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The road not taken
- a political and
commercial crossroads
Igor Ashurbeyli
Editor-in-chief

Clive Simpson
Managing Editor

o often the choices of today - whether
relating to general politics or space policy
- affect the future of tomorrow. All decisions
have repercussions and if ever there was a
moment in time when this was so, it is now.
In 2016, the electorates of the United States and
the United Kingdom both made choices that are
charting new pathways into unknown territory for
their respective countries.
Whilst the national space policies of the
7UXPS DGPLQLVWUDWLRQ DUH EHLQJ GHĂQHG LQ GHWDLO
commercial space presses ahead regardless. And for
the UK - Europe’s third biggest space player - the
future has suddenly become harder to predict.
In his opinion piece ‘Could Brexit blow a hole
in UK’s space ambitions?’ (p. 98), Dr Mike Leggett
suggests Britain leaving the EU might have
unanticipated effects on the long-established
cooperation of the UK and Europe in space.
The long lead times associated with developing
space missions and technology often puts them
at odds with the short-terminism of politics. And
yet today we are witnessing a rapid expansion of
technology and ambitions.
Regardless of the political landscape, the cosmic
tide is being turned by a new wave of commercialism
driven by the NewSpace generation of space
companies and entrepreneurs.
Swift progress towards deployment of large
satellite constellations (‘Mega challenges for mega
constellations’ by Holger Krag, p. 16 and ‘Urgent
action needed to keep satellites safe in orbit’ by Mark
A. Skinner, p. 22) point to serious issues in the space
environment - not just for the future but for now.
As Dylan Taylor writes in ‘Space economics industry trends and space investing’ (p. 75), new
business models and capital sources are also
changing the fundamental economics of space.
We are, indeed, at a crossroads and ‘The Road Not
Taken’, a poem by US writer Robert Frost, serves as
an apt reminder. It ends with the words, ‘Two roads

S

diverged in a wood, and I took the one less travelled
by, and that has made all the difference’.
2WKHU DUWLFOHV LQ WKLV LVVXH DOVR UHăHFW WKLV ,Q
‘Spaceplane rationale - a new way of thinking’ (p. 60)
David Ashford argues that a choice made by NASA
four decades ago probably led to a very different
future for the global launcher industry.
As the world moves toward a new reality, we
urgently need to establish viable and effective laws
capable of addressing new and very different kinds
of space applications and use.
ROOM is delighted to be at the vanguard of this
movement, highlighting some of the many questions
that the evolving political and space landscape is
throwing to the fore.
Not the least of these is the search for a new
system of space governance - a globally agreed
V\VWHP RI ODZV DQG FRGHV RI FRQGXFW IRU WKH EHQHĂW
of all humanity, not just those with the power and
might to muscle their way to the front.
On the face of it the subject is dry and meticulous
but outdated legal regimes can no longer be ignored.
Nowhere is change and adaptation needed more
than in the realm of space law and governance.
The articles in our special Space Security report
(p. 28) are all based on a new study contributed to by
more than 80 lawyers and space professionals from
around the world.
Important choices and decisions lie ahead, not
only for our national and global politicians but
also for those at the heart of the international
space community.
In the words of Frost, we once again approach
a crossroads of choices. Does humanity take the
well-trodden path of least resistance or do we head
intelligently and wisely into a brave new world of
cooperation and togetherness - and go daringly and
boldly into the future?

Does humanity
take the welltrodden path
or do we head
intelligently
and wisely
into a brave
new world of
cooperation and
togetherness?

Clive Simpson
Managing Editor, ROOM - The Space Journal
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Cloudless Europe
in hi-definition
his spectacular Sentinel-2 cloudless
layer image of Europe combines over
eight trillion pixels collected during
differing weather conditions between
May and September 2016, merging them into a
sunny homogeneous mosaic, free from
atmospheric impacts.
To create the image EOX IT Services
GmbH - an open source software oriented
company based in Austria, Vienna, that
works mainly on ESA and EU projects in
WKH(DUWKREVHUYDWLRQ (2 ĂHOGFUXQFKHG
almost 30 terabytes of Sentinel-2 data
using its own software developed by EOX
IT specialist Joachim Ungar and co-founder
Stephan Meißl.
Sentinel-2 is an EO mission developed
by ESA as part of the EU’s Copernicus
programme to perform terrestrial
observations in support of services such
as forest monitoring, detecting land cover
changes and natural disaster management.
The second of two identical satellites,
Sentinel-2B, was launched on 7 March 2017
by a Vega rocket, following Sentinel-2A which
was launched in June 2015.
The satellites work in complementary
orbits, each carrying a single multi-spectral
instrument (MSI) with 13 spectral channels
in the visible/near infrared (VNIR) and short
wave infrared (SWIR) spectral ranges.
“Extracting cloudless pixels from the
Sentinel-2 archive and rendering natural
looking colours is just an example of many
possible use cases,” says Joachim Ungar.
“The main area of EOX activities
concerns the development and
advancement of e-Environment and geospatial information infrastructures with
special emphasis on satellite EO systems
and next generation applications.”

T
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Sky-fi dawn of the
space Internet era

In the near future billions of people across the globe could benefit from
broadband internet access in remote areas provided by balloons, drones
and satellites. After investigating the possibilities, risks and opportunities
of these technologies members of the Space Generation Advisory Council
(SGAC), a group of students and young professionals in the space sector,
have made four recommendations to help spread the ‘sky-fi’ concept.
he internet plays an essential role in
everyday life - from communication,
broadcasting and navigation to real-time
information about any topic and, of
course, virtually all business and government
operations now depend on it. In the developed
world, people can hardly imagine a daily routine
ZLWKRXW WKH ,QWHUQHW EXW GHVSLWH WKH EHQHĂWV LW
delivers to 21st century life, only 39% of the
world’s population has internet access - meaning
some four billion people continue to live their lives
without it.
Internet access could greatly improve the lives
of these four billion people, so many companies
are now seeking to provide internet services to the
developing world.
Today, the primary technology for providing
LQWHUQHW DFFHVV LV EDVHG RQ ĂEUH RSWLFDO
communication. Physical cables are laid
worldwide to connect continents and to provide
broadband access. The three main exceptions
are local Wi-Fi networks, mobile broadband and
satellite communications.
In all three cases, internet connections
are supplied over a small region by a local

T

László Bacsárdi
Head of Institute
of Informatics
and Economics,
University of Sopron,
Hungary
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broadcasting router, gateway or antenna, which
is eventually connected to the global network via
ĂEUH RSWLF FDEOHV
However, such architecture is not feasible
in many developing countries, where the
requirement of building new infrastructure is a
VLJQLĂFDQW EDUULHU WR LQWHUQHW DFFHVV 2IWHQ WKLV LV
compounded by the sheer expense of connecting
populations distributed over large areas where
the adjacent infrastructure - such as electricity PLJKW DOVR EH DEVHQW RU RI LQVXIĂFLHQW UHOLDELOLW\
The idea of providing global internet
coverage to disconnected populations has
been widely discussed by both academia and
commercial companies. In 2013, a student team
at the International Space University (ISU)
suggested providing sustainable and affordable
internet access for the Brazilian Amazon region
using microsatellites.
More recently, several companies have
begun to experiment with their own ideas on
how to introduce global internet coverage,
including the balloons of Google’s Project Loon,
the drones of Facebook, and the satellites of
6SDFH;DQG2QH:HE

Special Report

of stratospheric balloons. Each balloon will
ăRDW LQ WKH VWUDWRVSKHUH DQG SURYLGH LQWHUQHW
access to the population in a large area below
it. The balloons are mobile, and will drift with
the stratospheric winds across the globe.
Stratospheric winds, their velocities and
directions, which alter with altitude, are wellstudied and well-known. It is possible to control
the balloon’s location simply by varying its altitude.
A control centre would monitor balloon locations,
ensuring that damaged balloons are replaced, and
that no area is left without coverage.
,Q -XQH  WKH ĂUVW EDOORRQ WHVWV WRRN SODFH
in New Zealand. Thirty balloons were launched to
provide internet access to a test group. Currently,
tests are conducted in open areas, with the aim of
providing uninterrupted connectivity for distinct
regions, before operating on a global scale.
According to current plans, an operational system
could begin later in 2017.

Up in the air
Google’s Project Loon is designed to provide
ZRUOGZLGHLQWHUQHWFRYHUDJHXVLQJDăHHW

From the sky
Facebook’s proposed drones would be powered
electrically, using solar panels to remain aloft
for long periods of time. This concept removes
the need for landing, refuelling or the logistics
needed to provide fuel to all the aircraft, at least
GXULQJ WKH SURSRVHG GD\ ăLJKW WLPH 'URQHV
FDQ ă\ FORVH HQRXJK WR WKH JURXQG WR PD[LPL]H
signal strength but high enough so that wind and
physical obstacles will not compromise mission
HQGXUDQFH 'URQHV FDQ EH SUHFLVHO\ FRQWUROOHG
and, unlike satellites, are reusable in the sense that
WKH\ FDQ ODQG WR EH XSJUDGHG RU Ă[HG LI QHHGHG
7KH ĂUVW WHVW ăLJKW RI )DFHERRNÛV XQPDQQHG
drone named Aquila was completed on 28 June
Photo from the Google
Project Loon launch event
in Christchurch, New
Zealand, in 2016.

Google

The most popular technology for space
communication is radio frequency (RF)
communication, used by Project Loon, SpaceX
DQG 2QH:HE $ QHZ HPHUJLQJ WHFKQRORJ\ LV ODVHU
communication, used by Facebook’s drones.
These new approaches to providing internet
connections from the sky or space - dubbed ‘skyĂÛ  EULQJ ZLWK WKHP ERWK WHFKQLFDO DQG SROLWLFDO
challenges, the latter including adapting laws and
regulations among countries. Right now, very little
regulation exists to govern this new approach.

Only 39% of
the world’s
population
has Internet
access meaning four
billion people
live their lives
without it

ROOM 11

Special Report

How Google’s Project
Loon will work.

Several
companies
have begun to
experiment
with their own
ideas on how
to introduce
global internet
coverage

New trial planned
for Tasmania in
which weather
balloons are used
to carry WiFi
signals to provide
internet to remote
areas

Loon balloon network: Solar-powered, high altitude balloon
uses winds in stratosphere to move in right direction
20,000m

2 Balloon sends signals to
neighbouring balloons

10,000m

3

Mt Everest
8848m

Signals reach
ground station
connected to local
internet provider
which provides
service through
balloon network

1

GOOGLE’S PROJECT LOON

Specialised internet antenna on the
ground sends signals to balloon

A combination of
platforms at different
altitudes using GEO and
LEO satellites, planes and
cellular towers.
GEO satellite
35,786KM to Earth,
stationary
Connectivity density
Least dense

Most dense

High speed link

LEO satellite
400-600KM to Earth

High speed link

Plane
20KM to Earth, quasi-stationary

+RZHYHUDQXQVSHFLĂHGÚVWUXFWXUDOIDLOXUHÛ
RFFXUUHGDWWKHHQGRIWKHPLQXWHăLJKW7KLV
spring the case was still under investigation by the
US National Transportation Safety Board.
The use of drones may work well for densely
populated areas but would become expensive
for more sparse regions. A drone has a small
footprint, so many drones would be needed to
cover large areas and, without enough customers
to underwrite the machines, it would become
prohibitively expensive to provide the service.
As a complementary solution to this problem,
Facebook proposes using satellites to cover low
density areas. The satellites would naturally have
lower signal strength and smaller bandwidth
but still provide the requisite coverage. To
complement the hardware, Facebook launched
internet.org - an initiative to create an internet
SRUWDOWKDWZLOOEHPRUHHIĂFLHQWDQGUHTXLUHOHVV
data, allowing connectivity even under narrow
bandwidth conditions.
Recently, Facebook also partnered with Parisbased Eutelsat to lease the Ka transponder on
WKH$026VDWHOOLWHWROLQNGLVFRQQHFWHG$IULFDQ
UHJLRQVWRWKHLQWHUQHWEXWXQIRUWXQDWHO\$026
6 was destroyed on the launch pad when its
launch vehicle, the SpaceX Falcon 9, exploded on 1
September 2016.

Orbiting Earth
Radio mast
1KM to Earth, stationary
Trunk stations
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%RWK6SDFH;DQG:DVKLQJWRQ'&EDVHG
2QH:HEDUHZRUNLQJWRZDUGVVDWHOOLWHEDVHG
solutions, though with some difference in the
detailed approach.
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 VDWHOOLWHV WR RUELW LQ /(2 EHWZHHQ  DQG
 NP 2QH:HE SODQV WR XVH D FRQVWHOODWLRQ
RI  /(2 VDWHOOLWHV RI ZKLFK WKHĂUVWDUH
planned for launch in late 2017.

Technique comparison
Balloons are an affordable option. They can
cover a wide area at a lower cost than drones
and be made available with a shorter lead-time
than satellites. Balloons can be deployed in a
variety of locations, although they do require
IRUWXLWRXV ZLQG FRQGLWLRQV WR ă\ RYHU D GHVLUHG
area. Less infrastructure would be required than
for drones, without the need for airports and
maintenance facilities. Wind can be a limiting
IDFWRU LQ WKH ZD\ WKDW EDOORRQV ă\ DW FHUWDLQ
latitudes. Google is forging ahead with its own
balloon concept called Project Loon, which
ZRXOG XVH ăHHW FRQWURO DOJRULWKPVWRă\DFURVV
some countries and latitudes.
'URQHV KDYH KLJK EDQGZLGWK FDSDFLW\ DUH DOVR
highly maintainable and offer the possibility for
upgrade. Perhaps one of the greatest potential
uses of drone technology is for post-disaster
internet, where they can be launched quickly and
WKHQ GLUHFWHG WR ă\ RYHU DIIHFWHG DUHDV DW VKRUW
notice. The biggest drawback is the low altitude
giving restricted coverage area, and it is the most
Facebook’s Aguila solar
powered aircraft.

Facebook

Using geostationary satellites to provide truly
global internet access is problematic due to
both technical and physical challenges. Latency
LV VLJQLĂFDQW DQG WKHUH ZRXOG EH QR FRYHUDJH
in polar regions. At 36,000 km altitude, it takes
the information about 200 milliseconds to be
transmitted from the user to the server, which can
accumulate to almost 500 milliseconds of delay
between the request and the response.
This issue is a physical limitation and cannot
be solved technologically and so both companies
KDYH GHFLGHG WR XVH ORZ (DUWK RUELW /(2
satellites, which offer much lower latency and
stronger signals.
However, they move fast with respect to the
JURXQG DQG RQH VSHFLĂF VDWHOOLWH LV RQO\ EH YLVLEOH
to an observer for a limited time before it sets over
the horizon. To provide continuous coverage, a
constellation of satellites is needed, the number
varying depending on the system design.
Launching such a large constellation is
expensive and raises additional issues such
as interference, controlling the constellation,
avoiding debris and avoiding becoming debris, as
well as maintaining the constellation and replacing
or replenishing satellites.
In November 2016, SpaceX requested approval
from the US government for a constellation of
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due to the distance of the spacecraft from the
user and the capital costs of this system would
be the highest of the options, due to spacecraft
manufacturing and launch costs.

Satellites

Voice of youth

UAVs
FSO

Terrestrial
O
FS

Platforms at different
altitudes.

Without
understanding
the market
need, there is
a high risk of
failure

expensive option by unit coverage because of
RQJRLQJRSHUDWLRQDOFRVWV2SHUDWLRQDOHIĂFLHQFLHV
WKDWPLJKWEHJDLQHGZLWKWKHXVHRIDUWLĂFLDO
intelligence are still in the future.
/(2VDWHOOLWHFRQVWHOODWLRQVDUHWKHWUXO\JOREDO
RSWLRQ'HSHQGLQJRQWKHW\SHRIFRQVWHOODWLRQLQ
place, they can cover the whole of planet Earth
FRQWLQXRXVO\6DWHOOLWHVRIIHUWKHDGGHGEHQHĂWRI
shorter delay times (as the satellite-to-satellite
and satellite-to-ground data transfer paths are
straight and have few nodes). Flight paths are also
topologically distinguishable, making it easier to
SUHGLFWORFDWLRQVDQGWKHQFDOFXODWHHIĂFLHQWGDWD
paths. However, bandwidths would be smaller,

'XULQJWKHDQQXDO6SDFH*HQHUDWLRQ&RQJUHVV
(SGC) in Israel in 2015 - organised by the UNestablished SGAC every year for students and
young professionals between age of 18 and 35
- students and young professionals representing
14 countries participated in the Space Internet
Working Group which investigated the
possibilities, risks and opportunities of using
satellites, drones and high-altitude balloons to
provide widespread internet access.
The Working Group, supported by NASA Space
&RPPXQLFDWLRQDQG1DYLJDWLRQ2IĂFHIRFXVHG
on one of the barriers for worldwide connectivity
- possible solutions to the lack of economic
viability of providing internet access using land
infrastructure. As a result, the working group
participants proposed several recommendations,
which take into account the numerous challenges
- ranging from acquiring regulatory approval
to technical and practical limitations, such
as the potential for damage to property and
issues related to orbital debris - that come with
developing air and space-based internet access.
The key recommendations are:
Conduct market studies to illustrate demand
•
A number of companies are trying to
push forward with their plans for wider
and cheaper internet coverage in the
disconnected parts of the world but one
VLJQLĂFDQWLVVXHLGHQWLĂHGZDVZKHWKHURUQRW
these remote or disconnected regions can
even afford internet.

OneWeb

•

14 ROOM

There are often more pressing humanitarian
issues such as lack of clean water and
electricity, and malnutrition. The question
here is how such a system can cater for these
markets when more basic needs are not being
PHW7KHĂUVWVWHSWRZDUGVXQGHUVWDQGLQJ
this problem would be to carry out market
studies to identify what the potential take-

OneWeb satellites will be mass produced using fewer
components and lighter weight, making them easier to
manufacture and cheaper to launch. They will include
state-of-the-art onboard GPS sensors and on-board
propulsion systems to help avoid orbital debris and for
end of life disposal.

Special Report

up rate and willingness to pay would be,
were such systems to be in place. Without
understanding the market need there is a high
risk of failure for such endeavours.
Institute a phased approach
•
Instead of building a full system with all
development carried out in one chunk, it is
recommended that any proposed system
be scaled up slowly, with consideration for
both the changing market conditions and any
issues relating to the system in question, such
DVUHJXODWRU\ĂOLQJDQGSURSHUW\GDPDJHV
•

Scaling up helps reduce the impact of failure
by ensuring the system is delivered in
incremental steps where each step has taken
into account lessons learned from previous
versions - similar to the iterative design
process of programming. For example, the
V\VWHP FRXOG IRFXV RQ RQH VSHFLĂF UHJLRQ
before expanding to cover other areas.

Let governments serve as anchor tenants and
expedite regulatory processes
•
This will help ensure resolution of any
legal hurdles while governments assist in
the development of systems, especially in
rural areas where distribution partners are
hard to come by. Having local and regional
governments assist and be part of the
process can ensure smoother transition to
commercial operations. Risks surrounding
UHJXODWRU\ ĂOLQJV PDUNHW DFFHVV DQG RWKHU
fundamental barriers to entry can be
mitigated with the support and assistance of
the target markets’ governments.

Having local
and regional
governments
assist and
be part of
the process
can ensure
smoother
transition to
commercial
operations.

OneWeb says its
system could provide
access to health centres,
schools, libraries and
homes through a low cost
user terminal, ensuring
relief to communities in
need, tools to drive
education, access to
knowledge, and
opportunities for local
businesses.

Space Generation
Advisory Council
The Space Generation Advisory Council (SGAC)
is an international non-profit, non-governmental
organisation for students and young professionals
between the ages of 18-35 with interest in the space
sector. Its roots stem from UNI-SPACE III, where
the international space community, in its Vienna
Declaration, recognised the need to engage with the
next generation of space leaders and provide the
younger generation’s input to space policy.
Since then, SGAC has grown to support students
and young professionals, not only providing a
medium for them to share their insights on space
policy, but also enabling their professional development through volunteer opportunities, as well as
scholarships which provide them an opportunity to
meet global space leaders at different events.
Outputs are regularly presented at the United
Nations Committee on the Peaceful Uses of Outer
Space and shared with national space agencies
and space industry leaders. Aside from organising
global, regional and local space events, SGAC is
pleased to work with ROOM which offers our members another forum in which to provide their insight
and inputs on various space topics, from technical
projects to regional perspectives.
Stephanie Wan & Ali Nasseri
SGAC Co-Chairs

Provide future connectivity to Internet Service
Providers to ensure commercial sustainability
•
2QFH JRYHUQPHQW VHUYLFH KDV EHHQ
established and the reliability of the system
KDV EHHQ FRQĂUPHG WKH VHUYLFH FDQ EH
deployed to commercial internet service
providers to diversify and improve revenue
streams while catering for a wider population
through increased service subscriptions.
About the author

OneWeb

/DV]OR %DFVDUGL UHFHLYHG KLV 3K' LQ  DW WKH %XGDSHVW 8QLYHUVLW\
of Technology and Economics, Hungary. He is Associate Professor
and the Head of the Institute of Informatics and Economics at
the University of Sopron, Hungary. He is Secretary General of the
Hungarian Astronautical Society and joined SGAC in 2012. His research
interests are in quantum computing, quantum communications and
space communications.
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An artistic interpretation
of orbital tracks for
satellites in a mega
constellation by artist
Zoe Squires (see p108).

Mega challenges for
mega-constellations
Concerns about preserving the space environment, particularly in low
Earth orbit have intensified with the growing interest in new satellite
mega-constellations initiatives. Mega-constellations are one of the biggest
challenges faced by the satellite communications industry today, calling for
changes in manufacturing processes, assembly and testing methods, and
a need to implement technologies to minimise the potential impact on the
space environment. But there are concerns that these technologies may not
be enough to alleviate a cascade of increased collisions and debris.

Holger Krag
ESA’s Space Debris
Office, ESA/ESOC,
Darmstadt, Germany
16 ROOM

or many today access to a fast, reliable
internet service is an expected and perhaps
essential part of everyday life. However,
access to internet services is not as
ZLGHVSUHDGDVLWPLJKWVHHPDWĂUVWJODQFH$ERXWKDOI

F

RI WKH ZRUOG SRSXODWLRQ PRVWO\ LQ XQGHUGHYHORSHG
UHPRWH RU VSDUVHO\ SRSXODWHG UHJLRQV KDYH QR DFFHVV
at all. In these regions, information and knowledge
VKDUHG E\ ZHE FRPPXQLFDWLRQFRXOGJUHDWO\LQăXHQFH
their development.
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Providing global internet access from space
appears to be a logical alternative to costly
LQIUDVWUXFWXUHRQWKHJURXQG7RGD\LQWHUQHW
EURDGEDQGVHUYLFHVDUHUHQGHUHGWKURXJK
WHOHFRPPXQLFDWLRQSURYLGHUVXVLQJVDWHOOLWHV
LQJHRVWDWLRQDU\RUELWEXWWKHLUVLJQLĂFDQWGDWD
ODWHQF\ WKHDPRXQWRIWLPHLWWDNHVWRVHQG
LQIRUPDWLRQIURPRQHSRLQWWRWKHQH[W OLPLWHG
EDQGZLGWKDQGFKDQQHOVDQGWKHLUUHTXLUHPHQW
IRUVLJQLĂFDQWWUDQVPLVVLRQSRZHUPDNHWKHP
XQVXLWDEOHWRVHUYHDEURDGHUSULYDWHFRPPXQLW\
Several information technology and electronics
FRPSDQLHVKDYHDQQRXQFHGSODQVWRSURYLGH
VXFKVHUYLFHYLDODUJHFRQVWHOODWLRQVLQORZ(DUWK
RUELW /(2 E\7KHSURSRVHGFRQFHSWV
IRUHVHHVSDQQLQJDJOREDOOHDNSURRIQHWZRUNRI
LQWHUOLQNHGVPDOOVDWHOOLWHVDFFHVVLEOHDWDQ\WLPH
IURPDVHWRIGHSOR\HGJURXQGWHUPLQDOV
,WLVH[SHFWHGWKDWWKLVWDLORUHGVROXWLRQ
IRUZLGHVSUHDGORZODWHQF\ OHVVWKDQ
PLOOLVHFRQGV EURDGEDQG WHUDE\WHVSHUVHFRQG 
H[FHVVZLOOFKDOOHQJHWKHFODVVLFDOVSDFHEDVHG
DQGJURXQGEDVHGFRPPXQLFDWLRQPDUNHW7KH
SURSRVHGFRQFHSWVGLIIHULQWKHLUPDWXULW\OHYHOV
and constellation concepts and the companies



Current megaconstellation concepts for
global web-access.



behind them are in some cases new players to
VSDFHăLJKW DQG VSDFHEDVHG FRPPXQLFDWLRQ

Space traffic debris
$ VLJQLĂFDQW GLVDGYDQWDJH RI WKH SURSRVHG FRQFHSWV
LV WKH KLJK QXPEHUV RI DFWLYH VDWHOOLWHV UHTXLUHG WR
operate within the constellation in order to provide
VHDPOHVV FRYHUDJH IURP ORZ DOWLWXGHV &RQFHSWV
range from a few dozen satellites to several
WKRXVDQG LQ WKH VL]H FODVV DURXQG NJ GU\ PDVV
7KH VKHHU QXPEHU RI VDWHOOLWHV UHYROXWLRQLVHV
WKH ZD\ VSDFHăLJKW LV SHUIRUPHG 2Q DYHUDJH MXVW
RQH VXFK FRQVWHOODWLRQ ZLOO KDYH PRUH RSHUDWLRQDO
satellites in space than all other spacefarers
WRJHWKHU FXUUHQWO\ DURXQG   :LWK WKH
operational lifetime of the satellites being limited
to a few years, the constellation will have to be
UHSOHQLVKHG UHJXODUO\ 7KLV PHDQV WKDW ZLWKLQ D IHZ
GHFDGHV WKH QXPEHU RI FRQVWHOODWLRQV VDWHOOLWHV
ODXQFKHG ZLOO EH JUHDWHU WKDQ WKH QXPEHU RI
VDWHOOLWHV HYHU ODXQFKHG E\ RWKHU VSDFHIDUHUV LQ WKH
KLVWRU\ RI VSDFHăLJKW DSSUR[LPDWHO\  
6DWHOOLWHV ZLOO KDYH WR EH PDQXIDFWXUHG XVLQJ
PDVV SURGXFWLRQ WHFKQLTXHV FRPPRQ LQ WKH
DXWRPRWLYH LQGXVWU\ WR DFKLHYH XQLW SULFHV RI ZHOO

Within a few
decades the
number of
constellation
satellites
launched will
be greater
than the
number of
satellites ever
launched

Left: Spacecraft
numbers launched into
LEO since 2000 per
satellite mass class (ESA
DISCOS database,
re-entry vehicles
excluded).
Below: Evolution of the
number of objects
catalogued by the US
Space Surveillance
Network.
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OneWeb, Boeing
SpaceX

Current altitude
distribution of man-made
objects greater than 10
cm (according to ESA’s
MASTER-2009 model),
average orbital lifetime of
an average satellite and
operating altitudes of
selected megaconstellation concepts.

Current distribution of
man-made objects
tracked by the
USSTRATCOM in LEO. In
this artist impression the
size of the objects is
exaggerated as compared
to Earth.
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Proposed concepts foresee a
global, leak-proof network of
inter-linked small satellites,
accessible at any time from
deployed ground terminals

Samsung

below one million US dollars. The initialisation and
UHSOHQLVKPHQW ZLOO URXJKO\ GRXEOH WKH QXPEHU RI
ODXQFK HYHQWV ZKLFK DUH FXUUHQWO\ DURXQG  SHU
year. This is in addition to the general increase
LQ VSDFH WUDIĂF LQ /(2 PDLQO\ IXHOOHG E\ VPDOO
VDWHOOLWHV DQG FXEHVDWV DV ZHOO DV QDQRVDWVZKLFK
grant cheaper access to space.
(YHQ EHIRUH WKHVH UHFHQW WUHQGV VSDFH GHEULV
KDG DOUHDG\ HPHUJHG DV RQH RI WKH PDMRU VRXUFHV
RIULVNIRUVSDFHăLJKW6LQFHWKHĂUVWRUELWDOODXQFK

LQ  WKH QXPEHU RI DUWLĂFLDO REMHFWV LQ (DUWK
RUELW KDV EHHQ JURZLQJ 7KH QXPEHU RI RQRUELW
REMHFWV WUDFNHG E\ WKH 86 6WUDWHJLF &RPPDQG
RSHUDWRUV RI WKH 86 6SDFH 6XUYHLOODQFH 1HWZRUN
VKRZV IDVWHU JURZWK FRPSDUHG WRWKHQXPEHURI
RSHUDWLRQDO VDWHOOLWHV RQRUELW
This has led to a corresponding increase in
the threat to active satellites from hypervelocity
FROOLVLRQV SXWWLQJ LQ MHRSDUG\ FUXFLDO VHUYLFHV WKDW
EHQHĂW KXPDQ VRFLHW\ 6RPH IXWXUH VFHQDULRV
SURGXFHG E\ FRPSXWHU PRGHOV VXJJHVW WKDW
WKH VSDFH GHEULV SRSXODWLRQ KDV UHDFKHG D
WLSSLQJ SRLQW VXFK WKDW FROOLVLRQV ZLOO LQFUHDVH
LQ IUHTXHQF\ HYHQ LQ WKH DEVHQFH RI QHZ VSDFH
WUDIĂF :KLOVW VXFK DQ RXWFRPH LV QRW FHUWDLQ
WKHUH LV JURZLQJ SUHVVXUH RQ VSDFH XVHUV
WRLPSOHPHQWPLWLJDWLRQPHDVXUHVDLPHGDW
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100000

preventing the proliferation of space debris and
HQDEOLQJ WKH VXVWDLQDEOH XVH RI VSDFH

Space debris mitigation

Analysing environmental effects
(XURSHDQ 6SDFH $JHQF\ H[SHUWV WRJHWKHU
with space debris specialists from UK, France,
Germany and Italy, analysed the response of
WKH RUELWDO SRSXODWLRQ WR WKH LQWURGXFWLRQ RI D
hypothetical large constellation. The constellation
FRPSULVHG  VDWHOOLWHV HDFK ZHLJKLQJ  NJ
ZLWK D FURVVVHFWLRQ RI RQH VTXDUH PHWUH DQG
D ĂYH\HDU GHVLJQ OLIH GLVWULEXWHG LQ  RUELWDO
SODQHV DW DQ DOWLWXGH RI  NP DQG DQ LQFOLQDWLRQ
RI  GHJUHHV ,W ZDV DVVXPHG WR EH FRPSOHWH DQG
RSHUDWLRQDO IRU  \HDUV IURP  WR  7KLV
FRQVWHOODWLRQ ZDV WDNHQ WR EH LQGLFDWLYH EXW QRW
an exact representation of envisaged systems,
VR WKDW LW ZRXOG UHPDLQ YDOLG LQ YLHZ RI FKDQJLQJ
GHVLJQV DQG ZRXOG DYRLG D IRFXVRQSDUWLFXODU
constellation proposals.

80000
Number of Objects in LEO > 10cm

,Q  WKH ,QWHU$JHQF\ 6SDFH 'HEULV
&RRUGLQDWLRQ &RPPLWWHH ,$'& GUDIWHG D VHW RI
JXLGHOLQHV IRU LQWHUQDWLRQDO VSDFH GHEULV PLWLJDWLRQ
aimed at limiting the generation of debris in the
HQYLURQPHQW LQ WKH VKRUWWHUP WKURXJK PHDVXUHV
typically related to spacecraft design and operation,
DQG WKH JURZWK RI WKH GHEULV SRSXODWLRQ RYHU WKH
ORQJHUWHUP E\ OLPLWLQJ WLPH VSHQW LQ WKH /(2
UHJLRQ DIWHU WKH HQG RI PLVVLRQ WR  \HDUV
,Q YLHZ RI WKH ORQJWHUP PLWLJDWLRQ JXLGHOLQHV
WKH RUELWDO DOWLWXGH VHOHFWHG E\ PRVW RI WKH
FRQVWHOODWLRQV LV D FRQFHUQ :KLOH WKH UHPQDQW
DWPRVSKHUH LQ QHDU (DUWK VSDFH DXWRPDWLFDOO\
OLPLWV WKH RUELWDO OLIHWLPH WKURXJK WKH GHFHOHUDWLQJ
forces of atmospheric drag, this effect diminishes
ZLWK LQFUHDVLQJ DOWLWXGH
6SDFHFUDIW DERYH  NP W\SLFDOO\ FDQQRW UHO\
RQ QDWXUDO GHFD\ EXW KDYH WR DFWLYHO\ UHGXFH WKHLU
RUELWDO OLIHWLPH E\ PDQRHXYULQJ WR ORZHU DOWLWXGHV
after the end of mission. Failing to do this has led
WR WKH FXUUHQW GHWHULRUDWHG HQYLURQPHQW LQ WKH
 NP ]RQH 7KH SHDN VSDWLDO GHQVLW\ RI
PDQPDGH REMHFWV LQ WKLV UHJLRQ LV D UHVXOW RI WKH
absence of the atmospheric cleansing effects in
FRPELQDWLRQ ZLWK IUHTXHQW XVH
7KH RSHUDWLQJ DOWLWXGHV QRZ VHOHFWHG E\ PRVW
RI WKH PHJDFRQVWHOODWLRQV FRUUHVSRQG WR TXDVL
HWHUQDO RUELWDO OLIHWLPHV 7KH\ DUH QRW IDLOVDIH LQ
the sense that satellites have to rely on a technical
IXQFWLRQ WKDW DFWLYHO\ ORZHUV WKH RUELWDO DOWLWXGH
E\ VHYHUDO KXQGUHGV RI NLORPHWUHV DIWHU WKH HQG
RI PLVVLRQ Ø DQG WKH VXFFHVVRIWKLVSURFHGXUH
FDQQRW EH JXDUDQWHHG

Background 90% PMD + Constellation 50% PMD
Background 90% PMD + Constellation 80% PMD
Background 90% PMD + Constellation 90% PMD
Background 90% PMD + Constellation 100% PMD
Background 90% PMD - No constellation
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Simulation results for
the evolution of the
population of objects
greater than 10 cm with
the background space
traffic implementing
mitigation measures
(with 90 percent success)
and the effect of a
mega-constellation
implementing mitigation
measures at various
success rates.

)RU WKH SXUSRVHV RI WKH VLPXODWLRQV WKH
EDFNJURXQG QRQFRQVWHOODWLRQ SRSXODWLRQ
FRQVLVWHG RI DOO REMHFWV ODUJHU RU HTXDO WR  FP
LQ VL]H ZKROO\ UHVLGLQJ LQ RU FURVVLQJ WKH /(2
UHJLRQ RQ  -DQXDU\  DQG GHULYHG IURP WKH
(6$ 0HWHRURLG DQG 6SDFH 'HEULV 7HUUHVWULDO
(QYLURQPHQW 0$67(5 PRGHO
7R VWXG\ WKH HIIHFW RI H[LVWLQJ JXLGHOLQHV LQ YLHZ
RI WKH FRQVWHOODWLRQ VDWHOOLWH WUDIĂF DQG EHKDYLRXU
LQ LVRODWLRQ LQ D ĂUVW VWHS DOO RWKHU VLPXODWHG
REMHFWV ZHUH DVVXPHG WR KDYH D KLJK SRVWPLVVLRQ
GLVSRVDO 30' VXFFHVV UDWH $ 0RQWH &DUOR 0& 
DSSURDFK XVLQJ UHSHDWHG UDQGRP VDPSOLQJ
ZDV XVHG WR VLPXODWH WKH HYROXWLRQ RI WKH REMHFW
SRSXODWLRQ RYHU D SHULRG RI  \HDUV IURP 
-DQXDU\  DQG XQGHU GLIIHUHQWSRVWPLVVLRQ
GLVSRVDOUHTXLUHPHQWV

Some future scenarios suggest the space debris
population has reached a tipping point such that
collisions will increase in frequency even in the
absence of new space traffic
7KH UHVXOWV UHYHDOHG WKDW WKH FXUUHQW PLWLJDWLRQ
PHDVXUHV DUH VXLWHG WR OHYHORII WKH JURZWK LQ WKH
QXPEHU RI REMHFWV JUHDWHU WKDQ  FHQWLPHWUHV
LQ WKH EDFNJURXQG VSDFHWUDIĂF $GGLQJ WKH
FRQVWHOODWLRQ VFHQDULR WR WKLV YDULRXV SKDVHV
FRXOG EH GLVWLQJXLVKHG 7KH ĂUVW SKDVH ZDV
D VWHHS SRSXODWLRQ LQFUHDVH ZKLFK H[WHQGHG
IURP WKH ODXQFK RI WKH ĂUVW VDWHOOLWHV RI WKH
FRQVWHOODWLRQ XQWLO WKHVH VDWHOOLWHV VWDUWHG WR UH
HQWHUGXHWRSRVWPLVVLRQGLVSRVDOPDQRHXYUHV
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The operating
altitudes
now selected
by most of
the megaconstellations
correspond
to quasieternal orbital
lifetimes
Currently observed
practice in implementing
post mission disposal for
spacecraft in LEO (less
than 2000 km) and
historical trends (top: all
spacecraft, bottom:
spacecraft that require
active disposal
manoeuvres).
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 \HDUV DIWHU WKHLU ODXQFK LQ WKLV VFHQDULR  ,Q
WKH VKRUW VHFRQG SKDVH IURP  WR  WKH
VDWHOOLWH UHSODFHPHQW UDWH DQG WKH UHHQWU\ UDWH
ZHUH DOPRVW WKH VDPH GLIIHULQJ RQO\ EHFDXVH 
percent of the constellation satellites failed to
PHHW WKH GLVSRVDO UHTXLUHPHQW 
7KH WKLUG SKDVH VKRZHG D VWHHS SRSXODWLRQ
decrease, which started at the end of the
FRQVWHOODWLRQ PLVVLRQ DQG HQGHG ZKHQ WKH ODVW GH
RUELWHG VDWHOOLWH UHHQWHUHG  \HDUV ODWHU DQG WKH
ĂQDO SRVWFRQVWHOODWLRQ SKDVH VKRZHG D JUDGXDO
SRSXODWLRQ JURZWK WKDW GHSHQGHG RQO\ RQ WKH
EHKDYLRXU RI WKH EDFNJURXQG SRSXODWLRQ DQG RQ
WKH HIIHFWV FDXVHG E\ WKH FRQVWHOODWLRQ VDWHOOLWHV
WKDW GLG QRW PHHW WKH GLVSRVDO UHTXLUHPHQW
To analyse the effect on the distinct phases
LGHQWLĂHG DERYH DQG DULVLQJ IURP GLIIHUHQW
implementation levels by the constellation
VDWHOOLWHV RI D \HDU 30' UHTXLUHPHQW ZH
FRPSDUHG WKH WUHQGV IRU 30' LPSOHPHQWDWLRQ
OHYHOV RI  SHUFHQW  SHUFHQW  SHUFHQW DQG
 SHUFHQW ,W ZDV YHU\ DSSDUHQW WKDW WKH ORQJ
WHUP HYROXWLRQ RI WKH /(2 SRSXODWLRQ EH\RQG
WKLVSKDVHZDVJUHDWO\LQăXHQFHGE\WKHH[WHQWRI

VXFFHVVIXO LPSOHPHQWDWLRQ RI WKH 30'JXLGHOLQHV
among the constellation satellites.
7KH ORZHU WKH VXFFHVV UDWH WKH KLJKHU WKH
QXPEHU RI FRQVWHOODWLRQ VDWHOOLWHV WKDW ZHUH
OHIW LQ RUELW 7KLV DFFXPXODWLRQ RI VDWHOOLWHV
DQG WKHLU LQWHUDFWLRQ ZLWK WKH EDFNJURXQG
SRSXODWLRQ UHVXOWHG LQ D GHWULPHQWDO HYROXWLRQ RI
WKH SRSXODWLRQ HJ D GRXEOLQJ RI WKH SRSXODWLRQ
E\  DQG D ĂYHIROG LQFUHDVH E\ WKH HQG RI
WKH SURMHFWLRQ SHULRG IRU WKHSHUFHQW30'
implementation level.
7KH VXFFHVVIXO LPSOHPHQWDWLRQ RI SRVW
PLVVLRQ GLVSRVDO E\ DQ DYHUDJH RI PRUH WKDQ 
SHUFHQW RI WKH FRQVWHOODWLRQ ZDV UHTXLUHG IRU DQ
LQYDULDQW SRSXODWLRQ LQ WKH ORQJWHUP ,I VXFK
LQYDULDQW EHKDYLRXU ZDV WR EH JXDUDQWHHG HYHQ
for a scenario with more than one constellation, a
VXFFHVV UDWH RI  SHUFHQW ZDVQHHGHG

Post mission disposal
7KH DQDO\VLV DERYH UDLVHV WKH TXHVWLRQ RI WKH
VXFFHVV OHYHOV WKDW FDQ DFWXDOO\ EH H[SHFWHG WR
FRPH ZLWK WKH PHJDFRQVWHOODWLRQ  ZKLFK LV D
GLIĂFXOW RQH WR DQVZHU $ ĂUVW LQGLFDWLRQ FRXOG
KRZHYHU EH REWDLQHG IURP D UHYLHZ RIWKHVXFFHVV
rates observed in the recent past.
(6$ H[SHUWV UHJXODUO\ UHSRUW RQ WKH JOREDO
achievements in post mission disposal. This
LQIRUPDWLRQ LV JDWKHUHG IURP WKH DXWRPDWHG
DQDO\VLV RI VXUYHLOODQFH GDWD RQ /(2 DQG
JHRVWDWLRQDU\ *(2 REMHFWV $ERXW  VDWHOOLWHV LQ
/(2 UHDFK HQG RI OLIH SHU \HDU 6LQFH WKH EHJLQQLQJ
RI WKH DQDO\VLV HIIRUWV LQ  WKH DQQXDO 30'
VXFFHVV UDWH KDV ZDYHUHG DURXQG D OHYHO RI DERXW
 SHUFHQW ZKLFK PHDQV WKDW URXJKO\VDWHOOLWHV
get ‘stranded’ in space each year.
$ FORVHU ORRN DW WKH VXFFHVVIXO FDVHV UHYHDOV
WKDW WKH FOHDU PDMRULW\ QHYHU KDG WR LPSOHPHQW
DQ\ SRVW PLVVLRQ GLVSRVDO EXW WKH RULJLQDO PLVVLRQ
RUELW ZDV ORZ HQRXJK WR HQVXUH QDWXUDO UHHQWU\
2I WKRVH VDWHOOLWHV RQ KLJKHU RUELW RQO\ D VPDOO
IUDFWLRQ SHUIRUPHG D GHRUELWLQJ DWWHPSW DQG
RQO\ KDOI RI WKH DWWHPSWV DFWXDOO\ ORZHUHG WKH
DOWLWXGH VXIĂFLHQWO\ ,Q UHFHQW \HDUV WKHUH KDV
been a weak trend towards implementing post
PLVVLRQ GLVSRVDO DWWHPSWV WKDWUHDFKHGDVXFFHVV
UDWH RI RQO\  SHUFHQW
Breaking down this analysis for satellites per
PDVV FODVV UHYHDOV WKDW VDWHOOLWHV RI OHVV WKDQ 
NLORJUDPV W\SLFDOO\ FXEHVDWV REYLRXVO\ EHQHĂW
IURP WKH ORZ PDVVWRDUHD UDWLRV DQG ODUJH
VDWHOOLWHV JUHDWHU WKDQ RQH WRQQH EHQHĂW IURP WKH
FDSDELOLW\ WR SHUIRUP PDQRHXYUHV DQG WKH IDFW WKDW
PRVW RI WKHVH PLVVLRQV RFFXU LQ ORZ DOWLWXGH RUELWV
HJ&RVPRVW\SH(DUWKREVHUYDWLRQVDWHOOLWHV 

Special Report

Background traffic influence
6LPXODWLRQV VKRZQ VR IDU DVVXPHG WKDW DOO RWKHU
VSDFHIDUHUV WKH EDFNJURXQG WUDIĂF DGKHUHG WR
SRVW PLVVLRQ GLVSRVDO JXLGHOLQHV ZLWK D VXFFHVV
UDWH RI  SHUFHQW ([DPLQLQJ UHFHQW SHUIRUPDQFH
UHFRUGV KRZHYHU UHYHDOHG WKDW WKH FXUUHQWO\
DFKLHYHG UDWH LV DFWXDOO\ DURXQG  SHUFHQW
7KH VLPXODWLRQ ZDV WKHUHIRUH UHSHDWHG XVLQJ
WKH PRUH UHDOLVWLF DVVXPSWLRQ RI  SHUFHQW 30'
VXFFHVV UDWH IRU WKH EDFNJURXQG VSDFH WUDIĂF
:KHQ FRPELQHG ZLWK D PHJDFRQVWHOODWLRQ
DGKHULQJ WR WKH JXLGHOLQHV ZLWK  SHUFHQW VXFFHVV
LH WKH LQYHUWHG VFHQDULR  WKH VLPXODWLRQ VKRZHG
WKDW WKH EDFNJURXQG WUDIĂF SOD\HG D QRWDEOH UROH
LQ WKH IXWXUH WUHQG +RZHYHU ZLWK WKH EDFNJURXQG
DFKLHYLQJ  SHUFHQW DQG WKH FRQVWHOODWLRQ 
SHUFHQW WKH LQăXHQFH RI WKH PHJDFRQVWHOODWLRQ RQ
WKH HQYLURQPHQWDO WUHQGV ZDV PXFK VWURQJHU WKDQ
WKH LQăXHQFH RI WKH UHPDLQLQJ VSDFHăLJKW DFWLYLWLHV
In other words, there is a considerable and
XQSUHFHGHQWHG UHVSRQVLELOLW\ IRU D VLQJOH
operator to implement the technologies
and operations paradigm to preserve the
environment for all spacefarers.

100000
Background 60% PMD + Constellation 60% PMD
Background 60% PMD + Constellation 90% PMD
Background 90% PMD + Constellation 90% PMD
Background 90% PMD - No constellation
80000
Number of Objects in LEO > 10cm

+RZHYHU VPDOO VDWHOOLWHV RI EHWZHHQ  NJ
DQG  NJ ZKLFK DUH RIWHQ HTXLSSHG ZLWK
SURSXOVLRQ V\VWHPV KDG D VXFFHVV UDWH RI OHVV
WKDQ ĂYH SHUFHQW IRU DFWLYHO\ FOHDULQJ KLJKHU
RUELWV ,W LV D FRQFHUQ WKDW WKH QXPEHU RI REMHFWV
in this size class is expected to rise in view of the
DQQRXQFHG FRQVWHOODWLRQV
$ SRVW PLVVLRQ GLVSRVDO VXFFHVV UDWH RI VXFK ORZ
RUGHU LV DOVR REVHUYHG LQ FXUUHQWO\ RSHUDWHG ODUJH
FRQVWHOODWLRQV LQ KLJKHU /(2 RUELWV VXFK DV WKRVH
RI ,ULGLXP DQG *OREDOVWDU $V SUHYLRXVO\ VKRZQ
ORZ VXFFHVV UDWHV KDYH GUDPDWLF HIIHFWV RQ WKH
HQYLURQPHQW DQG VXFFHVV UDWHV RI  SHUFHQW RU ORZHU
HYHQ FDXVHG GLIĂFXOWLHV WR WKH VLPXODWLRQ PRGHOV
GXH WR WKH LQWHQVLĂHG RQVHW RI FROOLVLRQDO FDVFDGLQJ
OHDGLQJ WR XQPDQDJHDEOH IUDJPHQW QXPEHUV
$ TXDQWXP OHDS LQ WKH UHOLDELOLW\ RI WKH HPSOR\HG
post mission disposal technology and operations
SDUDGLJPV LV UHTXLUHG LQ RUGHU WR UDLVH WKH FXUUHQW
OHYHO RI OHVV WKDQ  SHUFHQW WR DOPRVW SHUFHQW
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Simulation results for
the evolution of the
population of objects
greater than 10cm with
both the background
space traffic and a
mega-constellation
implementing mitigation
measures at various
success rates.

Break-ups
,Q DGGLWLRQ WR 30' WKH WHFKQRORJ\ DQG UHOLDELOLW\
to be developed for the constellations will have
WR DGGUHVV WKH SUHYHQWLRQ RI EUHDNXSV (YHQ
PRGHUQ VSDFHFUDIW FDQ EUHDN XS HJ LQ WKH FDVH
RI WRWDO IDLOXUH SUHYHQWLQJ SDVVLYDWLRQ UHPRYDO RI
DQ\ LQWHUQDO HQHUJ\  /DUJH VHULHV RI VSDFHFUDIW
EHDU WKH DGGLWLRQDO ULVN WKDW IDXOW\ SDUWV ZLOO EH
SUHVHQWLQVHYHUDOVSDFHFUDIW6XFKSDUWVFDQ

2050

Some 46
satellites get
‘stranded’ in
space each
year

RIWHQ UHYHDO WKHLU GHWULPHQWDO EHKDYLRXU ORQJ
after the mission, after the last of the spacecraft
VHULHV KDV EHHQ ODXQFKHG
6XFK D FKDLQ RI HYHQWV ZDV REVHUYHG ZLWK WKH
12$$ 'HIHQVH 0HWHRURORJLFDO 6DWHOOLWH 3URJUDP
' VHULHV ZKLFK ZHUH DOO IRXQG WR EH HTXLSSHG
with a battery charger that made batteries
VXVFHSWLEOH WR H[SORVLYH UXSWXUH
6XFK D GHVLJQ ăDZ LQ D ODUJH VHULHV RI PHJD
FRQVWHOODWLRQ VDWHOOLWHV WKDW DUH TXLFNO\ ODXQFKHG
RQH DIWHU DQRWKHU ZRXOG KDYH GLVDVWURXVHIIHFWV
IRU WKH VSDFH HQYLURQPHQW LQ /(2
)LQDOO\ LW VKRXOG QRW EH IRUJRWWHQ WKDW HYHQ
DSSDUHQWO\ KLJK 30' VXFFHVV UDWHV RI  SHUFHQW
VWLOO PHDQ D ĂYH SHUFHQW IDLOXUH UDWH RIWHQ OHDGLQJ
WR WKH ORVV RI D QRQSDVVLYDWHG VSDFHFUDIW )RU
D PHJD FRQVWHOODWLRQ WKLV FRXOG PHDQ GR]HQV RI
EUHDNXSV SHU \HDU ZLWK VHYHUH HIIHFWV IRU WKH
FRQVWHOODWLRQLWVHOIEXWDOVRHYHU\RWKHUVSDFHIDUHU
LQ /(2
:H PD\ FRQFOXGH WKDW LQWHUQDWLRQDO VSDFH
GHEULV PLWLJDWLRQ JXLGHOLQHV DUH DGHTXDWH WR
PDQDJH WKH VSDFH HQYLURQPHQW EXW LQ WKH
presence of one or more mega constellations
they only generate the desired effect when they
are perfectly adhered to. Today’s practice is far
DZD\ IURP WKH UHTXLUHG VXFFHVV UDWHV )DLOLQJ WR
PHHW WKHP ZLOO KDYH GHWULPHQWDOFRQVHTXHQFHV
IRUDOOIXWXUHVSDFHIDUHUV
About the author
'U +ROJHU .UDJ LV KHDG RI (6$ÛV 6SDFH 'HEULV 2IĂFH DW (6$(62& LQ
'DUPVWDGW *HUPDQ\ DQG KH UHSUHVHQWV (6$ LQ WKH ,$'& 7KH 6SDFH
'HEULV 2IĂFH SOD\V D OHDGLQJ UROH LQ WKH UHVHDUFK DQG GHYHORSPHQW
RI VSDFH VXUYHLOODQFH WHFKQRORJ\ LQ (XURSH DQG VLQFH  LW KDV
EHHQ VWXG\LQJ HQYLURQPHQWDO LVVXHV LQ UHODWLRQ WR XSFRPLQJPHJD
FRQVWHOODWLRQVMRLQWO\ZLWK(XURSHDQH[SHUWJURXSV
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Urgent action needed
to keep satellites
safe in orbit

The geostationary orbit (GEO) satellite belt is a unique location above
Earth affording a continuous line-of-sight to satellite uplink and downlink
stations. The volume defined by this belt - the altitude at which the orbital
period exactly matches the rotation of Earth - is large but available slots are
limited. Increasingly over the last 50 years, it has become more crowded
as humankind has launched more and more satellites. Uncontrolled,
incapacitated satellites and an ever growing amount of space debris
pose significant hazards - and the only way for satellite operators to
avoid collisions with space objects is to manoeuvre them out of harm’s
way. Knowing when and where to manoeuvre requires space situational
awareness (SSA) - just one aspect needed to maintain safety of flight in this
highly valuable orbital regime.

Mark A. Skinner
Boeing Research
& Technology,
Albuquerque, New
Mexico
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rom the point of view of an SSA practitioner,
what are the key issues and dangers
surrounding the current situation in the GEO
belt? And what is the best possible set of
near-term actions involving international cooperation
through bodies such as the United Nations
Committee On the Peaceful Uses of Outer Space (UN
COPUOS), data sharing between actors in the space
arena, public and private sector SSA efforts, and

F

nascent research efforts into active space debris
removal? Where should limited available resources be
applied to effect the best possible outcome?

Key issues and dangers
Satellites in GEO operate in a harsh environment
(including being in a vacuum and having to deal
ZLWK QDWXUDO DQG DUWLĂFLDO KD]DUGV VXFK DV LQFUHDVHG
radiation and charged particles, orbital debris, space
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weathering, etc.) at long distances that generally
preclude making repairs to orbiting systems. But a
VORW DW *(2 LV D YDOXHG ĂQLWH UHVRXUFH DQG WKHUH LV
competition between countries and companies to
XVH LW :KDW DUH WKH PDMRU LVVXHV DQG KD]DUGVWKDW
are part of operating in the GEO orbit?
The year 1963 saw the dawn of the commercial
VDWHOOLWH HUD ZLWK WKH ODXQFK RI WKH ĂUVW *(2
satellite, Syncom 2. Geosynchronous satellite
FRPPXQLFDWLRQV KDYH VLQFH EURXJKW PDQ\ EHQHĂWV
to mankind. But as a result of past activities in
space, a massive amount of space debris - nonfunctional and uncontrolled objects - has been left
in Earth orbit which poses a serious challenge to
the sustainability of outer space [1].
One source of larger debris in the GEO ring is
the population of non-functioning payloads and
upper stages that couldn’t be moved to higher
orbits, as is current practice, at their end of life [2].
These objects are trapped in one or both of the
two gravitational wells, or ‘pinch points’, caused
E\ WKH JUDYLWDWLRQDO DQRPDOLHV PRUH VSHFLĂFDOO\
perturbations related to the tesseral components
of the spherical harmonic expansion of the Earth
gravitational model) of the Earth at the Equator [3].
Objects trapped in the wells oscillate back and
forth, passing through the wells, the period and
amplitude of the oscillations being dependent on the
VSHFLĂF RUELWDO JHRPHWU\ 7KH REMHFWV WKXV WUDSSHG
DUH SULPDULO\ GHIXQFW SD\ORDGV LQFOXGLQJ WKH ĂUVW
commercial GEO communications satellite, Intelsat-1
F1 (‘Early Bird’) [4].

2
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0
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The oblateness of Earth
causes the existence of
two stable gravitation
wells [6] which ‘trap’
non-station-kept objects
in the geostationary ring.
The trapped objects are
mostly old payloads [7].

A slot at GEO is a valued,
finite resource and there is
competition between countries
and companies
The trapped objects represent a variety of
DJHV a \HDUV DQG VL]HV XS WR D IDFWRU RI
 LQ VL]H GLIIHUHQFH  DV ZHOO DV D QXPEHU RI
manufacturers and launching states. The trend
has been for fewer objects to become trapped
over the years, as operators follow improved
best practices [8]. However, the trapped objects
will remain in GEO, and constitute a continuing
threat to operational spacecraft.
Besides the larger (greater than a few square
metres in cross sectional area) tracked objects
found in the public domain catalogue [9],
observational campaigns estimate around 500
unknown, un-catalogued debris objects brighter
WKDQ  YLVXDO PDJQLWXGHV RU DERXW  FP LQ VL]H
assuming an albedo of 8%, in the geostationary
ULQJ >@ 7KLV ĂJXUH GRHV QRW LQFOXGH KLJK DUHD
to-mass (HAMR) objects drifting through the
GEO ring, nor does it include large station-kept
satellites not included in the public catalogue.
In addition, there is another class of objects
that is also of concern. These objects have high
area-to-mass ratios and their orbital elements
can change on time-scales of weeks to months

Below left: The
cumulative growth of the
number of defunct
satellites that orbit about
the western pinch point
(the geo-potential well at
105 W).
Below: The distribution
of objects that can be
correlated (in blue) with
the public catalogue, as
well as a new population
of faint objects that are
not found in the catalogue
(in red). The right-hand
distribution of
uncorrelated objects
contains the high
area-to-mass (HAMR)
objects [15].
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Geostationary satellites
- photograph taken by Bill
Livingston of the National
Solar Observatory on Kitt
Peak in Arizona (lat. 31.95,
long. 248.5). Camera
setting was f/6.3; focal
length80 mm; film:
Ektachrome 100 G.

by solar radiation pressure, which causes them to
periodically pass through the GEO belt [11, 12, 13, 14].

Space weathering and satellite aging
A modern communications satellite is a complex
system involving numerous subsystems that have
ĂQLWH OLIHWLPHV GXH WR PHFKDQLFDO ZHDULQJ HJ 6XQ
tracking solar panel bearings, momentum wheels,
etc.), limited propulsion resources (gas jets or
similar), and carefully engineered thermal surfaces
which can be subject to degradation due to space
‘weathering’ [17] or collisions with small debris.
Aging can be viewed as a continuous slight
degradation of the performance of some surfaces,
such as weathering of thermal surfaces, or it can
be a discrete event punctuated by ‘anomalies’, such
as failure of a critical component.
Even though satellite subsystems are
instrumented with sensors that provide health and
status, or ‘housekeeping’, data, not everything can
be sensed, and sometimes the housekeeping data
stream is unavailable.
It is important that GEO satellites remain
functional until the end of their useful lives
when they can be re-orbited into the GEO
disposal, or ‘graveyard’ orbit [18], deplete their
stored energy sources and be decommissioned.
A satellite that is not properly disposed of only
becomes a new element of the debris picture,
although it has been speculated that even
satellites in the graveyard orbit may possibly
shed debris that could drift into the protected
*(2]RQHRUORZHU>@

Trapped objects will remain in GEO,
and constitute a continuing threat to
operational spacecraft
24 ROOM

Limited resources
Given the various near-term actions that might
HQKDQFH WKH VDIHW\ RI ăLJKWV IRU VDWHOOLWHV LQ *(2
where should the next dollar be spent and what
could have the biggest impact in the short term?
International cooperation, in this regard,
means multilateral discussions, conferences and
workshops (e.g. UN COPUOS meetings). Certainly
a large COPUOS-style meeting might cost about
US$4 million for a 10-day meeting (estimated by
labour, travel, lodging and per diem costs), which
is much less expensive than the US$50 million
projected price for a Falcon 9 launch (excluding
the cost of the payload) [21].
Talk is often described as ‘cheap’ but, as the ranks
of actors in the space area continues to grow, these
efforts are certainly needed to keep the existing
problem from getting worse. Given the deliberative
nature of such bodies, however, and the need for
consensus, nothing happens very quickly.
If the UN COPUOS were to increase its meeting
schedule by a factor of two, could it increase its output
by a similar factor, or decrease the time needed to get
‘results’ (treaties, guidelines, reports on best practices,
etc.)? Probably not, as time between meetings is used
by delegations to confer with their Capitals, to read,
discuss, and form positions on issues.
Data sharing is also relatively inexpensive and can
DOORZ LQIRUPDWLRQ WR ăRZ IURP WKH ÚEHVWÛ VRXUFHV WR
WKRVH ZKR QHHG LW $OO RSHUDWRUV ZRXOG EHQHĂW IURP
exchanging information on their satellites with
the owners and operators of other satellites, along
the lines of the Space Data Association (SDA), and
it is important to have contact information readily
available for emergency situations.
Yet the likelihood of two operational satellites
colliding with each other continues to be low. Of
greater concern are the defunct satellites and
populations of space debris, for which there are no
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A satellite that
is not properly
disposed of
only becomes
a new element
of the debris
picture

operators providing information. Something that
could be useful immediately would be a centre for
the exchange of data collected on debris.
A model for such could be the Minor Planet
Center (MPC), which acts in a similar function for
near-Earth objects and employs a staff of only six
IXOOWLPH HPSOR\HHV >@ 6XFK D FHQWUH ZRXOG ĂOO D
need, as currently there is no existing data centre
to exchange comprehensive orbital information
on space debris (many debris objects do not
appear in the SpaceTrack.org catalog). A global
SSA data centre, while worthy of discussion in an
international context, is no doubt something that
would be further removed in the future, given the
timescales on which international discussions take
place, but could happen much sooner if interested
participants join together and make it happen.
While a space debris data centre would be a
convenient and useful tool to allow the exchange
of information, we still need to develop additional
sources for the information that is to be exchanged.
While there may exist a market for commercial
SSA services for GEO satellite operators [23], it is not
clear if a similar situation exists on a large scale for
space debris. So how are we to collect such data?

Happily, ground-based optical telescopes
provide a good, proven and inexpensive solution
to this problem. As the astronomical community
advanced the state-of-the-art observatory from
1-2 m diameter telescopes to 4 m, and then to
8-10 m, and soon to 30 m or larger, there exist a
number of functioning, or recently mothballed,
smaller observatories that could be used if funding
were available to operate and maintain them.
This seems another best use of the ‘next’
dollar: funding additional sources of highquality observations of space debris. National
space agencies or science foundations might
set up a series of operations and maintenance
service contracts with colleges and universities
that have such underused assets, and perhaps
even with motivated teams of experienced
amateur astronomers. Industrial groups
might also be willing to participate, perhaps
motivated by profit or for reasons of outreach
to enhance STEM (science, technology,
engineering and maths) participation by
students or the public [24].
Active Debris Removal (ADR) will need to be
accomplished at some point because even under

Definition of the GEO
protected region as per
IADC guideline 3.3.2 [2].
This defines a toroid-like
band that encircles Earth.
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The calculated
sub-latitude and sublongitude (ground tracks)
for two HAMR objects
observed from Maui,
spanning five days. The
filled circles at zero
degrees latitude represent
the locations of a subset
of the geostationary
satellite [16].

best-case scenarios we cannot expect 100%
compliance with any set of disposal guidelines. With
more objects being launched to GEO, there will
always be a certain fraction of items that are not deorbited prior to their end-of-life. Additionally, there
exists the ever-present danger of debris-on-debris
collisions for objects trapped in the GEO belt.
ADR will be expensive; it will require multiple
ODXQFKHV RI PDQ\ VDWHOOLWHV WKDW FDUU\ VXIĂFLHQW
fuel to impart the necessary ‘delta-V’ to the
spinning, tumbling debris objects that need to be
removed from the GEO belt. It will also necessitate
the resolution of some thorny legal issues in an
international setting. Thus, ADR is a high-cost,
long lead-time activity. But are there any aspects

of it that might be done cheaper and/or on
shorter timescales?
Certainly characterisation of space objects (an
SSA task) is key to ADR. Before one might attempt
to do anything with a candidate object, one would
want to know as much as possible about that
object. How big is it? At what rate and about what
set of axes does it rotate? What is the area-to-mass
ratio? What surface and thermal properties can be
determined for the object]? These are all questions
that can be answered by ground-based optical
observations using existing technology.
Are there other schemes that might serve as well
as full-blown removal, or act as stopgaps until ADR is
achievable? One idea is ‘just in time’ debris trajectory
adjustment [25]: this scheme involves expelling
compressed cold gas into the orbit of a debris
object to change its course a short time before it is
predicted to collide with another object.
This might be achievable with a few satellites
stationed near the two GEO ‘pinch points’, that
would be called upon as needed. It does not solve
the long-term problem because it does not actually
remove debris but it solves the immediate problem of
preventing collisions. It gets around the ‘probability’
problem by only interacting with objects that are
actually a threat, and it greatly reduces the energy
needed, compared to actually de-orbiting the object.
$QRWKHU SRVVLEOH ĂUVWVWHS FRXOG EH WR DWWDFK
small beacons on debris and defunct satellites to
aid in their tracking. It might have similar legal
and political problems to actual ADR but it could
greatly aid in tracking and identifying such objects
and it would be technically much easier.
Therefore, given that ADR will require
international cooperation, technology
development and multiple launches, it is neither
cheap, quick or easy. Yet, if we want to maintain
a sustainable use of the GEO belt, it is something
that will need to be done in the long-term.
Thus, we should continue to investigate ADR, its
derivatives and similar alternatives, though it is
probably unfeasible to begin constructing any
deployable systems for the near future.

What can be done now?
The GEO belt is a shared resource for use by the
human race but continued safe access to this
UHVRXUFH LV QRW DVVXUHGFKLHă\IRUUHDVRQVRIRXU
own making.
Existing and future space debris threatens safe
operations of satellites in this orbital regime. The
space-faring nations whose actions contributed to
the current situation will need to show leadership
regarding actions needed to ameliorate the problem.
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The GEO belt is a shared
resource for use by the
human race but continued
safe access to this resource
is not assured chiefly for
reasons of our own making
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World needs
strong space
governance
system
For over two, years some 80 space scientists,
engineers, entrepreneurs, regulators and
space lawyers from around the world have
been engaged in an ‘International Study on
Global Space Governance’. In advance of its
publication later this year, the articles in
this special section of ROOM highlights key
aspects of the study and assess some of the
many challenges to establishing a viable and
effective rule of law governing activities in
outer space.

Ram S. Jakhu
Director, Institute of
Air and Space Law,
McGill University,
Canada

Tanveer Ahmad
Executive Director,
Centre for Research
in Air and Space Law,
McGill University,
Canada
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Space Security

he global security landscape darkened
in 2016 as the international community
failed to effectively come to grips with
some of humanity’s most pressing
existential threats, namely nuclear weapons and
climate change.
As a result, on 26 January 2017 the Bulletin of
the Atomic Scientists - which informs the public
of threats to the survival and development of
humanity from nuclear weapons, nuclear energy,
climate change and biosecurity - moved the hands
on its infamous Doomsday Clock 30 seconds closer
to midnight. It believes humanity is now just ‘two
minutes and 30 seconds’ away from annihilation.
The only other time it has been closer to
midnight was in 1953, when it was set at just two
minutes from ‘Doomsday’, as the Soviet Union and
the United States tested new hydrogen weapons.
In July 2014, commenting on the state of the
world, the former US Secretary of State Madame
Madeleine Albright acknowledged, “To put it
mildly, the world is a mess.” Shortly before, at the
2nd Manfred Lachs Conference on Global Space
Governance at McGill University in Montreal,
Canada, Prof Barry Kellman had observed, “Space
is a mess. It is a physical mess [and]... is also a
legal mess.”

T

What is increasingly lacking is
a prudent, efficient and strong
global governance - including a
robust space governance system
Technology, be it nuclear, space systems or
anything else, is important for the well-being of
humanity. However, it is law and order that will help
QRW RQO\ LQ PDNLQJ HFRQRPLF DQG VRFLDO EHQHĂWV RI
technology expand in an equitable manner, but also
in ensuring the very survival of the human race.
The world is fast becoming a ‘failed State’ and
we believe the main reason for such a looming
catastrophe - the muddled state of the world and
disorder in outer space - is the current global
geopolitical environment, which is resulting
from narrow unilateralism and ultra-nationalism
mainly by major powers in the wake of increasing
globalisation in every sphere of human activity.
The nations, which initiated and aggressively
pushed for globalisation in the 1970s and ’80s,
seem to feel that they are losing their power and
hegemony and, thus, are reverting to nationalistic
policies and are opposing globalised decisionmaking and international lawmaking processes.
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There is also no effective regulatory means in
place to control the exponential increase in space
debris and no regulatory effort is underway to
facilitate debris removal
In other words, what is increasingly lacking is
D SUXGHQW HIĂFLHQW DQG VWURQJ JOREDO JRYHUQDQFH
- including a robust space governance system. By
global space governance we mean a collection of
space-related international binding agreements
and non-binding guidelines (and codes of
conduct) as well as the concerned international
institutions. National legislation and institutions
concerned with space and related matters play a
crucial role in this governance process.
What we are witnessing is not only retraction
from the further development of highly needed
international rules to facilitate and regulate space
activities, but also the weakening or abandoning of
the international institutions that remained, until the
mid-1970s, the global centre for space diplomacy.
For space-related affairs, the most important
of such institutions is the UN (United Nations),
particularly its Committee on the Peaceful Uses
of Outer Space (UNCOPUOS).
When the Space Age began in 1957 at the height
of the Cold War, both the Soviet Union and the US
strived to have détente in the new environment. They
agreed to dedicate outer space for peaceful purposes
DQG IRU WKH EHQHĂW RI WKH ZKROH RI KXPDQLW\ D
gesture welcomed by the international community.
7KH 81 *HQHUDO $VVHPEO\ LQ LWV ĂUVW
resolution on outer space, adopted on 13
December 1958, expressed the common aim to
use outer space only for peaceful purposes, to
avoid the extension of present national rivalries
LQWR WKLV QHZ ĂHOG DQG WR SURPRWH HQHUJHWLFDOO\
the fullest exploration and exploitation of outer
VSDFH IRU WKH EHQHĂW RI KXPDQNLQG
These principles were elaborated in succeeding
UHVROXWLRQV WKDW EHFDPH WKH EDVHV RI WKH ĂYH
UN core space treaties and several resolutions.
Collectively, they form the framework and the
primary system of global space governance. The
foundational agreement of the system is the 1967
Outer Space Treaty, which is the most adhered to
space treaty. More importantly, it contains several
principles that have become a part of customary
international law, thus apply to all nations,
whether or not they are parties to the Treaty.
The global space economy is currently valued
at US$320 billion annually and continues
to expand from traditional applications -
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communications, broadcasting, weather
forecasting, navigation, medicine, security and
remote sensing - to embrace space tourism,
space mining, space-based solar power, and the
future settlement on the Moon and Mars.
Along with this, the number of space players
is fast increasing, traditional space agencies and
large corporations being boosted by a growing
number of entrepreneurial private space
companies. In stark contrast, the development
of a global space governance system is at a
standstill and existing measures are rapidly
EHFRPLQJ LQHIĂFLHQW DQG XQDEOH WR FRSH
This is compounded by a newly emerging
inward-looking geopolitical situation, of which
the directions being taken in the US by President
Trump and by the United Kingdom over Brexit
might be cited as prime examples.
&RQVHTXHQWO\ VLJQLĂFDQW DUHDV RI VSDFH
DFWLYLW\VSDFHWUDIĂFPDQDJHPHQWRUELWDO

PRINCIPLES AND RULES OBSERVED
IN THE CURRENT GLOBAL SPACE
GOVERNANCE SYSTEM
States are obliged to explore and use outer space
and celestial bodies for the benefit and in the
interests of all states, irrespective of their economic
and scientific development
States are free to explore and use outer space and
celestial bodies on the basis of equality
States and their private entities are prohibited
to appropriate, by any means, outer space and
celestial bodies
States are internationally responsible and could
be held liable for their national, public or private
space activities
States are prohibited from establishing military
bases, testing any type of weapons, and conducting
military manoeuvres on the Moon and celestial bodies
States are forbidden from placing in orbit around the
Earth nuclear weapons or any other kind of weapons
of mass destruction
States are to be guided by the principle of
cooperation and mutual assistance, and must
conduct all their space activities with due regard for
the corresponding interests of other States
States are entitled to exercise their inherent right of
self-defence in case of an armed attack.
More importantly, the existing global space
governance system has aimed to strike a fair balance
between the interests of all nations.
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debris, unilateral exploitation of natural space
resources, growing military and strategic uses of
space, and the contamination of both Earth and
VSDFH HQYLURQPHQWV  UHPDLQ ZLWKRXWVSHFLĂF
regulatory control and guidance.
The 2015 ‘Space Resource Exploration and
Utilization Act’ of the US initiated an international
controversy, since it unilaterally allowed national
private property rights over natural resources
from asteroids and the Moon, an action considered
contrary to the well established international
prohibition of property rights in space.
Shortly afterwards, Luxembourg and the
United Arab Emirates indicated they would
also draft legislation regarding space mining
activities and the former has already adopted
a draft law to this effect. It is likely that more
States will follow these examples, setting in
motion the development of a very different set
of space governance principles.
Currently, there is also no effective regulatory
means in place to control the exponential
increase in space debris and no regulatory effort
is underway to facilitate debris removal - at
least the big pieces - which in themselves will
generate more debris as they collide in space.
Over the past six months, international news
media have carried regular stories on space
security and the prospect of war in space which
could affect operating satellites. For the world at
large, even a day without satellite systems could
be devastating and bring about the possibility of
serious disruption and damage of unimaginable

extent, scope and nature. One US Air Force
General is reported to have stated that after a
war in space, “You go back to World War II... you
go back to the Industrial Age”.
Most of the above issues can only be resolved
through better international cooperation and
understanding, which should in turn lead to the
expansion and strengthening of a global space
governance system built on solid legal principles.
The following sections of this feature expand
on the need for mechanisms of governance
FRYHULQJ VSHFLĂF DUHDV RI VSDFH DFWLYLWLHV DV
well as looking at issues that have to be resolved
in the longer term. The subject is complex and
these summary articles can only provide limited
information about global space governance as an
access point to the wider debate.
Rule of law is very important here on Earth
and, as we expand ever further outwards, this
is increasingly so in outer space as well. Space
matters for everyone and it is our combined
responsibility to ensure that the sustainable use of
RXWHU VSDFH LV DVVXUHG IRU WKH EHQHĂW DQG SHUKDSV
even ultimate survival of all humankind.

Space matters
for everyone
and it is our
combined
responsibility
to ensure that
the sustainable
use of outer
space is
assured for the
benefit of all
humankind
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The Bulletin of the
Atomic Scientists moved
the hands on its infamous
‘Doomsday Clock’ 30
seconds closer to
midnight in January 2017.
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Creating the future for
space applications and
their regulatory needs
Over the past six decades the world has moved through a number of very
different eras and now anticipates a fascinating, yet uncertain, future in
space. Our ability to make use of the immediate vicinity of our planet has
multiplied from the first lone Sputnik satellite to more than a thousand
satellites today. What are the primary satellite applications and what are
their evolving regulatory needs? How will we meet these new requirements,
and who will take responsibility for these, so that our satellites can continue
to provide their vital services? In short how do we create the future?
e use the term satellites every day,
but what does this word really mean?
7KH ĂUVW XVH RI WKH WHUP VDWHOOLWHV
goes back to the discovery of the
telescope and Galileo’s discovery of the moons of
Jupiter. He needed a name to describe these small
objects, rapidly rotating about the giant planet,
which was named after the powerful king of the

W

Satellites,
invisibly
embedded in
many aspects
of our modern
lives, are our
servants in
space
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gods, master of the sky and thunder of the
ancient Romans.
In Latin, a satelles (or plural satellitis) was an
attendant or servant of a powerful person, often
a slave, scurrying about doing the bidding of
its master. This seemed an appropriate name
for these newly discovered objects, and so they
became known as satellites.
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An incvreasing
number of satellite
constellations in coming
years will need focused
and specific global
traffic magaement rules.

Once Sputnik was launched, for several years,
REMHFWV ODXQFKHG LQWR RUELW ZHUH WHUPHG DUWLĂFLDO
satellites, but today we simply know them as
satellites. And it is an appropriate term. They are
our servants, the servants of humanity, scurrying
about our planet, doing our bidding and serving
our needs, providing a wide range of very practical
and useful services.
There are three, primary satellite applications
today. Satellite telecommunications, remote
sensing and Precision Navigation and Timing
(PNT). The global space industry today is a
commercial market of over US$322 billion per
year [Satellite Industry Association ‘2016 State
of the Satellite Industry Report’, prepared by the
Tauri Group].
The satellite segment is $230 billion in annual
global revenue and continues to grow. Over
half of this ($123 billion) is made up of satellite
services, with ground equipment some $60 billion
(including GPS receivers), satellite manufacturing
some $15 billion, and the launch industry some $6
billion. Most of this represents the commercial
satellite telecommunications industry.
Today the number of operational satellites in
Earth orbits exceeds 1300. These orbits range
from the geostationary arc (35,786 km) down to
very low Earth orbits (~200 to 2000 km). About
half of these are telecommunications satellites,
25% are civil and military remote sensing and
weather satellites, and 8% are for navigation. The
UHVW DUH UHVHDUFK DQG VFLHQWLĂF SODWIRUPV 6RPH
57 nation states operate at least one satellite, but
the vast majority of satellites are operated by the
major, spacefaring nations.

Satellite telecommunications is by far the
largest and most important of the three main
applications, and the largest commercial market.
It was Arthur C. Clarke who, back in 1945,
published his idea of three, equally spaced ‘radio
beacons’ in a stable, geostationary orbit, thus
providing near global and instant radio coverage.
Today we have hundreds of large and powerful
telecom satellites out in the ‘Clarke’ orbital plane,
broadcasting a never-ending stream of data,
broadcast, radio and TV. New constellations of
hundreds of small satellites in low Earth orbit
are being proposed as well. Our digital world is
connected by these orbital broadcasting systems.
Remote sensing satellites provide us with a
view back on our home planet, and are used for
a variety of purposes. Weather satellites, far out
in the Clarke geostationary arc, provide near
instantaneous warning of severe storms and
weather patterns. In lower, polar Sun-synchronous
orbits of some 500-800 km we have hundreds of
moderate and high resolution satellites constantly
mapping our planet, providing data on our
changing environment and applications as varied
as disaster response, urban planning, agriculture
and water resources.
Both passive and active radar satellites provide
us with the ability to map our world and our
impact upon it. Remote sensing also has vital
defence and military applications, and these
inherent dual use implications complicate the
international cooperation and regulatory aspects
of this vital capability.
Global Navigation Satellite Systems (GNSS)
are a more recent technology but have quickly

The landmark
space treaties
of 50 years
ago are now
relics of a past
world
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become a vital utility for our interconnected,
digital world. Starting with the US GPS system
in the late 1970s, we also now have positioning
and timing satellite systems operated by Russia,
China, India, and Europe.
These constellations of 20-30 satellites in
a medium orbit of ~20,000 km (and some in
GEO), constantly broadcast a stream of signals
that allow us to accurately locate ourselves,
navigate around our planet, and know our time
to a fraction of a second. Satellite navigation
systems have quickly become a vital aspect of
our interconnected digital world, and represent
a hidden component of many of our daily life
activities, including timing for our power grids,
the Internet and vehicle navigation, just to name
a few.
We are now moving into a far more integrated
satellite applications future, where telecoms,
remote sensing and navigation are being
integrated with Geographic Information Systems
(GIS), and are available on smart phones and apps
for new uses like Location Based Services, crowd
sourcing and big data analytics. The internet of
things is quickly becoming the internet of places
as well.
New, innovative, and disruptive technologies
such as cubesats, satellite constellations, and
rapid advances in computing and networking
are altering the space domain and putting
tremendous pressure on the existing order.
7KHUH DUH PDQ\ YHU\ GLIĂFXOW LVVXHV IDFLQJ WKH
satellite applications community. These are related
WR FRPSOH[ DQG GLIĂFXOW LVVXHV RI VSHFWUXP QHHGV
RUELWDO FURZGLQJ VSDFH WUDIĂFPDQDJHPHQW
liability and orbital debris.
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European Galileo
satellites in low Earth
orbit.

International
policy and
regulatory
issues must
find new
outlets for
constructive
and practical
decisionmaking
and conflict
resolution

The near-Earth orbital domain is severely
polluted with debris. We are quickly running
out of electromagnetic spectrum, which is a
ĂQLWH DQG OLPLWHG UHVRXUFH WKDW ZH PXVW OHDUQ WR
manage better in the face of tremendous pressure
to allocate existing space spectrum to new,
commercial terrestrial uses.
Orbital crowding, space debris and the resulting
QHHG IRU VSDFH WUDIĂF PDQDJHPHQW DUH TXLFNO\
becoming major priorities - but who will develop
the technologies and who will manage (and pay
for) these resources?
The proposal to launch a number of new low
Earth orbit constellations with hundreds and even
thousands of satellites each makes addressing
the orbital debris issue even more urgent. Will we
pollute space as we have done with Earth?
International policy and regulatory issues,
complicated by dual use, national security and
disruptive commercial developments, must
ĂQG QHZ RXWOHWV IRU FRQVWUXFWLYH DQG SUDFWLFDO
GHFLVLRQPDNLQJ DQG FRQăLFW UHVROXWLRQ
The landmark space treaties of 50 years ago are
now relics of a past world. How can we not only
update them to meet the needs of today but also
create the international policy framework for a
tomorrow we can only dimly see?
Existing space legal structures, including
liability, must be reconsidered to catch up with
the quickly evolving reality. Innovative new
commercial entrants, funded by venture capital
and armed with disruptive technologies and
perspectives, along with many traditionally non
spacefaring nations, are now competing for
increasingly limited orbital slots, spectrum, and
their own place in space.
Satellites, invisibly embedded in many aspects
of our modern lives, are our servants in space.
This will only increase in the future and so we
PXVW ĂQG D SDWK IRUZDUG LQWR D YHU\ GLIIHUHQW
world, a path that will allow us to continue to
grow and manage our use of near Earth space.
We need new ideas, new technologies, new
markets, new legal and policy structures, and new
ways of cooperating.
The future will be exciting if we can make a
success of managing these vital issues. Failure is
not an option. It is up to every one of us to create
our future in space. Let’s get to work and solve
these urgent space policy and regulatory issues.
About the author
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Will international
space law struggle to
remain relevant?
If there is one stand-out feature that encapsulates humankind’s adventures
in space over the past 60 years, it is the exponential growth and development
of space-related technology, which has given rise to possibilities that
would have been beyond contemplation even a few years earlier. This trend
looks set to gather pace over the coming years and decades. Here, Steven
Freeland argues that there is an urgent need for a more comprehensive and
‘holistic’ system of global space governance if international space law is not
to become irrelevant.

Steven Freeland
Professor of
International Law,
Western Sydney
University, Australia

The prospects
for the
future use of
outer space
offer both
tremendous
opportunities
and
challenges

ne of the characteristics associated with
the rapid development of space
technology is that comprehensive
standards of regulation cannot easily be
VSHFLĂHG LQ DGYDQFH 6LPSO\ SXW LI ZH GR QRW IXOO\
understand the technology - and the risks and
consequences associated with its use - then further
uncertainties and potential risks often result from
attempting to regulate for the ‘unknown’.

O

It is clear that the prospects for the future use of
outer space offer both tremendous opportunities
and challenges, whilst international law will
struggle to remain relevant and adequately address
all aspects of this seemingly irreversible dynamic.
Adding further complexity to the regulatory
framework necessary to address expanding
space technologies, the fundamental rules that
do exist arose at a time when the development of

LeoLabs, a commercial
provider of data to track
debris and prevent
collisions in low Earth
orbit (LEO), completed a
new addition to its
network of phased-array
radars this spring. The
Midland Space Radar
(MSR), located in Texas,
USA, is now operational
and providing high
resolution orbital data
on LEO-based satellites
and debris.

ROOM 35

Space Security

It is too easy for States not to abide by the terms
of voluntary non-binding instruments

Existing international
legal regimes are not
designed to cope with a
rising number of cubesats
flying in loose formation
some 500 km above Earth
- a more institutional form
of space traffic
management might now
be required.
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space-related technology was principally directed
towards military objectives.
The relationship between space activities and
military conduct had always existed in practical
terms, irrespective of the rules that had been
developed. It became self-evident to military
commanders that space technology could be
utilised to create an ‘integrated battle platform’ to
aid in the implementation of military strategy.
This embeddedness of space technology and
warfare has ratcheted up considerably since those
early days. It was during the Gulf War in 1990 that

the military value of space assets for the conduct
RI ZDUIDUH ZDV ĂUVW XVHG WR D VLJQLĂFDQW GHJUHH
‘Operation Desert Storm’ is now often referred to
DV WKH ÚĂUVW VSDFH ZDUÛ
The militarisation of space is therefore a given,
QRWZLWKVWDQGLQJ WKDW PDQ\ UHJDUG WKLV DV ă\LQJ
in the face of the Outer Space Treaty. The ‘nonmilitary versus non-aggressive’ debate regarding
the ‘peaceful purposes’ doctrine in its Article IV
is a long-redundant argument in practical terms,
and the role that international law can play now
centres on the risks and uncertainties associated
with the trending ‘weaponisation’ of space.
Following the terrorists’ attacks of 11 September
2001 in New York, the US government embarked
on a policy designed to enhance its domination of
the space dimension of military operations. This
necessitated having the ability to protect critical
infrastructure and assets in outer space.
Subsequently, although the Obama
administration emphasised co-operation in space
to a far greater degree, hawkish sentiments still
appeared to guide US space policy. It is so far
unclear how the Trump administration will direct
military policy in this regard but initial rhetoric
suggests an even greater engagement with military
activities involving space.
Other space powers are engaged in similar
activities directed towards maximising the
strategic (and potential military) advantages to be
gained through space-related technology and we
appear to be locked into a true ‘space arms race’. It
is within the realms of reality that outer space may
itself become an emerging theatre of warfare.
The situation is complicated further by the
increasing prevalence of ‘dual-use’ satellites and a
growing reliance by States on continuous and reliable
access to privately operated commercial satellites for
the protection of their national security interests.
This means any attempt to apply the jus in
bello principles to a ‘space war’ is fraught with
complexity, challenging the overly simplistic
assumptions that are often made by commentators
when seeking to apply ‘terrestrial’ international
law principles to an outer space paradigm.
A carefully thought-out sui generis system
of global space governance is required to
meet modern-day challenges. The deliberate
destruction by both China (2007) and the US
(2008) of their own satellites highlighted the
dangers posed and the fact that neither country
felt constrained by existing space law, or by other
principles of international law, further emphasises
the need to develop more rigorous international
rules to protect the space environment.
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Computer graphic
depicting a future solar
power system in orbit
around Earth, beaming
energy to receiving
antennas on the ground.
As well as technology
hurdles, such systems
will also need to be
subject to specific space
governance issues.

In the case of the Chinese action, while
much international reaction centred (quite
understandably) on the military consequences,
the additional pieces of space debris caused by
the destruction of the Fengyun FY-1C polar orbit
satellite at such a strategically important altitude
UDLVHG VLJQLĂFDQW FRQFHUQV
These uncertainties coalesce with other risks
and all point to the need for an institutional
IRUP RI VSDFH WUDIĂF PDQDJHPHQW EHFDXVH WKH
existing international legal regime does not
address such concerns in anything approaching a
comprehensive manner. Whilst spacefaring States
(and others) are aware of the heightened risk of
space warfare with its adverse consequences
for the already hazardous state of the space
environment, there has not been a corresponding
willingness to either take ‘ownership’ of the
problem or agree to strict, comprehensive and
binding international space rules.
It might be argued that the prevailing ‘soft
ODZÛ DQG 7&%0 ÚWUDQVSDUHQF\ DQG FRQĂGHQFH
building measures’) approach to space regulation
may take on an increasing relevance by providing

appropriate international benchmarks, at least
for currently foreseen risks and uncertainties.
However, it is too easy for States not to abide by
the terms of voluntary non-binding instruments.
Not only is the issue of space debris a major
environmental concern, but it also clearly impacts
upon human safety. For example, on 12 March
2009, the astronauts on board the International
Space Station (ISS) were forced to evacuate the
main station and remain in the escape vehicle for
nine minutes, while a piece of debris passed by.
At around the same time, an operational
American commercial satellite (Iridium 33) and an
inactive Russian communications satellite (Kosmos
2251) collided approximately 790 km above the
Earth, resulting in their total destruction. The
collision resulted in approximately 700 additional
pieces of hazardous debris, each with the potential
to cause further decades-long pollution in space.
At a time when it is envisaged that, in the
relatively short term, many more humans
will have the opportunity to go into space
through the development of a commercial
space ‘tourism’ industry, these risks translate

They are not strange bedfellows after all because everything that
we do in space is interrelated with everything else
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not only to the problems associated with the
destruction of important infrastructure upon
which many societies depend, but also direct
loss of human life, due to a lack of adequate
space situational awareness, and the absence
RI DQ LQVWLWXWLRQDOLVHG V\VWHPRIVSDFHWUDIĂF
management (STM).
Putting aside the obvious inconsistencies of
attempting to develop a comprehensive STM
system within a context of warfare involving
space - it would be impossible to maintain
any semblance of a centralised and orderly
regime for spacef light in circumstances
where belligerents were using space assets
to engage in direct conf lict - many other
challenges arise before such a system could
be designed and implemented.
The risks need to be assessed and understood;
not an easy task by any means but a necessary
one and this poses a series of questions. Would
any existing international organisation be in a
position to administer such a system? Should
a new governing body be created and, if so,
ZKDW ZRXOG EH LWV PDQGDWH" :KDW VSHFLĂF ODZV
would apply, particularly given the advent of
sub-orbital technology? Indeed, would it be
necessary to ‘create’ a new form of legal regime
- ‘aerospace law’ - to more appropriately govern
United States’
military Space Based
Infrared System (SBIRS)
spacecraft in support of
missile early warning,
missile defence,
battlespace awareness,
and technical
intelligence mission
areas.
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such activities? And, if so, how would this
coalesce with those laws that would apply to
PRUH WUDGLWLRQDO IRUPV RI VSDFHăLJKW"
Of course, it is always easy to ask questions and
PXFK PRUH GLIĂFXOW WR SURYLGH DQVZHUV +RZHYHU
what is clear is that it is no longer appropriate
to think of the challenges associated with our
activities in space as somehow quarantined into
separate ‘pigeon-holes’.
Each type of space activity - be it military, or
FLYLO RU FRPPHUFLDO RU VFLHQWLĂF RU ÚGXDOPXOWL
use’ - has an impact on other space activities.
They are not strange bedfellows after all because
everything that we do in space is interrelated
with everything else. There is therefore an
urgent need for a more comprehensive and
‘holistic’ system of global space governance
going forward. Moving away from our existing
VLORDSSURDFKLVDQLPSRUWDQWĂUVWVWHS
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Humanity is moving
towards a new reality
If life as we know it a century hence has not ended in a nuclear holocaust,
a viral pandemic, or perhaps run-away climate change with catastrophic
storms ravaging Earth, our world could still be quite different. There
could be a much different and broader range of space activities than now
is the case and along with them will be a need for a new range of space
regulations, confidence building measures, and ‘rules of the road’ in space.
he future world of space will not be like it
has been up to now. Activities will include
a much wider range of operations, many
different types of space applications, and
the regulatory and ‘policing’ mechanisms will be
considerably different. The problem is how does
regulatory regime keep up? How does global
space governance keep up with space
technology invention and the disruptive
activities of NewSpace companies and constant
entrepreneurial innovation?
There was a time in human existence when
change took millions of years. Then it took
thousands of years, followed by hundreds of years,
then decades, years, and now it seems as if our
world changes in only hours or minutes.
In another century it seems likely that we may
see the operation of space-based solar power

T

systems, as well as businesses engaging in new
types of mining. A hundred years hence, we may
also well see the creation of permanent space
bases and perhaps even true space colonisation.
In this future time the importance of
understanding and coping with cosmic
hazards will be much better understood. We
will be actively engaged in defending against
asteroids, comets, solar f lares, coronal
ejections, changes to Earth’s magnetosphere,
and orbital space debris.

Joseph N. Pelton
Executive Board
Member of the
International
Association for the
Advancement of
Space Safety (IAASS)

The world is moving towards a new reality where
humanity will depend increasingly on a new
space economy and it will be recognised that
space hazards can threaten global prosperity
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There will
indeed be a
need for a
regulatory
framework
under which
totally new
types of
activities can
be carried out
peacefully and
in a businesslike manner
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Even today, the world is moving towards a new
reality where humanity will depend increasingly
on a new space economy and it will be recognised
that space hazards can threaten global prosperity.
A study by Lloyd’s of London, for example, has
suggested that a massive coronal mass ejection
(CME) from the Sun could result in a two trillion
dollar hit to the North American electrical power
grid. The US National Intelligence Council found that
a major CME to be one of seven major ‘black swan’
events that the world should prepare for.
This may have been one of the reasons that President
Obama in early October 2016 signed an Executive Order
WKDW DVVLJQHG VSHFLĂF DXWKRULW\ WR 1$6$ WKH 'HSDUWPHQW
of Defense, the National Science Foundation and the
Department of Homeland Security to cope with a major
CME event. The recent determination about the shift in
Earth’s magnetic poles by ESA’s Swarm and NASA’s MMS
satellites raises this concern even higher since it is the
magnetic poles that shape the Van Allen Belts and protect
us from CME blasts.
Although the UN General Assembly recently
endorsed the new International Asteroid Warning
Network (IAWN) and the Space Mission Planning
Advisory Group (SMPAG) to help coordinate a
better defence against asteroids, we are a long
way from a global space governance system for
planetary defence.
In fact, as UNISPACE+50 prepares to convene in
2018 what is striking is that the world is really not
prepared for the emerging new global space economy
and the new longer term uses of deeper space.
There are widening gaps in space governance
regardless of whether it is for new types of
space business, space exploration and research,
environmental concerns, space defence and security,
VSDFH WUDIĂF PDQDJHPHQW VSDFH GHEULV IUHTXHQF\
management, liability, or ownership and use of space
natural resources.
A new space activity that has recently excited
attention is that of space mining. Four US companies
- Deep Space Industries, Planetary Resources,
Moon Express and Shackleton Resources - have
already declared their intention to engage in natural
resource extraction.
Indeed, a new US law enacted in December 2015
seems to give the right for companies, nationally
licensed to do so, to reclaim and own extracted
resources ‘consistent with international law’
obligations of the US.
Already some have claimed that authorising
such space mining activity is tantamount to a claim
of sovereignty over the celestial body where the
extraction would take place. Those proposing to
undertake this type of extraction says this is not the

FDVH DQG WKDW H[WUDFWLRQ LV MXVW WKH VDPH DVĂVKLQJLQ
the open seas of international waters.
This type of uncertainty in the world of global
space governance - such as who can undertake space
mining and under what terms - is but one example of
why international agreement is needed. Governments
and space-related businesses both need to know what
the way forward will be for the longer term.
There will indeed be a need for a regulatory
framework under which totally new types of activities
can be carried out peacefully and in a business-like
manner. There will need to be some form of rules
WKDW VWRSV VSDFH EXVLQHVVHV  RU FRXQWULHV  ĂJKWLQJ
over why, when and how these activities will be
accomplished. These will involve sorting out issues
such as safety, liability, environmental concerns,
ownership - or sharing of resources of the ‘common
heritage of humankind’ - and so.
These ‘rules of the road’ will cover activities like
those associated with solar power satellites and
ground based ‘rectennas’, asteroid and celestial
body mining, material processing in space, and even
the establishing and operation of space bases and
colonies. There will be a number of thorny issues
WKDW ZLOO FUHDWH WKH PRVW GLIĂFXOW\ DQG DQJVW
The main issues today seem to be those related
to global sharing and the so-called ‘common

jamesvaughanphoto.com
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heritage’ of humankind and concerns related to the
exploitation of celestial bodies, plus environmental
hazards, safety, liabilities related to all types of
space activities and, of course, concerns about the
deployment and use of space weapons.
Of these unresolved issues, the deployment
and use of weapons in space is perhaps the most
important and dangerous threats we face.
One of the big problems is that the Outer
Space Treaty of 1967 and the other agreements
that followed in the 1970s relating to the safety of
astronauts, registration of space objects, liability
provisions, and the Moon and other celestial bodies
are now several decades out of date.
These agreements did not anticipate
VLJQLĂFDQW FRPPHUFLDO DFWLYLWLHV LQ VSDFH
the potential of our cluttering up Earth orbit
with space junk, or the advent of cubesats,
megasatellite constellations, hypersonic
transport, stratospheric and celestial body
pollution or robotic freighters - and many other
issues stimulated by emerging technology.
Today no one seems to believe seriously that any
new and sweeping space treaties are possible to
negotiate and agree. Baby steps seem to be the way
forward. Thus, instead of space treaties we seem to
try to cope with things such as ‘codes of conduct’,

WUDQVSDUHQF\ DQG FRQĂGHQFHEXLOGLQJ PHDVXUHV
model space national laws, and international
voluntary guidelines such as those associated with
orbital space debris.
Until it becomes clear as to who can do what,
under what terms and conditions, under what types
of possible liabilities, and with what opportunity for
SHUVRQDO RU VKDUHG SURĂW WKLV ZLOOEHDGHWHUUHQWWR
new types of space business.
Some activities now underway - such as the
UNCOPUOS Working Group on the Long-Term
Sustainability of Outer Space Activities as well as the
InterAgency Space Debris Coordination Committee
(IADC) and the creation of the IAWN and the SMPAG
committees to cope with asteroid threats. These,
and other international efforts, all seem to indicate
SRVVLEOH SDWKZD\V WKURXJK WKLV PLQHĂHOG
But the future is not what it used to be and
more needs to be done. Much will depend on new
way of thinking towards enlightened global space
governance both now and in the coming decades.

Hunting and mapping
asteroids by US-based
artist James Vaughan.

Today no
one seems
to believe
seriously
that any new
widely agreed
and sweeping
space treaties
are possible to
negotiate and
agree
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In advance of the publication later this year of the International Study
on Global Space Governance, the editors Ram Jakhu and Joseph
Pelton summarise the study process and its findings, along with its
recommendations on how to move forward to create a NewSpace economy
and new regulatory gestalt for space activities - including economic, social
and cultural activities; research, technology, science and education; and
human existence off our planet.
ome space lawyers and nations consider
what we have examined in our two-year
international study on ‘global space
governance’ as being a very restricted
subject indeed. They would argue that global space
governance should only address and consider a very
limited amount of ‘established space law’, essentially
meaning the 1967 Outer Space Treaty, its
supplementary international agreements and
perhaps a few international law precedents created
RYHUDVLJQLĂFDQWSHULRGRIWLPH
This global study has involved over 80 space
scientists and engineers, space business people,
regulators, space lawyers and policy experts from
over 25 countries around the world.
It addresses international, regional and national
space laws and policies around the world,
technology trends and future space activities that
are anticipated, along with regulatory mechanisms
that might help the future development and use of
outer space. It has considered emerging technical
trends and NewSpace entrepreneurial business.
This study has examined new and expanding
uses above commercial air space, increased use of
various types of Earth orbits, along with expanding
frequency needs and new commercial ventures
planning to use deep space to extract natural
resources and solar energy to return goods and
services to Earth, space colonisation and the
HTXLWDEOHVKDULQJRIVSDFHEHQHĂWV
This international and interdisciplinary study,
ZKLFKZDVFRPPLVVLRQHGWRĂOOWKHJDSVDQGKROHVLQ
the fabric of global space governance, was launched
as a result of the so-called Montreal Declaration of
May 2014 at the 2nd Manfred Lachs Conference.
It has, in essence, broken most of the rules in
terms of what strict space law experts consider
WKHZHOOGHĂQHGUHDOPQRUPDOO\GHVLJQDWHGVSDFH
law. Whereas space lawyers usually drill deep

S

into a particular facet of space law, this study was
broad and interdisciplinary. Whereas space lawyers
examine past precedent in great detail, this study
examined future trends and emerging regulatory
and policy questions.
In seeking to carry out a broad brush look at
all aspects of global space governance, we have
thus considered codes of conduct, national space
laws, safety and technical standards, transparency
RIRSHUDWLRQVDQGFRQĂGHQFHEXLOGLQJPHDVXUHV
especially with regard to space security and space
WUDIĂFPDQDJHPHQWFRQFHUQV
We have endeavoured to identify institutional
reforms that might meet emerging space business
concerns and help smooth out disputed areas of
interpretation of international regulatory actions.
This intensive international study reached a
wide range of conclusions. We see the need for
some urgency to address the why, when and
KRZRIVSDFHWUDIĂFPDQDJHPHQWDQGRUELWDODQG
frequency allotments in the context of mounting
levels of commercial activities in Earth orbit,
orbital space debris, the planning for large-scale
constellations of satellites in low Earth orbit and
unregulated space mining.
Other drivers of concern to create improved global
space governance include the rapid expansion of
NewSpace entrepreneurial activities that involve new
types and lower cost launch vehicles, commercial
VSDFHVWDWLRQVK\SHUVRQLFWUDQVSRUWDWLRQăLJKWVDQG
FRPPHUFLDOVSDFHWRXULVPăLJKWV
There are also concerns about the possible
ZHDSRQLVDWLRQRIVSDFHDQGFRQăLFWVLQVSDFH
environmental concerns related to more intensive
launch schedules for private, civil government and
military space systems, as well as a realisation that
space systems are critical to weather monitoring,
disaster recovery, and monitoring and control of
climate change.

Space Security

There are multiple purposes for which this study
was conducted, although prime among them was
to assist UNCOPUOS in planning for the UNISPACE
+50 Conference in 2018. The table below lists just
some of the topics of concern where improved global
space governance might help in the future. These
initiatives seek to assist the future development and
implementation of space science, space exploration,

AREAS OF CONCERN

Common heritage of
humankind issues

space applications, and safer and more effective
commercial utilisation of outer space. Progress in many
areas of global space governance will be required as we
move forward to embrace a global space economy in the
decades ahead.
Ram S. Jakhu & Joseph N. Pelton
Co-editors, International Study on Global Space Governance

POSSIBLE PATHWAYS FORWARD
Recognise the limits but significance of the ‘Moon Agreement’ in seeking a way forward towards an organised governance system
for space mining. This involves trying to identify a new and viable structure to capitalise and develop technology to allow resource
extraction from space, such as the Intelsat international public-private organisation offered at the start of satellite communications
Explore possible precedents from ‘Law of the Sea’ or other sources of law for further development of the regulatory regime for space mining

Cosmic hazards and
planetary defence

Creation of an inter-agency committee of civil space agencies to better understand cosmic threats and potential of new ideas like
‘solar space shields’ to cope with coronal mass injections and climate change, the dangers of Earth’s changing magnetosphere, and
reduced protective shielding of the Van Allen Belts
Expand scope of IAWN (International Asteroid Warning Network) and SMPAG (Space Mission Planning Advisory Group) to explore new
technologies and concepts to cope with asteroids hitting Earth
Develop better understanding of environmental risks associated with expanded launch of rockets, spaceplanes and hypersonic craft,
and of systems that pollute the stratosphere the least

Environmental concerns

Improved space-based environmental monitoring systems
Globally agreed guidelines for deep space exploration and activities to prevent global viral pandemics from space

Frequency and orbital
allocations

Improved rules and enforcement powers for the ITU (International Telecommunication Union) to reduce jamming, ensure equitable
sharing of radio frequencies, require greater technical efficiency in frequency reuse and efficiency in new satellite systems and more
ably control orbital assignments to prevent runaway use of large-scale satellite constellations
New national laws to enforce frequency efficiency (terrestrially and in space) and limit runaway authorisations of satellite networking
systems
Improved and mandatory system to restrict the generation of space debris
Regulatory guidelines (including proper liability provision) to encourage active space debris removal

Orbital space debris
Process to ensure debris removal efforts do not constitute space weapons and most dangerous debris removed first
National space laws to enforce removal guidelines
Private NewSpace
initiatives standing under
international law

Place international responsibility and international liability more directly on owners of privately-held spacecraft or launch systems
Create national regulatory systems to implement such responsibility and liability

Fragility of space
security

Address concern that more and more space-based capabilities and vehicles designed to operate in so-called Protozone areas could
lead to hostilities in space. Systems to deal with cosmic hazards, systems that might deployed in the Protozone, robotic systems, high
altitude platform systems, etc. further increase these risks. Development of space weapons and preparations for use of force threaten
the use of space for peaceful purposes. Efforts to create space and Protozone traffic management need to include military forces and
seek controls to eliminate space warfare

Space & Protozone traffic
management

UN Mandate to UNCOPUOS and the International Civil Aviation Organization to develop new regulatory framework, together
with national agencies charged with aviation safety regulation, as well as space to create a new international traffic control and
management systems. This would oversee and coordinate safety for aircraft flights, spaceplane flights, spacecraft launches and
international hypersonic craft flights into the Protozone, as well as other international deployments of balloons, dark sky stations or
robotic flights into the stratospheric regions outside of prescribed national aerospace controls

Global Space
Organisation

UNCOPOUS should start considering the creation of a global space organisation, which would be indispensable for achieving the goal
of sustainable use of outer space for peaceful purposes and for the benefit of all states. This is becoming increasingly important since
numerous issues related to space (like space mining, cosmic hazards and planetary defence, orbital debris removal, space security,
space and Protozone traffic management, etc.) are becoming intertwined in terms of technology and policy. Such issues and concerns
need to be addressed in an international forum with permanent administrative and expert staff, and with active participation by States,
the private sector and civil society
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Surviving radiation
for space colonisation
Multi-dome lunar base
being constructed, based
on the 3D printing concept.
Once assembled, the
inflated domes are
covered with a layer of
3D-printed lunar regolith
by robots to help protect
the occupants against
space radiation and
micrometeoroids.

L. Joseph Parker
MD, Arkansas, USA
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Space Environment

The long-held dream of humankind to explore and colonise space is closer
than it has ever been. As the budding commercial space mining, tourism and
transportation sectors along with national space agencies extend their reach
further into space, concepts are now being developed with the ultimate goal
of establishing human outposts and colonies on the Moon and Mars. Here, in
the first of two articles, Joseph Parker considers the dangers that different
types of radiation will pose to crews travelling and living beyond Earth. His
second article, to be published in ROOM later this year, will suggest how
these extreme radiation risks might be managed and mitigated.
uilding a space colony that will protect
and sustain a population of hundreds or
even thousands of colonists in an
environment that is hostile to human life
presents huge technological and economic
challenges. One of the greatest challenges for the
ĂUVW KXPDQV OLYLQJ DZD\ IURP (DUWK ZLOO EH WKDW RI
excessive radiation exposure which can lead to the
early onset of cancers and affect reproduction.
7KUHDWV SRVHG E\ UDGLDWLRQ H[SRVXUH ZLOO DOZD\V
EH SDUWLFXODUO\ KLJK IRU WKH ĂUVW FRORQLVWV WDVNHG
ZLWK WKH MRE RI EXLOGLQJ KDELWDWV DQG SUHSDULQJ WKH
infrastructure of a new colony. To understand and
evaluate the threat, scientists have to analyse what
expected radiation exposure levels are, how well
KXPDQV FDQ WROHUDWH WKHVH OHYHOVDQGZKDWFDQEH
GRQH WR PHGLDWH WKH ULVNV

B

have no mass and no positive or negative charge.
Some radiation waves, such as light or heat, can
EH VHHQ DQG IHOW ZKLOH RWKHUV OLNH ;UD\V FDQ
RQO\ EH GHWHFWHG E\ LQVWUXPHQWDWLRQ 5DGLRDFWLYH
SDUWLFOHV DUH DOVR LQYLVLEOH EXW WKH\ KDYH ÚZHLJKWÛ
and may have a positive or negative charge.
Ionizing radiation converts atoms or molecules
LQWR LRQV E\ VWULSSLQJ RQH RU PRUH HOHFWURQV IURP
WKHP EUHDNLQJ PROHFXODU ERQGV DQG GDPDJLQJ
FHOOV ([DPSOHV RI LRQL]LQJ UDGLDWLRQLQFOXGH
;UD\V DQG JDPPD UD\V
Non-ionizing radiation is relatively low-energy
UDGLDWLRQ WKDW GRHVQÛW FDUU\ HQRXJK HQHUJ\ WR LRQL]H
atoms or molecules. Radio waves, microwaves and
ORZ HQHUJ\ YLVLEOH OLJKW DUH JHQHUDOO\ LQFOXGHG LQ
WKLV FDWHJRU\ ,RQL]LQJ UDGLDWLRQFDQEHFDWHJRUL]HG
as photonic or particulate.

Understanding radiation

Photons

Radiation is energy emitted as electromagnetic
ZDYHV RU KLJKVSHHG DWRPLF RU VXEDWRPLF
SDUWLFOHV5DGLDWLRQZDYHVDUHJHQHUDOO\ÚLQYLVLEOHÛ

Photons have no rest mass and their impact is
GHWHUPLQHG E\ WKHLU HQHUJ\ OHYHOV 5DGLR ZDYHV
have the lowest energy level of all photonic

Space Environment

radiation. Microwaves have more energy and can
cause hydrogen atoms to speed up, increasing
temperature. Infrared light has more energy than
microwaves and it transmits heat in general, and
WKHQ WKH HQHUJ\ RI YLVLEOHOLJKWLQFUHDVHVIURPUHG
through to violet.
:KHQ SKRWRQV KDYH HQRXJK HQHUJ\ WR EH
XOWUDYLROHW WKH\ EHFRPH LRQL]LQJ DQG FDQ FDXVH
damage. Ultraviolet rays cannot penetrate very far
EXW WKH\ DUH RI FRQFHUQ DV WKH\ FDXVH SODVWLFV DQG
RWKHU PDWHULDOV WR EUHDN GRZQ PRUH TXLFNO\ DQG
RQ KXPDQ VNLQ H[WHQGHG H[SRVXUH VWULSV HOHFWURQV
RII WKH '1$ PROHFXOHV LQ WKH QXFOHXV RI VNLQ FHOOV
causing mutations that can result in cancer. The
6XQ HPLWV D ORW RI XOWUDYLROHW OLJKW EXW ZH DUH
SURWHFWHG IURP PRVW RI LW E\ (DUWKÛV R]RQH OD\HU
;UD\V DUH KLJKHU IUHTXHQF\ SKRWRQV ZKLFK DUH
XVHIXO IRU PHGLFDO LPDJLQJ EHFDXVH RI WKHLU DELOLW\
WR SHQHWUDWH WKH KXPDQ ERG\ EXW IRU WKH VDPH
reason, they can cause damage if we are exposed
WR WRR PDQ\ (DUWKÛV DWPRVSKHUH DEVRUEV PRVW
;UD\V IURP VSDFH EXW D VPDOO SURSRUWLRQ JHW
through and people who live at higher elevations
RU ă\ RIWHQ WHQG WR UHFHLYH D KLJKHUH[SRVXUHWKDQ
those who stay near sea level.
7KH PRVW HQHUJHWLF KLJKHVW IUHTXHQF\ SKRWRQV
are gamma rays and these can penetrate from
several centimetres to several metres of lead,
depending on their energy. Almost all gamma rays
DUH DEVRUEHG E\ WKH DWPRVSKHUH RI (DUWK
Our Sun produces every level of photonic radiation
- from ultra-long wavelength radio waves to gamma
rays, although the latter are converted to lowerHQHUJ\ SKRWRQV EHIRUHWKH\DUHHPLWWHGLQWRVSDFH

Particulate

mass of a simple hydrogen nucleus so they transfer
more energy if travelling at the same speeds.
High speed helium, or alpha particles, have two
protons and one or two neutrons. Helium-3 is not
UHDGLO\ IRXQG RQ (DUWK EXW LV HPLWWHG E\ WKH VXQ
and is present on the Moon in the regolith.
The Sun generates a lot of this type of particle
IURP LWV IXVLRQ UHDFWLRQV DQG WKHUH LV TXLWH D ELW
in the solar wind. The nuclei are all ions, their
electrons stripped away as they are accelerated,
and they have a charge.
The last level of particulate radiation to consider
is created in supernovae and other energetic cosmic
events that produce fast moving particles much
heavier than hydrogen or helium. Atoms as large
as iron atoms - the heaviest element a star can
QRUPDOO\ PDNH  FDQ VODP LQWR REMHFWV LQ VSDFH
transferring a huge amount of energy in the collision.
7KH SDUWLFOHV LQWHUDFW ZLWK WKH HOHFWULF ĂHOGV RI WKH
matter they hit and slow down, transferring energy
to whatever they hit.
This energy causes a cascade of high energy
photons, free electrons and sometimes neutrons
WR EH JHQHUDWHG 7KHVH SDUWLFOHV JR RQ WR SURGXFH
GDPDJH WKHPVHOYHV LQ D SURFHVV NQRZQ DV
secondary radiation. Particulate radiation that
comes from outside the Solar System rather than
the Sun is called galactic radiation.
(DUWKÛV PDJQHWLF ĂHOG KDV D VWURQJ HIIHFW RQ DOO
WKHVH LRQV EHFDXVH WKH\ KDYH DQ HOHFWULF FKDUJH 
7KH ĂHOG UHGLUHFWV WKHP DURXQG (DUWK ZKHUH
WKH\ RUELW DQG ORVH HQHUJ\ XQWLO WKH\ HQWHU WKH
atmosphere at the poles and in the process create
the Northern and Southern Lights. Almost all of
WKH SDUWLFOHV WKDW JHW WKURXJK DUH DEVRUEHG E\
(DUWKÛVDWPRVSKHUHEHIRUHWKH\UHDFKWKHJURXQG

One of the
greatest
threats to
future humans
living away
from Earth
is that of
excessive
radiation
exposure

The Apollo lunar
landing craft were
part-shielded to afford
some crew protection
from radiation. Apollo 14
astronauts Alan Shepard
(pictured) and Ed Mitchell,
who spent 33½ hours on
the Moon in 1971, received
the highest exposure of
any of the crews due to
active solar storms.

NASA

Particulate radiation is produced when an atomic
RU VXEDWRPLF SDUWLFOH ZLWK UHVW PDVV LV DFFHOHUDWHG
to very high speeds, usually near the speed of
OLJKW 7KHVH SDUWLFOHVDUHOLNHWLQ\EXOOHWVDQGDOO
are ionizing.
7KH OLJKWHVW SDUWLFOHV DUH HOHFWURQV DOVR NQRZQ
DV EHWD UDGLDWLRQ 7KHVH KDYH D QHJDWLYH FKDUJH DQG
although very light, can penetrate several centimetres
of wood and cause damage to living things.
+LJK VSHHG SURWRQV DUH DERXW  WLPHV DV
heavy as electrons and are positively charged
particles found within atomic nuclei. They are
SURGXFHG LQ KXJH DPRXQWV E\ WKH 6XQ DQG DUH D
major component of solar radiation and solar wind.
A proton is simply a hydrogen nucleus. Hydrogen
can have other isotopes that have a proton and a
neutron, called deuterium, or two neutrons and a
proton, called tritium. These are much less common
EXWKDYHUHVSHFWLYHO\WZLFHDQGWKUHHWLPHVWKH
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Mars One

Space Environment

2Q (DUWK ZH DUH SURWHFWHG IURP UDGLDWLRQ E\ WKH
PDVV RI WKH (DUWK LWVHOI WKHQ E\ WKH PDJQHWLF ĂHOG DQG
ĂQDOO\ WKH DWPRVSKHUH /RZ (DUWK RUELW /(2  ZKHUH
the International Space Station is located, is protected
E\ (DUWKÛV PDJQHWLF ĂHOG EXW QRW LWV DWPRVSKHUH
Mars on the other hand has no strong magnetic
ĂHOG WR VKLHOG XV IURP LRQV QR R]RQH OD\HU WR
stop ultraviolet rays and only a thin atmosphere
WR DEVRUE UDGLDWLRQ 2Q WKH 0RRQ WKHUH LV QR
PDJQHWLF ĂHOG LQVLJQLĂFDQW DWPRVSKHUH DQG RQO\
WKH 0RRQÛV URFN\ PDVV WR EORFN VRPH UDGLDWLRQ
2QFH WKH ĂUVW FUHZV OHDYH (DUWK RUELW WKH\ ZLOO
EH KLW IURP DOO VLGHV  E\ VRODU UDGLDWLRQ IURP WKH
GLUHFWLRQ RI WKH 6XQ DQG E\ JDODFWLFUDGLDWLRQ

Measuring radiation
The Mars One habitat
plan includes using
landing capsules as living
space and inflating large
greenhouses and other
structures. The inflatable
structures would then be
buried under soil to
provide radiation
protection, a task
requiring a considerable
number of unshielded
hours to accomplish.

Moving off Earth
3URWHFWLRQ SURYLGHG E\ (DUWKÛV PDJQHWLF ĂHOG DQG
atmosphere means that in general people living
on the surface are not exposed to the damaging
effects of radiation exposure.
7RGD\ KRZHYHU DV IXWXUH SODQV DUH EHLQJ
developed for people to move and live away from
(DUWK LQ RUELWLQJ FRORQLHV RU RQ WKH 0RRQ RU 0DUV
H[SRVXUH WR VSDFH UDGLDWLRQ ZLOO EH D VHULRXV KD]DUG
6FLHQWLVWV DQG HQJLQHHUV ZLOO KDYH WR ĂQG
creative ways to deal with this danger. One of the
greatest concerns when planning a permanent
VHWWOHPHQW IRU H[DPSOH PXVW XOWLPDWHO\ EH WKDW
of successful reproduction. If humans cannot
conceive and produce healthy children away from
(DUWK LW ZLOO EHFRPH LPSRVVLEOHIRUDFRORQ\WR
expand and grow naturally.
7KH ĂUVW TXHVWLRQ WR DQVZHU LV KRZ PXFK
UDGLDWLRQ VRPHRQH ZLOO EH H[SRVHG WR DV WKH\
WUDYHO WKURXJK VSDFH IURP (DUWK RUELW WR WKHLU
destination on the Moon, Mars or elsewhere.

5DGLDWLRQ GRVHV FDQ EH PHDVXUHG LQ 6LHYHUWV 6Y  ZKLFK
LV D PHDVXUH RI UDGLDWLRQ DEVRUSWLRQ E\ WKH KXPDQ
ERG\ HTXDO WR  HUJV RI HQHUJ\ RI JDPPD UDGLDWLRQ
delivered to one gram of living tissue. It is adjusted to
WDNH LQWR DFFRXQW WKH UHODWLYH ELRORJLFDO HIIHFWLYHQHVV RI
ionizing radiation of all types - therefore, one Sievert of
;UD\ UDGLDWLRQ ZRXOG KDYH WKH VDPH GDQJHU WRDOLYLQJ
thing as one Sievert of gamma radiation.
A worldwide average of radiation exposure on
(DUWK LV DERXW  PLOOLVLHYHUWV  6Y  P6Y 
7DEOH  VKRZV WKDW WKH DYHUDJH DQQXDO UDGLDWLRQ
H[SRVXUH LQ RSHQ VSDFH LV  WLPHV PRUH WKDQ RQ
(DUWK ZKLOH WKDW RQ WKH 0RRQ LV  WLPHV PRUH
7KH VXUIDFH RI 0DUV ZRXOG EH D OLWWOH PRUH WKDQ 
WLPHV WKH DYHUDJH DQQXDO H[SRVXUH UDWH RI (DUWK
The Apollo astronauts, the only humans so far
WR WUDYHO RXWVLGH RI /(2 UHFHLYHG IURP DERXW 
P6Y WR  P6Y  ZLWK $SROOR  UHFHLYLQJ  P6Y
from solar storms which occur when the Sun
UHOHDVHV D KXJH EXUVW RI SODVPD WKDW WUDYHOV DW
KLJK VSHHG RXW LQWR VSDFH 7KH DVWURQDXWVÛOXQDU

Table 1: Annual ambient radiation levels for the Earth, Mars, the Moon and space.
The different categories
of radiation experienced
on Earth, Mars, on the
Moon and in open space
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EARTH

MARS

MOON

SPACE

Annual Total

3 mSv

245 mSv

438 mSv

657 mSv

Daily Average

0.0082 mSv

0.67 mSv

1.2 mSv

1.8 mSv

Space Environment

NASA career radiation exposure limits.
AGE

MALE

FEMALE

25

1500 mSv

1000 mSv

35

2500 mSv

1750 mSv

45

3250 mSv

2500 mSv

55

4000 mSv

3000 mSv

7KH ĂUVW FRORQLVWV WDVNHG ZLWK EXLOGLQJ KDELWDWV
on the Moon or Mars will need to survive on the
VXUIDFH ZLWK OLWWOH SURWHFWLRQ DW OHDVW XQWLO WKH ĂUVW
VKLHOGHG VWUXFWXUHV KDYH EHHQ FRPSOHWHG 7KHVH
VWUXFWXUHV ZLOO OLNHO\ KDYH WR EH EXULHG XQGHU DERXW
 FP RI UHJROLWK WR RIIHU VXIĂFLHQW ORQJWHUP
SURWHFWLRQ +RZ ORQJ WKLV ZLOO WDNH ZLWKRXW KHDY\
HTXLSPHQW KDV QRW \HW EHHQ DFFXUDWHO\ GHWHUPLQHG
WKRXJK ZH FDQ VWLOO EURDGO\ HVWLPDWH WKH ÚVDIHÛ WLPH
EXLOGHUV FDQ VSHQG ZRUNLQJ RQ VXFK D SURMHFW
A seven-day journey to the Moon would give
D GRVH RI DERXW  P6Y <HDUO\ H[SRVXUH ZLWKRXW
VKLHOGLQJ VKRXOG DYHUDJH  P6Y 7KLV ZRXOG JLYH
WKH 5XVVLDQ DQG (XURSHDQ DVWURQDXWV  \HDUV
WR ZRUN RQ WKH VXUIDFH LQ LQăDWDEOH RU WKLQ PHWDO
KDELWDWV EHIRUH WKH\ UHDFK WKHLU FDUHHU OLPLWV
ZKLFK ZRXOG VHHP WR EH D UHDVRQDEOH DPRXQWRI
WLPHWRDFFRPSOLVKKDELWDWFRQVWUXFWLRQ

&RQYHUVHO\ D VL[PRQWK MRXUQH\ WR 0DUV ZLOO JLYH D
GRVH RI DERXW  P6Y DQG DVVXPLQJ DQ HTXDO GRVH RQ
WKH ZD\ KRPH ZRXOG OHDYH RQO\  P6Y RI XQVKLHOGHG
VXUIDFH ZRUN EHIRUH WKH  P6Y OLPLW ZDV UHDFKHG
7KLV ZRXOG WUDQVODWH WR DERXW  \HDUV DW  P6Y
SHU \HDU H[SRVXUH $JDLQ WKLV VHHPV OLNH D UHDVRQDEOH
DPRXQW RI WLPH WR JHW WKH MRE GRQH GHSHQGLQJRQWKH
VL]H DQG VRSKLVWLFDWLRQ RI WKH KDELWDWV
NASA limits are more generous and would allow
D PLQLPXP RI  \HDUV IRU D \HDUROG IHPDOH
WR D PD[LPXP RI  \HDUV IRU D \HDUROG
male. It seems clear that, even using a shovel and
WKH PRVW VWULQJHQW VWDQGDUGV LW VKRXOG EH SRVVLEOH
WR EXLOG VXIĂFLHQWO\ VKLHOGHG KDELWDWV RQ WKH 0RRQ
RU 0DUV ZLWKRXW WKH EXLOGHUV H[FHHGLQJ WKHLU
QDWLRQÛV FDUHHU OLPLWV IRU UDGLDWLRQ H[SRVXUH
Of course, not every one of the same age and
VH[ KDV WKH VDPH ULVN 6RPH SHRSOH DUH JHQHWLFDOO\
PRUH UHVLVWDQW ZKLOH RWKHUV DUH PRUH YXOQHUDEOH
So age, sex, medical history and individual
VXVFHSWLELOLW\ WR UDGLDWLRQ ZLOO DOVR KDYH WR EH WDNHQ
LQWR DFFRXQW ZKHQ VHOHFWLQJ WKH ĂUVW FRORQLVWV
Depending on the speed of travel, the Moon
KDV WKH DGYDQWDJH RI EHLQJ RQO\ D IHZ GD\V IURP
(DUWK 7KLV DOORZV IRU DQ HDV\ UHWXUQ IRU VRPHRQH
who has reached their exposure limit or some
other emergency. Mars is much farther away and,
while some colonists will choose to return, those
WUDYHOOLQJ WKHUH WR HVWDEOLVK WKH FRORQ\ VKRXOG
EH ZLOOLQJ WR VWD\ DQG PDNH WKHLU OLYHV WKHUH 7KH
TXHVWLRQ RI ZKR WR VHQG DV WKH ĂUVW FRORQLVWV WR
Mars or the Moon is therefore very important to
the success of these endeavours.
About the author
/ -RVHSK 3DUNHU KDV D GRFWRUDWH RI PHGLFLQH IURP WKH 0D\R &OLQLF ZLWK
KRQRXUV LQ 1HXURVFLHQFH DQG D 0DVWHUÛV RI 6FLHQFH LQ 6SDFH 6WXGLHV IURP
WKH $PHULFDQ 3XEOLF 8QLYHUVLW\ +H ZDV D &DSWDLQ LQ WKH 86 $LU )RUFH VHUYLQJ
ĂUVW DV D 0LQXWHPDQ ,, ,&%0 'HSXW\ &RPPDQGHU DW 0DOPVWURP $)% LQ
0RQWDQD DQG DOVR ZLWK WKH 86 6WUDWHJLF $LU &RPPDQG DQG ODWHU ZLWK 86
6SDFH &RPPDQG +H ZHQW WR PHGLFDO VFKRRO EHFRPLQJ DQ $LU )RUFH GRFWRU
and now practices emergency medicine and has a private clinic.

The first
colonists
tasked with
building the
habitats on the
Moon or Mars
will need to
survive on the
surface with
little protection

Orion is NASA’s first
spacecraft for longduration deep space
exploration. It will
transport humans to and
from interplanetary
destinations such as
asteroids, the Moon and
eventually Mars.

Lockheed Martin

landing craft were part-shielded to afford some
protection to the crew.
7KH GRVDJH RI UDGLDWLRQ D KXPDQ EHLQJ FDQ WROHUDWH
GHSHQGV RQ KRZ TXLFNO\ LW LV GHOLYHUHG 2QH 6Y RYHU
a short period of time will cause acute radiation
VLFNQHVV DQG  6Y LV RIWHQ IDWDO (PHUJHQF\ ZRUNHUV
DW -DSDQÛV )XNDVKLPD QXFOHDU SODQW GLVDVWHU LQ 
UHFHLYHG XS WR  P6Y \HW QRQH RI WKHP VXIIHUHG
DFXWH UDGLDWLRQ VLFNQHVV 7KH HIIHFWV RI UDGLDWLRQ DUH
somewhat cumulative, however, and long periods of
continued exposure to higher than normal levels of
UDGLDWLRQ FDXVH LQFUHDVHG OLNHOLKRRG RI FDQFHU
Studies of radiation exposure in large
SRSXODWLRQV OLNH +LURVKLPD 1DJDVDNL &KHUQRE\O
DQG )XNDVKLPD KDYH DOORZHG SURMHFWLRQV WR EH
PDGH DERXW UHODWLYHO\ VDIH OHYHOV RI UDGLDWLRQ 1$6$
FRQVLGHUV DQ LQFUHDVH LQ OLIHWLPH FDQFHUULVNRI
WKUHH SHUFHQW WR EH UHDVRQDEOH
(YLGHQFH IURP WKHVH HYHQWV KDV DOVR VKRZQ WKDW
the younger the person is at the age of exposure
WKH JUHDWHU WKH ULVN RYHU WKH OLIHWLPH RI WKH SHUVRQ
and that women suffer greater effects from
radiation than men. As a result, NASA has created
a graduated standard for maximum radiation
exposure for astronauts, dependant on age and
sex for one year and lifetime limits.
7KH (XURSHDQ 8QLRQ (8 DQG 5XVVLD KDYH VHW D PRUH
FRQVHUYDWLYH VWDQGDUG EDVHG RQ WKHLU RZQ UHVHDUFKD
 P6Y FDUHHU OLPLW DFURVV DOO DJHV DQG VH[HV
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Growing plants
without gravity
Whilst today’s space missions in near-Earth orbit use partial water
regeneration and oxygen is replenished by water electrolysis systems, crews
remain reliant on supply ships for timely delivery of food supplies. In the future,
on long-term flights to the Moon or Mars, they will carry plants and crew
members will need ‘green fingers’ to cultivate, tend and harvest crops that will
supplement food stocks. Learning how to grow plants in space now will also
contribute to the development of advanced life-support systems of the future,
from gas exchange and food production to potable water reclamation.
he idea of using plants to maintain life
support systems in space is not a new one.
Russian scientist Konstantin Tsiolkovsky
ĂUVW VXJJHVWHG LW RYHU RQH KXQGUHG \HDUV
ago in his 1911 work, Exploration of Outer Space by
Rocket Devices. “Just as the Earth’s atmosphere is
cleaned by plants with the help of the Sun,” he
ZURWH ÝVR RXU DUWLĂFLDO DWPRVSKHUH FDQ EH
renewed... the plants we take along with us during
the journey can work uninterruptedly for us.”
Tsiolkovsky understood not only the main
principle of using regenerative systems for deep
VSDFHăLJKWEXWLQKLVZRUNV2XWVLGHWKH

T

Igor G Podolskiy,
Laboratory of
Biological Life
Support Systems,
Russian Academy
of Science Institute
of Biomedical
Problems, Moscow
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Earth and Plan for Conquering Interplanetary
Space, he also suggested the construction of a
cylindrical space greenhouse in order to obtain
oxygen, food and clean the air in the capsule. “Man
then achieves greater independence from Earth,
as he is able to procure necessary life support
elements on his own,” he wrote.
Tsiolkovsky had no doubt that if an appropriately
developed plant cultivation method was used,
many varieties of fruit and vegetables would grow
and bear fruit in weightlessness. His greenhouse
project was technologically very advanced and has
lost none of its potential even today.

Astronautics

%\ WKH WLPH WKH VSDFHăLJKW HUD UHDOO\ JRW XQGHU
way there was already a clear understanding of
the potential role of plants in space exploration.
But unlike Tsiolkovsky, modern scientists had
doubts that plants would be able to successfully
grow and reproduce in a zero gravity because their
dependence on gravity was considered too great.
Early experiments also suggested it was unlikely
that plants would thrive in space. From 1971 to 1990
plants in space were cultivated in small greenhouses,
ĂWWHG ZLWK ORZSRZHU OLJKWV DQG IRU WKH PRVW SDUW
without regulatory control systems. Because of the
imperfect horticultural equipment used many of
these experiments failed.
The best result of that period was the successful
growth of arabidopsis (a member of the mustard
IDPLO\ VHHGV RQ WKH 6D\OXW RUELWDO VWDWLRQ LQ D
3KLWRQ DSSDUDWXV LQ  %XW PDQ\ODWHUDWWHPSWV
to repeat this experiment failed.
The Svet greenhouse, a joint project by Russia
DQG %XOJDULD ZDV WKH ĂUVW DXWRPDWHG JUHHQKRXVH
in orbit. It had a larger planting area than previous
devices, a higher vegetation chamber, a much
EULJKWHU OLJKW V\VWHP DQG DXWRPDWLF FRQWUROV  DQG LW
was also able to process and send to Earth collected
data on the plants’ environment and the conditions
of the greenhouse modules.
,Q  WKH ĂUVW H[SHULPHQW LQ FXOWLYDWLQJ SDN
choi cabbage and radishes was conducted in
the Svet greenhouse on board the International
Space Station (ISS). The productivity and speed of
ontogenetic plant development (from the earliest
stage to maturity) in this experiment was lower than
LQ WKH (DUWK FRQWURO JURXS ZKLFK DJDLQ FRQĂUPHG
the position of those scientists who believed that
weightlessness had a negative impact on plants.
Later, specialists at the Institute of Medical and
Biological Problems (IMBP) at the Russian Academy
of Sciences and the Space Dynamics Laboratory
at Utah State University equipped the Svet
greenhouse with the Gas Exchange Measurement
System (GEMS), which measured hydrocontent
dynamics in the vegetation chamber and plant gas
exchange, as well as controlling the conditions of
plant cultivations.
$IWHU LQăLJKW H[SHULPHQWV ZHUH FRPSOHWHG
control experiments were run on Earth in special
FOLPDWHFRQWUROOHG FKDPEHUV ZLWK VLPXODWHG
dynamics of the main parameters of plant
FXOWLYDWLRQ DV UHFRUGHG GXULQJ WKH VSDFHăLJKW 7R
provide normal growth and development of plants in
weightlessness, both the correct methodology and
the right equipment to regulate the water and air
settings of the root environment were needed.

FEEL-GOOD FACTOR
The 1997 Brassica rapa L. experiment was noteworthy not only because of
interesting biological results but also because of the intricate work performed
by astronaut Michael Foale on the manual cross pollination of the tiny Brassica
flowers, all achieved despite the dramatic events of 25 June 1997 when Mir was
depressurised after a collision with a Progress transport ship during a docking
test, which almost cost the crewmembers their lives.
In an interview about his in-flight experiment Michael Foale spoke of the wider
benefits he experienced of the presence of green plants.
“The greenhouse experiment provided me with peace of mind,” he said. “It’s a
special sort of task – to be a gardener, to live together with your plants, to fully
grasp their situation and have a sort of connection with them; it impresses on
you visually and allows you to do the sort of work that’s very different from the
extremely technological environment of spaceflight that lacks so many things.
“It’s a connection with Earth that you take with you and that gives you comfort.
I took great pleasure in checking up on the greenhouse every morning. It was
supposed to take twenty minutes a day, but I spent a lot of time in the greenhouse
and valued that time very much. And I think that during lengthy flights or at any
space station, experiments where something is grown [such as plants] can find a
wide range of uses not only in scientific research but also for psychological support.”
Observations like these - on the psycho-emotional condition of space crews - have
been expressed by almost all astronauts that have participated in plant experiments.

7KH WKHUPRLPSXOVH PHWKRG RI PRQLWRULQJ WKH
root moisture levels in weightlessness was suggested
and subsequently used, and data obtained on root
moisture levels during these space experiments
provided the necessary information to allow
DVWURQDXWV WR FRQWURO PRLVWXUHIRUWKHĂUVWWLPHLQ
KXPDQ VSDFHăLJKW KLVWRU\

Pea flowers in the
‘Lada’ greenhouse.

If at first you don’t succeed…
In 1995 a joint team of Russian and American
UHVHDUFKHUV DWWHPSWHG WR JURZ VXSHUGZDUI ZKHDW LQ
space for one ontogenesis cycle – ‘from seed to seed’
– in the Svet greenhouse on the Russian Mir space
VWDWLRQ 7KLV ĂUVW DWWHPSW ZDV QRW IXOO\ VXFFHVVIXO
lamp sets failed and the plants did not form a head,
remaining at the vegetative stage of development. In

Michael Foale and
Alexander Kaleri beside
the pea plants growing in
the Lada-4 greenhouse
experiment.
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the Earth control group, with similar low light, the
plants still formed heads, albeit sterile ones without
seeds. This led to the conclusion that some negative
IDFWRU KDG DIIHFWHG WKH ZKHDW LQ ăLJKW D WKHRU\ WKDW
ZDV FRQĂUPHG E\ WKH QH[W H[SHULPHQW LQ 
This time, the wheat grew and formed heads but
it was obvious from photographs and videos that
something strange was going on with the plants.
:KHQ WKH PDWHULDOV ZHUH GHOLYHUHG WR WKH 5XVVR
American team back on Earth we were all shocked
WR GLVFRYHU WKDW LQ DOPRVW  IXOO\ IRUPHGZKHDW
SODQWV WKHUH ZDVQÛW D VLQJOH VHHG
7KH SODQWV DOVR VKRZHG VLJQLĂFDQW PRUSKRORJLFDO
FKDQJHV &RPSDUHG WR (DUWKFRQWURO SODQWV WKH
microgravity plants had almost three times as many
heads, while the culm (stem) was half the length,
WKH KHDG PDVV KDOI WKH ZHLJKW WKH ăRZHU KHDG
length was shorter, and there were less spikelets in
D KHDG WKRXJK WKH DYHUDJHQXPEHURIăRZHUVLQWKH
spikelets was higher.
Microscopic cytoembryological analysis of the
biological materials showed that the lack of seeds in
the heads was due to utterly sterile pollen.
Morphological and cytoembryological changes
in the plants that had grown in space were in many
ways similar to the results described in literature on
HFWRJHQRXV XVH RI HWK\OHQH DQG HWK\OHQHFRQWDLQLQJ
products, which are strong phytohormones, and

During lengthy
flights an
experiment
where
something
is grown can
find a wide
range of uses
not only in
scientific
research
but also for
psychological
support

DEVELOPING TASTE
For the final experiment in the Svet greenhouse on
Mir in 2000, the flavour of leafy vegetables grown in
weightlessness was evaluated by the cosmonauts.
Tasting the greens, cosmonauts Aleksandr Kaleri
and Sergey Zaletin remarked that adding fresh
greens to a crews’ diet would be very desirable,
particularly if they were spicy rather than bland.
Later on, cosmonaut Maksim Surayev wrote about
the lack of flavour: “Roma (Roman Romanenko) was
growing some sort of salad on the space station. And
the salad was so green, Roma obviously wanted to
eat it. I too really wanted to eat it! But back on Earth
they wouldn’t allow it. They said – you have to freeze
it and send it back to Earth for science!
“Imagine this green salad, and two young healthy
cosmonauts staring at it, unable to try it! We decided
nothing awful would happen if we just tried a tiny
piece. So we chewed some. Such a disappointment because the greens had absolutely no taste!
“When I was planting my own salad, I found some
wheat seeds that had been left behind by another
expedition and I sneaked them in and planted them
too. But then the scientists from Earth told me to get
rid of the wheat.
“I’m sorry, dear scientists, I couldn’t do it – it was
growing so beautifully! Just look at the heads on this
wheat! And I really do hope that they turn out tastier
than Roma’s salad!”
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Cosmonaut Sergey
Volkov, the seed-to-seed
cycle of the super-dwarf
wheat growing
experiment in the ‘Lada’
greenhouse on the
International Space
Station in 2011.

this led to the assumption that one of the most
LPSRUWDQW IDFWRUV WKDW LQăXHQFHG WKH JURZWK DQG
development of plants in the Svet greenhouse was
high levels of ethylene.
7KH ĂUVW PHDVXUHPHQWV RI HWK\OHQH LQ WKH 0LU
atmosphere showed an average concentration of 1.1
mg/m³, a perfectly safe concentration for humans.
Higher levels of ethylene in the atmosphere in Earth
control conditions also led to increased tillering
(shooting from the root or bottom of the original
stalk) without changing the plant mass, a shorter
culm and no viable seeds.
7KH QH[W 5XVVR$PHULFDQ H[SHULPHQW LQ WKH
VXPPHU RI  SODQQHG WR JURZ D PRGHO VKRUW
cycle plant, Brassica rapa L. in two generations.
$QG IRU WKH ĂUVW WLPH LQ KLVWRU\ LW ZDV D VXFFHVV
Brassica turned out to be more tolerant to higher
ethylene concentrations in the station’s atmosphere
DQG LW SURGXFHG YLDEOH VHHGV ERWK LQ WKH ĂUVW VSDFH
JHQHUDWLRQ DQG LQ UHVHHGLQJRIWKRVHVHHGVLQWKH
space greenhouse.
Ethylene did, however, cause serious changes in
the plants – all morphometric characteristics, such
as plant height, number of pods and seed mass,
turned out to be half of their Earthly counterparts.
,Q  ZH UHSHDWHG WKH H[SHULPHQW RQ
JURZLQJ WZRJHQHUDWLRQ SODQWV RQ 0LU EXW WKLV
time with wheat – a more interesting plant in terms
RI IXWXUH OLIH VXSSRUW V\VWHPV 7KH 868$SRJHH
type of wheat was selected for better tolerance
to ethylene and the variety chosen was created
by researchers at Utah State University under
the leadership of Bruce Bugbee, especially for
greenhouses of various bioregenerative life support
systems, including those in space.
Both experiments on Mir resulted in viable wheat
seeds, and the space plants did not differ in their
morphology from the Earth plants.
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Building on success
7KH ĂUVW SODQW H[SHULPHQWV FRQGXFWHG LQ WKH 6YHW
JUHHQKRXVH RQERDUG 0LU VKRZHG WKDW VSDFHăLJKW
does not seriously impact fundamental biological
processes such as growth, development, seeding,
photosynthesis and metabolic activity. The results of
research on higher plants in weightlessness made it
possible to integrate greenhouses in spacecraft with
the use of technology for cultivating higher plants in
]HURJUDYLW\ HQYLURQPHQWVDVSDUWRIWKHVSDFHFUDIW
life support systems.
Overall, this series of experiments was very
successful but a lot remained unknown, such as how
SODQWV ZRXOG EHKDYH GXULQJ ORQJWHUP FXOWLYDWLRQ
LQ VSDFH DQG LI WKHLU JHQHWLFPDNHXSZRXOG
subsequently change.
In order to continue our plant experiments on
WKH ,66 RXU 5XVVR$PHULFDQ WHDP EXLOW D QHZ
greenhouse called ‘Lada’. Many thought the name
was chosen after, Lada, the Slavic goddess of
marriage, love, home and harvest but the truth was
PXFK PRUH GRZQWRHDUWK
Work on the future space greenhouse began in
WKH VSULQJ RI  ZLWK YHU\ OLWWOH ĂQDQFLQJ YHU\
little time, very limited space on the ISS and an
HQHUJ\ DOORZDQFH RI RQO\  ZDWWV IRU DOO OLJKWV DQG
supporting mechanisms. So, rather than opt for a
complex and sophisticated ‘Rolls Royce’ greenhouse,
we decided to build a simple, yet reliable one – like
WKH 5XVVLDQ Ú/DGDÛ FDU
Thanks to our invaluable experience with Svet, we
ZHUH DEOH WR EXLOG DQG JHW FHUWLĂFDWLRQ IRU /DGD YHU\
TXLFNO\ DQG LQ 2FWREHU  WKH ĂUVW H[SHULPHQW LQ
cultivating mizuna (a type of mustard greens) began.
%HWZHHQ 2FWREHU  DQG 1RYHPEHU 
17 experiments were conducted in the Lada
greenhouse aboard the ISS, including experiments
with mizuna, radishes, two genetically marked types
RI GZDUI SHDV WZR W\SHV RI EDUOH\ DQG VXSHUGZDUI
wheat and there were some interesting results.
In each of these experiments the plants grown in
space showed the same characteristics and speed
of development as those in the control group on
Earth. The pea plants retained their reproductive
function and formed viable seeds during four full
FRQVHFXWLYH LQăLJKW ÚVHHG WR VHHGÛ F\FOHV *HQHWLF
analysis gave serious weight to the hypothesis that
the plants’ genetic makeup does not change over a
few generations growth on the ISS.
Microbiological research on the mizuna plants
VKRZHG D ODFN RI GLVHDVHFDXVLQJ PLFURRUJDQLVPV
RQ PL]XQD OHDYHV LQ VSDFHăLJKW DQG DQDO\VLV RI WKH
GLHWDU\ FKDUDFWHULVWLFV VKRZHG WKDW VSDFHJURZQ
mizuna biomass conforms to food safety and
nutritional content standards.

,QFUHDVHV LQ WKH 7YDOXH DQ LQGH[ RI RYHUDOO DLU
impurity on the ISS, did not affect the productivity
of the mizuna plant. The average amount of
aerophilous microorganisms corresponded to the
normal amounts recommended for nutrition with
FUHZV WKDW UHPDLQ RQ WKH ,66 IRU XS WR  GD\V
$ VXSHUGZDUI ZKHDW JURZLQJ H[SHULPHQW IRU
the full vegetation cycle in the two chambers of the
Lada greenhouse showed that the plants developed
normal sprouts, heads and seeds.
With these results we now know that it is
possible to grow leafy green vegetables and
biologically viable and normal wheat seeds
in a greenhouse on board the ISS that do not
VLJQLĂFDQWO\ GLIIHU IURP WKHLU (DUWKJURZQ
counterparts. This data will be of great interest
for projects dealing with the creation of working
greenhouses that can become part of life support
systems for future space crews.
The authors would like to extend their thanks to Gail E. Bingham and
their other American colleagues for all the years of our successful
cooperation, and would also like to thank Russian cosmonauts and
DVWURQDXWV IRU WKHLU ZRQGHUIXO FDPHUD ZRUNZKLOHUHFRUGLQJWKHLQ
ăLJKWH[SHULPHQWVRQ0LUDQGWKH,66

Top: Roman Romanenko
with some of his mizuna
plants.
Above: Super-dwarf
wheat grown by Maksim
Surayev.

It’s a special
sort of task
– to be a
gardener, to
live together
with your
plants
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The HI-SEAS habitat on
Hawaii.
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Mars Green
Consulting, Ontario,
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Recipe for success
on flights to Mars
Astronauts and cosmonauts working for six months or more on the
International Space Station have already proved that eating and sharing
meals together is a vital part of any successful long-term space mission food is not just fuel for the body but also a conduit for culture, comfort and
camaraderie. And nowhere will this be more so than on the first human
flights to Mars when mission durations will be measured in years.

Sophie Milam
SVL Analytical Inc,
Idaho, USA

Zak Wilson
Chief Engineer, HISEAS Mission III
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pace food might conjure thoughts of
the fruit-flavoured Tang drink,
astronaut ice cream or space food
sticks, but none of these products have
the strong connection to space that one might
imagine. Tang wasn’t developed for space,
merely used during some early flights.
Astronaut ice cream, the staple of air and space
museums worldwide, was actually developed
for spaceflight but hasn’t ever flown to space.
And space food sticks were mostly a
commercial product attempting to cash in on
the excitement around spaceflight in the early
1960s, though they did fly aboard Skylab III.

S

Today’s space food eaten aboard the
International Space Station (ISS) shares more
similarities with military Meals Ready to Eat
(MREs), vacuum sealed plastic pouches that
must be rehydrated or reheated. Ideally,
space food should be lightweight, compact in
volume, nutritious, easy to prepare, eat and
clean up (microgravity complicates all of these
requirements), long lasting and delicious.
For a mission to Mars, food will need to last many
years. Food for Mars-bound astronauts would be
nearly two-and-half-years old by the time the
astronauts returned to Earth, and supplies prepositioned on Mars, sent during the launch window

Neil Scheibelhut
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prior to a manned mission, would be three-and-ahalf-years old by the time a crew arrived on Mars.
From a logistics view, the ideal food is a
nutrient- and calorie-dense brick that would last
for many years; the modern equivalent of hardtack
and salt pork, though with better nutritional value.
But such food ‘bricks’ are less than ideal from a
crew perspective.
We were three of the six members of HI-SEAS
Mission III, which gave us an insight into some
of the issues that will be faced by future crews
journeying to Mars.
HI-SEAS (Hawai’i Space Exploration Analog &
Simulation) is a series of simulated Mars missions
funded by NASA and run by Dr Kim Binsted of the
University of Hawaii. The study’s overall goal is
to investigate crew selection, performance and
cohesion; and how to apply those lessons to a
crewed mission to Mars.
Our mission, ran for eight months up to June
2015. During this time, we lived in a dome on
the side of the Mauna Loa volcano in Hawaii, in
WKHPLGGOHRIDGHVRODWHODYDĂHOG:HGLGQÛWVHH

people beyond the members of our crew and
communication with the outside world was limited
to methods with an imposed 20-minute delay to
simulate the time it takes for a signal to travel
between Earth and Mars.
Water was only periodically trucked in, thus
limiting crew members to eight minutes of
showering a week. Power was supplied by an offgrid energy system. And to venture outside we
had to don simulated space suits. And for meals,
we could only eat food cooked from shelf-stable
ingredients - i.e. food that would last a three-year
mission to Mars without spoiling.
Most of our meat, vegetables, fruit and dairy
came in either dried or freeze-dried form.
Removing the water delays spoilage and reduces
weight and freeze-dried foods tend to have
a Styrofoam-like texture before they’ve been
rehydrated, while dried foods are much denser.
There was also a large stock of grains, legumes,
ăRXUV VSLFHV VHDVRQLQJV DQG D YDULHW\ RI VQDFNV
Generally, canned items were avoided because
of their relatively heavy weight. Our pantry was

Top: Expedition 20 crew
members Timothy Kopra,
Frank De Winne, Roman
Romanenko and Michael
Barrett share a meal in
the Unity node of the
International Space
Station. Above: Martha
collects rocks.

Life in the HISEAS dome
could become
a little stale
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products have
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connection to
space that one
might imagine

Social structure
As a crew, we decided how we wanted to organise
our meals. For breakfast and lunch, people mostly
cooked for themselves whereas dinner was prepared
by a team of two and eaten all together. We set a
rotating cooking schedule, which was occasionally
interrupted by days of leftovers, low-power days
or special celebration meals. Each day there was a
chef in charge of making dinner with an assistant
sous chef. There was also a clean-up crew of two for
the day. After each chef and sous-chef had cooked,
the sous chef would shift, so eventually every crew
member worked with every other person in both
a leading and following role. This was one of our
few areas of social structure over the course of the
mission and was devised by the crew. Other crews
have organised their time and duties differently.

Our kitchen was small but well-equipped.
We had induction cooktops, a small oven,
microwave, toaster, kettle, rice cooker and
yogurt maker. We also had a small garden which
was Martha’s personal research project. It wasn’t
ODUJH HQRXJK WR PDNH D VLJQLĂFDQW FRQWULEXWLRQ
to our calories but the rare, small portions of
fresh salad we got from it and the slightly more
plentiful herbs were always a welcome addition.
It was also a connection to ‘Earth’ and our only
source of green.
Life in the HI-SEAS dome could become a little
stale. The scenery through the one window never
changed, the work was repetitive and the EVAs
never took us more than a mile or two away.
The greatest source of variety day-to-day was
our food though crew members quickly found
out that cooking with the shelf-stable ingredients
FRXOG EH GLIĂFXOW DQG VRPHWLPHV IUXVWUDWLQJ
Challenges in the kitchen had to be overcome
with willpower, creativity and necessity.
Something that would take a few seconds on
Earth, like adding cheese to a meal, might take
a full hour on our simulated Mars because
rehydrating the freeze-dried shredded cheese
could only be done slowly and incrementally by
adding cold water and keeping the container in
the refrigerator.
The pre-made meal most commonly eaten in
the dome was macaroni and cheese. Its popularity
was more dependent on it being a staple comfort

Zak Wilson

Jocelyn Dunn

Below: Selection of
shelf-stable food.
Below right: Home grown
salad and homemade
herbed cheese.

a 20-foot shipping container mostly full of food
- but even that wasn’t large enough to keep six
people fed for the eight months. We needed three
re-supplies as well.
Initially, we ate some of the pre-made freezedried meals similar to the kind used for camping,
but they were disliked by most of the crew. A
favourite low power meal was Build-Your-OwnRamen - put all your favourite freeze dried
veggies, meats, soup base and noodles in a big
bowl and just add boiling water. On sunny days,
when power wasn’t a concern, we were able to be
more creative.
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food; something that kept us all connected to our
childhood, our days as college students and our
‘cheat days’ from whatever diet we were trying.
Again, it tied us back to Earth.
Cooking for others was one of the ways that
enabled us to come together as a crew. We
celebrated the successes and laughed off the
failures, and bonded much faster and deeper than
in a traditional friendship.
Of all the challenges we faced as a crew, the
daily meal we shared together consistently
brought us closer together and kept us connected.
It served as a gauge of morale; when a crewmate
didn’t attend dinner, it was a signal to the rest
of the crew that there was something wrong.
Whether it was bad news from home, depression,
LVRODWLRQ RU MXVW EHLQJ LQ D JRRG ăRZ ZLWK \RXU
personal research, it gave the rest of the crew an
indication to check in and keep better tabs on
someone. If the social structure inside the dome
became stressed, it was always most apparent
during mealtimes when the normally jovial
atmosphere became tense and quiet.

Expression of culture
Apart from nutrition, food affects us on so many
levels; it’s hard to understate its importance on
a mission. Not having enough food can cause
low levels of blood sugar, make people irritable,
resulting in low energy and lethargy. Not getting
the right foods can affect mood, the body’s ability
to function and repair itself, and to fend off illness.
Food is also an expression of culture and can
connect you to a feeling of normalcy. Weekly
debriefs were made pleasant by having our
discussions over a batch of fresh scones and a
pot of coffee. It’s also a creative endeavour and,
by spending time creating something delicious
for your crewmates, it becomes an expression
RI FDULQJ IRU WKHP DQG IXOĂOV WKH XUJH WR GR
something nice for the people around you.
/LYLQJ LQ WKH FRQĂQHPHQWV RI WKH 'RPH HDFK
day can seem very like the one before - you begin
to lose a sense of time and the exact chronology
of events becomes lost. But particularly good
meals from the Dome still shine brightly in our
memories. Stand-outs that we still talk about
were special BBQ night, burger and multiple sushi
and pizza nights. These meals were made even
more special by witnessing the amount of time
and effort each person put into making things as
perfect as possible for the crew. Sophie recalls
how proud she felt after spending an afternoon
cooking and being able to present the crew with a
splendid and delicious dinner.

Zak Wilson
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Occasionally, the reality of space makes some
RI WKHVH DFWLYLWLHV DQG IRRGV GLIĂFXOW :H GLGQÛW
have to deal with zero gravity, or even try to
simulate that part of a mission to Mars. Living
off-grid on renewable energy, however, we did
have to deal with power shortages when the solar
panels weren’t generating enough electricity to
allow for cooking. We used to joke that when it’s
cold and dark out, we can’t have heat or light - or
a proper dinner.
One of the hardest parts of getting through
dust storms, or patches of bad weather, was the
inability to cook a regular meal. We had poor
weather at Christmas, but decided to splurge on
running the generator. We all felt it was important
to have a festive holiday dinner with roast turkey,
YHJHWDEOHV VWXIĂQJ DQG SRWDWRHV DW D WLPH ZKHQ
everyone on the crew would be missing their
family and friends back home.
At a later point in the mission, we had a whole
ZHHN RI SRRU ZHDWKHU DQG ODFNHG VXIĂFLHQW IXHO IRU
our back-up generators. That was a very cold, dark
week where we had to get by on dried fruit and
nuts, cereal and cereal bars, and other foods that
didn’t require cooking. If we did heat water, we
would coordinate with others so that we only had
to run the kettle once or twice. Instant foods tend
WR EH KLJK LQ VRGLXP KDYH D ORW RI ZKHDW ĂOOHU
and are generally not as tasty as what we could
prepare ourselves. We were very happy when
the sun started shining on us again and we could
return to cooking.
Eating a freshly prepared, home-cooked meal
every night and only cooking once a week was
a luxurious arrangement. We ate well in the
dome, and our best memories from those eight
months involve special food that we made,
though that doesn’t mean we weren’t excited
when we got out and were able to eat all the
things we’d been missing.

Interior of the dome.

We ate well
in the dome,
and our best
memories
from those
eight months
involve special
food that we
made, but that
doesn’t mean
we weren’t
excited when
we got out
and were able
to eat all the
things we’d
been missing
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India confirms commercial
launch intent
Srinivas Laxman
Space author &
journalist, Mumbai,
India

feat of this type had so far not been
achieved by any space agency or
commercial company, though records for
the most satellites launched in a single
attempt have continued to tumble in recent years.
In April 2014, Cornell University’s Kickstarter

A

project consisting of 104 one-inch square ‘chip
sats’ (known as Sprite satellites) were carried
inside a Cubesat onboard a SpaceX Falcon 9
rocket. The role of this mission was to develop
technology that can be sent deep into space in
swarms, with each individual satellite beaming

ISRO

Launch of India’s
PSLV-C37 carrying a
record number of 104
satellites.

In one sense we have just witnessed science fiction turning into reality.
That is what it felt like on the morning of Wednesday, 15 February 2017,
when I watched India’s nearly 50-year-old space programme rocketing
into spaceflight history as the country’s space agency ISRO (Indian Space
Research Organisation) successfully deployed 104 satellites in a single
mission in a span of only 30 minutes. The daring mission sent out a clear
message regarding India’s commercial intent to the rest of the world.
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The fully integrated
PSLV-C37 with the mobile
service tower.

When it
became
known that
ISRO was
raising the
number of
satellites on
the mission,
international
customers
formed a
queue to
have their
spacecraft
launched

Engineering students
working on Nayif-1
developed by the
Mohammed bin Rashid
Space Centre (MBRSC)
and American University
of Sharjah (AUS). It
started transmitting
about an hour after
launch.

ISRO

back its own stream of information. The Kicksat
mothership reached its orbit and transmitted
beacon signals that were received by radio
amateurs. However, due to a clock reset, the tiny
satellites couldn’t be deployed and burned up
inside the KickSat on re-entry about a month later.
In June 2014 a Russian Dnepr rocket launched
 VDWHOOLWHV IURP GLIIHUHQW FRXQWULHV IRU VFLHQWLĂF
and commercial purposes in one go and prior to
this, in November 2013, an American Minotaur
URFNHW KDG GHSOR\HG  VDWHOOLWHV LQ D VLQJOH ăLJKW
India’s 104 satellite mission surpassed all
previous records, attracting interest not only
within the country but overseas too, including
China. After India’s Mars Orbiter Mission (MOM),
LW ZDV WKLV ăLJKW ZKLFK DURXVHG PRUH FXULRVLW\
and public interest compared to some of the other
Indian space science missions.
Only three of the 104 satellites launched by
ISRO were Indian - the primary payload being the
713 kg Cartosat-2 satellite which will be used for
cartographic and remote sensing purposes, and
two ISRO nanosatellites weighing 8.4 kg and 9.7
kg respectively.
The additional 101 foreign micro and nanosatellites were from the US, Dubai, Israel,
Kazakhstan, the Netherlands and Switzerland.
These included 96 from the United States, of
which 88 belonged to a single organisation, the
San Francisco-based Planet. Known as Dove Flock
3P nano-satellites, each weigh 4.7 kg and are
imaging the Earth daily.
The remaining eight US nano-satellites called Lemur and weighing 4.6 kg each - were
from Spire Global, also from San Francisco.
Their role is to carry out vessel tracking and
weather measurement.

The other foreign satellites were PEASS-1 from
the Netherlands (3 kg); Dido-2 of Switzerland (4.2
kg); BGUSSat of Israel (4.3 kg); the 1.7 kg Al-Farabi
from Kazakhstan and the 1.1 kg Nayif-1 from Dubai.
The satellites from the Netherlands,
Israel, Kazakhstan and Dubai are technology
demonstrators, and the main role of all 104
satellites is Earth imaging, which could lend itself
to any interpretation! The total weight of all the
satellites was 1377 kg.
Significantly, the mission saw two arch
political rivals joining hands on single mission a rare occasion when Israel and the Arab world
flew together as there was an Israeli and an
Arab satellite!
The rocket for this historic mission was an
advanced version of the highly-proven four-stage
Polar Satellite Launch Vehicle (PSLV) - the PSLV;/ 7KH ăLJKW ZDV GHVLJQDWHG 36/9&
The 28-hour countdown kicked off at 5.28
am on 14 February. P.Kunhi Krishnan, director
of the Sriharikota Spaceport, described it as
the “shortest countdown” compared to those
of earlier missions.
7KH FRXQWGRZQ SURJUHVVHG ăDZOHVVO\ DQG WKH
much-awaited moment came at 9.28 am as the
PSLV lifted off with a thunder literally shaking the
ground below it. During the initial moments, it
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ISRO/NRSC

The PEASS-1 satellite
during construction in the
Netherlands.

seemed a soundless lift off but within minutes the
silence was rudely shattered with the awesome roar
and thunder of the powerful rocket as it climbed
higher and higher on a yellowish plume of smoke.
,W ZDV ĂUH DQG WKXQGHU 0DQ\ ZHUH JDWKHUHG RQ WKH
terraces of the nearby buildings of the spaceport
to witness history in the making - applauding,
cheering and screaming with joy and excitement.
The rocket disappeared into a dark patch of
cloud and along with it the ear-deafening sound
faded away.
In mission control a team of scientists - mostly
from the southern Indian states of Tamilnadu
and Kerala sporting a grey ash powder on their
foreheads to invoke God’s blessings - were glued
to their computers monitoring the progress of the
ăLJKW ZKLFK ZDV JRLQJ RQ VPRRWKO\
7KH ĂUVW VDWHOOLWH WR EH GHSOR\HG ZDV ,QGLDÛV
Cartosat-2 followed within seconds by the
indigenous nanosatellites. Then in intervals of four
to 12 seconds the foreign satellites were released
into orbit.
These nanosatellites were enclosed in 25
TXDGSDFNV  WKUHH WR ĂYH VDWHOOLWHV LQ HDFK 
which were released in a time-sequence manner.
Once the quadpacks left the rocket, they opened
to place the small satellites in orbit.
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All the 104 satellites were deployed in a 505
km polar Sun-synchronous orbit and, according
to B. Jayakumar, mission director, one of the key
challenges was to ensure they did not collide
during separation. For this, he explained a new
separation technology had been implemented
ZKLFK ZRUNHG HIĂFLHQWO\
He described the mission as a “good
learning experience”.
Planning for this nail biting mission began
six months before, when PSLV successfully
launched 20 satellites on 22 June 2016, which
JDYH ,652 WKH FRQĂGHQFHWRODXQFKDODUJHU
number of satellites.
.HHSLQJ WKLV LQ PLQG ,652 ĂUVW SODQQHG WR
launch 83 satellites in a single shot in October
2016. Three months later it rose to 104. And
the risky and complex mission was born, which
K.Sivan, director of ISRO’s Vikram Sarabhai Space
Centre, admitted was one of the toughest.
Dismissing oft repeated theories, ISRO chairman
A.S.Kiran Kumar made it clear that the role of
the mission was not to enter into a global space
race or break any record, but merely to utilise the
additional capacity of the PSLV. The rocket had an
additional capacity of 600 kg so it was decided to
accommodate the extra satellites.
In a post launch media interaction, the
ISRO chief emphasised the mission was about
“maximising returns and improving capacity”. But
there are a few sceptics who seem convinced
that the mission is a signal to China. “In a way the
Indian mission will trigger an Asian space race
and do not be surprised if China starts planning to
launch multiple satellites in one shot only to beat
India,’’ observed a space analyst.
Apparently shaken by the success of the Indian
mission, China immediately began analysing
the reasons why it was so successful and how it
was cost-effective. Some Chinese media reports
TXRWLQJLWVVSDFHRIĂFLDOVHYHQDFNQRZOHGJHG

Planet

The foreign
satellites
were released
into orbit at
intervals of
four to 12
seconds
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An increasing number of foreign
agencies are turning towards
India to launch their satellites and
this is reportedly causing concern
among American space officials
that India could overtake China in the commercial
space launch business.
China’s inability to access components and parts
from the US are part of its problem. According to
the Global Times, “India’s achievements are largely
driven by its low price advantage, a weak point for
China’s commercial space sector.”
“Competition with India for commercial space
launches may be inevitable and the most urgent
action needed for China is expand its market
share is to reduce the cost of putting satellites
into orbit.”
Reports from other world capitals, including
Washington and London, responded to the
ground-breaking 104 satellite mission success by
suggesting India had emerged as a key player in
the global space sector.
When it became known that ISRO was
raising the number of satellites on the mission,
international customers formed a queue to have
their spacecraft launched. To date ISRO has
earned more than 100 million dollars through
the launch of foreign satellites and, in this latest
mission, recovered half the cost by carrying 101
foreign satellites.
Certainly, this was not on account of any special
loyalty they had towards India but because the
overall launch as compared to other international
rocket launches is cheaper.
Information obtained from various sources,
show that a SpaceX Falcon 9 launch costs Rs
381 crores; other rockets-a Russian Proton Rs
455 crores; Japan’s H-11A, Chinese Long March,
Arianespace Ariane-5 and the American Atlas
5 each cost Rs 6,692 crores. Against these
a launch by ISRO’s PSLV is estimated to be
around Rs 100 crores.
One of the main reasons for the comparatively
lower launch price in India is largely due to
WKH FKHDS ODERXU FRVWV $ KLJKO\ TXDOLĂHG ,652
scientist earns much less than his counterpart
in NASA.
The fact that an increasing number of foreign
agencies are turning towards India to launch
their satellites is reportedly causing concern
among American space officials. How worried

they are is amply evident from the fact that
on 6 July 2016, the US Committee on Science,
Space and Technology wrote a letter to former
American secretary of state, John Kerry,
secretary, department of commerce, Penny
Pritzker, US trade representative Michael
Froman and director of the office of science
and technology, John Holdren, expressing
concern regarding US satellites being launched
in India.
They suggested that US launch services were
at a disadvantage as they were being wiped
out of competition for the launch of micro and
nanosatellites. Similar concerns had also been
expressed at a US hearing on ‘The Commercial
Space Launch Industry: Small Satellite
Opportunities and Challenges’ held in April 2016.
To date, India has carried 113 US satellites of
which 96 are part of the 104 deployed on February
 ,QGLD KDV ăRZQ  IRUHLJQ VDWHOOLWHV IRU 
FRXQWULHV WKH ĂUVW RQH EHLQJ'/57XEVDWRI
Germany on 26 May 1999.
A spokesperson for San Francisco-based Planet
ZKLFK ăHZ  RI LWV VDWHOOLWHV LQ ,652ÛV UHFHQW
mission, said that the organisation will continue to
collaborate with the Indian space agency whatever
the policy of US President Donald Trump!
So the days ahead will see 104 and counting.
,652 LV PRVW GHĂQLWHO\ LQ WKH DVFHQGHQF\ DQG
promises to be true ambassador for ‘brand India’ in
the months and years ahead.

One of the first images
from ISRO’s Cartosat-2
satellite returned the day
after launch and showing
part of the commercial
centre and Mithi River,
Mumbai, India.

About the author
Srinivas Laxman, a space journalist and author, contributes regularly to
the Times of India, India’s leading national daily. He has authored four
space-themed books – a biography of Abdul Kalam, rocket scientist,
ZKR EHFDPH 3UHVLGHQW RI ,QGLD D ERRN RQ ,QGLDÛV ĂUVW PLVVLRQWRWKH
Moon, and two on the country’s mission to Mars.

Some of Planet’s 88
small ‘Dove’ satellites
flown into orbit aboard
India’s Polar Satellite
Launch Vehicle.
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Spaceplane rationale –
a new way of thinking
Early US Space Shuttle
designs were fully
reusable but after budget
cuts NASA had to choose
between full reusability or
a smaller true spaceplane.
Its decision to develop a
largely expendable vehicle
probably held up low-cost
access to space by at least
three decades.

The very high cost of sending people and payloads into space has hardly
changed in real terms over the 55 years of human spaceflight - largely due
to the use of launchers that are based on ballistic missile technology and
that can therefore be used only once. But back in the 1960s many aircraft
companies had feasible, if challenging, designs for fully orbital spaceplanes
which were never realised. What would then have been very difficult is now
more easily achievable and, if consensus can be reached on how best to go
about building an airliner that can fly into space, it might usher in a new
affordable space age within as little as 15 years.
ll orbital space launchers in service today
FDQ ă\ RQO\ RQFH DQG WKLV H[SHQGDELOLW\LV
the root cause of the high cost and
HFRQRPLF ULVN RI VSDFHăLJKW ,W LV
unimaginable that we would scrap a car after only a
few hours on the road – the average per day cost of
owning and driving it would shoot up to around a
WKRXVDQG WLPHV PRUH WKDQ LW DFWXDOO\ LV 0XFK WKH
VDPH DSSOLHV WR DYLDWLRQ ,I DHURSODQHV FRXOG ă\ RQO\
once before being taken out of service, the cost of a
ăLJKWDFURVVWKH$WODQWLFZRXOGEHURXJKO\RQH

A

David Ashford
Managing Director,
Bristol Spaceplanes,
United Kingdom
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WKRXVDQG WLPHV PRUH WKDQ LW LV $QG OLNHZLVH
reusable launchers could reduce the cost of
VSDFHăLJKW E\ DERXW RQH WKRXVDQG WLPHV JLYHQ KLJK
HQRXJK WUDIĂF OHYHOV IRU HFRQRPLHV RI VFDOH
Just as steam locomotives transformed land
WUDQVSRUW VR VSDFHSODQHV ZLOO WUDQVIRUP VSDFHăLJKW
and thereby make a huge contribution to life on our
SODQHW ,PDJLQH D QHZ VSDFH DJH LQ ZKLFK D ăHHW RI
VHDW DHURSODQHV WKDW FDQ ă\ WR VSDFH DQG RIIHU
URXWLQH DQG DIIRUGDEOH WUDQVSRUW WR DQG IURP RUELW
7KHVHVSDFHSODQHVORRNVLPLODUWRWKH$QJOR)UHQFK
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supersonic Concorde, taking off from and landing on
FRQYHQWLRQDO UXQZD\V
,Q WKLV VFHQDULR WKH FRVW SHU VHDW WR RUELW LV DERXW
one thousand times less than it is today (a few tens
of thousands of dollars compared with a few tens
of millions) so that middle-income people prepared
to save can even afford to visit space hotels in orbit
URXQG (DUWK &DUJR YHUVLRQV ZRXOG ODXQFK VDWHOOLWHV
DQG VSDFH SODWIRUPV DW JUHDWO\ UHGXFHG FRVWV
The future possibilities for science, the
environment, human endeavour and leisure are
immeasurably vast and this new space age could be
achieved at low technical risk within 15 years, given a
FKDQJH LQ RXU DSSURDFKWRVSDFHWUDQVSRUWDWLRQ

Rocket science
,Q RUGHU WR XQGHUVWDQG WKH DUJXPHQW D OLWWOH
knowledge is required of the various types of trajectory,
WKH QHHG IRU VWDJLQJ DQG VRPH GHVLJQ ORJLF
Launching a spacecraft into orbit requires
climbing to space altitude - about 100 km (62 miles)
or higher - and then accelerating horizontally to
VDWHOOLWH VSHHG ZKLFK LV DERXW  NP SHU VHFRQG IRU
ORZ (DUWK RUELWV /(2 RI DURXQG  PLQXWHV ,W LV WKH
acceleration to satellite speed that requires most of
the energy - just climbing to space altitude requires
IDU OHVV $ VRFDOOHG VXERUELWDO ăLJKW XS DQG GRZQ
again with just a few minutes in space, requires a
PD[LPXP VSHHG RI DERXW  NP SHU VHFRQG RUDERXW
HLJKW WLPHV OHVV VHH GLDJUDP EHORZ ULJKW 
Suborbital rockets, or ‘sounding rockets’, have
been used for many years for various kinds of
VFLHQWLĂF UHVHDUFK 7KH\ DUH IDU VPDOOHU DQG OHVV
H[SHQVLYH WKDQ RUELWDO ODXQFKHUV EXW RI FRXUVH
RQO\ SURYLGH D IHZ PLQXWHV LQ VSDFH 7ZR UHXVDEOH
VXERUELWDO DHURSODQHV KDYH DOUHDG\ ăRZQ DQG QHZ
ones are being developed to provide suborbital space
H[SHULHQFH ăLJKWV 7KHVH ZLOO EH XVHIXOVWHSSLQJ
VWRQHV WR RUELWDOVSDFHSODQHV

7R ă\ RQHDQGDKDOI WLPHV DURXQG WKH ZRUOG
ZLWKRXW LQăLJKW UHIXHOOLQJ ZRXOG QHHG HLWKHU YHU\
advanced technology or the use of two stages - a
large aeroplane carrying a specialised very longUDQJH DHURSODQH SDUW RI WKH ZD\
7KLV DQDORJ\ H[SODLQV ZK\ ă\LQJ WR RUELW ZLWK
H[LVWLQJ WHFKQRORJ\ QHHGV WZR VWDJHV 7KH ORZHU
stage boosts the upper stage to a speed such that it
requires a practicable fuel fraction to continue on
WR RUELW DQG WKH WZR VWDJHV VHSDUDWH DW WKLV VSHHG
Single-stagers are clearly preferable in the long
WHUP EXW WKHVH ZLOOQHHGYHU\DGYDQFHGQHZHQJLQHV

Design logic
$Q DLUOLQHU FDSDEOH RI ă\LQJ WR /(2 ZRXOG WUDQVIRUP
VSDFHăLJKW E\ SURYLGLQJ YDVWO\ ORZHU FRVWV DQG
LPSURYHG VDIHW\ 7KH HVVHQWLDO GHVLJQ IHDWXUHV
RI WKH ĂUVW VXFK YHKLFOH FDQ EH GHULYHGIURP
VWUDLJKWIRUZDUG GHVLJQ ORJLF
The most important design requirement is greatly
LPSURYHGVDIHW\7RGDWH KXPDQ VSDFHăLJKW KDV

Staging
To achieve such a goal as soon as possible, we need
WR XVH H[LVWLQJ WHFKQRORJ\ DV IDU DV LV SUDFWLFDO
DQG WKLV ZLOO UHTXLUH WKH XVH RI WZR VWDJHV 7KLV LV
DQDORJRXV WR WKH LQăLJKW UHIXHOOLQJ XVHG WR H[WHQG
WKH UDQJH RI PLOLWDU\ DHURSODQHV ,W DGGV FRPSOH[LW\
to a mission but enables it to be achieved with
H[LVWLQJ WHFKQRORJ\
7KH DPRXQW RI IXHO QHHGHG IRU D ăLJKW WR RUELW
XVLQJ D VLQJOHVWDJH YHKLFOH ZLWK H[LVWLQJ URFNHW
engines, measured as a fraction of take-off weight,
LV DERXW  SHUFHQW 7KLV LV URXJKO\ HTXLYDOHQW WR WKH
DPRXQW QHHGHG WR ă\ DQ DHURSODQH RQHDQGDKDOI
WLPHV URXQG WKH ZRUOG QRQVWRS 7KH SUHVHQW UHFRUG
KHOGE\WKH9LUJLQ*DODFWLF9R\DJHULVMXVWRQFH

The Anglo-French
supersonic Concorde of
the 1970s could have been
a precursor to the first
spaceplanes.

Orbital and suborbital
launch trajectories.

Trajectories
To Orbit, 7.8 km/sec @ 200 km height

SPACE
100 km
AIR

Suborbital
= 1 km/sec max speed

Airliner
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To achieve the
new space
age sooner
rather than
later, we need
to use existing
technology
as far as is
practicable

The Bristol Spaceplanes
Spacebus - designed to be
the first orbital airliner. It
has two stages, both of
which are piloted, features
needed to achieve a safe
vehicle soon.
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achieved a safety level of about 100 launches per
IDWDO DFFLGHQW 6XFK SRRU VDIHW\ UHFRUGV DUH DOPRVW
inevitable with throwaway launchers and the level
FRQWUDVWV ZLWK WKH PRUH WKDQ RQH PLOOLRQ ăLJKWV SHU
IDWDO DFFLGHQW DFKLHYHG E\ VFKHGXOHG DLUOLQHV
7R DFKLHYH WKH UHTXLUHG VDIHW\ OHYHO WKH ĂUVW
orbital airliner should be as much like today’s
airliners as practicable, because these are the safest
ă\LQJ PDFKLQHV \HW LQYHQWHG ,W VKRXOG WKHUHIRUH EH
piloted and have wings for taking off and landing
XVLQJ UXQZD\V 7KLV FRQĂJXUDWLRQ ZRXOG DOVR EH
more attractive to passengers than landing vertically
RQ D SDG
The spaceplane that will usher in the new space
age will have two stages and will be designed for
ÚVDIHW\ VRRQÛ ,W ZLOO EH SLORWHG DQG KDYHZLQJVIRU
FRQYHQWLRQDO WDNHRII DQG ODQGLQJ
Surprisingly, perhaps, the spaceplane design
PRGHO WKDW FRXOG UHYROXWLRQLVH VSDFHăLJKW DQG
herald a new space age is similar to many of the
UHXVDEOH ODXQFKHU GHVLJQV RI WKH V &XUUHQWO\
there is only one such orbital airliner offering all of
these features - the ‘Spacebus’ concept developed by
P\ RZQ FRPSDQ\ %ULVWRO 6SDFHSODQHV
Perhaps the most remarkable aspect of Spacebus is
WKDW SURWRW\SHV FDQ EH EXLOW ZLWK SURYHQ WHFKQRORJ\
$OO WKH LQGLYLGXDO WHFKQRORJLHV QHHGHG IRU WKH V
VSDFHSODQH GHVLJQV KDYH VLQFH ăRZQ LQ RWKHU SURMHFWV
:KDW ZRXOG WKHQ KDYH EHHQ D IHDVLEOH EXW GLIĂFXOW
project would now be reasonably straightforward for
D ODUJH RU PHGLXPVL]HG DLUFUDIW FRPSDQ\
Such prototypes would inevitably fall far short
of airliner standards of structural life, turnaround
time and maintenance cost; several years of
operating service and product improvement would

EH QHHGHG WR FRPH FORVH WR WKHVH VWDQGDUGV
However, early spaceplanes would still be safer and
IDU OHVV H[SHQVLYH WKDQ H[SHQGDEOH ODXQFKHUV VR
initial models could be put into service for nonpassenger missions such as launching satellites,
supplying space stations and space agency human
VSDFHăLJKW XQWLO WKH RSHUDWLQJ H[SHULHQFHUHTXLUHG
IRU SDVVHQJHU FDUU\LQJ LV JDLQHG

Spaceplane history
7KH H[WUDRUGLQDU\ VLWXDWLRQ WKDW VSDFH WUDQVSRUWDWLRQ
KDV UHDFKHG FDQ EH H[SODLQHG E\ ORRNLQJ DW WKH KLVWRU\
RI VSDFHăLJKW 7KH ĂUVW VDWHOOLWHV LQ WKH V ZHUH
launched using converted ballistic missiles, as these
ZHUH WKH ĂUVW REMHFWV DEOH WR UHDFK VSDFH +RZHYHU
EDOOLVWLF PLVVLOHV FDQ ă\ RQO\ RQFH DQG LW ZDV VRRQ
recognised that having to use a new vehicle for each
ăLJKW FRXOG QHYHU EHFRPH HFRQRPLFDO
By the 1960s, large aircraft companies in Europe
DQG WKH 86$ VXFK DV %ULWLVK $LUFUDIW &RUSRUDWLRQ
%RHLQJ 'DVVDXOW +DZNHU 6LGGHOH\ /RFNKHHG 0DUWLQ
and others, were studying orbital spaceplanes in
GHSWK 7KH FRQVHQVXV ZDV WKDW VXFK D GHYHORSPHQW
ZDV WKH REYLRXV QH[W VWHS DQG WKDW LW ZDV MXVWDERXW
IHDVLEOH ZLWK WKH WHFKQRORJ\ RI WKH GD\
Spaceplanes were not developed at the time
EHFDXVH WKH ÚVSDFH UDFHÛ WR WKH 0RRQ GULYHQ E\
WKH &ROG :DU VRDNHG XS WKH DYDLODEOH IXQGLQJ 7KH
aircraft company design teams were allowed to
disband and the lobby for an aviation approach to
VSDFH WUDQVSRUWDWLRQ ZDV JUDYHO\ ZHDNHQHG
There was a second opportunity to build a true
spaceplane in the mid-1970s, when the early designs
RI WKH 6SDFH 6KXWWOH ZHUH LQGHHG IXOO\ UHXVDEOH
+RZHYHU 3UHVLGHQW 1L[RQ LPSRVHG D EXGJHW FXW DQG
1$6$ FRXOG QR ORQJHU DIIRUG WKHLU ODUJH UHXVDEOH
GHVLJQ 7R VWD\ ZLWKLQ EXGJHW WKH\ KDG D FKRLFH
They could maintain the size but give up on full
reusability, or build a much smaller true spaceplane
along the lines of several of the 1960s designs with a
payload of one or two tonnes instead of the planned
 WRQQHV
%\ WKHQ WKH KDELW RI H[SHQGDELOLW\ ZDV VR
VWURQJ WKDW 1$6$ RSWHG WR WDNH WKH IRUPHU FRXUVH
7KH UHVXOWLQJ 6KXWWOH ZDV PRVWO\ H[SHQGDEOH
DQG WKHUHIRUH MXVW DV H[SHQVLYH DQG ULVN\ DV WKH
WKURZDZD\ YHKLFOHV WKDW SUHFHGHG LW 7KLV GHFLVLRQ
probably held up low-cost access to space by at least
WKUHH GHFDGHV
6LQFH WKHQ 1$6$ KDV QRW HQWLUHO\ DEDQGRQHG
VSDFHSODQHV ,W VSHQW D IHZ ELOOLRQ GROODUV RQ WZR
SURMHFWV WKH ; 1DWLRQDO $HUR6SDFH 3ODQH
1$63 DQG WKH ; ZKLFK ZHUH RI VLQJOHVWDJH
FRQĂJXUDWLRQ DQG KHQFH VR DGYDQFHG IRU WKH SHULRG
WKDWWKH\KDGWREHDEDQGRQHG,WLVXQOLNHO\WKDW
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either design would have passed muster with any of
WKH V VSDFHSODQH GHVLJQ WHDPV
7KH KLVWRU\ RI VSDFHăLJKW KDV FUHDWHG
institutions and concepts that repeatedly reinforce
WKH KDELW RI WKURZLQJ DZD\ RQH ODXQFKHU SHU ăLJKW
Even today, space agencies are promoting new
VLQJOHXVH ODXQFK YHKLFOHV
During the heady days when orbital
spaceplanes were seen as the future of
VSDFHăLJKW WKH ; VXERUELWDO UHVHDUFK
DHURSODQH PDGH VHYHUDO VXFFHVVIXO ăLJKWV WR
VSDFH KHLJKW 7KHUH ZDV WKHQ D JDS RI  \HDUV
EHWZHHQ WKH ODVW ăLJKW RI WKH ; LQ  DQG
WKH ĂUVW ăLJKW LQWR VSDFH LQ  RI WKH RQO\
RWKHU VXERUELWDO VSDFHSODQH WR KDYH ăRZQ  WKH
6FDOHG &RPSRVLWHV 6SDFH6KLS2QH 7KLV KLDWXV
is an indication of the lack of priority given to
UHGXFLQJ WKH FRVW RI DFFHVVWRVSDFH

The way ahead
$ VSDFHăLJKW UHYROXWLRQ KDV DOUHDG\ VWDUWHG
DOWKRXJK WKLV LV QRW \HW ZLGHO\ DSSUHFLDWHG ,Q
WKH 86$ WKH )HGHUDO $YLDWLRQ $GPLQLVWUDWLRQ LV
encouraging entrepreneurial passenger suborbital
VSDFHăLJKWV DQG WKH 8.ÛV &LYLO $YLDWLRQ $XWKRULW\
UHFHQWO\ SXEOLVKHG D JURXQGEUHDNLQJ UHSRUW Ú8.
Government Review of Commercial Spaceplane
&HUWLĂFDWLRQ DQG 2SHUDWLRQVÛ
Several companies are developing suborbital
vehicles for carrying passengers on brief space
H[SHULHQFH ăLJKWV 7KH DFWLYLWLHV RI 5LFKDUG
Branson’s Virgin Galactic in particular have been
LQăXHQWLDO LQ VKLIWLQJ WKH PLQG VHW DURXQG VSDFH
WRXULVP IURP GUHDP WR D UHDOLVWLF SURVSHFW
However, its spaceplane - an enlarged
development of SpaceShipOne - and others under
construction, provide just a few minutes of zero
JUDYLW\ RQ WRS RI D YHU\ VWHHS ăLJKW $V VXFK WKH\
are useful lead-ins but to launch satellites and
visit space stations fully orbital spaceplanes are
QHHGHGZKLFKKDYHWRă\DERXWHLJKWWLPHVIDVWHU

than suborbital spaceplanes and will cost roughly
WHQ WLPHV PRUH WR GHYHORS
,W LV YHU\ OLNHO\ WKDW 9LUJLQ *DODFWLF RU VRPH
competitor will eventually make a commercial
VXFFHVV RI VXERUELWDO SDVVHQJHU VSDFHăLJKW
There have already been setbacks, and more
may follow, but the technology and passenger
demand are already in place and there are no
OLNHO\ VKRZVWRSSHUV 7KH DGYDQWDJHV RI DHURSODQHV
over missiles will then become obvious to all and
space agencies will no doubt eventually embrace
GHYHORSPHQW RI RUELWDO VSDFHSODQHV
7KH ĂUVW RUELWDO VSDFHSODQH ZLOO EH DEOH WR
XQGHUFXW DQ\ H[SHQGDEOH ODXQFKHU RI FRPSDUDEOH
SD\ORDG FDSDFLW\ /RZHU FRVWV DQG LPSURYHG
VDIHW\ ZLOO LQFUHDVH WUDIĂF OHYHOV ZKLFK ZLOO LQ WXUQ
UHOHDVH IXQGLQJ WR HQODUJH DQG PDWXUH WKH GHVLJQ
7KLV ZLOO IXUWKHU UHGXFH FRVWV DQG LQFUHDVH WUDIĂF
levels, thereby releasing even more funding for
GHVLJQ LPSURYHPHQW
The result will be a virtuous downward cost
spiral until Spacebus, or something like it, is built
and the lower cost limit of spaceplanes based on
H[LVWLQJ WHFKQRORJ\ LV DSSURDFKHG 7KLV FRVW FDQ
be estimated by comparison with airliners and
works out at a few tens of thousands of dollars for
D IHZ GD\V LQ D VSDFH KRWHO
This would be affordable for wealthy middleincome people prepared to save for the holiday
of a lifetime, and market research indicates that
about one million tourists per year could visit
VSDFH DW WKLV FRVW DOWKRXJKVXFKDĂJXUHFDQQRW
EH SUHFLVH DW WKLV VWDJH
Development of reusable spaceplanes is very
likely to happen in the long term but the process
could be speeded up considerably if major players
VWDUW SODQQLQJ IRU LW QRZ *LYHQ WKDW DGYDQFHG
technology is not needed, operational prototypes
RI 6SDFHEXV FRXOG EH ă\LQJ LQ DERXW VHYHQ \HDUV
which is a typical time from go-ahead to early
RSHUDWLRQVIRUDQDGYDQFHGDHURSODQH

The North American
X-15 (above) and
SpaceShipOne (SS1) - the
only fully reusable
spacefaring vehicles to
date. There was a 36-year
gap between the last flight
of the X-15 and the first
flight to space of SS1.

The revolution
in spaceflight
will be one of
perception as
much as one of
engineering
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,W ZRXOG WDNH DERXW HLJKW PRUH \HDUV IRU GHVLJQ
PDWXULW\ WR DSSURDFK WKDW RI DLUOLQHUV WRGD\ ,Q
SDUWLFXODU WKLV UHTXLUHV H[WHQGLQJ WKH OLIH RI URFNHW
engines and shortening turnaround time so that
VSDFHSODQHV FDQ PDNH RQH RU PRUH ăLJKWV SHU GD\
$FKLHYLQJ WKLV \HDU WLPHVFDOH ZLOO QHHG D ODUJH
investment, which probably depends on the rapid
WDNHXS DQG H[SDQVLRQ RI VSDFH WRXULVP ZLWK PDMRU
players racing to be early to market and thereby
SURYLGLQJ WKH UHTXLUHG IXQGLQJ 7UHQGV DQG FUD]HV
DUH QRWRULRXVO\ GLIĂFXOW WR SUHGLFW EXW VSDFHWRXULVP
VHHPV WR KDYH WKH UHTXLUHG LQJUHGLHQWV
)XQGLQJ UHPDLQV WKH NH\ LVVXH 7KH GHYHORSPHQW
cost of an orbital spaceplane is on the high side for
private-sector investment, and government space
DJHQFLHV DUH QRW \HW WDNLQJ VSDFHSODQHV VHULRXVO\
So, with the ultimate goal of a Spacebus type
vehicle the strategy should be to precede it by a less
H[SHQVLYH VXERUELWDO VSDFHSODQH DIIRUGDEOH E\ WKH
SULYDWH VHFWRU SURĂWDEOH LQ LWV RZQ ULJKW EXW ZKLFK
has the same basic design features as the longer
WHUP REMHFWLYH

On to the Moon and Mars
Low-cost access to orbit will enable the
FRVW RI WUDYHOOLQJ IXUWKHU DĂHOG WR EH JUHDWO\
UHGXFHG /DUJH RUELWDO VSDFH GHSRWV ZRXOG
become affordable, and these would be used for
maintaining and re-fuelling reusable space tugs
DQG SODQHWDU\ ODQGHUV
These might be similar in principle to the vehicles
XVHG IRU WKH 86 ăLJKWV WR WKH 0RRQ LQ WKH ODWH V
DQG HDUO\ V H[FHSW WKH\ ZRXOG EH IXOO\ UHXVDEOH
$V ZLWK WUDQVSRUW WR DQG IURP RUELW UHXVDELOLW\ DQG
KLJKHU WUDIĂF OHYHOV ZRXOG JUHDWO\ UHGXFH WKH FRVW
7KH FRVW RI WKH ĂUVW OXQDU EDVH FRXOG EH UHGXFHG E\
about 10 times using reusable vehicles, compared
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European spaceplane
designs from the 1960s.
Above right: Virgin
spaceship VSS Unity
touches down after flying
freely for the first time
after being released from
Virgin Mothership Eve
(VMS Eve) on 3 December
2016 in the Mojave Desert.

An airliner
capable of
flying to
orbit would
transform
spaceflight
by providing
vastly lower
costs and
improved
safety

ZLWK SUHVHQW SODQV IRU XVLQJ H[SHQGDEOH RQHV
including the cost of developing the spaceplanes
WKHPVHOYHV >VHH Ú7KH $YLDWLRQ $SSURDFK WR 6SDFH
7UDQVSRUWDWLRQÛ 'DYLG $VKIRUG $HURQDXWLFDO -RXUQDO
RI WKH 5R\DO $HURQDXWLFDO 6RFLHW\ $XJXVW @
3UDFWLFDO WUDYHO WR 0DUV UHTXLUHV VKRUWHU
journey times than can be achieved with chemical
URFNHWV 7KH SUREDEOH VROXWLRQ LV WR XVH QXFOHDU
rockets along the lines of those nearly ready
IRU SURGXFWLRQ LQ WKH 86$ LQ WKH V DVVLVWHG
perhaps by long electromagnetic rail guns in
(DUWK RUELW WR SURYLGH DQ LQLWLDO ERRVW $JDLQ
low-cost access to orbit would greatly ease the
GHYHORSPHQW RI VXFKQHZV\VWHPV

Perception
7KH UHYROXWLRQ LQ VSDFHăLJKW ZLOO EH RQH RI
SHUFHSWLRQ DV PXFK DV RQH RI HQJLQHHULQJ
Spaceplanes will introduce an airline method of
operating, which in turn will transform the image of
VSDFHăLJKW IURP H[RWLF WR URXWLQH
6SDFH ZLOO ORVH WKH ÚH[FHSWLRQDOLVPÛ WKDW KDV
HQDEOHG WKH H[WUDRUGLQDU\ SUDFWLFH RI WKURZLQJ
away a vehicle after each journey to persist for so
long and space operations will become subject to
the same sorts of checks and balances that affect
WHUUHVWULDO WUDQVSRUW
7KH FKDQJH IURP H[SHQGDEOH WR UHXVDEOH
launchers will come to be seen as being as profound
as the change from balloons to aeroplanes in the
KLVWRU\ RI DLU WUDQVSRUW 7KH SHUFHSWLRQ RI ORZFRVW
DQG VDIH DFFHVV WR VSDFH XVLQJ H[LVWLQJ WHFKQRORJ\
will change from ‘too good to be true’ to ‘why wasn’t
it done years ago?’
About the author
'DYLG $VKIRUG LV 0DQDJLQJ 'LUHFWRU RI %ULVWRO 6SDFHSODQHV /WG DQ
LQQRYDWLYH VPDOO FRPSDQ\ GHYHORSLQJ WKH $VFHQGHU VSDFHSODQH +H ZDV
involved in Concorde, the Skylark sounding rocket, and missile and
HOHFWURQLF ZDUIDUH SURMHFWV DW 'RXJODV $LUFUDIW DQG %$( 6\VWHPV DQG KDV
published some 20 papers on space transportation and has written three
ERRNV RQ VSDFHSODQHV DQG VSDFH WRXULVP +LV ERRN Space Exploration: All
That Matters ZDV SXEOLVKHG E\ +RGGHU LQ  'DYLG LV D )HOORZ RI WKH
5R\DO $HURQDXWLFDO 6RFLHW\ DQG LV D 5ROW )HOORZDWWKH&HQWUHIRUWKH+LVWRU\
RI7HFKQRORJ\DWWKH8QLYHUVLW\RI%DWK
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Automated or humanoperated systems?

ESA

Space exploration from the human
dependability perspective

The 35 m diameter dish
antenna of ESA’s deepspace tracking station at
New Norcia, Australia.

In both crewed and automated spaceflight, unique exploration missions and
routine services, humans conceptualise, develop, design, operate, use and
manage technology. Only by understanding this as a joint ‘human-tech’ effort can
the capabilities and limitations of both elements be leveraged most effectively for
reliable, robust and resilient operations, systems and infrastructure.
atching the movie The Martian
recently I was captured by the
creativity demonstrated by two key
characters - the astronaut stranded
on Mars, played by Matt Damon, and the
astrodynamicist from NASA’s Jet Propulsion
Laboratory (JPL), played by Donald Glover.
The astronaut builds a greenhouse on the
red planet using all of the available material in a
totally different way from its intended use - the
production of water from hydrazine (rocket fuel)
RU WKH UHGHĂQLWLRQ RI D FRPPXQLFDWLRQ SURWRFRO
with an old probe left on Mars from a previous
3DWKĂQGHU PLVVLRQ IRU H[DPSOH 7KH -3/ HPSOR\HH
redesigns the entire mission of the Hermes
VSDFHFUDIW XVLQJ D ă\E\ RI (DUWKWRUHWXUQWR0DUV
in a much shorter time.
The Hollywood adaptation of Andy Weir’s book
of the same name celebrates the bravery, humour
DQGLQJHQXLW\RIWKHSURWDJRQLVWV,WDOVRUHăHFWV
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YHU\ ZHOO WKH H[SHULHQFHV DQG FKDOOHQJHV RI UHDO
VSDFH H[SORUDWLRQ DQG WKH KXJH FRPSRQHQW RI
the unknown and unplanned that can only be
RYHUFRPH ZLWK ăH[LELOLW\ DQG LPDJLQDWLRQ
System reliability is essential to the success of a
PLVVLRQ EXW WKH H[WHUQDO HQYLURQPHQW LV D VRXUFH
of continuous discovery and surprises – otherwise
ZK\ ZRXOG ZH FDOO LW ÚH[SORUDWLRQ" Ø DQG WR FRSH
with this the system requires resilience.
While we do not yet have a greenhouse on
another planet, we do have a long list of creative
solutions to both big and small emergencies in
VSDFH IURP WKH VXFFHVVIXO UHWXUQ WR (DUWK RI
Apollo 13, through to the complete redesign of
missions to ensure the accomplishment of the
REMHFWLYHV IRU WKH WKH (XURSHDQ5HWULHYDEOH&DUULHU
(85(&$ PLVVLRQ
At the same time, when considering the
reliability of the system and the probability of
success it is not uncommon to hear about the

Human dependability
Human dependability is about the contribution
of a crew member in a space system to safety
and reliability. Machines can fail but so too can
‘people-in-the-loop’ of space systems, sometimes
with catastrophic consequences.
(6$ÛV 'HSHQGDELOLW\ DQG 6DIHW\ 6HFWLRQ WKHUHIRUH
has a longstanding interest in the subject of
human dependability: how the incidence of human
error can be reduced and its effects minimised.
Topics relating to the human element are at
the centre of discussion in the framework of
+XPDQ 'HSHQGDELOLW\ +8'(3 DW (6$ ,QLWLDWHG
in 2009, together with partners from the French

ESA/NASA

risk of human error that could jeopardise the
HQWLUH PLVVLRQ DQG H[WHQVLYH VWXGLHV KDYH EHHQ
conducted to model human behaviour and to
predict the probability of people making errors as
D UHVXOW RI LQWHUQDO DQG H[WHUQDO IDFWRUV
‘Human Factors’ (HF) as a discipline has
a particular focus on human performance.
Traditionally, the human operator was seen as a
liability within an otherwise perfectly designed,
safe system, and this is still the case in many
LQGXVWULDO FRQWH[WV WRGD\
NASA’s Mercury programme, which was the
8QLWHG 6WDWHVÛ ĂUVW PDQLQVSDFH SURJUDPPH
had been designed for fully automatic control – a
controversial engineering decision, which reduced
the astronaut’s role to little more than a passenger.
'XULQJ WKH ăLJKW RI )DLWK  WKH ĂQDO VSDFHăLJKW
in the Mercury series, there were missionWKUHDWHQLQJ WHFKQLFDO SUREOHPV $IWHU H[SHULHQFLQJ
SRZHU IDLOXUH LQ WKH FDSVXOH SLORW *RUGRQ &RRSHU
took manual control and successfully estimated
the correct pitch for re-entry into the atmosphere
using just his wrist watch and his knowledge of the
VWDU SDWWHUQV RXWVLGH WKH ZLQGRZ +H WKHQ ĂUHG
the retrorockets at the right time and splashed
down close to the recovery ship.
His actions brought about a re-thinking of the
design philosophy for space missions and from that
point on the human component was no longer seen as
a liability but as an improvement of overall reliability.
However, humans are not perfect and mistakes
will inevitably be made in any system that involves
people, be it in the design, development or operations
phase. Many studies are currently taking place around
the human ‘system component’, identifying ways to
improve human-machine interfaces.
$W WKH (XURSHDQ 6SDFH $JHQF\ (6$  LQWHUHVW
in what is termed ‘human dependability’ has been
ERRVWHG LQ UHFHQW \HDUV DV WKHVFRSHRI(6$ÛVVSDFH
DFWLYLWLHV KDV H[SDQGHG
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DQG *HUPDQ VSDFH DJHQFLHV &1(6 DQG '/5 
+8'(3 VHUYHV DV D IRUXP WR JLYH VSDFH DJHQFLHV
and industry the opportunity to discuss HF topics
across a project’s life cycle, and it has grown into
DQ LQWHUDJHQF\ FRPPXQLW\ RI H[SHUWV
+XPDQ GHSHQGDELOLW\ UHODWHV GLUHFWO\ WR WKH ĂHOGV
of Human Factors, Human Systems Integration,
+XPDQ&HQWUHG 'HVLJQ DQG +XPDQ %HKDYLRXU
Performance in that it addresses the contribution of
the human in a space system to safety and reliability.
,Q WKH ODWH V (6$ XVHG WKH WHUP LQ FRQWUDFWRU
studies and policy work. At that time the focus was
mainly on human error in the product assurance,
VDIHW\ DQG NQRZOHGJH PDQDJHPHQW FRQWH[W DV ZHOO
as root cause analysis methodology and humanmachine interaction design guidelines. More
UHFHQWO\ LW KDV EHHQ XVHG WR GHVFULEH DQ H[WHQVLRQ RI
safety and dependability of technical systems, again
in the product assurance domain.

Top: ESA astronaut
Thomas Pesquet installing
the MARES machine in
Europe’s Columbus space
laboratory.
Above: ESA astronaut
Tim Peake during his 4
hour 43 minute spacewalk
to replace a failed power
regulator and install
cabling.
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Below: ESA astronaut
Samantha Cristoforetti
working on the TripleLux
experiment, an
investigation into the
effects of microgravity on
immune cells. A smoke
detector deep in the belly
of the Biolab rack on
Columbus had to be
replaced quickly before
the cell cultures expired.
Bottom: Inside the
European Space
Operations Centre (ESOC)
engineers control
spacecraft in orbit,
manage the global
tracking station network,
and design and build the
ground systems that
support missions in space.

Current initiatives
7KH H[WHUQDO DQG LQWHUQDO HIIRUWV FRQGXFWHG DV
part of the Human Dependability Initiative at
(6$ FDSWXUHG WKH HPHUJLQJ FRQVHQVXV RI VSDFH
agencies to systematically include Human Factors
considerations in the design and operation of
crewed and robotic missions.
5HFHQW H[WHUQDO FRQWUDFWV FRPPLVVLRQHG E\
(6$ SUHGRPLQDQWO\ IRFXVHG RQ UDLVLQJ DZDUHQHVV
and developing methods to address human
dependability, some with applied case studies:
•

The Human Dependability Model (HuDeM,
2013) was a qualitative study to develop and
validate a human dependability model and
analysis approaches. The project primarily
focused on control centre activities and
looked in depth at one particular approach,
WKH&ULVLV,QWHUYHQWLRQDQG2SHUDELOLW\

Humans should always be
at the centre of any future
advanced systems designed for
space exploration

•

•

•

$QDO\VLV &5,23 PHWKRG ,W ZDV YDOLGDWHG LQ
a case study on crew-ground interactions at
WKH (XURSHDQ $VWURQDXW &HQWUH ($& DQG
DW WKH &RQWURO &HQWUH RI ,QWHUQDWLRQDO 6SDFH
6WDWLRQ &ROXPEXV PRGXOH &2/&& 
Human Automation Interaction (HAI, 2014)
focused on the development of quantitative
IRUPDO PRGHOOLQJ DQG YHULĂFDWLRQ
approaches for the design of automated
V\VWHPV LQ YLHZ RI KXPDQ HUURU &DVH
VWXGLHV ZHUH FRQGXFWHG RQ &ROXPEXV
(QYLURQPHQWDO &RQWURO DQG /LIH 6XSSRUW
6\VWHP (&/66 RSHUDWLRQV IURP &2/
&& 8QPDQQHG $HULDO 9HKLFOH RSHUDWLRQV
DQG &RQWURO &HQWUH RI (XURSHDQ7UDFNLQJ
6WDWLRQV (&& RSHUDWLRQV
Integrated Failure Analysis (IFA, 2015)
aimed to provide a qualitative and
quantitative method to model success
DQG IDLOXUH LQ FRPSOH[ VRFLRWHFKQLFDO
systems with a focus on space systems
design and operations, including the
organisational dimension.
Several applied design studies addressed
aspects as diverse as console design and
audio alarms in control rooms.

$ WZR\HDU UHVHDUFK SURMHFW DW WKH (XURSHDQ
6SDFH 2SHUDWLRQ &HQWUH (62& RQ WKH Ú+XPDQ
(OHPHQW DQG 6\VWHP 5HVLOLHQFHÛ FRPSOHWHG LQ
 IRFXVHG RQ (6$ÛV RSHUDWLRQV FHQWUH DQG
WKH FRQWULEXWLRQ RI ăLJKW FRQWURO WHDPV WR
overall system safety. Aside from introducing the
concept of ‘resilience’ and ‘resilience engineering’
to stakeholders in quality, special projects and
WUDLQLQJ WKLV VWXG\ LGHQWLĂHG ZRUN SDWWHUQV LQ
special and routine operations based on more
WKDQ  KRXUV RI GLUHFW ĂHOG REVHUYDWLRQV LQ
the operations centre, and proposed practical
and policy-related recommendations based on a
UHYLHZ RI VPDUW SUDFWLFH LQ H[WHUQDO KLJKUHOLDELOLW\
organisations in seven safety-critical sectors
outside the space domain.
7KH +8'(3 FRPPXQLW\ DOVR EURXJKW WRJHWKHU
RYHU D GR]HQ H[SHUWV WR FRPSOHWH WKH UHYLVLRQ RI
WKH +XPDQ 'HSHQGDELOLW\ +DQGERRN (&664+%
$ZLWKDIRFXVRQ+XPDQ(UURU$QDO\VLV
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Accelerating pace
In today’s world, automation is usually
implemented to achieve lower costs and a
UHGXFWLRQ RI KXPDQ HUURU %XWDXWRPDWLRQPD\
have its downsides too.
Where control centre operators are in the role
of supervisor, automation will be an increasingly
important factor. Systems operators and system
developers will need to work together from the
start, right across the life cycle of the system.
This process will actually move the risk of human
error from ‘operation’ to ‘design’ within the
life cycle. Automated control centres will also
require operators to have more training and more
knowledge management.
The evolution of automation and the pace of its
introduction into everyday life is astonishing. The
use of an autopilot on airplanes has been the norm
DQG QRW WKH H[FHSWLRQ IRU PDQ\ \HDUV $XWRPDWLF
rail systems are already a reality in many cities and
within a decade we may not need to ‘drive’ a car
any more, beyond indicating the destination.
,Q WKLV FRQWH[W WKH SXVK WR LQFUHDVH DXWRPDWLRQ
LQ VSDFH H[SORUDWLRQ LV XQGHUVWDQGDEOH EXW
we need to understand our motivation before
embarking on wholesale robotic innovation. Is
replacing all human positions in systems with
automated functions in order to remove the
KXPDQ HUURU OLDELOLW\ SRVVLEOH RU GHVLUDEOH"
And although replacing astronauts with robots
might reduce the inconvenience and costs of the
necessary life sustainment functions required in
manned spacecraft, would that actually further the
SURJUHVV DQG TXDOLW\ RI VSDFH H[SORUDWLRQ"

human lifetime, gathering data well beyond human
sensing capabilities, computing faster and more
precisely than the brain, and ruling operations
with a far greater precision.
6HYHUDO KLJKSURĂOH VSDFH SURMHFWV KDYH PDGH
KHDGOLQHV LQ WKH ODVW \HDUV %HKLQG WKH VFHQHV DQG
essential to the success of any of these endeavours,
is the meaningful integration of technical and nontechnical aspects in design and operation.
Humans should always be at the centre of
any future advanced systems designed for
VSDFH H[SORUDWLRQ PDQDJLQJ WKH V\VWHP DQG
increasing its resilience, such as developing an
industrial technology base for the automation and
remote control of space based operations using
$XWRPDWHG+XPDQ5RERW6\VWHP
Indeed, humans should always be allowed to
decide and act when faced with the unplanned,
the unknown, the risks and the contingencies,
and to evaluate the mission results achieved.
Humans should be considered the strongest link
and systems should be designed around them for
future scenarios.
The challenge of integrating automation and
the human element is not limited to the arena
RI 6SDFH 2WKHU GRPDLQV  DYLDWLRQ WKH QXFOHDU
industry and maritime search and rescue - share
similar challenges and opportunities in respect
of the human element; how to implement it in
training initiatives, how to engineer the human
element and how to regulate it in design aspects.
The involvement of industry will be increasingly
more important as humans learn to work in
tandem with robots.

Augmenting performance

Author credits

,Q (DUWK REVHUYDWLRQ PRVW SURFHVVHV IRU
establishing and maintaining contact between
the ground station and spacecraft e.g. to
uplink commands or downlink telemetry,
are now automated through schedules and
configuration scripts. There are less routine
activities to be performed by the ground station
controllers, allowing them to concentrate on
more critical activities.
5RERWLF DXWRPDWLRQ LV QRW MXVW DERXW
the potential to replace human roles and
functions; it also has great potential to
augment human performance.
Automated functions implementation, robots,
GURQHV HWF VKRXOG EH VHHQ DV H[WHQVLRQV RI KXPDQ
FDSDELOLWLHV DOORZLQJ XV WR JR IXUWKHU LQ H[SORULQJ
deep space and planets where environmental
conditions are prohibitive for human life,
attempting missions that could last longer than a

7KDQNV IRU FRQWULEXWLRQV RQ WKH DUWLFOH WR 5 3HOGV]XV IRUPHUO\ ,QWHUQDO
5HVHDUFK )HOORZ DW (6$(62& 6SHFLDO 6WXGLHV 3URMHFWV / %LDQFKL
+HDG RI 'HSHQGDELOLW\ DQG 6DIHW\ $VVXUDQFH 6HFWLRQ DW (6$(67(&DQG
0*DEHO7UDLQLQJDQG6LPOXDWLRQV&RRUGLQDWRUDW(6$(62&

Robotic
automation is
not just about
the potential
to replace
human roles
and functions
- it also has
great potential
to augment
human
performance

ESA’s Rosetta showing
the deployment of the
Philae lander to comet
67P/Churyumov–
Gerasimenko.
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How to build a
Moon base cheaply
With interests in establishing a base on the Moon on the rise again, while
some look at how to get there, others look at how to stay there – for the long
term. Alexander Mayboroda, an advocate for space colonisation, guides us
through the technological challenges faced by those hoping to establish a
base on the Moon and ways to get around the spiralling cost associated with
such an endeavour.
lmost half a century has passed since man
ĂUVW YLVLWHG WKH 0RRQ +RZHYHU PRVW
projects for creating humanity’s outpost
RQ WKH 0RRQ QHYHU PDGH LW SDVW WKH
GUDZLQJ ERDUG GXH WR WKHLU H[SHQVLYH
LPSOHPHQWDWLRQ ,Q D  VWXG\ WKH &HQWHU IRU
6WUDWHJLF DQG ,QWHUQDWLRQDO 6WXGLHV VXJJHVWHG D
OXQDU EDVH ZRXOG FRVW  ELOOLRQ WR FRQVWUXFW DQG
 ELOOLRQ D \HDU WR PDLQWDLQ ,W LV FOHDU WKHUHIRUH
WKDW XQWLO WKH FRVW RI VSDFH DFFHVV LV ORZHUHG WKH
VLWXDWLRQ ZLWK EXLOGLQJDEDVHRQWKH0RRQLV
XQOLNHO\ WR FKDQJH
&RQVLGHULQJ WKH FXUUHQW OHYHO RI URFNHW DQG
RWKHU VSDFH WHFKQRORJ\ GHYHORSPHQW LW LV
PRUH SURĂWDEOH WR FUHDWH LQGXVWULDO IDFLOLWLHV
RQ DVWHURLGV FRPSDUHG WR WKH 0RRQ 3ULYDWH
FRPSDQLHVWKDWKDYHGHFODUHGSODQVWRPLQH
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platinoids and rare metals outside of Earth are
ORRNLQJ DW DVWHURLGV ĂUVW 7KHUH LV IDU OHVV LQWHUHVW
LQ EXVLQHVV SODQV WR PLQH UHVRXUFHV RQ WKH 0RRQ
$W WKH VDPH WLPH LW WDNHV D ZHHN WR JHW WR WKH
0RRQ DQG EDFN ZKHUHDV YLVLWLQJ DQ 1($ JURXS
DVWHURLG WDNHV \HDUV )URP DQ LQYHVWPHQW SRLQW
RI YLHZ GXH WR WKH SRVVLELOLW\ RI TXLFN HTXLSPHQW
GHSUHFLDWLRQ PLQLQJ RQ WKH 0RRQ LV SRWHQWLDOO\
PRUH OXFUDWLYH WKDQ PLQLQJ DQ DVWHURLG
$VLGH IURP SURYLGLQJ D VWXQQLQJ EDFNGURS
WR WKH QLJKW VN\ WKDW KDV ZRZHG KXPDQLW\ IRU
WKRXVDQGV RI \HDUV WKH 0RRQ KDV PDQ\ YDOXDEOH
UHVRXUFHV MXVW OLNH DQ DVWHURLG LW LV KRPH WR
PHWDOV WKDW DUH UDUH RQ (DUWK DQG ERWK XUDQLXP
DQG SODWLQXPEDVHG PHWDOV FDQ EH IRXQG WKHUH ,W
LV VRPHZKDW PDFDEUH EXW LW FDQ DOVR EH WKRXJKW
RIDVDQDVWHURLGFHPHWHU\RIVRUWVDVIRUELOOLRQV

Astronautics

RI \HDUV DVWHURLGV WKDW FRQWDLQHG PHWDOV KDYH
ERPEDUGHG WKH 0RRQÛV VXUIDFH (VVHQWLDOO\ WKHUH
LV QR UHDO QHHG WR FKDVH DVWHURLGV DQG ZDVWH
\HDUV RQ D OHQJWK\ WULS LWÛV HQRXJK WR VLPSO\ ORRN
XQGHU WKH UHJROLWK VXUIDFH RI WKH 0RRQ IRU PHWDO
asteroid fragments – and in order to do that a
EDVH LV QHHGHG

,I WKH FRVW RI GHOLYHULQJ FDUJR WR WKH 0RRQ
EHFRPHV HTXDO WR WKH FRVW RI FDUJR GHOLYHU\ WR
DVWHURLGV WKH VKRUWHU WUDYHO GLVWDQFH WR WKH 0RRQ
DQG UHVSHFWLYHO\ WKH TXLFNHU UHWXUQV  WLPHV
TXLFNHU RQ DYHUDJH  ZLOO PDNH PLQLQJ RQ WKH 0RRQ
DSSHDOLQJ WR LQYHVWRUV /XFNLO\ WKH WHFKQRORJ\
WKDW ZRXOG PDNH WKLV SRVVLEOH DOUHDG\ H[LVWV
DQG D PHWKRG WR GHOLYHU JRRGV ZLWKRXW URFNHW
GHFHOHUDWLRQ KDV DOUHDG\ EHHQ WULHG VXFFHVVIXOO\
7KH ĂUVW FDUJR VKLSPHQW GHOLYHUHG WR WKH 0RRQ
ZDV WKH PHWDO Ú8665Û EDOO GURSSHG E\ WKH /XQD
VRYLHW VSDFHFUDIW 7KH ODQGLQJ ZDV KDUG EXW WKDW
PDGH LW HQHUJHWLFDOO\ HIĂFLHQW LQ FRPSDULVRQ WR
a soft landing that occurs through rocket engine
GHFHOHUDWLRQ $ KDUG ODQGLQJ RFFXUV DW D VSHHG RI
DURXQG  PVHFRQG ,Q HIIHFW LW FDQ
EH WKRXJKW RI DV D FUDVK GXULQJ ZKLFK WKH FDUJR
PHOWV DQG SDUWLDOO\ HYDSRUDWHV +RZHYHU D KDUG
ODQGLQJ LV SUHIHUHQWLDO IRU WZR VLPSOH UHDVRQV WKH
GHVLJQ DOORZV IRU DQ LQFUHDVHG VWRUDJH FDSDFLW\
RYHU VRIWODQGLQJ E\ WKUHH WR ĂYH WLPHV WKXV
GHFUHDVLQJ WKH FRVW RI GHOLYHU\ E\ 
1RQHWKHOHVV XS XQWLO UHFHQWO\ DQG SHUKDSV
WR EH H[SHFWHG RQO\ VRIW ODQGLQJV KDYH EHHQ
FRQVLGHUHG IRU VSDFHFUDIW GHVSLWH WKH KLJKHU FRVW
DV WKH VWRUHG URFNHW IXHO VLJQLĂFDQWO\ GHFUHDVHV
WKH DYDLODEOH FDUJR VSDFH LQ WKH URFNHW ,Q DGGLWLRQ
the cost for the landing module needed for such a
GHOLYHU\ V\VWHP LV DOVR KLJK %XW KRZ QHFHVVDU\ LV
LW WR ĂQG D ZD\ IRU VRIWODQGLQJ GHOLYHU\ RI FDUJR
ZKHQ EXLOGLQJ D EDVH" 'RHV DOO FDUJR WKDW UHTXLUHV
WKH XVH RI KHDY\ URFNHWV QHHG WR EH GHOLYHUHG LQ
WKLV H[SHQVLYH PDQQHU" :LWK DQ RXWOD\ RI 
ELOOLRQ IRU WKH FUHDWLRQ RI RQH VXFK URFNHW SHUKDSV
D PRUH FRVWHIIHFWLYH VROXWLRQFDQEHIRXQG

From the ground up
$ ORW KDV FKDQJHG LQ WKH ODVW  \HDUV ZLWK
WKH DSSHDUDQFH RI DGGLWLYH WHFKQRORJ\ LH WKH
SURFHVV LQ ZKLFK GLJLWDO ' GHVLJQ GDWD LV XVHG
WR EXLOG XS D FRPSRQHQW LQ OD\HUV E\ GHSRVLWLQJ
PDWHULDO 7KLV QHJDWHV WKH QHHG DV VRPH SURMHFW
GHYHORSHUV FODLP WRGHOLYHUDVVHPEOHGHTXLSPHQW
WR VSDFH EDVHV
,I WKH H[WUDFWLRQ RI UDZ PDWHULDOV LV
VWUHDPOLQHG'SULQWHUVZLOOEHDEOHWRSULQW

Moon Express Inc

The true cost

KDELWDWLRQ DQG WHFKQRORJLFDO PRGXOHV URFNHW
HQJLQHV IXHO WDQNV DQG VSDFHFUDIW LQ VLWX Ø
ZKHUHYHU WKDW PD\ EH LQ VSDFH 7KXV WKH FRVW RI
FDUJR GHOLYHU\ ZLOO GHFUHDVH +RZHYHU LQ RUGHU WR
EXLOG D EDVH XVLQJ ORFDO PDWHULDOV HTXLSPHQW WKDW
ZLOO EH DEOH WR H[WUDFW PHWDO VLOLFRQ DQG R[\JHQ
IURP WKH VXUURXQGLQJ UHJROLWKPXVWĂUVWEH
GHOLYHUHG WR WKH 0RRQ
2QH ZD\ WR GR WKLV LV WR WUDQVSRUW WKH QHFHVVDU\
UDZ FRPSRQHQWV IURP (DUWK YLD WKH KDUGODQGLQJ
PHWKRG WR SURYLGH WKH PDWHULDOV WR EH XVHG E\
' SULQWHUV RQ WKH 0RRQ 2QFH EXLOW UHVRXUFHV
H[WUDFWHG IURP WKH 0RRQ FDQ WKHQ EH XVHG WR
FRQVWUXFW HYHU\WKLQJ HOVH ,Q WKLV SURSRVDO RQO\
WKH SDUWV QHFHVVDU\ IRU SULQWLQJ EDVH XQLWV DQG
HTXLSPHQW QHFHVVDU\ WR UHFHLYH DQG FROOHFW
PDWHULDOV GHOLYHUHG IURP (DUWK ZRXOG QHHG WR
EH VHQW LQ D FRQWUROOHG VRIWODQGLQJ VFHQDULR
6LPSOH PDWHULDOV VXFK DV ZDWHU DQG K\GURFDUERQV
necessary as chemical reductant agents for metals
DQG URFNHW IXHO DV ZHOO DV DOXPLQLXP WLWDQLXP DQG
RWKHU PHWDOV GR QRW QHHG WR EH GHOLYHUHG XVLQJ
WKLV FRVWO\ PHWKRG DQG GHOLYHU\YLDDKDUGODQGLQJ
ZRXOG EH VXIĂFLHQW
+RZHYHU LPSOHPHQWLQJ DQG FRQWUROOLQJ D KDUG
ODQGLQJ LV QRW WKDW HDV\ ,I WKH FDUJR LV PDGH XS
RI VSKHUHV PXFK OLNH WKH /XQD VSKHUH DIWHU
WKH H[SORVLRQ RQ LPSDFW WKH FDUJR ZRXOG EH
GLVVLSDWHG RYHU D ODUJH DUHD $V D UHVXOW LW ZRXOG
EH LPSRVVLEOH WR FROOHFW PRVW RI WKH FDUJR ,W LV
SRVVLEOH WR SUHYHQW WKLV H[SORVLYH GLVVLSDWLRQ LQ
D QXPEHU RI ZD\V DQG DV ORQJ DV WKH PDWHULDOV
DUH FROOHFWHG DQG DFFXPXODWHG IRU IXWXUH XVHWKH
FKHDSHU GHOLYHU\ RSWLRQ ZRXOG VXIĂFH
2QH RI WKH VLPSOHVW PHWKRGV XVHG ZLWK D KDUG
ODQGLQJLQYROYHVWKHXVHRIDUURZRUURGVKDSHG

An artist illustration of
the Moon Express MX-1
lunar lander on the
surface of the Moon after
a soft landing. The
California-based company
is one of three selected by
NASA for its Lunar Cargo
Transportation and
Landing by Soft
Touchdown (CATALYST)
initiative to advance
lander capabilities that
will enable delivery of
payloads to the lunar
surface.

A hard landing
occurs at
a speed of
around 25003000 m/
second. In
effect, it can be
thought of as
a crash during
which the
cargo melts
and partially
evaporates
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Implementing
and controlling
a hard landing
is not that easy

FDUJR SRUWLRQV VLPLODU WR Ú5RGV IURP *RGÛ KLJK
SUHFLVLRQ VSDFH ZHDSRQU\ 2EMHFWV RI WKLV VKDSH
DFW OLNH D FXPXODWLYH FKDUJH VSUD\ ZKHQ IDFHG ZLWK
D EDUULHU 8SRQ KLWWLQJ WKH JURXQG WKH DUURZ
VKDSHG SDUWV RI WKH FDUJR SURYLGHG WKDW WKH PDVV
IRUP VSHHG DQG PDWHULDO RI WKH FDUJR ZHUH FKRVHQ
FRUUHFWO\ VKRXOG HQWHU WKH JURXQG DW VXFK D GHSWK
WKDW WKHLU SDUWLDO H[SORVLYH HYDSRUDWLRQ ZLOO WDNH WKH
IRUP RI D ÚFORVHGFDYHUQ FDPRXăHWÛ ZLWKRXW WKH
RXWVLGH GLVSHUVHPHQW RI WKH PDLQ PDWHULDO PDVV $
FDPRXăHW LQ PLOLWDU\ VFLHQFH LV DQ DUWLĂFLDO FDYHUQ
FUHDWHG E\ DQ H[SORVLRQ ,I WKH H[SORVLRQ UHDFKHV
WKH VXUIDFH LW LV WKHQ WHUPHG D FUDWHU
7KLV PHWKRG FDQ EH FRQYHQLHQWO\ XVHG WR GHOLYHU
YDULRXV PHWDOV WR WKH ORFDWLRQ RI WKH IXWXUH EDVH
FRQVWUXFWLRQ 2WKHU HDVLO\ VXEOLPDWHG PDWHULDOV
SRVH D GLIĂFXOW\ KRZHYHU DV DQ\ JDVHV IRU
H[DPSOH ZLOO HVFDSHWKHFDPRXăHWWKURXJKWKH
HQWU\ KROH
7KH VHFRQG PHWKRG RI KDUGODQGLQJ FDUJR
GHOLYHU\ LV EDVHG RQ WKH FUHDWLRQ RI KHUPHWLFDOO\
VHDOHG FDPRXăHWV LQ WKH JURXQG 7KLV LV SRVVLEOH
LI WKH WDUJHW LV KLW SUHFLVHO\ ZLWK DQ HUURU PDUJLQ
WKDW GRHV QRW H[FHHG  P ,Q WKLV FDVH D
KHUPHWLF ULQJ LV EXLOW RQ WKH JURXQG RU RQ D VLGH
RI D KLOO WKDW LV HPEHGGHG LQWR WKH JURXQG DQG KDV
D GLDPHWHU RI  P 7KH ULQJ FRYHUV WKH SRWHQWLDO
ODQGLQJ DUHD IRU WKH FDUJR DQG KDV D FORVDEOH
hatch that remains open until the cargo lands in
WKH WUDSSLQJ ULQJ $IWHU WKH FDUJR KDV HQWHUHG WKH
JURXQG WKH ULQJ KDWFK LV FORVHG WKXV KHUPHWLFDOO\
VHDOLQJ WKH HQWUDQFH WR WKH FDPRXăHW
7KLV PHWKRG KDV WKH DGYDQWDJH RI EHLQJ DEOH WR
GHOLYHUPDWHULDOVVXFKDVZDWHUDQGRWKHUHDVLO\

HYDSRUDWHG OLTXLGV LQFOXGLQJ FU\RJHQLF RQHV
 VXFK DV R[\JHQ K\GURJHQ FKORULGH ăXRULGH
DQG VRPH K\GURFDUERQV  ZLWK UHODWLYH HDVH ,Q
WKLV LQVWDQFH SRO\HWK\OHQH WXEHVFDQEHXVHGDV
FRQWDLQHUV IRU VXFK OLTXLGV
$ IXUWKHU RSWLRQ WR FRQVLGHU ZKHQ GHYHORSLQJ
FDUJR GHOLYHU\ WHFKQRORJ\ IRU KDUGODQGLQJV RQ
WKH 0RRQ LV WKH XVH RI UHJROLWKĂOOHG VKHOOV 7KH
VKHOOV ZRXOG DOVR KDYH D FORVDEOH KDWFK VR WKDW WKH
HQWUDQFH SRUW LV FORVHG DQG WKH JDVHV FRQWDLQHG
6XFK ÚFROOHFWRUVÛ RIIHU DGGHG LPSURYHPHQWV
LQFOXGLQJ HDVH RI PDWHULDO UHWULHYDO DQG HDVH RI
SUHSDUDWLRQ RI QH[W FDUJR GHOLYHU\ DVZHOODVWKH
SRWHQWLDO XVH RI JHQHUDWHGKHDW

A lasting impact
7KH SDUW RI D FROOHFWRU WKDW FRXOG EH GHOLYHUHG
IURP (DUWK VXFK DV WKH FRQWDLQHU FDQ EH PDGH RI
KLJKO\ GXUDEOH PDWHULDOV VXFK DV DUDPLG LQVWHDG
RI PHWDO 7KH FRQWDLQHU ZRXOG EH WXEHVKDSHG
ZLWK ERWK HQGV VHDOHG RII DQG ZRXOG EH PRXQWHG
RQ D VOHGGLQJ PHFKDQLVP RU RQ ODQGLQJ ZKHHOV RU
D VLPLODU PHFKDQLVP ZLWK D ORZ PDWHULDOVRXWSXW
UDWLR ,W ZRXOG KDYH D YROXPH RI  FXELF PHWHUV
DQG D WRWDO PDVV ZKHQ HPSW\ RI  WRQQH 7DNLQJ
into account the mass of the cargo catcher and
GHQVLW\ RI WKH UHJROLWK RQO\ WKH  WRQQHFRQWDLQHU
KDV WR EH GHOLYHUHG IURP (DUWK
3UHOLPLQDU\ DVVHVVPHQW VKRZV WKDW XS WR 
NJ RI PDWHULDOV FDQ EH WKURZQ LQWR RQH VXFK
FDWFKHU WUDS GXULQJ D VLQJOH PLVVLRQ 7KH URG
shaped cargo enters the trap through one of the
FRQWDLQHU VLGHV WKH URG LWVHOI FRQWDLQV FU\RJHQLF
OLTXLGV 7KHURGEUHDNVWKHPHPEUDQHRUWKHQHW

NASA

In coming years,
government-sponsored
and private-sector
spacecraft will land on the
Moon. This image shows a
resource prospector
carrying a Regolith and
Environment Science and
Oxygen and Lunar Volatile
Extraction (RESOLVE)
experiment, intended to
find, characterise and
map ice and other
substances in almost
permanently shadowed
areas.
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DW WKH HQWU\ VLGH RI WKH FROOHFWRU FRQWDLQHU ZKLFK
VHUYHV DV D WHPSRUDU\ ZDOO IRU WKH UHJROLWK LQVLGH
WKH FRQWDLQHU JRHV WKURXJK WKH PDVV RI VDQG DQG
VORZV GRZQ GHHS LQVLGH WKH FDWFKHU HQYLURQPHQW
7KH H[SORVLYH HYDSRUDWLRQ RI WKH FDUJR LV
EDODQFHG E\ WKH PDVVLYH DQG ORRVH UHJROLWK $IWHU
WKLV WKH TXLFNDFWLQJ ORFN LV DFWLYDWHG DQG DOO
WKH JDVHRXV SURGXFW LV KHUPHWLFDOO\ VHDOHG 7KH
gas cools and is pumped out of the container
LQWR WKH EDVHVÛ VWRUDJH FRQWDLQHUV 7KHQ D
QHZ PHPEUDQH RU QHW LV LQVWDOOHG LQVWHDG RI
WKH SLHUFHG RQH RU WKH H[LVWLQJ PHPEUDQH LV
SDWFKHG XS  WKH UHJROLWK LV ORRVHQHG RU SDUWLDOO\
UHSODFHG WKH ORFN LV RSHQHG DQG WKH FROOHFWLRQ
FRQWDLQHU LV RQFH DJDLQ UHDG\ IRU XVH
$QRWKHU W\SH RI PHPEUDQH FRQWDLQHU LV WKH
PRELOH FRQWDLQHU 6XFK D V\VWHP FDQ UHFHLYH FDUJR
IURP WKH VSDFH YHKLFOH WKDW WKURZV WKH FDUJR RXW
LQWR D FRQWDLQHU DUHD ZLWK D WDUJHW HUURU PDUJLQ
RI WHQV RU KXQGUHGV RI PHWUHV 7KHVH URGV ZRXOG
KDYH OLGDU UDGDU GHWHFWLRQ PDUNLQJV DOORZLQJ
WKH FDUJRÛV ORFDWLRQ WR EH FDOFXODWHG DV WKH\ ODQG
YHUWLFDOO\ RQ WKH 0RRQ 7KH FROOHFWRU FRQWDLQHU
ZLOO WKHQ SURFHHG WR PRYHWRWKHODQGLQJSRLQWIRU
FDUJR LQWHUFHSWLRQ
7KLV PHWKRG XVHV VPDOO FROOHFWRUV ZLWK WKH
UHFHLYLQJ RSHQLQJ RI DERXW KDOI D PHWUH DQG
ZDWHU RU KLJKERLOLQJ K\GURFDUERQV DUH XVHG DV
WKH EUDNLQJ HQYLURQPHQW $ PHFKDQLFDO ORFN DQG
an aerodynamic porthole are used for hermetic
VHDOLQJ $Q DHURG\QDPLF SRUWKROH RU ZLQGRZ LV
D JDVHRXV FXUWDLQ WKDW SUHYHQWV WKH EXIIHU ]RQH
PDWHULDOV VXFK DV JDVHV DHURVROV DQG OLTXLGV
IURP OHDNLQJ RXW LQWR WKH RXWVLGH YDFXXP $W
WKH VDPH WLPH WKH DHURG\QDPLF ZLQGRZ DOORZV
IRU UDZ PDWHULDOV LQ WKH IRUP RI WKUHDGV EDQGV
RU WKLQ JDV WXEHV WR HQWHU WKH FKDPEHU 6WUHDPV
RI PDWHULDOV WKDW HQWHU WKH FKDPEHU DW WKH
VSHHG RI  WR  PV LQWHUDFW ZLWK WKH
EXIIHU ]RQH SXOYHUL]H EUDNH DQG PL[LQJ ZLWK
WKH FKDPEHU HQYLURQPHQW JLYH RII KHDW DIWHU
ZKLFK WKH\ DUH VHSDUDWHG DQG SXPSHG LQWR
VWRUDJH WDQNV 7KH ZLQGRZ ZRUNV RQO\ ZKHQ
WKH FDUJR DUULYHV LQ WKH FROOHFWLRQ FKDPEHU RI
WKH FROOHFWRUZKHQWKHPHFKDQLFDOKDWFKORFN
LV RSHQ
&DUJRFDUU\LQJ VSDFHFUDIW WKDW FDQ DLP WKH
FDUJR ZLWK SUHFLVLRQ IURP RUELW DQG LQWR WKH 0RRQ
FROOHFWRUV ZLOO QDWXUDOO\ EH VSHFLDOLVHG EDVHG RQ
WKH W\SH RI FDUJR WKH\ DUH WUDQVSRUWLQJ 7R HQVXUH
D VXFFHVVIXO GHOLYHU\ WKH PRGXOHV KDYH D JXLGDQFH
system and a rocket propulsion system to aim the
FDUJR EORFN DW WKH FROOHFWRU SULRU WR VHQG RII DQG
WR WXUQ WKH VHQGLQJ EORFNDZD\DIWHUWKHFDUJRKDV
EHHQGLVFKDUJHG

8SSHUVWDJH URFNHWV RI FDUJRFDUU\LQJ VSDFHFUDIW
could crash on the lunar surface in order to not add
WR WKH VSDFH GHEULV FORXG WKDW DOUHDG\ VXUURXQGV
WKH (DUWK +RZHYHU LI WKH SD\ORDG PDVV LV FKRVHQ
DSSURSULDWHO\ WKH ERRVWHUV UHWDLQ HQRXJK IXHO WR
PDNH LW SRVVLEOH WR ORZHU WKH VSHHG LQ SHULJHH DIWHU
FLUFOLQJ WKH 0RRQ DQG RQ WKH DSSURDFK WR (DUWK
DQG WR HQWHU ORZ (DUWK RUELW ,Q WKLV FDVH WKH ORZ
FRVW RI FDUJR GHOLYHU\ WR WKH 0RRQ LV FRPSOHPHQWHG
E\ WKH SRVVLELOLW\ WR XVH XSSHUVWDJH URFNHWV
PXOWLSOH WLPHV Ø LWÛV FKHDSHU WR UHIXHO WKHP LQ ORZ
(DUWK RUELW WKDQ WR ODXQFK QHZ ERRVWHUV IURP (DUWK
7KH ĂUVW VWDJHV FRXOG WKXV SURYLGH  UHSHDW
ERRVWHU WULSV ZLWK WKH SRWHQWLDORILQFUHDVLQJWKDW
QXPEHU WR  WULSV
7KH PHWKRG FDOOHG 0RRQWUDS 7HFKQRORJ\
uses collectors that are not only useful for
WUDQVSRUW EXW DOVR IRU WHFKQRORJLFDO SURGXFWLRQ
([SORVLYH SURFHVVHV LQ UHJROLWK ZKHQ K\GURJHQ
K\GURFDUERQ FDUERQ FKORULGH DQG IOXRULGH
HQWHU WKH FROOHFWRU FUHDWH D UHJHQHUDWLYH
UHDFWLRQ WKDW SURGXFHV LURQ WLWDQLXPQLFNHO
RWKHU PHWDOV DQG VLOLFRQ

Considering
the current
level of
rocket and
other space
technology
development,
it is more
profitable
to create
industrial
facilities on
asteroids
instead of on
the Moon

Asteroids have their uses too
7KH UHJROLWK RQ PDQ\ DVWHURLGV LQFOXGLQJ WKH
PDUWLDQ PRRQV 3KRERV DQG 'HLPRV LV ULFK LQ FDUERQ
DQG SRVVLEO\ K\GURFDUERQ &DUERQ LV QHFHVVDU\WR
UHOHDVH PHWDOV DQG R[\JHQ IURP UHJROLWK
,W LV PXFK HDVLHU WR GHOLYHU FDUERQ WR
WKH 0RRQ IURP 3KRERV RU 'HLPRV RU RWKHU
DVWHURLGV WKDQ IURP WKH (DUWK ,Q VRPH SODFHV
ZKHUH K\GURFDUERQ ZLOO IDOO JDV GHSRVLWV VXFK
DV &2 &2  DQG + 2 ZLOO DOVR DSSHDU DORQJ ZLWK
PHWDOV 7KHVH GHSRVLWV FDQ EH XVHG LQODWHU
VWDJHV DV URFNHW IXHO FRPSRQHQWV
$FFRUGLQJO\ D OXQDU WUDQVIHU SRLQW ZRXOG
EH EHQHĂFLDO IRU QRW RQO\ SURYLGLQJ UHVRXUFHV
IRU (DUWK RU D EDVH RQ WKH 0RRQ EXW DOVR IRU
IDFLOLWDWLQJ WKH GHOLYHU\ RI DVWHURLG UHVRXUFHV 7KH
UHWXUQ RI GHULYHG PDWHULDOV WR VSDFH IRU H[DPSOH
IRU EXLOGLQJ VSDFH SRZHU VWDWLRQV DQG UHIXHOLQJ
VWDWLRQV DOVR EHFRPHV FKHDSHU WKDQNV WR RUELWDOO\
EDVHG FROOHFWRUV 2UELWDO FROOHFWRUV ZLOO WKXV
GHFUHDVH WKH FRVW RI FDUJR GHOLYHU\ E\ QRW
RQO\IURPWKH0RRQEXWDOVRIURP(DUWK

About the author
$OH[DQGHU 0D\ERURGD LV GLUHFWRU RI $9$17$&RQVXOWLQJ 5XVVLD +H LV
D IRUPHU GLUHFWRU RI 0LFURJUDYLWDWFLD UHVHDUFK DQG 7HFKQRORJ\ &HQWUH
ZKLFK ZRUNHG XQGHU WKH DHJLV RI WKH 8665 6SDFH )HGHUDWLRQ DQG WKH
5HVHDUFK DQG 7HFKQRORJ\ 6RFLHW\ RI WKH 8665 RQ QRQURFNHW VSDFH
WUDQVSRUW V\VWHPV DQG XVLQJ PLFURJUDYLW\ IRU LQGXVWULDO SXUSRVHV +H
DOVR KROGV D QXPEHU RILQWHUQDWLRQDOSDWHQWVUHODWLQJWRLQYHQWLRQVLQ
VSDFHWUDQVSRUW
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→ ESA BUSINESS INCUBATION CENTRES
ARE YOU AN ENTREPRENEUR WITH AN INNOVATIVE, SPACE-RELATED BUSINESS IDEA?
START-UP WITH SPACE!
With the support of the ESA Business Incubation Centre Harwell,
Geraint “Taff” Morgan was able to become the founder of three
start-ups using space technology and know-how. Taff is
a member of The Open University’s Ptolemy instrument
team that in 2014 landed on a comet and
characterised the chemical composition of
the comet nucleus.
At the first TEDxESA he shared how
Ptolemy is now being used “Down to Earth” to sniff out bacteria causing stomach
ulcers and find blood sucking creatures (better known as bed bugs).
The ESA Business Incubation Centres offer extensive support
to entrepreneurs and young start-ups with innovative ideas
and facilitate the use of space technology, systems, service
and know-how for non-space applications.

BECOME ONE OF
350+ ENTREPRENEURS
WHO LAUNCHED THEIR START-UP
WITH OUR ESA BIC PROGRAMME!
START-UP? START NOW!
ttp@esa.int
www.spacesolutions.eu
facebook.com/EsaBICs
twitter.com/#esabic
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Space economics industry trends and
space investing

There are
hundreds of
new space
startups
addressing
a multitude
of industries
and disrupting
the traditional
space
paradigm

The economics of the space industry are changing. Within so called
‘NewSpace’ not only are new entrants being created almost daily, the
business models and capital sources have proven to be dramatically different
from traditional models built upon large government contracts and defence
related spending. If economics is to be believed, the future of the industry
will be dramatically different from anything the industry has previously
experienced. This will create opportunities for industry participants including
agile and well-led established companies, talented and skilled professionals
as well as investors.
hat is NewSpace? It is perhaps best to
describe what it is not. NewSpace
companies are not multi-billion
multinational companies that have
other commercial interests in addition to space,
QRU DUH WKH\ VPDOOHU ORZ JURZWK ĂUPV IRFXVHG
exclusively on sovereign nations as clients via
grants and SBIR (Small Business Innovation
Research) awards.
7KH\ DUH W\SLFDOO\ HLWKHU FRPSDQLHV IRFXVHG RQ
FRPPHUFLDO HOHPHQWV RI VSDFH RU WKH\ DUH SDUW RI
WKH VXSSO\ FKDLQ IRU ODUJHU VSDFH FRPSDQLHV DQG
are disrupting that supply chain with innovation.
They are characterised by a scrappiness and

W

mentality which is distinctly associated with
Silicon Valley start-ups and they see existing
EXVLQHVV PRGHOV DV EURNHQ LQHIĂFLHQW RU RXWGDWHG
3HUKDSV WKH PRVW SURPLQHQW H[DPSOHRID
newspace company is SpaceX.
1RWZLWKVWDQGLQJ WKH IDFW WKDW WKHLU EXVLQHVV
LV SULPDULO\ LI QRW H[FOXVLYHO\ GULYHQ E\ WKH 86
government, they have approached solving issues
LQ VSDFH IURP D QRQWUDGLWLRQDO6LOLFRQ9DOOH\
startup mind set.
For example, the SpaceX project management
system, is based upon the agile project
management model known as ‘Scrum’ where
tasks are planned week-to-week based upon the

Dylan Taylor
Founding Partner,
Space Angels, USA
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Silicon valley, California
- home for young
NewSpace companies.

NewSpace
companies are
characterised
by a
scrappiness
and mentality
which is
distinctly
associated
with Silicon
Valley startups

Company ﬁnancing life
cycle.

previous week’s learnings. This couldn’t be more
GLIIHUHQW IURP WKH OLQHDU SURMHFW PDQDJHPHQW
models used by its competitors which literally lay
RXW FULWLFDO SDWKV PRQWKV RU \HDUV DKHDG RI WLPH
As well as SpaceX, however, there are literally
KXQGUHGV RI QHZ VSDFH VWDUWXSV DGGUHVVLQJ
D PXOWLWXGH RI LQGXVWULHV DQG GLVUXSWLQJWKH
traditional space paradigm.
There are several subsectors with the
NewSpace industry, with several attracting the
EXON RI WKH FDSLWDO LQ  LQFOXGLQJ ODXQFK
companies and those involved in remote sensing
and communications.
New launch entrants include Vector Space,
Rocket Labs, Blue Origin and Relativity Space,
DOO RI ZKLFK DUH DWWHPSWLQJ WR RSWLPLVH D WKUHH
variable value equation: availability, reliability
DQG DIIRUGDELOLW\
$Q\ WZR RI WKH WKUHH SDUDPHWHUV LV QRW HQRXJK
WR EH VXFFHVVIXO ORQJ WHUP PHDQLQJ IRU H[DPSOH
KDYLQJ D UHOLDEOH DQG DIIRUGDEOH SODWIRUP LV QRW
YDOXDEOH LI \RX HLWKHU KDYH QR DYDLODELOLW\ RU FDQÛW
predict availability. Similarly, being available and
DIIRUGDEOH EXW EHLQJ VHHQ DV XQUHOLDEOH ZLOO QRW
FXW LW HLWKHU ,W LV IRU WKLV UHDVRQ WKDW , GLVDJUHH
ZLWK WKRVH ZKR SUHGLFW D JOXW RI VXSSO\ IRUODXQFK
capacity in the near to medium term.
In remote sensing, there has been a huge
H[SORVLRQ LQ FRPSDQ\ IRUPDWLRQV 1RWDEOH VWDUWXSV
include Planet, OmniEarth, Audacy, LeoLabs, Spire,
Kepler, OneWeb, Astranis and Analytical Space.
These companies are all racing to build
LQIUDVWUXFWXUH IRU ZKDW KDV EHHQ UHIHUUHG WR
as the ‘mega-set’ which will ultimately consist
RI D YDVW K\SHUVSHFWUDO GDWD VHW WKDW LV ERWK
persistent (always on) and ubiquitous (covering
the whole Earth).

Such a massive data set coupled with innovations
LQ PDFKLQH OHDUQLQJ DQG DUWLĂFLDO LQWHOOLJHQFH FRXOG
literally create more value than the entire current
space industry combined. Why? Because with
D GDWD VHW WKLV YDVW WKH DPRXQW RI SURGXFWV DQG
services, especially products that are predictive in
nature, are essentially unlimited. My view is that as
WKH LPSOLFDWLRQV RI WKH ÚPHJDVHWÛ EHFRPHV EHWWHU
XQGHUVWRRG WKH DPRXQW RI FDSLWDO DWWUDFWHGWRWKH
space sector will dramatically increase.

Capital sources
$V ZLWK DOO LQGXVWULHV WKDW KDYH ODUJH QXPEHUV RI
start-ups, access to early stage capital is critical.
The adjoining graph indicates that capital can
EH WKRXJKW RI LQ VWDJHV VWDUWLQJ ZLWK IRUPDWLRQ
FDSLWDO W\SLFDOO\ IULHQGV DQG IDPLO\ WR VRFDOOHG
angel investors, private equity and venture capital
and then, ultimately, public markets.
These capital sources are essentially
sequential and cumulative in the sense that each
VWDJH UHTXLUHV VXFFHVVIXO GHSOR\PHQW RI FDSLWDO
DW DQ HDUOLHU VWDJH )RU H[DPSOH LI VXIĂFLHQW
FDSLWDO LVQÛW DWWUDFWHG DW WKH IULHQGV DQG IDPLO\
URXQG WKH DELOLW\ WR FUHDWH D SURRI RI FRQFHSW
and/or an initial product or service that will
attract angel capital could be impacted.
Without angel capital, the ability to generate
client traction and revenue could be impacted
which would likely prohibit the ability to raise
YHQWXUH FDSLWDO DQG ZLWKRXW VXFFHVVIXO YHQWXUH
FDSLWDODQGRWKHUVRXUFHVRIJURZWKFDSLWDOVXFK

PUBLIC
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ANGEL INVESTORS
• $24.6 billion
• 71,000 deals
• 17,750 seed
• 31,950 early stage
• 19,170 expansion
• 305,000 individuals

VENTURE CAPITAL
• $59.1 billion*
• 4,380 deals
• 186 seed
• 2,219 early stage
• 1,975 later/expansion
• 718 active ﬁrms

6RXUFHV Ý$QJHO LQYHVWLQJ 0DUNHW IRU  &HQWUH IRU 9HQWXUH
5HVHDUFK81+19&$<HDUERRN3Z&0RQH\7UHH
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have some other value added expertise that can be
KHOSIXO WR WKH FRPSDQ\
$FFRUGLQJ WR WKH $QJHO &DSLWDO $VVRFLDWLRQ RI
WKH  86 PLOOLRQDLUHV WKHUH DUH  DFWLYH
DQJHO LQYHVWRUV DQG  EHORQJ WR DQJHO JURXSV
Angel investing can also be potentially lucrative.
2I WKH VXFFHVVIXO DQJHO LQYHVWPHQW H[LWV WKH KROG
period was 3.4 years, the investors more than
GRXEOHG WKHLU PRQH\ ZLWK DQ DYHUDJH PXOWLSOH RI
 DQG WKH LQWHUQDO UDWH RI UHWXUQ D PHDVXUH RI
WKH LQYHVWPHQWV VXFFHVV LQGH[HG IRU WKH WLPH LW
ZDV LQYHVWHG ZDV D ZKRSSLQJ  SHUFHQW
While these returns may seem extraordinary,
they presuppose that the investor is picking
ZLQQHUV ,Q D SRUWIROLR RI PDQ\ LQYHVWPHQWV VHYHUDO
ZLOO \LHOG ]HUR JLYHQ WKH KLJK ULVN RI HDUO\ VWDJH
LQYHVWPHQWV JRLQJ EDQNUXSW &RQVHTXHQWO\ DQJHO
LQYHVWLQJ LV D FUDIW ZKLFK UHZDUGV WKH H[SHULHQFHG
DQG WKH NQRZOHGJHDEOH DQG FHUWDLQO\ WKH IRUWXQDWH
NewSpace remains capital constrained. That is
WR VD\ WKH IRUPDWLRQ DQG JURZWK RI FRPSDQLHV
in the NewSpace sector is limited by its ability to
attract new capital sources to the industry. While
this constraint has been relaxed considerably in
WKH SDVW IHZ \HDUV LW VWLOO UHPDLQV DQ LPSRUWDQW
OLPLWLQJIDFWRUWRWKHLQGXVWU\ÛVIXWXUHJURZWK

As the
implications
of the ‘megaset’ becomes
better
understood,
the amount
of capital
attracted to
the space
sector will
dramatically
increase

The fourth launch of
Blue Origin’s New
Shepard vehicle before a
successful descent and
landing from a height of
101.0 km on 19 June 2016.

Blue Origin

DV SULYDWH HTXLW\ WKH DELOLW\ IRU D FRPSDQ\ WR
JR SXEOLF ZLWK DQ ,32 ,QLWLDO 3XEOLF2IIHULQJ 
remains nearly impossible.
7KLQN RI WKH OLIH F\FOH RI FDSLWDO DV D JLDQW
ă\ZKHHO ,W PXVW WXUQ LQ RQH GLUHFWLRQ IURP
one stage to another continuously and without
VNLSSLQJ SRUWLRQV RI WKH ZKHHO  EXW DW HDFK
revolution (e.g. a public company exit) the next
WXUQ RI WKH ZKHHO EHFRPHV HDVLHU ,Q VKRUW D VLQJOH
IPO could generate enough interest in a sector
WR ăRRG LW ZLWK HDUO\ VWDJH FDSLWDO ZKLFK OHDGV
WR PRUH FRPSDQ\ IRUPDWLRQV PRUH ODWHUVWDJH
growth companies and ultimately another two or
WKUHH VXFFHVVIXO ,32V ZKLFKWKHQDWWUDFWVPRUH
early stage capital.
Within all these stages, perhaps the most
LPSRUWDQW LV DQJHO FDSLWDO 2I  FRPSDQ\
LQYHVWPHQWV LQ WKH 86 LQ  PRUH WKDQ 
ZHUH IXQGHG E\ DQJHO FDSLWDO 3HUKDSV HYHQ PRUH
LPSRUWDQWO\ RI WKH HDUO\ VWDJH LQYHVWPHQWV
URXJKO\  RI WKHZHUHIXQGHGE\
angel investors.
Typical angel investors are high net worth
LQGLYLGXDOV ZKR KDYH EHHQ VXFFHVVIXO LQ DQRWKHU
LQGXVWU\ DQG HQMR\ LQYHVWLQJ LQ VWDUWVXSV ERWK IRU
ĂQDQFLDOJDLQEXWDOVREHFDXVHWKH\EHOLHYHWKH\
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Traditional space companies
+RZ LV WKH WUDGLWLRQDO VSDFH VHFWRU DGMXVWLQJ
WR WKH 1HZ6SDFH SDUDGLJP" &OHDUO\ WKH ODUJHU
more established space companies have
competitive advantages. Such companies are
typically large, well-capitalised, with large
DPRXQWV RI LQVWLWXWLRQDO NQRZOHGJHWDOHQWHGDQG
H[SHULHQFHG SURIHVVLRQDOV
+RZHYHU ZLWK WKDW LQVWLWXWLRQDOLVP FRPHV
perhaps a risk aversion to new ideas and a
FODVVLF FDVH RI LQQRYDWRUÛV GLOHPPD 7KDW
is to say the incentives internally within
traditional space companies reward status quo
behaviour and typically punish disruption. As a
FRQVHTXHQFH WKH LQHUWLD RI ODUJH RUJDQLVDWLRQV
leads to incremental improvements in existing
technologies and processes rather than radical
QHZ ZD\V RI VROYLQJ SUREOHPV
$QRWKHU FRQVWUDLQW IRU LQQRYDWLRQ ZLWK PDQ\
traditional space companies has been the costplus pricing model. In this model, the company
FKDUJHV D IHH DERYH WKHLUFRVWIRUGHOLYHULQJWKH
product or service.
:KLOH WKLV KDV PDQ\ EHQHĂWV WR WKH FRPSDQ\
IRU H[DPSOH FRQVLVWHQW DQG SUHGLFWDEOH SURĂWV
it provides a disincentive to create new ways
RI GHOLYHULQJ WKH SURGXFW RU VHUYLFH WKDW PLJKW
UHGXFH LWV FRVW RU HIĂFLHQF\ VLQFH WKH SURĂWVRI
the company would also be decreased.
7KLQN RI LW DV UXQQHUV FRPSHWLQJ LQ D UDFH 2QH
runner is an established athlete and is guaranteed
WR DOZD\V UXQ D ĂYHPLQXWH PLOH UDLQ RU VKLQH
KHDOWK RU LOOQHVV $QRWKHU VHW RI UXQQHUV ZHUH
OLWHUDOO\ SXOOHG RII WKH VWUHHW DQG VWDUW RXW YHU\
VORZ VD\ VL[ PLQXWHV RU JUHDWHU +RZHYHU WKHUH
DUH KXQGUHGV RI WKHP DQG WKH\ DUH DOO FRPSHWLQJ
DQG WUDLQLQJ HYHU\ GD\ (YHQWXDOO\ RQH RI WKRVH
DVSLULQJ UXQQHUV ZLOO RYHUWDNH WKH Ă[HG VSHHG
athlete and, since the athlete has not trained
or competed, their ability to then respond
and become more competitive themselves has
DWURSKLHG LI LW HYHU H[LVWHG DW DOO

In addition
to capital
sources,
space policy
can have a
large impact
on industry
dynamics and
the economics
of space

Installation in August
2016 of the NanoRacks
External Platform on the
International Space
Station (ISS). Houstonbased NanoRacks was
formed in 2009 to provide
commercial hardware
and services for the US
laboratory on the ISS via
a Space Act Agreement
with NASA.

5HVHDUFK 3URMHFWV $JHQF\ '$53$ LQ WKH 86 DQG
others have provided project based capital that has
DOORZHG PDQ\ FRQFHSWV WR EH GHYHORSHG IURP WKH
EHQFK RU ODE WR SURRI RI FRQFHSW )URP WKLV VWDJH
companies have much greater success attracting
angel capital and continuing on the capital
OLIHF\FOH ă\ ZKHHO
6SDFH SROLF\ FDQ DOVR EH KHOSIXO LQ WHUPV RI
protecting intellectual and property rights.
For example, Planetary Resources, a start-up
EDVHG LQ 6HDWWOH ZKLFK LV IRFXVLQJ RQ DVWHURLG
mining was instrumental in helping to pass
WKH 86 6SDFH $FW RI  ZKLFK SURYLGHG IRU
RZQHUVKLS SURWHFWLRQV RI FHUWDLQ VSDFH ERGLHV
IRU FRPPHUFLDO XVH 2WKHU UHVRXUFH RULHQWHG
companies, such as Deep Space Industries, have
also been involved with shaping policy regarding
economic rights in space.
7KH RWKHU DVSHFW RI SROLF\ WKDW GULYHV HFRQRPLFV
is certainty. That is to say clarity around what
DUH WKH SULRULWLHV WKH IXQGLQJ VRXUFHV DQG
the architectures that global sovereign space
SURJUDPPHV DUH IRFXVHG RQ 7KH PRUH VSHFLĂF
consistent and long term these priorities are,
WKH PRUH FRPIRUW LQYHVWRUV DQG FRPSDQLHV KDYH
regarding their ability to align with them.
6ZLWFKLQJ IURP RQH SULRULW\ WR DQRWKHU RU
being vague about what the priorities are has the
RSSRVLWH HIIHFW )RU H[DPSOH LW LV XQFOHDU ZKHWKHU
the new Trump administration will make the Moon
D SULRULW\ RQFH DJDLQ ,I LW GRHV WKLV FRXOG EH D
boon to companies such as Astrobotics, Moon
Express and Golden Spike.
, SUHGLFW WKDW LQ WKH IXWXUH WKH FRPPHUFLDO
sector will take an even larger role in shaping both
the priorities and the laws and policies governing
VSDFH,VHHWKLVDVDFRQVHTXHQFHRIWUDGLWLRQDO

In addition to capital sources, space policy can
have a large impact on industry dynamics and the
HFRQRPLFV RI VSDFH ,Q UHFHQW \HDUV WKH IRFXV RQ
XVLQJ FRPPHUFLDO HOHPHQWV IRU VRYHUHLJQ VSDFH
SURJUDPPHV KDV FUHDWHG ODUJH EORFNV RI FDSLWDO
that have allowed companies such as SpaceX to
ăRXULVK DQG SURYLGHG FUHGLEOH ORQJ WHUP EXVLQHVV
SODQV WKDW KDYH DWWUDFWHG HDUO\VWDJHFDSLWDOIRU
FRPSDQ\ IRUPDWLRQV
In addition, early stage contract awards by
RUJDQLVDWLRQVVXFKDV1$6$WKH'HIHQVH$GYDQFHG
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Looking forward
7KH HFRQRPLFV RI WKH VSDFH LQGXVWU\ LV HYROYLQJ
UDSLGO\ 1HZ VRXUFHV RI FDSLWDO FRQWLQXH WR
be attracted to the industry, unlocking more
innovation which should ultimately lead to
D KDQGIXO RI ZLQQHUV WKDW ZLOO LQ WXUQ DWWUDFW
QHZ FDSLWDO 7KLV IO\ZKHHO HIIHFW LV MXVW JHWWLQJ
started in the space sector and should have a
dramatic impact in reshaping the industry.
Traditional space companies must be aware
RI KLVWRULFDO DQDORJXHV WR ZKDW LV KDSSHQLQJ LQ
VSDFH DQG EH YHU\ FDUHIXO WR QRW IDOO SUH\ WR WKH
SLWIDOOV LQKHUHQW ZLWK WKH LQQRYDWRUÛV GLOHPPD
and competing with companies driven by
LQQRYDWLRQDQGÚIDLOIDVWÛEXVLQHVVPRGHOV

I predict that in
the future the
commercial
sector will
take an even
larger role in
shaping both
the priorities
and the laws
and policies
governing space
Changing times SpaceX’s Falcon 9 and
Dragon lift off from Launch
Pad 39A on 19 February
2017, the first launch from
this pad since the final
flight of the Space Shuttle
in July 2011. The pad has
since been reconfigured
for use by the commercial
space company.

The best NewSpace companies will mimic old
space companies, in that their business models
will be aligned broadly with industry dynamics
DQG WDNH WKHLU FXHV IURP VSDFH SROLF\ 7KH\
will hire experienced and seasoned talent and,
notwithstanding their star-up ethos, they will still
maintain a ‘measure twice and cut once’ mentality
WR LQVXUH WKH\ DUH VHHQ DV D VDIH SDLU RI KDQGV
The best traditional space companies, in turn,
ZLOO EHWWHU PLPLF D VXFFHVVIXO 1HZ6SDFH FRPSDQ\
They will create skunk works or other mechanisms
to insure they are innovating and disrupting their
VHFWRUV HYHQ LI LW LV WR WKHLU VKRUW WHUP GHWULPHQW
7KH\ ZLOO ORRN WR RWKHU LQGXVWULHV IRU ERWK EXVLQHVV
PRGHOV DQG WDOHQW DQG WKH\ ZLOO GURS DQ\ SUHWHQFH RI
VXSHULRULW\ IRU D KHDOWK\ IHDU RI WKH VWDWXVTXR 7KH
IXWXUH RI WKH LQGXVWU\ LV YHU\ EULJKW IRU WKRVH HQWLWLHV
VHOIDZDUH HQRXJK WR WUXO\ NQRZ KRZ WKH LQGXVWU\ LV
changing and strategic and proactive enough to shape
their particular role in the industry by their actions.
About the author
Dylan Taylor is an investor and thought leader in the space industry. A
IRXQGLQJ SDUWQHU RI WKH 6SDFH $QJHOV 1HWZRUN '\ODQ VSHDNV UHJXODUO\
RQ PDWWHUV UHJDUGLQJ WKH IXWXUH RI WKH VSDFH LQGXVWU\ DQG WKH VSDFH
HFRQRP\ +H LV D &URZQ )HOORZ RI WKH $VSHQ ,QVWLWXWH 'HOSKL )HOORZ RI
%LJ 7KLQN DQG D <RXQJ *OREDO /HDGHU RI WKH :RUOG (FRQRPLF)RUXP+H
KROGVDQ0%$IURPWKH8QLYHUVLW\RI&KLFDJR

SpaceX

VSDFH EHFRPLQJ OHVV LQăXHQWLDO LQ WKDW SURFHVV
DQG VRPH RI WKH SURWHFWLRQLVP VXUURXQGLQJ MREV
being lessened, but also because ultimately the
commercial space sector will become an even
PRUH PDLQVWUHDP WRSLF IRU FLWL]HQV
Increasingly the constituencies in countries
DURXQG WKH ZRUOG ZLOO H[SHFW PRUH IURP WKHLU
space programmes and become more involved
ZLWK KRZ WKH\ VHH KXPDQÛV IXWXUH LQ VSDFH $GURLW
politicians will tap into the interest and leverage it
IRU PD[LPXP HIIHFW
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European space business
incubators and accelerators
ccelerators and incubators are an
important platform for advancing
entrepreneurship around the globe, helping
a new generation of young companies and
particularly high-tech start-ups to grow, prosper
and thrive. There are a rapidly growing number
focused exclusively on the space industry.
This clustering of young businesses fuels the
growing appetite for space technology investment
from business angels and venture capital funds. Well
sign-posted and highly visible, they help reduce
search effort for investors by creating a pipeline
of vetted technologies for the market. Likewise,
larger corporates have a growing recognition that

A

Mark Boggett
CEO, Seraphim Space
Fund, London

TOTAL
UK

EU
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accelerators and incubators are a source for cuttingedge innovative products and services.
To have a complete picture of the different
entrepreneurial space technology ecosystems
around Europe and a better understanding of
the different initiatives and best practices, Mark
Boggett, CEO of Seraphim Space Fund, maps out
accelerators and incubators serving the space
industry across Europe and the UK.
The bedrock of space industry activity in this
area is a network of incubators managed by the
European Space Agency (ESA) operating across
Eu 19 countries, with the larger countries such as
France and Germany having multiple incubators.

SPACE FOCUS

SPACE

TECH ENABLING

Accelerator

68

UK wide

3

14

Incubator

65

UK wide

9

16

Accelerator

83

EU Top Cities

8

19

Incubator

45

EU Top Cities

20

10

Incubators

Accelerators

Since start-up companies lack many resources, experience
and networks, incubators provide services which helps
them get over initial hurdles in starting up a business.
7KHVH LQFOXGH ăH[LEOH ORZFRVW DFFRPPRGDWLRQ ZKLFK
can scale with the growing needs of the business, along
with legal, accounting, computer services and other
prerequisites to running the business. Business incubators
differ from research and technology parks in their
dedication to start-up and early-stage companies.

$ GHĂQHG SURJUDPPH IRU D FRKRUW RI
companies (typically 10-20), run over a
period of time (from a few weeks to a full
year) which includes training, mentoring,
networking, business plan and proposition
development, investment readiness training
and introductions to potential corporate
customers through demo days and to angels
and venture funds through pitch events.

Astronautics

EU ACCELERATORS

Starburst Accelerator
Starburst is an Aerospace accelerator

Satellite Application Catapult
Spin-up Factory

Space App Camp

programme with bases in the USA, Europe and

Satellite Applications Catapult Spin-up

Twice a year Space App camp assembles

Asia. Three courses are held annually where

Factory is an accelerator programme based in

programmers across Europe at their one-week

the cohorts receive access to seed funding,

Oxfordshire, England, dedicated to developing

Accelerator in Frascati, Italy and Barcelona,

mentors and business strategy planning. They

companies which use satellite data. Companies

Spain. The aim of the programme is to introduce

also partner with the largest aerospace, defence

can apply anytime.

attendants to the Copernicus Masters.

and security groups to help land their cohorts a

https://sa.catapult.org.uk/services/business-

www.app-camp.eu

ĂUVW 86 PLOOLRQ FRQWUDFW

support/spin-up-factory

http://starburst.aero

The NL Space Accelerator
The NL Space Accelerator is a 5-day accelerator

EU INCUBATORS

UK INCUBATORS
Satellite Applications Catapult

supported by the European Space Solutions
$JHQF\ DQG WKH 1HWKHUODQGV6SDFH2IĂFH

SATLAS SATCOM

Based in Harwell, Oxfordshire, England, the

www.nlspace.nl

The SATLAS Incubator based in Luxembourg

Satellite Applications Catapult is a space

is designed to help start-ups and SME’s

technology based innovation and research facility.

InnoSpace Masters

test their business ideas over Satellites.

https://sa.catapult.org.uk

InnoSpace Masters Competitions leading up to the

The selected companies will be given the

Space 4.0 conference in Berlin, Germany. Partners

chance to test and demo their ideas and then

UK Space Agency (UKSA)

including Airbus Defence and ESA Incubation Centres.

present them in front Industrial Partners.

The UKSA has funded a number of university

http://www.innospace-masters.de

The Applicants will have access to broadband

innovation incubators around the UK support

platforms and terminals, hardware and

start-ups and young companies trying to enter

European Satellite Navigation
Galileo Masters Competition

software and technical assistance.

the space industry. Incubators are based in four

Annual competition seeking services, products,

ESA Business Incubator Centres

Business Centre; Sci-Tech Daresbury, Glyndwr;

and business innovations that use satellite

The European Space Agency’s (ESA)

Innovation Centre, Leicester Dock; UNIP

navigation in everyday life. Applications in June.

Business Incubations Centres work with

management, Loughborough University Incubator.

In 2016 some 413 innovations were submitted

around 130 space technology companies

www.gov.uk/government/organisations/uk-

by entrepreneurs from more than 40 countries.

annually to help them commercialise

space-agency

The prize pool is €1 million, which includes cash

their businesses. They are based at 19

awards, business incubation, business coaching,

sites all across Europe - Noordwijk (the

OpTIC Business Incubation Centre

patent consulting, technical support, access to

Netherlands), Darmstadt (Germany),

The Glyndwr OpTIC Centre in Wrexham

testing facilities and prototype development.

Lazio (Italy), Bavaria (Germany), Harwell

has secured grants of up to £50k to support

www.cesah.com

(UK), Wallonie Redu (Belgium), Flanders

companies trying to develop space sector

(Belgium), Sud France, Barcelona (Spain),

innovation. Companies will receive seed

Space 3ac

Portugal, Madrid (Spain), Sweden, Prague

investments and the ability to work in one of

Space3ac is a three-month accelerator

(Czech Republic), Austria, Ireland and

the UK’s leading innovation centres.

programme based in Poland, focused on the

Switzerland. All offer technical support to

www.glyndwrinnovations.co.uk

downstream sector. The programme maximum

help transform space technology into non-

is 13 companies per cohort with applications

space industrial products.

ESA Incubation Centre, Harwell

closing March. Each accepted company receives

www.esa.int/Our_Activities/Space_

The ESA Business Incubation Centre in

€20,000 in seed investment with access up to

Engineering_Technology/Business_

Harwell, Oxfordshire, accepts three sets of

€200k from later stage investors.

Incubation/ESA_Business_Incubation_

applications annually closing in January, April

www.space3.ac

Centres12

and October. It offers grants of up to £50k and

Copernicus Masters

UK ACCELERATORS

centres across the UK - Durham University

support to develop business and access other
ESA grant streams.
www.esa-bic.org.uk

The Copernicus Masters is a space technology
winners have the opportunity to continue onto the

SetSquared Space
Accelerator Hub

Geovation

Copernicus Accelerators. The best 40 applicants

SetSquared is a three-day programme, based

A 12-month programme of support including,

receive a customised business development

in Surrey, supporting space technology related

mentor workshops, bespoke development

scheme, an assigned mentor and acceptance onto

businesses with their business plans, value

and business support and access to software,

the 6-8 month Accelerator programme.

proposition position and access to investors.

technology and geospatial data.

www.copernicus-masters.com

http://www.setsquared.co.uk

https://geovation.uk

and Earth observation competition where the
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NASA/JPL, ESA

Bepi-Colombo
will unveil
Mercury’s
secrets

An enhanced colour
image of Mercury by
MESSENGER.

With scorching temperatures of up to 400 degrees Celsius by day and a frigid
-170 degrees by night, Mercury is no place for the ill-prepared! Nonetheless,
this has not stopped a joint European and Japanese consortium from
designing one of the most robust spacecraft ever made in order to brave
these extreme conditions and get a close-up look at the ‘iron planet’. Known
as BepiColombo, the mission is set for launch next year and aims to spend
four Mercury years unlocking the secrets of this unique planet.
ercury, the smallest and innermost
planet of the Solar System, lives the
paradox of being one of the closest
planets to Earth and yet one of the least
known - out of the eight planets of the Solar
System, only the faraway Uranus and Neptune
have been less explored.
This is not due to lack of interest, as the ‘iron
planet’ has some unique and intriguing features: it is
the second-densest planet in the Solar System after
Earth, and the only other inner planet besides Earth
WR KDYH D VLJQLĂFDQW PDJQHWLF ĂHOG 7KLV LV D NH\
parameter in allowing life to take hold on a planet,

M
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as without its shielding Earth would receive a
VLJQLĂFDQW DPRXQW RI GDQJHURXV UDGLDWLRQ IURP WKH
6XQ WKXV PDNLQJ FRQGLWLRQV GLIĂFXOWIRUELRORJLFDO
life to develop and persist.
Nonetheless, despite its modest gravity, Mercury
also has an atmosphere, albeit very tenuous, which
LV FRQVWDQWO\ UHSOHQLVKHG LQ D ZD\ \HW WR EH FODULĂHG
and its craters may hold more ice than the Moon.
Not surprisingly, there is a lot of scope for
VFLHQWLĂF H[SORUDWLRQ +RZHYHU PDQ\ WHFKQLFDO
challenges exist in trying to get a spacecraft in orbit
around Mercury. This is due to the gravitational pull
of the Sun which tends to accelerate any spacecraft

Space Science

Mercury’s first visitors
7KH ĂUVW VSDFHFUDIW HYHU WR FDXWLRXVO\ DSSURDFK
Mercury was the NASA probe Mariner 10 and,
ironically, if the mission had gone ahead as
originally planned, many features of the planet
would have remained a mystery.
In the initial proposal that was presented in
 0DULQHU  ZRXOG KDYH ăRZQ E\ 0HUFXU\
RQO\ RQFH EULHă\ DIWHU KDYLQJ SDVVHG E\ 9HQXV
+RZHYHU DQ ,WDOLDQ VFLHQWLVW QDPHG *LXVHSSH
Colombo, who at the time was visiting NASA’s
Jet Propulsion Laboratory (JPL), had noticed that
the period of the spacecraft’s orbit around the
6XQ DIWHU LW ăHZ SDVW 0HUFXU\ ZRXOG EH DOPRVW
exactly twice the period of the planet itself, so

the spacecraft and the planet would meet again
DQG ZLWK D OLWWOH LQJHQXLW\DVHFRQGă\E\FRXOG
be arranged.
JPL looked into Colombo’s idea and found that
E\ FDUHIXOO\ FKRRVLQJ WKH ĂUVW 0HUFXU\ ă\E\
point it was actually possible to achieve a second
DQG HYHQ D WKLUG ă\E\ ,Q  0DULQHU  ZDV
DEOH WR ă\ E\ 0HUFXU\ WKUHH WLPHV SKRWRJUDSK
 SHUFHQW RI LWV VXUIDFH DQG GHWHFW LWV PDJQHWLF
ĂHOG ZKLFK DW WKH WLPH ZDV D SX]]OLQJ GLVFRYHU\
because Mercury was thought to be too small and
rotating to have one.
Mariner 10 remained the only spacecraft to
SUREH 0HUFXU\ XQWLO WKH UHFHQW 0(66(1*(5
(MErcury Surface, Space ENvironment,
*(RFKHPLVWU\ DQG 5DQJLQJ  D UHIHUHQFH WR
WKH 5RPDQ P\WKRORJLFDO PHVVHQJHU 0HUFXU\ 
0(66(1*(5 ZDV WKH ĂUVW VSDFHFUDIWZLWKDVLQJOH
aim of studying the iron planet.
/DXQFKHG LQ $XJXVW  0(66(1*(5 UHYHDOHG
the presence of distinct geochemical terrains and
YROFDQLF GHSRVLWV HVWLPDWHG WR EH  WR  NP WKLFN
which covered huge basins on the planet’s surface.
0(66(1*(5 DOVR GLVFRYHUHG D ÚJUHDW YDOOH\Û ODUJHU
WKDQ 1RUWK $PHULFDÛV *UDQG&DQ\RQLQ0HUFXU\ÛV
southern hemisphere.
At more than 1000 km (620 miles) long, 400 km
 PLOHV ZLGH DQG  NP  PLOHV GHHS VFLHQWLVWV
suggested that the most likely explanation for this
great valley is long-wavelength buckling of the planet’s
outermost shell in response to shrinking or global
contraction – Mercury it seems is getting smaller.
0(66(1*(5 HQGHG LWV PLVVLRQ LQ  E\
impacting onto the planet’s surface, having

Not
surprisingly,
there is a
lot of scope
for scientific
exploration,
however many
technical
challenges
exist in trying
to get a
spacecraft in
orbit around
Mercury

Mercury’s north polar
region, coloured by the
maximum biannual
surface temperature,
which ranges from >400K
(red) to 50K (purple).

NASA/JPL

approaching it. Conversely, to be inserted in to
an orbit a spacecraft needs to be slowed down,
therefore a lot of fuel needs to be carried for the
manoeuvres – in fact going to Mercury requires
more fuel than going to Pluto!
Even if engineers were able to stabilise a
Mercury-orbiting spacecraft, you then have to
deal with the intolerable heat coming from the Sun
(about 10 times the solar intensity around Earth).
This naturally has implications for the temperature
at the planet’s surface which, in the case of
Mercury, can reach 400C or more, and depending
on the altitude a spacecraft is orbiting at, Mercury
FDQ UHăHFW DQG HPLW DV PXFK KHDW DV WKH 6XQ LWVHOI
Accordingly, a trip to the inner regions of the
Solar System is not the place to go unless
\RXÛUH PRUH WKDQ FRQĂGHQWLQWKHUREXVWQHVV
of your design.
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DFTXLUHG RYHU  LPDJHV DQG H[WHQVLYH GDWD
sets and making many important discoveries.
But perhaps to be expected, many questions still
remain unanswered.

How ‘Bepi’ got its name

ESA

Unpacking the MMO at
ESTEC in The
Netherlands.

,W LV LQ KRQRXU RI *LXVHSSH &RORPER WKDW WKH
European Space Agency (ESA) decided to name
LWV ĂUVW PLVVLRQ WR 0HUFXU\ Ú%HSL&RORPERÛ LQ
QRUWKHUQ ,WDO\ %HSL LV VKRUW IRU *LXVHSSH  7KH
mission has been developed in collaboration with
the Japanese Space Agency (JAXA) and consists
of two separate spacecraft, one provided by JAXA
and one provided by ESA with both having their
own mission agendas.
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ESA is also building the Mercury Transfer Module
(MTM), which will carry the two orbiters from Earth
to Mercury. Upon arrival, the transfer module will
be jettisoned and the two orbiters will separate.
The European orbiter, called MPO (Mercury
3ODQHWDU\ 2UELWHU  FDUULHV  VFLHQWLĂF SD\ORDGV
WKDW ZLOO LQYHVWLJDWH 0HUFXU\ÛV JUDYLWDWLRQDO ĂHOG LQ
detail, test Einstein’s theory of general relativity to a
greater precision than ever before, and measure the
topography and surface morphology of Mercury.
,QVWUXPHQWV LQFOXGH WKH 0HUFXU\ *DPPDUD\
DQG 1HXWURQ 6SHFWURPHWHU 0*16  WKH 0HUFXU\
Imaging X-ray Spectrometer (MIXS) and the
6HDUFK IRU ([RVSKHUH 5HĂOOLQJ DQG (PLWWHG 1HXWUDO
Abundances (neutral and ionised particle analyser),
RU 6(5(1$ IRU VKRUW
ESA is also building the MMO Sunshield and
Interface Structure (MOSIF), which provides
thermal protection, and the mechanical
and electrical interfaces for the Mercury
Magnetospheric Orbiter (MMO), a spinning
spacecraft provided by JAXA.
,W ZLOO FDUU\ D SD\ORDG RI ĂYH DGYDQFHG VFLHQWLĂF
experiments, including an ion spectrometer,
electron energy analyser, magnetometer, cold and
energetic plasma detectors, plasma wave analyser,
and imager. These will help to study the structure
DQG G\QDPLFV RI 0HUFXU\ÛV PDJQHWLF ĂHOG DQG
observe the dust which makes up the planet’s
atmosphere, in order to try and understand how
exactly it is released.
The spacecraft will be powered by a single-sided,
three-panelled solar array that uses Optical Solar
5HăHFWRUV 265V IRU WHPSHUDWXUH FRQWURO DQG FDQ
provide up to 1000 W of electrical power during full
science operation phases.
BepiColombo has been designed to complement
WKH ĂQGLQJV RI 0(66(1*(5 WKRXJK WKH 032
will have a much less elliptical orbit that will allow
the spacecraft to study the southern hemisphere
of Mercury almost as accurately as the northern
KHPLVSKHUH +DYLQJ D GXDO VSDFHFUDIW VXFK DV 032
and MMO, has the advantage of being able to study
two regions of the planet at the same time.
BepiColombo will provide global spectral
mapping of the surface of Mercury with a better
UHVROXWLRQ WKDQ 0(66(1*(5 DQG LQ D GLIIHUHQW
wavelength range. Finally, BepiColombo will look
IRU WKH FUDWHU OHIW E\ 0(66(1*(5 RQ WKH VXUIDFH RI
0HUFXU\ LQ  DQG VWXG\LWWRXQGHUVWDQGWKHUDWH
of space weathering.

Trials and tribulations
The mission will be completed by a consortium of
industries, and is led by Airbus Deutschland, with
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the Italian branch of Thales Alenia Space in charge
of the crucial thermal control subsystem.
The harsh thermal environment that
BepiColombo is going to face has posed
unprecedented technical challenges; not only was
it necessary to develop and test new materials able
to withstand the extreme environments of space,
including severe temperatures, and to insulate the
VSDFHFUDIW ZLWK XWPRVW HIĂFLHQF\ EXW (6$ DOVR KDG
to extensively refurbish its test facility, the Large
Space Simulator (LSS). This was a necessary part
of the process in order to increase the LSS’s solar
VLPXODWLRQ FDSDELOLW\ IURP  :P2 (the solar
ăX[ DURXQG (DUWK WR PRUH WKDQ  :P2, a
target achieved with a set of expensive and fragile
ODPSV RI  N: HDFK Ø SRZHU WKDW ZRXOG KDYH DQ\
commercial electricity supplier rubbing their hands
with glee if they had to supply it.
Aside from the mechanical challenges, it was
necessary to coordinate teams of scientists and
engineers from all over Europe to coordinate the
various payloads aboard MPO and to satisfy their
RIWHQ FRQăLFWLQJ WHFKQLFDO QHHGV
Not only that, but new design solutions also had
to be developed. For instance, a normal spacecraft
has a stack of thermal blankets all around it to
protect it from the environment; MPO has three
carefully designed stacks on top of each other,
which are partly composed of materials developed
ad hoc and are able to withstand temperatures of
up to 400C.
In addition, it is normal for one or two sides of a
spacecraft to always be in shadow, thus allowing these
sides to act as radiators, to dissipate heat coming from
both the Sun and onboard electronics in the spacecraft
itself, into deep space. In the case of the MPO, however,
DOO VLGHV RI WKH VSDFHFUDIW ZLOO UHFHLYH VLJQLĂFDQW
DPRXQWV RI KHDW ăX[ IURP HLWKHU WKH 6XQ RI 0HUFXU\ ,W
was therefore necessary to devise an intricate design of
curved mirrors that will discard heat generated by the
VSDFHFUDIW ZKLOH VLPXOWDQHRXVO\GHăHFWLQJWKHKHDW
coming from the planet.

The integration and testing of the various
modules is being completed and the launch of
%HSL&RORPER RQ DQ $ULDQH  URFNHW LV FXUUHQWO\
scheduled for 2018. After a six-year cruise, that
ZLOO VHH WKH VSDFHFUDIW ă\ E\ 9HQXV WZLFH DQG
Mercury six times before it settles into the right
orbit, BepiColombo will resume the exploration of
0HUFXU\ WDNLQJ RYHU ZKHUH 0(66(1*(5 OHIW RII
Once in orbit and using the Usuda 64 m antenna
LQ -DSDQ WKH ,6$6-$;$ 6DJDPLKDUD 6SDFH
Operation Centre, will take over the operation of
the MMO. Similarly, the European Space Operations
&HQWUH (62& LQ 'DUPVWDGW *HUPDQ\ZLOOUHPDLQ
in charge of the MPO spacecraft.
During its one Earth year mission, which
equates to four Mercury years, it is hoped that
BepiColombo will answer some fundamental
questions such as: is Mercury tectonically
active today? Is its core liquid or solid? Why
do spectroscopic observations of Mercury
not reveal the presence of any iron, when this
element is expected to be the planet’s major
constituent? These are just a few of the 12
VFLHQWLĂF REMHFWLYHV WKDW %HSL&RORPER LV KRSLQJ
to answer, while helping to understand what
makes Mercury so special.

Having a dual
spacecraft
such as MPO
and MMO has
the advantage
of being able
to study two
regions of the
planet at the
same time

About the author
$QGUHD )HUUHUR LV D VSHFLDOLVW LQ WKHUPDO YHULĂFDWLRQ DW 7KDOHV $OHQLD
Space Italia in Turin, Italy, where, since 1997, he has worked on modules
of the International Space Station and on several Earth observation
VDWHOOLWHV +H LV D WKHUPDO V\VWHPV HQJLQHHU IRU %HSL&RORPER DQG LV
also among the organisers of the annual International Conference on
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BepiColombo’s MPO
antenna in the Large
Space Simulator (LSS).

Onwards and upwards

ESA

Although many issues have been successfully
resolved, several unexpected problems arose when
the manufacturing was already at an advanced
stage. These of course have needed workaround
solutions that have caused delays and put at risk
WKH VFLHQWLĂF VLJQLĂFDQFH RI WKH PLVVLRQ
Nonetheless, the team has managed to get on
top of all the obstacles faced and it is with a great
amount of satisfaction that we are on our way to
achieve what will be an historical result for the
European space industry.
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Hunting for neutrinos
in the ice of Antarctica
Finding neutrinos is no easy task. In the past it has required huge
underground liquid-filled tanks to capture the tell-tale signature of an
interaction with one of the lightest known particles known to us. Now, a new
project aimed at finding the most energetic of neutrinos is being constructed
above ground at the Ross ice-shelf in Antarctica. Known as ARIANNA
(Antarctic Ross Ice-Shelf ANtenna Neutrino Array), the project hopes to
shed light on which astronomical phenomenon is responsible for creating
relativistic particles that leave very little trace of where they came from.
eutrinos are neutral subatomic particles
with a mass close to zero and,
experimentally, they were only discovered
in the 1950s. Detecting neutrinos is a
GLIĂFXOW FKDOOHQJH DV EHLQJ RQH RI WKH OLJKWHVW
known particles, large quantities of matter are
needed to observe them as the neutrino
interaction cross-section i.e. the probability to see
them interact, is very small per unit of matter.
When you think of neutrino experiments, huge
WDQNV ĂOOHG ZLWK ZDWHU RU RWKHU OLTXLGV VSULQJ WR
mind, which are not only pretty to look at but are

N

Anna Nelles
University of
California, Irvine, USA
88 ROOM

also impressively large. However, this in itself poses
a problem and when laboratory experiments could
no longer be made bigger due to practicality and
cost-restrictions, scientists turned to naturally
occurring materials instead. Now, experiments
designed to search for neutrinos can be found in
locations such as the Mediterranean Sea, in lake
Baikal in Russia and in the ice of Antarctica.
If you ever wondered why an increasing mass
YROXPH LV VR LPSRUWDQW IRU ĂQGLQJ QHXWULQRV ZKHQ
they have already been detected in laboratory
experiments, it is because scientists are not only

Chris Persichilli/ARIANNA
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trying to count neutrinos, but they also want to
study their energy.
Certain energy ranges, or in other words
different ranges of speed, are occupied by
neutrinos from different sources. For example,
neutrinos produced in nuclear reactors have
energies between three and 10 mega-electronvolts
(MeV) and are usually more energetic than those
from the Sun (at less than 1 MeV). Conversely, those
produced in the atmosphere are more energetic (at
1 GeV - 105 GeV), so too are astrophysical neutrinos
(105 - 106 GeV) and cosmogenic neutrinos (> 107
GeV). They all have their distinct place in the
energy spectrum. So if one wants to study different
sources, the sensitivity of the detector has to be
adjusted to the desired energy range. Generally
speaking, the assumption holds that the higher the
energy of the neutrino, the rarer it is.
Cosmogenic neutrinos are believed to be even
rarer than the already extremely rare astrophysical
neutrinos detected only recently by the IceCube
experiment at the South Pole. This is currently
the largest neutrino detector in the world and it

detects less than 10 astrophysical neutrinos per
year in 1 square kilometre of ice (‘IceCube’).
Cosmogenic neutrinos are linked to ultra-high
energy cosmic rays and these rays are the most
energetically charged particles known in the
Universe today. With energies that are several
million times higher than what can be achieved by
man-made machines, these particles are created
by yet unknown astronomical objects.
There have been many theories linking them
to black holes or gamma ray bursts, but no
convincing evidence has yet been found to tie
a type of source to the particles. The search
for these elusive sources has been hindered
by the fact that charged particles do not travel
in straight lines. Their trajectories are bent by
JDODFWLF DQG LQWHUJDODFWLF PDJQHWLF ĂHOGV ZKLFK
makes it challenging to pin-point the objects in
question. For example, a source we see towards
Galactic North might actually be in the South, thus
presenting an almost unsolvable problem.
Yet, there is hope. It has been postulated that a
fraction of these charged cosmic rays will interact
with the cosmic microwave background, the
ubiquitous background residual of the Big Bang, close
to the phenomenon that emitted them. In these
interactions, neutrinos will be produced that carry
away a lot of the original energy of the cosmic ray.
As neutral particles, these cosmogenic neutrinos can
then travel unhindered in straight lines before they
reach Earth. Consequently, a detection of cosmogenic
neutrinos would allow us to directly pin-point the
source. Unfortunately, however, all current neutrino
GHWHFWRUV DUH WRR VPDOO WRĂQGFRVPRJHQLFQHXWULQRV

Pressure ridges near
McMurdo station in
Antarctica, where the
ARIANNA logistics base is
located. Pressure ridges
occur when the annually
forming sea ice pushes
into the permanent ice of
Antarctica.

The way forward
Building an even bigger detector either requires an
enormous amount of funding when using the same
technology or a different approach. A neutrino
can only be observed indirectly by detecting its
interaction products i.e. the tell-tale sign that points
to its existence. A common method is to look for the
Cherenkov light signal that is produced by charged
particles originating from a neutrino interaction that
travel faster than the speed of light in the medium.
As light ‘slows-down’ when it is not in a vacuum this
effect happens without violating the theory of General
Relativity and can be interpreted as the equivalent
to a supersonic boom in air. In order to detect this
Cherenkov radiation, light detectors monitor the
medium at different positions and if a signal starts in
the detector volume without an incoming signal, a
neutrino interaction is recorded as being observed.
What drives the overall costs of a detector is,
perhaps bizarrely, the space between the individual

Generally
speaking, the
assumption
holds that the
higher the
energy of the
neutrino, the
rarer it is
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Solar
panel
and wind
turbine

Cosmogenic neutrinos
are linked to ultra-high
energy cosmic rays - the
most energetically charged
elementary particles known in
the Universe today
LPDA
antennas lie
just under
the surface

Neutrino > particle reaction > shower > radio signal

Diagram of one
ARIANNA station and its
detection capabilities. The
autonomous stations are
sensitive to the radio
signals generated by
incoming neutrinos (Greek
letter ‘nu’, green) and
cosmic rays (CR, purple).
By studying the signals in
different antennas, it is
possible to distinguish the
signals and reconstruct
the arrival direction. The
full array will consists of
more than 1000 stations.

ARIANNA
Currently, the ARIANNA detector is in its pilotSKDVH /RFDWHG LQ D YHU\ VSHFLĂF FRUQHU RQ WKH
Ross ice-shelf with pure ice and shielded by

Chris Persichilli/ARIANNA

View at camp and the
transantarctic mountains.
The dot in the middle is a
station.

light detectors. The maximum distance is governed
by ice properties such as scattering and attenuation.
As these properties determine how far away a signal
can be detected, they determine how far a detector
grid can be spaced and therefore how big a detector
FDQ EH JLYHQ D Ă[HG EXGJHW (YHQ ZLWK WHFKQRORJLFDO
progress it seems unlikely that it will become feasible
to build a Cherenkov light detector that will be big
enough to measure interactions that only occur
about once every year in 100 km3 of ice.
Using ice as a detector is advantageous for
a number of reasons, not least because it is
available in large quantities at high purity and
no cost, but also because scientists can turn
to other reaction products that result from a
neutrino interaction: radio signals. The charged
particles that are created after a neutrino
LQWHUDFWLRQ QRW RQO\ FUHDWH D ăDVK RI OLJKW EXW DOVR
a short broadband radio pulse, mostly at MHz
frequencies. This is caused by something called
the charge-excess, which in basic terms relates
to how the interaction of a once neutral neutrino
will accumulate charge as it traverses a dense
medium like our atmosphere.

In doing so, the neutrino initiates an
electromagnetic shower as it collects electrons
from the surrounding medium and leaves positively
charged ions behind. In this charge separation,
a changing current is created along the shower
axis, which leads to an emissions of radio waves.
In contrast to light, radio emission travel longer
distances through ice before being attenuated
which therefore allows for larger volumes of ice to
act as instruments, with the same number of signal
detectors, thus reducing costs.
The tricky thing about radio emission, however,
is that it is not particularly unique. While it is highly
unlikely for anything but an elementary particle
WR FDXVH D ăDVK RI OLJKW LQ GDUN LFH HYHU\ HOHFWULFDO
machine creates radio emission. Since radio waves
can travel larger distances, it is possible to confuse a
neutrino signal with something man-made, like the
signal from a spark plug. Thankfully, modern dataprocessing technology has advanced so that it has
become feasible to pick-out distinct features of the
radio emission that make neutrino signals unique.
This technological advancement combined with
a place (on Earth) associated with minimal human
activity, has subsequently lead to the development of
the ARIANNA project situated on the Ross ice-shelf.
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mighty trans-Antarctic mountains from the
nearest research stations, nine stations are
currently in operation to test the feasibility of the
detection concept.
Every station is equipped with log-periodic
dipole antennas. The antennas are highly sensitive
and directional, meaning that they are more likely
to detect a signal coming towards their front than
towards their rear. These antennas are placed front
ĂUVW LQ WKH VQRZ RQ WRS RI WKH LFH HQDEOLQJ WKHP WR
monitor the ice underneath for neutrino interactions.
7KH GHWHFWLRQ FRQFHSW EHQHĂWV IURP LWV ORFDWLRQ RQ
the ice-shelf and having an ocean underneath, as the
interface between ice and water acts as a mirror for
UDGLR HPLVVLRQ 7KLV FRQĂJXUDWLRQ DOORZV $5,$11$
WR VLPXODWH D GHWHFWRU ZLWK D ODUJH ĂHOG RI YLHZ WKXV
helping to overcome the problem of trying to pinpoint
the location of neutrino sources in the sky.
Nine stations are certainly not enough to
see cosmogenic neutrinos but they do act as
SDWKĂQGHUV WR SURYH WKDW WKH WHFKQRORJ\ ZLOO ZRUN
The stations rely only on solar and wind power
and, during the endless day in the polar summer,
the stations are up 24 hours a day collecting data.
Winter is another matter, however, as the
operations are not quite stable and a perfect
balance has to be found using cold-resistant
batteries that buffer energy from wind-generated
power during the windy periods. What sounds
perfectly straightforward in normal conditions is
not quite that straightforward in Antarctica. The
wind-turbines need to be sturdy enough to survive
hard Antarctic storms and sensitive enough to
FUHDWH VXIĂFLHQW SRZHU IURP D VPDOO EUHH]H WR
allow for continuous operations. On top of that,
extreme temperatures put a strain on batteries and
detector moving parts, and with a site that is totally
inaccessible from March through to October, it is not
hard to imagine what other problems that brings.
In spite of this, once operational, the stations
use very little power. With less than 5 watts, the
stations are able to digitize the detected radio
waves at up to 2 billion samples (Gsamples) per
second and a sophisticated chip searches for
FRLQFLGHQFHV EHWZHHQ VLJQDOV FURVVLQJ D GHĂQHG
amplitude threshold in different antennas.

ARIANNA

Overview of the
position of ARIANNA.

Currently the stations are equipped with longUDQJH ZLĂ DQG VDWHOOLWH FRPPXQLFDWLRQ YLD WKH
Iridium network, commonly used for telephone
connections in polar regions.
:KLOH WKH ORQJUDQJH ZLĂ DOORZV IRU D KLJK
through-put of data, it is more expensive, powerconsuming and limited in operation during bad
weather. Satellite communication is more reliable;
however, it is limited to binary short-burst
messages, essentially text messages, which restricts
the amount of data that can be sent.
Still, the ARIANNA site has proven to be so radioquiet that there are very few false positive triggers and
WKH WH[W PHVVDJHV KDYH SURYHQ WR EH VXIĂFLHQW WR JHW
all data out in real-time. The stations autonomously
connect to a server in the United States to check
whether new instructions are available and then
send their data at a given time-interval. This method
ensures that there is virtually no human interaction
needed - an important feature for an array that is
planned to consist of more than 1000 stations and will
RSHUDWH IRU PRUH WKDQ ĂYH \HDUV

Deciphering the good from the bad
Two stations in the field.

Since the pilot-stage array of ARIANNA is
comparatively short, there are no neutrino reports

Anna Nelles/ARIANNA

While it is highly unlikely for
anything but an elementary
particle to cause a flash of light
in dark ice, every electrical
machine creates radio emission
ROOM 91
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Corey Reed/ARIANNA

What sounds perfectly straight
forward in normal conditions is
not... in Antarctica

Anna Nelles in front of
station tower with hole to
access the station
electronics.

Corey Reed/ARIANNA

Team in Antarctica next
to a station, holding an
antenna for illustration
purposes.

yet. In fact, any supposed neutrino detection
would bring the feasibility of the detector and
the predictions of cosmogenic neutrinos under
pressure. It would be incredibly good luck, at
this stage, to detect a neutrino signal and highly
suspicious if an unknown background event that
mimicked neutrino signals were recorded.
Most of the currently recorded events are
dominated by thermal noise, such as that heard
when a radio is turned to a frequency where there
is no station transmitting. In this thermal noise,
coincidences between spikes in two antennas actually
happen by unrelated coincidences, so some data is
always recorded. Despite being called thermal noise, a
part of the radio background is caused by the diffuse
synchrotron emission of the Galaxy. So technically,
ARIANNA is detecting a galactic signal already, though
it is not caused by neutrinos. While this irreducible
background limits the minimum energy a neutrino
needs to have in order for it to be detectable, the fact
that the Galaxy is detected without additional analysis
is a sign of the wondrous harmony between an
impressive detector and a perfectly chosen site.

Signals more similar to neutrinos are caused
by cosmic rays that interact in the atmosphere.
A cosmic ray interaction in the atmosphere
also causes a particle cascade, which in turn is
the cause of radio emission. In air, the particle
cascades are somewhat larger and affected by the
PDJQHWLF ĂHOG RI (DUWK VWLOO WKHLU UDGLR VLJQDOV DUH
intrinsically similar to the radio signals expected
from neutrinos. The only difference is that neutrino
signals will come from the ice and cosmic ray
signals from above. This is where directionality of
the antennas comes into play.
The full ARIANNA will have up- and downwardpointing antennas at every station, which will
allow for an easy differentiation between neutrino
and cosmic ray signals. While the latter are more
abundant - after all cosmogenic neutrinos are
caused by a fraction of cosmic rays - it is inevitable
that we will detect them. In contrast, a nondetection should have us worried about detector
performance and feasibility.

The future
Where is ARIANNA going from here? For now, we
will improve on detecting cosmic rays, as they will
act as a calibration source for ARIANNA. A pulse of
a couple of nanoseconds detected in one stations
is enough to reconstruct the direction of the
cosmic ray and give an estimate of its energy.
Despite not knowing too much about the
sources of ultra-high energy cosmic rays, their
energy distribution is well-known. If ARIANNA’s
technique can reconstruct the same energy
spectrum, we will have proof that the same will
work for neutrinos and that we are ready to tackle
the search for cosmogenic neutrinos.
This work will start as soon as the full suite of
stations - at least 1200 of them - is deployed on
the Ross ice-shelf which in itself poses a whole
other logistic operation. Nonetheless, exciting
times lay ahead and soon we will hopefully be
reporting on a real neutrino detection thus
providing a conclusive statement as to the sources
of ultra-high energy cosmic rays.
About the author
Dr Anna Nelles is a postdoctoral researcher and DFG fellow working at
the University of California Irvine. Her research interests include, radio
detection of neutrinos and cosmic rays with various instruments, such
as ARIANNA, LOFAR or the Pierre Auger Observatory.
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15th Reinventing Space
Conference
Đ0DUPCFSq(MBTHPX 4DPUMBOE
The Space Industry is constantly changing – how
do we keep up to date with current thinking and
innovations?
RISpace focuses on technological trends and
how they are increasing the commercialisation of
space. Sessions include lower cost launch systems,
mega-constellations and a range of novel satellite
applications for LEO and beyond.
RISpace brings together industry, agency, government, financiers,
academia, and end users in an unparalleled, catalytic environment.
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www.rispace.org
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Reinventing Space is organised by The British Interplanetary Society
27–29 South Lambeth Road, London SW8 1SZ, United Kingdom
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United Nations
headquarters in Vienna,
Austria, seat of UNOOSA
and UNCOPUOS.

If new
regulatory
mechanisms,
agreements
or institutions
are to be
created, they
would need
to adequately
tackle a new
range of issues

Rapidly evolving space industry
needs faster response from UN
Tomas Hrozensky
Matej Bel University,
Banská Bystrica,
Slovakia
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ROOM is an open forum for comment and opinion - and actively encourages
contributions. To promote debate, discussion and inspiration we regularly
publish commentaries and opinions by space leaders and those involved
directly or indirectly in aerospace and space exploration. With governing
law, regulatory aspects and policy hardly keeping pace with the constant
innovation and development of space science, Tomas Hrozensky urges the
international space community to actively participate in the ongoing process
related to UNISPACE+50.

Tomas Hrozensky
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nternational mechanisms and institutions
governing space activities have not been
evolving and adjusting as quickly as the
actors and their activities conducted in the
global space sector. Although the current legal
regime and related system of space governance
has so far tackled issues emerging as a result of
QHZ GHYHORSPHQWV VXIĂFLHQWO\ ZHOO WKLV PD\
EHFRPH PRUH DQG PRUH GLIĂFXOW LQ FRPLQJ \HDUV
*OREDO VSDFH JRYHUQDQFH ĂQGV LWVHOI DW D
crossroads with multiple different ways to
proceed. The international space community
needs to adjust mechanisms and policies to
PRUH DGHTXDWHO\ UHăHFW WKH ULVH RI SULYDWH VSDFH
DFWLYLWLHV DPELWLRXV YLVLRQV LQ VSDFH H[SORUDWLRQ
current trends in space security or new types and
JURZLQJ QXPEHUV RI DFWRUV GHDOLQJ ZLWK VSDFH
both in national policies and in international arena.
)RUWXQDWHO\ IRUWKFRPLQJ \HDUV DUH SURYLGLQJ
the international space community with symbolic
DQQLYHUVDULHV WKDW UDLVH ERWK SXEOLF DQG H[SHUW
awareness of issues related to the governance of
space activities and thus could create momentum
for new or improved incentives for more suited
ways of governing space activities.
This year marks the 50th anniversary of the Outer
6SDFH 7UHDW\ WKH SULPDU\ GRFXPHQW RI LQWHUQDWLRQDO
space law. The Treaty itself contains mainly
JHQHUDO SURYLVLRQV JRYHUQLQJ IXQGDPHQWDO ULJKWV
responsibilities and obligations that countries have
when they conduct space activities. Even though it
LV QRW DQ H[KDXVWLYH OHJDO WH[W DXWKRUV RI WKH 7UHDW\
created solid foundations for a more comprehensive
mechanism establishing fair balance between
IUHHGRPV DQG REOLJDWLRQV LQWHUHVWV RI VWURQJHU DQG
ZHDNHU DFWRUV DQG LGHDOV RQ WKH RQHKDQGYHUVXV
political realities on the other.

I

1H[W \HDU ZLOO VHH WKH WK DQQLYHUVDU\ RI WKH
ĂUVW JOREDO &RQIHUHQFH RQ WKH ([SORUDWLRQ DQG
3HDFHIXO 8VHV RI 2XWHU 6SDFH  81,63$&(  KHOG
LQ 9LHQQD $XVWULD LQ  6LQFH WKHQ WZR RWKHU
81,63$&( FRQIHUHQFHV KDYH WDNHQ SODFH LQ
9LHQQD  LQ  DQG   DQG WKH 8QLWHG 1DWLRQÛV
&RPPLWWHH RQ 3HDFHIXO 8VHV RI 2XWHU 6SDFH
81 &23826 LV QRZ RUJDQLVLQJWKHIRXUWKVXFK
FRQIHUHQFH 81,63$&(
3UHYLRXV 81,63$&( FRQIHUHQFHV KDYH KDG D
VLJQLĂFDQW LPSDFW RQ VXEVHTXHQW SHULRGV RI WLPH
7KH SRVWPLOOHQQLDO DJHQGD RI 81 &23826 KDV
EHHQ ODUJHO\ VKDSHG E\ WKH UHVXOWV RI 81,63$&(
III elaborated in the Vienna Declaration on
Space and Human Development. As this new
RSSRUWXQLW\ DSSURDFKHV WKH LQWHUQDWLRQDO VSDFH
community should take into account these results
and build upon this knowledge.
Forthcoming conferences will serve as a fruitful
IRUXP ZLWK SRWHQWLDO WR FUHDWH QHZ RU H[SDQG
H[LVWLQJ UHJXODWRU\ PHFKDQLVPV WUDQVSDUHQF\ DQG
FRQĂGHQFH EXLOGLQJ PHDVXUHV SROLF\ LQFHQWLYHVRU
other relevant multilateral initiatives.
81,63$&( ZLOO EH KHOG LQ PLG 7KH
process and work plan leading to the conference
LQFOXGHV VHYHUDO RWKHU HYHQWV LQFOXGLQJ VRPH KLJK
OHYHO IRUXPV ZLWK WKH PRVW UHFHQW RI WKHP WDNLQJ
SODFH LQ ODWH 1RYHPEHU  7KH 'XEDL 'HFODUDWLRQ
which emerged as a result of this multi-day
HYHQW RXWOLQHG RSWLPLVWLF DQG KRSHIXO YLVLRQV DQG
ambitions for upcoming months and years.

COPUOS is still the
largest international
forum dealing with space
governance.

How should global governance of space activities
deal with new trends and developments in
national security space or space weaponisation?
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TS Kelso/Celestrak

Distribution of
Fengyun-1C debris (red), a
weather satellite
intentionally destroyed by
China in 2007. Orbit of the
International Space
Station is shown in green.

+RZHYHU WKHUH UHPDLQ VRPH GLIIHUHQFHV UHODWHG
to the anniversary of the Outer Space Treaty and
81,63$&( FRPSDUHG WR SUHYLRXV 81,63$&(
FRQIHUHQFHV ,I QHZ UHJXODWRU\ PHFKDQLVPV
DJUHHPHQWV RU LQVWLWXWLRQV DUH WR EH FUHDWHG WKH\
would need to adequately tackle a new range
RI LVVXHV VXFK DV WKH ULVLQJ QXPEHU RI VPDOOHU
FRXQWULHV WDNLQJ SDUW LQ WKH H[SORUDWLRQ DQG XVH
RI RXWHU VSDFH WKH FRQWLQXRXV ULVH RI FRPPHUFLDO
space activities and related growth of private
space ventures.
How should global governance of space
activities deal with new trends and developments
in national security space or space weaponisation?
2U KRZ FDQ ZH HIIHFWLYHO\ UHJXODWH FRQWLQXLQJ
congestion of Earth orbits and radio spectrum?
The potential of the 50th anniversary
conference in issues of global governance of space
activities does not necessarily lie in adopting
new international agreements. Opening up the
H[LVWLQJ OHJDO UHJLPH FRXOG EH D WULFN\ GHFLVLRQ
given ongoing geopolitical realities in the world
DQG QR VLJQLĂFDQW SURJUHVV LQ WKH KDUGODZ SDUW RI
international space law achieved in recent years.

One criticism often levelled at the UN COPUOS
is that it does not adapt its agenda fast enough
in comparison to the quick evolution and
contemporary trends in the global space sector
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I believe it is in the interest of all members of
the international space community to actively
participate in the ongoing process between
QRZ DQG  2IWHQ LW LV WKH MRXUQH\ LWVHOI WKDW
is considered to be more important than the
destination - and one could certainly apply this as
we approach this landmark opportunity.
7KH DEVHQFH RI VLJQLĂFDQW DFKLHYHPHQWV LQ
recent history at a UN level might create an
argument for questioning the importance and role
RI WKH 8QLWHG 1DWLRQV LQ VSDFH DIIDLUV HVSHFLDOO\
as recent efforts to proceed with new initiatives
outside of the UN have been unsuccessful. The
,QWHUQDWLRQDO &RGH RI &RQGXFW IRU 6SDFH $FWLYLWLHV
IRU H[DPSOH OHG E\ WKH (XURSHDQ 8QLRQ (8 LVWR
DOO LQWHQWV DQG SXUSRVHV LQ ÚKLEHUQDWLRQÛ
The United Nations will never be a space power
and this is not the role the UN should aim to play in
the global space sector. The approach taken by the
81 RIĂFH IRU 2XWHU 6SDFH $IIDLUV RU 81 &23826
LV QRW ăDZOHVV  EXW RQ WKH LQWHUQDWLRQDO VWDJH LW
still constitutes the best option we have to evaluate
DQG DGRSW WKH PRVW HIĂFLHQW PHFKDQLVPRIJOREDO
governance of space activities.
One criticism often levelled at the UN
&23826 LV WKDW LW GRHV QRW DGDSW LWV DJHQGD IDVW
enough in comparison to the quick evolution
and contemporary trends in the global space
sector. It is therefore understandable that
ĂQGLQJ FRPPRQ JURXQGV DQG VLPLODU PLQG
VHWVEHWZHHQWKHGLSORPDWLFSROLWLFDODQGOHJDO
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QDWXUH RI &23826 ZLWK HFRQRPLFV EXVLQHVV
and industry related ambitions of private and
commercial space community is not an easy task
DQG FRQVWLWXWHV D VLJQLĂFDQW EDUULHU LQ HIIRUWV
WR FUHDWH QHZ EHWWHU VXLWHG PHFKDQLVPVIRU
governing space activities.
$ VLJQLĂFDQW SDUW RI WKH 81 DSSURDFK WR RXWHU
VSDFH LV UHODWHG WR EURDGHU 81 LQLWLDWLYHV VSHFLĂFDOO\
WKH  6XVWDLQDEOH 'HYHORSPHQW DJHQGD ZKHUH
space is being discussed as one of the tools to
achieve sustainable development goals.
:KHQ IRFXVLQJ PRUH GLUHFWO\ RQ VSDFH LWVHOI
the UN space agenda also remains relatively
EURDG &RPSOLFDWHG GLSORPDWLF SURFHGXUHV DQG
large numbers of different agenda items at the
VHVVLRQV RI 81 &23826 DQG LWV VXEFRPPLWWHHV
PD\ DSSHDU WR VRPH H[WHUQDOREVHUYHUVDVD
disorganised approach.
81,63$&( KDV D VLJQLĂFDQW UROH LQ GHĂQLQJ
WKH IXWXUH UROH RI WKH 81 &RPPLWWHH IRU 3HDFHIXO
8VHV RI 2XWHU 6SDFH ZKLFK UHPDLQV WRGD\ WKH RQO\
body in the international community suitable to
deal with high-level policy and regulatory issues of
WKH H[SORUDWLRQ DQG XVH RI RXWHU VSDFH
7KH IXWXUH UROH RI WKH 81 &23826 ZLOO EH
formed during the processes scheduled to play
out in forthcoming months. There is the potential
to create a solid foundation for multilateral
GLVFXVVLRQV ZLWK LQSXWV IURP WKH FLYLO FRPPHUFLDO
DQG PLOLWDU\ VSDFH VHFWRUV ZLWK WKH SDUWLFLSDWLRQ
RI H[LVWLQJ VSDFH SRZHUV DV ZHOO DV HPHUJLQJ
DFWRUV IURP ERWK WKH 2(&' JURXS DQG GHYHORSLQJ
FRXQWULHV ZKLOH WDNLQJ LQWR DFFRXQW WKHFRQVWDQWO\
changing nature of space activities.
But the questions that new space governance
mechanisms will have to address are seemingly
growing and include:

Having an imbalanced relationship between
innovation in space technology and regulatory
mechanisms will inevitably cause setbacks
It reminds me of the lasting historical struggle
between artillery on the one hand and shielding
RQ WKH RWKHU :KHQ RQH LQQRYDWHG WKH RWKHU KDG
WR DGMXVW DQG YLFH YHUVD +DYLQJ DQ LPEDODQFHG
relationship between innovation in space
technology and regulatory mechanisms will
inevitably cause setbacks. It is good therefore
that the international space community will
encompass discussions dedicated to space
JRYHUQDQFH RYHU WKH QH[W  PRQWKV ,QWHULP
RXWFRPHV VXFK DV WKH LQLWLDOO\ DJUHHG ĂUVW VHW RI
guidelines for long-term sustainablity of space
DFWLYLWLHV VHHP SURPLVLQJ EXWWKHORQJWHUP
results remain uncertain.

About the author
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*HQHUDWLRQ $GYLVRU\ &RXQFLO UHSUHVHQWLQJ 6ORYDNLD DQG UHJXODUO\
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Measures, so far not yet
legally binding, preventing
the growth of space debris
were included in the
UNCOPUOS Space Debris
Mitigation Guidelines back
in 2007 and are currently
part of discussions
regarding long term
sustainability guidelines.

•

How to adequately regulate the so-called
NewSpace movement so that commercial
and business rationales remain thriving in
private sector?
•
How to address the future of space
H[SORUDWLRQ YLVLRQV VXFK DV FRORQLVDWLRQ
of other planets or asteroid mining should
they become reality?
•
What kind of regulatory model will
safeguard unlimited access to and free
H[SORUDWLRQ DQG XVH RI VSDFH IRU QHZ
space actors while at the same time
maintaining the long-term sustainability
of space activities?
Since space science and technology are undergoing
FRQVWDQW LQQRYDWLRQ WKH JRYHUQLQJ ODZ UHJXODWRU\
aspects and policy need to maintain an equal pace.

ROOM 97

Could Brexit blow a hole
in UK’s space ambitions?
The UK and Europe as
viewed by British
astronaut Tim Peake
during his ESA mission on
the International Space
Station.

ROOM is an open forum for comment and opinion - and actively encourages
contributions. To promote debate, discussion and inspiration we regularly
publish commentaries and opinions by space leaders and those involved
directly or indirectly in aerospace and space exploration. Here, Dr Michael
Leggett analyses the possible effects of Britain leaving the EU (‘Brexit’) on
the long-established cooperation of the UK and Europe in space.
e are leaving the European Union
not Europe”, an often-repeated
phrase since the UK Referendum of
23 June 2016, and one which might
offer some comfort to those who are participants
in organisations outside the European Union
(EU), including the European Space Agency (ESA).
However, the distinction between the EU and
intergovernmental organisations such as ESA is
not always clear cut and the way ahead might not
necessarily be plain sailing.
ESA is not part of the EU; it has 22 member
states, not all of which are EU members. Norway
and Switzerland are members of ESA, for example,
but not members of the EU. Furthermore, the EU
currently has 28 members (including the UK), not
all of which are members of ESA.
On the face of it, Brexit should not directly
affect the UK’s membership of ESA. However,

“W

Mike Leggett
Programme Manager
& space lecturer,
Milton Keynes, UK
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there might be indirect effects as a consequence
RI (6$(8 SURJUDPPHVDQGGHSHQGLQJRQWKHĂQDO
nature of Brexit.
The EU itself is a major contributor to ESA,
principally for the Galileo global navigation
satellite system (GNSS), which began operations
in December 2016, and the Copernicus Earth
observation programmes. Funded and owned by
the EU, ESA acts as design and procurement agent
for Galileo on behalf of the European Commission.
Copernicus is also led by the EU.
The UK is a key participant in these programmes
but after Brexit continued UK participation in
these programmes might become problematic.
There is considerable support across the
board for continued UK participation in ESA
DIWHU %UH[LW 7KH 8. LV D VLJQLĂFDQW FRQWULEXWRU
to ESA and it is recognised that membership of
an organisation such as ESA allows its member
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Flags are raised to
mark the formal opening
of ESA’s first UK facility the European Centre for
Satellite Applications and
Telecommunications
(ECSAT) - at Harwell,
Oxfordshire, in July 2015.

states to do more in space than each country
would be able to do by itself.
Nevertheless, there have been calls from
some within the UK for a completely ‘homegrown’ space programme, with a suggestion
that the returns could be much greater than are
currently obtained through participation in ESA.

Spaceflight Bill
In February this year the British government
SXEOLVKHG D GUDIW 6SDFHăLJKW %LOO DLPHG DW
providing a regulatory framework for the
commercial launch of satellites from UK
spaceports and though receiving much media
publicity this should not be seen as something
that would provide anything like an alternative to
ESA membership.
3ODQV IRU FRPPHUFLDO VSDFHăLJKW ODXQFKHV IURP
UK spaceports might become more viable with
cheaper launch systems, including some of the
horizontal launch systems with which the UK
space industry is involved.
However, several of the proposed spaceport
locations are in Scotland, which might be
affected if Scotland, which voted to remain in
the EU, has a further independence referendum
and decides to leave the UK in order to seek
membership of the EU.
Perhaps a bigger issue in relation to any space
fallout from Brexit is that of ‘mission creep’. The

referendum presented a simple choice, that of
whether to leave the EU or remain in the EU.
There were sometimes discussions of what the
UK outside the EU might look like, with Norway,
Switzerland, Greenland and Canada (among
others) being suggested as possible models, but
there was nothing really concrete about a new EUUK relationship.
Post-referendum it looks increasingly likely
that the UK will opt for a ‘hard Brexit’ rather
than a ‘soft Brexit’, the principal difference
between the two relating to whether or not
the UK would remain a member of the Single
European Market.
Central to the concept of the Single European
Market, which was established in 1992, is the free
movement of people, goods, services and capital
- and it is perceived that many of those who
voted ‘leave’ did so because they objected to free
movement of people into the UK.
In addition to a hard Brexit outside the European
Single Market, there is a suggestion that the UK
could leave the Customs Union, the European
Convention on Human Rights (which is under the
much larger Council of Europe with 47 member
states) and Euratom (which is legally distinct from
the EU but is governed by it). Consequently, it is
not clear where this might end, especially if those
for whom the word ‘Europe’ is an anathema get
their way.

The distinction
between the
EU and intergovernmental
organisations
such as ESA
is not always
clear cut and
the way ahead
might not
necessarily be
plain sailing
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police may be restricted outside of the EU. If that
were the case it may still be possible for the UK to
negotiate continued access post-Brexit.
A soft Brexit would allow continued access to the
European Single Market, so the effects on the UK
space industry would probably be much less. A hard
Brexit, however, would have implications for the
free movement of goods, with potentially negative
consequences on the export of UK-manufactured
goods to mainland Europe and the import of
components, with the risk of tariffs and customsrelated paperwork. This would be particularly
GLIĂFXOW IRU FRPSDQLHV ZRUNLQJ LQ WKH DHURVSDFH
industry that have multiple sites across Europe,
many of which may be manufacturing parts for
assembly elsewhere.

Artistic depiction of
European Galileo
navigation satellites in
their 23,222 km altitude
orbit. Galileo is a joint EU/
ESA project.

Success story
UK space is the industry major success story and
it is expected that the industry would continue to
grow, though targets include business in the EU as
well as globally.
The immediate concern about Brexit is probably
uncertainty about the future but this might
become clearer after Article 50 has been triggered
and the two-year negotiations for Brexit begin in
earnest. It is possible that all the talk about a hard
Brexit stems from the adoption of an initial hard
bargaining position; only time will tell.
Some in the industry also have a sense of
optimism that the UK will be able to cope as a
consequence of its leadership in some areas of
technology and also an increased focus on markets
outside the EU.
UK space industry has participated extensively
in ESA-EU projects such as Galileo and
Copernicus, and continued involvement might be
at risk following Brexit, without an agreement for
the UK to continue to so.
However, the participation to date might also
work in the UK’s favour as its absence from the
project might be seen by ESA and the EU as a
considerable loss for them (and not just the UK).
A further concern relates to the use of
satellites such as Galileo where basic services are
available to all, but use of the encrypted, robust
Public Regulated Service (PRS) for governmentDXWKRULVHGXVHUVVXFKDVĂUHEULJDGHVDQGWKH

There is considerable support across the board
for continued UK participation in ESA after Brexit
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Higher education
A further concern for the British space industry
and also higher education is the effect of Brexit
on the free movement of people. The UK space
industry often has multi-national teams working
on space projects and there is a high proportion
of people from other EU countries working in the
UK space industry. Furthermore, this movement of
people is not only one way. There are UK citizens
working on space-related projects in ESA, in
universities and the space industry across the EU.
The status post-Brexit of EU citizens in the UK and
UK citizens in the EU is currently uncertain.
A hard Brexit is viewed by many in academia as
a major threat to higher education and research in
UK universities. The world-class status of many UK
universities has been achieved through growing
networks of international partnerships during the
decades in which the UK has been part of the EU.
This has led to the most successful institutions
competing across the EU and indeed globally for the
best talent. As with the space industry, universities
have a high proportion of staff who are EU nationals
from outside the UK. However, there is concern that
following the referendum vote there is a perceived
anti-immigrant tone and consequently many
academics from the EU are now unwilling to work at
UK universities, while others are leaving.
There is also concern about potential negative
LPSDFW RQ VFLHQWLĂF UHVHDUFK )URP FRQYHUVDWLRQV
during early 2016, including with scientists involved
in space-related projects, it was clear that they were
concerned about negative implications if ‘Leave’
won the referendum. UK universities are among
WKH ELJJHVW EHQHĂFLDULHV IURP (8 UHVHDUFK IXQGLQJ
- such as Horizon 2020 - and fear loss of research
funding, while those in the EU are questioning the
UK’s participation in research projects and consortia.
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6RPH KDYH VXJJHVWHG WKDW WKHUH ZLOO EH D EHQHĂW
for higher education after Brexit, through higher
tuition fees for EU students. UK higher education
is a major ‘invisible’ export and after Brexit, EU
students could be charged the same as other
overseas students. However, as with EU academics,
EU students may be deterred by a perceived
anti-migrant hostility. A drop in applications from
EU students could have a considerable effect not
RQO\ RQ XQLYHUVLW\ ĂQDQFHV EXW DOVR RQ WKH ZLGHU
economy, though estimates vary on what the exact
impact of this could be.
In any case, would the students from the EU
be able to afford the higher fees or would they go
elsewhere? If the UK universities could afford to do
so, would they have to offer scholarships to attract
the EU students? And if the UK universities could
afford to offer scholarships to EU students, why not
offer more scholarships to UK students?
Critics might suggest that the space industry
and academia have become too dependent on
foreign talent. However, both often cite UK skill
shortages as a reason why there is so much
recruitment from the EU. It has been suggested
that reduction in the number of EU students
studying at UK universities might further reduce
the available number of engineering graduates.
Consequently, there might need to be more effort
to source suitable candidates from within the
UK, resulting in more opportunities in the space

University academics and the space industry are
unlikely to gain much sympathy from many of
those who voted leave
LQGXVWU\ DQG DFDGHPLD IRU VXLWDEO\TXDOLĂHG
individuals from within the UK.
This might also depend on changed circumstances
and also changed attitudes. Improved social mobility
might only be achieved if there is some restoration
of student grants (or industry sponsorships)
and a reduction or even an end to tuition fees.
Furthermore, a regrettable and unfair attitude in
some Leavers and some Remainers alike has been to
be critical of the lack of even basic skills and lack of
work ethic in some UK citizens.
So what of the future of the UK space programme?
As ESA and the EU are separate organisations, the
UK will most likely continue with ESA membership
as the preferred option for the foreseeable future.
Although it is possible for other reasons that the UK
might look for other models, including a homegrown space programme, it is highly unlikely that the
UK alone could undertake the breadth of activities in
space science and technology that has been possible
DV D PHPEHU RI (6$ LQFOXGLQJ KXPDQ VSDFHăLJKW
As an advocate for space research, exploration
and development, I have always sought through my
talks to astronomical and other groups to promote
its importance, not just to enthusiasts but to the
taxpayer and voter.
However, in my experience, problems for
university academics and the space industry are
unlikely to gain much sympathy from many of those
who voted leave, especially among those who feel
marginalised and left behind by globalisation.
Whatever one’s personal views about the wisdom
or otherwise of Brexit, many people in the UK see it
as a positive development. One can only hope that
VXFK D OHYHO RI FRQĂGHQFH DQG JRRGZLOOIRUDKLJK
risk project results in success.
About the author
Dr Mike Leggett has worked on a variety of international and European
projects across a wide range of industrial sectors during the past 25
years. A keen advocate for the public understanding of science and also
the importance of space exploration and technology, he has presented
lectures throughout the UK. A graduate in chemistry and pharmacology,
Dr Leggett also holds a PhD in Chemistry and is Fellow of the Royal
Astronomical Society and the British Interplanetary Society. Opinions
SUHVHQWHG LQ WKH DUWLFOH DUH WKH DXWKRUÛV RZQ DQG GR QRW UHăHFW WKRVH RI
any of the named organisations nor of any present or former employer.

If you would like to submit an opinion, letter or
comment article for publication in ROOM please
contact or send via email to: Clive Simpson,
Managing Editor - clive_simpson@room.eu.com

The British government
published a draft
Spaceflight Bill in
February.
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The main SAO
observatory.

Located deep in the mountains of Northern Caucasus between the Black Sea
and the Caspian Sea, the Special Astrophysical Observatory (SAO) of the Russian
Academy of Sciences is a unique scientific research centre, a place where
history meets modern astrophysics. During 2016 the observatory opened its
doors to a number of Russian and Austrian artists, giving them an exclusive
opportunity to use the entire observatory territory for art installations.
he astrophysical observatory was founded
in 1966, six years after an initial move by
the Soviet government to build the largest
fundamental space research observatory
in the country. To this day, it is the largest space
observation centre in Russia.
It is home to the BTA-6 (Large Altazimuth
Telescope), a 6 m aperture optical telescope. From
1975 until 1990, the BTA-6 was the largest telescope
LQ WKH ZRUOG DQG ZDV WKH ĂUVW WR XVH DQ DOWD]LPXWK
mount with a computer-controlled derotator, now
standard in large telescopes. Starting in early 2017,
the observatory is using the BTA-6 to observe classic
luminous blue variable (LBV) stars, spectra and
PDJQHWLF ĂHOGV RI PDVVLYH VWDUV 2QO\  NP IURP
the BTA-6 is the RATAN-600 radio telescope, the
world’s largest-diameter individual radio telescope.
The observatory that houses the BTA-6 is
ORFDWHGRQWKH3DVWXNKRYPRXQWDLQDWDKHLJKW

T

Ksenia Adamovitch
Editor
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Yuri Palmin

Science meets
history and art

RI  NP DQG VRPH  NP IURP WKH YLOODJH RI
1L]KQ\ $UNK\] WKH UHVLGHQWLDO YLOODJHEXLOWIRUWKH
scientists and their families.

Setting the scene
1L]KQ\ $UNK\] IRUPHUO\ NQRZQ DV %XNRYR
is anything but a typical village. Made up
of two apartment buildings, a school, a
NLQGHUJDUWHQ ODERUDWRULHV DQG D KRWHO LW
is home to residents who are exclusively
DVWURQRPHUV ZRUNLQJ DW WKH REVHUYDWRU\ DQG
their family members. Many of the nearly 1000
inhabitants of the village are second or even
third generation astronomers - descendants
RI WKRVH ZKR KDG ZRUNHG DW WKH REVHUYDWRU\
in the 1970s. The director of the observatory,
Yury Balega, has been with the observatory
since 1975, when he came there shortly after
graduating college.
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7KH REVHUYDWRU\ÛV ZRUNLQJ VWUXFWXUH LV
composed of two divisions and a support team.
The optical division is made up of 12 components,
including the Laboratory of Extragalactic
Astrophysics and Cosmology, the Laboratory
for Stellar Magnetism Study, the Laboratory of
Spectroscopy and Photometry of Extragalactic
2EMHFWV WKH /DERUDWRU\ RI 6WHOODU 3K\VLFV WKH
$GYDQFHG 'HVLJQ /DERUDWRU\ WKH 2EVHUYDWLRQV
Support Laboratory, the Extragalactic Systems
Investigation Group, the High-resolution Methods
in Astronomy Group, the Relativistic Astrophysics
Group and the BTA technical support team.
The radio astronomical division includes the
Radio Astrophysics Laboratory (made up of the
Group for Study of Galaxies and Cosmology and
the Group of Active Galactic Nuclei Investigation),
the Laboratory of Continuum Radiometers, the
Group of automatic control systems, the Geodetic
Measurements Group, the Group of Continuum
2EVHUYDWLRQV WKH *URXS RI WKH 6XQ 6WXG\DQGWKH
RATAN-600 technical support team.
The observatory also has a branch in St Petersburg
and the support sections of the observatory include
an educational component with a PhD in physics and
DVWURQRP\ 2YHUDOO LW LV D VHOIFRQWDLQHG VFLHQWLĂF
centre, with its employees living only a short ride
DZD\ IURP WKHLU PDLQ SODFH RI ZRUN DQG IRUWKHPRVW
part rarely leaving the general vicinity.

MinKult Tscherkessk

Curators Simon Mraz,
Madina Gogova and
Mariana Gogova in front of
the observatory.

cathedrals that are still left standing in what used
to be a bustling medieval town.
The surrounding area is home to the ruins of
almost a dozen smaller churches and multiple
SDJDQ VLWHV GDWLQJ DV IDU EDFN DW WKH VL[WK
century. A number of these sites are believed
to be ancient astronomical observatories that
SUHGDWH WKH &KULVWLDQ HUD LQ WKLV DUHD PDNLQJ
the location’s astronomical heritage well over a
thousand years old.
,WÛV KDUGO\ VXUSULVLQJ WKDW DUWLVWV ZRXOG ĂQG
this enigmatic location inspirational. In the
DXWXPQ RI  D MRLQW SURMHFW E\ WKH 6SHFLDO
$VWURSK\VLFDO 2EVHUYDWRU\ RI WKH 5XVVLDQ $FDGHP\
RI 6FLHQFH WKH .DUDFKD\&KHUNHVV 0LQLVWU\ RI
Culture, Austrian Cultural Forum Moscow, Gogova
Foundation and Section A Wien, Vienna, with the
)HGHUDO &KDQFHOOHU\ RI $XVWULD SXW RQDXQLTXH
H[KLELWFDOOHGÚ7KH2EVHUYDWRU\Û

Far left: Engelbert’s
‘Space emblem for GB’
was dedicated to the
Russian space designer
Galina Balashova.

A unique
scientific
research
centre, a place
where history
meets modern
astrophysics

The Large Altazimuth
Telescope (LAT).

Inspiring location

Evgeny Rodin

2QH RI WKH PRVW IDVFLQDWLQJ DQG XQLTXH DVSHFWV
of the observatory and the village of Nizhny
$UNK\] LV WKH ORFDWLRQ DV WKH\ DUH VLWXDWHG LQ
what is essentially the middle of the ancient
NLQJGRP RI $ODQLD
6FLHQFH PHHWV KLVWRU\ KHUH DV RQO\ D VKRUW ZDON
away from the village centre are the remnants of
the town of Maas, a medieval Alanian town which
ceased to exist sometime in the 12th century.
7KH 1RUWKHUQ =HOHQFKXN FDWKHGUDO LQ 0DDV ZDV
built around the 10th century and is one of three
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Artistic licence
Homes in the city of
astronomers built in a
plain, modernist style.

Irina Korina’s
‘Svetilishcha’ (svetilo, a
heavenly body that
radiates light, and
svyatilishche, a sacred
place or altar). Objects
were placed on the streets
of the village and
resemble street shrines,
mailboxes and nativity
scenes.
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In honour of the observatory’s 50th anniversary, it
opened its doors and allowed artists to roam free and
LQVWDOO DUW REMHFWV LQ SODFHV RI WKHLU FKRRVLQJ IURP
the astronomers’ village to the observatory itself.
As succinctly put by Simon Mraz, director of the
$XVWULDQ &XOWXUDO )RUXP 0RVFRZ Ý$ VWULNLQJ ORFDWLRQ
was chosen for the observatory, simultaneously
clandestine and providing the clearest, best view
RI WKH VWDUV $QG HYHQ PRUH UHPDUNDEOH LV WKH
MX[WDSRVLWLRQ WKDW KDV UHVXOWHG  WKH QHZ REVHUYDWRU\
building alongside the ruins of an ancient city.
Ý, WKLQN WKLV FROOLVLRQ RI DQFLHQW KLVWRU\ DQG WKH
endlessness of space is extremely philosophical
and metaphorical, and is an inexhaustible source
of inspiration for artists. I’m so glad that the
observatory, this centre of science, opened its
doors to allow artists from Austria and Russia to

grasp the vastness of the universe, and also the life
and history of the observatory itself.”
$UWLVWV KDG D XQLTXH RSSRUWXQLW\ WR LQWHJUDWH
WKHLU ZRUNV LQWR WKH VXUURXQGLQJV 2QH SDUWLFXODUO\
VWULNLQJ DUW REMHFW ZDV $OH[DQGUD 3DSHUQRÛV
‘Abolished Constellations’. Paperno researched
WKH FRQVWHOODWLRQV WKDW GLG QRW PDNH LW LQWR WKH
recognised list adopted by the International
Astronomical Union in 1922. Using water-based
paint and small wooden panels, Paperno depicted 51
FRQVWHOODWLRQV WKDW GDWH EDFN WR WKH WLPH RI 3WROHP\
including the famous Argo Navis constellation,
QDPHG DIWHU WKH P\WKRORJLFDO *UHHN $UJR VKLS
The constellations, many of which can no longer
be seen in the Northern hemisphere due to star
shift over time, were then assembled and displayed
LQ WKH PHGLHYDO 1RUWKHUQ =HOHQFKXN FDWKHGUDO
The resulting combination of a thousand-year-old
FDWKHGUDO DQG WKH DQFLHQW QLJKW VN\ ZDV LPSUHVVLYH
to say the least. According to the artist, the
placement of the constellation maps “demonstrated
WKH OLQN EHWZHHQ WKH VFLHQWLĂF DQG DUWLVWLFDVSHFWV
of the evolution of human thought.”

Ancient origins
$QQD 7LWRYDÛV FRPSRVLWLRQ Ú:K\ :RUN"Û ZDV GHGLFDWHG
WR WKH ORFDO KHURHV RI 1L]KQ\ $UNK\]  %DJUDW
Ioannisiani, chief constructor of the observatory,
DQG DUFKDHRORJLVW 6HUJHL 9DUFKHQNR 7LWRYDÛV QHRQ
installation of the wind god Aeolus was located above
D EHQFK LQ RQH RI WKH YLOODJHÛV ZRUNLQJ WHFKQLFDO
ZRUNVKRSV &RPELQLQJ D IXQFWLRQDO ZRUNVSDFH DQG
EUHDN URRP OLJKW Ă[WXUH ZLWK D P\WKRORJLFDO FUHDWXUH
7LWRYDÛV ZRUN UHăHFWHG WKH DQFLHQW RULJLQVRIWKH
village in a modern industrial space.
Austrian artists Eva Engelbert created
installations inside the observatory itself.
Engelbert’s ‘Space emblem for GB’ was dedicated
to the Russian space designer Galina Balashova,
who had created the interiors of USSR spaceships,
URFNHWV DQG VSDFH VWDWLRQV LQFOXGLQJ WKH RULJLQDO
design for Soyuz-19 and Mir orbital station.
In the dedication of her piece, Engelbert wrote:
“You created a semblance of reality in a fabricated
environment. You built a world in outer space,
from the walls all the way to the emblems on the
astronauts’ spacesuits.”
Balashova (retired since 1990) was instrumental in
both the interior design of the Mir station and the
ĂUVW ODQGVFDSHV WKDW ZHUH VHQW XS LQWR VSDFH LQ WKH
1960s to alleviate astronauts’ psychological pressure.
2QH RI WKH PRVW XQH[SHFWHG DUWZRUNV DW WKH
exhibit was certainly Timofey Radya’s ‘Brighter
than Us’ installation. Set up on a construction
FUDQHLQWKHPLGGOHRIWKHĂHOGEHKLQGWKH
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observatory, it is better visible at night. It should,
perhaps, be mentioned that there are no outside
lights by the observatory, since, as one of the
astronomers noted, “There’s simply no need. By
WKH WLPH LW JHWV GDUN HYHU\RQH ZKR VKRXOG EH KHUH
is already here, and there’s no need for anyone to
go outside.”
5DG\D D ZHOONQRZQ VWUHHW DUWLVW IURP
(NDWHULQEXUJ VHW XS WKH LQVWDOODWLRQ VR WKDW LW ZDV
RQO\ YLVLEOH ZKHQ ORRNLQJ VWUDLJKW XS DW WKH QLJKW VN\
- at the right angle, it spelt out ‘They’re brighter than
XVÛ LQ OHWWHUV WKDW DSSHDU WR EH ăRDWLQJ LQ WKH VN\
$W WKH RSHQLQJ RI WKLV MRLQW $XVWULDQ5XVVLDQ
SURMHFW (PLO %UL[ WKH $XVWULDQ DPEDVVDGRU WR
Russia, congratulated the observatory on its 50-year
anniversary, noting that the year was cause for

FHOHEUDWLRQ LQ $XVWULD DV ZHOO DV  \HDUV DJR WKH ĂUVW
DQG RQO\ $XVWULDQ DVWURQDXW KDG ăRZQ LQ VSDFH
Ý+HUH LQ $NUK\] LQ WKHVH REMHFWV WKHUH LV PXFK
historical memory that we are trying to retain
LQ (XURSHDQ FRXQWULHV DV ZHOO 7KH SURMHFW KDV
QRW RQO\ FXOWXUDO DQG VFLHQWLĂF VLJQLĂFDQFH EXW
D SROLWLFDO RQH DV ZHOO 7KH ĂUVW DQG IRUHPRVW
reason we go into politics is to change our
circumstances, including through the use of
FXOWXUDODQGVFLHQWLĂFH[FKDQJHÞKHVDLG

Alexandra Paperno’s
‘Abolished Constellations’.

Artists had
a unique
opportunity to
integrate their
works into the
surroundings

Titova’s work reflected
the ancient origins of the
village in a modern
industrial space.
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The ‘Space for Art’
exhibit in the central
gallery of the Space
Center Houston. It
featured artwork from
many employees.

Recently, I was
delighted to
discover the
artistic talent
of another
well-known
space figure,
Robert H.
Goddard,
known as
the ‘father of
rocketry’

Nicole Stott
Artist, Astronaut and
SciArt Advocate
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Space for art
an element of surprise
OOM’s ‘Space for Art’ column is
dedicated to the inspiration that comes
from the interaction between space and
DUW 2QH RI WKH WKLQJV , VWLOO ĂQG VR
interesting about this is how surprised many
people are by the idea of space and art interacting
at all - and most especially when they discover
people working in the space industry that are also
blessed with some form of artistic talent.
I am pleased to be one of those people that
has always found a balance between the space,
engineering and artistic aspects of my life. I have
actually always found that it’s not just a balance
but more of a natural interaction and blend that
has just occurred for me versus a deliberate
distinction between them.
As a result, I have always been very interested in
discovering other engineering, space, scientist and
technical types that are also actively involved with
artistic things in their lives.
Over the years as I have been blessed to work with
our space programmes at the Kennedy Space Center
(KSC) and Johnson Space Center (JSC) as an engineer
and astronaut, I have quietly kept a list of these
people I’ve met along the way and I’m very happy to
have recently had the opportunity to showcase some
of their wonderful artwork and the interaction that
space and science and art has had on their lives.

R

This showcase took the form of an art exhibit called
‘Space for Art’ which was supported and hosted by
the wonderful exhibit’s team at the Space Center
Houston, and it was so much fun to ‘curate’ the art
and artists from this list I had compiled.
7KLV VKRZ VSHFLĂFDOO\ IRFXVHG RQ WKH -RKQVRQ
Space Center (JSC) community and on display
was artwork from JSC employees typically only
thought of as engineers, scientists or astronauts.
Their works of art included paintings, quilts,
photographs, sculptural cakes, stained glass, handcrafted wooden longboard skateboards, intricately
drawn doodles and musical instruments.
Some of this collection had originally been created
in space, including a portrait sketched by cosmonaut
Alexei Leonov of astronaut Tom Stafford during their
Apollo-Soyuz mission; a hand-sewn and stuffed
toy dinosaur that astronaut Karen Nyberg created
from scraps of fabric during her ISS expedition;
a watercolour painted by myself during my ISS
expedition; and musical instruments played in space,
LQFOXGLQJ (OOHQ 2FKRDÛV ăXWH VKH SOD\HG GXULQJ RQH
of her Space Shuttle missions and the bagpipes
played by Kjell Lindgren during his ISS expedition.
This exhibition was also an opportunity to
display as a centrepiece the HOPE and UNITY
space suits from the Space Suit Art Project - such
a beautiful example of the inspiration that comes
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through the interaction between art and space.
To me the ‘surprise factor’ associated with this
interaction between art and space is what stood
out the most throughout the exhibit. Not only
the public’s surprise to discover this wonderfully
creative and meaningful side of these scientist’s,
engineer’s and astronaut’s lives but more
interestingly even was the surprise amongst the
local JSC community itself.
Some of these folks have worked together sideby-side for over 20 years and had no idea of the
shared artistic talents of their co-workers. It was
so cool to see the reaction when they discovered
this and to know that from that point forward they
would have a totally new understanding of these
people they had worked with for so many years.
For me it was especially gratifying to make
this re-introduction and I’m hopeful that it will
encourage more inspiration for using artistic
expression to communicate the amazing things
we’re doing every day in space - and here on Earth
- through our space programme.
The surprises through all this didn’t stop there
for me though. As an artist and astronaut, I knew
WKDW FRVPRQDXW $OH[HL /HRQRY ZDV WKH ĂUVW WR
draw in space (coloured pencil drawing of an
RUELWDO VXQULVH  DVWURQDXW $ODQ %HDQ ZDV WKH ĂUVW
WR UHWLUH IURP WKH DVWURQDXW RIĂFH WR SXUVXH OLIH
DV DQ DUWLVW DQG XQLTXHO\ VKDUH KLV VSDFHăLJKW
experience (I am proud to follow in his footsteps
as only the second astronaut to take that path as
an artist post-NASA); and I know of many other
astronauts who also have artistic talent that they
pursue as hobbies.
Recently, however, I was delighted to discover
the artistic talent of another well-known space
ĂJXUH 5REHUW + *RGGDUG WKH ÚIDWKHU RI PRGHUQ
URFNHWU\Û $ FROOHFWLRQ RI 'U *RGGDUGÛV VFLHQWLĂF
papers, his diary and about a dozen paintings are
KHOG DW WKH 5REHUW +XWFKLQJV *RGGDUG /LEUDU\ DW
Clark University in Worchester, Massachusetts,
where he was a fellow of physics. The subject of

his paintings, however, were not space but the
scenery of New Mexico.
7KH IDFW WKDW 5REHUW *RGGDUG WKH PDQ ZKRVH
study and invention associated with rocket
technology made space travel possible, also loved
to paint is very reassuring to me and is another
LPSUHVVLYH H[DPSOH RI WKH YHU\ SRVLWLYH LQăXHQFH
that comes through the interaction between art
and space in someone’s life.
I hope you’ll take the time to discover more
about both the space technology and the artistic
WDOHQWV RI 5REHUW *RGGDUG DQG SHUKDSV WKH
artistic talent that can be found in surprising
ways in the people that surround you. As you
FRQVLGHU WKH ZRUN RI 5REHUW *RGGDUG DQG KLV 1HZ
Mexico landscapes, I hope you’ll also continue
reading and be inspired by the wonder of space
that is so beautifully captured in the vibrant and
unique ‘Spacescape’ paintings of artist Zoe Squires
featured on the following pages.

From left: the first
watercolour painted in
space by Nicole Stott
along with artist Ron
Wood’s paint brush, which
she used whilst in orbit;
original framed pencil
sketch of astronaut Tom
Stafford by cosmonaut
Alexey Leonov during the
joint Apollo-Soyuz
mission; stuffed toy
dinosaur sewn by
astronaut Karen Nyberg
during her ISS flight.
Robert H. Goddard
often relaxed by painting.
This picture is a view
about 90 miles west of
Roswell, New Mexico,
where Goddard lived and
worked for many years.
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‘Spacescapes’ capture
hidden qualities and
nature of space
Using images taken by the Hubble Telescope
as my starting point, I began by layering acrylic
colours onto canvas to capture the qualities and
nature of space, in a series of ‘spacescapes’.
Some of my paintings are dramatic, explosive
and unstable and reverberate with pulses of
energy. Others are restful incantations of serenity
and bliss as cloud layers undulate and cocoon
around pockets of glittering stars.

What is it about space that made you
want to paint it?

British space artist Zoe Squires talks
to ROOM about her love of art and
space - and of how the two combine
in her vivid imagination to produce
stunning ‘spacescapes’ in which
she attempts to capture the hidden
qualities and nature of space.

Zoe Squires is a young
space artist living in
Hampshire, England. She
graduated with an
Honours degree from
Anglia Ruskin University in
2005 and since then has
worked primarily as
researcher and producer
of charity events whilst
also pursuing her love of
painting and exploring the
world with colour.
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Space is thrilling, deep, expansive and there for
the most adventurous of intellects to explore. It
offers a myriad of colours that dance, sing and
shimmer against expansive velvet gloom.
,QVSLUHG E\ FRPLF ERRN VFLĂ LOOXVWUDWLRQV
it occurred to me from a young age that space
exploration is the epitome of giving permission
to the human imagination. Seeing images taken
by Hubble, I was struck at the rich variety of
emotions and colours above our head.
I paint with an uninhibited vigour and
freedom, creating luminous images that
vibrate with life, energy and colour. Whether
I am depicting a riotous impression of deep
space, stars and gas clouds or inviting the
onlooker to enter a radiant new world of
abstraction, the vibrant palette and loose
formal structure make my paintings instantly
recognisable and utterly irresistible!

What inspired you to become interested
in space?

How did you develop your style of
‘spacescapes’?

A research role with the Institution of Engineering
and Technology introduced me to world experts in
solar mass ejections and satellite communications,
and I began to learn about the effects of space on
RXU OLYHV KHUH RQ (DUWK  IURP LWV LQăXHQFH RQ RXU
emotions to the clarity of our telephone calls and
TV reception.
Progress across space technologies means we
are all connected to space, each and every day. My
paintings take this a step further, and couple art
with achievements across engineering technology.

Colour and vibrancy is the backbone of my work.
In everything I see I study and discover richness
and layers of luminosity.
My spacescapes style was invented through
play - immersing myself into Hubble’s imagery,
I let my mind journey into the factual images. I
SDLQWHG ZKDW , VDZ QRW WKH ăDW EODFN EDFNGURS
with white stars, but layers and shades of space,
ăRDWLQJ VKLPPHULQJ WRQHV DQG ăLFNHULQJ FORXGV
I never find painting my spacescapes
daunting but rather comforting in that every
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Hubble image dared me to play with colour,
in quantities and combinations I would not
previously have constructed.

What is your approach to painting the
machinery of space?
www.zoe-squires.com

I see the machinery of space as collecting
and connecting tools. The designs for space
machines is purely practical but the elegance
and precision of this equipment marries well
with the unstructured, dynamism of the hostile
space environment.

Is it important to you to base your
paintings on real galaxies, nebulae etc?
Working with images of real galaxies and
nebulae relaxes my mind to be able to see and
understand the many and varied movements
of gases and colours in space. My imagining of
VSDFH LV ăDW DQG XQGUDPDWLF

What do you want people to take away
from your paintings?
I want people to enjoy my paintings. Each painting
is unique and I do not make prints - and so to
own a piece of my artwork is to own something
inspired and handmade.
In my paintings of nebulae and gas clouds and
the birthplace of stars, I want people to enjoy the
beauty and colours space shares with us.
In my paintings of space machinery operating

Space exploration is the
epitome of giving permission to
the human imagination

in deep space, I hope people appreciate the
achievements of the human mind.

Would you describe space as a
peaceful place?
I believe space is enigmatic. Space presents the
opportunities for us to communicate and live in
ways undreamt of just a decade ago.
Some of my paintings give an impression of light
and brilliance and softness, while others offer
intrigue, drama and phenomenal energy.

Have your perceptions about space been
changed by your art?
Before working with space technologists, I
believed space was dark and hostile. Now, I
perceive space as a rich and dynamic treasure
chest, which will continue to offer us beautiful,
inspiring imagery and ever more reliable
communications and intelligence to make the
most of our planet.
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Book reviews
Mark Williamson

ROOM reviews books of interest to the space professional. Our policy is one
of impartiality and honesty, so if a book has failings we believe should be
brought to the attention of potential purchasers, we will do so. On the other
hand, if it is useful, informative and entertaining, we will say so. In this way,
we hope to provide a useful service to our readers.

Space Technology
Consultant

Skylab 3 –
The NASA Mission Reports
Dwight Steven Boniecki,
Apogee Books, 2016, 354pp, softback

$32.95
ISBN 978-1-926592-28-2

lthough many people are well aware of the
International Space Station, those without
a particular interest in space history may
not realise that America had a large and
capable space station in the 1970s. The Skylab
Orbital Workshop was a converted Saturn V third
stage, left over from the Apollo lunar programme,
and hosted three 3-man crews in 1973 and 1974.
This book – the latest in Apogee’s long-running
NASA Mission Reports series – covers Skylab 3, the
second of the three manned Skylab missions (Skylab
1 was the launch of the station itself and was the
subject, along with Skylab 2, of a previous volume).
The signature feature of the Mission Reports series
is the ‘bonus DVD’ included with the books. In this
case, the DVD includes a launch video, a 14-minute
‘Skylab 3’ mission documentary, a 55-minute guided
tour of the station with astronaut Jack Lousma
and a ‘digital animation’ of the station. The archive
ĂOP LV IDLUO\ ORZ GHĂQLWLRQ LQ WRGD\ÛV WHUPV EXW WKH
animation reel provides a clear impression of the
station’s interior. Along with the 350-page book, the
DVD makes this a good value-for-money package.
The book itself has three main sections: the
Skylab 3 press kit from July 1973; the mission
UHSRUW ZKLFK ĂOOV VRPH  SDJHV RI WKH YROXPH 
DQG D WUDQVFULSW RI WKH 7HFKQLFDO &UHZ 'HEULHĂQJ
(another 150 pages). The mission report section
is illustrated with black-and-white photos and
facsimiles of the original line drawings, diagrams
and tables; it covers everything from training
and medical experiments to food and other
FRQVXPDEOHV7KHGHEULHĂQJLVDNLQWRDQH[WHQGHG

A
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interview and provides readers with invaluable
insight not only into a Skylab mission, but to living
and working in space in general. Indeed, these
Skylab mission debriefs should be required reading
for any budding space mission designers.
An important factor for a space station is its size
and Skylab compares extremely well with the ISS
considering the four decades that separate the
two. Taking into account Skylab’s so-called Apollo
Telescope Mount (designed for solar observations),
an airlock module and a docking adapter, its total
volume was some 360m3 (compared with about
930m3 for the ISS).
$PHULFDÛV ĂUVW VSDFH VWDWLRQ QR ORQJHU H[LVWV
having long ago re-entered the atmosphere,
burnt up and showered Western Australia with
the remaining debris. However, this book does a
JUHDW MRE LQ NHHSLQJ WKH PHPRU\RILWVVLJQLĂFDQW
accomplishments alive.

Book Reviews

he main triumph of the International Space
Station (ISS) project is not so much the
experiments conducted on board (though
of course many of them are important in
the context of human space exploration) but the
IDFW WKDW LW LV D IRRWEDOO ĂHOGVL]HG VWUXFWXUH EXLOW LQ
Earth orbit. This aspect is fully recognised by the
author of this book, an architect with “a particular
interest in designing for space exploration” and one
of “a handful of architects invited to work on the
design” of the ISS.
+LV LQWHQWLRQ LQ WKLV VLJQLĂFDQW WRPH LV WR
celebrate the ISS, demystify the technical aspects
(in part by eschewing acronyms and jargon) and
“hold the attention of readers…without them
dozing off”. Always a good plan! He does this in four
PDLQ VHFWLRQV FRYHULQJ VSHFLĂF VXFFHVVLYH SHULRGV
between 1979 and 2011 and includes a decent index,
a reference section and a short glossary. The book
also includes a memoir from NASA astronaut (and
ROOM contributor) Nicole Stott, who writes about
her impressions of living on the ISS.
As one might expect from a book that
concentrates on the architecture of the Station,
there are numerous module diagrams of both
early concepts and actual ISS assembly, and it is
instructive to have both together for comparison.
The historical analysis of the many precursor
designs is particularly interesting. The book is

T

International Space Station –
Architecture Beyond Earth
David Nixon
Circa Press, 2016, 416pp, hardback

£65.00
ISBN 978-0-9930721-3-0

illustrated with colour photography throughout
and shot selection is good, though reproduction is
spoiled somewhat by the matt paper; this is not a
glossy coffee-table book.
However, the book is large enough to cover the
main points of the Space Station’s design history
while still having room for issues of detail, such as
windows, which have been an issue in spacecraft
design since the famous argument about the
Mercury capsule. The author mentions the equally
famous Skylab window, which architectural
consultant Raymond Loewy championed “as its
recreational value alone…would justify its cost”. ISS
astronauts would no doubt agree, and windows
- even a cupola - are now seen as de rigeur. It’s
unlikely that this is the only book on the ISS that
VSDFH DĂFLRQDGRVZLOOZDQWEXWLWVKRXOGFHUWDLQO\EH
on their list.

Astronomy Photographer
of the Year (Collection 5)
Collins, 2016, 191pp, hardback

£25.00,
ISBN 978-0-00-819626-4

strophotography is both an art
and a science and this is nowhere
better illustrated than in this
collection of astronomical images
resulting from the 2016 Astronomy
Photographer of the Year competition.
The glossy, well-produced volume
contains all 140 of the winning and
short-listed images in 11 categories
including ‘skyscapes’, ‘our Moon’, ‘stars and
nebulae’, ‘people and space’ and ‘best
newcomer’. Each section showcases the
winner, runner-up and highly commended
entries followed by the images that
reached the respective shortlist.

A

The book succeeds on several levels.
For anyone interested in astronomy,
it’s an obvious hit because it illustrates
their subject in an immediate and easily
accessible way. And for those into
photography, although it represents a
IDLUO\ QDUURZ DQG VSHFLDOLVHG ĂHOG LW
RIIHUV D VLJQLĂFDQW WHFKQLFDO FKDOOHQJH
for those in search of a ‘different image’.
It also works as both an artistic and
educational resource. One could open
it as one would a coffee table book, with
H[SHFWDWLRQVRIDTXLFNăLFNWKURXJK

but I challenge anyone not to stop and go
‘wow’ occasionally; or say “what on Earth
is that?”. Of course, the point is that many
of the images are not ‘on Earth’ at all,
effectively representing the limits of the
KXPDQ LPDJLQDWLRQ DV PXFK DV VFLHQWLĂF
research. And that is one of the beauties
of astronomy: that it crosses the putative
cultural divide between art and science.
What was the overall winner of the
2016 competition? A series of images
from the start to the end of a solar
eclipse stacked together to form an
artistic composition with the dark
circle of the Moon in the centre and
concentric arcs on either side. The arcs
show the phenomenon known as Baily’s
Beads which occurs when light from the
VXQ ăLFNHUV RXW DV WKH HFOLSVH EHJLQV DQG
appears at the opposite edge of the disk
as the eclipse ends. You may not always
agree with the judges’ decisions - but
that just adds to the fun!
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GLOBAL SPACE EXPLORATION
CONFERENCE (GLEX 2017)
6 - 8 June 2017
Beijing, China

The GLEX 2017 programme is designed to bring together leaders and decision-makers
within the science and human exploration community – engineers, scientists, entrepreneurs,
educators, agency representatives and policy makers. It will provide a forum to discuss
recent results, current challenges and innovative solutions and it will contain several
opportunities to learn about how space exploration investments provide beneits as well as
discuss how those beneits can be increased through thoughtful planning and cooperation.

www.glex2017.org
gle 2017 org

Join us online!
The next issue of ROOM will be published in the early Summer and
will include a wealth of interesting, informative and challenging
articles all written by leaders and experts in their field.
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access to our growing archive of expert articles.
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