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1. Executive Summary 

1.1. Scope of the project 

The limiting factor for the duration of space endeavours is often related to the total mass of propellant 

available on board. If a new propulsion device could use the residual gases available in the upper 

layers of the atmosphere as the propellant, this would enable a vast spectrum of new planetary 

mission scenarios and market opportunities. 

In recent years SITAEL has produced the world’s first prototype of such a device, the “RAM-EP” 

engine. This innovative electric propulsion (EP) thruster has been successfully tested in an 

environment representative of VLEO, achieving TRL4. 

The AETHER project will advance the thruster design towards a flight representative stage, 

experimentally demonstrating sufficient and reliable net thrust production for the target applications. 

This will be achieved through the design optimization of the various thruster components, careful 

selection of materials and proper diagnostics tools, based on system-level design considerations. 

Successful completion of the AETHER project will advance the electric propulsion portfolio of Europe 

with the world-first EP air-breathing engine, potentially shifting the paradigm of VLEO, LEO and 

planetary missions. 

1.2. Purpose of the document 

This technical report has the objective of providing the analysis of the potential market for a set of 

mission scenarios for which a RAM-EP system can be exploited.  

The understanding of the market needs represents a key aspect to steer the AETHER development 

activities towards the adoption of this technology and to maximise its impact on the different 

typologies of stakeholders identified and characterized in this document.  

Furthermore, this report will provide a roadmap for the activities to be performed in the perspective 

of a future in-orbit demonstration of the technology. 

1.3. Structure of the document 

First, after a general introduction of the VLEO scenarios and the definition of the main scenario 

design drivers, the advancement foreseen in the Aether project are presented (Section 3). 

In Section 4, an overview of the possible RAM-EP application opportunities is shown including the 

preliminary identification of the Stakeholder set. 

Last, the Advisory Board function with respect to market analysis is clarified in Section 5 as well as 

the future interaction of the Board with the Aether Steering Committee and Project team. 

 

1.4. Acronym and Abbreviations 

 

Acronym Description 

AD Applicable Document 

AB Advisory Board 

EO Earth Observation 

RF Reference Document 

SoW Statement of Work 
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Acronym Description 

IoT Internet of Things 

LEO Low Earth orbit 

VLEO Very low Earth Orbit 

IoT Internet of Things 

LSI Large System Integrator 
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2. Applicable and Reference Documents 

2.1. Applicable Documents 
 

Table 2-1: Applicable documents 

Ref. Title Owner Release Date 

AD01 
Grant Agreement 870436, with Annex 1 (Part A and 
Part B), 2a, 3, 4, 5 and 6. 

Consortium - 2019 

 

 

2.2. Reference Documents 
Table 2-2: Reference documents 

Ref. Title Date 

RD01 Catapult Satellite Application, Lamax Consulting, Innovate UK, “Routes to Market 
Report. Satellite Technologies for 24 – Persistent Surveillance”, report 

2018 

RD02 Voigt, Stefan, et al. "Global trends in satellite-based emergency mapping." 
Science 353.6296, pp. 247-252. 

2016 

RD03 Euroconsult USA, “Earth Observation: “State of play and future prospects, 
Advisory Committee on Commercial Remote Sensing (ACCRES) Meeting” 

2018 

RD04 Cozmuta Ioana, “New Space Opportunities in the US”, Business Finland” 2019 

RD05 Christopherson, Jon B., Shankar N. Ramaseri Chandra, and Joel Q. Quanbeck. 
2019 Joint Agency Commercial Imagery Evaluation—Land remote sensing 
satellite compendium. No. 1455. US Geological Survey. 

2019 

RD06 PwC for the European Commission, “COPERNICUS, Market Report”, report 2016 

RD07 Isabel Coppa, Peter Woodgate and Zaffar Mohamed-Ghouse, “Global Outlook 
2018 – Spatial Information Industry”, report 

2018 

RD08 DigitalGlobe, “Remote Sensing Technology – Trends and Agriculture”, white 
paper 

2014 

RD09 NASA, “Economic Development of Low Earth Orbit”, report 2016 

RD10 Greason Jeff, Bennett C. James and Poole W. Rober, “The economics of space: 
An Industry ready to launch”, report 

2019 

RD11 ESRE Association of European Space Research Establishments, “Selected 
Trends and Space Technologies Expected to Shape the Next Decade”, white 
paper 

2017 

RD12 PWC, “Main trends and challenges in the space sector”, company presentation 2019 

RD13 Innovation Finance Advisory, European Investment Advisory Hub, “The future of 
the European space sector – How to leverage Europe’s technological leadership 
and boost investments for ventures”, report 

2019 

RD14 Bryce Space and Technology LLC,” Global Space Industry Dynamics”, Research 
paper for Australian Government, Department of Industry, Innovation and 
Science 

2019 

RD15 ICEYE, “Persistent agriculture land monitoring with daily radar satellite data”, 
report  

2019 

RD16 ICEYE, “Preventing illegal fishing with actionable radar satellite data”, report 2019 

RD17 ICEYE, “Problem-solving in the insurance industry with SAR data”, report 2019 
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Ref. Title Date 

RD18 ICEYE, “Problem-solving in the maritime industry with SAR data”, report 2019 

RD19 De Weck, Olivier L., Richard De Neufville, and Mathieu Chaize. "Staged 
deployment of communications satellite constellations in low earth orbit." Journal 
of Aerospace Computing, Information, and Communication 1.3 (2004): 119-136. 

2004 

RD20 Axion Space, “LEO Commercialization Concept”, presentation 2018 

RD21 Lal, B. "Trends in Small Satellite Technology and the Role of the NASA Small 
Spacecraft Technology Program." Final Update to the NASA Advisory 
Committee. 2017. 

2017 

RD22 Euroconsult, Satellite value chain: snapshot 2017 – Key trends and indicators on 
supply & demand of the world commercial satellite industry – an extract “, report 
presentation” 

2017 

RD23 Orbital ATK, Minotaur IV, V, VI User’s Guide, Release 2.2, August 2015. 2015 

RD24 Northrop Grumman, Minotaur-C Ground-Launched Space Launch Vehicle  2016 

RD24 Northrop Grumman, Minotaur-C Ground-Launched Space Launch Vehicle  2016 

RD25 JAXA, Epsilon Launch Vehicle, User’s Manual, Revision A, July 2018 2018 

RD26 Eurockot Launch Service Provider, Rockot User’s Manual, EHB0003, Issue 5, 
Revision 0, August 2011 

2011 

RD27 Arianespace, Vega  User’s Manual, Issue 4 Revision 0, April 2014 2014 

RD28 Arianespace, Vega C User’s Manual , Issue 0 revision 0, May 2018 2018 

RD29 Space International Services, Land Launch User’s Guide, Revision B, 2014 2014 

RD30 MLS, Cyclone-4M SLS Abbreviated User’s Guide, Version 2, 2019. 2019 

RD31 Space Launch System, DNEPR User’s Manual, Issue 2, November 2001 2001 

RD32 SIT-AETH-DB-0101 Is.1 - ANNEX 1.0 to D1.1 Is.1 2020 

RD33 SIT-AETH-MEM-0102 Is.1.0 Memorandum Launch vehicle (ANX01) 2020 

RD34 PwC, “Main trends & Challenges in Space Sector”, 2nd Edition, 2020 2020 

RD35 Keith W. Crane, Evan Linck, Bhavya Lal, Rachel Y. Wei, “Measuring the Space 
Economy:Estimating the Value of Economic Activities in and for Space”, Science 
and Technology Policy Institute Report, 2020 

2020 

RD36 Space Foundation, “Space Foundation Annual Report 2019 2019 

RD37 Bryce - Reports (brycetech.com) 2019 

RD38 Euroconsult, “SATELLITES TO BE BUILT & LAUNCHED BY 2028 A complete 
analysis & forecast of satellite manufacturing & launch services”, Euroconsult 
Research Report, Extract, 2019 

2019 
 

RD39 https://www.ucsusa.org/resources/satellite-database  

RD40 https://www.wmo-sat.info/oscar/satellites  

RD41 https://directory.eoportal.org/web/eoportal/satellite-missions  

RD42 https://celestrak.com/satcat/search.php  

RD43 https://nssdc.gsfc.nasa.gov/nmc/  

RD44 https://www.grandviewresearch.com/industry-analysis/satellite-communication-
market 

 

RD45 https://spacenews.com/geo-satellite-orders-are-up-but-full-rebound-remains-to-
be-seen/ 

 

RD46 https://spacenews.com/geostationary-satellite-orders-bouncing-back/  

RD47 Curzi, Giacomo, Dario Modenini, and Paolo Tortora. "Large constellations of 
small satellites: A survey of near future challenges and missions." Aerospace 7.9 
(2020): 133. 

 

https://brycetech.com/reports
https://www.ucsusa.org/resources/satellite-database
https://www.wmo-sat.info/oscar/satellites
https://directory.eoportal.org/web/eoportal/satellite-missions
https://celestrak.com/satcat/search.php
https://nssdc.gsfc.nasa.gov/nmc/
https://www.grandviewresearch.com/industry-analysis/satellite-communication-market
https://www.grandviewresearch.com/industry-analysis/satellite-communication-market
https://spacenews.com/geo-satellite-orders-are-up-but-full-rebound-remains-to-be-seen/
https://spacenews.com/geo-satellite-orders-are-up-but-full-rebound-remains-to-be-seen/
https://spacenews.com/geostationary-satellite-orders-bouncing-back/
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Ref. Title Date 

RD48 Panga, W.J.; Bo, B.; Meng, X.; Yu, X.Z.; Guo, J.; Zhou, J. Boom of the CubeSat: 
A Statistic Survey of CubeSats Launch in 2003â€“2015. In Proceedings of the 
67th International Astronautical Congress (IAC), Guadalajara, Mexico, 26â€“30 
September 2016. 

 

RD49 https://earth.esa.int/web/eoportal/satellite-missions/s/smallgeo  

RD50 Edwards, C. D., Jedrey, T. C., Devereaux, A. S., DePaula, R., & Dapore, M. 
(2003). The electra proximity link payload for mars relay telecommunications and 
navigation. 

 

RD51 https://directory.eoportal.org/web/eoportal/satellite-missions/n/neossat  

RD52 https://www.euroconsult-ec.com/earthobservation  

 

2.3. Annex documents 
Table 2-3: Annex documents 

Ref. Title Date 

ANX01 SIT-AETH-MEM-0102 Is.1.0 Memorandum Launch vehicle 2020 

 

 

 

 

https://earth.esa.int/web/eoportal/satellite-missions/s/smallgeo
https://directory.eoportal.org/web/eoportal/satellite-missions/n/neossat
https://www.euroconsult-ec.com/earthobservation
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3. VLEO and air-breathing exploitation 

3.1. Introduction 

Since the beginning of the Space Era, the Low Earth Orbit (LEO), ranging from 150 km up to 2000 

km has been representing the first step for the access to space. Nowadays, with over 62% of the 

satellites orbiting in this region, it is one of the most crowded in space. The proximity to Earth of LEO 

orbits is the key factor of their attractiveness. Indeed it brings several benefits, such as: (i) low latency 

time, which is a critical requirement for time-critical applications, (ii) high resolution reachable by 

optical payloads and (iii) high-frequency of revisits. 

In the last few years, this space region increased its appeal for commercial exploitation, thanks to 

the constellations of small satellites offering worldwide telecommunication and Earth observation 

services. Two constellations have been already initiated: OneWeb which is foreseen to be composed 

of about 600 small platforms, and SpaceX’s Starlink, whose complete deployment will involve up to 

13.000 platforms with a wet mass of 200 kg. Currently, 240 satellites have been launched, and the 

schedule foresees 60 launches every month until end of 2021. 

 

 

Figure 1: LEO and VLEO orbits representation 

Mainly prerogative of government initiatives in the past, the LEO region is now a dynamic and highly 

competitive environment owed to the renewed interests brought by new business ventures operating 

in the space sector and the possibilities of LEO exploitation identified by the large commercial 

operators. The so-called “New Space Economy”, the modern approach to the space investment, 

follows specific guidelines and trends usually defined by the commercial power of the initiatives and 

the capability offered by the developed technologies.  
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Given the fact that the residual atmosphere induces a significant drag on objects orbiting between 

300 km and 160 km, this LEO segment (the so called Very LEO – VLEO) has been scarcely exploited 

so far, with a couple of missions worthwhile mentioning: the ESA GOCE gravity measurement 

mission and the JAXA TSUBAME satellite, which recently set a World low altitude record by orbiting 

at 163 km for one week. 

The AETHER project aims at these orbits, very appealing from the commercial and scientific points 

of view, but extremely challenging in terms of drag compensation, harsh environment, TT-TC and 

attitude control. 

 

3.2. Target environment: VLEO characteristics, technical benefits and 

challenges to face 

As stated in Paragraph 3.1 above, the Very Low Earth Orbit (VLEO) is a region of the orbital altitudes 

between 160 and 250 km, below the traditional LEO orbits. The advantages identified for the LEO 

orbits are further improved for specific applications lowering the orbit altitude. 

On one side, operate closer to the Earth’ surface can bring several benefits: 

• Resolution of optical payload: without modification of the optical payload, its theoretical 

resolution increases according to the Rayleigh criterion reducing the operative altitude. 

• Radiometric performance: as the distance from the Earth is reduced, also the radiometric 

performance is improved owing to the higher irradiated power density which allows a higher 

signal to noise ratio. This effect can be translated either in higher performance or in less 

sensitive and cheaper sensors to be adopted.  

• Communication latency: this key parameter represents a crucial characteristic for 

communication missions and, specifically, for peculiar missions where the data transmission 

shall be as close as possible to a real-time condition. Lowering the satellite orbit could reduce 

by orders of magnitude this value improving current applications and enabling a full set of 

real-time based communication services. 

• Geospatial position accuracy: the shorter path length allowed by the lower altitude allows 

in turn a more accurate imagery location: in fact, the arm length where the attitude 

uncertainties can propagate is shorter.  

• Mass budget: if the payload requirements are kept constant, the reduction of altitude allows 

a reduction of dimensions and mass of the payload itself. For example, for an optical payload, 

this reduction could be translated in smaller optics and system. 

• Simple deorbiting strategy: due to the relevant aerodynamic breaking effects, the de-orbit 

strategy results strongly simplified. In fact, provided that the platform is reasonably small (< 

500 kg), it results in stopping drag counteracting. For the same reason, the risk of debris 

creation is fully eliminated.  

• Low radiation level: such low orbit altitudes offer significant protection from space radiation 

because of the coupled contributions of the Van Allen belt and the Earth magnetic field. This 
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would lead to the possibility to use COTS electronic components instead of space qualified 

components, thus reducing the cost of these systems.    

• Space accessibility: due to lower altitudes to be targeted by the launch vehicle, VLEO has 

easier accessibility with respect to other orbits. This has a direct influence on the reduction 

of launch costs owing to the possibility to exploit smaller or different launch vehicles. In 

addition, the launch performance provided by innovative launch vehicles such as 

spaceplanes and air-launch rockets can be considered. 

In the first phase of VLEO market assessment, a preliminary selection of small/medium 

launchers was performed considering a launcher payload capability up to 3000 kg.  

The following launch vehicles were identified: 

Table 3-1: Small/medium launch vehicle list. 

Launcher name Nation Version REF. 

Minotaur USA IV RD23 

V 

VI 

C RD24 

Epsilon JAP - RD25 

Rockot RUS - RD26 

VEGA ITA - RD27 

VEGA C ITA - RD28 

Zenit RUS 3 RD29 

CYCLONE UKR 4M LV RD30 

DNEPR RUS - RD31 

 

A summary of launcher performance in terms of both payload capabilities and launcher fairing 

envelope is provided in [RD33] for the launchers listed in Table 3-1 

On the other side, the drag possibly caused by the residual atmosphere imposes severe limitations 

to the spacecraft, either in terms of on-board propellant mass and/or in terms of mission duration. 

Under 250 km, drag needs to be continuously compensated by thrust, otherwise the spacecraft orbit 

rapidly decays, as shown in the Figure 2 below: 
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Figure 2: Spacecraft lifetime over a range of orbit (ISO TC 20/SC 14) 

The concept of RAM-EP, also known as air-breathing electric propulsion, offers a disruptive 

approach to overcome the challenge posed by VLEO missions. A RAM-EP system is basically 

composed of an intake and an electric thruster. The intake is used to collect the atmospheric gas 

molecules and direct them to the thruster, possibly increasing the pressure in a compression stage. 

The collected residual atmosphere is then ionized by the thruster, accelerated and expelled at high 

velocity to generate thrust. A power system, likely a combination of solar arrays and batteries, 

provides the required electric power. 

By using as propellant the same atmospheric particles that are responsible for the generation of 

drag, airbreathing electric propulsion could allow thrust generation in low orbits without any need for 

on-board propellant. This way, it is possible to remove a significant share of spacecraft mass and 

the main constraint to its lifetime. The mass reduction associated with the absence of stored 

propellant and fluidic system (tank, valves, filters, pressure transducers, etc.) has a direct impact on 

the launch costs, if compared to state-of-the-art conventional electric propulsion systems (EPS) 

operated with xenon. At the same time, the extension of satellite lifetime in LEO orbits improves the 

profit margin for commercial satellites and the data outcome of scientific platforms and Earth 

observation satellites. Moreover, the benefits in terms of reduced mass and extended lifetime open 

a new range of mission scenarios, ranging from VLEO orbits of high interest for scientific missions, 

to governmental and commercial applications, to mission exploration of other planets with 

atmosphere (primarily, Mars). 

Even if preliminary studies on air-breathing EP were performed in the past decades, the first attempt 

to experimentally demonstrate the feasibility of the concept was performed in 2017 by SITAEL. 

SITAEL’s RAM-EP system was able to operate with an atmospheric flow representative of conditions 

corresponding to an altitude of 200 km. The system showed the capability to ionize the incoming 

particle flow and to produce thrust: nevertheless, full compensation of drag was not demonstrated.  

Besides drag compensation, major issues such as material durability in a highly oxidizing 

environment as well as the reliability of the EP thruster in airbreathing mode are still open. Hence, 

several challenges are associated with the development and verification of an air-breathing system. 
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First, the design of such propulsion system is strongly coupled with the target mission, which dictates 

the composition and properties of the atmospheric gases, and the spacecraft design. These factors, 

in turn, determine the power and mass constraints, as well as the thrust level needed to compensate 

the atmospheric drag. 

Given the target mission constraints, a RAM-EP system shall be capable to: 

• guarantee the compensation of atmospheric drag; 

• collect the mass flow rate needed to generate the required thrust; 

• work with the encountered flow mixture; 

• operate with variable inlet conditions (caused e.g. by different altitudes, solar activities, local 

time); 

• accommodate severe power and mass limitations. 

Finally, the need for a representative test environment, i.e. of a facility able to reproduce on-ground 

the flow of atmospheric particles encountered by the S/C along its orbit, and of suitable diagnostic 

systems may represent a major obstacle to verify the air-breathing concept. 

3.3. The AETHER project 

“The AETHER project (Air-breathing Electric THrustER) aims at developing the first 

propulsion system able to maintain a spacecraft at very-low altitudes for extended times 

without using on board propellant, thus opening new mission scenarios and market 

opportunities.” 

 

The main objective of AETHER is to demonstrate, in a relevant environment, the critical functions of 

an air-breathing electric propulsion system, and its effectiveness in compensating atmospheric drag. 

In order the reach main objective, the following specific objectives are targeted: 

• Characterize specific application cases for the RAM-EP technology and define relevant system 

requirements. Based on the assessment of relevant market opportunities, the project aims to identify 

mission scenarios of interest for S/C operating with air-breathing EPS, to characterize the 

atmospheric flow properties encountered during the mission and to assess the integration of air-

breathing EPSs within the S/C. 

• Reproduce on-ground the environmental conditions specific of the identified mission cases. The 

project aims to design, manufacture and test a particle flow generator capable to simulate the 

conditions faced by S/C in VLEO orbits. A specific objective is then to validate the representativeness 

of the test environment (in terms of particle composition, density and velocity). 

• Develop critical technologies for the collection, ionization and acceleration of rarefied atmospheric 

flows. The project aims to improve the maturity of technologies associated with the main ram-EP 

functions and to define a configuration of the ram-EP system that integrates in a synergic way the 

different technologies. In addition, the project aims to assess the compatibility of typical EPS 

materials with the atmospheric flow and, if needed, identify alternative materials suitable for extended 

operation in such oxidizing environment. 
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• Assess the performance of the RAM-EP system. The project objective is to characterize the system 

operation in terms of integral parameters (thrust, drag, power) as well as local properties of the 

accelerated particle beam (composition, electron temperature, velocity). The project aims to verify 

that the ram-EP system is capable of full drag compensation and to assess the effectiveness of 

different particle acceleration strategies. Moreover, the project aims to characterize the system 

thermal behaviour and to assess possible degradation of system components associated with 

oxidation or erosion. 

The whole project has been conceived to finally fulfil the main objectives, with the further goal of 

paving the way for a complete in-orbit demonstration of the concept, which in turn shall open for the 

commercial and scientific exploitation of the findings. 
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4. Market overview and opportunities 

4.1. Introduction 

This market analysis has been conceived as a correlation analysis between application areas and 

stakeholders. Both categories have been further dissected in individual applications and specific 

stakeholders, to provide the AETHER Consortium with the clearest overview possible of the most 

appealing scenarios for the largest group of stakeholders. 

4.2. VLEO market: general description 

The space sector is a dynamic environment continuously in evolution to respond to the different 

global needs. Over the past decade, the continuous growth of this sector has been broadening the 

number of space activities gradually integrated in other non-space sectors. Indeed, due to the 

importance of the impacts that the space-based activities have been having on the “general” society,  

the so-called “New Space Economy” has got a boost. 

For outlining the VLEO market the first activity performed was the identification of the space-related 

value-chain. 

 

Figure 3: ramEP foreseen value chain. 

As presented in Figure 3, the value-chain reports the complete range of activities undertaken for 

providing a space product to its end-user. The upstream level includes investors able to support 

economically the development phase of a particular product, which is performed by a pool of 

suppliers for components, subsystems, and payload. Large System Integrators (LSIs) are often 

considered overlapping all the segments, considered their capability to perform many activities at 

different levels. Operation Providers, including both ground and launch service providers, are also 

included in the upstream segment.  

The system/satellite operators, and in general all the entities in charge of processing the collected 

data and mission results for the intended applications, are considered part of the midstream section.  
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Finally, the value chain is completed by the downstream section that includes all the different end-

users. Characterized by a strongly mixed approach to space data utilization, they are typically 

business and institutional players. 

The value chain of space economic environment is changing and growing with the inclusion of new 

operators and space-related entities. Traditionally based on the upstream-push approach, where the 

technologies developed by the upstream are exploited by the downstream in new applications, this 

evolution consists in a “market demand pull” in which the downstream entities drive the development 

of new technologies to fulfil market needs. 

Notwithstanding the relevant heavy economic impact, the space sector is still not clearly classified 

with respect to the standard categories usually adopted in the industrial classification. This undefined 

taxonomy causes some difficulties in the definition of the overall market revenues. Furthermore, 

most of the time, the proliferation of space-based activities that are integrated with ground-related 

activities and, in general, with non-space activities has been generating ambiguous boundaries 

between them. As a direct consequence, the assessment of the downstream segment of the space 

value chain, which includes all types of end-users, is extremely challenging to do: in fact, especially 

if market sizing shall be quantitatively performed, the assessment of the cross-relations among 

space and non-space activities and relevant relative economic weights should be considered.  

To provide an economic estimation of the current space market, four different sources have been 

considered (ref.  [RD34]) as shown in Figure 4. The uncertainties to tailor investments and company 

decisions become more evident for long terms projects performed by several organizations due to 

the rapid changes affecting the market. In [RD35], a detailed analysis including main banks and 

rating companies is presented. The results of this survey show that, thanks to a more intense 

involvement of private investors and a renewed government space policy, the space economy will 

be evaluated up to 2.7 trillion USD in 2040, with a compound annual growth rate ranging from 4.3% 

up to 9.5%.  
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Figure 4: Space market revenues in 2020 (a) Source: [RD03, RD22*-RD38] (b) Source: [RD34], (c) Source [RD37], 
(d) Source: [RD36].

 

The rapid changes characterizing the space market have been induced by different causes.  

First, on the technology-push side, traditional space-based services have been becoming more and 

more essential in an integrated space-terrestrial approach, exploited in different fields of society. 

Typical examples are weather forecasting, navigation, management of natural resources (e.g., 

agriculture, forest management, etc.), global timing, monitoring services (such as disaster 

management, security and defense activities), sustained by the possibility of global coverage, which 

represents a key design requirement for many missions (for most of the Earth observation missions, 

for example). 

Second, on the market-pull side, due to the increasing exploitation of the space-based data for 

terrestrial activities, the number of space applications is increasing, triggering innovation initiatives, 

as well as the development of disruptive technologies, new business models and novel spin-offs of 

terrestrial applications. In parallel with an increased rate of innovation, the new actors that are 

entering the space-related economy are introducing new needs specifically associated with cost 

standardization, design method standardization, sustainability, availability of service/data provisions 

and reliability. 
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Last, at the base of the new space economy, there is the so-called Commercial-Off-The-Shelf 

(COTS) approach: namely, standard technologies developed for terrestrial applications are 

considered for space applications (market push) and either directly flown or subject to minor 

modifications to reach the spaceflight grade. Thanks to the exploitation of mass production, the 

COTS approach ensures the reduction of both prototyping and low-volume productions, with the 

subsequent reduction of manufacturing and development times. It is worth mentioning that, despite 

several benefits deriving from this approach, it is not always applicable: for instance, technology 

areas relevant to payload and propulsion technologies often rely on dedicated on-purpose 

development programmes.  

4.3. Identification of stakeholders 

Given the specific technology push approach selected for AETHER, the market analysis was started 

with the identification of stakeholders and relevant needs, to be correlated with possible applications 

of the air-breathing technology.  

To the aim of this analysis, a stakeholder was intended as someone who could benefit from a cost-

effective space platform able to provide lag-free, high-quality data with low-cost payloads. More 

specifically, a stakeholder is someone who, either, (i) could have direct or indirect impacts on the 

activities in a VLEO scenario, (ii) could receive benefits or advantages from the exploitation of a 

VLEO scenario, (iii) could have interests in activities related to a VLEO scenario.  

In the following table, the identified Stakeholder have been characterized with respect to their impact 

on the value chain with a brief description of their possible interest/involvement in VLEO and/or air-

breathing technology. 

Table 4-1: Stakeholders Matrix  

Stakeholders US MS DS Type of interest 

Commercial operators 

Industrial Groups/Unions (e.g. 
European Farmer Union) 

XX X X Development, industrialization and 
manufacturing of air-breathing systems, 
commercialization, implementation and 
management of the overall system function. 

Large System Integrators (LSI) (e.g. 
Airbus Defense and Space, Thales 
Alenia Space, OHB) 

XX X X 

Satellite operators(e.g. SES, 
Eutelsat) 

X XX X 
Exploitation of the high-quality data from 
VLEO systems wrt convention S/C in the 
low orbits. 

Private companies X X XX 

This group includes all the entities 
sustained by private capitals. Mainly related 
to the end-user segment, they can benefit 
from the utilization of high-quality data for 
their own business. 

Governmental/Institutional  

Local institutional entities (e.g. EU 
regions) 

  XX 
Not directly related to the commercial 
exploitation of a product/service to obtain 
revenues. This group includes military 
entities. 

National institutional entities (e.g. EU 
Countries, National Space Agencies, 
National Ministries…) 

  XX 

International/Supranational entities 
(e.g. the EU, the ESA) 

  XX 
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Stakeholders US MS DS Type of interest 

Private entities 

Private citizens X X XX Mainly part of the end-users, private entities 
and non-governmental organizations could 
have different indirect interests in the 
exploitation of improved product coming for 
the utilization of air-breathing technology. 

Groups/unions of citizens X X XX 

Non-Governmental Organizations 
(NGO) 

X X XX 

Scientific Organization/Institutions 

Universities/Educational entities   XX In this group, all the organizations interested 
in the scientific exploitation of the products 
developed by the midstream are included. 

National Research Centres/Groups 
(e.g., CNR, CNRS, Fraunhofers, 
NRL…) 

  
XX 

International/Spranational research 
Centres/Groups (e.g. CERN) 

  
XX 

 

4.3.1. Emerging companies 

A specific section of this stakeholder analysis is dedicated to the emerging companies of the New 

Space Economy arena, whose business is often based on the exploitation of data and services for 

a huge group of end-users. These “operators” could benefit from a cost-effective space platform able 

to provide lag-free, high quality data with low-cost payloads. 

A preliminary scouting of this group has been conducted through the Internet, by exploring websites 

specialized in high-tech start-ups with huge growth potentials, such as the Space Angels website 

(www.spaceangels.com), Crunchbase (www.crunchbase.com) and the specialized SpaceNews 

(www.spacenews.com). 

Here below the initial list of these potential stakeholders, with a short presentation and reasons why 

they could benefit from a VLEO platform or constellation. 

Table 4-2: New Space Economy emerging Companies (preliminary list) 

New Space Economy – selected emerging companies 

Company Country Domain Business model 
Benefits from 

VLEO satellite-
constellation 

HiBER 
(https://hiber.global/) 

FR IoT 

Data connection 
through proprietary 
receivers, low data 

rate 

Revisiting time, 
higher coverage, 
higher data rate 

Fluorsat 
(https://flurosat.com/) 

AU 
Precision 
farming 

AI for precision 
agriculture 

Revisiting time, 
higher coverage, 
higher data rate 

Bridgecomm 
(http://www.bridgecomminc.com/) 

US Telecom 
Earth Optical 

connection through 
proprietary hw 

Negligible lag, 
higher coverage 

GHG Sat  
(https://www.ghgsat.com/) 

CA 
Earth 

Observation 

Greenhouse gas 
and other toxic 

gases measuring 
Higher coverage 

Myriota 
(https://myriota.com) 

AU IoT 
Low data rate 

messaging from to 
sensors 

Higher data rate, 
global coverage, 

revisiting time 

http://www.spaceangels.com/
http://www.crunchbase.com/
http://www.spacenews.com/
https://hiber.global/
https://flurosat.com/
http://www.bridgecomminc.com/
https://www.ghgsat.com/
https://myriota.com/
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New Space Economy – selected emerging companies 

ICEYE 
(https://www.iceye.com/) 

FI-PL 
Earth 

Observation 

SAR payload for 
maritime tracking 

and other 
surveillance tasks 

Global coverage, 
revisiting time 

Kinéis 

(https://www.kineis.com/) 
FR IoT 

Data connectivity 
through a 

constellation of 
LEO satellite 

Revisiting time, 
higher coverage, 
higher data rate 

 

Another interesting scenario that will be monitored is the integration of satellite services with 

blockchains, a topic recently addressed also by the European Space Agency. 

4.4. Identification of potential applications 

The identification of possible application areas has been based on an extensive literature review 

relevant to possible future trends in the commercial and public/governmental sectors. Potential 

applications were identified amongst those that could benefit from a small-medium size platform, 

and relevant payload, orbiting in VLEO. No specific constraints in terms of mission architecture were 

considered in the selection of the applications. The rationale behind this choice is the possible full 

adaptability of the platform with respect to several specific mission needs. Consequently, the mission 

architecture should be specifically developed (e.g. multiple collaborative spacecraft, constellations, 

etc.) to effectively exploit the use of air-breathing propulsion.  

In the second instance, scenarios that are considered more exotic for an air-breathing platform have 

been also briefly identified: anyway, such kind of applications implies architecture peculiarities and/or 

payload requirements (e.g. high coverage capability, high revisit time, etc.) that are considered 

critical for the potential application of air-breathing propulsion. 

4.4.1. Conventional applications 

 

Earth Observation [RD01-18] 

Weather forecasting 

Collection and processing of data for weather forecasting, to support activities in all sectors (land 
and maritime transportation, aviation, agriculture).  

Public authority services 

Data collection and exploitation for governmental activities for regulation and policy making and 
reinforcement, specific assets monitoring, urban and maritime monitoring 

Environmental monitoring 

Monitoring of land, sea and air environment for mapping, tracking and protection of living species, 
security and safety keeping, plan and optimization of intervention operations. 

Security and defence 

Border control, general security (land, sea and air), tactical surveillance, monitoring of ground and 
tactical facilities. 

Energy & resources monitoring 

Monitoring of assets, facilities and plants for the exploitation of resources and energy production. 
Optimization of the exploitation of energy and resources. Management and logistic monitoring. 
Renewable energy development, production and optimization.  

https://www.iceye.com/
https://www.kineis.com/
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Earth Observation [RD01-18] 

Industrial services 

Industrial infrastructure monitoring, tracking and shipping service monitoring, performance 
monitoring. 

Disaster monitoring 

Natural emergency response and management, humanitarian emergency monitoring and 
management 

General services 

Commercial services for mapping, geo-data acquisition, financial data acquisition for insurance 
and reinsurance. 

 

Communication [RD04] [RD07] [RD09] [RD11-14] [RD17] [RD19-22]  

Data transfer 

All end-to-end data transmission for communication. These applications include all possible 
typologies of data. 

Data relay 

Relay activities in an integrated architecture with other space applications/systems.  

Secured communication & block-chain applications 

Encrypted communication, high/ultra-fast communication. 
Providing updating blocks for block-chain application with decentralization and memory blocks.  

 

Global Navigation Satellite System (GNSS) [RD04] [RD07] [RD09] [RD11-14] [RD19-22] 

Location Based services 

Providing autonomous geospatial position for roads, aviation, railways, maritime and agriculture. 
Specific location service for security keeping and other military activities, science, private and 
commercial operators. 

Time synchronization 

Providing accurate and direct access to the Coordinated Universal Time (UTC) [Timing] and 
synchronization capabilities among receivers at different location for several sectors such as 
telecom, energy and finance. 

 

Science [RD04] [RD07] [RD09] [RD11-14] [RD19-21] 

Earth Science 

Range of applications aimed at studying the structure and dynamics of Earth. These include 
gravimetry applications, upper atmosphere study and observation, composition and evolution of 
the soil and vegetation on lands, etc. 

Space Science 

Applications aimed at the investigation of the space weather caused by solar activities. 
Considering the range of altitudes in which an airbreathing-based platform can operate, these 
applications can be reconducted to the study of the upper levels of the atmosphere. 

4.4.2. Exotic applications 

On-orbit servicing [RD04] [RD07] [RD09] [RD11-14] [RD19-20] 

Among more exotic scenarios enabled by the air-breathing technology, on-orbit servicing 
operation was considered, such as space tugging and de-orbiting services. Space tugging could 
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represent a valuable solution to facilitate LEO accessibility and reducing the overall 
mission costs. Even included in an end-to-end scenario, the capability of  

• decreasing the deorbiting time could be beneficial to rapidly remove space objects, 

• improving the control of the re-entry trajectory could reduce the re-entry ground 
footprint.  

Even though the study of these applications has been considered of particular interest for 
the recent years, the implementation of these applications is far in time. 
 

 

Exploration [RD09-14] 

In the Solar System, Earth is not the only planet to have an atmosphere exploitable for air-
breathing systems. Other planets with a suitable atmosphere could be considered (such as 
Mars and Titan) for mainly scientific purposes. Examples could be the study of the 
planetary atmosphere and analyses related to the geo-science field. Even in this case, 
demonstration of the technical feasibility represents an extreme challenge, in particular for 
what concerns the capability of an air-breathing platform to be operated far from Earth. 
 

 

4.5. Space utilization and forecast 

To complete the market outlook presented in the previous sections, a specific investigation has been 

performed to provide the space utilization status up to the current years. This analysis has been 

based on a database including UCS Satellite Database [RD39], Observing System Capability 

Analysis and Review Tool (OSCAR) [RD40], ESA eoPortal Directory [RD41], SATCAT CelesTrak 

[RD42] and NSSDCA Master catalog [RD43]. The derived database was crosschecked exploiting 

the NORAD number to guarantee its completeness. In case of discrepancy with the complete 

NORAD list, the database was manually modified. All the satellites that are part of a constellation 

have been excluded by the main database and stored in a separate database for their specific 

analysis.  

For a clear classification of the collected satellite information, the following grouping criteria have 

been adopted: 

• Application classes: the application cases previously identified have been adapted to the 

approach adopted in the exploited database, consisting in: 

o Communication 

o Earth Observation 

o Earth & Space Science  

o GNSS 

o Technology Demonstration 

• Orbits: the orbit altitude has been considered as the only rationale for the orbit classification. 

They are the following: 

o Low Earth Orbit 

o Medium Earth Orbit 

o Geostationary Earth Orbit 
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o Elliptical 

• Period considered: the considered database collects satellite data since 1995. A time span 

of about 4 years has been considered. 

o 1995-2000 

o 2001-2005 

o 2006-2010 

o 2011-2015 

o 2016-2020 

 

 

Figure 5: Space market economic segmentation with respect to: (i) application (internal graph) and (ii) exploited 
orbits (extenal graphs). (reference year:2020) 

Figure 5 shows the results of the database analysis. Any single application cases reported in the 

central graph are then characterized with respect to the exploited orbits.  

Figure 6 to Figure 9 report the trends over time of the number of launched satellites, grouped by 

target orbit, as listed above. The number of launched satellites is considered a significant KPI of the 

relative weight of every single type of applications in the overall space market. 
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Figure 6: number of satellite in LEO w.r.t. their application. 

 

 

 

Figure 7: number of satellite in MEO w.r.t. their application. 
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Figure 8: number of satellite in GEO w.r.t. their application. 

 

 

Figure 9: Number of satellite on elliptical orbits w.r.t. their application. 

The following sections provide a summary of the market characteristics for each application 

considered in this market analysis.  

4.5.1. Communication 

As shown in Figure 5, 43% of the currently operating satellites are dedicated to communication 

applications. According to several sources, this application will still dominate the near-future market, 

with a 9.2% growth rate expected between 2020 and 2027. The reason for this implacable growth 

can be found in the increasing need for data, voice and broadcasting services expected for the next 

years, targeting different end-users. Moreover, in recent years the internet-based activities have 

strongly penetrated the space market, especially for what concerns end-to-end data transfer [RD44]. 
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Many worldwide players are looking at this application, whose market-share growth capability is 

quantified in 62.2 B USD in 2019 and 66.6 B USD (reference year 2020). Relevant market-share is 

expected to double in 2027, including all segments of the value chain.  

SES S.A., Viasat Inc., Intelsat, Telesat, EchoStar Corporation, L3 Technologies Inc., Thuraya 

Telecommunications Company, SKY Perfect JSAT Group and GILAT SATELLITE NETWORKS are 

the main market players, covering nearly 42% of the total market. All cited players belong to the 

upper and mid segment of the value-chain. Indeed, the development of new technologies (upstream 

segment) and, in turn, the availability of innovative applications and services (midstream segment) 

have been the key drivers of the growth of the communication market. Transversal to these drivers, 

the need of players for keeping their competitiveness on the market has resulted in a continuous 

trend of product/service cost reduction and increase of quality. Such specific attitude grants the 

communication space market a strong dynamism and the capability of quick changes to promptly 

react to new business opportunities.  

A significant indicator of communication market dynamism is the number of communication satellites 

launched per year. As shown in Figure 5, most of the communication satellites are placed in 

geostationary orbit (68%), for which the coverage performance is maximized. According to Figure 8, 

the number of telecom satellites launched in the period ranging from 2016 to 2020 has suffered a 

slight decline, with a low number of orders since 2016 [RD45] and still ongoing in 2019 (14 orders 

placed in 2017-2018 and 15 in 2019) [RD46]. The slowdown of the double-digit GEO market growth 

in the cited period has been mainly caused by the uncertainties related to the evolution of the 

communication technologies as well as to the change of mission architecture approach.  

On one hand, the reborn of the satellite constellation concepts is representing a true game-changer 

for the future of space commercial exploitation for communication purposes. Since its first pioneering 

programs resulting in the launches of Globalstar and Iridium, this mission architecture had been 

thought of with a moderate number (<100) of small/medium-size satellites. With the advancement of 

component miniaturization, space operators are proposing and developing mega-constellations with 

thousands of launched satellites. OneWeb (648 satellites), SpaceX’s Starlink (4425 satellites) and 

Telesat (1160 satellites) are the most recent examples of how the potentiality of this architecture is 

becoming a reality in space. Even if several challenges shall be still addressed, such as regulations, 

traffic management and frequency ownership, a trend of target orbit for telecom toward lower ones 

(either LEO or MEO) and spacecraft class towards smaller platforms (<500kg) is expected ([RD47], 

[RD48]).  

On the other hand, while multimedia data transfer has been the pillar of the GEO telecom market, 

nowadays user needs are moving toward an internet-based service setting, concurrently with the 

advancement of the relevant technology, and the obsolescence trend of several currently operating 

satellites. Large operators, such as Boeing and Airbus, are dealing with these issues by introducing 

flexible small GEO platforms with re-configuration capabilities of the payload (e.g. Small-GEO 

[RD49], Electra [RD50], EOSAT [RD51]). 

4.5.2. Earth Observation 

With the introduction of the satellite constellations and the consequent lowering of the operative 

orbits, the appeal of LEO and MEO for communication scenarios is increasing. Such orbits, up to 

now, have been dominated by Earth Observation (EO) platforms, as shown in Figure 6 and Figure 

7. Two main factors have influenced this sector: the widespread of observation products coming 
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from remote sensing services and the increment of their utilization by institutional and governmental 

operators.  

Over time, these public entities set up vast national and international programmes to coordinate all 

the EO opportunities. The NASA Earth Observing System (EOS) program and the European 

Copernicus include all possible EO scenarios with a series of dedicated missions equipped with 

different payload technologies to cover the whole spectrum of possible needs. With a total market of 

4.6 B USD in 2019 [RD52], considering the current estimated growth rate, the total forecasted market 

in 2029 amounts to 8 B USD. These estimations include constellations of small satellites for EO. A 

positive margin could further encourage investments and increase, in turn, the market size. 

Furthermore, the estimation above does not include the downstream segment and relevant revenues 

associated with the use of EO data products. Hence, the growth estimation is considered 

conservative.  

4.5.3. GNSS 

A totally different market, dominated by governmental/military programs, is the one of the GNSS 

applications. National and supranational programs are currently ongoing with relevant development 

roadmap for performance improvements. The main programs are: the American GPS, the European 

Galileo, the Russian GLONASS and the Chinese BeiDou. As shown in Figure 7, the class of orbits 

mainly used for these applications are the MEO due to the complex orbital architecture necessary to 

maximize the coverage capabilities with respect to a target receiver.  

4.5.4. Earth and Space Science 

Considering the intrinsic nature of the science application in the space field, forecasting/quotation of 

the possible future market trend is a challenging exercise. In fact, the interest in this family of 

missions is not driven by economic aspects but rather by the interest of the scientific community and 

the availability of support from government and public institutions. Specifically, two main issues 

characterized this application: (i) the peculiarity of the scientific mission objectives makes market 

segmentation unclear, (ii) the final scientific products are typically exploited by multiple end-users 

with specific needs and interest. Hence, the classification in macro-categories would be affected by 

poor representativeness. For these reasons, this category of applications is not further investigated 

in this market analysis. 

4.5.5. Technology demonstration 

Even though the technology demonstration mission has been included in the review of the market 

segmentation, it is not considered among possible market business cases for air-brethig applications 

in VLEO. In fact, this category is not tipically representative of a market segment due to the 

fragmentation of the mission objectives of a specific mission. For this reason, this category of 

applications is not further investigated in this market analysis. 

4.6. Mass-class trends 

After the description of the general value-chain composed of upstream, midstream and downstream 

segments, the identification of the applications of interest for an air-breathing platform in VLEO and 

of the relevant potential stakeholders, the analysis proceeds with a focus on small/medium satellite 

mass classes envisioned as target category for air-breathing applications.  
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(to be completed in D1.16 Market Analysis Report Final Issue) 

 

4.7. Preliminary identification of benefits and added value 
(applications/stakeholders’ intersection) 

The identification of the applications of interest for an air-breathing platform in VLEO and of the 

relevant potential stakeholders allows the analysis of the benefits and the added value resulting from 

the exploitation of the RAM-EP technology. 

A correlation matrix [RD32] has been prepared to intersect application characteristics and 

stakeholder needs, in support of such  analysis.  

An extract of the cited correlation matrix is provided in Annex 1, relevant correlation analysis will be 

included in D1.16 Market Analysis Report Final Issue. 
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5. Market analysis planning 

5.1. The Aether Advisory Board (AB) 

Dissemination for governmental end-users and coordination with the other EPIC projects would be 

extremely important for AETHER and will proceed in parallel with the exploitation roadmap task. The 

latter would ensure coordination and synergy for what concerns roadmaps and technological 

advancements in the field of electric propulsion, also in view of a possible In-Orbit Validation mission, 

as governmental end users are of paramount importance to ensure the right environment for further 

development stages of the technology. For these reasons, AETHER is supported by an Advisory 

Board of external experts coming from main sectors of the space field. 

5.1.1. AB functions and composition 

Considering the activities foreseen in the AETHER project, the Advisory Board is involved in the 

following activities relevant to market analysis: 

 

1. To assist the Project, facilitating the decision-making processes in the frame of: 

1.1. market analysis, for the identification of opportunities and mission drivers. This task includes 
the identification of the main players in the new space economy and possible future trends 
in all the fields either directly or indirectly influenced by the RAM-EP technology; 

1.2. mission analysis, for the assessment of selected mission cases as per WP2 [AD01] outcome 
and/or for suggesting mission scenarios that could result of particular interest for the Project. 

2. To identify future needs and scenarios: mission scenario and market analysis processes will be 
mostly oriented to future space activities. 

 

Taking into account the fundamental role of the Advisory board during the entire time span of the 

project, the board was formed with a strong differential approach in terms of expertise area, institution 

or company typology, geographical location, background and current company position. 
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Table 5-1: List of Participants to the Advisory Board 

Advisory Board – component list 

 Organization/Company Name 

 

Italian Space Agency Marco Di Clemente 

 
European Space Agency Nicola Melega 

 

Japan Aerospace Exploration Agency Takashi Ozawa 

 
Thales Alenia Space Mario Pessana 

 
Thales Alenia Space Michele Coletti 

 
OHB Birk Wollenhaupt 

 
OHB Alain Demairé 

 
Airbus Defence and Space Howard Grey 

 
University of Bremen Luca Lelli 

 Almatech Fabrice Rottmeier 

5.1.2. AB – Aether interactions 

In Figure 10, the interaction among the Aether Steering Committee, the Advisory Board and the 

stakeholder and end-user group are represented. Along the entire duration of the project, the Aether 

Steering Committee will interact with the Advisory Board several times in order to allow an efficient 

and effective communication of the outcomes comes from the Board consultation (label 1 and 2 in 

Figure 10). The interaction will be performed through meeting, WebEx and emails. All the Board 

participants, a restricted group of experts or even single expert could be consulted independently 

with respect to the pre-defined schedule of meetings. 

 

 

 

Figure 10: AB – project boards interactions 
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In Figure 11, a preliminary planification of the board activities is proposed considering the main 

project milestone and the market analysis report submission schedule. The Board contribution is 

split in four phases: (i) Advisory board formation, (ii) Market analysis, primary research, (iii) Market 

analysis, evaluation phase and (iv) Roadmap development and consolidation phase. The 

consultation of the Board by Steering Committee will focus on phases (i) and (iii). 

 

Figure 11: Market Analysis roadmap. The graphical arrangement of the tasks reported in the right boxes follows 

the left time-bar with the related milestone. 

 
With respect to the baseline plan (Figure 11), section A and section B activities have been completed. 
For what concernes section C, most activities are still ongoing: quantitative and/or qualitative 
assessment of the identified value chain will be detailed with additional information and analyses 
considering data gathered from different sources.  
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