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How the Moon may help to stop climate change!  Space elevators can be 
built based on flaw-tolerant design of CNT mega-cable and may be 
protected by space shafts in the atmosphere! – Results from the 3rd 
International Conference on Space Elevator Systems, Carbon Nanotube 
Tether Design and Lunar Industrialization Challenges in Luxembourg 
 
 

 
 
Luxembourg, Dec 17, 2009. Supported by 
a grant of the National Research Fund of 
Luxembourg the European Spaceward 
Association (short: EuroSpaceward) has 
held its 3rd International Conference on 
Space Elevator, Carbon Nanotube (CNT) 
Tether Design and Lunar Industrialization 
Challenges on Dec 5-6, 2009. For two days 
experts from the USA, Japan and Europe 
presented and discussed the latest 
scientific-technical findings on the space 
elevator system as well as recent 
advancements in the research and 
development of super strong CNT fibres. 
An add-on this year has been a session on 
lunar industrialisation challenges. In line 
with the scope of EuroSpaceward’s 
mission, ESA’s Aurora and NASA’s 
Constellation program this new part of the 

conference examined the research status of 
both, NASA’s Lunar Regolith Excavation 
Challenge as well as latest activities 
concerning the Google Lunar X Prize. 
 
In his opening speech Markus Klettner, 
Executive Director of EuroSpaceward, 
noted that 40 years after the first human 
steps on the moon a possible future lunar 
settlement and industrialization still 
depend very much on cheap and safe 
access to space. 
 

 
 
Prof. Gerald Kulcinski from the Fusion 
Technology Institute at the University of 
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Wisconsin-Madison mentioned in his 
keynote talk on Helium-3 mining on the 
Moon and corresponding fusion 
technology that for the first time in human 
history, we can now look at the Moon as a 
major source of clean future energy. In 
fact, the Moon contains 10 times more 
energy in the Helium-3 on its surface than 
all the economically recoverable fossil 
fuels on the Earth. Assuming that the 
technology for energy production based on 
the radioactivity-free fusion of Helium-3 
will then exist he depicted a bright future 
around 2050 where lunar Helium-3 
resources may totally substitute green 
house gas emitting fossil fuels; thus help to 
stop climate change! We at 
EuroSpaceward welcome such a scenario. 
However we believe that only with cheap 
and reliable access to space, like the space 
elevator may provide, we may see this 
happen.   
 
A buoyant shaft to space – bricks lighter 
than air harboring the space elevator 
 
Nelson Semino, Dr. Patrick Vankeirsbilck 
and Prof. Dean Vucinic from the Vrije 
Universiteit Brussel presented an exciting 
new endeavor: the construction of a 
buoyant tubular tower to space that could 
protect the CNT tether for a space elevator 
at its lower end, much as acting as a shaft 
within the turbulent atmosphere. The 
structure goes by the name of a SpaceShaft 
and has a rather unique method of 
construction by which buoyancy is 
harnessed throughout lower atmospheric 
altitudes, and subsequently, the resulting 
high levels of potential energy is employed 
to jack-up the stacked upper sections into 
low orbital regions of space, where there is 
no more buoyancy possible. Though like 
the space elevator in its conceptual stage, 
this modern tower of Babel builds on the 
highly innovative approach of "Tension 
Induced Geometry" for the fabrication of 

super-tough bricks made of Kevlar strength 
reinforced composites that are lighter than 
air. In order to protect the intellectual 
property for these masterpieces patents 
have been filed. This "combined method of 
construction and transportation", as it has 
been touted, may also revolutionize the 
building industry by allowing construction 
of super tall buildings, with elevations 
anywhere from 10 km and beyond. Or it 
may also be used for more pressing needs, 
such as for possible counteractions to 
climate change; by providing the real 
estate necessary to house specially 
designed installations for greenhouse gas 
sequestration at key atmospheric altitudes. 
 

 
 
 
Benoit Michel from Université Catholique 
de Louvain, Belgium, compared in his 
presentation space shafts and inflatable 
towers with space elevators as means for 
low cost space access. Due to their 
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potential higher launch capacity space 
shafts and towers may reduce per kg costs 
to access space even more than space 
elevators, which are limited by tensile 
strength and taper ratio of its cable. 
However when it comes to extension into 
space, elevators are second to none. Hence, 
due to the inherent centrifugal energy of 
the cable beyond geostationary orbit space 
elevators allow to slingshot spacecrafts to 
any corner in the outer solar system.    
 
Research on the space elevator system 
 
Based on his research work Andreas Hein 
from the Institute of Astronautics of the 
Technical University of Munich made a 
case for space elevators as a means to 
shape the design of future geostationary 
satellites. A space elevator would not only 
provide wide mass-to-volume margins for 
spacecraft design but allow a so-called 
fatsat approach as well: heavier and more 
reliable geostationary satellites that can be 
easier serviced on-orbit by space elevator.     
 
Ted Semon, President of the International 
Space Elevator Consortium (ISEC) and 
chief-blogger on space elevator related 
activities, emphasized in his talk on the 
state-of-the-art of space elevator research 
that the whole endeavour needs a 
concerted effort. There may be already 
more than 300 researchers working on 
individual aspects of the space elevator 
system but they do not collaborate under a 
single coordinated framework and an 
appropriate funding. Supported by its 
European and Japanese partners ISEC 
intends to provide this framework in order 
to push forward the development of the 
first space elevator.  
 
 
Results of space elevator related 
engineering contests 
 

It has been the first time ever since the 
beginning of the NASA prize sponsored 
space elevator games in 2005: An entry to 
the power beaming contest succeeded to 
perform at the prize level.  Dr. Jordin Kare, 
co-founder and chief-scientist of 
LaserMotive Inc., explained at the 
conference in detail the prize winning 
ascend of their space elevator climber 
mock-up on Nov. 4, 2009.  
 

 
 
Dr. Martin Lades represented the second 
team that qualified for the NASA 
sponsored competition in 2009: the Kansas 
City Space Pirates (KCSP). He explained 
why KCSP finished only second with a 
750 m best climb, and reaching 4.5 m/s 
speed, with a well working tracking system 
and optics that could manage the full 
distance. KCSP achieved by far the lowest 
overall cost, approximately $100k 
including the $35k entry fee. They had 
entered into the competition the lightest 
climber of all teams as well, weighing only 
1.2 kg versus 5.3 and 8+kg of the other 
contestants. However, some hang-ups that 
went undetected prevented better final 
performance. That included a hard stop 
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imposed by the Laser Clearing House in 
the focus setting, which prevented the 
system from focusing as designed and 
tested, failing to deliver sufficient climb 
power at over 700m. Another limitation 
had been certainly the photovoltaic array 
applied. Only advanced PV cells permit the 
intensity of approximately 10 suns to be 
used efficiently; however such an array 
would have required KCSP to raise 
significant additional funds in the first few 
months of the competition. KCSP is 
therefore looking for funding or 
sponsorship for a high-efficiency PV array 
to compete in the next level of the contest 
in May 2010 with a high likelihood of 
success, although the minimum required 
average speed over the 1 km track will be 5 
m/s this time. 
 

 
 
The results of the 1st Japan Space Elevator 
Technical & Engineering Competition 
were presented by Shuchi Ohno, Founder 

and Director of the Japan Space Elevator 
Association. Eight teams participated in 
the contest, the mayority of them from 
Japanese universities. One team came from 
Europe: team WARR from the Technical 
University of Munich (TUM). According 
to Dir. Ohno 23 climber runs took place. 6 
climbers reached the top of the vertical 
track. The fastest climb of the two-day 
competition achieved an average speed of 
2.9 m/s (52 second for 150m), realized by 
the team from TUM which amazed the 
competitors with its impressive 
performance: Their run was more than 
three times faster than that of the 
contestant on the 2nd place. Andreas Hein, 
who coached the team from TUM, 
illustrated the characteristics of the 
winning climber. He underlined one of the 
lessons learned: Random movement and 
bad condition of the elevator ribbon in this 
kind of competitions requires a 
straightforward and robust design of the 
climber mock-up. 
   
Longitudinal wave climber 
 
Åge-Raymond Riise and his colleagues 
from the European Space Agency’s ESOC 
presented this year an advanced version of 
the longitudinal wave climber that baffled 
the audience at EuroSpaceward’s 
conference in 2008. Instead of using a 
sanding machine as a power source they 
applied this time loud speakers at the upper 
and lower end of the wooden tether. 
Operating at a frequency of about 15 Hz 
the loudspeakers induced longitudinal 
waves into the tether allowing the climber 
mockup, consisting of 2 brushes attached 
by clamps, to move up and downward. See 
a short clip of the test at 
http://www.youtube.com/watch?v=Scyror
E2uHM.     
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Carbon nanotube fibers and tether 
design – the key for the space elevator 
mega cable 
 
On behalf of one of the world’s leading 
laboratories on the production of super 
strong CNT fibres Dr. Juan Vilatela 
highlighted the latest advancements made 
at the University of Cambridge’s 
Department of Materials Science and 
Metallurgy. The team around Prof. Windle 
is approaching the production of individual 
mm long CNT fibres with a specific tensile 
strength of 10 N/Tex (GPa/SG). There has 
been derived a clear dependence of the 
tensile strength on the length of the fibres: 
the longer the stronger. However, 
unfortunately the world record length of an 
individual CNT fibre is currently just at 
about 5 cm due to the so-called self-
termination of growth of the molecules.  
Cambridge is currently able to spin 
continuous CNT threads of condensed 
aligned 1mm long fibres at a rate of 50 
km/day and a mass of 5 grams. The 
laboratory is aiming at a thread production 
of 10 kg/day in 2010 by using natural gas 
as the carbon resource. 

 
 
After clarifying at last year’s conference   
the thermo dynamical limits of designing a 
super strong mega cable for a space 
elevator, assuming intrinsic fracture of the 

nanotubes, Prof. Nicola Pugno from 
Politecnico di Torino  completed the 
picture in 2009 by considering the 
complementary failure mode of the cable: 
that is nanotube sliding; for such a case, he 
has for the first time analytically calculated 
that single walled nanotubes with 
diameters larger than 3nm will self-
collapse in the bundle as a consequence of 
the van der Waals adhesion forces and that 
the self-collapse can enlarge the cable 
strength up to about 30%. This corresponds 
to a maximum strength of approximately 
48 GPa, comparable to the thermodynamic 
limit for intrinsic nanotube fracture. 
According to Prof. Pugno at least a 10 GPa 
strong mega cable is practically needed in 
order to be able to tackle a first prototype 
of a space elevator. 
 
Based on his technical experience as the 
organizer of the NASA sponsored space 
elevator games, Ben Shelef has developed 
the so-called space elevator feasibility 
condition. In order to estimate whether a 
space elevator can be built he tried to 
establish a correlation between the possible 
mass throughput as derived from the 
available power density for the climber and 
the required mass throughput, based on the 
achieved specific loading of the space 
elevator tether and its assumed limited 
lifetime. His conclusion presented at the 
conference: At the technologically 
achievable power density of 1.5kW per kg 
of climber mass by using ultra-light high 
efficient photovoltaic thin film panels for 
laser beam power conversion, the cable 
must be able to bear a tether-specific-
loading of at least 25 N/tex, assuming the 
lifetime of the cable is 6 years and the time 
to double the size of it is 1.5 years. Ben 
Shelef admits that while the tether 
limitation is a fundamental hard stop, there 
could be innovative power system 
solutions that would allow for a far higher 
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possible mass throughput at a given tether-
specific-loading. 
 
Both analyses presented, the one of Prof. 
Nicola Pugno as well as the other of Ben 
Shelef offer promising hints that the space 
elevator could be built once the technology 
for the production of a flaw tolerant super 
strong mega cable is available. Dr. Bryan 
Laubscher of Odysseus Technologies 
called the construction of a space elevator 
even inevitable after society has fully 
entered the CNT age. Dr. Patrick Choquet 
from the Luxembourg Research Center 
Gabriel Lippmann highlighted their 
contribution to the beginning CNT age: the 
development of gas sensors for NO2 
detection based on nanoclusters deposited 
on CNTs.  
 
Lunar industrialization challenges: 
Regolith excavation and Google Lunar 
X-Prize 
 
John Winter, EuroSpaceward, opened the 
new session on lunar industrialization 
challenges by giving an introduction on the 
various engineering contests that are 
currently conducted in order to foster a 
return to the moon by 2020 or beyond.  
 
Matt Everingham from the California 
Space Authority and responsible organizer 
of the NASA prize funded Regolith 
Excavation Challenge presented the results 
of the 3rd contest carried out at the NASA 
Research Park at Moffet Field, California, 
past October. In the two previous years 
none of the contestants met the prize 
challenge: digging in 30 min over 150 kg 
of Moon dirt simulant with a robotic 
excavator that has a mass of less than 80 
kg and must carry all power on-board. 
Telerobotic operations are delayed by 2 
seconds to simulate the distance to the 
Moon. This year the competition cast three 
winning teams whose excavators easily 

exceeded the prize level. The top 
performing mock-up of a lunar bucket 
wheel excavator from team Paul’s 
Robotics was able to dig staggering 440 kg 
of Regolith simulant during the half hour 
time limit. As expected excavation 
operations were extremely dusty (see 
below picture of winning excavator in 
action). 
 

 
 
Being the modern role model for NASA’s 
Centennial Challenge Program the X Prize 
Foundation has gone a step further to 
encourage private pioneers and space 
underdogs likewise to engage in a new 
fascinating internet assisted race to the 
moon: the Google Lunar X Prize offered to 
privately funded initiatives only. The 
challenge seems to be rather daunting for a 
private enterprise: send a robot to the 
moon, travel 500 meters and transmit 
video, images and data back to the Earth; 
all accomplished before the end of 2012 in 
order to qualify for the full prize money 
USD 30M sponsored by the internet giant 
Google. World-wide there are currently 21 
teams that are jockeying for the award. 
Eurospaceward invited 4 European teams 
to the conference to present their approach 
to the endeavor: team ‘Italia’ from Italy, 
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team ‘c-base Open Moon’ from Germany, 
team ‘Part-Time-Scientist’ from Germany 
as well and the Netherland’s based 
international team ‘White label space’. 
 
EuroSpaceward’s 2nd children drawing 
contest 
 
Last but not least we would like to mention 
the award ceremony on EuroSpaceward’s 
2nd children drawing contest on “imagine 
living and working on the Moon” carried 
out with the collaboration of the St-
George’s International School and the 
European School, both located in the city 
of Luxembourg. The contest that has been 
organized again by Montse Ugalde 
underlines part of EuroSpaceward’s 
mission: namely to create conscience in 
schools about the aspects of a possible 
future life in space.  
 


