
 

 

 

This is a postprint version of the following published document: 

 

 
 
Sánchez-Arriaga, G., et al. The E.T.PACK Project: towards a fully 
passive and consumable-less deorbit kit based on low work-function 
tether technology, In: Acta astronautica, 177 (Special Section on SI: 
Tethers in Space 2019), Dec. 2020, Pp. 821-827. 
DOI: https://doi.org/10.1016/j.actaastro.2020.03.036 

 

 
 

© 2020 IAA. Published by Elsevier Ltd. All rights reserved. 

 

 

 

 

 

This work is licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License. 

https://doi.org/10.1016/j.actaastro.2020.03.036
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


The E.T.PACK Project: towards a fully passive and consumable-less
deorbit kit based on low work-function tether technology

G. Sánchez-Arriaga and S. Naghdi

Universidad Carlos III de Madrid, Spain

K. Wätzig and J. Schilm

Fraunhofer Institute for Ceramic Technologies and Systems, Germany

E. C. Lorenzini
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Abstract

E.T.PACK is a project aimed at the development of a deorbit kit based on Low Work-function Tether

(LWT) technology, i.e. a fully passive and electrically floating system made of a long conductive tape coated

with a low work-function material. The LWT interacts passively with the environment (ambient plasma,

magnetic field and solar radiation) to exchange momentum with the planet’s magnetosphere, thus enabling

spacecraft to de-orbit and/or re-boost without the need for consumable. The main goal is to develop a

deorbit kit and related software with Technology Readiness Level 4 and promote a next project to carry out

an in-orbit experiment. The planned kit in the experiment has three modes of operation: as a fully passive

LWT and as a conventional electrodynamic tether equipped with an active electron emitter in passive and

active modes. Several activities of the project pivot around the C12A7 : e− electride, which will be used

in four hardware elements: (i) LWT (ii) hollow cathode, (iii) photo-enhanced thermionic emission device to

convert solar photon energy into electrical energy, and (iv) a hollow cathode thruster. These elements, some

of which do not belong to the deorbit kit, are synergetic with the main stream of the project and common to

some tether applications like in-orbit propulsion and energy generation. This work explains the activities of

E.T.PACK and the approach that will be followed for solving its technological challenges. After reviewing

last progresses on electrodynamic tethers and thermionic materials, it presents a preliminary concept of the

kit for the in-orbit experiment, some simulation results, and the key hardware elements.
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Nomenclature

DK Deorbit Kit

EM Electron Emitter

HCE Hollow Cathode Emitter

HCT Hollow Cathode Thruster

LWT Low Work-function Tether

PETED Photon-Enhanced Thermionic Emission Device

1. Introduction

Electrodynamic tethers, introduced more than half a century ago, have evolved toward simplicity and

efficiency through a set of disruptive changes separated by about 25 years each (see Fig. 1). In 1965, Drell et

al. noticed that, at the faraway and highly conductive plasma, an electric field Em = vrel ×B exists for an

observer attached to a conductor moving at velocity vrel with respect to the plasma and in the presence of

a magnetic field B [1]. Since Em can produce a steady current I in the conductor if a good electric contact

with the ambient plasma exists, they proposed to use the I×B force of the geomagnetic field on the current

for both drag and thrust applications. As shown in panel (a) of Fig. 1, they envisaged a kite consisting of

an insulated conductor normal to B with two solid surfaces at the tips for closing the electric circuit with

the ambient plasma (passive electron collection and electron emission through the photoelectric effect).

However, as pointed out by Moore [2], Drell et al. computed the effective impedance for the current on an

Alfvén wave-transmission line analogy, thus overestimating the electron collection and emission capabilities of

the solid surfaces. Moore then proposed a geomagnetic thrustor, where the two large surfaces are substituted

by active plasma contactors [panel (b)]. TSS-1 and TSS-1R [3], flown in 1992 and 1996, and the next

cubesat mission MiTEE [4] are somehow in between the concepts by Drell et al. and Moore because, in these

missions, electron collection and emission were passive and active, respectively, and the tether was insulated.

The geomagnetic thrustor was successfully demonstrated in 1993, when the PMG mission measured 100V

and 300mA of electromotive force and current by using a 500-m-long Teflon-insulated copper wire with

plasma contactors at both ends [5]. The same year, Sanmartin et al. introduced the bare tether concept

[6] and simplified electrodynamic tether systems considerably [see panel (c)]. A bare tether, i.e. without

insulation, collects electrons as a giant Langmuir probe and eliminates the need for large surfaces in missions

like TSS and the active plasma contactor for electron collection in missions like PMG. ProSEDS [7], cancelled

after the Shuttle Columbia accident, and two missions with cubesats planned for 2019/2020 (DESCENT [8]

and TEPCE) belong to this tether category.

In 2012, stimulated by the appearance of new materials as the C12A7:e− electride [9], Williams et al.

proposed a completely floating and passive electrodynamic tether [10]. If the conductor is coated with a



Figure 1: Types of electrodynamic tethers.

material of low work function (low-W), a tether segment captures electrons as a giant Langmuir probe, and

the complementary segment emits them back to the plasma though the thermionic effect. The domains of

operation of thermionic tethers [11] and its performance in deorbiting scenarios from Geostationary Transfer

Orbit [12] were investigated. Few years later, it was pointed out that a tether with a low-W coating would

also emit photoelectrons [13]. The term low work function tether (LWT), which comprises thermionic and

photoelectric tethers, was proposed. Theoretical progresses on the current exchange model of LWT with

the ambient plasma [14] and the operation of LWTs in thrust mode [15], as well as preliminary activities on

LWT manufacturing with C12A7:e− [16] have been carried out.

As shown in panel (d) of Fig. 1, LWTs in deorbiting scenarios from Low Earth Orbit are passive and free

of consumable devices. Therefore, they are ideal candidates for removing satellites at the end of life. They

could be onboard the satellite or constitute an essential element of active debris removal systems (capturing

+ deorbiting). Therefore, LWTs can contribute significantly to the sustainable use of the outer space and

stop the growth of the space debris population, which is currently under the Kessler syndrome [17]. The

E.T.PACK project [18], supported by the European Commission from March 2019 to May 2022, will conduct

science and technology research on LWTs to develop a deorbit kit (DK) and related software with Technology

Readiness Level 4. It will promote a next project for carrying out a demonstration flight.

This work summarizes the work plan of E.T.PACK and discusses the most challenging activities that

are necessary to develop the LWT technology. Section 2 presents the overall strategy of the project. The



main characteristic of the DK, including its modes of operation, hardware elements and simulation software,

are summarized in Sec. 3. Some lateral activities about other hardware elements based on the C12A7:e−,

which are not necessary for the DK but belong to E.T.PACK, are discussed in Sec. 4. The conclusions are

summarized in Sec. 5.

2. Project overall strategy

E.T.PACK is an interdisciplinary project that combines electrodynamic tethers, material science, plasma

physics, and space technologies. The six partners of its consortium are specialized in a particular topic

and work collaboratively on developing a tangible device: a DK based on LWT technology. The team

identified the manufacturing of the LWT tapes as the most challenging activity. As pointed out in Ref.

[13], the characteristics of the conductive substrate and the coating should fulfil very specific and demanding

requirements to provide enough passive electron emission through the thermionic and the photoelectric

effects. The value of the work function and the optical properties of the materials play a central role.

Although it is unclear now whether actual low-W materials could fulfil all the requirements, several indicators

show that the research effort towards the development of LWTs should start. Figure 2 displays the measured

work function of some selected materials versus the year of publication of the experimental results. After

pioneering works on transition metals like Molybdenum [19] (4.7eV) and Rhenium [20] (4.2eV), materials

with lower work functions were achieved. Some examples are Ba-W (2eV)[21], LaB6 (2.8eV) [22], C12A7:e−

electride (2.4eV) [23], nitrogen doped ultra-nanocrystalline diamond (1.3eV) [24], potassium-intercalated

carbon nanotubes (2.0eV) [25], and Cs/O deposited graphene (1.0eV) [26], among others. The C12A7:e−

electride [9], which exhibits high electronic conductivity and low-W, has been selected in E.T.PACK as the

baseline material for the coating. Complementary activities in the project also pivot around this material.

Figure 2: Work function of some selected materials versus the year of publication.



In order to align E.T.PACK’s work with the needs of the space sector, the consortium interacted with

ESA and European prime contractors to find the requirements of a future commercial DK. The DK should

be designed to deorbit autonomously a spacecraft of 500kg from Sun Synchronous orbit of 850 km of altitude

in less than 24 months. Such a baseline scenario has been selected according to the current population of

space debris and future commercial needs of the sector. The commercial DK shall be also scalable with

the required modifications to deorbit spacecraft of mass from 50kg up to 1000kg. The latter, including for

instance Sentinel Class, will be designed for demise in the future and will allow uncontrolled re-entry. The

mass shall be less than 5% of the mass of the mother spacecraft. Nominal mass and volumes values may

be less than 25 kg and 20 liters, respectively. Having this demanding requirements in mind, E.T.PACK will

prepare a DK for a future demonstration flight at a laboratory level. Unlike the commercial version, such

DK will have three modes of operation (see Sec.3) and instruments to diagnose the plasma environment

and key electrical variables of the tether. Its main goal will be learning on the operation of electrodynamic

tethers with both active electron emitter and low-W coatings.

Figure 3 shows the main activities in E.T.PACK: development of the DK, works related with several

hardware elements based on the C12A7 : e− that are not necessary for the DK, and software activities on

modeling and mission analysis. We highlight that, although not needed by a LWT, an electron emitter has

been included in the DK. Such a decision will allow to test the DK in three different modes of operation

(see Sec. 3.1) and increases the potential impact of the project. In parallel with the development of the DK,

the team will prepare three software tools to study the tether-plasma interaction (current exchange model),

make optimal mission analysis, and perform detailed simulation of the dynamic and control, including tether

deployment and deorbit maneuvers. The project will develop and test three hardware elements based on

the C12A7:e-: a Hollow Cathode Emitter(HCE)[27], a Hollow Cathode Thruster (HCT)[28], and a Photon-

Enhanced Thermionic Emission Device (PETED) [29]. The type of electron emitter of the kit will not be

necessarily the HCE and other alternatives (thermionic emitters and carbon nanotube field emitters) are

also under consideration. These three elements diversify the research activities while presenting synergies

with the mainstream of the project.

The Data Management Plan of the project considers sharing several project results in a public repository.

In order to ensure its permanent access beyond the project, the data and related documentation will be

available at e-cienciaDatos [30] and in the website of the project [18]. The shared data will included theoretical

results, like dynamic simulations of LWTs and a database with characteristics curves for Langmuir and

emissive probes, as well as experimental results.

3. A Deorbit Kit for a future demonstration flight

3.1. Modes of operation

Since uncertainties exist on the performance of the low-W coating, a DK with three independent modes

of operation has been designed and its architecture refers to a future demonstration flight. As shown in the



Figure 3: Elements of the DK.

sketch of Fig. 4, such independency requires two deployment mechanisms, which obviously increases the

complexity of the system but also enriches notably the scientific information to be obtained in the demo

flight. The sequence of events in the experiment is as follows:

1. Mode A. After detumbling, the tether segment to the right of the satellite in Fig. 4 is deployed along the

local vertical. Moving from the satellite to the endmass, its longitudinal structure includes an insulated

conductive segment to avoid electrical arcing, a bare conductive segment for electron collection, and

an inert tether segment to mitigate the well-known dynamic instability of electrodynamic tethers [31].

Target values for their lengths are few meters, 2km and 1km, respectively. After switching on the

active electron emitter (EM), the system will operate as a standard bare tether with active EM and

produce a drag force (satellite deorbiting).

2. Mode B. The EM is switched off and the tether segment to the left of the satellite in Fig. 4 is deployed

along the local vertical. It comprises an insulated conductive segment to avoid electrical arcing and a

conductive tether coated with a low-W material for passive electrons emission through the thermionic

and the photoelectric effects. Target values for the lengths of these two tether segments are few meters

and a kilometer, respectively. In this mode, electrons are collected by the bare conductive tether and

emitted back to the plasma by the Low-W tether. Therefore, as compared with mode A, the active

electron emitter is substituted in mode B by the coated tether, which acts as a passive cathode. Mode

B allows the testing of the LWT concept in passive mode (satellite deorbiting).

3. Mode C. The EM is electrically disconnected from the right tether segment and connected to the

negative pole of a battery. The positive pole is connected to the coated tether, which is then positively

polarized and captures electron as a standard bare tether. After switching on the EM, the system in

mode C will operate as a bare tether with active electron emitter in thrust mode. The electrons are

collected by the Low-W tether and emitted back to the plasma by the EM. In LEO orbit, the tether



system re-boosts the satellite. Note that, since positively polarized, electrons emitted by the Low-W

coating are reflected back and captured again by the tether.

Since tape presents higher electrodynamic performance and robustness against small debris impact than a

cylinders [32], all the tethers are designed with a tape-like cross-section. Target values for their widths and

thicknesses are around 2.5cm and 50µm, respectively.

Figure 4: Modes of operation of the Kit in a future demonstrations flight

In the configuration of Fig. 4, the three critical elements of an electrodynamic tether system are all

redundant. There are two deployment mechanisms, two cathodes (the active EM and the passive and

negatively polarized Low-W tether in mode B), and two anodes (the bare tether and the positively polarized

Low-W tether in mode C). The dynamic stabilization of the tether at the right of the spacecraft is achieved

by the inert segment and a passive damper at the end mass. Regarding the dynamics of the Low-W tether,

a stabilization scheme based on an active control of the tether current can be implemented. Therefore,

the experiment would provide abundant scientific and technological information on electrodynamic tethers,

including dynamics and their interactions with the ambient plasma.

3.2. Hardware elements of the DK

The project envisages a DK with the elements shown in Fig. 3. The DK system mainly involves the

structure of the DK and the on-board computer and electronic components to control the tether current.

Since autonomy has been identified as a critical requirement, an autonomy module to provide power to the



DK (body-mounted solar panels on the kit), TM/TC, and detumbling capability, have been also included.

Such module could be removed in a future commercial application if the mother spacecraft would provide

these services.

Besides the short coated segment to avoid electric arcing, the longitudinal structure of the tether in Fig.

4 involves an inert segment made of a PEEK plastic and length 1km, a bare conductive tether made of

aluminum and length 2km, and a conductive and coated LWT with length 1km. The manufacturing and

testing of a coating compatible with the tough space environment (UV and ATOX) and low-W is probably the

most challenging and novel activity in E.T.PACK. The team proposes a coating on metallic substrates, such

as aluminum or titanium foils, by screen printing of pastes of C12A7 : e−-powder and braze-type adhesive

followed by a firing step (see left panel in Fig. 6). Such a procedure is expected to yield a crystalline and

black colored coating. Target value for electron emission is around 10−2A/m2. Although Aluminium tapes

presents a lower density-to-conductivity ratio, titanium has a higher melting point and its optical properties,

i.e. solar absorptance (0.75-0.85) and infrared emittance (0.15-0.25)[33], are more favorable for reaching a

high temperature passively under Sun illumination conditions. Definitive values of the optical properties

will depend on the properties of the coating, like for instance its roughness. The schedule of the project

considers an iterative process with manufacturing and testing campaigns. The latter includes experiments

to characterize the work function, optical and mechanical properties of the tapes as well as the behavior

under thermal cycling, and ATOX and UV exposition.

The deployment mechanism will be designed for hosting a tether with a ribbon shape of 3-km length

made of portions of different materials uncoated or coated. The tether/tape will be packaged on a reel

controlled by a clutch. The tape will be extracted from the reel by motor-controlled rollers that overcomes

the inertia of the reel and provides the desired exit velocity profile. A blow-down cold gas system, operated

over a limited time, will give the initial ∆V to the tip mass, while the rollers pull out the tether to follow a

deployment profile that is independent of the internal dynamics of the reel. The cold-gas system is estimated

to utilize less than 0.1 kg of compressed N2 for accelerating the tip mass (i.e., the deployer itself) during the

initial phase of deployment.

The electron emitter is not necessary for the operation of the LWT (mode B) but it is needed for modes A

and C in a future demonstration flight. Preliminary numerical simulations indicate that an emission around

0.5A is enough to reach the desired performance of the system. For that reason, simpler active electron

emitter, like for instance a thermionic emitter, seems to be more appropriate for the DK than the HCE

based on the C12A7 : e−, which requires expellant and has a relatively short lifetime. The final decision

will depend on the results of the project.

3.3. Simulation activities

The project has activities on three different software (see Fig. 3). The tether-plasma interaction software

is aimed at the computation of the current density versus voltage curves of a tether section, J(V ). Such

a relation is fundamental because it basically controls the efficiency of the electron collection and emission



by the tether and it is needed for computing the voltage and current profiles throughout the LWT and the

Lorentz force. Since the tether length is much larger than the radius of the sheath, the J(V ) relation has

been found by using using 2-dimensional orbital motion theory for cylinders [34] and tapes [35] without

electron emission, and for cylinders with electron emission [14]. E.T.PACK’s works include the generation

of a broad database of J(V ) curves for cylindrical tethers with electron emission by using the model of

[14] and a novel Vlasov-Poisson solver to compute the J(V ) curves of emissive tapes. On the other hand,

BETsMA [36], a software for the optimal mission analysis of bare electrodynamic tethers with active electron

emitters, will be upgraded. The new version, BETsMA 2.0, will include the following capabilities: thermal

analysis, round and tape cross sections, and a new module for the optimal mission design and performance

determination of LWTs in both deorbiting and thrust modes, among others. The electrical model of BETsMA

2.0 will incorporate the results of the tether-plasma interaction code and the particular configuration and

characteristics of the hardware elements of the DK, like for instance the current control and the performance

of the electron emitter.

Although their current profiles are different from conventional bare tethers with active electron emitters,

LWTs may also be prone to the dynamic instability of electrodynamic tethers [31]. For that reason detailed

dynamic analysis of flexible LWTs in deorbiting and thrust mode are needed. The project plans to update

FLEX, a code developed at the University of Padova, with the electrical model for LWTs explained in the

previous paragraph. Tether deployment will be also investigated through dynamic simulation. While and

inert tether segment and a passive damper were chosen to mitigate the instability of the bare tether in the

DK (see Fig. 4), we plan to control the dynamic of the coated segment by implementing a current control

algorithm. To the best of our knowledge, such scenario was not investigated in the past.

The performance of the DK in the demonstration flight was here studied through numerical simulation.

We considered the deorbiting of a 500−kg from a circular orbit of 850km of altitude and inclination 98◦. The

initial date was the first of January of 2000. Besides the Lorentz drag on the tether, the simulations included

perturbations due to the air drag on the tether and the satellite and the high harmonics of the Earth’s

gravitational field (up to fourth order). Although in a demo flight each mode would only be active during

certain time span, we carried out simulations for modes A and B during a full deorbiting maneuver because

they illustrate the performance of bare electrodynamic tethers with active EM and LWTs, respectively.

The red curve in Figure 5 corresponds to a simulation of mode A with BETsMA, which is our software

for fast evaluation of tether performance. BETsMA assumes that the bare tether is always aligned along the

local vertical and ignores flexibility and elastic effects. Tether width and thickness were equal to 2.5cm and

50µm, respectively, and the lengths of the bare conductive tether and the inert tether were equal to 2km

and 1km. A constant potential drop of 10V was assumed at the EM. As shown in Fig. 5 the deorbit time

is around 270 days. The same scenario was studied with the code FLEX that, unlike BETsMA, computes

tether attitude self-consistently and also includes elastic effects. We included a passive longitudinal damper,

a tip mass of 10kg, and the electrical current was not allowed to be above 0.5A. Tether oscillations were



observed, most of them out of the orbital plane, but the tether completed the deorbit successfully within

250 days.

Finally we studied the deorbit performance with the configuration of Mode B in Fig. 4 by using BETsMA.

Current and voltage profiles were computed with the model presented in Ref. [37] (photoelectric effect was

ignored in this conservative calculations). An entirely coated tether with work function, absorptivity and

emissivity equal to 1.4eV , 0.5 and 0.06, respectively, and dimensions 3km × 2.5cm × 50µm plus one extra

kilometer of inert segment was considered. As shown in Fig. 5, the deorbit time was considerably larger than

the one in mode A (around 571 days). A detailed analysis revealed that, although at the beginning of the

simulation the orbit is Sun-synchronous and the tether is continuously illuminated by the Sun, after around

100 days the tether undergo through cyclic eclipse phases. Since the tether becomes cold during the eclipse,

the weak thermionic emission yields to a very low current and the system has lower deorbit performance.

These simulation results show that the design carried out for the DK in the demonstration flight is

perfectly aligned with the requirements of a future commercial DK explained in Sec. 2. Both modes A and

B would deorbit a 500-kg spacecraft from Sun Synchronous orbit of 850 km of altitude in less than 2 years.
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4. Other C12A7:e- Devices

One of the key elements of the DK for the demonstration flight, but do not needed for a future DK purely

based on a LWT, is the electron emitter. Several technologies are presently being designed and evaluated

in order to fit best to the stringent requirements in terms of emission performance as well as low power and



Figure 6: From left to right, sketches of the C12A7 : e− coating, hollow cathode thruster, and photon-enhanced thermionic

emission device.

volume consumption [38]. The first concept under evaluation is a hollow cathode based on the low-work

function electride C12A7:e-. It works at such low temperatures that no separate heater is required, thus

simplifying the design. Our previous activities have already shown promising test results such as currents

in the range of a few 0.1 A up to 5 A. Lifetime tests have presently accumulated up to 350 h. Within the

framework of E.T.PACK, we plan to optimize the rather low thermal conductivity of the material in order

to increase lifetime, emission stability as well as lowering the power consumption. The second and third

concept is a miniaturized thermionic cathode as well as a cold cathode based on Carbon-Nanotubes (CNTs)

that promise much less weight and volume and probably even a lower power consumption compared to the

hollow cathode. A thorough trade-off after the detailed design activities will determine which technology

fits best for the DK.

Besides the electron emitter, E.T.PACK will carry out research activities on two devices based on the

C12A7 : e− that are not part of the DK: a hollow cathode thruster and a Photon-Enhanced Thermionic

Emission Device (PETED), see middle and right panels in Fig. 6. The main goal of the thruster is to

develop a new type of electric propulsion that uses the possibility to ignite a plasma without an external

heater like the hollow cathode, and to directly produce thrust in the milli-Newton range with a high specific

impulse without the need of a separate neutralizer. Also here, several different concepts are presently

under investigation before starting a detailed design and test campaign. On the other hand, PETED is a

disruptive technology that harnesses Sun’s light and heat to generate electricity [29]. Instead of a cathode

and an anode separated by a vacuum region, E.T.PACK proposed a solid state device based on hetero-

juntion structure with C12A7:e- as a semiconductor (find a simple sketch of the device in the right panel of

Fig. 6). The operational requirements are operation temperature below 800◦C, efficiency larger than 20%

and lifetime larger than 5000 hours. The matching of the expansion coefficient at operation temperature

between the different layers and the basic hetero-junction with a complete Schottky union will be studied

and characterized, as well as the impact of different deposition techniques (atomic layer deposition versus

sputtering) in the performance of the union.

5. Conclusions

The low work-function tether (LWT) concept, which could deorbit satellites passively and without using

consumable, constitutes a forward step for electrodynamic tether technology. However, there are important



challenges in material science that should be addressed to determine its feasibility by using state-of-the art

thermionic materials. E.T.PACK will make a first attempt with the promising C12A7 : e− electride and will

implement intensive works on manufacturing and testing. However, even if the LWT samples coated with

C12A7 : e− would not meet all the optical, electron emission, and mechanical requirements, the historical

evolution of low work function materials indicates that it would be a well worth effort. First, the appearance

of thermionic materials with work functions around, or even below, 1 eV is becoming more frequent and

will act as a push. Second, E.T.PACK’s activities will create an envelope of performance in deorbiting and

re-boost modes parametrized by the characteristic of the coating. These results can act as a pull for the

development of the LWT technology.

E.T.PACK proposes a set of diverse research activities around electrodynamic tethers and the C12A7 : e−

electride. Its main goal is the development of a deorbit kit and related software with Technology Readiness

Level 4. As shown in this work, the planned kit has three modes of operation that would allow to test

the LWT in passive modes and standard bare tether technology with active electron emitter in passive and

active modes. The configuration has redundancy on the three critical elements of any electrodynamic tether

system: the deployment mechanism, the cathode and the anode. On the other hand, codes on tether-plasma

interaction, mission analysis, and dynamics and control will be developed and used to investigate LWTs.

E.T.PACK will promote a follow-up project that would increase the maturity of the technology and may end

with a demonstration flight. On the other hand, the three lateral hardware elements based on C12A7 : e−,

i.e. the hollow cathode emitter, the hollow cathode thruster, and the photon-enhanced thermionic emission

device, are synergetic with the mainstream of the project and impact on space propulsion and energy

generation. The interdisciplinary character of the project and the diverse background of the members of its

team suggest that new ideas for tether technology and space applications may arise.
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