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A B S T R A C T   

The global community, with coordination from the United Nations, is energized to pursue the Sustainable 
Development Goals (SDGs), a list of 17 important aspirations that summarize the key challenges of our era. The 
SDGs apply to every nation and represent an international effort to eliminate extreme poverty, ensure access to 
safe drinking water, strengthen food security, and produce clean and reliable energy, among other pursuits. 
Space technology is already being used around the world to advance progress toward the SDGs and monitor their 
related Indicators. This paper explores how six technologies related to space—satellite Earth observation, sat
ellite communication, satellite navigation and positioning, human spaceflight and microgravity research, space 
technology transfer, and basic scientific research—are being used to realize the vision that the SDGs represent. 
The paper also discusses the obstacles that limit the application of these technologies for the SDGs and provides 
an overview of potential paths to overcome these barriers. The paper finally studies the historical and potential 
roles that four distinct types of entities involved in global sustainable development—governments, non- and 
inter-governmental organizations, entrepreneurial companies, and universities— have played or may play in the 
application of space technologies towards the SDGs.   

1. Introduction 

Technology associated with human endeavors in outer space has the 
potential to support sustainable development on Earth. However, the 
realization of this potential depends upon international efforts to design 
space systems with sustainability in mind. One way to concretely define 
the areas in which space technology brings this benefit is to harness the 
concepts contained within the 2030 Agenda for Sustainable Develop
ment, facilitated by the United Nations [1]. This agenda delineates 17 
Sustainable Development Goals (SDGs) that summarize the key aspira
tions of our generation, such as ending extreme poverty, ensuring 
everyone has access to food, clean water and health care, creating sus
tainable energy systems and cities, and maintaining a healthy balance 
with life on land and in the ocean [2]. Every member country of the 
United Nations has agreed to pursue the SDGs as part of their national 
development strategy. In this sense, the SDGs represent an international 
commitment to a sustainable future for life and civilization on Earth. 

This paper is interested in how technologies derived from space 
exploration and research can and already do support the global effort to 
meet the SDGs, whether by delivering technical solutions to social and 

environmental challenges or by helping countries monitor their progress 
toward the various SDG Targets. In particular, this paper identifies six 
such technologies– satellite Earth observation, satellite communication, 
satellite navigation and positioning, human spaceflight and micro
gravity research, space spinoffs/technology transfer, and the infra
structure/inspiration arising from basic scientific research—and 
provides insights on how each of these technologies is already being 
used to support one or more SDG. In addition, the paper reviews barriers 
that make it difficult for some actors and communities to mobilize these 
space technologies for sustainable development, and surveys potential 
designs for overcoming these challenges. 

A variety of actors shape the dynamic ecosystem of space policy and 
resources, including its relationship with the SDGs. National govern
ments, non- and inter-governmental organizations, private firms, and 
universities are each involved in the space sector in distinct, formative 
ways and continue to direct the future of the development landscape. 
Recognizing this, the paper’s final section will discuss the role each type 
of institution might play in the future application of space technologies 
for sustainable development, note the challenges they face, and review 
the technical and political progress each is making towards cultivating a 
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more transformative space technology ecosystem. 

1.1. The 2030 Agenda for Sustainable Development 

As the effects of climate change and other environmental crises have 
continued to grow in visibility and exigency, the international commu
nity has produced three agreements that outline the changes it seeks to 
make to global economic, social, and environmental practices by 2030. 
These agreements are the 2030 Agenda for Sustainable Development, 
the Sendai Framework for Disaster Risk Reduction [3] and the Paris 
Agreement on Climate Change [4]. This paper focuses on the 2030 
Agenda for Sustainable Development, while noting that all three inter
national agreements work together to define objectives for the future. 

The 2030 Agenda for Sustainable Development is composed of 17 
distinct Sustainable Development Goals (SDGs). The SDGs, also known 
as the Global Goals for Sustainable Development, address a wide array of 
topics regarding the environment, access to food, water and sanitation, 
gender equality, economic opportunity, government service, infra
structure and urban sustainability. They are further subdivided into 169 
Targets, which are measured through numerous quantitative Indicators 
(which in turn are monitored by national statistics agencies in each 
country) [5]. These Targets and their Indicators facilitate technical and 
policy integration across numerous sectors, and therefore ensure the 
interconnectedness of the goals themselves. The SDGs cover every 
aspect of human life; thus, individuals and organizations can consider 
how their work and passions could contribute to some aspect of the 
goals. They were designed to be concise, easy to communicate, 
action-oriented and global in nature. Deemed as a ‘universal call to ac
tion’, every member country of the United Nations has agreed to pursue 
the SDGs as part of their national development strategy. 

In many ways, the SDGs build upon the Millennium Development 
Goals (MDGs), which set ambitious Targets for developing countries 
between 2000 and 2015 [6]. While some criticized the MDGs as being 
too unrealistic or idealistic, it is now possible to show that their lofty 
ambitions have had an impact. The first MDG was to reduce global 
poverty by half between 2000 and 2015; this goal was met [7]. Thus, 
although not all of the MDGs were achieved, their overall positive effect 
evinces that setting ambitious targets for global progress encourages 
people from all sectors to collaborate toward development. However, 
there are key differences between the SDGs and the MDGs. First, while 
the MDGs set Targets for so-called “developing” countries (largely from 
the Global South), the SDGs apply to all countries. This shift eliminates 
the at-times pejorative distinction between “less developed” and “more 
developed” countries and reframes development as a shared global re
sponsibility in which all countries have areas in which they need to 
improve. Further, it should be noted that the SDGs themselves were 
conceived and articulated through an inclusive process. The United 
Nations led a global dialogue prior to 2015 to define the SDGs, their 
Targets, and the quantitative Indicators that measure progress. This 
dialogue solicited input from many segments of society, including (but 
not limited to) governments, farmers, youth, and Indigenous peoples 
[8]. In this way, the SDGs represent a ground-up reimagining of global 
development along the lines of sustainability, democracy, and equity. 

This paper explores how technologies used in or relating to space can 
play a role in the global pursuit of the SDGs, such as by improving the 
systems that help policymakers make important decisions, by enabling 
measurement of national progress on the 169 Targets, and much more. 
The next section will discuss salient examples of and general outlooks for 
six areas of space activity—satellite Earth observation, satellite 
communication, satellite navigation and positioning, human spaceflight 
and microgravity research, space technology transfer, and basic scien
tific research— as they relate to the SDGs. 

2. Six space technologies that support the sustainable 
development goals 

As noted in the introduction, six technologies from the space sector 
are already being used to support the monitoring of and progress toward 
the SDGs. These technologies include satellite Earth observation, satel
lite communication, satellite navigation and positioning, human 
spaceflight and microgravity research, technology transfer, and infra
structure arising from basic scientific research. The following section 
briefly discusses each area of space technology and highlights current 
examples of how these technologies are used in support of the SDGs. In 
order to provide an overview of diverse national space activity, exam
ples are drawn from both established and emerging space nations based 
on the authors’ previous work in space technology, policy analysis, and 
social science research [9–12]. The examples chosen showcase the 
relevance of space technologies to developmental needs, and in some 
cases illuminate the barriers that limit the application of satellite tech
nology for the SDGs. 

2.1. Satellite Earth Observation 

Information derived from satellite Earth observation systems has 
high relevance to both the monitoring and achievement of the SDGs, as 
data gleaned from direct images of the Earth, measurements of envi
ronmental variables, and the outputs of Earth science models that have 
assimilated observations from space-based platforms are used around 
the world by remote sensing agencies, companies and non-profit orga
nizations to inform environmental decision-making. Some of the first 
American satellites from the early space era signaled the utility of space 
technologies for Earth observation and remote sensing [13]. Following 
the launch of Sputnik-1 in 1957, for example, Vanguard-1 (1958) fur
nished the first density measurements of the upper atmosphere. 
Vanguard-2 (1959) was designed specifically to gather data on cloud 
cover, and was succeeded by TIROS-1 (1960), which created the first 
television footage of weather patterns. Since 1972, the "Landsat” series 
of satellites (built by the U.S. National Aeronautics and Space Admin
istration (NASA) and operated by the United States Geological Survey or 
USGS) has collected continuous satellite imagery of the Earth’s surface 
[14]. Modern Earth observation and remote sensing build upon the 
legacy that these early satellites established using new capabilities and 
points of emphasis. There is increasing participation by commercial 
companies in the operation and application of satellite Earth observa
tion systems. These companies produce both visual imagery using op
tical sensors as well as providing additional types of sensing such as 
estimates of greenhouse gases via infrared observation. 

A variety of public and private entities use or provide services related 
to satellite Earth observation. Space agencies such as NASA, the Euro
pean Space Agency (ESA), the Japanese Aerospace Exploration Agency 
(JAXA), and the Indian Space Research Organisation (ISRO), among 
others, participate in research and application projects to apply satellite 
Earth observation for sustainable development. Several United Nations 
agencies provide support to help national governments apply satellite 
Earth observation inputs as part of the monitoring and management of 
the SDGs [15]. Satellite Earth observation also offers many opportu
nities to update national statistical systems, playing a role in relation to 
most of the SDGs and around a quarter of the Targets [16], as analyzed 
by the United Nations Committee of Experts on Global Geospatial In
formation Management (UN-GGIM) and the Committee on Earth 
Observation Satellites. In addition, recent years have seen an increase in 
the number of commercial Earth observation companies– such as Maxar 
Technologies, Skywatch, Blue Sky Analytics, and Satelligence—that 
work across the fields of data acquisition/creation, dissemination, ana
lytics, and intelligence [17]. Through the efforts of this diverse 
ecosystem, the applications of satellite Earth observation for sustainable 
development have become robust and variegated. Several salient ex
amples are provided below. 
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SDG 2 (“No Hunger”), for example, seeks to ensure that everyone on 
Earth has access to safe, nutritious food. This goal is linked to the health 
and stability of global agricultural systems, as well as the planetary 
weather patterns that influence them. Satellite Earth observation tech
nologies can provide data critical to evaluating the food security and 
crop health of regions around the world to identify locations that are at 
risk of drought or famine. Scientists may, for example, use satellite data 
to measure ocean temperatures and climate variations caused by El Niño 
and La Niña, which influence rainfall patterns in nearby continents [18, 
19]. These measurements are assimilated into global physics models that 
create a complete picture of the estimated ocean temperature, which is 
then used to make inferences about the movement of currents [20]. 
Global models like this are an input into atmospheric models that 
forecast rainfall (which can also be improved using historical rainfall 
measurements from satellites). Aside from oceanic and atmospheric 
patterns, scientists can also use satellites to estimate whether 
food-growing regions have adequate soil moisture to support crops using 
land data assimilation models [21]. For a given crop, scientists have 
historical data about how much moisture is needed at specific times of 
the growing season and how much photosynthetic activity is expected to 
indicate a healthy crop. Scientists can estimate photosynthesis by 
measuring evapotranspiration and the level of chlorophyll in plants 
using satellite observations. Thus, satellite Earth observation may pro
mote food security at every stage of the environmental food production 
process, from keeping tabs on ocean temperatures and rainfall to esti
mating soil moisture and crop health. 

Several international organizations are working to ensure that sat
ellite Earth observation data is applied in support of SDG 2. For example, 
multiple international groups that have already created operational 
routines to consult satellite-based measurements and predict locations in 
the world that may face food insecurity based on satellite- and ground- 
based measurements. The United States Agency for International 
Development, along with NASA and the United States Geological Sur
vey, operates the Famine Early Warning Systems Network (FEWS.net) to 
identify African countries that may be at risk for famine or drought [22]. 
In related work, NASA’s Harvest initiative [23] convenes multisectoral 
entities from diverse nations and promotes their adoption of satellite 
Earth observation data to improve results in agricultural land use, 
agricultural sustainability, and agricultural productivity. Research fun
ded by the Harvest consortium addresses global [24], regional [25], and 
national [26] issues related to agriculture and food security. 

In addition to examining the use of satellite-related technology to 
support global agriculture, consider the space to support sustainable 
fishing and aquaculture. Multiple authors have highlighted that nutri
tion from fishing and aquaculture is already key to meeting human 
needs and that the role of these sources of food will increase in the future 
[27–29]. Some authors specifically highlight the importance of fishing 
and aquaculture for providing food for low-income groups and nations 
[30,31]. Other authors highlight the unique needs of Small Island 
Developing States with regard to food security as climate change ad
vances and fisheries are strained [32]. The Sustainable Development 
Goals calls for both harnessing and managing fisheries and aquaculture 
under SDG14. Target 14.4 reads “By 2020, effectively regulate har
vesting and end overfishing, illegal, unreported and unregulated fishing 
and destructive fishing practices and implement science-based man
agement plans, in order to restore fish stocks in the shortest time 
feasible, at least to levels that can produce maximum sustainable yield as 
determined by their biological characteristics” [33]. The need to avoid 
over exploiting fishing stock is balanced with the need to ensure that 
fishing and aquaculture play a role to address food security. Specifically 
Target 14.7 reads, “By 2030, increase the economic benefits to Small 
Island developing States and least developed countries from the sus
tainable use of marine resources, including through sustainable man
agement of fisheries, aquaculture and tourism.” Finally, Target 14. b 
calls for “[providing] access for small-scale artisanal fishers to marine 
resources and markets.” Satellite Earth Observation has been used to 

support the integrated goal of accessing the benefits of fisheries and 
aquaculture to support nutrition while consider sustainable manage
ment approaches. Looking historically, the potential to use satellite data 
to identify “Potential Fishing Zones” where fish would be likely to 
congregate envisioned early in the satellite era [34]. India was an early 
leader in operationalizing methods to use satellite-based Sea Surface 
Temperature and Ocean Color Measurements to provide fishers with 
maps of Potential Fishing Zones [35]. Reports show methods used by the 
Government of India to validate satellite-based Potential Fishing Zone 
maps using in-situ data collection. The methods to estimate Potential 
Fishing Zones have continued to mature, have incorporated advanced 
technology such as machine learning, and have been deployed in mul
tiple regions [36–39]. More recent authors emphasize the need to use 
the satellite based information to support sustainable management of 
fisheries [40]. In parallel, aquaculture is the practice of farming fish and 
also needs to be carefully management and monitored to balance the 
benefits with environmental impacts. The United Nations Food and 
Agriculture Organization published a guide to apply satellite data and 
Geographic Information Systems to support fishes and aquaculture [41]. 
Authors continue to develop applications showing mapping of aqua
culture locations, measurement of parameters to inform fish health, and 
monitoring for potential environmental concerns such as algal blooms 
caused by the nutrient rich farms [42,43]. Innovation in the use of sat
ellite Earth Observation for SDG14 is active and continues to expand. 
Ongoing work is improving methods to monitor illegal fishing through a 
combination of remote sensed parameters such as ocean color, high 
resolution imagery of boats and the data from the Automated Ship 
Identification System [44,45]. More work is needed to ensure that 
low-income coastal nations and Small Island Developing States can 
harness these emerging technologies to manage their own fragile 
fisheries. 

In another vein, the Group on Earth Observations (GEO)—a multi
lateral association of national governments and non-governmental or
ganizations– focuses on increasing free access to and use of 
environmental monitoring data (including that from satellites) for the 
benefit of agriculture, biodiversity, forest management, mercury moni
toring and other societal needs [46,47]. The GEO maintains the Earth 
Observations for the Sustainable Development Goals (EO4SDG) website 
and project database [48]; GEO also hosts the Crop Monitor, which 
provides regular reports on food security based on satellite data focused 
on the primary international staple foods, such as wheat, maize, rice, 
and soy [49]. Similarly, its Global Agricultural Monitoring (GEOGLAM) 
Initiative—the result of a 2011 G20 mandate to coordinate 
satellite-based monitoring of global croplands— aims to strengthen 
global agricultural monitoring by improving the use of remote sensing 
tools for crop production projections and weather forecasting. By 
providing coordinated Earth observations from satellites and integrating 
them with ground-based and other in-situ measurements, the initiative 
will contribute to generating reliable, accurate, timely, and sustained 
crop monitoring information and yield forecasts [50–52]. 

Earth observation satellites also possess a unique ability to monitor 
and produce data on global land cover. They can be used along with 
ground and air-based observation to identify deforestation and show the 
benefits of regulations or community policies to protect inland and 
coastal forests; they may thus support SDG 15 (“Life on Land”) [53]. We 
see an example of this support in recent research on mangrove forests. 
Mangroves play a vital role in their home ecosystems; their many pos
itive impacts include erosion and flood control, fisheries support, carbon 
sequestration, biodiversity conservation, and nutrient cycling. Further
more, because mangrove forests exist in densely-populated tropical re
gions, many coastal communities depend on them for food, forest 
products, and tourism revenue, as well as for natural defense against 
storm surges and coastal erosion. Given the various benefits mangrove 
forests provide, Global Land Survey (GLS) data and the Landsat archive 
is being used to improve the scientific understanding of the extent and 
distribution of mangrove forests of the world [54,55]. Recently, research 
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was conducted using a novel map-to-image change method to detect 
annual and decadal changes of mangrove forests to an accuracy of over 
90% [56]. The research concluded that the changes in mangrove extent 
were the consequence of natural and anthropogenic drivers, resulting in 
net increases or decreases in extent dependent upon the study site. Some 
teams use satellite Earth observation, in conjunction with ground- and 
air-based observation, provides consistent monitoring of mangrove 
baselines on at least a 5-year interval or more frequently to suit the re
quirements of policymakers. In a similar vein, Global Forest Watch 
(GFW)– established by the World Resources Institute (WRI) as an 
initiative of the Forest Frontiers Initiative– develops data on global tree 
cover change based on Landsat satellite imagery. GFW cultivates 
transparency and supports sustainable forest conservation and man
agement by publishing its data freely online [57]. 

Satellite Earth observation data and models also allow for the mea
surement of air quality, such that air quality standards, policy, and 
regulations can be implemented [58,59]. NASA’s Health and Air Quality 
Applied Science Team (HAQAST) projects, for example, use satellite 
data to identify and respond to air quality challenges around the world 
in support of SDG 3 (“Good Health and Well-Being”) [60]. They 
routinely produce in-depth studies of issues related to air quality and 
pollution [61], and their Rapid Response teams in particular deploy 
expertise to solve urgent local and/or regional problems in one year or 
less [62]. Indeed, satellite Earth observation measurements and Earth 
science model outputs are used around the world by remote sensing 
agencies, companies and non-profit organizations to inform environ
mental decision making. 

While much progress has been made to apply satellite Earth obser
vation measurements and model output to the SDGs, barriers remain 
that create a challenge for novices to use this technology and the data it 
produces. Firstly, when organizations such as NASA and ESA provide 
large amounts of satellite Earth observation data freely on their web
sites, there is often such a large amount of data available that those who 
are new to data applications often struggle to decide what data they 
need and where to find it. Secondly, application of satellite data to build 
decision support maps require specialized knowledge of the specific 
category of data. Such situations demonstrate that it is not enough to 
simply provide access to data; more must be done to facilitate its 
effective use by those who would stand to benefit from it. 

There are, too, ongoing international debates about the ethics and 
policies related to the cost of data, which Mariel Borowitz explores in her 
book Open Space [63]. When satellite Earth observation data is first 
downloaded from a satellite, several software processes are required to 
convert the raw data into useful information. As an illustration, NASA 
provides a standard set of Earth observation data analysis levels [64]. 
Some advocates of open data sharing argue that satellite Earth obser
vation data that is unprocessed or still at a lower level of processing 
should be freely shared for further use and analysis by government, 
non-profit and academic users. Some argue that government-owned 
satellite systems should share data freely while commercially-owned 
satellite operators may charge in order to recover their costs. A third 
argument is that the fees should depend on the type of user. Under such a 
model, government or academic users conducting research for the public 
good would receive free data, while commercial users would pay fees. It 
is indeed that commercial entities who operate satellites as a business 
model need to identify customers and seek to earn back their investment 
and seek profit. Several examples show a compromise between the 
commercially sold and publicly shared models of data access. Govern
ment agencies in the United States sometimes buy data from commercial 
Earth Observation satellite operators and provide the data freely to 
government employees and government funded researchers [65]. In 
other cases, commercial satellite operators allow the public to access a 
subset of their data to increase familiarity with the data and its capa
bilities [66]. There is no universal consensus on what payment structure 
is equitable or appropriate, and all of these examples of data sharing and 
costing policies are used within the global marketplace of satellite Earth 

observation data. However, there is more general agreement that it is 
appropriate to charge for value-added services that start with 
satellite-based Earth observation as an input and create a software-based 
tool combining several types of data and algorithms to produce a report 
or recommendation. 

In sum, Earth observation has historically been and continues to be 
one of the primary areas in which space technology supports humanity’s 
pursuit of the SDGs. The data and knowledge created by Earth obser
vation satellites and their supporting infrastructure makes it possible to 
maintain detailed measurements of the SDG Targets and make progress 
toward achieving multiple Global Goals. 

2.2. Satellite communication 

As the internet has become a core utility for global social and eco
nomic life, communications infrastructure has become increasingly 
important to economic and social development. Access to the internet 
and other forms of broadcast media may support progress toward a 
number of SDGs, including SDG 9 (“Industry, Innovation and Infra
structure”) and, by promoting information sharing and mass commu
nication, SDG 4 (“Quality Education”). However, many peoples and 
parts of the world are yet to be fully integrated into the network of global 
communications, and thus cannot enjoy the developmental benefits that 
connectivity confers. In its Global Connectivity Report 2022, the Inter
national Telecommunication Union (ITU) noted that while rates of 
connectivity are improving around the world, 2.9 billion people still lack 
internet access, and many more have only slow-speed, unreliable con
nections. Furthermore, the unevenness of access tends to reflect the axes 
of social and economic inequality: those who cannot or do not use the 
internet tend to live in rural areas of lower-income countries; be women; 
be elderly; and have less education than those who do use the internet 
[67]. There is, in this sense, work to be done before contemporary 
communications can maximally contribute to the pursuit of the SDGs. 

Satellite communication systems may help to close the global 
internet coverage and usage gaps, and thus help a greater number of 
communities make progress toward the SDGs. They offer robust con
nectivity for broadcasting radio and television signals, establishing 
internet connections, or enabling phone or video-based calls. They are 
useful in rural or remote communities where traditional communication 
infrastructure is expensive to implement and may also be used in 
emergency contexts after disasters have destroyed local infrastructure. 
Cubic’s Ground Air Transmit Receive (GATR) satellite communication 
terminal, for example, consists of an inflatable antenna that can be easily 
transported in a carry-on suitcase while deflated but may be quickly 
deployed to provide critical connectivity. The GATR system was used in 
the Philippines during the recovery from Typhoon Haiyan in 2013 [68]. 
Satellite-based communications systems like the GATR technology may 
support recovery efforts around the world in the wake of future 
disasters. 

Arguably from its inception, satellite communications technology 
has maintained a commitment to extending access to new peoples, ge
ographies, and use cases. Although the British writer Arthur C. Clarke 
theorized global satellite communications in a 1945 article [69], the 
combined efforts of public and private entities—including NASA, RCA, 
AT&T, and the Hughes Aircraft Company—in the mid-20th century 
helped bring this technology to life [70]. Building upon their successes, 
Congress passed the Communications Satellite Act of 1962, which 
eventually led to the establishment of the International Telecommuni
cations Satellite Consortium (Intelsat) in 1964 [71]. With the launch of 
the Early Bird satellite in 1965, global satellite communications became 
a reality. The related Inmarsat emerged in England in 1979 to provide 
service to mobile (esp. maritime) systems. Both Intelsat and Inmarsat 
have historically operated their satellites in geosynchronous (GEO) or
bits, which enabled them to provide global coverage with fewer satel
lites. Both organizations were also ultimately made private 
companies—the latter in 1999, the former in 2001— and have been 
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managed by separate international organizations, each with more than 
100 member states [72,73]. As of the time of writing, a proposed merger 
between Inmarsat and commercial communication satellite operator 
ViaSat is under development. 

The contemporary satellite communication landscape reflects 
encouraging developments for improving global connectivity, but there 
remain questions about how public policy and business strategy will 
determine the extent of this improvement. There are, for example, 
divergent philosophies on how public policy should shape the satellite 
communication marketplace. Previous studies have explored the role of 
public policy in obstructing entrants into the satellite broadband market, 
as governments in developing countries have often sought to protect 
nationalized telecommunications providers from market competition, 
thus driving up costs for the end user [74–76]]. These studies have 
consistently highlighted the importance of liberalized trade, deregula
tion, streamlined licensing procedures and fees, and open competition to 
reduce end-user costs and quality of service. However, this perspective 
does not acknowledge that liberalization sometimes favors developed 
economies more than developing ones, and that in some cases, the 
governments of developing countries may elect to guard their local in
dustries and companies from an influx of multinational capital that 
tends to take ownership of those industries away from local populations 
[77]. In this sense, it is not yet clear what combination of policies and 
approaches will create the ideal conditions for the equitable, beneficial 
growth of the global satellite communications industry. 

On the technological side, the costs of producing, launching, and 
maintaining satellites for broadband service have historically prevented 
many countries from launching their own communication satellites. 
However, in each region, national governments and their private sector 
designates have prioritized the opportunity to create domestically 
operated satellites, both to provide services and to generate revenue 
[78]. In 2022, for example, Angola successfully launched ANGOSAT-2, 
which provides satellite-based communications to the entire African 
continent (though primarily to Southern Africa) [79]. Much like Angola, 
Thailand (Thaicom) [80], Egypt (NileSat) [81], and Malaysia (MEASAT) 
[82] also have national satellite operators. 

In addition, technological advances—coupled with an increased 
demand for high-speed, low-latency internet service worldwide—have 
spurred a resurgence in the commercial satellite broadband market. The 
technology for providing communications using satellite constellations 
in Low Earth Orbit was developed in the 1990s by Iridium, which began 
providing service in 1998. Although Iridium’s satellite phone offerings 
did not achieve mass adoption, the company continues to operate its 
constellations for clients that required service in remote operations such 
as the United States Department of Defense [83]. New players like 
OneWeb, ViaSat, and SpaceX (Starlink) have reentered a market that 
failed to get off the ground in the ‘90s [84,85]. The satellites designed 
and manufactured by these providers—which operate a large number of 
satellites within constellations in Low Earth Orbit and Medium Earth 
Orbit—are cheaper to produce and offer lower latency than the previous 
generation of communications satellites built by Iridium, Teledesic and 
Globalstar. As business analysts have suggested, however, the financial 
viability of large LEO constellations may require as much as a 75-percent 
reduction in production costs and may still present high hardware costs 
for consumers [86,87]. Furthermore, as more private operators launch 
their fleets, there are concerns that heavy traffic in LEO and MEO will 
increase the risk of space debris formation, and thus increase the like
lihood of destructive collisions like that of Iridium 33 and Kosmos 2251 
in 2009 [88]. 

Several business models have been proposed to solve the problems 
created by the manufacturing and operating costs of LEO constellation- 
based internet services, although they each have certain limitations. 
Consultants and analysts at McKinsey and Company have suggested that 
firms might opt to build a subscriber base and ecosystem control by 
offering service and ground-based hardware below cost before seeking 
to generate profits through advertising revenue and content creation 

[89]. Firms with significant cash reserves— like SpaceX and Amazon— 
may be able to prioritize market control over profit for some time, but it 
is unclear what will drive revenue generation. It has also been suggested 
that higher prices in developed countries could help subsidize the cost of 
service in the developing world [90]. Such a plan is limited by compe
tition from fiber optic and cable internet service in the developed world. 
With cheaper and more convenient solutions available to customers in 
much of the Global North, it is unclear that satellite broadband providers 
would be able to generate enough revenue from the developed world to 
effectively subsidize access in developing countries. Lastly, companies 
like Hughes/Express Wi-Fi have previously implemented 
community-based models that provide a single subscription that sup
ports hundreds of users in a given area with a public Wi-Fi access point 
[91]. This strategy dramatically improves the affordability of service but 
may not adequately meet demand in the long term, as individual users 
would be limited to very small data bundles (in the megabytes) to 
maintain usability and profitability even as development brings the need 
for greater data consumption. It may present the greatest value in the 
early days of infrastructure construction and development but will need 
to be replaced as developmental needs grow over time. 

Taken as a whole, developments in both publicly- and privately- 
managed satellite communication ventures offer encouragement that 
global rates of connectivity will continue to grow, although the business 
models that create sustainable supply and demand are still evolving. 

2.3. Satellite navigation and positioning 

Global Navigation Satellite Systems (GNSS) are operated by several 
national or multi-lateral space agencies to provide services in the areas 
of positioning, navigation and timing [92]. Current systems building 
upon several generations of positioning technology– including Transit, 
the world’s first satellite navigation system, which operated between 
1968 and 1996. The United States launched the first of 24 original sat
ellites for the “Navstar GPS” service in 1989 [93], and the system 
became fully operational in 1995 [94]. The United States continues to 
operate the Global Positioning System (GPS) and a supporting 
augmentation system called the Wide Area Augmentation System 
(WAAS) [95], while the European Union operates the Galileo system and 
a supporting augmentation system called the European Geostationary 
Navigation Overlay Service (EGNOS) [96]. Similarly, Russia’s global 
system is called GLONASS [97]; and China’s BeiDou/COMPASS sys
tem—now in its third generation—has been providing global service 
since June 2020 [98]. Japan and India, too, operate regional systems: 
Japan’s Quasi-Zenith Satellite System (QZSS) is a four-satellite 
constellation that offers an Asia-Oceania regional complement to 
American GPS infrastructure [99] with a focus on Japan. Meanwhile, 
India has been pushing smartphone manufacturers to ensure compati
bility with its Navigation with Indian Constellation (NavIC) service from 
2023 onwards [100]. All of these GNSS operators coordinate on topics 
related to interoperability via the International Committee on GNSS 
hosted by the United Nations Office of Outer Space Affairs (UNOOSA) 
[101,102]. 

GNSS services may support the SDGs in myriad ways. Christina 
Giannopapa identifies opportunities for further investment in the EU’s 
Galileo system and Global Monitoring for Environment and Security 
(GMES) program because of their potential to further numerous policy 
areas in the Europe 2020 development initiative [103]. In the area of 
transport policy, for example, Giannopapa highlights that GNSS service 
can alleviate traffic bottlenecks and ensure the smooth movement of 
people and goods, in support of SDG 9 (“Industry, Innovation, and 
Infrastructure”). Similarly, in the area of environmental action, Galileo’s 
infrastructure can help track the movements of endangered animals for 
the purposes of scientific study and wildlife preservation. In this area, 
some scientists have tracked endangered turtles by placing a system on 
their backs that receives GNSS signals, calculates the location and 
transmits the location data back to researchers using satellite-based 

D. Wood et al.                                                                                                                                                                                                                                   



Acta Astronautica 219 (2024) 678–692

683

communication systems [104]. This use of GNSS technology directly 
promotes SDGs 14 and 15 (“Life Below Water” and “Life on Land,” 
respectively). 

In the fight against vector-borne diseases, too, there are applications 
for GNSS services, which may work in conjunction with other satellite 
technologies to maximize the efficacy of response. Diseases such as 
malaria, chikungunya, dengue, and zika are spread by mosquitoes; sat
ellite navigation and positioning systems may work together with other 
satellite technologies to forecast exposure and transmission within re
gions. After satellite Earth observation data and images provide infor
mation about favorable conditions for mosquito activity and disease 
transmission (including human-human transmission), GNSS services can 
support response efforts by mapping the location of recent cases and 
routes to areas that can be treated to reduce vector activity. Organiza
tions in southern Africa are applying all of these techniques to reduce 
malaria transmission in support of SDG 3 (“Good Health and Well- 
Being”) [105]. Since 2009, for example, the Southern African Devel
opment Community’s Elimination Eight Initiative (E8) has facilitated 
collaboration and data-sharing across eight southern African countries 
working to reduce transmission and achieve subnational elimination of 
malaria [106], and as of 2021, several frontline countries—including 
Botswana, Eswatini, Namibia, and South Africa—are maintaining low 
caseloads of 0–29 incidences per 1000 people [107]. 

2.4. Human space flight and microgravity research 

Research and design pursued in the context of human space flight 
creates knowledge about the human body, plants, animals, and mate
rials in support of SDG 3 (“Good Health and Well-Being”) and SDG 9 
(“Innovation, Industry, and Infrastructure”). One aspect of human space 
flight that creates new knowledge is studying the changes caused by 
exposure to altered gravitation effects; thus the category of Microgravity 
Research bears consideration. Many techniques are used to create 
economical simulations of microgravity conditions within the Earth 
environment. Drop towers—such as NASA’s Glenn 2.2 Second Drop 
Tower in Ohio [108]— utilize free-fall physics to offer industrial, gov
ernment, and academic users accessible—if brief—time to experiment in 
microgravity. In a different vein, clinostats [109] and human bed rest 
studies [110,111]] allow researchers on Earth to study the effects of 
microgravity on living tissue and whole organisms. Parabolic plane 
flights can create microgravity conditions for approximately 20 s [112] 
while suborbital rocket flights typically provide about 5 min of exposure 
to reduced gravity. These microgravity platforms have a continued 
importance in the current research landscape, as their relative afford
ability and accessibility ensures that diverse actors, not all of whom may 
be able to research using the International Space Station, can still 
experiment with and learn about the implications of microgravity 
exposure. 

Currently, however, the primary platform available for routine 
human space flight and microgravity research is the International Space 
Station (ISS). The ISS was built largely between 1998 and 2011 and 
owned in parts by NASA, ESA, JAXA, the Canadian Space Agency (CSA), 
and the Russian space agency Roscosmos, who all operate via a treaty 
agreement. The ISS has helped humanity maintain a continuous pres
ence in outer space since 2000 [113]. The U.S. portion of the ISS was 
designated a U.S. National Laboratory in 2005; its non-NASA research 
portfolio has been managed by the Center for the Advancement of Sci
ence in Space, Inc. (CASIS) since 2011 [114]. CASIS selects projects from 
governments, universities, non-governmental organizations, and private 
partners to facilitate the use of the ISS’s unique resources (such as 
exposure to microgravity, radiation, extreme temperatures, vacuum 
conditions, etc.) for scientific research and commercial product 
development. 

Recent projects at the ISS National Laboratory highlight the potential 
of microgravity research to support the SDGs. Massachusetts-based 
biotechnology firms Qlibrium and 1Drop Diagnostics each leveraged 

the ISS National Lab to conduct microfluidic research for new medical 
devices: Qlibrium’s device is an ultra-thin pump for delivering medi
cations through the skin, while 1Drop Diagnostic’s device is a portable 
tool for running a suite of diagnostic tests from only a drop of human 
blood [115]. Similarly, nScrypt has collaborated with Techshot, Inc.— 
one of the ISS National Laboratory’s commercial facility partners— to 
begin testing its 3D BioFabrication Facility (BFF) in microgravity. The 
BFF will use adult stem or pluripotent cells to fabricate cardiac-like 
tissue of varying thickness. Such tissue cannot be produced under 
Earth gravity; this line of research could potentially revolutionize organ 
replacement procedures, which are plagued by long waitlists [116]. All 
three endeavors may impact health outcomes on Earth, and each testify 
to the potential of microgravity research to advance SDG 3 (“Good 
Health and Well-Being”). More generally, the R&D activities of com
mercial entities using the ISS supports SDG 9 (“Innovation, Industry, and 
Infrastructure”) as does CASIS’s commitment to developing a commer
cial economy in low-Earth orbit. 

While many experiments in the orbital environment continue to 
operate on the ISS, the looming retirement of the ISS raises questions 
about the future of the microgravity research ecosystem. In early 2022, 
NASA announced plans to de-orbit the station around 2030. In prepa
ration for this transition, there is a move toward commercial stations 
and orbital platforms preparing to operate in the low-Earth orbit (LEO) 
microgravity research marketplace. The ISS has helped to build this 
marketplace over the course of the last two decades. This change is 
proposed as a way to allow government agencies to shift their focus and 
their funding toward the development of a cislunar space station and 
exploration of deeper space, including Mars [117]. By the end of this 
decade, therefore, the government owned and managed platform of the 
ISS may be replaced by privately-owned space stations as well as 
public-private partnerships offering a newly designed commercial 
economy of terrestrial and low-Earth orbit microgravity resources. One 
example of a proposed new space station with private ownership is the 
planned Orbital Reef station. A collaboration between Blue Origin and 
Sierra Space with further input from Boeing, Redwire Space, Genesis 
Engineering Solutions, and Arizona State University, Orbital Reef is 
expected to be fully operational before 2030, and will be available for 
mixed commercial, research, and recreational use [118]. Government 
agencies such as NASA propose that they will serve as customers to these 
privately operated space stations. 

As Joseph and Wood suggest, the capacity of human spaceflight and 
microgravity research to support the SDGs in this new, commercialized 
marketplace of LEO resources will depend upon the economic and 
administrative openness of future platforms [119,120]. Economic 
openness refers to the costs associated with accessing a particular 
pathway for microgravity research; administrative openness refers to 
the restrictions that a pathway might impose on the basis of nationality, 
organization type, and/or project type [121,122]. The ISS’s economic 
and administrative openness is shaped by its multi-use, multi-partner, 
quasi-commercial, and nationality-based operation, which emphasizes 
international cooperation and full utilization of its resources but im
poses certain barriers to access based upon nationality [123]. Its suc
cessor platforms will fall along a spectrum between fully governmental 
and fully private pathways; Joseph and Wood suggest that hybrid 
public-private pathways may provide relatively higher economic and 
administrative openness than wholly public or private options [124]. 
Regardless, whether the ISS’s successors will serve the needs of future 
governmental, commercial, and nontraditional users (e.g. emerging 
space nations, educational organizations targeting students and the 
lay-public, and early career researchers) hinges upon collective efforts to 
reduce costs, eliminate administrative barriers, and ultimately build an 
inclusive, accessible LEO marketplace. 

2.5. Space technology transfer and spinoffs 

The research and innovation that space activity has historically 
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necessitated has often created knowledge, expertise, and technologies 
that benefit the general public on Earth through spinoffs and technology 
transfer. Spinoffs, as defined by NASA, are beneficial commercialized 
products that engage knowledge, processes, products, patents, or even 
personnel derived from/connected to NASA activity [125]. Space tech
nology transfer refers more specifically to cases in which a system 
designed for the space sector is redesigned for an application on Earth. 
As humans make plans for long-term space flights and on habitation of 
planets such as Mars, the designs that enable human survival in 
low-resource environments can be adapted to support disaster recovery, 
emergency response, and many other needs on Earth. 

A number of entities in both the commercial and nonprofit sectors 
have taken advantage of technology transfer opportunities to develop 
products in direct support of the SDGs. Mirico, for example, has repur
posed technology developed for studying the Martian atmosphere to 
develop laboratory-grade medical devices and scientific instruments for 
terrestrial application. One such device can measure human breath 
exhalation to assist in the diagnosis of certain diseases [126]; another 
can support climate change research by measuring the presence of at
mospheric pollutants in remote and hostile environments [127]. These 
examples show how space technology transfer may support SDG 3 
(“Good Health and Well-Being”) as well as SDG 13 (“Climate Action”). In 
another vein, the technology used to filter water on the ISS has also been 
applied in a system that is deployed for emergency water filtration needs 
around the world [128]. In this case, a key component of the NASA 
system was transferred to a non-profit that used it to design a 
ground-based system in direct support of SDG 6 (“Clean Water and 
Sanitation”). 

There are many such examples of transfer technologies and 
numerous space agencies have established initiatives and built institu
tional infrastructure to facilitate the development of spinoffs and expand 
technology transfer opportunities from and into the space sector. In the 
United States context, NASA has operated since its founding under a 
mandate to make the fruits of its research and innovation more widely 
available to the public, as reflected in Section 203a.3 of the National 
Aeronautics and Space Act (1958) [129]. The federal government has 
expanded this mandate in the ensuing decades using various legislative 
and executive tools. In particular, the Stevenson-Wydler Technology 
Innovation Act of 1980 (which required NASA to actively seek out and 
budget for technology transfer opportunities) and the Federal Technol
ogy Transfer Act of 1986 (which empowered government laboratories to 
pursue Cooperative Research and Development Agreements (CRADAs) 
and licensing negotiations with nongovernmental entities) helped 
establish institutionalized pathways for technology transfer [130]. 
Today, NASA’s system for technology management identifies in
novations from NASA teams and designs a process to manage or disclose 
the technology, thus fostering opportunities for spinoffs [131–133]. 
NASA’s formal Technology Transfer Program manages a portfolio of 
patents available for commercial licensing [134], and its Innovative 
Partnerships Program (IPP) collaborations and technology transfer be
tween NASA centres, university researchers, small businesses, and many 
other kinds of actors [135]. Similarly, the United States government’s 
Small Business Innovative Research program provides businesses with 
fewer than 500 employees the opportunity to work with a government 
scientist at NASA or other science agencies to commercialize the results 
of government research [136]. This commercialization is one pathway 
for technology transfer. 

NASA is not unique in this regard, as space agencies and national 
governments around the world have invested in technology transfer 
programs. JAXA, for example, facilitates a number of support initiatives 
like S-Matching [137] and J-SPARC [138] to encourage innovation, 
technology transfer, and entrepreneurship. ESA’s Technology Transfer 
Programme (TTP)—which currently consists of 20 ESA Business Incu
bator Centres in 16 European countries– provides a platform for startups 
to develop Earth-based solutions from space technologies [139]. Be
tween 2003 and 2016, ESA’s TTP helped to support 400 new companies 

[140]. In a similar fashion, the German Aerospace Centre’s “INNOspace 
Initiative” [141] and French Space Agency’s (CNES) “ActInSpace” 
challenge [142] have used open competition to invite startups to spinoff 
space technology. It should be noted, too, that these agencies have made 
international collaboration toward technology transfer an integral 
aspect of their programs. In 2019, for example, ESA organized the 
annual meeting of the Space Agencies Technology Transfer Officers, a 
working group whose members come from NASA, ESA, CSA, the Centre 
National d’Études Spatiales (France), the Italian Space Agency (ASI), 
and the Israel Space Agency (ISA), among others [143]. The annual 
meeting of these agencies greatly expands opportunities for space 
technology transfer to support specific SDGs through product develop
ment and SDG 9 (“Industry, Innovation, and Infrastructure”) overall. 
The Indian Space Research Organisation has evolved approaches to 
interact with both the domestic space commercial sector and the global 
market seeking services in areas such as launch and communications. 
ISRO formed Antrix to commercialize capabilities developed by the 
space agency [144]. Wood’s research identifies examples in Malaysia, 
South Africa and Nigeria in which space organizations seek to apply 
their innovation and products in non-space sectors [145]. 

There are, however, steps that can be taken to maximize the potential 
of space spinoffs and technology transfer for global sustainable devel
opment. Firstly, many existing space technologies can be deployed more 
broadly to ensure the global reach of their benefits. In some cases, these 
technologies may be acquired directly by end users in the developing 
world; in situations where the technology in question is not financially 
or logistically accessible, regional governments and/or non-profit or
ganizations may assist in “porting” innovations to the local context 
[146]. Secondly, more might be done to global stakeholders in the fields 
of development and the field of space technology to identify and act 
upon spinoff potential. This endeavor may involve engaging aspiring 
entrepreneurs in the developing world; fostering greater transnational 
and cross-sector research collaboration; encouraging volunteerism 
among the space workforce and scientific community; and facilitating 
dialogue among space technologists and those knowledgeable about 
community needs [147]. In short, realizing the potential of space spin
offs to solve global challenges depends largely on the global institutional 
and political infrastructure that is available to support it. 

2.6. Infrastructure and inspiration through basic scientific research 

Participation in basic scientific research regarding space—e.g. in 
areas such as astronomy, astrophysics, and ionospheric science– im
proves the infrastructural and innovation potential of a country. It is 
worth noting that the UN designated 2022 as the International Year of 
Basic Sciences for Sustainable Development, and that the International 
Astronomical Union (IAU) was one among many scientific organizations 
involved in convening the International Year and using space research to 
support the SDGs [148]. The declaration signals the importance of basic 
scientific research as a powerful driver of international development, 
dialogue, and collaboration towards the common good. 

The positive infrastructural impacts of basic space research are 
embodied by the Square Kilometer Array project, which seeks to build 
world’s largest radio telescope array using coordinated sites across the 
African and Australian continents [149]. South Africa leads a contingent 
of African nations including Botswana, Ghana, Kenya, Madagascar, 
Mauritius, Mozambique, Namibia, and Zambia that will host radio 
telescopes as part of the system [150,151]. In Ghana, the Space Science 
and Technology Institute has recently built infrastructure for their 
contribution to the Square Kilometer Array by converting a former 
satellite communication ground station into a radio telescope dish that 
can scan across the sky [152]. Each location that adds a radio telescope 
also invests in local engineering employment, communication and data 
management infrastructure, and improved regional education opportu
nities. Thus, the Square Kilometer Array supports SDG 9 (“Innovation 
and Infrastructure”) by bringing new opportunities for innovation and 
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infrastructure to regions that have previously not participated in as
tronomy, nor received economic or social benefits from astronomical 
research. 

The International Year also thematizes the relationship between 
basic research and education [153]. Participation in scientific research 
and discovery often has an inspiring effect, particularly in relation to 
space. As countries invest in activities to engage learners in 
space-related education, they aim to improve the scientific literacy of 
the population and expand the national potential for future research and 
innovation. Entrepreneurial start-ups such as Black Girls Code [154] and 
OneUni [155] are examples of start-ups that address barriers to educa
tion such as lack of physical space at universities and financial con
straints. These entrepreneurial initiatives introduce online open-source 
training and education programs through mobile apps helping to bridge 
the digital divide, supporting SDG 4 (“Quality Education”) and SDG 5 
(“Gender Equality”). Indeed, such programs enrich the scientific po
tential of future generations by fostering a more inclusive contexts for 
research and inspiration. 

Institutional support for the basic sciences may help to both to 
amplify their impacts and focus those impacts on global sustainable 
development. To this end, the IAU operates an Office of Astronomy for 
Development (OAD). The OAD was formed as part of the IAU’s Strategic 
Plan 2010–2020 (2009) [156], based on the recognition of astronomy’s 
capacity to inspire, educate, and innovate across the realms of science, 
technology, and society. The OAD strategic plan identified the need for a 
full-time office to promote astronomic research and education across the 
developing world. Since 2011, the South Africa-based OAD has pursued 
its stated mission to “help further the use of astronomy, including its 
practitioners, skills and infrastructures, as a tool for development” 
[157]. As of 2018, the OAD awarded grants to 122 projects in 85 
different countries and operated nine regional offices around the world 
[158]. 

The OAD’s defines “development” using the 2030 Agenda for Sus
tainable Development, and the project proposals it has supported have 
directly furthered SDGs such as SDG 4 (“Quality Education”), SDG 5 
(“Gender Equality”), and SDG 10 (“Reduced Inequalities”) [159]. For 
example, the OAD has helped integrate basic astronomical training and 
equipment into the efforts of Global Himalayan Expedition to empower 
village women entrepreneurs in the Himalayan tourism industry [160]. 
In a different vein, OAD support is helping to preserve and revivify the 
oral astronomical knowledge of the Lamba people in Zambia [161]. By 
supporting projects such as these, the OAD highlights how the basic 
sciences may advance social and economic justice in addition to tradi
tional epistemic goals. The IAU has prioritized the further expansion of 
the OAD’s operating network of regional offices and projects in its 
Strategic Plan 2020–2030, such that it may serve more populations, 
foster greater interdisciplinary impact, and bolster its impacts on the 
SDGs [162]. 

3. Roles for governments, organizations, entrepreneurs, and 
universities in applying space technology towards sustainable 
development 

The discussion thus far has given numerous examples showing how 
six areas of space technology support the monitoring and achievement of 
the SDGs. Much work remains, however, to reach the full potential of 
applying space for the SDGs. The capacity of each of the discussed 
technologies to support the SDGs is hampered by barriers in the areas of 
cost, accessibility, and design. Though science-informed analysis of in
teractions across SDG Targets can support more coherent and effective 
decision-making, local, national, and transnational entities are realizing 
that development requires a commitment to continuous iteration and 
improvement [163]. Countries must work alongside a variety of global 
actors to determine their development priorities and understand which 
approaches are suited to the complex challenges they face. The 
following section explores the roles that four different kinds of 

institutions—national governments, non- or inter-governmental orga
nizations, entrepreneurs, and universities—might play in shaping the 
application of space technology for sustainable development, and notes 
obstacles that these institutions face in doing so. 

3.1. Governments 

National and supra-national governments must play an outsized role 
in maximizing the use of space technology for sustainable development. 
Governments shape the policy agenda and manage the capital necessary 
for social and economic development; they also often set the tone on 
scientific and space research, policy, and technology within each 
country by disbursing funds to academic institutions and running na
tional laboratories. Further, partnerships between governments at 
regional, continental, and global levels often lead to the implementation 
of concrete projects applying space for the SDGS. Governments will lead 
the charge to use space technologies to further the SDGs; however, a 
combination of historical, technological, and political challenges limit 
their current capacity to do so. 

Countries sometimes lack the fully-developed infrastructure for 
encouragement of science, technology, engineering, and mathematics 
education and technical activities based on needs assessments. They 
may also lack the technological or financial capacity to pursue space- 
enabled development at scale. Many of these obstacles reflect the leg
acies of colonialism, which helped imperial nations adopt some tech
nologies earlier—and using the resources of—colonized nations in Latin 
America, Africa, Asia, and Oceania. Countries that have experienced 
colonialism are, however, among those most committed to increasing 
their domestic space capability and activity and using space technolo
gies to advance sustainable development. Capacity building and devel
opment needs are highlighted among the seven thematic priorities of the 
United Nations Office of Outer Space Affairs (UNOOSA) UNISPACE+50; 
it is a fundamental pillar of global space governance [164]. Previous 
work by Wood and Weigel summarized major milestones as nations in 
these regions initiated their satellite programs [165]. Typically, the LEO 
satellites bought or built by the nations have been used for Earth 
observation or for scientific missions, while geostationary satellites are 
used for communication. Elsewhere, these authors have also explored 
the general motivations developing nations have in pursuing space ac
tivity by linking satellite programs to stakeholder needs and objectives 
[166,167]. 

While much progress has been made, there remain key obstacles to 
applying certain space technologies discussed above. In the case of 
satellite Earth observation, for example, the volume and complexity of 
available data may sometimes make it difficult for developing nations to 
use this technology. As noted above, it is significant that government 
agencies such as NASA and ESA provide large amounts of satellite Earth 
observation data freely on their websites [168,169], but there is such a 
large amount of data available that those who are new to data appli
cations often struggle to decide what data they need and where to find it. 
Traditionally, government-owned Earth observation satellites have been 
designed as customized, one-time projects that produce unique data sets. 
Standardization and verification of data must be open access. Poor 
reporting, differences between country standards and methods, and 
variations in metadata could potentially hamper the use of space data for 
decision making processes. 

Satellite navigation is also crucial for national governments, who 
utilize the technology for transportation infrastructure, aviation, ship
ping, coastline monitoring, seismology, and other public services. A 
variety of global navigation systems—including the United States’ G.P. 
S., China’s BeiDou/COMPASS, Europe’s Galileo, and Russia’s GLO
NASS—provide open satellite navigation services free of charge. Other 
countries may use these global services to enhance their own develop
ment initiatives, with the proper governmental support. For example, 
Operation Phakisa—which means “hurry up” in Sesotho—is an initiative 
of the South African government focused on prioritizing results and fast- 
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tracking progress on development programs related to the National 
Development Plan 2030; this initiative incorporates and maximizes its 
effectiveness through supportive technologies such as satellite posi
tioning and Earth observation [170]. 

Research by Wood and colleagues has revealed that some countries 
choose to pursue international cooperation as a means to build capa
bility in their national space programs and development strategies. One 
form of this pursuit can be characterized as Complex International Sci
ence, Technology & Innovation Partnerships (CISTIPs) [171]. CISTIPs 
are instruments for national technological development through 
cross-border learning, typically initiated by a learning country that 
wants to achieve growth in a particular area of science or technology but 
lacks the requisite expertise in the domestic population. These countries 
seek out a foreign expert partner, and the two partners engage in a 
long-term relationship during which individuals from both partners 
work jointly on collaborative research, engineering, or education ac
tivities. Typically, the expert partner provides education, mentoring, or 
training services to representatives of the learning partner. Through this 
sustained interaction, each partner is impacted by the social and cultural 
context of the other. Many CISTIPs occur in public service sectors and 
are led by government organizations, and thus are one of the most robust 
tools governments have for addressing obstacles in deploying space 
technology for sustainable development. 

Outside of CISTIPs, national governments may also pursue multi
national collaborations for research and development in which the 
involved parties work on equal footing. In recent years, we have seen an 
increase in international ground-based and space-based projects: the 
Aerosol Robotic Network (AERONET) project, for example, has feder
ated a number of ground-based remote sensing systems across the world 
to further the study of aerosols [172]. Many collaborative projects are 
also led by emerging space nations and developing countries, as in the 
aforementioned Square Kilometer Array project and in research col
laborations such as the West African Science Service Centre on Climate 
Change and Adapted Land Use [173]. The potential of these projects to 
foster political goodwill and progress towards the SDGs gestures to the 
overall capacity of space technology and activity to effect trans
formation across the world, provided national governments can inte
grate them into their development strategies. 

Governments also play a role to foster an ecosystem that allows 
commercial entities and private sector organizations to develop appli
cations of space for the SDGs. Several authors have studied how the 
government policies of Russia, Europe, South Korea, Japan, India and 
the United States have fostered commercial space innovation 
[174–178]. 

3.2. Organizations 

For the purposes of this paper, “organizations” are multilateral and 
non- or inter-government entities that work on development in collab
oration with national governments and the private sector. Space-related 
infrastructure, data, and integrated services will play an important role 
in the advancement of the SDGs if they become an integral part of 
countries’ ‘toolkit’ for development, but these tools are often only 
available in theory; organizations often attempt to actualize these pos
sibilities. As a critical interface between public, private, and academic 
entities, organizations can facilitate access to and instruction in space 
technology as well as encourage international collaboration on tech
nology transfer and development. In order for the developmental po
tential of space technology to be fully realized, organizations will need 
to build their technical capability and invite their diverse partners to do 
the same. The United Nations Office of Outer Space Affairs plays a key 
role to spread awareness about the applications of space for the Sus
tainable Development Goals and to facilitate initiatives across all six 
space technologies to reduce barriers to their application [179]. 

Using the example of satellite Earth observation, organizations have 
recognized the need to improve and coordinate observation systems 

across all societal benefit areas. Strong advocacy of open data-sharing 
policies and practices as well as increased use of Earth observation 
data are the foundation of moving forward in these vital areas. Several 
international organizations work diligently to ensure that satellite Earth 
observation data is applied in support of the SDGs. Entities such as 
UNOOSA, the United Nations Development Programme (UNDP) and the 
Group on Earth Observations (GEO) are currently integrating opportu
nities to further global partnerships. These collaborative efforts are 
aimed at closing the technological and infrastructural gaps that prevent 
some actors from fully utilizing space assets for sustainable develop
ment. As discussed above, the GEO is a multilateral group whose 
members are national governments and non-governmental groups. GEO 
works through member governments to demonstrate the essential need 
for earth observation data and information to support sustainable 
development within communities, national governments, and other 
global development initiatives. The African Global Earth Observation 
System of Systems (AfriGEOSS) initiative of GEO focuses on engaging 
with relevant user communities and empowering them to assume a 
leading role in the implementation of data [180]. AfriGEOSS works to 
build human, institutional, and technological capabilities by strength
ening links between current GEO activities with existing capabilities and 
initiatives in Africa. In doing so, they help to provide the necessary 
framework for countries and organizations to leverage on-going bilat
eral and multilateral earth observation-based initiatives across Africa 
[181]. 

Organizations are particularly adept at fostering opportunity and 
inclusivity through educational programs. Under its Human Space 
Technology Initiative (HSTI), the UNOOSA Programme on Space Ap
plications initiated the “Zero-Gravity Instrument Project” (ZGIP) in 
2012 [182]. This project aimed to distribute a number of 
microgravity-simulating instruments to selected schools and institutions 
worldwide. The ‘Clinostats’ instruments allowed students to observe 
natural phenomena of samples under simulated microgravity conditions 
on the ground and create datasets of plant species with their gravity 
response, contributing to design of future space experiments and to the 
advancement of microgravity research. In a related vein, the Drop Tower 
Experiment Series (DROPTES)—a collaboration between the UNOOSA, 
Center of Applied Space Technology and Microgravity (ZARM) and the 
German Aerospace Center (DLR)—is a fellowship program in the field of 
microgravity research [183]. The Drop Tower Experiment Series allows 
a selected research team the opportunity to conduct its own micro
gravity experiments over the course of four drops or catapult launches, 
which are capable of simulating microgravity conditions for 5 or 10 s 
respectively. Simlarly, DreamUp—a public-benefit corporation and 
spin-off company of NanoRacks, LLC—entered into a Space Act Agree
ment in 2018 to facilitate the sending of student research payloads to the 
ISS and offer educational research opportunities on Blue Origin’s New 
Shepard space vehicle [184]. DreamUp has launched over 375 student 
payloads via its launch partner NanoRacks LLC, and continues to design 
contests enabling students to submit a payload design for microgravity 
experiments. 

The International Space Station is currently the primary platform for 
long term microgravity research. For organizations from non-ISS partner 
countries, access to the ISS must be facilitated by a partner agency and 
the organization must work within the legal and logistical conditions set 
by the partner agency. For example, the U.S. Congress designates the U. 
S. research facility the ISS National Lab and assigns the Center for the 
Advancement of Science in Space to manage access. By design, the main 
users of the ISS National Lab capability are U.S.-based. As part of the 
HSTI, UNOOSA partners with space agencies and private firms to 
facilitate agreements to broker access for non-spacefaring nations to 
conduct ISS research. JAXA and the United Nations offer the KiboCUBE 
program, allowing institutions from emerging space nations the oppor
tunity to deploy 1-Unit CubeSats from the Japanese Kibo module of the 
ISS [185]. Similarly, UNOOSA and the China Manned Space Agency 
provide countries with opportunities to fly experiments onboard China’s 
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Space Station. In 2016, UNOOSA signed a Memorandum of Under
standing with Sierra Nevada Corporation (SNC) to fly experiments on
board SNC’s DreamChaser® spacecraft [186,187]. These initiatives 
testify to the capacity of organizations to bring new and non-traditional 
users into the world of space technology. 

3.3. Entrepreneurs 

One of the most notable distinctions between the present space 
landscape and the early era of space exploration is the relative promi
nence of the private-sector in space ventures today. While early space 
activity was essentially monopolized by national governments (and 
those of the United States and Soviet Union in particular), in recent 
decades we have seen governments and companies alike build a veri
table industry and a robust marketplace for aerospace activity. The rise 
of the tech-entrepreneur in particular has created new opportunities for 
global businesses and novel solutions to pressing social and economic 
challenges. Armed with expertise in local contextual factors and an 
understanding of end-user needs, innovators harness digital technology 
to drive a social-tech movement aimed at improving economic and 
environmental conditions in their respective cities, countries, and re
gions. Many of these entrepreneurs are focusing their transformative 
private-sector initiatives in space or use space technologies to create 
change on Earth. In this way, entrepreneurs and private capital will also 
play a large role in purposing space technologies for sustainable social 
and economic development. 

The UN Development Program has identified the importance of 
private sector partnerships to the pursuit of the SDGs [188], and 
start-ups in particular may play a role in deepening productive ties be
tween space technologies and sustainable development. Space-enabled 
technologies often feature in/contribute to the success and innovation 
potential of start-ups due to the high degree of innovation intrinsic to the 
space industry and the potential for technology transfer (as discussed 
above). The SMART Tire Company, for example, has repurposed the 
pneumatic tire technology used in NASA rovers to produce a more du
rable, never-flat bicycle wheel that will reduce waste [189]. The 
growing importance of the tech-entrepreneur in the sustainable devel
opment sphere has been accompanied—and to a certain extent enable
d—by an explosion of institutional support for start-ups. NASA 
continues to support startups through its Startup License, which pro
vides new companies seeking to commercialize NASA technology with 
nonexclusive, affordable licenses for three years as they develop their 
products [190]. Internationally, other funding instruments have been 
created to support spin-offs and private-sector technology transfer; these 
national and international instruments— such as the Poland Prize [191] 
and ESA’s Copernicus opportunities [192]– frequently maintain a spe
cial focus on start-ups. Similarly, hackathons and start-up prizes incen
tivize further intellectual, creative, and financial investment in 
private-sector support of the SDGs. 

Entrepreneurs also have relatively more freedom and flexibility than 
governments and non-governmental organizations when it comes to 
working quickly in diverse contexts and emerging markets. While many 
African governments are building up their space capacity through CIS
TIPs and other mechanisms, several African startups are already oper
ating on the global stage by taking advantage of international 
investment capital. The South African firm Aerobotics [193] and the 
Zimbabwean firm YouFarm [194] are examples of start-ups leveraging 
satellite imagery and machine learning to increase crop yield and 
improve disease resistance, in direct support of SDGs 2 (“No Hunger”) 
and 3 (“Good Health and Well-Being”). Recognizing the potential for 
innovation and profit that these African start-ups possess, international 
companies have also scaled up their investment in the African continent. 
For example, Airbus’s #Africa4Future initiative fosters collaboration 
between Airbus and African start-ups by offering mentorship, 
networking, and coaching. In early 2019, 10 African tech start-ups were 
selected to take part in the latest Airbus Bizlab #Africa4Future 

accelerator program [195]. 
Africa’s economic significance as the world’s second largest mobile 

market and its peoples’ increasing access to education has helped 
entrepreneurship grow rapidly at the national and regional levels. This 
growth promises to bring about greater adoption and utilization of space 
technologies for sustainable development across the continent. There is 
no shortage of capital seeking to take advantage of opportunities across 
the developing world; there is only the question of whether investors 
and funding instruments can back the right projects to create the best 
results, both in Africa and around the world more generally. 

3.4. Universities 

Universities directly address the SDGs through research, innovation, 
and teaching. The knowledge creation of the academic enterprise 
oftentimes precedes, makes possible, or builds upon practical solutions 
propose and/or implemented by governments, non-governmental or
ganizations, and entrepreneurs. Furthermore, universities are respon
sible for educating successive generations of global leaders by providing 
their students with the foundational knowledge and critical thinking 
acumen necessary for solving the unprecedented challenges we now face 
as a species. Ultimately, universities convene and unlock the potential of 
theoretical and practical expertise across every facet of society, and are 
thus uniquely placed to lead the cross-sectoral pursuit of the SDGs. 

A number of university- and academic-led projects have successfully 
applied space technologies and science in support of the SDGs. Re
searchers at MIT, for example, recently worked toward designing a 
Drought Decision Support System for Angola [196]. By integrating Earth 
observation and positioning data, this system allows the Angolan gov
ernment to soil moisture and socioeconomic vulnerability throughout 
vulnerable provinces and thus better mitigate the harmful effects of 
periodic flood and drought cycles. Researchers have similarly used sat
ellite Earth observation to study deforestation caused by artisanal gold 
mining in Ghana [197] and to manage invasive plants in Lake Nokoue, 
Benin [198]. Such projects exemplify how university-led endeavors may 
use space technologies to solve challenges around the world. 

The capacity—and perhaps responsibility—of universities to educate 
and inspire should also not be overlooked. As teaching institutions, 
universities are able to bring advanced knowledge and learning oppor
tunities to local communities as well as a global audience, in direct 
support of SDGs 4 (“Quality Education”), 5 (“Gender Equality”), and 10 
(“Reduced Inequalities”), among others. The Zero Robotics Educational 
Outreach Program—led by the Space Enabled Research Group at the 
MIT Media Lab—engages middle- and high-school students in tourna
ments that teach them to write code and program robots to be deployed 
on board the ISS [199]. Through programs like Zero Robotics, univer
sities are able to bring their technical expertise to the broader public and 
inspire the next generation of space technology and development 
leaders. As another example, the Kyushu Institute of Technology col
laborates with the UNOOSA to offer the Postgraduate Fellowship in 
Nanosatellite Technology. This experience, with funding from the gov
ernment of Japan, allows students from emerging space nations to earn 
Masters or Doctoral Degrees in satellite engineering and participate in 
building a CubeSat [200].Other impactful educational programs that 
contribute to capabilities to apply space to the SDGs include the Inter
national Space University and the UN-affiliated Regional Centres for 
Space Science and Technology Education among others [201]. 

Universities also have certain strengths in fostering collaboration 
between different types of entities. They can, for example, engage in 
collaborative knowledge generation alongside other stakeholders to 
document case studies and evaluations illustrating the impacts of space 
research, space activity, and space-enabled technology for pursuit of the 
SDGs. They can further consult on methods to define and assess user 
needs and provide a neutral platform for cross-sectoral dialogue. Addi
tionally, universities have the capacity to generate, translate, and 
disseminate knowledge relevant to achieving the SDGs. This can be done 
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by hosting capability-building programs, international research collab
oration, and personnel exchange. They can work with policymakers and 
other stakeholders to identify and evaluate capacity-building outcomes, 
and can act as mechanisms for space systems capacity coordination and 
initiate access to space assets. 

In this way, universities provide an ideal environment through 
teaching, research, and outreach to shape the future of space technology 
and sustainable development. By integrating the SDGs and their over
arching considerations into course curricula, collaborative ventures, and 
public programs, universities can provide a number of audiences with 
the knowledge and skills needed to address the SDGs, emphasizing 
interdisciplinary learning and promoting multidisciplinary, systems 
approaches to solving the increasingly complex challenges facing soci
eties today. 

4. Conclusions 

This paper has provided several concrete examples of how technol
ogy from space supports a range of SDGs. Six space technologies have 
been identified that already support sustainable development: namely, 
satellite Earth observation, satellite positioning and navigation, satellite 
communication, human space flight and microgravity research, space 
technology transfer, as well as the infrastructure and inspiration from 
basic scientific research. Each of these technologies has made and may 
continue to make unique contributions to the monitoring and achieve
ment of the SDGs. 

Despite increased access to space data and new investments in space, 
however, more work needs to be done to reduce administrative, tech
nological, and economic barriers to applying space for development. 
Applying space technology for development is sometimes difficult 
because the technology was not originally intended to be used for ap
plications such as the SDGs. Several strategies for overcoming these 
obstacles are being proposed and tested across the globe, largely by the 
four different types of entities—national governments, non- 
governmental organizations, entrepreneurs, and universities—that 
operate across the space and development sectors. These institutions 
have unique roles to play in creating the public policy, cross-sectoral 
collaborations, business practices, technological innovations, and cul
tural conditions for the beneficial use of space for sustainable develop
ment. This paper has provided a brief overview of what these roles might 
be and highlighted obstacles these institutions face in assuming these 
roles. 

Governments set the global political climate and are partnering with 
both public and private institutions to influence and shape public policy, 
particularly with regards to the sustainable development. The SDGs 
themselves reflect how partnerships between governments can establish 
durable, articulate, and robust international frameworks for promoting 
better use of analysis-ready data, capitalize on emerging business op
portunities, and drive the construction of infrastructure. While factors 
including political, economic, strategic, and technical considerations 
determine if a nation finds it valuable to maintain a long-term satellite 
program, governments are increasingly recognizing the developmental 
value of space technologies. Alongside governments, many international 
organizations are using an array of initiatives to increase capacity- 
building programs and design system approaches that combine space- 
based information with insights from socioeconomic data for societal 
benefit. Several of these non- or inter-governmental organizations work 
diligently to provide opportunities for partner countries to build their 
space capabilities. Strong advocacy of open data-sharing policies and 
practices, as well as opportunities to offer microgravity and launch 
platforms allow nations to increase domestic capability and activity 
related to space. 

As technology innovation increases, new opportunities have opened 
for entrepreneurs to develop novel solutions to pressing social and 
economic challenges in their respective cities, countries, and regions. 
Space technology provides capabilities that are relevant to many 

entrepreneurial firms and, as such, multiple funding instruments have 
been created to support the growth of start-up ventures and maximize 
the social benefits of innovative businesses. Finally, universities, too, 
have a role in supporting the SDGs, one that stems from their ability to 
engage in collaborative knowledge generation alongside other stake
holders without ignoring the nuances of local social and political 
contexts. 

Achieving the SDGs is vital to enabled future of environmental, 
economic, social, and cultural well-being on Earth. Our investments in 
space predate the SDGs; even so, the fruits of human labor in and on 
space have the potential help address the challenge of realizing sus
tainable development models and practices. This paper has attempted to 
highlight how space technologies are already working to secure sus
tainable human futures, but while it is clear in 2023—at the halfway 
point of Agenda 2030—that significant progress has been made, there is 
work left to be done. Designers of space technology must work to learn 
to design systems that are customized to the opportunities for supporting 
the Sustainable Development Goals. 
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