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First European Workshop on Space Elevator Climber and Tether 
Design in Luxembourg on November 10-11, 2007 
 
 
 

ABSTRACTS 
 

 

 
Morning session 9:00 – 12:30  
    

•  Introduction 9:15 – 10:00 
  
Randy Liebermann: Yesterday’s Tomorrows and the Space Elevator 
   

 

Randy Liebermann is a renowned space historian who has 
specialized in the origin and development of the aerospace and 
electro-computer/telecommunications industries. He was the 
developer and co-curator of the travelling IBM generated exhibit 
Blueprint for Space. 
 
Abstract: The idea of the Space Elevator is brilliant. Having the 
potential to place massive payload into LEO and beyond at a 
fraction  of today’s costs, on paper, the Space Elevator 
seemingly may have what it takes  to open up the inner solar 
system for business. Goods and services that we cannot even 
imagine today may await us.   
  
Although there is growing public interest in the Space Elevator, 
the concept is little more than a mind’s eye paper study and 
may run the risk of being relegated to the trash heap of history.   
By looking at some paper studies from earlier years of the space 
age, we may gain insight  into how we can successfully drive on 
the road to reach an operational Space  Elevator.   

 
 

•  Space Elevator System 10:00 – 10:30  
 
Dr. Bradley Edwards: A fresh look at the state-of the-art concept 

   

 

Dr. Brad Edwards has been considered the father of the 
modern space elevator and is leading the global effort to 
develop and build a space elevator. He is President of 
EuroSpaceward and co-organizer of the NASA-sponsored Space 
Elevator Games. In addition Dr. Edwards is president of a start-
up company to commercially produce CNT.   
 
Abstract: The space elevator concept has been pushed forward 
by the author in a study made at the NASA Institute for 
Advanced Concepts (NIAC) from 1999 until 2003. Since then 
various new aspects have evolved. In his presentation Brad 
gives a fresh look at the overall system.  

 

Nov 10:  Space Elevator System  
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•  NASA beam power and tether challenge 11:00 – 12:30 
 
Ben Shelef (The Spaceward Foundation): The Spaceward Games 
 

 

Ben Shelef founder of the Spaceward Foundation that 
manages the NASA sponsored Space Elevator Games. In 
addition he is working as Director of Marketing at g2-
engineering in Mountain View, CA. 
 
Abstract: This presentation will cover the basic aspects of 
the Spaceward competition including the critical rules and 
requirements as well as a description of basic operations and 
an overview of the last three years of competitions.   
 
The Spaceward competitions have run for three years 
sponsored by NASA for the development of power beaming 
and tether technology for general applications but are critical 
for the eventual construction of the space elevator.  The 
games have a set of rules and requirements that have 
evolved with the technology development and will continue 
to evolve through 2010.  The increasing difficulty of the 
challenges is matched by equally increasing cash prizes 
totalling US$4 million by 2010. The growing number of 
maturing teams in the competition has made it critical for 
any new competitor to learn as much as possible from what 
has been developed and happened in previous games.  
 
To date the games have been primarily entered by 
Americans but growing interest in Europe and Asia insure 
that future competitions will include competitive teams from 
these regions. 
 

 
 
Dr. Bryan Laubscher (Industrial Nano LLC): Teams of the 2007 Space 

Elevator Games 
 

 

Dr. Bryan Laubscher is Astrophysicist. He 
currently is raising Industrial Nano LLC a start-up 
company that focus on the commercialisation of 
CNT. 
 
Abstract: Analyses of the teams that participated 
at the 2007 Space Elevator Games are presented. 
These include aspects of the teams such as 
experience level, personnel and team 
cohesiveness. The results of the competition are 
used to score teams. Finally, an outlook to the 
2008 Space Elevator Games is presented and 
predictions are made as to the best teams.  
 

 
 
 
 
 
 



 
1st European SE Workshop                                                              Luxembourg Nov 10-11, 2007 

Abstracts version 2007-11-09                                                                                      Page  3   

EUROSPACEW ARD

IM PRO VING LIFE ON EARTH BY GOING INTO SPACE

Afternoon session  14:00 – 18:00 
 

•  Climber structure 14:00 – 14:30  
 
Dr. Brad Edwards (EuroSpaceward As.b.l.) :  Competition climbers: 

design issues  
   

 

Dr. Brad Edwards has been considered the father of the 
modern space elevator and is leading the global effort to 
develop and build a space elevator. He is President of 
EuroSpaceward and co-organizer of the NASA-sponsored Space 
Elevator Games. In addition Dr. Edwards is president of a start-
up company to commercially produce CNT.   
 
Abstract: The NASA/Spaceward beamed power and high-
strength material competitions - known as Space Elevator 
Games - have completed three years of operation.  Each year 
there have been improvements and modifications to the 
competitors however the optimal performance has not been 
met.   
 
In this presentation we will examine the performance limits for 
climbers and tethers and how to address them with a focus on 
the components where the largest gains can be made.  This will 
also factor in the reality aspects of the competition including 
mounting and dismounting, wind vibrations, tracking, cost and 
budget, etc. 

 
 

•  Power and drive systems 14.30 – 16:00 
 
Dr. Bryan Laubscher:  Technologies of the 2007 Games  
 

 

Dr. Bryan Laubscher is 
Astrophysicist. He currently 
is raising Industrial Nano 
LLC a start-up company 
that focus on the 
commercialisation of CNT 
 
 
Abstract: Analyses of the 
technologies that are 
applied at the 2007 Space 
Elevator Games are 
presented. The technologies 
are introduced and 
compared. The 
results of the competition 
are used to score the 
technologies. An outlook to 
the likely technology used 
in 2008 Space Elevator 
Games is given and 
predictions are made as to 
the best technologies 
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Dr. Georg Treusch: Power beaming with Diode Laser – How far will 

they go? 

 

 

Dr. Georg Treusch was a member of the Founding Group 
of the Fraunhofer Institute for Laser Technology in Aachen, 
Germany in 1985. He grew the Laser Micro Machining 
Department from 1985 until 1991 and the Diode & Solid 
State Laser Department from 1991 to 1998 to 40 
scientists. Dr. Treusch was co-founder of the ACLAS GmbH 
in 1987 offering laser material processing, welding, 
cutting, and drilling to the market. Pioneering work of Dr. 
Treusch during his Fraunhofer period was an essential 
contribution to development of reliable high power diode 
lasers and diode pumped solid-state lasers. Work of Dr. 
Treusch and his department brought a cutting edge 
technology to the industry (companies Trumpf/Haas, 
Rofin-Sinar, Dupont). 
From 1999 to 2005 Dr. Treusch was Senior Engineering 
Manager for Product/Process Development Group at 
Spectra-Physics in Tucson, AZ . 
Since October 2005 Dr. Treusch is the General 
Manager/Vice President of DILAS Diode Laser Inc. in 
Tucson, AZ. 
Dr. Treusch is an internationally recognized laser expert. 
He is the author of 62 papers and 31 patents. His long-
lasting success allowed contribution to a wide network of 
professional connections among vendors and customers 
 
Abstract: An introduction to high power diode lasers 
systems is given 

- Design, cooling, beam characteristics 
- Efficiency today and in the future 

 
Next a road map to higher brightness is presented 

- Source 
- Optics 

 
Finally diode laser arrangements for power beaming are 
highlighted  

- Layouts and design rules 
- Limits today 
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Benoit Michel:  A hybrid winding solution to the SE power problem 
 

 

Benoit Michel co-created one of the first 3D cartoon 
studios in Europe, “Neurones,” in 1989. After 10 years of 
R&D in computer graphics he switched to research and 
project management in telecommunications, human-
machine interaction, and digital cinema and space 
applications. Currently he serves at Université Catholique 
de Louvain in Belgium as the general manager of the 
SIMILAR network, a network of excellence in multimodal 
interface research and of EDCINE.  
 
In addition Benoit teaches ‘Extreme Engineering’ at the 
HEMES-Gramme Engineering College in Liège. He also is 
head of the server group for the European Digital Cinema 
Forum and member of the board of the Multitel research 
centre as well as of the editorial board of ERCIM, the 
European host organization of the World Wide Web 
Consortium. 
 
 
Abstract: First part: A solution to the space elevator 
power problem is proposed. Climbers are attached to a 
constant section cable and the cable is wound and 
unwound on demand at both ends. Both winches are 
powered by electricity, the top one being driven by 
photovoltaic solar panels, the bottom end from ground 
generated power. This solution requires a constant section 
cable. 
 
Second part: A hybrid between a reference space elevator 
and the one described above is explained with the goal to 
combine the best of both worlds. 
 

 
 
 

•  Climber workshop 16.30 – 18: 00 
José Casas, Team Recens: Our answer to NASA’s beam power 

challenge 
 

 

José Antonio Casas has got an engineering degree in 
telecommunications from the Technical University of 
Catalunya, Barcelona. Currently he is a PhD student in the 
microelectronics and evolvable hardware field. He has 
knowledge of mechanics and practical assembly and use of 
PIC microcontrollers. José leads the Spanish space elevator 
Team Recens. 
 

Abstract: Our team from the Universitat Politècnica de 
Catalunya (UPC) took part in the 2nd Space Elevator 
Games, embedded in the edutaining space fair of the X 
Prize Cup held in Las Cruces on October 21 and 22, 2006. 
A scandalous handling of our climber shipment dashed all 
the hopes to pit our lifter’s strength against the other 
contestants however the travel to the NASA/Spaceward 
competition allowed us to gain sufficient experience to be 



 
1st European SE Workshop                                                              Luxembourg Nov 10-11, 2007 

Abstracts version 2007-11-09                                                                                      Page  6   

EUROSPACEW ARD

IM PRO VING LIFE ON EARTH BY GOING INTO SPACE

able to focus on an advanced climber design for the next 
NASA beam power challenges. The paper presents the 
team’s experience gained and gives an overview of our 
new intended climber design. 

 
 

Joachim Sturm, Andreas Hein (TU Munich): Experience and Results of 

Team Tesla 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Joachim Sturm is the leader of 
Team Tesla from the Technical 
University of Munich. Andreas Hein 
had been team leader before he left 
to Toulouse, France, to follow his 
studies there. 

Abstract: 

Project progress  
The actual preparation for the SE 
competition started in November 
2006 at the Technical University of 
Munich. The project was divided in 
five phases. The first consisted of 
the system analysis on the basis of 
the requirements, fixed by the 
competition rules and first systems 
architecture. During the second 
phase, the overall concept of the 
climber and the energy source were 
fixed and a more detailed design 
followed in phase three. The actual 
construction in phase four was 
conducted in summer 2007, which 
ended with the assembly of the 
climber structure. Phase five, which 
should have consisted of extensive 
testing of the whole climber, didn’t 
take place due to technical problems 
with the energy collector. As a 
consequence, the team couldn’t 
participate in the SE games 2007 
although all other subsystems were 
completed.  

Climber design 
The main energy source is a 
microwave emitter. The microwaves 
are converted into electric energy by 
rectenna elements on the climber. 
The basic climber structure is made 
of a carbon fiber tube truss on which 
the energy receiver with the 
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Rectenna array and the electric drive 
are attached.  

Conclusion / Future work 
Due to a very tight schedule and the 
insufficient efficiency of the receiver, 
the participation in the 2007 games 
was cancelled. Future work consists 
of improving the receiver efficiency 
and conducting extensive tests of 
each subsystem and the overall 
climber.  
 

 
 

Clayton Ruszkowski (USST): From the ground up! Team USST  

 
 
 
 
 

Clayton Ruszkowski is the leader of the 
Space Design Team of the University of 
Saskatchewan 
 
 
Abstract:  
From The Ground Up – The Evolution of the 
University of Saskatchewan Space Design 
Team (USST) 
 
Introduction  
I would like to take you through some of 
the challenges and experiences our team 
has faced over the last three years with the 
Elevator 2010 competition. Those being 
both financial and engineering related. 
 
Climber Design  
This is an area we feel we have been very 
successful in. The biggest constraint in 
designing the climber depends on the 
power-source being used. I will talk about 
the multi-disciplinary team that was 
recruited for the specialized skills needed to 
design and build a fully functional climber 
prototype. We have a mixture of 
mechanical, electrical and engineering 
physics students that are at the core of 
climber design. 
 
Power Source Design  
For the last two years this has been our 
biggest challenge in the competition. Many 
factors come into play when designing the 
power source. Initially the greatest 
challenge was to find a cost effective power 
beaming solution. As the team progressed 
we have been able to acquire more 
advanced equipment to put towards our 
power source. I will talk about our initial 
use of spotlights, our brief look into 
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microwaves and end by discussing our laser 
power source that has been under 
development for the last two years. I will 
take you through some of the challenges 
and successes we have experienced in this 
area of design. 
 
Raising Capital  
Raising funds has been equally as difficult 
as the engineering. I will discuss our initial 
tactics which enabled us to raise enough to 
compete in the first two years to our 
current methods of garnering funding and 
resources. In our opinion next to 
developing the tether, raising the funds to 
develop and build the space elevator could 
be the biggest challenge for development of 
the Space Elevator.  
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Morning session 9:00 – 12:30 
 

•  Status of carbon nanotube fiber development  9:00 – 10:30 

Prof. Vesselin N. Shanov1, YeoHeung Yun2, Mark J. Schulz3 : Synthesis 

and application of centimeter long CNT arrays 
 

Prof. Vesselin Shanov, graduated with his masters in 
Electronic Materials from the Technological University of 
Sofia, Bulgaria, and a Ph. D. in Solid State Chemistry 
from the University of Regensburg, Germany, and 
Technological University of Sofia, Bulgaria.  He has 
gained a vast amount of experience in a short time, 
serving as an associate professor at the Technological 
University of Sofia, a visiting professor at the 
Universities of Heidelberg, Regensburg and Cincinnati.  
Currently he is associate professor at the University of 
Cincinnati. 
Dr. Shanov has international experience and 
engineering knowledge in the development of facilities 
and technologies for processing of nano-structured 
materials and thin films. He has also won several 
prestigious awards, including the Fulbright Award for 
Research and Teaching in USA, German Academic 
Foundation (DAAD) Grants, and the Bulgarian Patent 
Office Award for Distinguished Patent. His current 
research is focused on synthesis, processing, 
characterization, and application of nanostructured 
materials with emphasis on carbon nanotubes. His 
research, particularly his nano-science and engineering 
related studies have attracted attention from the 
scientific community: 
http://www.uc.edu/news/NR.asp?id=4811,  
 

 

Abstract: Carbon Nanotubes (CNT) are of great interest because of their outstanding 
mechanical, electrical, and optical properties. Intense research efforts have been 
undertaken to synthesize long, aligned CNT because of their potential applications in 
nanomedicine, aerospace, electronics and many other areas. The long CNT arrays can be 
spun into fibers that are in theory stronger and lighter than any existing fibers, which 
will engender revolutionary advances in the development of lightweight, conductive and 
high-strength materials. Nevertheless, many limitations to synthesize long CNT arrays 
still remain. Recently, UC researchers developed a novel composite catalyst for oriented 
growth and succeeded to produce the longest to our knowledge CNT arrays (18 mm) 
reported in the literature. NSF announced this discovery in a recent press release- 
http://www.nsf.gov/news/news_summ.jsp?cntn_id=108992&org=NSF&from=news. Our 
group has demonstrated controlled growth of super long MWCNT [1-5]. Years of effort 
supported by the NSF and NAVY have brought to life a new catalyst composition, 
substrate preparation and deposition process that has enabled us to grow oriented CNTs 
with unprecedented centimeter length. A short description of preparing the long CNT 
developed at UC is given below [4]. Details of the catalyst composition are not disclosed 

 

Nov 11: CNT and  Tether Design 
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here because they are the subject of a patent application [2]. Industries and universities 
showed great interest in purchasing the “carbon nanotube array” material from UC or in 
licensing its production.  
In order to meet industry demand for large quantities of long nanotubes we intensified 
our research efforts to scale up the cultivated process, and to develop the manufacturing 
tools and methods that industry needs to “mass produce” nanotubes. Our new nanotube 
synthesis lab with two nanofurnaces and the availability of the UC “clean room” along 
with our industrial collaboration with leading facility manufacturer CVD Equipment 
Corporation of NY, and with Industrial Nano LLC of Seattle (Dr. Brad Edwards), having 
advanced expertise in spinning of CNT into threads, will allow mass production of long 
nanotubes and nanotube thread for applications like a strong tether for the space 
elevator.  
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Dr. Patrick Choquet (CRP Gabriel Lippmann): Functionalisation of CNT 
and carbon fiber by plasma surface treatment 

 

 

Abstract: Low temperature plasma technologies – 
both glow discharge under reduced pressure (PVD-
PACVD) as well as plasma treatment under normal 
pressure (barrier discharge or microwave resonant 
cavity system) – offer large possibilities to 
elaborate specific surface functionalities without 
modification of the bulk properties of material. 
Different researches have been published on the 
possibilities by plasma technology to treat in 
continuous mode carbon fiber or carbon tape or 
more recently to graft functional groups and/or 
polymer chains at the Carbon NanoTube surface. 
 
Examples of plasma treated carbon fiber as well as 
other type of fiber will be shown during the 
presentation. By glow discharge process under low 
pressure like sputtering magnetron technique, it is 
possible to deposit coatings able to increase the 
high temperature oxidation resistance, the wear 
resistance, the UV protection, ….. Not only can the 
chemical structure of the surface be modified using 
different plasma gases but also the topography of 
the surface. A highly hydrophobe surface with a 
particular surface topography in contact with water 
is extremely dust repellent and hence should be 
also repellent to fungi. These plasma techniques are 
also able to cover carbon nanotubes with metal 
nanoclusters which could present high interesting 
properties for applications such as contacts in 
nanoelectronic, bio or gas sensors or catalysis. 
The Gabriel Lippmann research center in 
Luxembourg is already involved in different 
developments in the field of plasma treatment and 
more specific researches are already dedicated to 
the elaboration of new surfaces on fiber and or 
carbon nanotube. The center is also very well 
equipped for the chemical and structural 
characterizations at nanoscale of these new 
materials. 
 

 
 
 
 
 
 
 
 
 
 
 



 
1st European SE Workshop                                                              Luxembourg Nov 10-11, 2007 

Abstracts version 2007-11-09                                                                                      Page  12   

EUROSPACEW ARD

IM PRO VING LIFE ON EARTH BY GOING INTO SPACE

 
 
 
 

•  CNT composite fibers and applications 11:00 – 11:45 
  Marcelo Motta, Anna Moisala and Alan Windle (Cambridge University): 

High Performance Continuously Spun Fibres 

 

 

 
Dr. Marcello Motta is an expert on spinning high-
performance continuous carbon nanotube fibers, 
the building blocks of a space elevator cable, at the 
Department of Materials Science of Cambridge 
University. Dr. Motta is also Chevening Technology 
Enterprise Fellow focussed on commercialisation of 
CNT fibers. 
 
 Abstract: The process of direct spinning of carbon 
nanotube fibres from the CVD reaction zone is 
yielding fibres with distinctly encouraging 
mechanical properties.  While the best strength (4.2 
N/tex) and stiffness (~200 N/tex) promise 
competition for established carbon fibres, the 
maximum energy absorbed at fracture (100 J/g) is 
considerably higher.  The high-performance 
mechanical behaviour of the fibres is due to the 
unique internal structure of the direct-spun fibres.  
The strong and stiff fibres consist mainly of very 
long double wall nanotubes (~ 1mm) of surprisingly 
large diameter in the 5-10 nm range, In line with 
theoretical predictions, these tubes have collapsed 
to give a ‘dog-bone’ cross-section.  This 
combination of properties results in an excellent 
stress transfer between the individual tubes.   
 

 
 
 

•  Space elevator ribbon 11:45 – 12:30 
Dr. Pierre Rochus (Space Center Liège): Use and space qualification of 

CNT material and tethers 

 
  

 

Dr. Pierre Rochus is Deputy General Manager 
(R&D) at Centre Spatial de Liège. He is an 
expert in optical metrology, new space 
technologies and space environment testing. 
Dr. Rochus teaches also design of space 
instruments and celestial mechanics at the 
University of Liège.  
 
Abstract: The Space Center Liège (CSL) is a 
research centre of the University of Liège that 
has expertise in Space Science instrumentation 
and in optical metrology for space optics and 
structures (in particular expandable space 
structures). CSL is also an ESA coordinated 
test facility, specialized in optical tests of 
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instrumentation in a space environment. 
 
After a short presentation of CSL, this paper 
will cover three topics: the space qualification 
tests (under vacuum and at cryogenic 
temperatures) to be performed on the CNT 
composite material samples, the potentialities 
of these materials for space instrumentation 
applications and a preliminary description of a 
tether test stand (mechanical / dynamical / 
material endurance tests for tethers). 
 

 
 
 
Afternoon session 14:00 – 17:00  
 
 

•  Tether dynamics and design  14:00 – 15:00 
Dr. Brad Edwards (EuroSpaceward A.s.b.l.): Competition tethers - 

design issues 
 
 

•  Tether workshop  15:00 – 16:00 
Dr. Bryan Laubscher (Industrial Nano LLC): 2007 Tether Competition 

teams  

 
 

•  Outlook  16:30 – 17:00 
Dr. Brad Edwards, Markus Klettner, John Winter (all EuroSpaceward 
A.s.b.l.): Why we need an elevator to space! 

 

 
 
 
 
 
 

Dr. Brad Edwards has been considered the father of the 
modern space elevator and is leading the global effort to 
develop and build a space elevator. He is President of 
EuroSpaceward and co-organizer of the NASA-sponsored 
Space Elevator Games. 
 
Markus Klettner is Executive Director of 
EuroSpaceward. He received a MSc. degree in Space 
Management from the International Space University. In 
addition he owns a university degree in engineering and 
postgratuated in International Business Management. His 
MBA thesis in 1990 analysed the emerging commercial 
space market in Europe. During several years he edited 
the quarterly astronomical journal S.P.A.C.E at the House 
of Nature in Salzburg. 
 
John Winter has studied Political Science and Planetary 
Geology. He worked a number of years on State Dept. 
contracts and at the UN as a refugee expert and 
consultant. Currently he is coaching financial experts in 
the Grand Duchy and serves as Director PR of 
EuroSpaceward 
 
Abstract:  
In terms of cumulated payload to launcher mass the 
efficiency of conventional launcher systems does not 
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exceed 3.5% on the average. On the other hand a space 
elevator, a system of mechanical climbers using a ribbon 
strung between an anchor on Earth and a satellite 
beyond geosynchronous orbit, would approach an 
efficiency of 50% already after one year of operations. 
 
The presentation concentrates on the properties of the 
space elevator for a “green”, low-cost and safer transport 
to space. Being researched and developed in light of 
constant safety and environmental impact carbon 
nanotube fibres are presented as ecologically engineered 
building blocks for the space elevator ribbon. In addition 
it shows how the space elevator enables a sustainable 
economy based on solar power satellites.  
 
The paper concludes with an outlook on the most likely 
political pressures that may drive the development of a 
space elevator. The European Space Policy Institute in 
Vienna calls recent plans “space exploration 3.0” and 
characterizes them as being more participatory human 
exploration including not just states but industries and 
NGOs. They are a quest for knowledge and economic 
potential in an open-market situation, for example the 
May 2007 Global Space Exploration Strategy issued by 
14 space agencies outlining a global societal project of 
exploring the Earth, Moon and Mars space. 
 
Rasmus Karlssen of the University of Lund, Sweden, goes 
further to argue for the next industrial age in space as 
part of the search for truly sustainable development. He 
writes that until now thinking about sustainable 
development excluded a third option (in addition to what 
he defines as its previous strains: ecologism and 
environmentalism) of large-scale expansion into space. 
Raw materials and solar energy could increase resources 
and energy as well as provide possible pollutant sinks, 
thereby satisfying the until now elusive conditions for 
sustainable development.  
 

 
 


