the various technological domains, with 257 cases demonstrating
impact on SDGs. These applications have had a particularly notable

Wholesale & Retail
1%

Agriculture, Forestry &
Fishing
23%

Transport & Logistics
14%

Energy & Utilities
o

1%

Fig. 2. Distribution of projects in the thematic areas.
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Table 1
Mostly impacted SDGs by commercial satellite-based applications.

Overall
603 commercial satellite-based applications

SDG # of projects % projects

SDG3 136 22 %

SDG11 105 17 %

SDG2 78 12 %
Table 2

Mostly impacted SDGs by Earth Observation commercial satellite-based
applications.

Earth Observation
257 commercial satellite-based applications

SDG # of projects % projects

SDG2 58 23 %

SDG15 38 15 %

SDG11 34 13 %
Table 3

Mostly impacted SDGs by Satellite Navigation commercial satellite-based
applications.

Satellite Navigation
230 commercial satellite-based applications

SDG # of projects % projects

SDG3 68 30 %

SDG11 52 23 %

SDG6 22 10 %
Table 4

Mostly impacted SDGs by Satellite Communication commercial satellite-based
applications.

Satellite Communication
116 commercial satellite-based applications

SDG # of projects % projects
SDG3 33 28 %
SDG11 16 14 %
SDG4 15 13 %
114
91 92
73 79 74

60
37 g
I23
BELO

)
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influence on SDG 2, with 58 cases (constituting 23 % of the total) pri-
marily targeting this goal. Additionally, SDG 15 and SDG 11 have been
positively affected by Earth Observation-based applications, with 38
cases (accounting for 15 %) and 34 cases (comprising 13 %),
respectively.

On the other hand, satellite navigation-based applications have
garnered substantial attention, boasting 230 cases in total. They have
been particularly instrumental in advancing SDG 3, with 68 cases
(constituting 30 % of the total) focusing on this critical health-related
goal. Furthermore, SDG 11 and 6 have also benefited significantly,
with 52 cases (23 %) and 22 cases (10 %), respectively, showcasing the
potential of Satellite Navigation-based technologies in addressing urban
and water-related challenges.

Satellite communication-based applications, although fewer in
number compared to the previous two categories, still wield a note-
worthy impact, comprising 116 cases. These applications have pre-
dominantly contributed to SDG 3, with 33 cases (constituting 28 %)
aiming to enhance healthcare and well-being. SDG 11 and SDG 4 have
also seen substantial progress due to satellite communication technol-
ogies, with 16 cases (14 %) and 15 cases (13 %) addressing urban
development and quality education, respectively.

The end-users of these projects also play a role in shaping their
impact on SDGs. B2B end-users, such as farmers, NGOs, and insurance
companies, are the most prevalent, while B2G end-users primarily
consist of governmental and environmental organisations, as well as
municipalities benefiting from public services and resource manage-
ment. Projects targeting B2C end-users, such as patients, students, and
seniors, positively impact education and healthcare-related SDGs.
However, most cases involving B2B end-users do not significantly affect
SDGs, indicating that specific user categories prioritise economic growth
and profitability over social and environmental sustainability.

As shown in Fig. 6, of the whole set of projects inside the Business
Application, 32 % of them successfully contribute to at least one grand
challenge. Projects employing earth observation technology signifi-
cantly impact challenges of Climate Change (30 %), Biodiversity Loss
(21 %) and Net Zero & Carbon Neutrality (19 %).

The ability to obtain spatial data on air quality, greenhouse gas
emissions, solar irradiation prediction, and habitat health monitoring
plays a vital role in addressing these challenges [41]. Satellite naviga-
tion applications also significantly impact the protection of older pop-
ulations (41 %) and biodiversity preservation (18 %). The ability to
remotely monitor individuals’ health status through these technologies
[42], along with geolocation capabilities for tracking animals,

[l Direct Impact Indirect Impact
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Fig. 5. Top 10 SDGs mostly impacted within the ESA Business Application Database.
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Fig. 6. Grand challenges tackled by ESA Business Application projects.

contributes positively to these challenges [43]. Satellite communica-
tions are crucial in addressing humanitarian and social disparity chal-
lenges (48 %). By offering stable and high-speed connectivity in remote
regions or areas with limited telecommunications infrastructure, satel-
lite communications enable marginalised populations to access the full
range of services available on the Internet and educational content [15,
44]. This capability bridges the digital divide, ensuring that even the
most underserved communities have equal opportunities to benefit from
online resources [45]. Satellite communications catalyse social inclu-
sion, empowering individuals and communities to overcome barriers
and participate in the digital world, regardless of their geographic
location or socioeconomic status [37].

We argue that readers must interpret the findings within the context
of this inherent temporal constraint 2014-2022. Indeed, in 2023 and
2024, several initiatives have been launched to foster the positive
impact of satellite-based applications on several SDGs that nowadays
result in less impact (e.g., SDG5 and SDG16). For example, the ESA BASS
call for “commercial applications of space robotics” [46] may favour the
development of new technology impacting SDG5, providing new tech-
nologies and solutions in health and safety to achieve gender equality.
Future research should explore these relevant and urgent SDGs, further
investigating the impact of satellite-based applications.

We acknowledge that satellite-based applications may have negative
impacts on SDGs [1]. For example, satellite-based applications may
exacerbate existing inequalities and contribute to the widening of the
digital divide between countries, especially emerging countries that lack
the resources and infrastructure to exploit these applications and depend
on developed countries to leverage these assets, or lack the resources to
foster their industrial development, progressing, therefore, at a slower
pace than developed countries (having therefore a negative impact on
SDG10) [47]. This disparity in access to satellite-based services and
technologies can further perpetuate socio-economic disparities and
indirectly hinder progress towards poverty eradication (SDG 1), as
marginalised communities are left behind in the digital age [48].
Additionally, the deployment and operation of satellite systems can
inadvertently contribute to environmental degradation, including land,
atmospheric, and outer space pollution (SDGs 14, 15). The disposal of
space debris poses risks to both terrestrial and extraterrestrial
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ecosystems, potentially undermining efforts to conserve and sustainably
manage terrestrial and marine environments. Moreover, satellite-based
applications may drive the consumption of critical materials (SDG 12),
such as rare earth elements and precious metals, leading to resource
depletion and environmental degradation [49]. By acknowledging these
potential negative impacts, we aim to provide a more comprehensive
perspective on the broader implications of satellite-based applications. It
is imperative that future research delves deeper into these complex is-
sues to understand better the trade-offs associated with the exploitation
of satellite-based applications, thereby informing more sustainable and
equitable approaches to their implementation.

SDGs are often used as a global development goal-setting instrument
for both policy and research impact assessment [5]. Our data show that
satellite-based applications developed by the ESA BASS have an impact
in other regions. For example, satellite-based solutions for agriculture
monitoring have a positive impact on reducing food scarcity in emerging
countries. It is, therefore, fundamental to acknowledge the relevance of
fostering global policy synergies that favour the cross-regional adoption
of satellite-based applications and incentivise companies in developed
countries to develop products and services for emerging countries [7],
aware of the possible limitations (e.g., digital divide) explained above.

By systematically analysing 603 commercial satellite-based appli-
cations, we provide policymakers with empirical evidence of the direct
and indirect impacts of satellite-based applications on SDGs at the Eu-
ropean level. This insight enables policymakers to make informed de-
cisions regarding resource allocation, investment prioritisation, and
policy formulation to maximise the positive impact of satellite-based
applications on sustainable development objectives [50]. The identifi-
cation of the most impacted SDGs and application domains provides
policymakers with targeted information to tailor policies and initiatives
that align with specific regional and industrial development priorities.
For example, we show that SDG3 is significantly impacted by
satellite-based solutions, which are developed by European prime con-
tractors but developed in other regions, and underscores the importance
of designing policy enabling cross-industry fertilisation. Future research
may adopt the same methodology in other geographical regions,
leveraging the SDGs standards to explore possible complementarities to
assess the impact of commercial satellite-based projects within their
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jurisdictions, thereby facilitating evidence-based decision-making and
policy development at the local level and fostering a global harmo-
nisation of the regulation regarding the adoption of satellite-based so-
lutions for sustainability.

5. Conclusions

The Business Application Programme initiative positively develops
satellite-based projects to impact SDGs and grand challenges. The
findings indicate a consistent increase in project subscriptions, with
occasional historical fluctuations. This growth can be attributed to ESA’s
support for downstream sector business ideas and advancements in
satellite technologies, particularly in earth observation and satellite
navigation, enabling their application beyond the traditional space
sector. Adopting the Copernicus earth observation program’s Free, Full,
and Open data policy has further improved data accessibility. Satellite
navigation systems have become ubiquitous, primarily benefiting in-
dustries such as transportation, logistics, and healthcare, where real-
time geolocation and positioning are crucial.

SDGs 3, 11, 12, and 15 emerge as the most frequently impacted
Sustainable Development Goals. Businesses tend to invest in these SDGs
because they align with commercial interests and revenue generation
opportunities. However, other SDGs, particularly those related to
human development and good governance, are currently underrepre-
sented in the initiatives.

The analysis reveals that 30 % of initiatives impact at least one Grand
Challenge, with climate change, biodiversity loss, and achieving Net
Zero and Carbon Neutrality being the most affected areas. These pro-
grammes are primarily focused in Europe, so environmental issues are
often prioritised due to their urgency on the continent. Various factors
embedded within projects demonstrate positive and negative influences
on attaining Grand Challenges.

In summary, this study has emphasised the effectiveness of the
Business Application Programme in promoting the commercialisation of
services offered by space assets. It sheds light on important technological
and business trends that have shaped the space industry’s past, present,
and future. Furthermore, it demonstrates how the services enrolled in
the programme can significantly contribute to the achievement of
"Grand Challenges." In conclusion, it demonstrates and strengthens the

Appendix

Table A
UN Sustainable Development Goals (SDGs) - https://sdgs.un.org/goals
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space sector’s role as a major driver of sustainable development. Re-
searchers and practitioners may adopt the methodology in other con-
texts, overcoming the geographical and data accessibility limitations of
our research.
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SDG #  SDG Title SDG short description

SDG1 No Poverty End poverty in all its forms.

SDG2 Zero Hunger End hunger, achieve food security and improved nutrition and promote sustainable agriculture.

SDG3 Good Health and Well-being Ensure healthy lives and promote well-being for all at all ages

SDG4 Quality Education Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all.

SDG5 Gender Equality Achieve gender equality and empower all women and girls

SDG6 Clean Water and Sanitation Ensure availability and sustainable management of water and sanitation for all.

SDG7 Affordable and Clean Energy Ensure access to affordable, reliable, sustainable and modern energy for all.

SDG8 Decent Work and Economic Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all.
Growth

SDG9 Industry, Innovation, and Build resilient infrastructure, promote inclusive and sustainable industrialisation and foster innovation.
Infrastructure

SDG10  Reduced Inequalities Reduce inequality within and among countries.

SDG11 Sustainable Cities and Make cities and human settlements inclusive, safe, resilient and sustainable.
Communities

SDG12  Responsible Consumption and Ensure sustainable consumption and production patterns.
Production

SDG13  Climate Action Take urgent action to combat climate change and its impacts.

SDG14  Life Below Water Conserve and sustainably use the oceans, seas and marine resources for sustainable development.

(continued on next page)
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SDG # SDG Title SDG short description
SDG15  Life on Land Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and
reverse land degradation and biodiversity loss.
SDG16  Peace, Justice and Strong Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, accountable
Institutions and inclusive institutions at all levels.
SDG17  Partnerships for the Goals Strengthen the means of implementation and revitalise the Global Partnership for Sustainable Development.
Table B

Data structure

Attribute Value Format Example

ID 001-603 Number “152”

Link Webpage link Text “https:// ...”

Project name “Project name” Text Confidential

Start date “month/year” Date “Mar-15"

End date “month/year” Date “Apr-16”

Activity Kick-start, Feasibility, Demonstration Category — “Demonstration”
Single choice

Thematic call Yes, No Boolean “No”

Status Completed, Ongoing Boolean “Completed”

Thematic Area Environment, Wildlife and Natural Resources; Safety & Security; Category — “Food & Agriculture”

The objective of the satellite
business application
System architecture

Space added value

Satellite-business
application features
Value proposition

Prime contractor

Prime contractor nationality
Sponsor(s)

Partner(s)

Client(s)

Client(s)needs

Client(s) nationality/region
Client sector

Client type
Satellite infrastructure

Satellite used
Satellite sensor used

Complementary data source

Complementary technology

SDG directly Impacted

SDG Target directly
impacted

SDG indirectly impacted

SDG Target indirectly

impacted
Grand challenge impacted

Additional notes

Infrastructure & Smart Cities; Transport & Logistics; Food & Agriculture;
Maritime and Aquatic; Energy; Health; Finance, Investment & Insurance;
Aviation; Tourism; Education & Training; Media, Culture and Sport; Water;
Forestry

“Description from the webpage”

"Description from the webpage"

"Description from the webpage"

"Description from the webpage"
"Description from the webpage"

"Name from the webpage"

"Country”

"Name from the webpage"

"Name from the webpage"

"Name from the webpage"

“Description from the webpage”

"Name of the country"

Environment, Wildlife and Natural Resources; Safety & Security;
Infrastructure & Smart Cities; Transport & Logistics; Food & Agriculture;
Maritime and Aquatic; Energy; Health; Finance, Investment & Insurance;
Aviation; Tourism; Education & Training; Media, Culture and Sport; Water;
Forestry

B2B, B2C, B2G

EO, Satcom, satnav

"Name of the satellite"
Optical, SAR, Multispectral, Lidar

Drones, in-situ sensors, Aerial imageries, client data

Machine learning, cloud computing, cloud storage, artificial intelligence,
5G

SDG1-SDG17

Targetl-Target 169

SDG1-SDG17

Targetl-Target 16

Climate change, Biodiversity loss, Income inequality, Housing shortages,
Social mobility loss, Polarised politics, Emerging countries’ exponential
population growth, Developed countries’ population ageing, Water

scarcity, Zero hunger, Net zero and carbon neutral
"Notes from researchers"

Multiple choice

Text

Text

Text

Text
Text

Text

Text

Text

Text

Text

Text

Text

Category —
Multiple choice

Category —
Multiple choice
Category —
Multiple choice
Text

Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice
Category —
Multiple choice

Text

“The project aims to reduce water consumption by
leveraging the Earth Observation satellite.”

"The application consists of a web app that farmers
can use to monitor the water consumption in their
fields."

"The application leverages the unique EO satellite
sensors to monitor water consumption in the
fields.”

“Satellite data integration”, “cloud storage”,
“cloud computing”, “web app platform”

"Offering farmers a reliable and user-friendly
service to reduce water consumption.”

"Company XXX "

"France"

"Company YYY"

"Company ZZZ"

"Farmer AAA", "Farmer BBB"

“Farmers seeking to reduce water consumption”
"Uganda"

"Agriculture"

"B2C’
"EQ"

"Copernicus Sentinel 2"
"Multispectral"

"Drones"

"Cloud computing"

“SDG6”
“Target 6.4”
“SDG2”, “SDG6”

“Target 2.1, “Target 6.1”;

"Water scarcity"

"Comment"
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Table C
Experts profiles
Senior Expert Role Organisation Expertise Years of experience Interview Duration
Interviewee #1 Senior Officer Space Agency Managing and supporting commercial satellite-based application projects 25 1.05h
Interviewee #2 CEO Private company Managing several satellite-based application projects 21 1.02h
Interviewee #3 CTIO Private company Managing several satellite-based application projects 19 1.00 h
Interviewee #4 Officer Space Agency Managing and supporting commercial satellite-based projects 13 1.04h
Interviewee #5 Professor University Assessing direct and indirect impact on SDGs of emerging technologies 23 1.06 h
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