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Executive Summary 
 

This report is an overview of European tech-
nological Non-Dependence in the space field. 
The general context, what has been already 
done and what is still to be exploited and 
pursued, is presented. 

After an introduction to the Non-Dependence 
issue, the first chapter defines the overall 
context of the issue different perspectives. In 
this part the most relevant cases of depend-
ence are described, as are the international 
scenario and the new dynamics in space; the 
innovation process, with the main critical 
issues in Europe, and finally the security is-
sues.  

In the second chapter all the European initia-
tives taken toward technological Non-
Dependence are described. Thus the first 
section sets out the initiatives managed by 
ESA (the Harmonisation programme, the 
European Space Component Coordination 
(ESCC) and the European Component Initia-
tive (ECI)); in the second section the pro-
grammes of European Union are presented 
(the European Space Technology Platform 
(ESTP), and some specific actions under the 
Seventh Framework Programme for Research 
(FP7) and within Horizon 2020). The third 
section contains a description and discussion 
of the Joint Task Force (JTF) for Technological 
Non-Dependence established between EC, 
ESA and EDA in 2008. 

In the third chapter a detailed description of 
the current critical technologies is given. In 
the first section, some successful examples of 
harmonised technologies are provided, and in 
the second section the macro-areas relevant 
for future development and funding are de-
scribed. Finally, in the third section, specific 
technologies in which Europe is strongly de-
pendent are presented with a detailed analy-
sis.  

At the end conclusions and recommendations 
are given as follows: 

• Eropean Technological Non-Dependence 
is an overarching topic that must be con-
sidered under many different perspec-
tives. Technological dependence hampers 
space utilisation, security and defence, 
productivity and market competitiveness. 

• Even though some technology gaps be-
tween Europe, the U.S. and Asia have 

been reduced, the gap is still much too 
big for Europe to be independent. This 
imposes a challenge for foreign policy 
and international cooperation.  

• The enhancement of a European Supply 
Chain through technological development 
should be pursued, but it should proceed 
in parallel with international relations and 
policy actions (e.g. the example of fruit-
ful cooperation with Japan). 

• Many initiatives and actions have been 
taken both within ESA and at institutional 
level, finally converging in the Joint Task 
Force of the EC, ESA and EDA for Euro-
pean Technological Non-Dependence. 
Nevertheless, an overall programmatic 
strategy at European level is still lacking. 

• The first driver for European space tech-
nology policy should be security of sup-
ply. It should be pursued by two ap-
proaches: on the one hand, the en-
hancement of the European supply 
chain; on the other side, the intensifica-
tion of international collaboration and ex-
changes. The management of the supply 
chain should be a primary focus in the 
management of space programmes. 

• The establishment of the Joint Task Force 
for Non-Dependence has as its goal im-
provement in the availability of compo-
nents and building blocks. This is neces-
sary because of the weakness of Euro-
pean industry in this field and the strate-
gic importance of these lower levels of 
the supply chain. The Urgent Actions de-
fined by the Joint Task Force promoted in 
this direction are an important first step.  

• At a technological level, the first priority 
is to manage medium/long term obsoles-
cence. It is necessary to achieve the 
right balance between innovation and 
product maintenance. To do this, innova-
tion timeframes have to become more 
compatible with market dynamics. 

• European technological strategies focus 
principally on product concepts and the 
early stages of innovation. More atten-
tion must be given to maturity and 
readiness aspects (high TRL). This is the 
guarantee that the European space in-
dustrial base is able to supply the tech-
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nologies required, and thus a crucial step 
in remaining competitive in the global 
market. In this regard, qualification and 
in-orbit validation are fundamental steps. 
Strong efforts and investment should be 
applied to these later phases of the tech-
nological process, to bring innovative 
technologies to the right level for risk-
free implementation in European pro-
grammes and for commercialisation. In-
tensifying the frequency of control and 
qualification activities will bring more ef-
ficiency in the technological process and 
in the planning capability.  

• The periodic preparation of detailed 
technical roadmaps, marking the evolu-
tion of activities and perspectives, is a 
very important tool, especially when con-
sidering the fragmented European reality 
and the large number of stakeholders in-
volved. Similarly, it is essential to stan-
dardise technologies and procedures. The 
definition of standards and of precise fi-
nal requirements is a precondition for 
transnational and international collabora-
tion, both within EU and with third coun-
tries.  

• A high level of reliability is one of the 
main characteristics of European tech-
nologies and missions, and actually con-
tributes to giving Europe an outstanding 
position in the global space arena. This is 
an achievement that should be main-
tained and improved, although it requires 
long timeframes and expensive technical 
processes. 

• The current European fragmentation, at 
national and industrial level, strongly af-
fects the technological scenario. More 
coordination is needed, with tailored ac-
tions, joint undertakings, strong syner-
gistic efforts and technology transfer 
plans. Technology planning and coordina-
tion is fundamental, as is the elaboration 
of long-term prospects for breakthrough 
concepts and associated technologies. 
The involvement of all the different ac-
tors in a structured multi-stakeholder 
approach, especially in the current situa-
tion, is crucial for achieving simplifica-
tion, and through this effectiveness and 
progress.  

• Europe should invest in its human capital 
to ensure not only availability, but also 
(and mostly) capability. This is the key to 
maintaining a central position in the 
global context, also in the light of the 
huge investments in human capital of the 
emerging Asian space powers.  

• To boost the development of the space 
sector, stakeholders must make use of 

all EU, national and regional initiatives 
that promote synergy in space activities. 
Since space assets are integrated sys-
tems of many different components, a 
cross-sectorial approach is essential. 
Spin-in activities should be promoted and 
enhanced, in a fully open innovation ap-
proach. This is relevant to increase the 
achievement of Non-Dependence goals. 
Within the ambit of ESA there are many 
programmes devoted to such cross-
cutting promotion. It is necessary to con-
tinue to invest in this direction. A well-
defined planning of such synergistic ac-
tions should be pursued. As concerns 
components, nanotechnologies and ad-
vanced materials, space activities can 
leverage the many actions proposed by 
the EC on Key Enabling Technologies 
(KETs), for example with joint calls. In 
this respect, the role and responsibilities 
of the ESTP are still insufficiently ex-
ploited. 

• Public support for R&D in space tech-
nologies and long-term space pro-
grammes is essential because of the high 
costs, high level of risk and the insuffi-
cient returns from commercial markets. 
All the different funding sources available 
should be streamlined and harmonised to 
achieve more appropriate and effective 
mechanisms, tailored for longer time-
frames and specific programmes.  

• Regional and national funding should be 
harmonised with the technology plans of 
national space agencies.  

• In addition to security of supply, and 
thus the availability of technology, the 
sustainability of product lines must be 
ensured. A sustainable market is a fun-
damental condition for being competitive. 
Domestic European markets are limited 
and fragmented. They need to be aggre-
gated. This should include not only the 
national space markets, but also in com-
bination with other collateral sectors, 
first of all defence. Synergies between 
the civil and defence community are still 
not being sufficiently exploited. They 
should be promoted and improved to at-
tain a fully effective Non-Dependence 
strategy. 

• European industrial policy strongly af-
fects technological Non-Dependence. The 
inefficient translation of the knowledge 
base into products and services, the ex-
cessively long time to market, as well as 
the fragmentation of industrial and regu-
latory national systems are among the 
most important factors that directly lead 
to obsolescence and dependency issues. 
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The combined product policy to link 
technology evolution to user require-
ments and to procurement programmes 
must be enhanced. 

• Horizon 2020, the framework programme 
for research and innovation, aims to 
promote the triangle of knowledge by 
also looking at the commercialisation 
phase, including through better involve-
ment of SMEs. In the establishment of a 
Non-Dependence strategy at European 
level, all the new possibilities provided by 
the new programme should be fully util-
ised.  

• Although the most innovative and ad-
vanced items are generally produced by 
a small number of supplying countries 
and companies, in recent years the 
availability of many technologies has 
been growing. This has modified the ap-
proach to export controls in Europe, also 
imposing the participation in multilateral 
export controls regimes. The European 
export control regime is unique, because 
it combines EU-wide principles with na-
tional regulations. However, harmonisa-

tion is still not satisfactory. In the Mem-
ber States there are different types of 
export licensing and different terms and 
conditions; this is the result of policy 
variations and regulatory differences 
(beside different technological advance-
ment). This situation brings licensing de-
lays for the EU that undermine the fulfil-
ment of the requirements of the export 
industry and international commitments, 
hindering market and industrial devel-
opment. Harmonisation of national legal 
frameworks should be combined with 
flexibility and consistency at European 
level, in order to achieve the best bal-
ance between security and productivity. 

• The establishment of a well-balanced and 
harmonised regulatory framework is at 
the basis of the evolution of any Non-
Dependence strategy. This refers firstly 
to export controls, but procurement 
regulations and intellectual property 
rights are also crucial in this specific con-
text. 
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1. The Dependency Issue 
 

Non-Dependence is an overarching topic, and 
the situations contributing to dependence are 
very different, giving rise to a complex sce-
nario. In this chapter a general overview is 
presented. First Non-Dependence is defined 
and broadly described, with its different 
causes (second section) and levels of critical-
ity (third section). The difference between 
Non-Dependence and Independence is 
stressed, and the reasons why Independence 
is unachievable are described. The following 
section sets out the general context and the 
main features of the global supply chain for 
space are discussed. Due to the increasing 
importance of Asian powers in the global 
technology domain special attention has been 
given to the evolution in this region and a 
separate section included. Thereafter an 
overview of space technology and the innova-
tion process is provided, followed by a brief 
summary of ESA programs for research and 
technology development. The following sec-
tion is devoted to industrial policy and its 
consequences for Non-Dependence. This sec-
tion also include a description of KETs (Key 
Enabling Technologies). Finally, the last sec-
tion is devoted to defence and security, and 
the many implications for a Non-Dependence 
strategy of the inherently sensitive character 
of space technologies.  

1 . 1 Why Europe Needs a Non-
Dependence Strategy  

While Europe possesses the broad majority of 
the technologies, processes and industrial 
capabilities needed to develop space pro-
grammes, European stakeholders nonethe-
less still need to externally source certain 
components, raw and advanced materials as 
well as some basic technologies and building 
blocks that are not available within European 
boundaries.1 Although one third of all new 
space patents are filed in Europe2, it has 
been estimated that Europe is five years be-
hind in a number of technologies (for exam-

                                                 
1 European Space Technology Master Plan 2011, herein-
after ESTMP 2011 
2 The Space Economy at a glance 2011, OECD, Director-
ate of Science, Technology and Industry, 
http://www.oecd.org/sti/futures/space/48301203.pdf  

ple in microelectronics3). At present, the 
European space industry has good mastery of 
most of the supply chain, except at the low-
est levels with basic supplies, in particular 
Electrical, Electronic and Electromechanical 
(EEE) components and advanced materials. 
This clearly places Europe in a position of 
strong dependence, since the lower the level 
of technology on which a country or region is 
dependent, the greater the weakness of the 
country or region. In fact, this condition of 
dependency exposes Europe to many differ-
ent risks and potential uncertainties of sup-
ply. Thus Europe is vulnerable to political 
instability in a supplier country and to natural 
disasters in any part of the world, because of 
the global dimension typical of any techno-
logical supply chain in current times. Security 
of supply is not only threatened by political 
crisis and natural calamity, but also by the 
regulatory barriers of export controls. Be-
cause of the dual-use and highly sensitive 
nature of most space technologies, they are 
often subject to export restrictions as strate-
gic and defense-related items. This makes 
some of them completely unavailable from 
exporters, mostly the U.S., or creates lengthy 
procurement delays that can have serious 
effects on space programmes, especially in 
the context of the global market.  

Export restrictions may apply to basic tech-
nologies, products, materials and processes.4 
Referring to technologies under the Interna-
tional Traffic Regulation of Arms (ITAR), a set 
of government regulations that controls the 
export and import of defence-related items 
on the United States Munition List (USML) an 
industry survey by ESA on commercial space 
programmes identifies 111 items under re-
strictions, most of which had issues with a 
strong impact on their procurement. The 
analysis showed that for 43% of all restricted 
items industry saw a strong likelihood of in-
creased delays and costs. Technology was 
blocked for some users (for 38% of the 
items) and quality and access to technical 
information (for 35% of the items) were also 
identified as important issues. Moreover, 

                                                 
3 FP7-Space: R&D in support of European microelectron-
ics enabling technology, Richard Gilmore, ESCONN Con-
ference 2011, ESA/ESTEC, 15-17 March 2011 
4 ESTMP 2011 



 
 

ESPI Report 51  8 September 2015 

industry feared that export controls could be 
more severe in the future (22%).5 

Relying on sources outside Europe creates 
complications for European industry in terms 
of communication and quality control, and 
also introduces more risks with respect to 
security and foreign threats. Reliance on 
components developed outside Europe results 
in longer lead times, programme cost over-
runs and schedule delays,  and the potential 
non-availability of high end technologies for 
some European satellite manufacturers. The 
lack of access to leading edge technologies 
inevitably produces limitations on the per-
formance and scientific output of European 
payloads, which directly affects the competi-
tiveness of European industry.  

Dependence is often associated with insuffi-
cient technology maturity and lack of incre-
mental development of critical technologies.6 
By critical technologies is meant those tech-
nologies that enable Europe to be capable of 
responding to its own needs in space and to 
remain competitive in the global mar-
ket.7Amongst these technologies, those on 
which Europe is most dependent for foreign 
supply are the EEE-components. The impact 
of this dependence can be easily understood 
when considering that 40% to 70% of the 
hardware procurement costs of space equip-
ment are for EEE-components.8 On a stan-
dard ESA satellite programme, more than 
half of the EEE-component procurement costs 
go to procurement of components from the 
U.S. that are under export control restric-
tions.9 In 2006 the average European space-
craft mission employed just 25% of Euro-
pean-sourced parts (the remaining parts 
were bought mostly from the U.S. but also 
from Asia). In 2010 this has risen to 35%, 
and today to 50%.10 Even if some technology 
gaps between Europe/USA/Asia have been 
reduced - and are supposed to be reduced 
more – the gap is much too big for Europe to 
take an independent approach and rely only 
on European-sourced technologies. Although 
the European supply chain is still increasing, 
the gap is too big to achieve technological 
self-reliance and independence. 

For these reasons, Europe must establish a 
Non-Dependence strategy. While independ-
ence would imply that all needed space tech-

                                                 
5 ESTMP 2011 
6 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace  
7 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
8 EEE Non-Dependence, presentation by Mikko Nikku-
lainen, ESCCON Conference, March 2013, ESA-ESTEC 
9 ESTMP 2011 
10 ECI Update, Mikko Nikkulainen, 2015 

nologies are developed in Europe, Non-
Dependence refers to the possibility of 
Europe having free and unrestricted access to 
any required space technology.11  

As a general topic in terms of technology 
Non-Dependence is increasingly a priority for 
European policies and institutions. Even 
though some European nations have 
achieved independence in some very specific 
sectors and technologies, an overall strategy 
at European level is still lacking. 

Currently in Europe, national space agencies 
are organised with very different specific 
goals and regulatory frameworks and are 
committed to fulfilling mainly strategic, eco-
nomic and industrial objectives in the interest 
of their own country rather than of Europe as 
a whole. Within each of the ESA Member 
States, the approach to space activities cov-
ers a broad spectrum that finds a first point 
of convergence only in the activities of ESA 
itself.12 The coordination of efforts across all 
European actors in space-related activities, 
first and foremost at intergovernmental and 
institutional level, is therefore a prerequisite 
for maintaining and improving the position of 
Europe and reducing its foreign dependence. 
In a broader context, European fragmenta-
tion at the political, market and regulatory 
level is a further obstacle to the implementa-
tion of a coherent, overall and effective strat-
egy. 

The mechanisms driving technology in the 
direction of short-term competitiveness and 
commercial programmes are profoundly dif-
ferent from those driving technology for stra-
tegic reasons, such as Non-Dependence. In 
fact, the latter require comprehensive and 
long-term preparation and planning.13 Natu-
rally, strategic actions will also have an im-
pact, directly or indirectly, on the space 
economy and commercial activities, yet the 
return on investment will materialise only late 
in the process. Funding should be allocated 
taking into account the long term, consider-
ing that the revenue from some of the activi-
ties will come only a decade later, and might 
not be directly traceable to the original in-
vestment. 

This is why institutional support for R&D in 
space technologies and for long-term space  
 

                                                 
11 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
12 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
13 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
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Fig. 1: USA and Europe funding for space activities. Figure from: FP7-Space: R&D activities in support of European microelec-

tronics enabling technologies, presentation by Richard Gilmore, ESCONN Conference 2011, ESA/ESTEC, 15-17 March 2011 

programmes is imperative. The high costs 
and high level of risk inherent in innovation 
and technological development mean that 
only public funding will do the job.  

Funding should be devoted to enhancing a 
broad technological base and promoting in-
novation from the product concept to the 
later stages of the product life cycle, directly 
leading to the commercialization phase. End-
to-end funding is fundamental to guarantee-
ing the implementation of any strategic 
plan.14 

Most of the gaps in the development of cut-
ting edge technologies are due to insufficient 
funding. U.S. funding for space programmes 
is about ten times that of Europe (see Fig. 
1).15 This enormous disparity is the basis of 
the leadership role of the U.S. in technologi-
cal innovation and the global space market.  

Any Non-Dependence strategy must be cen-
tred on critical and enabling technologies. 
Their availability and maturity level and im-

                                                 
14 ESTMP 2011 
15 FP7-Space: R&D activities in support of European mi-
croelectronics enabling technologies, presentation by 
Richard Gilmore ESCONN Conference 2011, 
ESA/ESTEC, 15-17 March 2011 

pact on European commercial activities and 
security must be analysed and considered.  

The general guidelines of innovation policy in 
this field must aim at the reduction of the 
dependence level of European space tech-
nologies through double action. On one side, 
ensuring unrestricted access from suppliers 
abroad and, on the other hand, encouraging 
and enhancing the development of building 
blocks and components from European sup-
pliers, in order to strengthen the European 
supply chain. Such a parallel approach is 
inherent in the definition of Non-Dependence, 
and must be pursued to guarantee security of 
supply and maintain a solid position of 
Europe in the global scenario.  

Alongside long term prospects for break-
through concepts and avoidance of technol-
ogy gaps, special attention should be given to 
the later stages of the technological process. 
It is necessary to improve European design 
tools and invest in the maturity level of tech-
nology, in order to promote the development 
of reliable standard equipment, especially for 
commercial use16 (see paragraph 1.5). De-
pendence is often associated with insufficient 

                                                 
16 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
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maturity of technologies and lack of incre-
mental technology development. The later 
stages of development are often not covered 
by funding, and this produces a negative 
impact on European competitiveness and 
commercial activities.  

Technology readiness is fundamental. It is 
the guarantee that the European space in-
dustrial base is able to supply the technolo-
gies required by European space pro-
grammes. Improving readiness and efficiency 
will lead to Non-Dependence and competi-
tiveness of technologies and products.17 The 
creation of harmonised and reliable stan-
dards, in the very fragmented European in-
dustrial and technological context, is crucial 
for the achievement of Non-Dependence 
goals. For space, this is even more compli-
cated considering that building blocks for 
different space systems and applications are 
characterized by a lack of standardization: 
telecommunications, Earth observation, ex-
ploration etc… need different technical solu-
tions and different satellites to be developed. 
Moreover, the technologies need long qualifi-
cation processes and high investments, com-
pared to the European space market size.18  

The European space market is limited, not 
well integrated and currently, because of the 
economic crisis, additional industrial invest-
ment cannot be expected. Furthermore, 
technology cycles are becoming shorter, 
while time to market still remains much too 
long. Institutional actions jointly with stake-
holders and customers should be undertaken 
to provide sufficient anticipation and aggre-
gation of demand, optimizing every effort. 
Access to the most advanced technologies, 
components and materials is a condition for 
cost effective institutional missions and for 
the commercial competitiveness of the Euro-
pean space industry. In this respect, it is 
important to take into account the new and 
emerging spacefaring nations with major 
technological investments in the global con-
text.19 For Europe, this could represent a 
threat to its competitiveness on the world-
wide market, especially for low cost tech-
nologies. Nevertheless, it could become a 
notable opportunity, given that the size of the 
European market is so small that Europe 
needs export of its products and could benefit 
strongly from new markets as emerging 
countries enter the space scene. This requires 
the support of a well-defined regulatory 
framework for import-export of sensitive 
technologies, as well as the definition of 

                                                 
17 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
18 ESTMP 2011 
19 ESTMP 2011 

guidelines of foreign policy and international 
relations strategy.  

An overall strategic approach should take into 
account the possibility of exploiting synergies 
with research and development in non-space 
sectors, in order to develop spin-in strategies 
and co-funding activities. First among these 
is the defence sector, which is contiguous to 
and shares many characteristics with the 
space sector, namely very demanding re-
quirements, limited volumes, and cutting 
edge technologies. Europe’s limited commit-
ment to security-related space activities has 
led to technological deficiencies because of 
insufficient investments in some areas.20Co-
ordination and an increase of efforts in space-
related activities is a prerequisite for improv-
ing the strategic place of Europe in the world 
and for reducing dependency on the leader in 
the sector, the U.S. Increasing efficiency 
requires reinforcing complementarities and 
collaborations amongst stakeholders (both 
space and non-space sectors) to avoid dupli-
cation in each element of the value chain. To 
achieve a Non-Dependence strategy a multi-
lateral and multi-stakeholder approach is 
necessary, at both the cross-sectoral and 
trans-national levels, while also strong coor-
dination between the European Commission 
and ESA is crucial in this respect. 

From this first general overview it emerges 
that security of supply is not just a techno-
logical issue - it requires strong and tailored 
political action to drive European technology 
policy. Europe must enhance technological 
investments, foster harmonisation between 
European actors (and, in this respect, also 
benefit better from relevant EU sector-based 
policies), and foster international relations for 
mutual exchange, commercial agreements 
and other forms of collaboration. To manage 
all these different aspects, strong, shared and 
effective policy action is needed. 

1 .2 Dependency Situations 

Dependency issues can be very different in 
risk and criticality, in relation to the pro-
grammatic importance of the technologies 
considered. They can arise in many different 
situations, due to technological, economic or 
regulatory barriers and obstacles.  

The following is a list and brief description of 
the most recurrent ones: 

                                                 
20 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
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European Technologies Are not Available at All 

This is the most critical case of dependence, 
with a higher level of risk when items and 
technologies are associated to single supplier 
sources. This kind of dependence is mostly 
associated with building blocks and compo-
nents, relatively low value standard items 
that are not available because of high costs 
for the producer, starting with the invest-
ments necessary to develop relevant capaci-
ties and then with the volume of activities 
necessary to sustain these capacities on a 
competitive basis.21 In particular, Europe 
lacks some Electrical, Electronic and Electro-
mechanical (EEE) components, some raw 
materials such as rare earths, and some ad-
vanced materials (as described in Chapter 3 
and below). 

European Technologies May Be Available But 
not With the Appropriate Level of Maturity, 
Reliability or Cost. 

This is a critical issue principally for opera-
tional and commercial systems. Items af-
fected by this kind of dependence are pro-
duced in Europe, but at a low level of devel-
opment with respect to global market trends 
and needs. High performance complex com-
ponents, needed to give a competitive advan-
tage to space products, are often not suffi-
ciently upgraded. In many cases, an ad-
vanced and competitive level of maturity 
would be achievable by European stake-
holders, but it would require such high costs 
and lead times that it becomes more conven-
ient for industry to buy the improved tech-
nology from suppliers abroad.  

Most funds currently allocated to technology 
development programmes in ESA, national 
agencies and more recently the European 
Commission and EDA are devoted to the 
early stages of the technological process 
(from early concept investigation to bread-
board models). Later stages of development, 
including all validation and demonstration 
phases, where less innovation and higher 
costs occur, are still inadequately covered.22 
For commercial applications in particular, In-
Orbit-Validation (IOV) is a very fundamental 
step (as will be described in paragraph 1.5.1) 
and Europe would be well-advised to strongly 
support its capabilities in this respect. 

                                                 
21 ESTMP 2011 
22 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 

European Technologies Need to Be Replaced 
because They Are Absolete, no Longer 
Available or Do not Meet New Legal Stan-
dards  

Obsolescence is an extremely significant 
problem to deal with in the innovation proc-
ess because of very rapid technological de-
velopments and the high competition in the 
space market. To manage medium/long term 
obsolescence, the right balance between in-
novation and product maintenance has to be 
found obsolescence affects technology and 
product availability and may occur as a con-
sequence of many different conditions:23 

• A technology is no longer produced by 
the supplier 

• The process of deciding, funding and fi-
nally commercialising new developments 
is too slow with respect to global trends 
and market (see also the point time to 
market) 

• Some components and materials need to 
be replaced because new European legis-
lation prohibits their use. 

In particular, two new EC environmental 
regulations have an impact on space 
technologies and systems. These are: 

REACH: Registration, Evaluation, Au-
thorisation and Restriction of Chemical 
Substances. EC Regulation No 
1997/2006 which entered into force in 
June 2007, with a phased implementa-
tion over the following decade. REACH 
addresses the production and use of 
chemical substances and their potential 
impacts on both human health and the 
environment and applies to all chemicals 
imported or produced in the EU, includ-
ing some substances that are contained 
in objects.24  

RoHS: Restriction of Hazardous Sub-
stances, Directive 2002/95/EC was 
adopted in February 2003 by the Euro-
pean Union and took effect on 1 July 
2006 to be enforced and become law in 
each member state. This directive re-
stricts the use of six hazardous materials 
in the manufacture of various types of 
electronic and electrical equipment.25  

                                                 
23 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
24 
http://en.wikipedia.org/wiki/Registration,_Evaluation,_Auth
orisation_and_Restriction_of_Chemicals 
25 http://en.wikipedia.org/wiki/ROHS 
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Strong Limitations on European Industry in Ac-
cessing Needed Technologies from Foreign 
Suppliers (Strategic Export Regulations) 

The large majority of space items is dual-use. 
As with all sensitive technologies, this puts 
them under special attention and restrictive 
rules, in particular referring to export regula-
tions. Thus, export restrictions may apply to 
basic technologies, products, materials and 
processes.26 The prime exporter of space 
components and systems to Europe is the 
U.S., which applies extensive and strict rules 
through many regulations on the exportability 
of sensitive technologies. Exports from the 
U.S. are governed primarily by the Interna-
tional Traffic Regulation of Arms (ITAR). ITAR 
export regulations may prohibit the availabil-
ity of a technology or, in any event, create 
procurement delays and put European indus-
try in a further situation of dependence to-
wards US policy instability. 

Time to Market 

Time to market is one of the main criticalities 
for European industry in every sector and has 
a huge impact on space technology develop-
ment and Non-Dependence. It is a common 
situation that the production and/or upgrad-
ing and commercialization of some European-
made technologies requires so long a time 
that the item becomes obsolete soon after 
marker introduction. This encourages Euro-
pean stakeholders to get the necessary tech-
nologies and components from suppliers 
abroad, where the whole process is faster 
and the expense is lower, in order to avoid 
obsolescence and staying competitive in the 
global market. As a consequence, this puts 
them in a condition of dependency on sup-
plier countries. The innovation timeframe of 
the commercialization phase of technology 
development has to become more compatible 
with market dynamics.  

Excess of Fragmentation in Europe /Un-
Harmonised Regulations 

The very long timeframes needed for the 
process of technological commercialisation 
can be due to different factors. One of the 
more relevant is excessive fragmentation in 
Europe. The political fragmentation of the EU 
has direct implications for the achievement of 
an innovation policy for Europe as a whole, in 
particular with reference to regulatory, indus-
trial and market aspects. 

By the very nature of the EU, the many dif-
ferent regulatory systems at national level 
are still predominant with respect to Euro-

                                                 
26 ESTMP 2011 

pean directives and regulations, and are of-
ten not harmonised. Moreover, despite the 
many actions toward the establishment of a 
single market in Europe, European markets 
are still strongly fragmented, and the situa-
tion is even more complex in the high-tech 
field because of security concerns. 

Both regulatory and market fragmentation in 
the EU create obstacles for transnational col-
laboration and crucial procurement delays 
that make the whole European system move 
like a slow machine with respect to its com-
petitors on the global market. In order to 
promote and improve technological ad-
vancement and to guarantee the achieve-
ment of Non-Dependence for Europe, this is 
one of the main issues to be dealt with. In 
particular, the establishment of well balanced 
and harmonised regulations on export con-
trols, both with countries outside the Union 
and inside European borders, is highly rele-
vant for the more general purposes of strate-
gic opportunities, competitiveness and Non-
Dependence. In order to boost the position of 
Europe globally and allow single nations to 
collaborate in in a very effective way, all this 
has to be taken into consideration. 

It appears evident that Non-Dependence is a 
very complex and overarching topic and, as 
such, it must be analysed from many differ-
ent perspectives. 

1 .3 Levels of Dependence 
Criticality 

Dependence situations can be very different 
in risk and criticality in relation to the pro-
grammatic importance of the technologies 
considered. In order to have a universal scale 
to refer to, industry has defined three levels 
of dependence criticality:27-28 

• Level 1: No risk of mid-term unavailabil-
ity. The technology is available at rea-
sonable conditions in the short/medium 
term for European programmes. A poten-
tial risk could be perceived in the longer 
term. Monitoring the situation is required 
to anticipate potential issues. 

• Level 2: Long-term availability is not 
guaranteed. Access to the technology is 

                                                 
27 FP7-Space: R&D activities in support of European mi-
croelectronics enabling technologies, presentation by 
Richard Gilmore ESCONN Conference 2011, 
ESA/ESTEC, 15-17 March 2011 
28 Industrial Reality of Technological Dependence, Evert 
Dudok, presentation from the conference Critical Space 
Technologies for European technological Non-
Dependence, Brussels September 9th, 2008 
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guaranteed in the short to mid-term but 
access in the longer term is at risk.  

• Level 3: Access to needed technology is 
seriously restricted. Level 3 is further 
split into three levels of seriousness:  

3.1: A technology is available in Europe 
but it is not competitive for performance, 
maturity or cost reasons. 

3.2: A technology is not available in 
Europe and its access is restricted. This 

is the general case of export control 
rules.  

3.3: A technology is available but the of-
fer is limited. This is critical if space 
competes with bigger customers for ac-
cess to resources.  

The following figure describes, in the form of 
a criticality tree, the procedure used in ESA 
to assign critical levels to technologies. 

 

 

 
 

Fig. 2: ESA criticality tree. This scheme shows the method used in ESA to establish critical levels for the considered items. 
Figure from: 2012 analysis of the Non-Dependence situation for critical space technologies in Europe, ESA industrial Policy 

Committee, Information Note, Appendix A. 
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1 .4 General Context 

1.4.1 Global Supply Chain  

The supply chain encompasses the design, 
development, testing and manufacturing of 
components, systems and facilities for access 
to and operation in space. All these different 
phases in the creation of an integrated tech-
nological system are strongly connected. This 
is why even a small disruption or damage in 
the provision of a single component affects 
the entire production line. Dependence situa-
tions that may arise not only from technical 
problems but also from industrial and com-
mercial conditions or export restrictions have 
an impact far beyond the value of the single 
items affected on the overall supply chain. 

Today, for any complex technological system, 
and of course for space, the supply chain has 
a global dimension. This increases potential 
risks and uncertainties due to political insta-
bility in countries involved. In the same way, 
any regional disaster affecting a single nation 
has global repercussions (as for example the 
Japan crisis of 2011 after the earthquake and 
tsunami). The globalized nature of the supply 
chain leads to the establishment of Non-
Dependence strategies, as previously defined. 
Security of supply is a driver for any technol-
ogy strategy, and must be implemented dur-
ing the whole process of innovation. For this 
purpose, the full traceability and transpar-
ency of the product life cycle and supply 
chain levels are fundamental.29. 

The European space industry is proficient 
along most of the supply chain, except at the 
lowest levels with basic supplies, such as EEE 
components and advanced materials. This is, 
however, a very critical condition, since tech-
nological dependency on components or raw 
materials makes Europe more vulnerable to 
political changes or natural disasters in other 
regions. In fact, it is clear that the lower the 
level of the supply chain is on which a coun-
try is dependent, the higher is its vulnerabil-
ity.  

As mentioned above, at present only 50% of 
EEE-components on an average European 
space mission are produced in Europe. At the 
basis of modern electronics – and of the sup-
ply chain - there are the semiconductors, 
which deserve special attention when talking 
about EEE-components, building blocks and 
advanced materials. Semiconductor-based 
electronic components include transistors, 

                                                 
29 EEE Non-Dependence, presentation by Mikko Nikku-
lainen, ESCCON Conference, March 2013, ESA-ESTEC  

solar cells, many kinds of diodes, light-
emitting diodes (LED), photo-diodes, etc. 
Semiconductors are used to create integrated 
circuits, which are at the foundation of any 
complex electrical and electronic device. The 
process of fabrication of integrated circuits is 
a multiple sequence of photolithographic and 
chemical processing steps, through which 
electronic circuits are gradually created on a 
wafer of pure semiconducting material. A 
large number of elements and compounds 
have semiconducting properties, including 
pure elements. Silicon is almost always used, 
followed by germanium, but many com-
pounds are produced for specialized applica-
tions (such as gallium arsenide, silicon car-
bide and a number of organic compounds). 
The enhancement of understanding of semi-
conductor materials and fabrication processes 
is key for the progressive increase in the 
complexity and speed of electronic devices 
and, with them, of increasingly sophisticated 
integrated systems. Looking at the space 
sector, the high level of complexity and 
specification of technological devices and the 
great number and differentiation of applica-
tions necessitate very close cooperation with 
the semiconductor industry from the early 
stages, to achieve effectiveness and higher 
performance.30 Non-dependence strategies 
aim at making such cooperation possible and 
effective. 

High-Tech Components are Imported from U.S. 

The U.S. is the first and principal exporter of 
hi-tech devices for space systems to Europe. 
With respect to electronic components in 
particular, Europe currently imports from the 
U.S. about 60% of the total number of EEE 
parts present on an average European mis-
sion.  

As already stated, space-related U.S. tech-
nologies fall under the International Traffic in 
Arms Regulations (ITAR). This is a set of 
government regulations that controls the 
export and import of sensitive defence-
related items listed on the United States Mu-
nition List (USML).

 
The Department of State 

Directorate of Defence Trade Controls (DDTC) 
interprets and enforces ITAR. ITAR regula-
tions prescribe that information and materials 
connected with defence and military tech-
nologies (and so, on the USML) may only be 
shared with U.S. persons unless authorization 
from the Department of State is received or a 
special exemption is given. This is done to 
safeguard U.S. national security and foreign 
policy objectives.  

                                                 
30 http://en.wikipedia.org/wiki/Semiconductor_material, 
http://en.wikipedia.org/wiki/Semiconductor_device_fabricati
on 
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The U.S. Munitions List changes over time. 
The redefinition most relevant for space oc-
curred in 1996, when technology pertaining 
to commercial satellites, until then regulated 
by the Department of Commerce, was shifted 
from the Commerce list of dual-use items to 
be put again under the USML. In this way, 
most space technologies became subject to 
higher regulatory restrictions and protective 
measures. This happened as a result of the 
launch failure of China’s Long March Rocket 
in February 1996 with the Space Sys-
tems/Loral Intelsat 708 .The Department of 
State charged Space Systems/Loral with vio-
lating the Arms Export Control Act and the 
ITAR, and opted for a renewed hardening of 
controls.31 There is an open debate between 
the Department of State and industries and 
academia regulated by ITAR on how such 
regulatory restrictions can damage U.S. busi-
nesses and higher education. The security 
benefit to the nation should be weighed 
against the economic impact.  

For Europe, ITAR export regulations often 
create procurement delays and exposes 
European industry to U.S policy changes.32 

Microelectronics and Semiconductors are Mostly 
Imported from Asia, Mainly from Japan. 

Japan plays a major role in the global supply 
chain both as a supplier of parts and as a 
producer of final products. Japan‘s produces 
more than 60% of the global supply of silicon 
wafers.33 Japanese equipment and material 
suppliers are leading players in the global 
semiconductor industry. It is estimated that 
Japan-headquartered equipment companies 
collectively capture about 35% of global 
semiconductor industry spending per annum. 
Beside wafers productions, chemical and 
other material suppliers in Japan are market 
leaders in the manufacture of advanced 
chemicals, packaging resins and packaging 
substrates. However, the importance in Japan 
of the semiconductor industry has receded in 
recent years (less than 21% of total produc-
tion, down from 28% in 2001) as more pro-
duction has shifted to South Korea, Taiwan 
and China.34  

Rare Earth and Material Dependencies on China 

In early 2010, Chinese firms accounted for 97 
percent of rare earth oxides production and a 
large fraction of the processing business that 

                                                 
31 A short history of export control policy, Ryan Zelnio, The 
Space Review , January 9, 2006  
32 A short history of export control policy, Ryan Zelnio, The 
Space Review , January 9, 2006 
33 fpc.state.gov/documents/organization/159785.pdf 
34 http://theautomaticearth.blogspot.it/2011/03/march-21-
2011-stable-in-sense-of.html 

turns these into rare earth metals and prod-
ucts. In September 2010, during a maritime 
border dispute with Japan, China apparently 
embargoed exports of rare earth oxides and 
metals to Japan (Japanese companies in-
sisted the embargo was real, even as the 
Chinese government officially denied it).35 

Japan, the United States and several Euro-
pean states, concerned about Chinese em-
bargo and also motivated by expected in-
creases in demand, started to invest in the 
opening of rare earth mines and building new 
focused technologies and processing capabili-
ties. Other investors were moving ahead on 
mines in Canada, South Africa, and Kazakh-
stan. The major investments, made by Moly-
corp in the United States and Lynas in Austra-
lia and Malaysia, started delivering non-
Chinese rare earths to global markets in 
2013. This increase in non-Chinese produc-
tion and processing capacity has led to re-
duced demand for some of the most crucial 
rare earths elements from China. 

Although Chinese producers still contribute 
the great majority of supply, surveying 
trends in rare earth supply, demand, and 
processing, leads to the expectation that 
China’s supremacy in the rare earth market 
will diminish. Moreover, in the current mar-
ket, China appears technically slower, using, 
for example, old, environmentally destructive 
extraction technologies, while Japan and 
Europe are investing in more innovative and 
sustainable technologies. Although this ex-
panded supply has alleviated China’s domi-
nance, the problem on rare earth material 
still remains.36  

To guarantee its security and to be more 
competitive, Europe needs to develop a 
stronger and enhanced European supply 
chain. Nevertheless, considering the techno-
logical gaps of the EU, this cannot be enough, 
and the global supply chain will still be neces-
sary. So, Europe needs to balance its efforts 
and investments in technological advance-
ment with its ability to engage in partner-
ships with other countries. This implies over-
all strategic action. 

Considering the important role of Asia as a 
potential partner that shares the need to 
emancipate itself from ITAR restrictions and 
the American monopoly, a brief description of 
the latest space-related technological 
achievements of some emerging and mature 
Asian countries is set out below. 

                                                 
35 Rare Earth elements and National Security, Eugene 
Gholz, Council on Foreign Relations, October 2014 
36 Rare Earth elements and National Security, Eugene 
Gholz, Council on Foreign Relations, October 2014 
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1.4.2 Space Programmes in Asia 

In recent decades several Asian nations have 
emerged as space actors. As Bertrand de 
Montluc states the development of space 
activities in Asia is motivated by three as-
pects: the pragmatic, symbolic and diplo-
matic37 With regard to the pragmatic aspect, 
China, Japan and India are giving priority to 
the development of infrastructure in tele-
communications and Earth observation to 
meet socio-economic needs. Regarding the 
symbolic level, the nation which cares most is 
China, which, for instance, has achieved to 
put humans in orbit. In this way, China aims 
to create confidence in the quality of its 
home-made high-technology and to ensure 
regional and international influence at higher 
levels with respect to its competitors Japan 
and India. On a diplomatic level, the main 
goal is to make space services available to 
third states that have smaller financial re-
sources for space and suffer from ITAR re-
strictions (e.g. China with Brazil, Venezuela, 
Bolivia and Pakistan). 

 Another characteristic of space policy in Asia 
is that objectives are not integrated, and 
individual nations carry out their own plans 
without generating programmatic joint ac-
tions. In fact, although some regional forums 
on the use of space application have been 
established, competition is still vastly pre-
dominant, and Asian individual states seek 
bilateral cooperation with European and 
Western countries rather than collaboration 
between themselves for the creation of an 
integrated, regional power. Emerging and 
new space countries are obtaining greater 
regional and international weight and reliabil-
ity. They represent new opportunities for 
export sales and scientific cooperation, as 
well as becoming new players for the dis-
semination of satellite applications. For this 
reason, the space community should wel-
come these developments, especially Europe, 
with the small size of its space market and 
the importance of exports. On the other 
hand, their emergence and increasing degree 
of maturity will also produce commercial 
competition and a change in the regional and 
international strategic equilibria. Moreover, 
the growth of Asian countries in space in-
cludes military power, with many implications 
for security in the global context (China and 
India, for example, are heavily investing in 
the utilization of space systems for defence 
and security. Japan is a special case, being 
closely associated with U.S. but suffering, as 
other countries, from ITAR export controls). 

                                                 
37 Asia and Europe facing the technological revolution, 
Bertrand de Montluc, nova Science Publisher, 2013 

1 .5 Technology and Innova-
tion Policy 

1.5.1 Overall View on Space Technology, the In-
novation Process and the European Actors  

By its very nature, space technology is con-
stantly evolving, showing increasing complex-
ity and many peculiarities. 

Any spacecraft is the result of components, 
building blocks, equipment, sub-system and 
system integration. At system level, the main 
technology drivers are, on the one hand, the 
increase of functions, power, size and capa-
bilities (e.g. large Geo satellites) and, on the 
other hand, the reduction of mass, size and 
power consumption (e.g. formation fly-
ing/constellation concepts, nano-satellites). 
At equipment level, technology drivers are 
the miniaturisation of mass/size, functional 
hybridisation and power and thermal as-
pects.38 

Since it integrates a broad range of technol-
ogy domains (propulsion, mechanisms, elec-
tronics, software, materials, ...) with a com-
mon set of requirements but very different 
specifications and purposes, space technol-
ogy is highly diversified.39 The lack of stan-
dardization is a typical feature of space appli-
cations. Telecommunications, Earth Observa-
tion, exploration and other space specialisa-
tions need different technical solutions, and 
so different satellite types must be devel-
oped.40 

Another relevant issue is the dual-use (mili-
tary and civil) and thus sensitive character of 
space technology. This has made innovation 
and commercialization of the elements of 
most space systems subject to very special 
attention and also resulted in many obstacles 
to be overcome, for example at regulatory 
and security level. This has a notable impact 
on technology policy actions (see paragraph 
1.8)  

Furthermore, space technology is associated 
with very high risk levels, for the harsh space 
environment and so demanding performances 
and cutting-edge technical solutions are re-
quired.  

For all these reasons, the space sector needs 
innovation and constant control of technology 

                                                 
38 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace, Annex A, 
Space technology characteristics. 
39 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace, Annex A, 
Technology diversity 
40 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
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evolution throughout the whole product life 
cycle. Innovation, heritage and obsolescence 
are key issues for space systems and tech-
nology that need specific attention. Heritage 
is an essential prerequisite, but should not 
hinder necessary innovation. Obsolescence 
must be constantly controlled and can arise 
for many reasons, as explained above.41  

A technology policy for space should optimise 
technological choices balancing maturity, 
reliability and predictability with highest per-
formance and innovation. This is the prereq-
uisite for the achievement of any strategic 
goal in space and competitiveness in the 
global market. 

Finally, as a consequence of all these fea-
tures, space technology is capital intensive. 
Development of space programmes requires 
huge investments in industrial equipment, 
including test and integration machinery, 
software, design and modelling tools, proto-
cols development and maintenance, while 
also considering the high level of risk and the 
performance requirements.42 

Currently, the main actors for European 
space technology are:43 

• ESA (200-250 M€/year available for 
technology development) 

• Industry (150 M€/year investment to 
support technology and competitiveness) 

• National space agencies (100 to 140 
M€/year) 

• The European Commission 
(FP7/Space/Space Foundations, 10 
M€/year) 

Public support has been absolutely necessary 
because of the high costs and risks involved 
in technology development, and the com-
paratively low returns from domestic com-
mercial and institutional markets when com-
pared with the U.S., Europe’s main competi-
tor, and considering the increasing funding of 
the space sector by governments of emerging 
space players such as China, India and Bra-
zil.44 European national governments have 
been responsible for the definition of a Space 
Policy for Europe, mostly through their role 
and participation in ESA programmes, but 
also through activities conducted at national 
level. 

                                                 
41 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
42 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace, Annex A, 
Space technology characteristics. 
43 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
44 ESTMP 2011 

Comparing the needs and costs of produc-
tion, availability assurance and maintenance 
with the amount of public funding specifically 
devoted to space in Europe, the necessity for 
enhancement, also with respect to other 
space powers, first of all the U.S., is evident. 
However, the financial crisis affecting Europe 
makes any budget augmentation particularly 
hard to obtain. This means that to boost the 
development of the space sector, stake-
holders are forced to make use of any EU, 
national and regional initiatives that could 
enhance space activities in a synergistic way.  

On the institutional side, funding should be 
harmonised with the technology plan of each 
national space agency and be tailored for the 
longer timeframe. Funding timeframes tend 
to be short and thus inadequate to cover 
strategic actions. To give a general example, 
the Multiannual Financial Framework (MFF) of 
the EU covers periods of seven years. Al-
though the timeframe of the Framework Pro-
gramme for Research and Innovation has 
been raised from five to seven years, in order 
to harmonise the two programmes and im-
prove effectiveness (with the new Hori-
zon2020 programme) for space activities, 
this is still inadequate for true strategic plan-
ning in the technology field.  

The innovation process for the creation - or 
upgrading - of a new technology is a long 
process characterized by many and very dif-
ferent stages. For each stage, an adequate 
level of maturity and readiness should be 
achieved before passing to the next one. 
Technology readiness is the guarantee that 
the European space industrial base is able to 
supply the technologies required by European 
space programmes.45  

A Technology Readiness Level (TRL) scale is 
used to assess the maturity of a technology 
during its development phases in a clear and 
universal way. Levels range from 1 to 9, re-
ferring to the different phases of the devel-
opment of items in innovation programmes, 
from proof of concept to commercialization. 
TRL 1-3 covers fundamental innovation, basic 
technology research and feasibility analysis; 
TRL 4-6 concerns the development, qualifica-
tion and demonstration phases; TRL 7-9 re-
lates to the system/subsystem development, 
in orbit validation (IOV) and all phases ori-
ented to end-users. 

The TRL levels for space technologies were 
initially defined by NASA and have now been 
officially adopted by European space stake-
holders. 

                                                 
45 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
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In the table below, technology readiness lev-
els with their specific definition are described 
in detail. 
 

Level Definition Explanation 

TRL 1 
Basic principles 
observed and re-
ported 

Lowest level of 
technology readi-
ness. Scientific 
research begins to 
be translated into 
applied research 
and development. 

TRL 2 
Technology con-
cept and/or appli-
cation formulated 

Once basic princi-
ples are observed, 
practical applica-
tions can be in-
vented and R&D 
started. Applica-
tions are specula-
tive and may be 
unproven. 

TRL 3 

Analytical and 
experimental criti-
cal function and/or 
characteristic 
proof- of-concept 

Active research 
and development 
is initiated, includ-
ing analytical / 
laboratory studies 
to validate predic-
tions regarding the 
technology. 

TRL 4 

Component and/or 
breadboard valida-
tion in laboratory 
environment 

Basic technological 
components are 
integrated to es-
tablish that they 
will work together. 

TRL 5 

Component and/or 
breadboard valida-
tion in relevant 
environment 

The basic techno-
logical components 
are integrated with 
reasonably realistic 
supporting ele-
ments so they can 
be tested in a 
simulated envi-
ronment. 

TRL 6 

System/subsystem 
model or proto-
type demonstra-
tion in a relevant 
environment 
(ground or space) 

A representative 
model or prototype 
system is tested in 
a relevant envi-
ronment. 

TRL 7 
System prototype 
demonstration in a 
space environment 

A prototype sys-
tem that is near, 
or at, the planned 
operational sys-
tem. 

TRL 8 

Actual system 
completed and 
“flight qualified” 
through test and 

In an actual sys-
tem, the technol-
ogy has been 
proven to work in 

demonstration 
(ground or space) 

its final form and 
under expected 
conditions. 

TRL 9 

Actual system 
“flight proven” 
through successful 
mission operations 

The system incor-
porating the new 
technology in its 
final form has been 
used under actual 
mission conditions 

 
Fig. 3: Technology Readiness Levels. From: Space tech-

nology in FP8/CSF, Technology Policy Working Group 
Position Paper, Eurospace. Source: The TRL Handbook, 
issue 1 rev. 6 – in preparation as an input for ISO WG 

As mentioned earlier, most funds associated 
with technology development programmes in 
national agencies, ESA, EC and EDA, target 
the initial stages of technology development, 
namely from early concept investigation to 
breadboard models. Later stages of develop-
ment, including all validation and demonstra-
tion phases associated with less innovation 
and higher costs, are still insufficiently cov-
ered.46 Current and future policies should 
enhance the commitment toward technology 
maturity aspects, a fundamental issue for 
reliability and competitiveness in the global 
market. As already mentioned, the lack of 
maturity of accessible components is one of 
the main causes that give rise to dependence 
situations. To translate advanced technolo-
gies into products and services it is necessary 
to increase support for development espe-
cially in what is generally called the “valley of 
death”, that is the part of the product life 
cycle between the end of the investigative 
phase and commercialisation (broadly, TRL 4-
6). For this purpose, it is imperative to in-
clude funding for qualification up to at least 
TRL 6-7.47 This is necessary and should be 
pursued at all levels of complexity, both for 
equipment/integrated systems and for com-
ponents/building blocks. 

Building blocks are the first level of integra-
tion and must be isolable, have a clear func-
tion and be complete with respect to this. 
They have precise interfaces for integration 
at higher levels. Building blocks are devel-
oped to TRL 6 or beyond. Being at the lower 
level of integration and of the supply chain, 
components and building blocks are crucially 
important and deserve special attention. The 
Joint Task Force established by EC, ESA and 
EDA for the implementation of a European 
Non-Dependence strategy, recognising the 
decisive importance and European weakness 
in this specific field, chose to concentrate on 

                                                 
46 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
47 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
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components and building blocks access and 
upgrade in its first urgent actions (see Chap-
ter 2) 

The space sector benefits from technologies 
with proven or even promising concepts (TRL 
2-4) coming from other market areas and 
other fields of applications (military and de-
fence, for example, but also less close do-
mains). Non-space technologies are upgraded 
by incremental developments in order to 
bring them to TRL 6-9 for use in space pro-
grammes (some examples are CCDs48, mem-
ory, FPGAs49, solar cells, batteries, 
MEMS/MOEMS50, materials composites, etc…). 
In this sense, a true spin-in strategy is nec-
essary. This is mostly relevant for compo-
nents and building blocks.  

An adequate technology strategy must be 
able to bring the most promising and afford-
able technologies (at component, building 
block, equipment and system level) to the 
appropriate maturity level for risk-free im-
plementation in European programmes. This 
requires that technologies have passed a long 
qualification and evaluation path, ending with 
in orbit validation.51 

Just as pursuing maturity - especially at the 
later stages of process development - is 
mandatory to achieving Non-Dependence, 
failing to pursue technology innovation defi-
nitely ends in dependence situations.52 Tech-
nology strategies for innovation, and subse-
quently for Non-Dependence, must take into 
account this fine and fragile balance.  

Alongside these general guidelines, a key 
issue for effective technology strategies is the 
definition of final specifications and their op-
timization. This is crucial to enable a unified 

                                                 
48 A charge-coupled device (CCD) is a device for the 
movement of electrical charge, usually from within the 
device to an area where the charge can be manipulated, 
for example conversion into a digital value. 
https://en.wikipedia.org/wiki/Charge-coupled_device 
49 A field-programmable gate array (FPGA) is an integrated 
circuit designed to be configured by a customer or a de-
signer after manufacturing – hence "field programmable”.  
https://en.wikipedia.org/wiki/Field-
programmemable_gate_array 
50 Microelectromechanical systems (MEMS) is the technol-
ogy of very small devices; it merges at the nano-scale into 
nanoelectromechanical systems (NEMS) and nanotech-
nology. 
https://en.wikipedia.org/wiki/Microelectromechanical_syste
ms 
Micro-Opto-Electro-Mechanical Systems (MOEMS) is 
MEMS merged with Micro-optics which involves sensing or 
manipulating optical signals on a very small size scale 
using integrated mechanical, optical, and electrical sys-
tems. 
https://en.wikipedia.org/wiki/Micro-Opto-Electro-
Mechanical_Systems 
51 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
52 ESTMP 2011  

perspective at European level and a coopera-
tive effort and joint activity at research and 
industrial level, both between European na-
tions and with non-European countries. For 
this purpose, the definition of very precise 
specifications needs to be accompanied by an 
overall standardisation process of the differ-
ent items and procedures. This must involve 
all European actors to be able to establish the 
basis of a unified strategy in the fragmented 
European landscape. In the present scenario 
of open innovation and the knowledge soci-
ety, standardisation is needed to allow true, 
joint initiatives between European countries 
and to guarantee their effectiveness and, 
consequently, the reliability of European 
technologies. This is very significant also with 
respect to non-European partners or custom-
ers, in the light of current or future interna-
tional collaborations and agreements. 

As previously observed, space technology is 
segmented from a product point of view, with 
technical differences between families of 
products that are driven by different sets of 
requirements.53 Europe needs to establish a 
coherent, shared product policy to link tech-
nology evolution to user requirements and to 
procurement programmes in an optimised 
fashion.  

Currently, ESA is responsible for a range of 
space product policies. In particular, in the 
ambit of ESA technology management, user-
driven and utilisation-oriented products are 
defined for European programmes and com-
panies to be competitive in the world market; 
technology development programmes and 
processes are targeted to support the whole 
product development cycle, from concept to 
qualification, including in orbit validation, and 
processes and tools that allow releasing and 
maintaining a catalogue of such products are 
set up. ESA establishes measures to encour-
age investments by member states, and de-
velops policies to promote the use and reuse 
of products in ESA and non-ESA space pro-
grammes. Moreover, equal opportunities are 
assured to all classes of firms, with particular 
regard to SMEs, in order to maintain a strong 
supplier base with repeatable products and 
processes.54  

The need for a space product policy at Euro-
pean level is even more pressing considering 
that space technology programmes, with 
their demanding requirements and elevated 
costs, suffer from the small size of the Euro-

                                                 
53 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace, Annex A, 
Space technology characteristics. 
54 The ESA End-to-End technology Management Process, 
presentation by Marco Guglielmi, Stephane Lascar, Ed-
mund Williams, ESOC, May 2009 
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pean market, as mentioned. This is why 
space items considered for development are 
often those deriving from terrestrial non-
space technologies, with bigger markets and 
more funding available than space.  

This is the case, for example, for many mi-
croelectronic and nanotechnology items that 
have been developed and utilised in recent 
years. Space has taken advantage of the 
growing attention and fast technological and 
commercial evolution in these fields, funda-
mental for space because they are basic 
components of every integrated system. As 
observed above, working on space compo-
nents is inherently a spin-in activity. The 
growth and widespread use of Key Enabling 
Technologies (KETs, see paragraph 1.7) and 
the attention that European institutions are 
devoting to them in terms of initiatives and 
funding because of their strategic, multifunc-
tional and enabling value, could actually be a 
driver for space technology improvement, in 
particular for the necessary enhancement of 
the European supply chain for building blocks 
and components. For this reason, fostering 
the exploitation of synergies with research 
and development in other sectors through the 
accomplishment of a structured spin-in strat-
egy will be crucial for space and innovation 
policy.  

To take advantage of all these achievements 
more coordination is needed, with targeted 
actions, joint undertakings, strong synergistic 
efforts and technology transfer plans. Tech-
nology planning and coordination is manda-
tory, with the elaboration of long-term pros-
pects for breakthrough concepts and associ-
ated technologies, as well as the involvement 
of all different actors in a structured multi-
stakeholder approach. 

Strategic actions such as Non-Dependence 
must be implemented over a long timeframe 
with the definition and monitoring of medium 
to long-term roadmaps. Coordinated multi-
year work plans and yearly procurement 
plans must be harmonised with initiatives at 
national, regional and European level. The 
key competences already fully achieved by 
Europe should be preserved, and, to do this, 
capabilities should be encouraged, main-
tained and enhanced. 

Technology is not just the sum of items and 
processes, but also the capability to manage 
them. Investing in human capital and main-
taining competence must be an integral part 
of European innovation policy and any tech-
nology strategy. Through capability and com-
petence, Europe can definitely achieve the 
Non-Dependence goals and remain a central 
actor in space. 

1.5.2 ESA Technology Policy – Generic Pro-
grammes 

As seen in the previous paragraph, technol-
ogy and innovation need strong policy actions 
and, in particular in the fragmented European 
landscape, an effective coordination effort. 
The guidelines for space technologies and 
innovation policy are given by ESA, where the 
Member States, whilst also maintaining a 
degree of autonomy, participate in a joint 
strategy. For this reason in this paragraph 
ESA technology policy and management and 
general programmes are addressed. 

R&D activities in ESA are managed in the 
Directorate of Technical and Quality Man-
agement (TEC). (Space technology R&D is 
defined as the part of R&D work between TRL 
levels 2-6).55 ESA spends around 8% of its 
budget on direct technology R&D.  

The planning and management of all ESA 
technology activities development is chan-
nelled through the End-to-End (E2E) process, 
while detailed programme formulation, fund-
ing and the interface with the respective Pro-
gramme Boards are considered within each 
specific programme Directorate.56 The main 
objective of the E2E technology process is to 
undertake well-planned technology develop-
ment policy using long term plans and devel-
opments in a fully transparent, efficient and 
well-coordinated way. This is done according 
to user requirements - such as mission 
needs, industry competitiveness and Non 
Dependence goals – aiming to get technology 
ready at the maturity level required at each 
stage.57 

In greater detail, the main technology policy 
goals pursued through the E2E process are: 
58 

                                                 
55 ESTMP 2011 
56 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
57 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
58 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
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• Integrating the different technology pro-
grammes within a common set of proc-
esses and goals 

• Securing funding at the right time and 
for the right need or purpose 

• Leveraging and reinforcing technology 
harmonisation and standardisation 

• Setting a real product policy 

• Developing a systematic monitoring and 
evaluation process of the technologies 
developed 

• Exploiting synergies with non-space sec-
tors, promoting spin-in strategies 

The E2E process is structured in 9 specific 
Service Domains (SD), namely: Earth Obser-
vation, Science, Human Spaceflight and Ex-
ploration, Space Transportation, Telecommu-
nications, Navigation, Generic Technologies 
and Techniques, Security, Robotic Explora-
tion).59 

Two key elements of the E2E process are: 60 

• Technology Strategy and Long Term Plan 
(TSLTP). It gives an overview of the 
Agency’s strategic objectives, needs, pri-
orities and future visions for the short, 
medium and long term. It covers a 10 
year period, answering to ESA’s overall 
strategy and Long Term Plan (LTP) and 
to the European Space Policy (ESP). 

• Technology Monitoring and Evaluation 
(M&E). This measures and checks per-
formance and results of each R&D activ-
ity with respect to the objectives. More-
over, it supports the definition of correc-
tion actions as necessary. Monitoring and 
evaluation have a complementary func-
tion: Technology Monitoring is the meas-
ure of the implementation of every tech-
nology plan with respect to the baseline 
plan, from the initial work-plan to the 
contract completion, while Technology 
Evaluation assess the achieved results 
and benefits of the completed technology 
R&D activities. 

                                                 
59 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
60 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  

The management of the process is governed 
by two bodies: the Directors´ Sub-Committee 
for Technology (DSCT) and the Technology 
Network (TECNET). The DSCT is chaired by 
the Director of Technical and Quality Man-
agement and includes Programme Directors 
and the Director of Operations and Infra-
structure. It is the inter-directorate body 
advising the ESA Director General on all sub-
jects connected to technology. It is in charge 
of the overall supervision and coordination of 
the different technological activities and 
processes, and reviews and endorses the 
TSLTP and the proposals for Technology Plans 
at all levels.61 

The TECNETs are nine working groups of 
senior experts from ESA technical director-
ates in charge of the service domains. TSLTP 
Activity Proposals are reviewed, selected and 
allocated to technology programmes by the 
respective TECNET Service Domains (SD) on 
the basis of prioritized technology require-
ments and roadmaps.62 

The tasks of TECNET groups, each one in its 
specific ambit of interest, are:63 

• To identify the user missions and associ-
ated technological requirements (through 
ESTER, see Chapter 2)  

• To prioritize the technology requirements 

• To promote, evaluate and select activity 
proposals for technology development 
according to technology needs 

• To allocate activities to technology pro-
grammes 

• To monitor and evaluate the implemen-
tation of the technology actions related 
to their domain  

Technology is developed in ESA under gen-
eral or several domain specific programmes 
with different temporal cycles of a 5-10 years 

                                                 
61 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
62 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf 
63 The ESA End-to-End Technology - Management Proc-
ess, Marco Guglielmi, Stephane Lascar, Edmund Williams, 
presentation at ESOC, May 2009, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-
1745/S04_01_ESA_E2E_TM.pdf  
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time-span. The general programmes are the 
Basic Technology Research Programme and 
the General Support Technology Programme. 

The ESA Basic Technology Research Pro-
gramme (TRP) is the programme where new 
ideas are tried through proof-of-concept test-
ing, covering TRL 1-3 of technological devel-
opment.64 Within the TRP, disruptive innova-
tion is a special priority. The feasibility of a 
given technology is tested to factor in the 
availability of prospective and required inno-
vations in the long-term planning of future 
missions. This provides Europe with solid 
technological capability and enables it to be 
at the forefront in the definition of new cut-
ting edge space missions and applications 
with possible exploitation of products by in-
dustry on the world market.65 This techno-
logical preparation reduces project risks in 
performance, time and costs. So, for ESA, 
TRP is the backbone of new ideas, contributes 
to scientific and engineering excellence and is 
a significant cost saver in the long term plan-
ning.66 

Contributing to the TRP is mandatory for all 
ESA Member States. It is run on a three-year 
work plan and organised according to tech-
nology themes based on application areas. 
The TRP work plan is drafted by TECNETs 
with reference to the ESA Long Term Plan.67 
As the basis of most future development, the 
TRP is the only ESA technology programme 
that supports all Agency directorates across 
the whole spectrum of technical disciplines.68 
Its structure is divided into Service Domains, 
Technology Domains and Cross-Cutting Do-
mains. In this last subject area, one of the 
main activities is the consideration of compo-
nents, materials and micro-nano technolo-
gies.69 In the Service Domains, the TRP allo-
cates a third of its effort to Generic Technolo-
gies, either of use to multiple missions or else 
advanced basic technologies of common in-

                                                 
64 
http://www.esa.int/Our_Activities/Technology/About_the_B
asic_Technology_Research_Programmeme_TRP 
65 ESA TRP and GSTP, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-1745/S04_03_ESA_Miro.pdf 
66 ESA TRP and GSTP, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-1745/S04_03_ESA_Miro.pdf  
67 
http://www.esa.int/Our_Activities/Technology/About_the_B
asic_Technology_Research_Programmeme_TRP 
68 
http://www.esa.int/Our_Activities/Technology/About_the_B
asic_Technology_Research_Programmeme_TRP 
69 ESA TRP and GSTP, 
http://www.egos.esa.int/export/egos-
web/others/Events/Workshop/ESAW-workshop-
2009/Day1-Session-4-1600-1745/S04_03_ESA_Miro.pdf  

terest to all applications, such as component 
design, spacecraft propulsion or power gen-
eration. Relevant initiatives within the TRP 
include spin-in activities from non-space sec-
tors through the Star Tiger scheme and Inno-
vation Triangle Initiative.70 The low TRL level 
of the technologies makes activities within 
the TRP very suitable for cross-cutting oppor-
tunities, synergies with different sectors and 
technology transfer. These are strongly sup-
ported in the ambit of the programme. 

The General Support Technology Programme 
(GSTP) aims to convert promising engineer-
ing concepts into mature products, from indi-
vidual components to subsystems and up to 
complete satellites. The GSTP bridges the gap 
between having a technology proven in its 
general features and making it ready for ESA 
and national space missions and the market, 
with a sufficiently high confidence level and a 
sufficiently low risk factor. Part of this pro-
gramme takes as its subject technologies 
passed through the TRP process. It also re-
sponds to requests from industry for techni-
cal support and evaluation of products and it 
works on product and process improvements, 
for a targeted and flexible response to the 
needs of ESA programmes, Member States 
and European industry. Moreover, among its 
objectives is the enhancement of the number 
of commercially available European-made 
space-qualified parts and components.71  

The GSTP is an optional ESA programme. 
GSTP activities cover all technical domains 
plus Generic Technologies, except Telecom-
munications (which has its own programme, 
ARTES, Advanced Research in Telecommuni-
cations Systems).72 It has been in operation 
for two decades.  

The current GSTP-5 operates on a five-year 
work plan, with a budget of ~ 350 million 
euros for the whole period.73 It is based on 
four programme elements, organised on a 
voluntary basis:74 

                                                 
70 
http://www.esa.int/Our_Activities/Technology/About_the_B
asic_Technology_Research_Programmeme_TRP 
71 
http://www.esa.int/Our_Activities/Technology/About_the_G
eneral_Support_Technology_Programmeme_GSTP 
72 
http://www.esa.int/Our_Activities/Technology/About_the_G
eneral_Support_Technology_Programmeme_GSTP 
73 General Support Technology Programmeme, presenta-
tion at ESA Thematic Information Day, Belspo, June 2012 
http://www.belspo.be/belspo/space/doc/euPolicy/2012_06_
25/GSTP-6.pdf  
74 
http://www.esa.int/Our_Activities/Technology/About_the_G
eneral_Support_Technology_Programmeme_GSTP 
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• Element 1: General Activities covers 
standard GSTP work complementary to 
TRP and domain-specific technology pro-
grammes, maintaining support to indus-
try also with the permanently open An-
nouncement of Opportunities  

• Element 2: Building Blocks and Compo-
nents, involves the development and 
qualification to TRL 6 of individual com-
ponents and related building blocks, in 
order to be included in the catalogue of 
European Space Products. This element 
combines the work of the European 
Component Initiative (ECI) and ESA's 
participation in the European Space 
Component Coordination (ESCC) for EEE-
components development and techno-
logical Non-Dependence. (see Chapter 2)  

• Element 3: Security for the Citizens, cov-
ers the development of technologies for 
systems with security applications.  

• Element 4: In Orbit Demonstration, 
makes available in-orbit technology 
qualification aboard small demonstrator 
satellites along with the demonstration of 
new research and operations procedures. 

For the GSTP work plan, like that of the TRP, 
the TECNET working groups prepare a draft 
with reference to the ESA Long Term plan. It 
is then approved by delegates of Participating 

Member States, after prioritising issues that 
fit with their own industrial plans.75 

A very important tool in ESA technology 
management is the European Space Technol-
ogy Requirements Database (ESTER). ESTER, 
also known as Dossier-0 as it was called on 
its first issue, is a database that provides a 
comprehensive view at European level of all 
envisaged future missions and corresponding 
top-level technology requirements, including 
those related to “technology push”76. To 
compile this database, ESA issues a call for 
future mission and technology wish-lists from 
all ESA Directorates involved in technology 
activities, ESA applications programs, Na-
tional Delegations, major European industries 
and other interested parties.77 In this way, 
ESTER is a key element of the global technol-
ogy strategy developed by ESA, and a sup-
port for the end-to-end technology manage-
ment processes. The first version of the da-
tabase was issued in 1999 as a document to 
be circulated among industry and National 
Delegations. To further improve the updating 

                                                 
75 
http://www.esa.int/Our_Activities/Technology/About_the_G
eneral_Support_Technology_Programmeme_GSTP 
76 
http://www.esa.int/Our_Activities/Technology/About_strate
gy_and_harmonisation 
77 The European Space Technology Requirements Data-
base (ESTER), Dr. Marco Guglielmi, 60th International 
Astronautical Congress 2009, IAC-09-D3.4.6.  

 

Fig. 4: TRL level within ESA, EDA and EC programmes. Figure from: FP7-Space: R&D activities in support of European 
microelectronics enabling technologies, presentation by Richard Gilmore, ESCONN Conference 2011, ESA/ESTEC, 15-17 

March 2011 



 
 

ESPI Report 51  24 September 2015 

process and accessibility to ESTER, in 2002 
the document was translated into an elec-
tronic database available to all registered 
users in the ESA harmonisation program (see 
next chapter).78 Since 2002, ESTER has been 
updated every 2 years.79 The database is 
being considerably expanded and improved 
over time as processes grow in dimension, 
participants and complexity.80 

1 .6 Industrial Policy and 
Competitiveness 

On the one hand, technological dependence 
strongly affects industry at all levels: big 
companies – prime contractors and subcon-
tractors -, manufacturers and SMEs. On the 
other hand, a robust industrial base is a pre-
requisite for Non-Dependence.  

Loss of competitiveness undermines both 
system suppliers and equipment manufactur-
ers. Maintaining current, and developing new, 
space EEE-component product linesis chal-
lenging to justify at the industry corporate 
level, especially in the current times of eco-
nomic crisis, where funding is scarce. The 
reduction of competitiveness is an even more 

                                                 
78 
http://www.esa.int/Our_Activities/Technology/About_strate
gy_and_harmonisation 
79 
http://www.esa.int/Our_Activities/Technology/About_strate
gy_and_harmonisation 
80 The European Space technology Requirements Data-
base (ESTER), Dr. Marco Guglielmi, 60th International 
Astronautical Congress 2009, IAC-09-D3.4.6.  

important aspect because of the emerging 
space faring nations on the global market, 
with low cost technologies and major techno-
logical investment. A crucial element will be 
the creation of a reinforced and stable institu-
tional market for critical space technologies in 
Europe. This implies that agencies, and other 
public and private institutions in charge of 
financial commitments, support European 
industry by privileging homemade products. 
The promotion of such a “buy European” pol-
icy would definitely contribute to the avail-
ability of technologies and products at the 
right time and the right price, and at an ade-
quate level of maturity. However, taking into 
account the small size of the European space 
market, the possibility of producers and sup-
pliers of components selling outside the EU 
could be a further incentive for the imple-
mentation of more focused strategies both for 
industry and in the ambit of international 
relations.81 

In addition to the points already made the 
following sets out the further main critical 
issues for European industry: 

Time to Market  

Time to market generally involves many 
years, both for technical reasons and because 
of obstacles and delay at regulatory level, 
due to the fragmented nature of the EU. 
These long times, in a cutting-edge field like 
space, put Europe into a non-competitive 

                                                 
81 European Space Technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 

 
Fig. 5: Timeline from R&D to commercialization. From the presentation EEE Non-Dependence, by Mikko Nikkulainen, 

ESCCON Conference, March 2013, ESA-ESTEC  
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position with respect to its international com-
petitors. 

Marketing Strategies for the Individuation of a 
“Potential Demand” are Needed 

The European approach should be translated 
into a demand- pull mode rather than the 
current technology – push, in the context of 
long-term strategies. Industry surveys, prod-
uct policy and more investments (with effec-
tive procurement schemes) are also needed 
to boost productivity and economic returns. 
At present, the programmatic tools and insti-
tutional framework and coordination among 
stakeholders are still inadequate. SMEs are 
one of the foundations of the European indus-
trial system. Often sources of innovation, 
SMEs could bring high added innovation value 
to technological development, especially for 
Non-Dependence objectives, as in most cases 
SMEs are the suppliers of components and 
building blocks. Nevertheless, in the aero-
space field, SMEs are still not well integrated 
into the manufacturing process (they are 
more in the downstream and services sector). 

SMEs can play a very relevant role being 
active in smaller production that would be 
expensive for larger groups to sustain by 
themselves. Yet, as a consequence of their 
reduced size and products volume, continuity 
of supply and obsolescence can become a 
problem for SMEs. Special attention must be 
devoted to supporting SMEs, also at regional 
level, with contributions harmonised at higher 
levels by national agencies82 

1 .7 Key Enabling Technolo-
gies: New Opportunities 
for Space 

In a cross-cutting and synergistic approach, 
special consideration should be given to the 
policies put in place for Key Enabling Tech-
nologies (KETs). KETs are “knowledge inten-
sive and associated with high R&D intensity, 
rapid innovation cycles, high capital expendi-
ture and highly skilled employment. They 
enable process, goods and service innovation 
throughout the economy and are of systemic 
relevance. They are multidisciplinary, cutting 
across many technology areas with a trend 
towards convergence and integration. KETs 
can assist technology leaders in other fields 

                                                 
82 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 

to capitalise on their research effort”83. 
(COM(2012)341) 

In 2006, the European Commission identified 
six technology areas as Key Enabling Tech-
nologies: 

• Micro-/nanoelectronics, 
• Nanotechnology,  
• Photonics, 
• Advanced materials,  
• Industrial biotechnology  
• Advanced manufacturing technologies  

The first four of the listed KETs are also space 
enabling technologies. 

Although cross-cutting and basic for a num-
ber of integrated devices in different areas, 
KETs activities have suffered from funding 
cuts due to the economic crisis and the 
weaknesses inherent in the European indus-
trial system. The last framework programme 
of research and innovation, Horizon 2020, 
devotes particular attention to KETs. They are 
one of the major components of the Leader-
ship in Enabling and Industrial Technology 
pillar of the programme. A programmatic 
approach has been adopted with strategic 
and operational targets for each of the six 
KETs. It includes support for both technol-
ogy-specific and multidisciplinary research 
and, most importantly, a strongly integrated 
approach. Also, in the last multi-annual fi-
nancial framework, the European Commission 
has proposed a more efficient allocation of EU 
funding for all the stages of KETs R&D activi-
ties. Activities under Horizon 2020, the EU’s 
cohesion policy and policies of the European 
Investment Bank Group, are therefore being 
adapted and closely coordinated so that they 
contribute to the European KETs strategy. In 
order to coordinate and leverage all these 
funding instruments, there is a need to com-
bine KETs projects and possible applications 
fields, primarily through Horizon 2020.84 It is 
clear that cooperation between different 
stakeholders in the industrial value chain 
could have great potential in terms of part-
nering and access to markets, bringing effec-
tiveness in technological solutions and reduc-
ing costs through co-funded actions. For the 
purposes of Non-Dependence in space tech-
nologies, joint activities with KETs, with the 
many financial and technological possibilities 
that have arisen due to new efforts in this 
field, are strongly encouraged. This was, for 
example, an added criteria in the second List 
of urgent actions for critical technologies for 

                                                 
83 A European strategy for Key Enabling technologies – a 
bridge to growth and jobs, communication from the Com-
mission, Brussels, 26.6.2012, COM(2012), 341. 
84 A European strategy for Key Enabling technologies – a 
bridge to growth and jobs, communication from the Com-
mission, Brussels, 26.6.2012, COM(2012), 341.  
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the years 2012/2013 of the Joint Task Force 
for Non-Dependence (see Chapter 2): 

“An action should address a key enabling 
technology for Space, addressing a ge-
neric, transversal need related to a num-
ber of applications”85  

And also the EUROSPACE Technology Policy 
Working Group powerfully supports it: 

“The KET could be a tool to fund and 
support technology developments in key 
areas such as processors, sensors, optical 
technologies etc., particularly in those 
areas where dependence is an issue”86 

1 .8 Defence and Security 

As noted above, most space technology is 
dual-use (Space qualified assets are men-
tioned in the Common Military List of the EU). 
This intrinsically sensitive nature has meant 
that, in most space powers, security and 
defence have been drivers for space, putting 
it at the highest political level. This is not 
what has happened in Europe, where space 
has been affected by a strong deficit of politi-
cal visibility.  

The establishment of a European security and 
defence policy has taken a long time, with a 
relatively recent evolution. Europe has only 
recently achieved a global civil and military 
approach to security and crisis management 
after a long gestation process. The estab-
lishment of the Common Security and De-
fence Policy (CSDP), the founding of the 
European Defence Agency (EDA) in 2004 
(with the Lisbon Treaty Art. 42(3) providing 
the legal basis), and the launch of a Security 
Research Programme under the Seventh 
Framework Programme of the EU, assigned 
strategic relevance and full achievement of 
its dual-use potentialities to space.87 Another 
step toward the technological convergence of 
civil and defence sectors was achieved with 
the enhancement of the European Defence 
and Technological Industrial Base (EDTIB). 
Defence-related industries, including space 
industries, were in this way allowed to re-
structure and consolidate at transnational 
level.88 Although in recent years much pro-
gress has been made in this direction, syner-

                                                 
85 List of urgent actions for critical technologies 2012/2013, 
EC-ESA-EDA Joint Task Force 
86 Space technology in FP8/CSF, Technology Policy Work-
ing Group position paper, May 2011, Eurospace 
87 The EU Dual Approach To Security and Space – Twenty 
Years of European Policy Making, Nunzia Paradiso, ESPI 
Report 45, August 2013 
88The EU Dual Approach To Security and Space – Twenty 
Years of European Policy Making, Nunzia Paradiso, ESPI 
Report 45, August 2013 

gies between civil and defence sectors are 
still not sufficiently exploited.  

In this context, the dependency issue has 
acquired increased importance as technologi-
cal dependence could hinder EU CSDP capa-
bilities. In order to improve the EDTIB, EDA 
has released contracts for aerospace indus-
tries to comprehensively analyse the main 
dependency issues, with a view to reviewing 
and adapting the European standards. 

Technological Non-Dependence in space is 
crucial for security and defence. Thus space 
technology is excluded from the WTO (World 
Trade Organization) agreement. Space activi-
ties and space technology exports are regu-
lated by the governments of space powers 
and by inter-governmental agreements – for 
example launcher technology exports are 
regulated by the MTCR (Missile Technology 
Control Regime).89 

The European space industry has a small 
market share, but with a high export value. 
European space industry commercial and 
export sales constitute 45% of its activities90. 
But, as already observed, most space assets 
are dual-use, and so they are subject to strict 
defence export control. This implies that a 
well-defined and balanced regulatory frame-
work on strategic export controls is a precon-
dition for guaranteeing control without ham-
pering competitiveness. 

Dual-use goods and technology export con-
trols in Europe are governed by EU Council 
Regulation 428/2009.91 Regulation 428/2009 
sets common EU rules, a common EU control 
list and a more harmonised framework, 
aimed at the free circulation of dual-use 
items in the EU. In the strategic domain, 
national rules and restrictions have always 
been dominant, and therefore fragmented 
and not harmonised. The objective of this 
regulation is to overcome this situation by 
extending the rules of the EU single market 
also to defence-related items. It is directly 
applicable in the national legal systems of 
Member States. 

Regulation 428/2009 was accompanied by 
Directive 2009/43/EC92 and Directive 

                                                 
89 Space technology in FP8/CSF, Eurospace Technology 
Policy Working Group (TPWG) position paper, May 2011  
90 State of the European Space industry in 2012, Euro-
space, Space Industry Market Working Group (SIM WG), 
June 2013 
91 Council Regulation (EC) No 428/2009, Setting up a 
Community regime for the control of exports, transfer, 
brokering and transit of dual-use items, 5 May 2009,  
92 Directive 2009/43/EC of the European Parliament and of 
the Council,  
Simplifying terms and conditions of transfers of defense-
related products within the Community, 6 May 2009  
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2009/81/EC93 (the defence package, as it has 
been called). Directive 2009/43 is on intra-EU 
transfers of defence products and covers all 
the defence-related products, components 
and technologies listed in the Common Mili-
tary List of the European Union. The aim is to 
produce simplified rules and procedures ap-
plicable to the intra-community transfer of 
these sensitive items. Directive 2009/81 
deals with the coordination of procedures for 
the award of contracts in the field of defence 
and security. It introduces new procurement 
rules in this sector, in order to enhance the 
internal market.94 The defence package was 
meant to produce a more harmonised and 
effective licensing system and to promote 
cooperation between Member States. Al-
though this is the first simplification of the 
intra-community transfer of sensitive tech-
nologies, European export controls still suffer 
from fragmentation, and national regulations 
remain predominant. 

Beside the obstacles to overcome inside the 
boundaries of the Union, the EU export con-
trol system meets new challenges with the 
need to safeguard both security and competi-
tiveness on a global level, taking into account 
the evolving equilibria for the emergence of 
new space powers and the rapid growth of 
technological capabilities. In order to review 
the export control system, in 2011 the Euro-
pean Commission launched a public consulta-
tion for a long term vision for EU strategic 
export controls with a Green Paper, 
(COM(2011)393).95 Member States, the 
European Parliament, industry associations 
and economic operators, academia and civil 
society organisations answered to the call, 
and a staff working document was released 
taking into account all the issues that arose 
from the consultation (SWD(2013) 7).96 

Export controls impact key sectors of the 
whole EU economy (not only space and aero-

                                                 
93 Directive 2009/81/EC of the European Parliament and of 
the Council,  
On the coordination of procedures for the award of certain 
works contracts, supply contracts and service contracts by 
contracting authorities or entities in the fields of defense 
and security, and amending Directives 2004/17/EC and 
2004/18/EC, 13 July 2009 
94 Seeking harmonisation: European Space export control 
at the crossroads, Rosa Rosanelli, ESPI perspective 54 
http://www.espi.or.at/news-archive/757-25-november-
2011-espi-perspective-on-european-space-export-control-
on-line 
95 Green Paper - The dual-use export control system of the 
European Union: ensuring security and competitiveness in 
a changing world, 30 June 2011, COM(2011)393 
96Commission Staff Working Document, 
 Strategic export controls: ensuring security and competi-
tiveness in a changing world - A report on the public con-
sultation launched under the Green Paper COM(2011) 
393, 17 January 2013, SWD(2013)7. Hereinafter: 
SWD(2013)7 

space but also defence and security, naviga-
tion and telecommunications, electronics and 
semiconductors …). 

As reported by some industry associations,  

“[…]the aeronautics, space, defence and 
security industries in Europe represent 
over 2000 companies with a further 80 
000 suppliers, many of which are SMEs, 
and employ around 696,000 people, with 
a turnover of EUR 154.7 billion. Much of 
its activity is affected by strategic export 
controls”.97 
Also “[…] in the semi-conductors indus-
try, a significant portion of products and 
technologies are classified as dual-use. 
The semi-conductor industry represents 
around 110,000 jobs directly and up to 
500,000 induced jobs in Europe, operat-
ing in a worldwide market valued at over 
USD 298 billion in 2010”98 

It has been pointed out that, although the 
most innovative and advanced items are 
generally produced by a small number of 
supplying countries and companies, in recent 
years the availability of many technologies 
has been growing. This has modified the ap-
proach to export controls in Europe, also 
imposing the participation in multilateral ex-
port controls regimes.  
The European export control regime is 
unique, because it combines EU-wide princi-
ples with national regulations. Harmonisation 
is still not satisfactory. In the Member States 
there are different types of export licensing 
and different terms and conditions; this is the 
result of politics and regulatory differences, 
as well as different levels of technological 
advancement. This situation brings licensing 
delays for the EU that undermine the fulfil-
ment of the requirements of the exporting 
industry and international commitments, 
hindering market and industrial development.  

Another issue that some are concerned about 
is the much too general character of the defi-
nition of criteria for export listing and control, 
that gives rise to divergences in interpreta-
tion.  

Some industry associations, companies and 
academia consider that the EU system is too 
restrictive, and this strongly affects competi-
tiveness. The main weaknesses underlined 
are, as mentioned above, licensing delays, 
and also the lack of transparency of some 
regulations and the absence of flexibility to 
be able to react to market and technological 
evolution.  

Another feature considered was the EU con-
trol list. In particular, the process for the 
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update of the EU control list is too long. 
Moreover, it does not capture the actual 
technical situation of products, and produces 
competitive disadvantages.  

It has been generally agreed and recognised 
that to achieve effectiveness in export con-
trols what is needed is “[…] strong and close 
cooperation between relevant authorities and 
further coordination and harmonisation to 
enhance the functioning of the existing sys-
tem in order to align the rules under which 
export controls are administered, minimise 
differences in interpretation and application 
and ultimately improve response time as well 
as the substantive assessment of export ap-
plications” 

The most urgent actions identified through 
the public consultation process are: the har-
monisation of the licensing framework; more 
transparency and a level-playing field for EU 
exporters; the enhancement of the exchange 
of information (although some claimed that a 
legal basis for this would be excessive and 
would create only a further administrative 
burden); enhancement of controls in broker-
ing activities; and the minimisation of addi-
tional national controls. Other recommended 
actions included an updated EU control list,  
 

with the exclusion of some non-sensitive and 
widely available items; the critical re-
evaluation of intra-EU transfers; and the re-
vision of the general criteria of criticality in 
the changing global scenario. 

All these issues should be taken into account 
when considering Non-Dependence. In par-
ticular, careful consideration should be given 
to the issue of how a more equilibrated and 
effective export control and licensing regime 
could lead to the intensification of interna-
tional and transnational cooperation.  

In this respect, the staff document stated: 

“Some Member States, industry associa-
tions and companies [therefore] argue 
that strategic export controls should be 
more conducive to international collabo-
ration in research and innovation and 
demand specific provisions e.g. to allow 
for intra-company transfers, to introduce 
a de-minimis rule that would be appro-
priate in areas of research & develop-
ment where typically small samples are 
shipped for specific testing purposes, and 
to allow for the supply of items within the 
framework of international collaboration 
or large scale projects”99 
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2. The Long Road toward a European 
Technological Non-Dependence Strategy 

This Chapter is devoted to an overview of all 
the initiatives relevant for Non-Dependence 
enacted by European actors through the 
years. 

In the first section, the initiatives of ESA, the 
principal actor for Non-Dependence, are de-
scribed: the Harmonisation Programme, the 
European Space Component Coordination 
(ESCC) and the European Component Initia-
tive (ECI).  

In the second section, the initiatives of the 
European Union are presented: the European 
Space Technology Platform (ESTP), and some 
specific actions in the ambit of the Seventh 
Framework Programme for Research (FP7) 
and now Horizon2020.  

The above mentioned initiatives are single 
actions at technological level. The further 
step was the establishment of a Joint Task 
Force (JTF) for Technological Non-
Dependence between EC, ESA and EDA, with 
these three institutions working for the first 
time on a joint, programmatic approach for 
this topic, and putting the Non-Dependence 
strategy at a higher political level. The last 
section of this Chapter is devoted to the JTF, 
the description of the initiating process, the 
main objectives and the first results 
achieved.  

2.1 Non-Dependence Initia-
tives within ESA 

2.1.1 ESA Technological Harmonisation Pro-
gramme 

Given the many actors involved there is a 
need to agree on Union-wide objectives and 
to close gaps and avoid duplication. To 
achieve these objectives, the European Space 
Technology Harmonisation Program was initi-
ated in 2000, after the Resolution Shaping 
the Future of Europe in Space was adopted at 
the ESA Ministerial Council in 1999100. The 
following ESA Ministerial Council, in Novem-
ber 2001, reaffirmed ESA’s central role in the 
coordination and harmonisation of European 

                                                 
100 European space technology Master plan 2011, ESA, 
hereinafter ESTMP 2011 

strategy and policy for space technology and 
invited the Agency and its Member States to 
pursue the programmatic coordination of 
technology programs in Europe. The accom-
panying Ministerial Council Resolution af-
firmed the perspective in the joint ESA-EC 
Strategy for Space for strengthening Europe’s 
space potential.101 

The necessity to identify needs, to map Euro-
pean capabilities and to define common 
European goals for future development, 
alongside the identification of opportunities 
for co-funding, partnership and cooperation 
schemes, requires the involvement of both 
institutional and industrial stakeholders. This 
is why harmonisation is an ESA-led process 
with the participation, at different levels, of 
all space players: national agencies and dele-
gations, the European Commission, research 
institutes, operators, and industry, involving 
more than 1000 professionals from about 200 
companies102 . 

The major objectives of the technology har-
monisation process are to103: 

• fill strategic gaps and reduce unneces-
sary duplication 

• consolidate European strategic capabili-
ties 

• achieve a coordinated and committed 
European Space Technology Policy 

• contribute to continuity and coherence 
between Technology and Industrial Poli-
cies 

In greater detail, the harmonisation process 
is focused on:  

• identifying technology needs and strate-
gic gaps to fill 

• mapping European capabilities and defin-
ing common roadmaps for future devel-
opment 

• identifying strategic areas for European 
independent capabilities 
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• creating frameworks of cooperation for 
coordinated actions 

• implementing synergies to avoid duplica-
tion and fragmentation 

The more general activity is to discuss and 
define roadmaps and agree on recommenda-
tions for future R&D actions and projects, 
covering all programmatic aspects. Technol-
ogy Harmonisation gathers and takes into 
consideration the many different European 
developments, capabilities and budgets to 
enhance the interrelated and synergistic roles 
of the stakeholders in meeting common aims. 
This process also deals with different situa-
tions in terms of technology maturity, indus-
trial competitiveness, funding needs and po-
litical interests. Topics under discussion in the 
harmonisation programme include the identi-
fication of sources of finance, their optimisa-
tion for space-technology R&D, the manage-
ment of specialised skills and the possibilities 
for sharing resources and expertise with po-
tential partners.104 The contribution of both 
institutional and industrial players, as well as 
the understanding of single national issues, 
improves the effectiveness of technological 
developments and industrial competitiveness. 
Moreover, this can guarantee a comprehen-
sive and balanced vision. It is an attempt to 
overcome fragmentation in an effective way 
through programmatic action for the estab-
lishment of a European technological and 
industrial policy. This demanding programme 
naturally leads towards Non-Dependence: 
harmonisation “contributes to redressing 
European dependency through prioritization 
of strategic and critical technologies devel-
opments.”105 Assuring European Non-
Dependence is one of the goals of the ESA 
harmonisation process, through agreed im-
plementation schemes for the development of 
critical technologies and the consolidation of 
strategic capabilities.  

The Technology Harmonisation Advisory Group 
(THAG) 

The Technology Harmonisation Advisory 
Group (THAG) is an ESA delegate body 
tasked to advise the ESA Industrial Policy 
Committee (IPC) on technology harmonisa-
tion matters. 

In 2004 the ESA’s Council Working Group on 
the evolution of the Agency’s financial, budg-
etary and industrial policies (FINPOL) stated 
the need for a more effective organization in 
order to promote, in ESA Programmes, the 
conclusions stemming from the technology 
harmonisation process for due consideration 
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by Member States and industry. The FINPOL 
Council Working Group resolution, asking for 
the adaptation of the technology harmonisa-
tion process, was unanimously approved by 
the ESA Council in June 2004. In May 2005 
the IPC approved the Agency Executive’s 
Proposal for the Adaptation of the Technology 
Harmonisation Process and THAG was cre-
ated with the purpose of implementing the 
agreed road-mapping process and all the 
related activities of the programme. It was 
set up in 2006106. 

The creation of the THAG has been a further 
step in the formalisation of the ESA harmoni-
sation process. In 2007, the maturity of the 
programme was outlined in the Communica-
tion of the EC “European Space Policy”: “The 
ESA-led process of harmonising technology 
development programmes provides transpar-
ency on research across Europe and paves 
the way for improved coordination” 107 

THAG is composed of 1/2 delegates from 
each ESA Member State and Canada, but 
they may be supplemented by experts for 
specific issues. This body is in charge of the 
monitoring and implementation of the work 
plans and roadmaps in the ambit of the pro-
gram. It also refers to the IPC matters con-
cerning technology strategy and worldwide 
technology watch, and, at its request, on 
technology Non-Dependence108.  

After the establishment of the EC-ESA-EDA 
Joint Task Force for European Technology 
Non-Dependence in 2008, THAG was ex-
panded to include EDA, EC and their national 
delegates for specific Non-Dependence is-
sues.109 This strengthened and formalised the 
fundamental role of the harmonisation proc-
ess for the realisation of an European Non-
Dependence strategy. 

Mapping and Road-Mapping Phase  

The Harmonisation process is developed 
through two cycles per year, each covering 
half of the topics previously selected. The 
selection and definition of the technology 
priorities for a given year engages ESA ex-
perts, industry and national delegations. They 
are in charge of the release of a work-plan 
defining the number, subject and scope of 
harmonisation topics based on the following 
criteria110: 

• Technology maturity level 
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• Strategic relevance for Europe 

• Mission needs and market potential 

• Technology gap or unnecessary duplica-
tion 

• Need to revisit technology 

The proposed work-plan passes through the 
THAG and the IPC, and the final updated 
version is the basis for the harmonisation 
process. The roadmaps are at this point pre-
pared with a methodology based on two 
phases for each selected technology: map-
ping and road-mapping. 

The mapping phase is open to all players. Its 
objective is to achieve a survey as complete 
as possible of the technology under examina-
tion, taking into consideration the situation 
inside and outside Europe and identification 
of the most critical features and suitable 
partnerships. ESA experts prepare a sum-
mary containing111: 

• A description of the topic state of the art, 
the exact scope of the harmonisation and 
the reason for it 

• The list of main European players and 
their products 

• The main players outside of Europe and a 
comparison between European products 
and non-European ones 

• The mission needs, market perspective, 
technology trends and possibility of spin-
in. 

This is followed by a meeting open to institu-
tional actors and industry experts, to give 
their inputs and to produce an updated Tech-
nical Dossier as complete as possible. Such a 
Technical Dossier not only serves as the 
background for the final convergence to 
agreed roadmaps, but is also a self- standing 
document, which gives an account of the 
situation inside and outside Europe, as a 
snapshot of the technological landscape. 

The preparation of the roadmap is the last 
step in the harmonisation process. It is based 
on the mapping achievements and data and, 
unlike the previous phase, the Road-mapping 
meeting is restricted to the funding parties 
only (Delegations, EC, ESA). Industrial stake-
holders, through Eurospace, can in any event 
produce comments after a first roadmap 
presentation by the ESA experts appointed 
for this task and before the final review for 
approval of the THAG.  

The rationale behind the roadmap is to high-
light every possible interface and break down 
the different steps required to attain success 
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into individual 'building blocks', capable of 
being worked on in a synergistic and collabo-
rative way by the different partners112  

The final roadmap presents ongoing and fu-
ture activities, the description of which in-
cludes the TRL level and the contribution to 
Non-Dependence. Moreover, the status, 
planned budget and schedule, successful 
components and subsystems that can be 
reused (to cut costs and increase sustainabil-
ity), and the best fit of new proposals or im-
plemented programs for future R&D actions 
are clearly identified113. The definitive, up-
dated Roadmap, with the decisions of THAG 
taken during the Roadmap meeting, is de-
fined and included in the final version of the 
Technical Dossier. All this is finally endorsed 
by the ESA IPC and a Conclusive Document is 
made officially available. 

Every year there is an evaluation of the 
status of all the initiated activities of the 
roadmap by the Harmonisation Tracking Sys-
tem (HTS), constituted by those responsible 
for the ESA Roadmap and the THAG Delega-
tions for Non-ESA activities.114 They are 
tasked to check and report on the level of 
implementation of the harmonisation process. 
This encompasses, for each technology, the 
funding status and the effective actions with 
respect to the programme activity. Beside 
HTS, a Technology Observatory supports the 
whole process, providing inputs and feed-
back.115 

It should be noted that these roadmaps, ob-
tained through the harmonisation process, 
are recommendations for decision makers in 
institutions and agencies, but do not consti-
tute a work-plan to be acted upon. Thanks to 
their comprehensive perspective, these are 
fundamental tools for the preparation of ESA 
and national work-plans, but they are not 
work-plans as such. As it is, it is not guaran-
teed that the recommended budgets will be 
allocated, or that planned actions will be initi-
ated in the programme116. The roadmaps 
only offer a global overview and present the 
consensus of the entire community of the 
best route to follow, the opportunities to take 
and the challenges to tackle.  
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European Space Technology Master Plan - 
ESTMP 

At the end of the mapping and road-mapping 
procedure, all the data are collected and 
summarized in the European Space Technol-
ogy Master Plan (ESTMP). The ESTMP was 
established at the ESA Ministerial Council 
Meeting in 2001, as a cornerstone and an 
effective tool for the entire harmonisation 
process, and its first issue was presented to 
the IPC in November 2002117. It is updated 
on a yearly basis. Encompassing the main 
conclusions stemming from the proposed 
roadmaps together with ESA, national agen-
cies and European Union technology plans, 
the ESTMP is the most complete and synthe-
sised overview of all planned institutional 
space-technology activities in Europe com-
bined with industrial requirements. It there-
fore provides a reference for the next itera-
tion of technology strategies for ESA and its 
European partners. In R&D terms, the most 
strategic enabling technologies are prioritized 
using the ESTMP118. In light of this, its estab-
lishment can be considered the first broad 
action made at institutional level toward the 
establishment of a Non-Dependence strategy. 

Upwards of 50 technologies have been har-
monised to date and some critical ones in-
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118 
http://www.esa.int/Our_Activities/Technology/About_strate
gy_and_harmonisation 

volved in the process are among these119. It 
is clear that the harmonisation process paves 
the way for European technological Non-
Dependence and many important steps have 
been taken in the improvement of the Euro-
pean supply chain and in the management of 
different resources. Nevertheless, the more 
general mandate of the harmonisation pro-
gramme, the huge amount of topics and pro-
jects and the inherently strategic nature of 
Non-Dependence for the EU, have made 
more targeted actions necessary. This need, 
also in the light the dynamic global landscape 
and rapidly growing competition, has long 
been clear. 

In this respect ESA has taken a first step 
through the establishment of the European 
Space Component Coordination (ESCC) for 
Electrical, Electronic and Electromechanical 
components. 

2.1.2 European Space Component Coordination - 
ESCC 

European Space Component Coordination – 
ESCC  

Electrical, Electronic and Electro-mechanical 
(EEE) components have a crucial role in the 
value chain and life cycles of space systems 
because of their high enabling use and de-
manding technological requirements. In 
2012, the average European spacecraft had 
only 35% of European-sourced EEE-

                                                 
119 ESTMP 2011 

 
 

Fig. 6: .The technology harmonisation process.  
From European Space Technology Platform strategic Research Agenda, http://www.estp-space 
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components.120 This meant for Europe a 
situation of very critical dependence (mostly 
on the U.S.). For these reasons it was imme-
diately clear that, among the priorities for 
European space activities, EEE-components, 
their availability and performance advance-
ment, needed special attention and new 
tools. 

A first specific action to achieve a coherent 
approach in product specification and avail-
ability was the European Space Components 
Coordination (ESCC), a partnership estab-
lished for cooperation in the field of EEE parts 
for application in space programmes121. In 
October 2002 the Founding Act of the Euro-
pean Space Components Coordination was 
signed between ESA, national space agen-
cies, European space component user indus-
tries collectively represented by Eurospace 
and European EEE space component manu-
facturers122. 

The ESCC is open to participation by all Euro-
pean space component manufacturers, user 
industries and European national and interna-
tional public space organizations. Participat-
ing organizations can be Members or Observ-
ers. Member Organizations, predominantly 
Space Agencies together with the European 
Space Agency, provide an executive function 
in running the qualification, specification and 
qualification maintenance activities on a day 
to day basis.123 ESA provides the central 
management function for the Executive, and 
is both the Qualification Authority and the 
custodian of the specification system, with 
procedures, specifications and documents 
that are made freely available to the interna-
tional space community124 (see paragraph 
ESCC Executive). Space organizations that 
participate as Observers establish a formal 
link to follow ESCC developments and to ac-
cess and contribute to some ESCC activities. 
Observers do not have voting rights in the 
ESCC, but may indicate their opinion in the 
decision-making procedures125 

                                                 
120 EEE Non-Dependence – Mikko Niculainen, presenta-
tion to ESCCON conference, March 2013, ESA-ESTEC  
121 https://spacecomponents.org/ 
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125Charter of the European Space Components Coordina-
tion, ESCC 00000, Issue 1, October 2002,  
 https://spacecomponents.org/specification/docprocedures, 
hereinafter ESCC 00000, issue 1 October 2002 

The objectives of the ESCC, as stated in the 
Charter of the European Space Component 
Coordination, are126:  

• improving the availability of strategically 
important EEE space components, giving 
preference to European sources offering 
competitive performance and costs 

• developing and implementing, among 
users, manufacturers and European na-
tional and international public space or-
ganizations, a harmonised Research and 
Development Program for space compo-
nents, ensuring coherence with other 
market sectors and cost effectiveness 

• establishing an information exchange 
system with component data provided on 
a voluntary basis by the Participating Or-
ganizations and with access for Industry; 

• establishing a European reliability system 
for space components 

• implementing a system for rationalizing 
the diversity of components for space 
use, based on the usage of a European 
Preferred Parts List, giving preference to 
European components offering competi-
tive performance and costs 

• enabling the mutual recognition of indus-
trial performance in the various compo-
nent disciplines, including component 
engineering, radiation hardness assur-
ance, auditing and inspection, and sup-
porting such recognition by the provision 
of relevant and regular training opportu-
nities 

• promoting component specifications and 
standards at European level in order to 
achieve international recognition and to 
improve industrial efficiency and the 
competitiveness of the related products 
on world markets 

• maintaining and improve a common and 
coherent system of component specifica-
tions and standards, including related 
evaluation and qualification programs, 
techniques and quality provisions, in or-
der to meet user needs and in keeping 
with market trends 

ESCC Structure 

The ESCC is organized with a Harmonisation 
Task and an Executive Task127.  

The Harmonisation Task is pursued through 
the following bodies: 

                                                 
126 ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures 
127 ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures 
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• Space Components Steering Board 
• ESCC Secretariat 
• Component Technology Board 
• Policy and Standards Working Group 
• Ad hoc Working groups 

The Executive Task relies solely on the ESCC 
Executive128 

The Harmonisation Task 

Space Component Steering Board 

Overall responsibility for the Harmonisation 
Task resides with the Space Components 
Steering Board (SCSB), which is the preemi-
nent ESCC body129. The SCSB is composed of 
representatives of the Participating Organiza-
tions130: 

• one representative from each European 
national and international public space 
organisation 

• four representatives nominated by Euro-
space and representing the interests of 
European EEE space component user in-
dustries  

• four representatives representing Euro-
pean EEE space component manufactur-
ers 

• one representative from each Observer 
Organization who may attend the meet-
ings of the SCSB 

Representatives are entitled to be assisted by 
a maximum of two advisors.131 

The SCSB is responsible for the implementa-
tion of the objectives of the ESCC. In particu-
lar, the SCSB is in charge of:  

• defining regularly the overall strategy in 
the area of European EEE Space compo-
nents and of issuing recommendations;  

• supervising the work of the other bodies 
of the Harmonisation Task and establish-
ing ad hoc Working Groups for specific 
tasks with limited duration;  

• liaising with the ESCC Executive; orga-
nizing at regular intervals the European 
Space Components Conference;  

• liaising with other EEE-component or-
ganizations; issuing an annual report on 
the major ESCC activities and achieve-

                                                 
128 ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures  
129 ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures  
130 ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures  
131ESCC 00000, Issue 1, October 2002, 
https://spacecomponents.org/specification/docprocedures  

ments and an outline of the major plans 
for the future132.  

ESCC Secretariat  

This is headed by the Technical Secretary, 
designated by the Director General of ESA. 
The Secretariat gives general secretarial and 
administrative support to the SCSB, including 
the provision of permanent liaison and com-
munication links between the SCSB and the 
other organizational bodies.133 

Components Technology Board 

The Component Technology Board (CTB) is 
subordinate to the SCSB and charged with 
the formulation of strategic programs, work 
plans and multi-year strategic plans for tech-
nology research and development in the area 
of the EEE space components. It harmonises 
the collectively funded component of re-
search, development, evaluation, qualifica-
tion, standardization and quality assurance 
activities. The CTB comprises representatives 
selected and nominated by the Members to 
support and contribute to the harmonised 
and coordinated Technology Research and 
Development Program.134 

The CTB provides the basis for the work of 
SCSB, preparing documents for SCSB study 
and approval and developing analysis to en-
able this body to define general strategies 
and policies. The tasks of the CTB span from 
evaluating technical issues to assessing mar-
ket trends, seeking technological break-
throughs and future needs and exploring 
feasible synergies with other market or tech-
nological sectors. In particular, in the imple-
mentation of its duties, the CTB identifies 
critical EEE-components and advanced tech-
nologies and suggests means of improving 
their availability at affordable costs; proposes 
and supports initiatives for the advancement 
and promotion of European assembly and 
packaging capabilities; establishes plans to 
make component technology available in time 
for user projects; assesses technolo-
gies/components, manufacturer capabilities, 
technology trends, desired quality level and 
availability at competitive prices. Moreover, 
among its responsibilities is the task of iden-
tifying the necessary resources, funding, time 
scales and priorities for the various activities 
and planning implementation by Members. 
The CTB also initiates and integrates all ena-
bling activities leading to the formal approval 
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or qualification process by the ESCC Execu-
tive.135  

Policy and Standards Working Group 

The Policy and Standards Working Group 
(PSWG) is subordinate to the SCSB and is 
charged with the preparation and harmonisa-
tion of policy, standards and specification 
proposals for evaluation, qualification and 
quality control, leading to a coherent and 
cost-effective ESCC Specification System for 
the procurement of EEE space components 
(see Chapter 3 ). The PSWG advises the 
SCSB on any necessary evolution concerning 
policy, assurance concepts, utilisation and on 
the potential for harmonisation with other 
EEE-component systems. The PSWG com-
prises representatives, selected and nomi-
nated by the Members from among experts in 
the space component field.136  

The PSWG initiates and supervises studies 
and research as requested by the SCSB in 
support of its activities including the provision 
of component reliability data; monitors appli-
cation and usage of the ESCC Specification 
System, as well as elaborates and imple-
ments promotional campaigns. Finally, it 
assists the CTB in the selection of compo-
nents for evaluation and qualification and 
supervises the European Space Components 
Information Exchange System (ESCIES) .and 
the European Preferred Parts List (EPPL).137 

The Executive Task 

ESCC Executive  

The ESCC Executive is the entity responsible 
for the custody and management of the ESCC 
Specification System and the implementation 
of its procedures in the evaluation, qualifica-
tion and certification of components accord-
ing to the requirements of European compo-
nent manufacturers.138  

The duties and functions of the ESCC Execu-
tive are carried out under the authority of 
ESA, with the active cooperation and support 
of other European national and international 
public space organizations that are Members 
of ESCC. The Executive is responsible for the 
harmonisation of the contributions of these 
organizations in order to ensure uniform im-
plementation of the Executive Task and, in 
particular, of the ESCC Specification System. 
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138 https://spacecomponents.org/  

The fulfilment of the ESCC Executive’s main 
tasks and the management and administra-
tion of the ESCC Specification System in-
cludes many different activities. These com-
prise: the implementation of the standards, 
basic and generic specifications, quality con-
trols and rules of procedure approved by the 
SCSB and adopted by ESA and the European 
national and international public space or-
ganizations; the evaluation and qualification 
of components, component technologies and 
component manufacturers, with the further 
issue of certificates for qualified ones; the 
performance of audits, reviews, non-
conformance controls and other quality as-
surance and quality control activities; the 
review and approval of ESCC detailed specifi-
cations and provision of support and guidance 
in the preparation of draft specifications. 
Finally, the Executive Task provides the 
European Space community with all informa-
tion regarding assessed and qualified compo-
nents, technologies and component manufac-
turers.139 The Executive advises the CTB, the 
PSWG and the SCSB on component policies 
and programs providing full transparency 
through progress reports on their status.140 

European Cooperation for Space Standardiza-
tion 

To achieve the goal of more integrated and 
higher-quality components and systems, the 
ESCC works in synergy with the European 
Cooperation for Space Standardization 
(ECSS). Established in 1993, ECSS is a coop-
erative initiative of the European Space 
Agency, national space agencies and Euro-
pean industry associations for developing and 
maintaining common standards141. The final 
aim is to provide a single, coherent and rec-
ognized set of space standards for use in all 
European space activities and projects142. 
The existence and availability of such a uni-
form system of space standards and re-
quirements, accepted and functionally inte-
grated in Europe, is a base for the improve-
ment of technological upgrading and indus-
trial competitiveness and paves the way for 
international exchanges and collaboration. To 
date, ECSS activities are recognized and ap-
preciated by all European and non-European 
space entities and various European and in-
ternational organizations dealing with stan-
dards. Several non-European space agencies 
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have expressed their interest in using ECSS 
Documents143. Standardisation is certainly a 
key requirement for the setting up of a Non-
Dependence strategy, where international 
relations should be implemented in parallel 
with technological enhancement. 

ECSS standards are product-oriented144. This 
means that they are defined in terms of what 
should be carried out rather than in terms of 
how to organize and perform the necessary 
work, which is generally the responsibility of 
the management authorities of single pro-
jects and thematic unities and directorates. 
This allows existing organizational structures 
and methods to be applied where they are 
effective, and to evolve as necessary without 
rewriting the standards. Concerning the com-
ponent specification system, the ESCC deals 
with the qualification and procurement of EEE 
parts, while ECSS addresses the selection 
and use of the components, in a coordinated 
and complementary way145. 

                                                 
143 The European Cooperation for Space Standardization, 
Luciano Balestra, TRISMAC 2008,  
http://www.hq.nasa.gov/office/codeq/trismac/apr08/day2/b
alestra_esa.pdf 
144 The European Cooperation for Space Standardization, 
Luciano Balestra, TRISMAC 2008,  
http://www.hq.nasa.gov/office/codeq/trismac/apr08/day2/b
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145 Qualification of passive components according to 
ESCC, Denis Lacombe, Lionel Bonora, Olivier Perat, 
CARTS USA 2011, March 28-31 2011, Jacksonville, FL 

The standardization process, after the overall 
evaluation and qualification of components, is 
crucially important in the establishment of a 
technology strategy at European level, for the 
enhancement of a European supply chain 
and, of course, for Non-Dependence. 

European Preferred Part List (EPPL) 

A very important tool within ESCC is the 
European Preferred Part List (EPPL). It has 
been established to focus users towards a 
limited number of component types, covering 
all design applications for space use, in order 
to avoid duplication, to achieve cost reduction 
and to increase procurement effectiveness in 
a project.146 

Although the objective of this document is to 
limit the number of parts, in line with har-
monisation and coordination strategies, EPPL 
is the most extensive component list avail-
able, comprising parts from both European 
and non-European sources, to be further 
subjected to the qualification process of the 
ECSS Specification System before being 
moved to a restricted list of qualified parts.  

Making available such an EPPL list actively 
promotes the selection of parts, for which 

                                                 
146 The European Preferred Part List (EPPL) and its man-
agement, ESCC12300, Issue 1, December 2006, 
https://spacecomponents.org/specification/docprocedures 
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Fig. 7: The ESCC structure: Harmonisation Task and Executive Task. From Charter of the European Space Components 
Coordination, ESCC 00000, Issue 1, October 200 
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there is an established body of data that sup-
ports their suitability for space applications, 
thus enhancing effectiveness and innovative 
value. 

The EPPL is made up of two parts: 

Part I: components that are fully qualified or 
evaluated to recognized space standards and 
thus have representative data that gives a 
level of confidence for space usage. 

Part II: components that have the potential 
capability to satisfy space applications re-
quirements, but have not yet reached the 
level of full confidence and thus require some 
risk mitigation during procurement. 

The inclusion of components in the EPPL is 
subjected to the fulfilment of a number of 
requirements. Components allowed:147 

• are capable of satisfying a wide range of 
design applications 

• are known in terms of technology and 
show potential for use in flight hardware 

• have a significant chance of being util-
ized for current and future programs 

• are available from sources for which 
there is evidence that they are capable of 
providing roducts of the required quality 

• are freely available on a commercial ba-
sis for the ESCC User industry. This pre-
cludes the selection of a component sub-
ject to any form of selective export con-
trol 

Priority is given to those parts148: 

• with an established radiation perform-
ance 

• available in both through hole and sur-
face mount versions 

• suitable for both engineering model and 
flight hardware 

• available from a European supplier  

• from suppliers whose product lines have 
been assessed by the ESCC Executive or 
by another recognized third party au-
thority 

• for which a second source is available 

For each element type, the relevant manufac-
turer is listed, together with the applicable 
procurement specification and relevant char-
acteristics. Moreover, due consideration is 
given to standardization and, for example, 
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https://spacecomponents.org/specification/docprocedures 
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reduction of type variants, values, packages, 
sizes, application range149. 

A component type must be removed from the 
EPPL with the emergence of any of the fol-
lowing conditions150: 

• the component has ceased to meet the 
general requirements set out above 

• the component has become obsolete. 

• sources are no longer available or have 
become subject to export restrictions 

• the type has been replaced in the EPPL 
by a functionally similar but improved 
component effectively meeting the same 
characteristics and quality assurance re-
quirements. 

• inherent reliability/quality problems have 
been experienced but not resolved 

The EPPL is issued and published in ESCIES, 
with the approval and under the authority of 
the SCSB. The SCSB appoints a Technical 
Authority (TA) to manage the preparation 
and maintenance of the EPPL. The TA is re-
sponsible for ensuring the EPPL is regularly 
updated with a target frequency of twice per 
year, while the PSWG is tasked by SCSB with 
overall supervision of the EPPL activity151 

The ESCC qualified offer is quite large and 
covers many current needs. However, inter-
esting activities are ongoing to meet also the 
future requirements of space applications.  

Qualified Part List (QPL), Qualified Manufacturer 
List (QML) 

In the ESCC, user responsibilities are: 

• supporting the standardization process 
embodied within the ESCC Specification 
System 

• initiating and preparing draft ESCC Detail 
Specifications 

• providing feedback to the PSWG on 
whether the ESCC Specifications are cur-
rent and adequate and on the need for 
additions and revisions 

• negotiating draft Detailed Specifications 
with manufacturers152 
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Components and parts that are fully qualified 
are then collected in the Qualified Parts List 
(QPL). The ESCC Executive publishes a list of 
components and technologies that have been 
qualified and capability approved to the re-
quirements of the ESCC Specification System, 
when the result has been certified by ESA. 
These components and technologies are se-
lected from the EPPL previously elaborated, 
and are intended for use in ESA and other 
European spacecraft and space segment 
hardware, in accordance with the require-
ments defined in the ECSS Standard153. 

The ESCC QPL is updated monthly to re-
flect:154 

• Additions (new manufacturers, new 
qualifications, extension of qualified 
range etc.)  

• Deletions (manufacturers, component 
types, component variants etc.) 

• Lapses (qualification certificate validity 
exceeded) 

• Maintenance (extension of qualification 
certificate validity for a further period) 

Components manufacturers participating or 
supporting ESCC are required to:155 

• initiate and prepare draft ESCC Detailed 
Specifications for products they wish to 
supply to the space market 

• agree on the content of draft ESCC De-
tailed Specifications when the preparer is 
a component user 

• supply products in conformance with 
published ESCC Specifications 

• initiate Document Change Requests, 
when appropriate, to specifications relat-
ing to their products 

The Qualified Manufacturer List (QML) oper-
ates in the same way. After selection on the 
basis of the ESCC Specification System Re-
quirements, those manufacturers that have 
successfully met the ESCC Qualification re-
quirements are subsequently listed in the 
ESCC QML.156 The ESCC QML is updated 
whenever significant changes occur to the 
status of qualified manufacturers, according 
to the same requirements of addition, dele-
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tion, lapses and maintenance of technologies 
and components produced, validity of certifi-
cates and source/producer availability157. 
Both QPL and QML are available for users on 
the ESCIES website. The QPL and QML are 
limited to European sources.  

2.1.3 European Component Initiative – ECI  

Whereas ESCC is a cooperative action in-
tended to create a coherent system of qualifi-
cation for all EEE-components, and so to 
reach an overall European technology strat-
egy, the European Component Initiative (ECI) 
was launched, in the ambit of ESCC, with the 
more specific goal of Non-Dependence in 
EEE-components and parts types.158 The 
objective of ECI is to reduce the dependence 
of Europe's space sector on non-European 
EEE-components, in particular those parts 
provided by single source suppliers or that 
might became subject to export restric-
tions.159 The ECI increases the availability of 
European EEE-components used in European 
space missions by identifying critical tech-
nologies and then developing capabilities to 
manufacture them within Europe through the 
implementation of long-term strategies con-
centrating on consolidating end user re-
quirements for industry and implementing 
activities to advance technology levels of 
components up to space qualified status.160 

ECI was formally agreed by the ESA Ministe-
rial Council in 2004, with the aim of reversing 
the trend of dependency. The initiative is an 
open cooperative project with ESA and sev-
eral national space agencies each participat-
ing with their own funding161. ECI was put in 
place through the collection of EEE Parts 
European Action Plans formulated to develop 
and qualify components that are strategic for 
the European space community.162 All the 
activities are performed through ESCC. End-
user requirements are mapped from the 
start, thus helping to ensure maximum global 
market penetration of ECI-developed parts. 
Members of the European space components 
industry and equipment manufacturers have 
the opportunity to propose future technolo-
gies for ECI activities through participation to 
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the ESCC working groups.163 Components 
that have been qualified for space use under 
ECI funding are formally added to the Euro-
pean Space QPL.164 

The first goal of ECI is to achieve 50 percent 
EEE-component procurement from European 
sources for a typical European spacecraft in 
the medium term. The subsequent objective 
is to drastically increase the global market 
share of European space-qualified component 
suppliers. With its mission focused on imple-
mentation of strategies for EEE, ECI is a fur-
ther and effective tool for the achievement of 
a true Non-Dependence innovation policy in 
the heterogeneous and fragmented European 
landscape. 

Since the beginning of ECI, the number of 
European qualified manufacturers and qualifi-
cation certificates has increased notably.165 
To date, four phases of ECI have been ap-
proved and initiated166 (see Annex for de-
tails). 

2.2 Non-Dependence Initia-
tives within European Un-
ion 

2.2.1 European Space Technology Platform - 
ESTP 

The European Space Technology Platform 
(ESTP) is part of the European Commission´s 
European Technology Platform Initiative.167 
Technology Platforms are “industry-led 
stakeholder fora that develop short-to-long-
term research and innovation agendas and 
roadmaps for action at EU and national level 
to be supported by both private and public 
funding.”168 ESTPs were established in 2003 
by the European Council in order to 
strengthen the European Research Area. 
They seek convergence of technological 
know-how, industrial capabilities, regulatory 
and financial institutions so as to finalise a 
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strategic agenda for the development of cut-
ting edge technologies.169 

In November 2004, the first Space Council170 
was held and the strategic importance of 
space for the technological development and 
benefit of European citizens was clearly 
stated as an institutional goal.171 With the 
occurrence of that event, and with reference 
to the guidelines outlined in the Space Coun-
cil, the European Space Technology Platforms 
were established after discussions with the 
Commission’s DG-Enterprise Space Policy 
Unit.172 

The platform aims to strengthen space tech-
nology and its impact in Europe. ESTP is built 
on the European Space Technology Harmoni-
sation process and shares some of its objec-
tives by complementing and expanding it in 
many strategic areas173 It is tasked with cre-
ating a direct and efficient connection be-
tween technical experts and institutions, in 
order to gather together the interests and 
commitments of industrial and institutional 
stakeholders and increase cooperation in R&D 
and its effectiveness. In this respect, ESTP 
aims to foster collaborative research and 
long-term partnerships for multi-disciplinary 
cooperation between space and non-space 
sectors and to promote collaboration in the 
development of multiple-use technology and 
applications, with particular regard to the 
convergence of civil and defence R&D pro-
grammes. These achievements are pursued 
through monitoring activities, ensuring co-
herence and continuity in investments in 
space technology responding to the needs 
and priorities of Europe, coordinating new 
dynamics, technological initiatives, mapping 
activities and strategic challenges, and sup-
porting the integration of new EU Member 
States in the space sector along agreed 
roadmaps.174 

ESTP stakeholders include: 

• 19 EU Member States plus Switzerland, 
Norway, and Canada 

                                                 
169 SWD(2013) 272 
ftp://ftp.cordis.europa.eu/pub/etp/docs/swd-2013-strategy-
etp-2020_en.pdf 
170 The Space Council is the meeting of the ESA Council at 
ministerial level and of the European Union Competitive-
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search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
172 Report of European Research Advisory Board (EURAB) 
on ETPs. 
173 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
174 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
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• European space industry (over 110 com-
panies) 

• Eurospace 

• Research laboratories and universities 

• The European Space Agency, national 
space agencies and organisations (ASI, 
BELSPO, BNSC, CSA, CSO, CDTI, CNES, 
DLR, DNSC, Enterprise Ireland, FFG, 
GRICES, HSO, LUXINNOVATION, NIVR, 
NSC, POLSPACE, ROSA, SNSB, SSO, 
TEKES) 

The objectives of the ESTP, listed in the Stra-
tegic Research Agenda (SRA), are to:175 

• Extend the coordination process to all EU 
Member States 

• Provide a long-term vision for space-
technology R&D 

• Implement at EU level the vision and a 
coherent cooperation framework for the 
deployment of space technologies within 
the European Space Programme 

• Promote actions to reduce European de-
pendence 

• Enhance and cross-fertilise technology 
(promote multiple-use and spin-in) by: 

Developing synergies between the ESTP 
and other related non-space Technology 
Platforms (e.g. in the areas of photo-
voltaic, fuel-cells, materials, nanotech-
nologies and nano-systems, telecommu-
nications, etc) 

Promoting joint upstream research on 
dual-use technologies (civil and secu-
rity/defence) 

• Drive technology R&D strategy in re-
sponse to EU needs 

• Promote the worldwide competitiveness 
of the European industrial base  

• Facilitate international cooperation on 
technology issues (also for Non-
Dependence). 

The ESTP aims to complement the efforts of 
the harmonisation programme (and other 
existing ESA and European programmes) by 
identifying three strategic pillars:176 

• Pillar 1: Non-Dependence – Development 
of strategic space technologies needed 
for Europe’s Non-Dependence; promotion 

                                                 
175 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
176 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 

of international cooperation for alterna-
tive supplies 

• Pillar 2: Multiple-use and Spin-in – Syn-
ergistic actions with the non-space sector 
in areas of mutual interest (e.g. embed-
ded systems, photovoltaic, fuel cells, 
nanotechnologies and robotics). 

• Pillar 3: Enabling technologies – support 
the implementation of EU policies by de-
veloping the technology needed (e.g. in 
the area of security/defence). 

Non-Dependence is the first pillar of the ESTP 
strategy. With respect to this specific chal-
lenge, the Strategic Research Agenda (SRA) 
recommends to177 

• Continue the European EEE-component 
Initiative beyond the current emergency 
action, based on a sound long-term basis 

• Start new initiatives aiming at securing 
availability of other basic components 
that might be subject to US export re-
strictions 

• Support the creation of a supplier base 
for advanced but currently immature 
technologies (e.g. Compound Semicon-
ductors) 

As a conclusive statement about Non-
Dependence, the SRA states that:  

“The ultimate answer to this challenge is 
to guarantee the availability of essential 
parts and components, ideally required 
for a range of applications. Europe will 
have to provide a capable answer to the 
European dependency on critical tech-
nologies by (1) providing the funding for 
the necessary in-house development and 
by (2) fostering international cooperation 
aiming at diversifying the supply mar-
ket.”178 

The ESTP was established to be the prime 
channel to provide the European Commission 
with recommendations on a complementary 
set of actions and funding needed, thus being 
the more direct link between technical stake-
holders, their views and their needs, and 
European Institutions. One of the main tasks 
of the ESTP is to seek sufficient funding and 
to look for more effective implementation of 
joint activities in the whole Community. Most 
space technology activities have been devel-
oped through the stakeholders’ ongoing pro-
grammes that are seeking more effective use 

                                                 
177 European Space technology Platform – Strategic Re-
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of the different funding mechanisms avail-
able, benefiting also from multiple use ena-
bling technologies and spin-in strategies. This 
synergistic and cross-cutting goal should be 
strongly developed for the future. 

The ESTP was established in phases. The first 
SRA was produced with strong time con-
straints to fit into the calendar for the prepa-
ration of the 7th Research Framework Pro-
gramme (FP7, see next paragraph). ESTPs 
have now been recognised by the Commis-
sion as a necessary tool to implement Hori-
zon 2020, and to be relevant for the 
achievement of Europe2020 and the Innova-
tion Union goals.179 The production of a new 
Strategic Research Agenda for ESTP, updated 
to take account of the state of the art of 
technology, the new general context and new 
strategies and actions also targeted to the 
new framework program and European initia-
tives in innovation and competiveness, is 
strongly needed, in particular by the indus-
trial community. 

2.2.2 The 7th Framework Program: First Steps 

Initiated in 1984, Framework Programs (FP) 
are the main financial tool of the European 
Union to support scientific research and tech-
nological development activities. FPs are 

                                                 
179 SWD(2013) 272 
ftp://ftp.cordis.europa.eu/pub/etp/docs/swd-2013-strategy-
etp-2020_en.pdf 

elaborated and proposed by the European 
Commission and adopted by Council and the 
European Parliament following a co-decision 
procedure. 

Space was first introduced in the 6th Frame-
work Programme for Research and Technol-
ogy Development (FP6, 2002-2006) under 
the thematic priority: Aeronautics and 
Space.180  

In accordance with the European Strategy for 
Space, space-related activities within FP6 
have focused on applications and services 
using space infrastructures, emphasising the 
possible benefits for society and markets. 
Support has been given to several areas: 
Satellite Navigation, Positioning and Timing 
(in particular in the context of the Galileo 
Programme), Global Monitoring for Environ-
ment and Security (GMES, today Coperni-
cus), and Satellite Telecommunications. 

During FP6, €235 million was available for 
space over the five years it lasted (with addi-
tional funding of space-related activities un-
der the thematic priorities Information Soci-
ety Technologies and Sustainable Develop-

                                                 
180 FP7-Space: R&D in support of European microelectron-
ics enabling technology, Richard Gilmore, ESCONN  
 Conference 2011, ESA/ESTEC, 15-17 March 2011 

 

Fig. 8: ESTP in the European technological scenario for Space. Figure from Strategic Research Agenda of European Space 
Technology Platform, Version 1.0, 22.06.2006. 



 
 

ESPI Report 51  42 September 2015 

ment, Global Change and Ecosystems, and 
specific grants for the Galileo programme)181 

With the 7th Framework Program for Research 
and Technology Development (FP7, 2007-
2013), space has had its own thematic prior-
ity for the first time. FP7 is also the first 
framework program over a period of seven 
instead of five years, in order to be synchro-
nized with the EC’s Multiannual Financial 
Framework (MFF).182 Although FP7 is still 
mostly focused on infrastructure, applications 
and services, some efforts and funding have 
been earmarked for innovation and strategic 
technology, in a complementary way with 
ESA and national space programmes (with 
more coordination and stronger visibility be-
tween EC and ESA, addressing gaps and du-
plications, and giving added value for some 
target topics). About €1.4 billion has been 
allocated over seven years, distributed as 
follows: 

• Space-based applications for the benefit 
of society (mainly GMES) – 85% of 
budget 

• Strengthening Space Foundations (SSF) 
– 15% of budget, all of which dedicated 
to open calls.183 

Technology development and scientific re-
search in FP7 are addressed under the Space 
Foundations title. Key space technologies, 
"critical technologies for European Non-
Dependence", is one of the stated activities of 
the SSF, and is funded at about 10 million 
euros per year. It is evident that the budget 
allocated for every single activity is very lim-
ited and not adequate for the effective needs, 
especially considering the very demanding 
and strategic value of most of the activities 
(especially the development of critical tech-
nologies). 

206 projects have been funded in 5 calls for 
projects under the 7th Framework Program. 
Approximately €518 million was spent on 
Space Research in FP7 between 2007 and 
2012 for all the topics in the SSF.184 

FP7, the first FP since the Lisbon Treaty, has 
clearly given an impulse to space at the insti-
tutional level. However, many weaknesses 
can be identified in the descriptions of goals 

                                                 
181 European Space technology Platform – Strategic Re-
search Agenda, Version 1.0, 22.06.2006, http://www.estp-
space.eu 
182 FP7: Space Exploration Research, Richard Gilmore – 
COSPAR PEX workshop, 2-4 March 2011, SPI Washing-
ton DC 
183 The FP7 Space Programme 4th Space call, Massimili-
ano Esposito, COSMOS Infoday, Padova, 15-16 Septem-
ber, 2010 
184 Horizon2020/Space, Héctor Guerrero and Richard 
Gilmore, ESCCON Conference 2013, ESA/ESTEC, March 
14th 2013 

and activities, and in particular, there is lack 
of a true technological plan with considera-
tion of priorities. One of the biggest flaws is 
that guidelines and directives on space have 
disregarded the specifics of the space sector 
business.185 Moreover, there was little em-
phasis on the possibility of multiple use as 
well as spin-in strategies and technology 
transfer.186  

Moreover, in FP7 there was fundamental dis-
continuity in themes from call to call that 
hindered any strategic action and medium- to 
long- term strategies, like technological Non-
Dependence. In fact, space science and tech-
nological projects have to be implemented 
not only from call to call, but also over succe-
sive framework programs, since space road-
maps run over longer timeframes than any 
institutional program. Such long-term plan-
ning must include the allocation of funding, 
as well as tools for the preparation, mainte-
nance and exploitation of space missions.187 

FP7 funding was mostly used for collaborative 
research and coordination between universi-
ties with industrial partnerships, rather than 
for innovation in the industrial sector itself, in 
this way leaving unresolved the difficulties of 
the commercialization phase. 

Although it is notable that critical space tech-
nologies have gained relevance in the goals 
of the European Framework Programme for 
Space, the approach has still been inade-
quate and major attention is needed to de-
velop tailored actions for critical technologies 
and Non-Dependence, as all experts agreed 
in the discussion around the further Frame-
work Programme, Horizon 2020. 

2.2.3 Horizon 2020: The New Framework Pro-
gram for Research and Innovation 

Horizon 2020 is the latest Framework Pro-
gram for Research and Innovation, for the 
period 2014-2020. Its definition contains a 
big novelty: for the first time it combines 
research and innovation, covering the entire 
value chain. This is a fundamental change, 
because it focuses attention on the transla-
tion of research and innovation into market-
able goods and services, emphasizing the 
implementation of the “triangle of knowl-
edge” from product concept to market, from 
academia to industry. As observed many 
times in the previous chapter, this is the 
most critical phase and weakness of Europe. 
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In order to fulfill this purpose, Horizon 2020 
introduces a major simplification and stan-
dardization of funding schemes and strongly 
promotes cross-cutting and technology trans-
fer activities and the major involvement of 
SMEs.  

The general goal of the Horizon 2020 pro-
gram is to contribute to the objectives of the 
Europe 2020 strategy. It focuses on three 
pillars: Excellent Science, Industrial Leader-
ship and Societal Challenges. These three 
priorities are separated but coordinated. 
Space is included under the Industrial Lead-
ership ambit. 

As stated in the Horizon 2020 proposal, “the 
specific objective of space research and inno-
vation is to foster a competitive and innova-
tive space industry and research community 
to develop and exploit space infrastructures 
to meet future Union policy and societal 
need.”  

In particular, Horizon 2020 encourages the 
research community as well as the private 
sector to intensify their efforts and invest-
ments in the space sector; it contributes to 
supporting a competitive space industry, 
from manufacture to services, and to provid-
ing appropriate infrastructure for the devel-
opment and exploitation of new technolo-
gies.188 Of the approximately €80 billion allo-
cated for the entire programme, €1.7 billion 
(about €240 million per year) has been allo-
cated to space.  

Non-Dependence is addressed with particular 
strength in Horizon 2020, thanks also to the 
establishment of the Joint Task Force of EC-
ESA-EDA for European Technological Non-
Dependence (see next section) and the draft 
of the list of urgent actions started in 2009. 
Clearly, this issue deserves particular atten-
tion in this latest framework programme. This 
was also clearly stated in the recommenda-
tions of the FP7 Space Advisory Group (SAG), 
which addressed the specific topic of technol-
ogy Non-Dependence in several recommen-
dations: 

• Recommendation 3-10: Horizon 2020 
should target the full space industry sup-
ply chain in a holistic manner, including 
the issue of technology Non-
Dependence.189  

• Recommendation 3-11: The current 
process for identification of critical tech-
nology Non-Dependence issues should be 
reviewed. Also, open calls and co-funding 
are poorly suited to tackling these issues 

                                                 
188http://ec.europa.eu/enterprise/policies/space/research/  
189 Space research in Horizon 2020 – Recommendations 
of the FP7 Space Advisory Group  

and an urgent remedy should be sought. 
There should be a policy of European 
preference for procurement of critical 
space technologies.190  

• Recommendation 3-12: Horizon 2020 
should encourage broader participation 
from the whole space industry supply 
chain and should help by reducing bu-
reaucracy and administrative burdens, 
adopting commercially compatible pro-
ject timescales, and enabling industry to 
tackle development risks in a commer-
cially viable manner.191 

For the period 2014-2015 € 22 million has 
been already allocated for critical technolo-
gies, which will be selected on the basis of 
the List of Urgent Actions for Critical Tech-
nologies 2012/2013.192. 

2.3 EC-ESA-EDA Joint Task 
Force for European Tech-
nological Non-Dependence 
(ETnD) 

All the above mentioned initiatives paved the 
way to a more coherent and less fragmented 
technological landscape. Nevertheless, what 
was still missing was a more programmatic 
approach toward Non-Dependence, in order 
to focus the attention on the overall scenario. 
First, the need to join military and civil tech-
nology policies for Non-Dependence, with 
high attention to security aspects. The global 
dimension of the supply chain was another 
central topic to be considered, imposing a 
rethinking and new evaluation of export regu-
lations, especially for dual-use technologies. 
Moreover, the emergence and development 
of new space powers modified the old equilib-
rium, and new risks and possibilities needed 
to be analysed in the perspective of market 
dynamics and in that of international rela-
tions and foreign policy.  

In this complex scenario, single technological 
advancements, even though significant, are 
clearly not effective anymore. The new envi-
ronment calls for a joint, collaborative and 
long term strategy at the higher political 
level, setting out a multilateral vision, involv-
ing space and non-space, civil and military 
agencies, institutions and private stake-
holders. 
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The first step toward such a unified political 
action was the establishment of the Joint 
Task Force (JTF) between the European 
Commission, ESA and the EDA. This joint 
task force, is an attempt to create a coopera-
tive and unique round table where not only 
technical, but also political initiatives for Non-
Dependence should be discussed with a 
multi-stakeholder approach. It does not re-
place any other initiative above mentioned, 
but it has been established with the intention 
of giving more emphasis to the political ap-
proach of the problem and a tighter and more 
effective synergy between civil and military 
institutions, and to produce an operative ac-
tion by defining a list of few, urgent priorities 
in the huge technical landscape and frag-
mented environment. Its activities are based 
on the work of the many other forums and 
initiatives already existing for Non-
Dependence within and outside ESA. 

The establishment of an EC-ESA-EDA Joint 
Task Force followed a joint workshop be-
tween the parties on 9 September 2008 The 
work of the JTF is based on the ESA Har-
monisation program, with the support of Eu-
rospace and SME4SPACE for the industrial 
community. 

Amongst its tasks, the JTF was given 6 
months to:193 

• define an agreed, common methodology 
for a coherent Europe-wide approach, 
building on the existing and recognized 
processes, such as the ESA led European 
Space Technology Harmonisation process 

• define a common list of priorities for 
critical space technologies to be used in 
2009, and identify clear instruments for 
implementation 

Considering the time available, an exhaustive 
list, that would have required a longer time-
frame and full consultation with all involved 
parties, was not drafted. The intention was to 
work on a first action in view of FP7 -Space 
Call 3. On 6 March 2009 the JTF agreed on 
the preliminary list. 

The following decisions were taken:194 

• to launch the European Non-Dependence 
Process based on the common 

                                                 
193Excerpt from Critical Space Technology for European 
strategic Non-Dependence: list of Urgent Actions  
for 2010-2011, 
http://www.fp7.org.tr/tubitak_content_files/275/Uzay/Calls/
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strategic Non-Dependence: list of Urgent Actions  
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methodology in the 2nd semester of 2009, 
with the aim of finalizing a European Non-
Dependence list by January 2010 and estab-
lishing the process as a structured vehicle for 
identifying a common European position on 
the priorities and scope of individual activities 
to be proposed for funding. 

• to review and update the European Non-
Dependence list every 2 years 

• to monitor the status of the list on a 
regular basis and for EC, EDA and ESA to 
meet once a year to review the status of 
implementation and identify possible im-
provements in the process. 

The work-plan of the JTF uses the same pro-
cedure as the Harmonisation program: a first 
mapping phase, open to all stakeholders, and 
a second road-mapping phase, only for insti-
tutional delegates, finalized to produce the 
definitive draft of the List of Urgent Actions. 
The first EC-ESA-EDA Non-Dependence Map-
ping Meeting took place on September 2009, 
with the participation of member state dele-
gates of the three institutions and industry. A 
following meeting of the three institutions 
with industry representatives was held on 
November 2009 to discuss stakeholder com-
ments on the Draft List. The EC-ESA-EDA 
Non-Dependence Roadmap Meeting took 
place in December 2009, with participation 
restricted to member state delegations and 
representatives of the three institutions. The 
list was discussed and the final updated List 
of Urgent Actions 2010/2011 was issued at 
the end of January 2010.195 The contents of 
this list was used for the FP7 call for propos-
als FP7-SPACE-2011-1 (fourth call).196  

Standard Criteria to Evaluate Technologies 

In determining the list of urgent actions, 
technologies are evaluated according to well-
defined and agreed requirements fixed by the 
JTF delegates. 

The standard criteria of evaluation are:197 

• Items shall be of low integration level, 
i.e. building blocks and components 
(System/subsystem assembly, methods 
and tools are not included) 

• Items shall have a clearly identified func-
tion and performance target 

                                                 
195 Excerpt from Critical Space Technology for European 
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196 Excerpt from Critical Space Technology for European 
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strategic Non-Dependence: list of Urgent Actions  
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• Items shall be multi-use and/or applica-
tions (i.e. not an enabling technology for 
one shot use) 

• Items shall be not available from a con-
solidated well-assured European source 
and unrestricted availability from non-
European suppliers cannot be assured 

• Critical items for which no adequate or 
sufficient action is ongoing  

• As is stated in the Excerpt from Critical 
Space Technology for European strategic 
Non-Dependence: List of Urgent Actions 
for 2010-2011:  

“allocating funds to carry out a particular 
development activity by itself is not 
enough. What is, in fact, needed is to 
have a long term commitment to estab-
lishing in Europe the required technical 
capabilities”198 

The List of Urgent Actions 2012-2013 

The second round of the Joint Task Force 
process has been completed for the draft of 
the European Non-Dependence Urgent Action 
List for the year 2012-2013. It started with 
the mapping meeting in September 2011. A 
first draft document was released by the 
three Institutions representatives and deliv-
ered for review and comments to member 
state delegations and industry representa-
tives in November 2011. An updated Draft 
European Non-Dependence Urgent Action 
List, with industry agreed comments, was 
then distributed to member state delegations 
in December, in preparation for the Roadmap  
 

                                                 
198 Excerpt from Critical Space Technology for European 
strategic Non-Dependence: list of Urgent Actions  
for 2010-2011 

Meeting that was held in the same month. 
After the long work for the implementation of 
recommendations and comments, the Euro-
pean Non-Dependence Urgent Action List was 
finalised in February 2012 and presented to 
the respective bodies of EC, ESA and EDA. 

In the mapping meeting the importance of 
focusing the available resources on generic, 
transversal, multi-use technologies was high-
lighted. Therefore, some more criteria to add 
to the standard Non-Dependence require-
ments applicable for selecting actions on the 
new list were identified:199 

• An action should address a key enabling 
technology for space, addressing a ge-
neric, transversal need related to a num-
ber of applications 

• It should be clearly definable and the 
costs quantifiable 

• It needs to differentiate itself from ongo-
ing actions in a clear way and any de-
pendencies on other projects be defin-
able. If applicable, timing in relation to 
on-going activities should be specified. 

The list of selected items was used for FP7-
Space-2013-1 (sixth call).200 

What clearly emerged from this entire proc-
ess, including the description of initiatives 
and most updated programs at European 
institutional level, was the need for joint ac-
tions, pursuing activities non only at trans-
national, but also at cross-sectorial level. 
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3. Critical Technologies: State of Play 
 

In this Chapter the state-of-play of the pro-
duction of critical technologies for Non-
Dependence, from a more strictly technical 
and quantitative point of view, is described. 

In the first section, some successful examples 
of harmonised technologies are given. 

Thereafter the macro-areas relevant for fu-
ture development and investment, with an 
overall technological view, are summarized.  

The final section sets out very specific tech-
nologies on which Europe is strongly depend-
ent, with a detailed analysis in this respect. 

3.1 Successful Examples of 
Harmonised Critical Tech-
nologies 

Upwards of 50 technologies have been har-
monised to date including some that are criti-
cal201. 

A relevant example is the targeting of a gap 
in the European market for high-efficiency 
Gallium Arsenide multi-junction solar cells (A 
GaAs, is a semiconductor compound of the 
elements gallium and arsenic. It is used, for 
example, in the manufacture of devices such 
as microwave frequency integrated circuits, 
monolithic microwave integrated circuits, 
infrared light-emitting diodes and solar 
cells202). This technology was primarily pro-
cured from the USA.203 Europe needed to 
invest in this critical area to gain a competi-
tive position in terms of performance, price 
and delivery. This was made possible by con-
centrating resources in a common develop-
ment programme to achieve large-scale pro-
duction capability. The initiative was initiated 
within ESA, with coordination with German 
and Italian activities.204 Coordinated research 
led to the achievement of a European supply 
chain. European multi-junction cells have 
since been fitted to the Herschel-Planck space 
observatory and chosen for Airbus telecom-
munication satellites. The project, initiated in 
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2000 with the beginning of the harmonisation 
programme, was one of the pilot activities205. 

Another notable example relates to cryogen-
ics technology, required for cooling ultra-
sensitive satellite imagery and with a high 
critical value. 206 Cryocoolers are used mainly 
in cold detection chains (detectors, optical 
components, mirrors) to improve the per-
formance of observation instruments for sci-
entific and Earth Observation satellites, and 
in telecoms applications. The harmonisation 
process of this technology has led to Euro-
pean cryocoolers for future Science and Earth 
Observation missions. Two main industry 
consortia are now involved in the develop-
ment of 10-100 K coolers. As the market is 
not big enough for two players, the aim is to 
develop the technology either as a specialist 
industry or as a common industrial ap-
proach.207 

3.2 Current Technological 
Priorities 

In Agenda 2015 of the Director General of 
ESA, he identifies the top seven key tech-
nologies directly relevant to scientific pro-
gress and, in a broader perspective, to the 
general advancement of Europe in the fast 
evolving technological landscape. These are: 
ultra-stable deployable masts, formation fly-
ing and autonomous rendezvous, large 
monolithic telescopes and mirrors, infrared 
detectors, lasers, atomic interferometry and 
optical clocks.  

Beside these items Agenda 2015 identifies 
some key enabling technologies and systems 
that need to be developed and allocated to 
missions in order to be demonstrated. These 
technologies are expected to bring break-
throughs, also in domains where Europe al-
ready shows excellence. Consistent with the 
goals and priorities identified by ESA, particu-
lar attention was given to human spaceflight, 
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exploration and clean space. The named 
technologies and techniques were: 

• Rendezvous and docking with a non-
cooperative target. Specifically, en-
hancement of the technologies for the 
rendezvous and docking of ATV on the 
ISS 

• Landing techniques using different tech-
nologies depending on the destination, 
based on current activities (Entry, De-
scendent and Landing Demonstrator 
Module (EDM) of ExoMars, Moon lander) 
and previous experiences (Aerodynamic 
Reentry Demonstrator (ARD) of Huygens, 
landing on Titan, moon of Saturn) 

• Robotics, with particular attention to the 
development of the European Robotic 
Arm ERA,  

• Life-support system, in particular on the 
ISS. Through pilot programmes, like 
Melissa for resources recycling, possibili-
ties leading to eco-friendly ground based 
systems could be explored. 

• New propulsion systems, to overcome 
the current obstacles for deep explora-
tion and leading to eco-friendly solutions. 

3.3 Status and Evolution of 
Non-Dependence Situation  

The following contains an analysis of the cur-
rent status of technological Non-Dependence 
in Europe and its evolution from 2006 to 
2012. While the Agenda 2015 listing de-
scribed above is related to technologies and 
macro-areas relevant for future development, 
where it is important to invest, this list refers 
to very specific technologies in which Europe 
is strongly dependent, presenting a detailed 
analysis in this respect. This analysis covers 
items from all different technology domains 
and levels of integration. It has been made 

by ESA building on technology domain sur-
veys. 

The main outcomes of the technical analysis 
are summarised in the following table (the 
level of criticality for each identified technol-
ogy item refers to the criticality levels defined 
previously): 

The main outcomes are208: 

• 115 technology items have been identi-
fied as critical technologies, coming from 
almost all of the technology domains  

The total number of items on levels 1-3 has 
slightly increased (from 110 to 115) when 
comparing the 2010 and 2012 values. This 
stabilisation seems to indicate that the over-
all number of items has not evolved signifi-
cantly, and this implies that actions aimed at 
Non-Dependence are producing the first re-
sults 

• Among the critical items, the total num-
ber of technologies at the highest level of 
criticality (Levels 3.1, 3.2 and 3.3) has 
increased from 62 in 2010 to 73 in 2012  

• On the other hand, R&D actions are on-
going for 41 of these items (Level 3.1), 
which is a very slight increase from the 
situation in 2010 

• There are still 27 Level 3.3 items (need-
ing immediate attention) for which insuf-
ficient actions are ongoing 

As has been seen, the total number of critical 
technologies is roughly stable, with some 
cases being addressed through on-going ac-
tions and some new cases having arisen. 
Thus a dynamic situation exists. The emer-
gence of new cases can be related to the 
many causes listed in Chapter 1, principally 
changes in the application of export restric-
tion or in the supply chain. The number of 
items that are considered as critical space 

                                                 
208 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 

 
 

Table 1: Number of critical space technologies from the year 2006 to the year 2012. From 2012 Analysis of the Non-
Dependence situation for critical space technologies in Europe, Information note, Industrial Policy Committee. 
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technologies in the context of European Non-
Dependence is still much too high.209 

Nonetheless, as stated earlier, the number of 
critical items for which there are ongoing 
actions is stabilising, as shown in Fig. 9. 

The graph shows that the number of critical 
items with ongoing actions (through TRP pro-
jects, GSTP projects and EU-FP7 projects) 
has stabilised, rising from 21 in 2008 and 40 
in 2010 to 41 in 2012. Also the number of 
items at the highest criticality level (3.3) has 
stabilised, moving from 39 in 2008 and 22 in 
2010 to 27 in 2012. They comprise 16 tech-
nologies for which the situation did not evolve 
and 7 for which Non-Dependence became 
more critical between 2010 and 2012.210 

Although such stabilisations, as well as the 
new R&D actions taken, are just a first step 
in the complex process of the establishment 
of a coherent Non-Dependence strategy for 
availability and sustainability of technological 
sources, this is already a good sign. 

                                                 
209 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 
210 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 

3.3.1 Technological Domains and the Depend-
ency Issue 

The majority of items considered in this Non-
Dependence analysis are found in 5 technol-
ogy domains:211 

• Propulsion  

• On-board Data Systems 

• Components - in particular EEE compo-
nents, but also materials and generic 
building blocks and parts 

• Radio Frequency Payload Systems  

• Mechanisms and Tribology 

The following chart shows critical technolo-
gies for space per discipline. Breakdowns are 
provided for Level 3 of criticality, and divided 
for the three different stages: technologies 
where immediate action is required (Level 
3.3, violet), those for which harmonisation is 
needed (Level 3.2, orange ) and those where 
actions are on-going (Level 3.1, yellow). 

                                                 
211 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 

 
 

Fig. 9: Evolution of the number of technologies with the highest critical level (Level 3). Figure from 2012 Analysis of the 
Non-Dependence situation for critical space technologies in Europe, Information note, Industrial Policy Committee  
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Fig. 10::Breakdown of the number of technology items by technology domain for the highest critical level (Level 3). Figure from 
2012 Analysis of the Non-Dependence situation for critical space technologies in Europe, Information note, Industrial Policy 

Committee.  

In the Propulsion domain, there are 18 items 
including 9 items at Level 3 (3.3, 3.2 and 
3.1). The main requirements for technological 
development in this field are mostly focused 
on higher performance and “green” solutions 
compliant with the new environmental regu-
lations of the EU. Items identified comprise 
equipment (thrusters for electrical and cold 
gas systems and tanks), components (regula-
tors, valves) and also propellants.212 Among 
the most relevant needs and technologies to 
be reinforced, are innovative high perform-
ance propulsion systems, hybrid green pro-
pulsion, dual mode propulsion systems with 
Arcjet (REACH compliant) and any substitu-
tion of hydrazine213  

Radio Frequency (RF) payloads and systems 
are systems using microwave radio frequen-
cies for the space and the ground segments. 
They comprise not only the specific radio 
technologies, equipment and systems aboard 

                                                 
2122012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee  
213 Eurospace 2012 R&T priorities  

a spacecraft, but also the ground equipment 
and telecommunication and transmissions 
systems through which spacecraft payloads 
are controlled and telemetry received. They 
cover advanced functionalities that generally 
involve digital signal processing and, in some 
cases, optical technologies. Radio frequency 
is the preferred technique for the transmis-
sion of signals and it is used in a wide range 
of satellites and applications (scientific, re-
mote sensing, telecommunication, navigation 
systems).214 Tribology is the science and 
engineering of interacting surfaces in relative 
motion; it is a branch of mechanical engi-
neering and materials science. 

In the RF payloads and systems, and mecha-
nisms and tribology domains, there are 14 
Level 3 technologies in total, and actions are 
ongoing for 11 of them. The actions comprise 
actuators, motors and sensors for mecha-
nisms and specific devices, amplifiers and 

                                                 
214 
http://www.esa.int/Our_Activities/Space_Engineering/Radi
o_Frequency_Payload_Systems 
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dielectric materials for microwave applica-
tions.215 

With respect to electromagnetic technologies 
some criticalities have been identified. The 
main actions recommended are for the devel-
opment of radiation-hard, low-noise and 
large-format detector arrays for operation 
from X rays to IR and UV spectrometer tech-
nology216  

With respect to on-board data systems, there 
is strong dependency for the key building 
blocks, in particular EEE. There are 8 Level 3 
items including 4 items at the most critical 
level (Level 3.3). This domain is evolving 
very quickly, also pushed by non-space mar-
kets, but a huge amount of investment is 
required to escape dependence situations. 
There has been minimal improvement in this 
area since 2010. 217 

The last domain is components. These items 
include parts, materials, generic building 
blocks and, most of all, EEE-components. As 
discussed in previous chapters, this is the 
domain in which Europe has the biggest 
weakness and dependence is most critical. 
Materials deserve special attention. From the 
Non-Dependence perspective, action should 
be pursued for both availability and perform-
ance of components, particularly in relation 
to lightweight and thermal control. The prin-
cipal actions in this direction, highlighted in 
the most updated roadmaps, are in advanced 
thermal control materials, lightweight struc-
tures, materials for large optical structures 
and mirrors, composite materials (clean 
space), thermal protection for planetary en-
try/re-entry challenges and, finally, develop-
ment of innovative materials218 Nevertheless, 
the situation since 2010 appears to be stable. 

The most concerning change is in the area of 
EEE-components: there are now 17 Level 3 
items, up from 8 in 2010. Of the 17 items, 8 
are at the most critical 3.3 level, up from 2 
items in 2010. This large increase is partly 
due to a recent extensive review with the 
collection of many upgraded items (e.g. solid-
state mass memories, components for power) 
and the introduction of many new items, for 
example mixed signal components and deep 
sub-micron processors. 

What can be concluded is that, in general, 
across the different technology domains, the 
number of Level 3 items has slightly in-

                                                 
215 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 
216 Eurospace 2012 R&T priorities  
217 2012 Analysis of the Non-Dependence situation for 
critical space technologies in Europe, Information note, 
Industrial Policy Committee 
218 Eurospace 2012 R&T priorities  

creased, with several of them being new en-
tries. Compared to previous years, the 
changes are fairly small, with the notable 
exception of EEE-components. 

In order to better understand the situation of 
EEE-components and the more recent devel-
opments, in the following a brief overview of 
this domain is given of the European Space 
Component Coordination (ESCCON Confer-
ence) held in March 2013.  

3.4 Main Conclusions of the 
ESCCON Conference 2013 

 The last ESCCON Conference, held under the 
auspices of the ESCC in March 2013, have 
been identified the main technological criti-
calities for Europe – and the correspondent 
state of the art - and their most important 
features from a strategic perspective. The 
most relevant required key technologies for 
the period 2013-2020 were presented, in-
cluding also ongoing activities and the needs 
at different levels. 

Some important conclusions can be drawn 
from the overall description: 

• Many projects on key EEE-components 
are ongoing, but funds have been allo-
cated only for a first phase of the pro-
duction. So there are medium/long term 
projects, but short term funding. The 
later phases of the technological process, 
in particular the standardisation process, 
the ECSS evaluation, and, in several 
cases, the harmonisation of a limited 
number of space qualified critical items, 
are penalized, and this have a strong im-
pact on the competitiveness. 

• Some key EEE-components are at a TRL 
level that is suitable for fruitful cross-
cutting collaboration/joint calls (e.g. Ra-
diation Hard Large Field Programmable 
Gate Arrays (FPGA). This should be 
strongly supported.  

Most of the required key EEE-components are 
under ITAR restrictions (e.g. MEMS. GaNs). 
This requires urgent action at technological 
and political levels, and is a strong incentive 
for international collaboration. In this con-
text, acooperation between the EU and Japan 
on the mutual use of EEE qualified parts 
(which started in 2007) was confirmed and 
strengthened. Japan will share strategic parts 
in the EPPL with European customers. In this 
way, Europe’s dependence upon suppliers in 
the USA has been reduced by 8 %.

219

                                                 
219 ECI Update, Mikko Nikkulainen, 2015  
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4. Conclusions and Recommendations 
 

• European Technological Non-Dependence 
is an overarching topic that must be con-
sidered from many different perspectives. 
Technological dependence hampers space 
utilisation, security and defence, produc-
tivity and market competitiveness. 

• Even though some technology gaps be-
tween Europe, the U.S. and Asia have 
been reduced, the gap is still much too 
big for Europe to be independent. This 
imposes a challenge for foreign policy and 
advocates international cooperation.  

• The enhancement of the European supply 
chain through technological development 
should be pursued, but it should proceed 
in parallel with international relations and 
foreign policy actions (e.g. the example of 
fruitful cooperation with Japan). 

• Many initiatives and actions have been 
taken both within ESA and at institutional 
level, finally converging in the Joint Task 
Force of the EC, ESA and EDA for Euro-
pean Technological Non-Dependence. 
Nevertheless, an overall programmatic 
strategy at European level is still lacking. 

• The first driver for European space tech-
nology policy should be security of supply. 
It should be pursued by two approaches: 
on the one hand, an enhancement of the 
European supply chain; on the other 
hand, the intensification of international 
collaboration and exchange. The man-
agement of the supply chain should be a 
primary focus in the management of 
space programmes. 

• The establishment of the Joint Task Force 
for Non-Dependence has as its goal im-
provement in the availability of compo-
nents and building blocks. This is neces-
sary because of the weakness of Euro-
pean industry in this field and the strate-
gic importance of these lower levels of the 
supply chain. The Urgent Actions defined 
by the Joint Task Force are an important 
first step. 

• At a technological level, the first priority is 
to manage medium/long term obsoles-
cence. It is necessary to achieve the right 
balance between innovation and product 
maintenance. To do this, innovation time-
frames have to become more compatible 
with market dynamics. 

• European technological strategies focus 
principally on product concepts and the 
early stages of innovation. More attention 
must be given to maturity and readiness 
aspects (high TRL). This is the guarantee 
that the European space industrial base is 
able to supply the technologies required, 
and thus a crucial step in remaining com-
petitive in the global market. In this re-
gard, qualification and in-orbit validation 
are fundamental steps. Strong efforts and 
investment should be applied to these 
later phases of the technological process, 
to bring innovative technologies to the 
right level for risk-free implementation in 
European programmes and for commer-
cialisation. Intensifying the frequency of 
control and qualification activities will 
bring more efficiency in the technological 
process and in the planning capability.  

• The periodic preparation of detailed tech-
nical roadmaps, marking the evolution of 
activities and perspectives, is a very im-
portant tool, especially when considering 
the fragmented European reality and the 
large number of stakeholders involved. 
Similarly, it is essential to standardise 
technologies and procedures. The defini-
tion of standards and of precise final re-
quirements is a precondition for transna-
tional and international collaboration, both 
within EU and with third countries.  

• A high level of reliability is one of the 
main characteristics of European tech-
nologies and missions, and actually con-
tributes to giving Europe an outstanding 
position in the global space arena. This is 
an achievement that should be main-
tained and improved, although it requires 
long timeframes and expensive technical 
processes. 

• The current European fragmentation, at 
national and industrial level, strongly af-
fects the technological scenario. More co-
ordination is needed, with tailored actions, 
joint undertakings, strong synergistic ef-
forts and technology transfer plans. Tech-
nology planning and coordination is fun-
damental, as is the elaboration of long-
term prospects for breakthrough concepts 
and associated technologies. The in-
volvement of all the different actors in a 
structured multi-stakeholder approach, 
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especially in the current situation, is cru-
cial for achieving simplification, and 
through this effectiveness and progress. 

• Europe should invest in its human capital 
to ensure not only availability, but also 
(and mostly) capability. This is the key to 
maintaining a central position in the 
global context, also in the light of the 
huge investments in human capital of the 
emerging Asian space powers.  

• To boost the development of the space 
sector, stakeholders must make use of all 
EU, national and regional initiatives that 
promote synergy in space activities. Since 
space assets are integrated systems of 
many different components, a cross-
sectorial approach is essential. Spin-in ac-
tivities should be promoted and en-
hanced, in a fully open innovation ap-
proach. This is relevant to increase the 
achievement of Non-Dependence goals. 
Within the ambit of ESA there are many 
programmes devoted to such cross-
cutting promotion. It is necessary to con-
tinue to invest in this direction. A well-
defined planning of such synergistic ac-
tions should be pursued. As concerns 
components, nanotechnologies and ad-
vanced materials, space activities can lev-
erage the many actions proposed by the 
EC on Key Enabling Technologies KETs 
(for example with joint calls). In this re-
spect, the role and responsibilities of the 
ESTP are still insufficiently exploited. 

• Public support for R&D in space technolo-
gies and long-term space programmes is 
essential because of the high costs, high 
level of risk and the insufficient returns 
from commercial markets. All the different 
funding sources available should be 
streamlined and harmonised to achieve 
more appropriate and effective mecha-
nisms, tailored for longer timeframes and 
specific programmes.  

• Regional and national funding should be 
harmonised with the technology plans of 
national space agencies.  

• In addition to security of supply, and thus 
the availability of technology, the sustain-
ability of product lines must be ensured. A 
sustainable market is a fundamental con-
dition for being competitive. Domestic 
European markets are limited and frag-
mented. They need to be aggregated. 
This should include not only the national 
space markets, but also be combined with 
other collateral sectors, first of all de-
fence. Synergies between the civil and de-
fence community are still not being suffi-
ciently exploited. They should be pro-

moted and improved to attain a fully ef-
fective Non-Dependence strategy. 

• European industrial policy strongly affects 
technological Non-Dependence. The ineffi-
cient translation of the knowledge base 
into products and services, the exces-
sively long time to market, as well as the 
fragmentation of industrial and regulatory 
national systems are among the most im-
portant factors that directly lead to obso-
lescence and dependency issues. The 
combined product policy to link technol-
ogy evolution to user requirements and to 
procurement programmes must be en-
hanced. 

• Horizon 2020, the framework programme 
for research and innovation, aims to pro-
mote the triangle of knowledge by also 
looking at the commercialisation phase, 
including through better involvement of 
SMEs. In the establishment of a Non-
Dependence strategy at European level, 
all the new possibilities provided by the 
new programme should be fully utilised.  

• Although the most innovative and ad-
vanced items are generally produced by a 
small number of supplying countries and 
companies, in recent years the availability 
of many technologies has been growing. 
This has modified the approach to export 
controls in Europe, also imposing the par-
ticipation in multilateral export controls 
regimes.  

• The European export control regime is 
unique, because it combines EU-wide 
principles with national regulations. How-
ever, harmonisation is still not satisfac-
tory. In the Member States there are dif-
ferent types of export licensing and differ-
ent terms and conditions; this is the result 
of policy variations and regulatory differ-
ences (beside different technological ad-
vancement). This situation brings licens-
ing delays for the EU that undermine the 
fulfilment of the requirements of the ex-
port industry and international commit-
ments, hindering market and industrial 
development. Harmonisation of national 
legal frameworks should be combined 
with flexibility and consistency at Euro-
pean level, in order to achieve the best 
balance between security and productiv-
ity. 

• The establishment of a well-balanced and 
harmonised regulatory framework is at 
the basis of the evolution of any Non-
Dependence strategy. This refers firstly to 
export controls, but procurement regula-
tions and intellectual property rights are 
also crucial in this specific context. 
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Annex  
 

A.1 European Component Ini-
tiative (ECI) : The Four 
Phases 

ECI PHASE 1: 2004-2012 

This first phase aimed to reduce dependence 
on the supply of EEE-components from 
sources subject to export restrictions, seek-
ing compatible replacements for US-ITAR 
devices.220 This first phase was financed by 
ESA, the French Space Agency CNES and 
Germany’s DLR, the two national space agen-
cies that immediately joined the ECI initia-
tive. In particular, about 20 different compo-
nents were developed thanks to ESA-funding, 
and another 11 were sponsored by CNES and 
DLR. The majority of these were included on 
the Qualified Parts List of the ESCC, endors-
ing them for use on European Space mis-
sions.221 

Key developments: Power Mosfets, Fuses, 
Relays, MMICs, Mixers, PLL222  

ECI Phase 2: 2009 – 2011 

This phase had the aim of providing competi-
tive alternatives, in terms of costs and time 
to market, in Europe. The work-plan ad-
dressed two product categories223: 

• Product technologies – where the deliv-
erable is itself a space qualified compo-
nent replacing the non-European product 

• Enabling capabilities – where the deliver-
able technology enables processes and 
capabilities to produce space qualified 
components 

                                                 
220 ESTMP 2011 
221 
https://spacecomponents.org/webdocument/showArticle?id
=899&groupid=7 
222 
https://spacecomponents.org/webdocument/showArticle?id
=899&groupid=7 
223 
https://spacecomponents.org/webdocument/showArticle?id
=899&groupid=7 

The yearly budget allocated for phase 2 was 
6.5 million euros.224 

Starting in 2006, the European space compo-
nents industry and equipment manufacturers, 
through their membership of the ESCC Com-
ponents Technology Board and some ad hoc 
working groups, collected a list of possible 
part types for the ECI Phase 2 considering 
the new objective and guidelines. This list 
identified 54 new and replacement part 
types.225 As stated above, the general crite-
rion for the items selected was to ensure 
deliverables competitive in terms of pricing, 
performance, timing and maximum global 
market penetration for the ECI developed 
parts, as these are some of the key strategic 
elements for EEE-components’ Non-
Dependence. In addition to the active dia-
logue between ESA and component and 
equipment manufacturers under the ESCC 
umbrella, a specific working group under the 
CTB carefully analysed each of the part types 
on the list with respect to a set of measurable 
parameters, in order to provide an overall 
priority for each device. These criteria took 
into account the market potential, ITAR or 
other restrictions, technology maturity, pre-
dicted life for the product line and the devel-
opment investment against the potential re-
turns.226 The highest priority items were 
identified and many of the ECI activities are 
included within ESA's General Support Tech-
nology Programme (TRL 8-9, see Chapter 1). 

Key developments: MMICs, PLL(s), Capaci-
tors, Fuses, Optical connectors. FPGA(s)227  

ECI PHASE 3: 2011 - 2013  

This phase had the aim of providing longer 
term access to strategic components and  
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Fig. 11: ECI four phases. From: EEE Non-Dependence – Mikko Niculainen, presentation to ESCCON conference, March 2013, 

ESA-ESTEC  

technologies.228 Since only a limited number 
of the selected activities could be started 
under ECI phase 2, and the need to review 
the requirements of business and technology 
was still urgent, in 2010 a complete survey of 
future needs was produced, as usual in the 
context of the ESCC. The result was a new 
set of priority items, and the need to consider 
key strategic technologies for the future was 
stressed. As in phase 2, ECI phase 3 in-
cluded, enabling technologies and conven-
tional replacement parts with this highly criti-
cal characteristic.229 The yearly budget for 
phase 3 was 13.5 million euros 

Key developments: DSM, large FPGA, High 
Pin Count assembly technologies230  

ECI PHASE 4: 2013 – 2016 

With the description ”Key strategic compo-
nents for Space in Europe”, ECI phase 4 
builds on phase 3, with the aim of looking 
further ahead at the technologies that will be 
needed in Europe by 2020, in order to 
strengthen the European supply chain.231 
This will enable Europe to meet the necessary 
advances in technology while becoming less 
dependent and more competitive in the 
global market.232 

The required European components and 
technologies are well defined and have been 
agreed by ESA, national space agencies, 
component suppliers, equipment providers 

                                                 
228 
http://www.esa.int/Our_Activities/Technology/European_C
omponent_Initiative_ECI 
229 
https://spacecomponents.org/webdocument/showArticle?id
=899&groupid=7 
230 
https://spacecomponents.org/webdocument/showArticle?id
=899&groupid=7 
231 ESTMP 2011 
232 ESTMP 2011 

and end users for the next 5-7 years.233 Nev-
ertheless, the ECI is funded only up to the 
end of 2015 and at a lower level than re-
quired to maintain and develop technical 
capabilities. The shortfall to complete the 
existing technology roadmaps is approxi-
mately 10 million euros per annum.234  

The required key technologies in the period 
2013-2020 are listed below235. 

• Space qualified supply chain for 65nm 
Deep SubMicron ASIC technology 

• ADC/DAC, Flip-chips, high pin count 
packaging 

• Space qualified Rad hard Large re-
programmable European FPGA 

• European space qualified Gallium Nitride 
(GaN) supply chain 

• Space qualification of European Mixed 
Signal ASIC technology 

• Extended range of advanced VLSI prod-
ucts 

• DC-DC Converters, MOSFETS, Pulse 
Width Modulators, Line drivers etc… 

• Next Generation general purpose Micro-
Processor (NGMP) 

• Next Generation Digital Signal Processor 
(DSP) 

• European high performance CMOS image 
sensor technology supply chain 

• Space qualified European RF MEMS proc-
ess 

                                                 
233 EEE Non-Dependence – Mikko Niculainen, presenta-
tion to ESCCON conference, March 2013, ESA-ESTEC  
234 EEE Non-Dependence – Mikko Niculainen, presenta-
tion to ESCCON conference, March 2013, ESA-ESTEC  
235 EEE Non-Dependence – Mikko Niculainen, presenta-
tion to ESCCON conference, March 2013, ESA-ESTEC 
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