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Abstract

Space applications, space technologies and space-based services are omnipresent, though often hidden from view from the end user.
On the ground, at sea and in the air, they form an indispensable part of modern everyday life, work and progress. Their gradual
and steady integration has made space indispensable, critical and more strategic to modern societies than it ever was. With the
maturation of the space sector continuing, its value, role and importance is bound to increase further, opening up entirely new fields
for space infrastructure and the services it can provide.

At the same time, new space programmes are continuously being conceived and built, making best use of the latest technologies
and opening new fields not thought of before. This year, European space celebrates its 50th anniversary, marking 50 years of
cooperation within Europe and beyond to build programmes to bring knowledge and provide jobs. Within these programmes, many
novel applications have been developed and tested, of which some are now commercially or freely available. Space has become
indispensable for modern societies.

Looking towards and preparing for the future, it is apparent that integrating space even further into modern societies and
economies will be essential to achieving many of Europe’s most important policy goals as well as global challenges. Space as-
sets with their inherently global reach constitute one of the tools for developing global answers.

Integrating space assets into terrestrial systems poses a number of challenges, linked to the characteristics of space systems, the
characteristics of the space sector and way space programmes are traditionally perceived and managed. The space sector has faced
these challenges since its inception, though they become increasingly important as the role of space systems increases for modern
societies.

Successfully addressing these challenges is of prime importance for ESA’s “Space for Earth” initiative. The initiative deals with
challenges that involve multiple space contributors from a variety of domains and focus on areas with identified needs, including
contributions from space science, Earth observation, telecommunication, navigation, human space flight, microgravity, launchers
or technology development. Different larger themes have already been identified: Energy, Oceans, Arctic and the Antarctic, each
one linking with and benefiting from a variety of space assets types.

In this paper, the rationale behind each theme is briefly presented, covering recent activities and potential future developments.
The paper further analyses and categorises the type of challenges identified in the integration of space systems into larger terres-
trial systems, highlighting trends and how these are likely affecting the attractiveness of space before using the concrete case of
space&energy initiative to illustrate the findings.

Keywords: energy systems, sustainability, space & energy, earth, technology transfer, space services, earth observation, synergetic
development, system of systems

1. INTRODUCTION

In 2014 the space community is celebrating the 50th anniver-
sary of the construction of Europe as a space power, a milestone
in 50 years of cooperation within Europe and beyond to estab-
lish and realise development programmes to build knowledge
and create jobs. In the beginning, the cooperation focused on
science and launchers, but the development of space applica-
tions quickly entered the discussion and matured.

∗Please address correspondence to L. Summerer
Email address: leopold.summerer@esa.int (L. Summerer)

An ever increasing number of applications is developed and
taken into operation every year. These span over many differ-
ent domains, involving Earth observation, Telecommunications
and Navigation, but also Human Spaceflight, Microgravity and
Science. In many cases, these applications aim at addressing
grand challenges on Earth.

The “Space for Earth” initiative has been set up to provide
a framework in which to link global challenges to space appli-
cations. It has at its core the goal to facilitate easier access to
knowledge and support the use of space applications, as well
as to provide support for identification of needs that are not yet
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covered and that could be addressed in the frame of future ap-
plications or programmes.

In this paper, we quickly trace the history of the development
and integration of space applications into terrestrial systems,
present the “Space for Earth” initiative, discuss challenges in-
tegrating space systems and use ”Space&Energy” initiative to
illustrate these, analyse the defined approach and provide new
insights for future activities.

2. 50 YEARS OF INTEGRATING SPACE INTO
TERRESTRIAL APPLICATIONS

2.1. The beginning

The Convention of ESRO (European Space Research Organ-
isation), one of the precursors of the European Space Agency
(ESA), was opened for signature in June 1962 and entered into
force in March 1964. At that time it was covering officially the
Science programme. In November 1963, the European Con-
ference on Satellite Communication (CETS) has been estab-
lished [1].

In 1965, the Technical Committee of CETS discussed how
best to proceed in Europe for financing telecommunications
from space and even proposed considering investing in other
applications, namely TV broadcasting, navigation and air traf-
fic control. In February 1966, it was accepted that ESRO would
have an active role in telecommunications.

At the European Space Conference meeting in Bad Godes-
berg (D) in November 1968 it was agreed that ESRO should
extend its mission to include application satellites (not only
telecommunications).

So right at the beginning of European cooperation in space,
the first potential applications were discussed.

2.2. The first applications

The first two applications developed in European coopera-
tion (developments also occurred in national programmes) were
for telecommunications and meteorology. Due to a launch fail-
ure of the first European telecommunication satellite, the first
application in geostationary orbit launched in November 1977
was for meteorology with Meteosat 1 which took its first im-
ages 2 days after reaching orbit. In May 1978, the first Euro-
pean telecommunications satellite (OTS-2) was launched. With
the launch in 1983 of the European Communications Satellite 1
(ECS-1) for Eutelsat on an Ariane-1 launcher, Europe launched
the first in a series of telecommunication satellites.

As described by Krige, “It took over fifteen years from the
suggestion that telecommunication satellites were a central ele-
ment of a “balanced” European space programme that included
science and launchers, to actually establish an operating system
supported by a user community.”

2.3. The development of applications
Interest has in the meantime been growing for the monitor-

ing of the environment with the setting-up in 1978 of the Earth-
net system in charge of the “reception, pre-processing, archiv-
ing and dissemination” of data from Earth observation satellites
that have important applications. The first European Earth ob-
servation satellite was ERS-1 in July 1991, followed by many
others. [1]

Concerning navigation, European actors in order to ensure
sovereignty, security and competitiveness of the European in-
dustry, have embarked on the Galileo programme. [2, 3]

Current applications of Earth observation, telecommunica-
tion, location and timing signals are however considered as
merely the beginning. Fully integrating their capabilities from
the earliest stages of devising solutions is expected to substan-
tially increase the use and applications of space systems.

At the beginning of the space era it was difficult to convince
ESA member states, potential users and operating bodies to in-
vest in developing and using space systems. While the poten-
tial of space is now widely recognised, difficulties persist in
taking full advantage of it, partially related to the diversity of
applications and users (ranging government, regions, industry
down to individual citizen). This diversity also complicates the
communication as each one has different needs, constraints and
preferred communication channels.

2.4. Space for Earth
In order to alleviate part of this difficulty, easing the com-

munication to the users (in the wide sense) and from the users
to identify the needs, the “Space for Earth” initiative has been
started in 2013. It aims at providing all necessary information
easily via a central portal linking to the domain-specific pro-
grammes. It builds on initiatives that started in 2008, to analyse
and develop support from space programmes and applications
to Earth challenges.

In 2008, the transformations to increase the sustainability of
energy systems have been identified as the challenge that would
benefit most from space programmes and work started at ESA
within an inter-directorate working group that listed all current
and planned activities that could be linked to energy on Earth
(production, distribution, efficiency, new forms of energy...).
Discussions were held with the European Commission to iden-
tify those contributions from space best suited to support Euro-
pean Union energy policies. Several initiatives were developed.
The most recent ones are presented in section 4.

Other challenges have followed: Arctic, the Antarctic,
Oceans, and Health, with more to be added on an opportunity
and need basis. Common denominator for each to enter into this
frame is to involve several ESA Directorates, thus justifying the
need for a coordinated approach for better efficiency.

For the Arctic, considerations include global warming and
its physical and economic consequence (increase of economic
activity, increase of transportation in the region, security and
safety in remote areas...). A study has been performed in 2012
on how space could support policies in the Arctic. A conference
organised with the EU assessed the progress made on “Space
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for the Arctic” and identified specifically telecommunication
needs as main concern to support the activities in the area.

Activities in the Antarctic (mostly scientific, but also increase
of tourism) are already benefiting from cooperation with space
(more than 10 years cooperation between ESA and the Franco-
Italian Concordia antarctic base), including on human-related
matters on selection and follow-up of teams spending the winter
isolated on Concordia with some analogue with crew selection
and dynamics for the ISS of future Mars exploration. [4]

At the same time, activities in the Antarctic are also ben-
eficial to space activities, for example by hosting ground sta-
tions or testing in real conditions new technologies developed
for space (e.g. a grey-water treatment unit).

The activities in the seas and the oceans are benefiting sub-
stantially from space and with the understanding that more than
70% of all goods travel on the ocean and more than 80% of the
world population lives within 100 km from a coast, ensuring
security and safety in those regions is a big challenge requiring
the increasing use of space-based assets to supplement ground
infrastructures.

2.5. The approach
The initiative is not replacing existing space programmes, but

supplements them by easing the information transfer between
ESA and stakeholders from user communities and to increase
the effectiveness and relevance of future programmes to help
solving Earth’s challenges.

To that purpose, the first step after the identification of a
theme is to identify all involved actors and their related cur-
rent and planned activities. In parallel, potential users are iden-
tified, as well as representatives of user categories, to be able
to identify their needs. Conferences and working groups allow
informing potential users on existing and planned space capa-
bilities and iterate on user needs. This phase is combined with
specific studies to explore needs and how space could address
them. With those needs expressed, it is then possible to find
out whether planned space programmes can support, whether
new programmes need to be defined or adapted to answer those
needs, or whether space cannot support these needs.

In order to ease this information channel, dedicated web
pages have been put online in 2013, showing the “transverse”
approach of these initiatives in a kind of user need - capabilities
matrix. It allows a visitor to find all activities linked to a given
theme, independently of whether it is managed by Earth obser-
vation, Telecommunications, Navigation, Microgravity, Human
Spaceflight or Technical Directorates. [5]

A Twitter account has also been created in 2014 @spacefore-
arth to keep all informed of the main news concerning those
themes.

3. CHALLENGES IN INTEGRATING SPACE INTO
TERRESTRIAL APPLICATIONS AND SERVICES

The space sector has substantially evolved from a domain of
primarily government activities to a sector fully integrated in
and indispensable for modern economies. Space is following

the classic path by which human activities expand into new do-
mains, following the long history of development of land, sea,
and airspace. In this paradigm, commercial exploitation of a
new domain is preceded by its discovery, exploration and early
utilisation for defence purposes. The extension of human ac-
tivities into space is in its earlier phases, with full commercial
development still mainly to come.

Some activities have been successfully transferred from
space agencies to the private sector, and some applications and
services have already developed sustainable non-governmental
commercial markets. Governments, however, still play a signif-
icant role in both technology development and in driving new
markets.

While the exploration of space will continue to expand the
human frontier, pushing the limits of what we can reach, what
we can know, and where we can go with both robots and hu-
mans, it can be expected that this emerging economic realm
will continue to increase in importance, and to become further
and more seamlessly integrated into the other economic activi-
ties.

According to the OECD, “the space sector plays an increas-
ingly pivotal role in the efficient functioning of modern eco-
nomic societies and their economic development. Despite its
usual reliance on relatively high institutional investments up-
front, space can increasingly be seen as a source of economic
growth.” [6] The OECD also highlights the attractive overall
socio-economic returns of investments in space: the value-
added multiplier for space industries is between 1.4 and 4.9,
depending on national and sector specifics.

The integration of space, and in particular space technolo-
gies and space-based services into other sectors of the economy
is however a process with challenges. This section attempts to
analyse the characteristics of the challenges faced when inte-
grating space into other sectors of the economy. The integra-
tion has worked relatively well in some sectors, while substan-
tial difficulties are experienced in others. The present attempt
of a first classification of these challenges might help overcom-
ing these for one of the ongoing projects “space and energy”
addressed in section 4.

3.1. Classification of integration challenges

In absence of a standard for such a classification, we propose
to divide the challenges experienced in integrating space into
terrestrial systems into four main domains: Challenges linked
to (1) Characteristics of space systems, (2) Characteristics of
the space sector, (3) Characteristics of how space programmes
are organised and managed and (4) External factors, understood
as factors external to the space sector.

3.2. Characteristics of space systems

Space is first and foremost an “area”, similar to the lands,
oceans, and airspace. It has thus some intrinsic specificity.
These are part of the advantage of systems operating in space
and services from space but they also represent some chal-
lenges.
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Figure 1: Expected cumulative investments in the energy sector (2010-2035). Surface is proportional to the expected amount of investments. (Source: World Energy
Investment Outlook, iea.org)

Launch cost Transporting mass into space requires substantial
amounts of power dictated by the laws of physics. The
technological solutions to accessing space remain essen-
tially unchanged since the 1960s. Consequently, while
the cost of space transportation systems and their services
have evolved, they remain a very significant part of the
overall system cost, typically ranging from tens to well
over hundred million US dollar per launch. [7]

Space system investment cost The financing of space systems
is generally classified similar to infrastructure investment.
It requires substantial upfront investments and relatively
long lead times before the first return on investments. [8]
Organisational optimisation and technological maturation
have reduced these times though they remain substantial.

Inflexibility The integration of different subsystems is gener-
ally facilitated by the flexibility of each of these subsys-
tems to accommodate changes. In the case of a spacecraft
as a subsystem, changes after phase B tend to be difficult
and costly; and changes after launch limited to software
modification.

Requirements Space systems typically have technical require-
ments related to the launch and space environment that are
highly unusual. These relate to reliability regarding ther-
mal, acoustic, vibration, electro-magnetic and ionising ra-
diation environments. [9] Combining these requirements
impose restrictions on the solutions possible and thus limit
the transfer of terrestrial technical solutions to space sys-
tems.

3.3. Characteristics of the space sector
Relative isolation Due to it’s strategic nature, technological

advance and proximity to the defence sector, the space
sector has developed almost as a sector apart, relatively
independent and thus slightly isolated from other sectors.
Space industries are vertically integrated into few, rela-
tively large industrial consortia owning or controlling their
respective supply chains. These tend to have little business
outside of the aerospace sector. Recruitment tends to be
concentrated from specialised university departments and
from within aerospace sector companies.

Regional or global nature Space systems are effective in
serving large areas, not limited to national boundaries.
While this is one of their main advantages, it also rep-
resents challenges with respect to serving under different
(national) regulations, requiring different license regimes
and adhering to different standards.

Space industry structure The space market is dominated by
few, relatively large, vertically integrated industrial com-
panies, acting as “prime contractors” to customers.

3.4. Characteristics of space programme management
Development time Space missions tend to have relatively long

development times. Bitten et al. have analysed 66 space
missions in order to derive relations between development
times and success. Of these, 10 were planetary, and the
remaining 56 Earth-orbiting missions. [10] The range of
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actual development times was from 10 to 85 months. The
mean development time of all successful Earth orbiting
missions was found to be 46.5 months and the mean of
all successful planetary missions was reported to be 39.1
months. [10]

The development time was defined as the time from con-
tract start to delivery of the system for launch, which cor-
responds to the typical space missions phases B, C, and
D. It thus does not include the early definition and design
phases. Adding at least a few months for phase A and
phase E brings the mean total development times for typi-
cal Earth observation missions well in excess of four years.

Such development times can be challenging for the inte-
gration into faster developing terrestrial service sectors.

Funding While some space activities have been successfully
transferred from space agencies to the private sector, and
some applications and services have already developed
sustainable non-governmental commercial markets, gov-
ernments, however, still play a significant role in both
technology development and in driving new markets. Ac-
cording to Euroconsult, the estimated world government
expenditures for space programmes totalled $71.5 B in
2010, approximately double the figure from the year 2000
and spent roughly equally between civil and defence space
programmes. [11]

Decision making The decision making process for space pro-
grammes is a consequence of its funding schemes. The
dominant funding from governments, the size of the bud-
gets and the substantial strategic aspects of these invest-
ments require following the typically complicated, often
lengthy governmental decision process. [1, 3, 12] In the
European case involving many governments and for in-
ternational space projects, multi-staged multi-government
decision processes are required. Decisions therefore tend
to take time, though once taken, tend to be solid and reli-
able. [1] The increasing number of public-private partner-
ships add an additional component to this decision making
process.

3.5. External factors

Regulations The opening and exploration of space as a new
“area” and domain as described above, also implied the de-
velopment of new, specific rules and regulations governing
activities in this domain since the simple extension of the
rules governing airspace was not possible. This resulted in
a body of international treaties, principles and other doc-
uments forming the body of ‘international space law’ as
well as an increasing number of national space legislation.

Especially the body of international space law, developed
essentially during the 1960s is primarily concerned with
questions of sovereignty, security, governance and domi-
nated by the main political considerations of the cold war.

Lack of Understanding Space systems and space-based ser-
vices require specialised insight and knowledge to under-
stand their capabilities, limitations and the opportunities
they offer. Such competence is especially needed for the
successful integration of space infrastructure with terres-
trial systems into larger, typically complex systems. Most
project managers from outside the space sector however
lack such competence.

3.6. Trends affecting integration challenges

The previous paragraphs focus mainly on the characteris-
tics of the space sector and its technology development pro-
grammes. In order to provide services to the terrestrial indus-
try and sector, several challenges and trends can be identified,
which will have an impact on how to proceed to successfully
develop these programmes.

Trend towards small spacecraft While for decades, space-
craft have increased in size, mass and power levels, and
this tendency continues in some space segments, since the
1990s a strong trend emerged towards smaller space plat-
forms accompanied by the emergence of very small space-
craft (e.g. nano- and cubesat). [13–16]

This trend has implications on development and launch
costs, on the financing models, and return on investments.
It also has allowed new industrial actors to enter the space
market, facilitates the introduction of new management, fi-
nancing and decision making methods for space projects.

Trend towards modularity Starting in the 1970s an attempt
was made to use modularity to streamline the life-cycle
process in the production of space assets with the goal to
reduce the cost of designing, building, integrating, testing,
and flying space systems under the name Multi-mission
Modular Spacecraft (MMS). [17] While it did not lead to
as radical and fast changes as initially expected, was based
on assumptions such as in-orbit servicing by the Space
Shuttle that did not materialise, the concept has been re-
assessed several times and is increasingly applied in space
systems.[18, 19]

It is now especially promoted via space missions under the
umbrella term of ‘responsive space system’. For the inte-
gration of space systems into larger systems, implement-
ing modularity promises to reduce costs, increases integra-
tion speed and flexibility of a developed space platform,
and thus potentially reduces both schedule and technolog-
ical uncertainties, which all make the integration of space
assets into terrestrial systems more attractive.

Space debris In half a century of space activities more than
4800 launches have placed some 5000 satellites into orbit,
of which only a minor fraction are still operational. Infor-
mation of over 16 000 non-operational objects is currently
publicly available from the US Space Surveillance Net-
work, including objects larger than approximately 5 cm to

5



10 cm in low Earth orbit (LEO) and 30 cm to 1m at geo-
stationary altitudes (GEO). Only 6% of the catalogued or-
bit population are operational spacecraft, while 28% can
be attributed to decommissioned satellites, spent upper
stages, and mission related objects (launch adaptors, lens
covers, etc.). The remainder of about 66% is originating
from more than 200 on-orbit fragmentations which have
been recorded since 1961. These are assumed to mainly
have generated a population of roughly 700 000 objects
larger than 1 cm. The high impact velocities, which can
reach 15 km/s for most missions in LEO, are the reason
for the destructive energy potential, despite of the small
object sizes. So far, there are four recorded cases of col-
lisions and the concern that collisions could become the
main future source for new debris objects, possibly leading
the space debris environment into a chain reaction, render-
ing some orbital regions with an unacceptably high risk for
operations. [20]

The only solution to preserve these key orbits in a usable
state is the active removal of some of these objects. Space
agencies are actively working on the topic, such as ESA
with its pioneering CleanSpace initiative.[21, 22]

In case these initiatives were unsuccessful, the threat posed
by space debris to space assets might reduce the per-
ceived attractiveness of the integration of space systems
into larger terrestrial systems. On the other hand, space re-
moval missions very likely would spur the development of
space technology that increases the attractiveness of space
assets, such as modularity, in-orbit servicing technologies
and, by opening an entirely new field of space activity re-
quiring a relatively large number of similar missions, it
offers the potential to open a new space servicing market
for private industry and service providers.

Space law The term space law was for decades used mainly
in connection with international law, given that only very
few space faring nations had developed dedicated national
space law until 2000. [23] The increasing socio-economic
importance of space activities and especially services from
space assets has led to the development of national space
legislation, aiming to regulate and help the development of
commercial space activities.

Regulatory certainty, typically higher if grounded in na-
tional legislation than in relatively high-level international
legal documents, can be expected to increase the attrac-
tiveness of integrating space assets into larger terrestrial
systems and services. [24, 25]

4. THE CASE OF SPACE & ENERGY

The space sector, and especially ESA has been contributing
both directly and indirectly to the terrestrial energy sector in
various domains, ranging from providing data to transferring
space technology. Many of these activities have been conducted
on an ad-hoc basic. The opportunities of a more systematic ap-
proach resulted in the creation of ESA’s Space & Energy (S&E)

initiative, an umbrella initiative under which a variety of activi-
ties are coordinated, structured and promoted.[26, 27] This sec-
tion uses a summary and update of the initiative and its ongoing
activities to reflect on the challenges outlined in section 3.

4.1. Overall Objective
With S&E, ESA aims to contribute to the multitude of energy

transitions currently taking place within Europe. It achieves
this goal by actively promoting and initiating research that in-
tersects both space and terrestrial energy activities. In partic-
ular, the specialised knowledge of ESA, in combination with
space industry, is a powerful tool to support European policies
aiming at realising an affordable, secure and sustainable energy
system.

The main objective is structured in two separate action lines,
with the goal to,

Develop technologies for the energy transitions -
R&D focused on the development of energy related tech-
nologies for both space and terrestrial applications, includ-
ing e.g. efficient fuel cells, energy storage, materials etc.

Propose and develop support services from space -
Services from space in support of the energy market, in-
cluding e.g. smart grid management, robust communica-
tion, high resolution EO data, etc.

To this aim, two research studies were implemented together
with European industry in 2013, providing an initial investiga-
tion into each of the above areas:

4.2. Synergetic Technology Development
In the first phase of this study [28], performed by Abengoa

Hidrogeno, the current ESA roadmaps in several technical do-
mains were compared with multiple relevant terrestrial energy
roadmaps with the goal to identify R&D areas of common in-
terests. The main technology domains selected for investiga-
tion were thermal control, hydrogen production & storage, pho-
tovoltaics, energy storage, life support systems, robotics and
space weather effects.

Once identified, each area was subsequently analysed against
a set of criteria in order to down-select the most promising
technologies in this field. Some of the criteria considered
were: technology differences and commonalities, future mar-
ket needs, current and planned R&D budgets and development
lead times.

By analysing the roadmaps of the above domains from a ter-
restrial energy sector point-of-view, new opportunities could be
identified that would link to existing and/or future Space needs.
These opportunities could potentially benefit not only the space
industry by a spin-in of terrestrial applications, but also allow
the development of new synergies between terrestrial and space
applications that would ultimately see new applications being
developed both for space and terrestrial markets.

The first phase analysis led to a recommended shortlist of po-
tentially interesting technologies for co-development, including
the identification of possible terrestrial industry partners. In ad-
dition, a recommendation to update the existing roadmaps for
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Figure 2: Schematic view of possible synergetic technologies identified in the assessment of space and terrestrial R&D roadmaps [28].

the space technological domains was made to include the ex-
pected timeline of relevant synergetic R&D in the terrestrial
energy sector (see figure 2). The main technology synergies
identified for the domains considered were:

• loop-heat pipe thermal management;

• slush hydrogen;

• novel manufacturing processes for aerogels; and

• modelling of geomagnetic storm environment and their ef-
fect on energy infrastructure.

In order to prepare the future, the next step will be to expand
the activities internally to include also other domains that were
not included in the initial internal assessment. By expanding
the exposure and successfully providing a platform to establish
such activities internally, new concepts could be explored with
new terrestrial partner(s).

4.3. Support Services from Space

Two parallel studies were commissioned to explore increased
synergy between the energy sector and the space sector and to
assess how the space sector, and in particular Earth Observation
(EO) programmes, can aid the energy sector with existing as
well as new products. As such the needs of the Energy industry
were charted and suitable EO applications were analysed. The
studies performed then focused on developing new EO mission
concepts that are able to fulfil current and anticipated demands
of the energy sector.

A survey of the energy sector, including via a workshop
and end-user interviews, was performed to identify the most
promising energy sub-sectors and space exploitation possibili-
ties. Already available or planned EO products and missions,
such as those within the ongoing Copernicus programme and
ADM-Aeolus, as well as non-EO approaches, i.e. ground-
based information gathering and aerial surveys, can already ad-
dress a large part of the energy sectors needs. On the other hand,
insect swarms, for instance, which have an impact on biofuel
production can already be monitored from space. The upcom-
ing Sentinel missions, which are part of the Copernicus pro-
gramme, will aid in identifying potential sites for solar or wind
power generation. However, a fair amount of unmet demand
was found to be remaining which underwent further analysis.

In each study, this global analysis led to a shortlist of po-
tential interesting EO concept missions which would best sup-
plement either existing and/or future planned EO capabilities.
Subsequently, the two most feasible EO concept missions were
chosen per study for a full cost/benefit analysis, including in-
strument, platform, launch, ground segment and feasibility as-
sessment.

In the first study, a collaboration formed by NOVELTIS,
ENEA and OHB, these concepts were [29]

1. WiRM, a wind pencil-beam scatterometer for wind re-
source assessment and offshore operations; and

2. GEM, a greenhouse gas (GHG) mission based on a SWIR
spectro-imagerto measure emissions of CO2 and CH4 for
GHG emission inventory and leak detection.

In the second study, a collaboration formed by CGI and SEA,
the concepts chosen from a wide range of user cases were [30]
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1. HADES, the identification of potential sites for carbon
capture and storage (CCS) using a 10MHz ground pene-
trating radar; and

2. HiTIR, a high resolution thermal infrared spectrometer to
identify thermal losses from commercial buildings (see
also figure 3).

Started in April 2014 a further study focusses on the identi-
fication of opportunities for satcom actors in a low-carbon so-
ciety, exploring the opportunities that will open-up for space
actors following the on-going changes in the energy sector
with a particular focus on the down-stream space applications
segment. It includes a cost-benefit assessment, a competi-
tive analysis, and will define for each opportunity the require-
ments of the main users/customers and suitable system con-
cepts/architectures. Key energy domains concerned include
smart grids, wind and solar power.

4.4. Experiences

The experiences obtained during the above initial studies
have helped to further improve the scope and framework of the
Space & Energy initiative. Several key observations are out-
lined below, linked to the characteristics analysed in section 3.

4.4.1. Experienced challenges
At this phase of the Space & Energy initiative, the challenges

related to the space systems as outlined in section 3.2 are expe-
rienced less in the technology road-mapping branch of the ini-
tiative than on the services branch, where especially challenges
related to the investment and launch costs influence the feasi-
bility and market studies of need for new EO services from the
energy sector.

Among the challenges described in 3.3, both branches expe-
rience the difficulties linked to the relative isolation. Obviously,
the space industry is highly specialised due to its strategic na-
ture and it therefore has only a limited view and knowledge of
the needs and requirements of the non-space industry. To ex-
plore possible technology synergies from within the space sec-
tor will in this case mostly depends on the domain knowledge
and insights from technology specialists. To expand this view
towards terrestrial industries and markets, space agency sup-
port to provide fora, occasions and incentives for discussions
between space industry and representatives of the energy sec-
tor has been key. This has been achieved via joint workshops
and conferences as well as actively reaching out to the energy
sector via dedicated technology mapping efforts. This offers en-
ergy sector insights and links that the space industry otherwise
would not have naturally. Partnering with strategic key indus-
try players who are are in a better position to provide mediation
between ESA and the terrestrial sector is very useful and helps
speeding the process.

To the challenge related to the relative isolation of the space
sector, the space & energy initiative has also experienced chal-
lenges related to the potential size of the space market com-
pared to the energy market. Nevertheless, Space, as a relatively
niche market, does offer an attractive early application area for

testing and development of new (spin-in) terrestrial technolo-
gies.

Concerning the challenges described in section 3.4, devel-
opment times of space and energy system technologies are
roughly comparable. On the other hand, the funding environ-
ment for both sectors is substantially different, not only in to-
tal size, but also on the involvement and importance of public
funding for technology R&D. This has implications and cre-
ates difficulties related to intellectual property, competitive ad-
vantage, decision mechanisms for R&D funding and industrial
policy aspects.

Technology development timelines can easily extend beyond
10 years in the Space sector (depending on the initial TRL
level). Although such timelines also exist in the energy sector,
both timelines are rarely in sync and thus could require addi-
tional efforts for constant fine-tuning and evaluation, especially
during the critical early phases.

Funding, for both level and type, is not usually perceived
as critical for synergetic technology development, in particu-
lar when supporting terrestrial R&D activities. In fact, more
important in this process is the establishment of favourable de-
velopment times, knowledge sharing and assessment of (future)
market conditions. Already at an early stage, an investigation
into the methods for establishing potential user products for the
target end-user community is needed.

Typically, it was observed that both on the system and user
level significant differences exist in the management between
typical space and terrestrial technology developments. The
proposed activities therefore need to be highly flexible in na-
ture, this includes areas as resources, funding, time planning
and management. In particular, technologies could be in differ-
ent stages of development in the terrestrial and space industry.
Overall, this requires a continuous process for reviewing and
updating existing and future activities within the roadmaps.

Finally, the long term view of the Space sector may span be-
yond the time-frame of terrestrial activities. Ideas would there-
fore require long-term nurturing during which also the global
scope and strategy of both industry and Space may change.
Therefore, sufficient flexibility in both the strategy and frame-
work is needed.

Regarding the challenges related to external factors as de-
scribed in 3.5, for the initial studies presented here, the initiative
has been at the Space sector to establish first contact with possi-
ble terrestrial industry partners. Such partners are in many cases
not used to cooperating with space industries and in some cases
could require that the space sector builds different approaches
to interact with them, especially in cases where several, often
competitive, players are involved. This will require the imple-
mentation of a framework in which to cooperate with multiple
partners in the energy sector, including industry, public bod-
ies and third parties providing services to the energy sector. In
any case this is a long process from identifying representative
”users” in the terrestrial sector (and this is valid also for the
other domains than Energy) and building mutual knowledge of
needs, ways of working, processes, down to implementing the
needed programmes and services.

Finally, due to the broad nature of all activities that fall under
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Figure 3: Example of HiTIR Thermal Map Product [30]

the Space and Energy umbrella, care must be taken to group
these together and provide a single clear message, both inter-
nally as well as externally towards the terrestrial industry. To
enhance the exposure, it is beneficial to involve an external part-
ner with an extensive network within industry to provide both a
first point of contact as well as bridge with the terrestrial energy
sector.

5. CONCLUSIONS AND OUTLOOK

Addressing many of the current challenges on Earth can ben-
efit substantially from space technology and space-based ser-
vices.

Successfully addressing these challenges is of prime impor-
tance for ESA’s “Space for Earth” initiative. This framework
was created to ease the identification of existing and upcom-
ing challenges, to promote information to the users at all levels
(from governments to citizens), and to support the definition
and development of the future programmes that will help to ad-
dress those challenges. It aims at federating, coordinating and
providing the critical mass to these activities, while offering the
space industry new market opportunities.

The themes identified within this initiative today include
Energy, Oceans, Arctic and the Antarctic. Each of these is
linked with and benefits from a variety of space assets, rang-
ing from Earth Observations, telecommunication, navigation,
human space flight, microgravity and general technology devel-
opment. More themes are set to be included into the initiative.

In this paper, the rationale for the cross-cutting initiative was
briefly presented with each theme briefly highlighted on recent
activities and potential future developments. The first part of
the paper analysed and categorised the main characteristics of
and trends in the space domain and how these lead to challenges
when integrating space activities into terrestrial systems, or vice
versa.

The concrete case of the Space & Energy initiative was used
to illustrate these findings. In this on-going initiative, the syner-
gies between the space and terrestrial sector are being explored
both in the area of joint technology development and possible
new supporting roles that a space based infrastructure can offer

to the terrestrial energy market. In the initial studies on technol-
ogy and services, already many interesting synergies and future
applications could be identified and it is hoped that increased
exposure to and awareness of the activity will only expand the
possibilities in which the space sector can support the energy
sector. By initiating fruitful discussions it can establish a plat-
form in which to share new ideas on common and parallel de-
velopment of both ground and space activities, exploring possi-
ble new markets and services for common benefits.

Such a platform will need to successfully overcome the chal-
lenges presented when aiming to enhance close cooperation be-
tween two domains historically ”uncorrelated” (either for tech-
nology co-development or identification of new services). This
requires clear communication of the common goals and the
need for a flexible framework in which the strengths of both
domains are mutually beneficial and support common activi-
ties. Due to the high level of specific domain knowledge within
the space industry, it is considered highly valuable to include
within the initiative at least a solid partner operating within the
terrestrial energy sector. Such a partner would serve, besides
providing access to their expertise and extensive network, also
as a first point of contact and a necessary bridge between the
space domain and terrestrial energy sector to discuss and ma-
ture the development of future technologies and services from
space.
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