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Identifying and minimising risks
from UK spaceport operations
ew technology is reducing the cost of access
to space, and there is an
opportunity for the UK to thrive
in this new space age. Market
research reveals that the UK
could compete in a high value
market to launch an estimated
2,000 satellites by 2030, but
such activity means safety is an
important consideration.
A key requirement for the
government is that any spaceport or spacecraft operator
should make sure that the risks
to people from any spaceflight
activities are minimised.
There are a number of existing health and safety legal requirements that might need to
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be applied by any spaceport or
spacecraft operator when
launching from the UK. Depending on the operations being carried out there is likely to be a
need to ensure the health and
safety of workers and the general
public from the hazardous fuels
used for spacecraft.
There is also a need to make
sure that a spaceport location
is suitable from a public safety

perspective. People near to a
spaceport or near to a spacecraft
flight path should not be exposed
to unacceptable levels of risk
from a spacecraft launch.
Methods for assessing the
risks to individuals from a spacecraft launch have been identified.
Using zones of individual risk per
year can show where people may
be exposed to unacceptable risks.
The use of individual risk per
year of a person being harmed
also allows spaceflight risks to
be compared against other high
hazard industries and activities,
such as aircraft transportation,
and large chemical sites, and
so on.
l Full report page 6

Investors see value in technology
to tackle space debris challenge
ver the years, more than
500 break-ups, explosions, collisions and
anomalous events have contribured to a total mass of over 8,400
tons of debris orbiting the Earth.
Around 22,300 objects are
regularly tracked by Space
Surveillance Networks, but even
this is only a tiny fraction of the
total debris in orbit. Statistical
models estimate that there could
be 34,000 objects with size
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8,400

greater than 10cm, some
900,000 objects from 1cm to
10cm and as many as 128 million
objects from 1mm to 1cm.
Recognising that space debris
poses an imminent threat in lower Earth orbit, and that the issue
is only going to get trickier to resolve, new investment opportunities are likely to emerge, focused on areas such as data
gathering, the monitoring of
scrap, extending the life of satel-
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Orbex reveals further
satellite customers
O

rbex used the opening
of its new HQ and rocket
design facility in Forres,
Scotland, and the public
unveiling of its Prime rocket, to
announce further customers
who will launch their satellites
from the Sutherland spaceport.
On Orbex Prime's maiden
flight from Scotland in 2021, the
rocket will carry an experimental payload from Surrey
Satellite Technology. This
launch will represent an
important first for the UK
commercial space industry,
demonstrating the UK's end-toend launch capability with a UK
rocket launching a UK satellite
from a UK spaceport.
Orbex also announced that
Swiss-based Astrocast SA, has
selected Orbex to launch
multiple nanosatellites for the
development of a planet-wide
Internet of Things (IoT)
network. Astrocast’s satellitebased IoT network will
eventually include 64
nanosatellites, spread across
eight strata above the Earth to
deliver IoT connectivity across

the planet, including regions
currently considered remote or
inaccessible.
One of the leading
companies in the European
space sector and strategic
investor in Orbex, Elecnor
Deimos, has also confirmed
that it has contracted with
Orbex for up to 20 satellite
launches.
The completed engineering
prototype of the Stage 2 rocket
is made from a speciallyformulated lightweight carbon
fibre and aluminium composite
and includes the world’s largest

3D printed rocket engine, made
in a single piece without joins.
Orbex says this gives the engine
an advantage over other rocket
engines, which can suffer from
weaknesses associated with
joining and welding.
Thanks to their novel
architecture, Orbex claims
Prime launchers are up to 30%
lighter and 20% more efficient
than any other vehicle in the
small launcher category,
packing more power per cubic
litre than many heavy
launchers. They are designed to
work with bio-propane.

£18m for
its global
K Space Agency
funding of £18 million
has been awarded to
OneWeb through the
European Space Agency to
aid the development of its
next generation satellite
constellation.
The system will be
comprised of approximately
650 satellites initially and
scale to more than 900
satellites over time. The vision
is that the deployment of the
constellation could
provide more
affordable internet
connectivity to people and
businesses around the
world.
OneWeb CEO Adrian
Steckel said: “Providing
access to people
everywhere has been
the mission and vision
of OneWeb since the
very beginning. We will
be able to realise this
vision in part because of

U

Harpoon successfully captures space debris
he RemoveDEBRIS
satellite has
successfully used its
on-board harpoon capture
system in orbit. The harpoon
was fired at a speed of 20m
per second and penetrated a
target of satellite panel
material.
The harpoon and 1.5 metre
target boom were designed by a
team at Airbus in Stevenage,
and the success of the harpoon
firing marks the third successful
experiment for the
RemoveDEBRIS project which
has already demonstrated a net
capture experiment and trialled
its state-of-the-art LiDAR based
vision navigation system to
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identify a target cubesat. The
RemoveDEBRIS satellite
platform was designed and
manufactured by SSTL to house
two target cubesats and four
debris removal technologies: a
net, a harpoon, vision based
navigation using cameras and
LiDaR, and a de-orbit dragsail.
The spacecraft is operated in
orbit by SSTL's engineers from

its Spacecraft Operations
Centre in Guildford. The
RemoveDEBRIS team is now
preparing for the final
experiment, which is set to
take place in March and will
see RemoveDEBRIS inflate a
sail that will drag the satellite
into Earth’s atmosphere
where it will be destroyed. Chris
Burgess, harpoon lead engineer
at Airbus Defence and Space,
said: “Successful in- space
demonstration of the harpoon
technology is a significant step
towards solving the growing
issue of space debris.”
Chris Skidmore MP, minister
of state for universities, science,
research and innovation, said:

“This inspiring project shows
that UK experts are coming up
with answers for this potential
problem. This mission is a
powerful example of the UK's
expertise in space technology,
and shows that by working
together our world-class
universities and innovative
companies can hugely
contribute to the government’s
aims for a highly skilled
economy through our modern
Industrial Strategy.”
The US Space Surveillance
Network tracks 40,000 objects
and it is estimated that there are
more than 8,400 tonnes of
‘space junk’ in and around
Earth’s orbit.
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OneWeb to boost
comms vision
important partnerships like
this one with the UK Space
Agency, ESA and a range of
other important partners
including our European and
Canadian partners.
“Thanks to this support,
we will focus together on next
generation technologies that
will be game changers for

realising global 5G
connectivity.”
Science Minister Chris
Skidmore added: “The
commercial potential for a
cost-effective worldwide
telecoms satellite system is
huge, and the UK space sector
is playing a leading role in
delivering it. This new £18m
investment will go towards
meeting the significant
technical challenges of the
project, putting the UK at the
forefront of cutting-edge
research and development.”
The UK Space Agency
investment will also
support novel
automation techniques
and artificial
intelligence to
manage the proposed
constellation of
spacecraft and its
interaction with
terrestrial networks to
realise global 5G
connectivity.

Image courtesy of Airbus

Virgin Galactic makes
space for second time
n its fifth supersonic
rocket powered test
flight, Virgin Galactic
has reached space for
the second time.
Spaceship VSS Unity
reached its highest
speed and altitude to
date and, for the first
time, carried a third crew
member on board along with
research payloads from the
NASA Flight Opportunities
program.
The hybrid rocket motor
propelled the spaceship at Mach
3.04 to an apogee of 295,007ft
(90km). The flight was the first
time that a non-pilot flew onboard a commercial spaceship
to space, and it was the first time
that a crew member floated
freely without restraints in
weightlessness in space
onboard a commercial
spaceship. It was also the first
time that three people flew to
space on a commercial
spaceship.
Chief pilot Dave Mackay said:
”It was thrilling yet smooth and
nicely controlled throughout
with a view at the top, of the
Earth from space, which
exceeded all our expectations.
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I am incredibly proud of my
crew and of the amazing teams
at Virgin Galactic and The
Spaceship Company for
providing a vehicle and an
operation which means we can
fly confidently and safely.
“For the three of us today
this was the fulfillment of
lifelong ambitions, but
paradoxically is also just the
beginning of an adventure which
we can’t wait to share with
thousands of others.”
Sir Richard Branson said:
“Flying the same vehicle safely
to space and back twice in a little
over two months, while at the
same time expanding the flight
envelope, is testament to the
unique capability we have built
up within the Virgin Galactic and
The Spaceship Company
organisations. The next few
months promise to be the most
thrilling yet.”

Launch of rocket from high-altitude balloon
makes space more accessible to microsatellites
startup that plans to use
high-altitude balloons to
deploy rockets has
successfully fired a test launch.
Leo Aerospace, a Purdue
University-affiliated startup
based in Los Angeles, launched
its first “rockoon,” a high-power
rocket from a reusable balloon
platform, from the Mojave
Desert in southern California.
Michael Hepfer, head of
product development for Leo
Aerospace and a senior in
Purdue’s School of Industrial
Engineering, said: “It confirmed
our early testing that using highaltitude balloons and rockets to
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send microsatellites into space
will work.” Leo Aerospace aims
to provide low cost access to
space for companies looking to
launch satellites weighing up to
25kg. It plans to be a
“dedicated” launch platform for
microsatellites, serving one
customer at a time.
“We at Leo believe it should
be as easy to put a microsatellite
into space as it is to ship a
package across the country,”
said Dane Rudy, the company’s
chief executive officer and a
graduate of Purdue’s School of
Mechanical Engineering. “There
will be no more need for

ridesharing or hitchhiking.”
Using the high-altitude
balloon as a launch pad
enables the rocket to be
deployed from up to 11
miles into the atmosphere,
which means smaller
rockets and less fuel.
Leo Aerospace already
has begun taking letters of
intent from microsatellite
companies. Mr Hepfer said the
company doesn’t plan to start
selling launches until it is ready
to begin launches. Leo plans to
begin doing suborbital launches
next year and break the edge of
space by 2021. The goal is to be

able to start launching
microsatellites into orbit by
2022. With the test launch
completed, the startup founders
are now planning to move on to
their next phase, which involves
raising $8 million to fund the
company for the next two years.
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UK space industry is far ahead
of other European countries
V

irgin Orbit has come to
the UK as a launch site
because the country is far
ahead of the rest of Europe in
terms of its space industry
supply chain, infrastructure and
development hub. So says
Stephen Eisele, vice president of
Virgin Orbit, whose primary
remit is to engage with the civil,
commercial and new space
small satellite community, as
well as lead Virgin Orbit’s growth
opportunities through strategic
partnerships.
“We have numerous
partnerships locked in, including
the UK,” he says. “There is a real
opportunity for the UK to be an
independent space-faring
nation, and that’s why we are in
the UK discussing launch
opportunities.”
Mr Eisele asserts that
supporting the business case for
space means having ﬂexible
launch capability. “If you don’t
have that, the whole market falls
apart.”
Virgin Orbit is near to
readiness for its ﬁrst launches,
with ﬁve scheduled for this year
following ﬁnal tests. Launches
are scheduled for Q2 2019, with
the company having secured
contracts from several
customers. Country of launch
has yet to be decided, but is
unlikely to be the UK, despite the
partnership between Virgin Orbit
and Spaceport Cornwall.
“There are still some
licencing issues for Cornwall to
sort out, but assuming that gets
done we could possibly be
launching from Spaceport
Cornwall in late 2020 or early
2021,” says Mr Eisele. If that
goes well, and Virgin Orbit

begins regular launches from
the UK, then the Mr Eisele says
the company would look to have
a base in the UK. “Once we get to
more than three UK launches
per year, then we’ll need a local
presence.”

Low cost access
Virgin Orbit’s CosmicGirl – a
modiﬁed Boeing 747-400 – is
designed to facilitate horizontal
space launch, carrying a
LauncherOne rocket under its
wing to a launch range, and
releasing the rocket at around
35,000 feet for onward ﬂight
into space, carrying a satellite
into orbit.
As a horizontal air-launch
platform, LauncherOne enables
Virgin Orbit to conduct low cost
missions quickly and efﬁciently
by bypassing heavily trafﬁcked
established launch ranges. “The
model is all about volume and
supporting the smallsat market,”

says Mr Eisele. “And there are
economies of scale on the cost
curve.”
The partnership with Virgin
Orbit will help position Cornwall
as having the UK’s only
horizontal launch facility. And
Spaceport Cornwall will provide
Virgin Orbit with a strategic
Western European location and
make a major contribution to
the Cornwall’s ambition to
create a £1 billion space
economy as part of its response
the UK Industrial Strategy.

High value market
Britain is a world-leader in the
production of small satellites,
supporting more than £250
billion of GDP in the wider
economy, but lacks any means
to get them into space. The fastgrowing global satellite launch
market is predicted to be worth
around £10 billion over the next
decade. It is estimated that up to
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2,600 microsatellites (under
50kg) will require launch over
the next ﬁve years alone.
The UK has to date
conﬁrmed Cornwall as a site for
horizontal launches and
Sutherland in Scotland for
vertical launches. Each has a
partner locked in, with Orbex
planning vertical launches from
Scotland and ready to start
manufacturing in the region.
But other sites have been
discussed, with Shetland Space
Centre in particular having
agreed a partnership with
ArianeGroup for vertical
launches. Further, Dr Philippa
Whitford MP, vice chair of the
Parliamentary Space
Committee, is a strong advocate
of Prestwick Airport – within her
Central Ayrshire constituency –
as a site for horizontal space
launches. It offers excellent
credentials as a spaceport and is
already a NASA partner.
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The global space industry is booming and is set to be worth over £400 billion by 2030.
The UK space sector has trebled in size since 2000 and with further significant growth
predicted, presents a major opportunity for high-value manufacturing companies.

To help businesses make the
most of new manufacturing
opportunities in this booming
sector, the Coventry-based
Manufacturing Technology
Centre is to host Made for
Space on 2-3 May 2019.

With keynote talks from
NASA, ESA and the UK
Space Agency, Made for
Space is a two-day conference that will examine
the opportunities and challenges for
manufacturing within the global space sector.

David Wimpenny, Chief Technologist at the MTC,
said: “This event brings together international
experts from both the space and advanced
manufacturing sectors who will show how new
manufacturing technologies can help to address
the challenge of producing the next generation of
space hardware.”

To find out more or to book your place at the event,
please visit www.the-mtc.org/madeforspace

UK launch operations

Assessing the risk to individuals
from UK spaceport operations
he government is in the process of
setting out the legal framework to
allow commercial spaceflight to
happen from the UK. A key requirement for
the government is that any spaceport or
spacecraft operator should make sure that
people are not exposed to unacceptable risks
from the spaceflight activities.
There are a number of existing health and
safety legal requirements that might need to
be applied by any spaceport or spacecraft
operator when launching from the UK.
Depending on the operations being carried
out there is likely to be a need to ensure the
health and safety of workers and the general
public from the hazardous fuels used for
spacecraft.
There is also a need to make sure that a
spaceport location is suitable from a public
safety perspective. People near to a
spaceport or near to a spacecraft flight path
should not be exposed to unacceptable levels
of risk from a spacecraft launch.
Methods for assessing the risks to
individuals from a spacecraft launch have
been identified. Using zones of individual risk
per year can show where people may be
exposed to unacceptable risks. The use of
individual risk per year of a person being
harmed also allows spaceflight risks to be
compared against other high hazard
industries and activities, such as aircraft
transportation, and large chemical sites, and
so on. Here we look in detail as those risk
assessment methods.

T

Launch risks in the USA
The regulations employed in the USA for
commercial space transport were used as the
starting point to assess the public safety from
UK launches. Identifying what could be used

DEBRIS DISPERSION AND THE PROBABILITY OF A PERSON BEING HARMED

from the US approach was considered a
sensible approach as the USA has a longestablished track record in carrying out
spacecraft launches.
Commercial spaceflight in the USA is
regulated by the FAA AST, which uses
collective risk to work out whether a licence
should be given to a spaceport or spacecraft
operator. The collective risk is represented as
the number of casualties that could be
expected per mission (Ec). This is compared
against a limit of expected casualties for a
mission set by the FAA AST.
If the calculated expected number of
casualties per mission (the collective risk) for
a spaceport is lower than the limit, then the
FAA AST will give the spaceport a licence.
Otherwise, the FAA AST will not give the
spaceport a licence, but will ask for more
detailed calculations to be carried out.
A more detailed calculation will generally
give the FAA AST the information needed to
make a final decision. This will either be that

IDENTIFYING THE AT-RISK LIMITS FOR A CRAFT USING FAA AST PART 420 REGS
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the extra detail shows that the collective risk
is below the limit so that a licence can be
given, or that the risk is too great and the
operation cannot go ahead. The FAA AST
specifies individual risk limits per mission as
well as the collective risk limits.

Launch risks in the UK
Theoretically, this methodology could be
used to assess the risks for commercial
spaceports and launches in the UK. The US
methodology, however, generates single
numbers for the collective risk (expected
casualties per mission) to compare against
the target limits, and population is a
significant input to this calculation.
For the UK, any methodology for
calculating the individual risk needs to:
l Identify the hazardous failure scenarios
for the spacecraft flight
l Calculate the frequencies of the
hazardous failure scenarios occurring
l Simulate what physically happens during
an accident using mathematical models
l Calculate the probability of a person at a
location being harmed following an accident
l Calculate the individual risk of fatality per
year for all locations where people could be
harmed.
This general approach can be applied to
any type of launch within the scope of the
Space Industry Act 2018. The differences for
different types of launch will generally be the
variation in the types of hazardous failure that
could occur.
The first part of the risk assessment is to
work out what could go wrong that could lead
to people being harmed. This involves
identifying the hazards from a spacecraft

www.spaceindustrybulletin.com

UK launch operations
launch. The obvious hazards from a
spacecraft launch are that the spacecraft
crashes, or explodes, or breaks up during
flight. This could harm people through
impact, falling debris, resulting fires,
explosion, and the release of toxic chemicals.
HSL has identified a quantitative risk
assessment (QRA) process to calculate
individual risk for locations around a
spaceport and near to the flight path using
the steps identified previously. This approach
can be summarised as:
l Identify the hazardous failure scenarios
l Calculate failure frequencies for each
hazardous scenario
l Model the effects of each hazardous
scenario, and obtain the casualty area where
a person on the ground could be harmed
l Calculate the probability of a person on
the ground being within the casualty area
l Multiply the probability of a person being
within the casualty area by the failure
frequency for that scenario – this gives the
risk contribution from that scenario at that
location
l Repeat the modelling and casualty area
probability analysis for all scenarios
identified
l Add the risk calculated for each scenario
at each location modelled – this gives the
spacecraft flight individual risk of a person
being harmed at each location.
Each of the steps can involve some
complex mathematical modelling or statistics
to allow the risk levels to be calculated. This
type of approach is sometimes referred to as
a deterministic model. The path from the
input to the output is determined as part of
the method and, therefore, when the same
inputs are used this should give the same
answer.

Cautious risk calculation
In the USA, a two-tiered approach is used
when assessing the risks. Tier 1 uses relatively
simple processes and cautious assumptions
to approximate the risk. It is used:
l To determine if a more detailed analysis is
required
l When only limited or basic mathematical
models are available to simulate an accident
l When there is little or no data, so that it is
sensible to include an additional margin of
safety.
If a Tier 1 assessment generates a level of
risk lower than the FAA AST risk limit, then
this suggests that the operation should be
acceptable since the assumptions and inputs
used for a Tier 1 analysis are pessimistic
rather than being optimistic that things will
work as intended.
If a Tier 1 assessment generates a level of
risk higher than the FAA AST risk limit then a
more detailed analysis is required using more
realistic values. This is known as a Tier 2
analysis.

www.spaceindustrybulletin.com

HYPOTHETICAL INDIVIDUAL RISK ZONES OF A PERSON BEING HARMED BY A LAUNCH

A Tier 2 risk assessment uses more
accurate and sophisticated methods than
Tier 1. Since the inputs, assumptions and
mathematical models used for Tier 1 are
cautious then using more realistic numbers
in the Tier 2 approach should generate a level
of risk that is smaller than the risk generated
using the Tier 1 approach.
A similar two-tier approach should be
adopted for assessing the risks for launches
from the UK. This adds that extra ‘safety
margin’ since there is not the detailed data
available yet for UK launches. The methods
used can be refined over time as more
knowledge, experience and data is obtained
for UK launches.

New spacecraft designs
When there is a known spaceport location but
the type of spacecraft is not known, the FAS
AST regulations use relatively simple
calculations to generate an area on the
ground defining the outer limits of where a
spacecraft could impact on the ground if an
abort was required at different phases of the
flight.
HSL has identified methods to calculate
the individual risk around the spaceport and
flight path using the same approach. As the
range of inputs could vary considerably for
different types of spacecraft, cautious
assumptions are encouraged to ensure that
the risks calculated include a safety margin.
Debris impact areas are identified where
a person could be harmed on the surface.
Debris lists outlining the size, shape and mass
of the debris fragments are needed to allow
the dispersion of debris following break-up to
be simulated. A debris list from NASA can be
used to identify impact areas for the different
debris hazards (debris impact, explosion,
toxic) for this high level assessment.
The risk of a person being harmed for a
particular debris hazard is calculated. This is
repeated for each debris impact area

identified at each time step. If a person could
be harmed from multiple scenarios then the
risk of each impact is added at that location.
Once all the time steps for the flight have
been modelled, the total risk added at each
location gives the level of individual risk of a
person being harmed from the launch.
Once the individual risk of a person being
harmed per year around a spaceport and
spacecraft flight path has been calculated,
different zones of risk can help determine
whether the risk to the public is tolerable. This
can help identify where flight path changes
might be appropriate or where additional
controls are needed to minimise the risk.
Three zones of individual risk are overlaid
on the map of the launch area and along the
flight path. Within each zone of risk, there are
types of population that it would be deemed
unacceptable to expose to that level of risk.
For example, vulnerable populations, like
hospitals and schools would not be
considered acceptable within any of the three
risk zones calculated.
These spaceport risk zones are not being
used in the same way as DfT’s Public Safety
Zones (PSZ) or HSE’s Land Use Planning
(LUP) advice zones, but the overall approach
of using risk zones to understand the risk to
people is similar.
The use of these risk zones does not mean
that risks are reduced as low as reasonably
practicable (ALARP). Rather, these zones
allow an understanding of where risk
reduction measures could help control the
risks to people nearby. A spaceport or
operator will have to show that they are
actively taking measures to control and
reduce their risks to demonstrate that risks
are reduced ALARP.
l Extracted from the report
‘Spaceports: keeping people safe’ by
Ron Macbeth for the Health & Safety
Laboratory (HSL)
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Applying for a future licence
under the Space Industry Act
W

ith the Space Industry Act 2018
providing a key step towards
establishing a flourishing space
industry in the UK, with a modern, safe and
supportive regulatory framework, work
across government is now ongoing, at pace,
to develop the detailed regulations to
implement the Act.
Licences for spaceflight and associated
activities from the UK under the Act cannot
be issued until these supporting regulations
have been approved by Parliament. These
licences will be issued by either the UK Space
Agency (UKSA) or the Civil Aviation Authority
(CAA) depending on the activity.
The Space Industry Act 2018 (the SIA)
requires the licencing of any launch,
procurement of launch, operation or return of
vehicles capable of operating above the
stratosphere (approximately 50km) and any
activities that take place above the
stratosphere. It also requires the licensing of
any balloon capable of operating within the
stratosphere (approximately 10-50km) with
people aboard. These are collectively called
operator licences.
Under the Government guidance, an
operator licence involving launch is
generically referred to as a launch vehicle
operator licence, but would be either a
launch vehicle operator licence for suborbital activities or a launch vehicle operator

SATELLITE OPERATOR LICENCES WILL BE ISSUED UNDER EITHER THE OSA OR SIA

Operation

OSA

Procurement
of launch

The regulator cannot grant a licence
unless satisfied that the applicant:
l Has the necessary financial and
technical resources
l Is otherwise a fit and proper person
l Persons performing any licensee
obligations under the licence are also fit
and proper to carry out the licensed
activities
As part of the licensing process, the
applicant may, for example, be required
to:
l Supply independently verifiable
evidence to prove their ability to
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In-orbit
operations

Procurement
of launch

l

UK entity operating a
satellite from the UK
UK entity procuring an
overseas launch for a satellite

In-orbit
operations

l

UK entity procuring a
UK launch for a satellite

l

UK entity operating a
satellite from overseas
Foreign entity procuring a
UK launch for a satellite

l
l
l

Foreign entity operating a
satellite from the UK

licence for space activities. In most cases, the
CAA will regulate sub-orbital activities and
the UKSA will regulate space activities. The
exception is that the UKSA will regulate all
spaceflight activities involving the use of
rockets, regardless of whether they are

GRANTING OF LICENCES
The regulator may grant a licence only if
satisfied that the granting of a licence:
l Will not impair national security
l Is consistent with the United Kingdom’s
international obligations (of any type)
l Is not contrary to the national interest

SIA

adequately finance the proposed
operation (eg business licences, bank
records, deeds, etc)
l Demonstrate that they have adequate
facilities, personnel, equipment, tools
and materials to safely undertake the
proposed operation
l Demonstrate the personnel involved in
the operations have adequate skills and
experience to hold the position
In addition, the Government intends to
make regulations including:
l That an application must be in the form
specified by the regulator and accompanied by the appropriate charge
l About procedural, administrative and
evidential matters relating to a licence
application
l That the regulator can inspect a site,
equipment or vehicle or obtain
information

involved in sub-orbital or space activities.
Rockets not involved in spaceflight activities
(ie those that are not capable of operating
above the stratosphere) will continue to be
regulated by the CAA under Article 96 of the
Air Navigation Order 2016 (the ANO).
The CAA also remains responsible for
airspace under aviation law. The CAA
supports the creation of a competitive
market for UK spaceflight and will make
airspace design decisions in accordance with
established processes and statutory duties
for safety, security and the environment.

Types of licences
A satellite operator licence covers procurement of a satellite launch and/or the
operation of the satellite in orbit. These are
currently issued by the UKSA under the Outer
Space Act 1986 (the OSA) but in the future
will be issued under either the OSA or the SIA.
The regulators will issue a spaceport
licence for the operation of a spaceport. Any
site from which a spacecraft or carrier aircraft
intends to launch is considered a spaceport
and must be licensed. A spacecraft will only
be allowed to land at a licenced spaceport or
a mobile installation at sea.
The Government guidance sets out how
both horizontal launch spaceports and
vertical launch spaceports will be regulated.
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Space industry regulation
The CAA will regulate horizontal launch
spaceports and balloon spaceports and the
UKSA will regulate vertical launch spaceports.
The Act does not exclude the possibility of
colocating different types of spaceport at the
same site and the regulators will work closely
together should such an application be made.
The regulators will issue a range control
licence for the provision of range control
services by commercial entities, including
tracking, surveillance and boundary control.
This approach is novel: in other countries,
range control is typically provided by the
state. Ranges are critical to securing safety
and so the regulator must be satisfied that
the range control service provider can
demonstrate it has the competence to
provide services.
There will be no single model for a range
control service provider. It may be possible to
licence one or more types of range control
service in individual licences but it would be
necessary for the launch vehicle operator to
obtain all the different elements of the
required range control services for a launch.
The regulator issuing a range control licence
will be the CAA or the UKSA depending on the
type of service for which a licence is sought.
A single entity can apply for more than
one licence. For example, a spaceport
operator could apply for both a spaceport
and range control licence or a launch vehicle
operator could apply for a launch vehicle
operator, satellite operator and range control
licence.

Protecting the public
Safety is at the heart of the Space Industry
Act. An important consideration for
regulators is how licence applicants will be
asked to demonstrate that the risks these
activities pose to the uninvolved general
public (AKA third parties) are as low as
reasonably practicable and at a level that is
acceptable to the regulator.
As low as reasonably practicable (ALARP)
is a familiar concept in health and safety law,
providing a benchmark for risk assessments
under the Health and Safety at Work Act 1974.
Further information about ALARP can be
found on the HSE website.
All applicants, particularly those for
spaceport of range control licences, should
consider whether any infrastructure will
require planning permission. The Government guidance recommends consulting local
planning authorities or the Government’s
online planning portal.
In terms of the environment, under the
SIA, applicants for launch vehicle operator
and spaceport licences will be required to
produce an Assessment of Environmental
Effects (AEE). This is likely to cover the
effects of licensed activities on:
l Air quality
l Emissions targets
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THIRD PARTY LIABILITY INSURANCE AND OTHER INSURANCE REQUIREMENTS
As spaceflight activities and associated
activities are risky in nature it is important
that those suffering damage or loss arising
from those activities can be compensated.
Insurance therefore provides an important
resource to meet potential claims. As such,
the SIA contains a power to make
regulations to require those engaging in
spaceflight activities and associated
activities to be insured in respect of
prescribed risks and liabilities.
Under the current OSA licensing regime,
a licensee is required to demonstrate that
they hold third party liability insurance for
the activities licensed under that Act before
a licence is issued. These activities currently
are the procurement of launch (purchasing
space on a launch vehicle for a satellite) and
the in-orbit operation of a satellite. It is
intended that the requirement to obtain
third party liability insurance for these
activities carried out under both the OSA
and the SIA will continue.
l
l
l
l
l
l

Biodiversity
Marine impacts
Noise pollution
Water quality
Soil health
Environmental effects of launch failure
There is also an existing wealth of
environmental requirements operating under
separate legislation, independently of the
AEE submission. Applicants should contact
all environmental protection bodies whose
jurisdiction they fall under to ensure
compliance
with
all
environmental
obligations and seek independent legal
advice. For example:
l A marine licence may be required for the
activity. Applicants should liaise with the
appropriate marine licensing body in their
area.
l Environmental permits, such as water
discharge and greenhouse gas emissions
permits, may be required to conduct certain
activities.
l A wildlife licence may be required where
an activity will disturb or remove wildlife, or
damage habitats. Applicants should liaise
with the appropriate environmental
protection agency.

Liabilities and indemnities
Trespass and nuisance: There is no liability
in trespass or nuisance in relation to
spaceflight activities where they are carried
out substantially in compliance with the SIA
or with requirements and conditions
(including within licences) imposed by the
SIA. This is necessary to prevent an operator
who is acting lawfully from being sued by a
third party who considers that their right to
quiet enjoyment of land is being affected.

The Government also intends that
launch vehicle operators engaging in launch
from the UK would be required to obtain and
maintain third party liability insurance. One
of the options the Government is
considering using to calculate the amount
required is a Maximum Probable Loss (MPL)
style assessment. An MPL approach would
seek to calculate the amount of potential
third party liability claims that an operator
could incur in a realistically probable
scenario.
The Government does not currently
intend to make regulations:
l Providing for insurance or reinsurance
schemes to help operators comply with
the insurance requirements;
l To allow the Government to provide an
indemnity, guarantee or grant to a person
to help them comply with the insurance
requirement;
l To allow that a financial security can be
accepted instead of traditional insurance.
Liability to indemnify the Government:
The SIA places a liability on persons carrying
on spaceflight activities to indemnify the
Government for any claims brought against
the Government for loss or damage caused
by those activities. There is a similar liability
for operators under the OSA.
This indemnity applies to any claims
brought against the Government including
claims brought under the UN Convention on
International Liability for Damage Caused by
Space Objects (the Liability Convention).
Liability to third parties: The SIA places
a strict liability on an operator for injury or
damage caused:
l In the UK or its territorial waters
l To an aircraft in flight above such land or
water
l To persons or property on board such
aircraft
where the injury or damage is caused by:
l A craft or space object being used by a
person (the operator) for spaceflight
activities
l Anything falling from a launch vehicle or
satellite
l By any person in the craft.
The SIA provides powers to limit an
operator’s liabilities to indemnify the Government and to third parties. Regulations can
also prescribe circumstances where these
limits do not apply.
l Licences for spaceflight and
associated activities cannot be issued
until the supporting regulations have
been approved by Parliament. Companies
interested in applying for a licence in the
future are advised to contact
spaceflight@ukspaceagency.gov.uk
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S

Gaining investors’ attention
We ascertain that two developments have
taken place in term of investments: the
number of space investors has grown, and
the prominence of venture capitalists (VC)
has risen. This is largely because the riskreward matrix has turned favourable on the
back of cost rationalisation, owing to satellite

Venturing into space
debris – a new frontier
SPACE DEBRIS COUNT EVOLUTION BY OBJECT TYPE

20,000

Object count

pace debris poses an imminent threat
in the Lower-Earth Orbit (LEO), which
houses over half the satellites that are
orbiting the Earth. The LEO is in the process
of becoming a cosmic scrapyard as more
satellites continue to be deployed without
proper end-of-life disposal procedures.
A case in point is the upper stage of an
inoperative rocket, which is susceptible to
explosions due to the unused fuel it carries.
In addition to upper stages of rockets, debris
resulting from the launch of an anti-satellite
missile by China in 2007 and the satellite
collision (Iridium 33 and Kosmos-2251) in
2009 could be equally threatening.
Today there are space objects weighing
over 8,400 tons orbiting the Earth. Of these,
34,000 objects are over 10cm long, with
900,000 objects in the 1-10cm range and 128
million objects in the 0.1-1 cm range,
according to the European Space Agency.
Just over a third of all the satellites in orbit
(c.5,000 in January 2019) are actually
functioning, and more than 90% of the
objects tracked by Space Surveillance
Networks are space zombies, which are prone
to random collisions, thereby leading to a
chain reaction (Kessler Syndrome). Travelling
at 28,000km/h, even small shrapnel could kill
an astronaut or do enough damage to deorbit a satellite. The largest contributors are
payload- and rocket-fragmentation debris,
which require immediate attention.
Over the next five years, the problem will
get trickier to resolve, as satellite launches
are set to grow manifold, mainly due to
miniaturisation (mass production at reduced
costs). The data provided by these satellites
will help further expand the scope of scientific
research and GPS capabilities. However, the
satellites are susceptible to rapid orbital
decay and lowered transmitter-output
capabilities, which will inherently increase the
possibility of accidental collisions.
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miniaturisation. Furthermore, the proportion
of VC deals in Series-B rounds has surpassed
that of seed investments, which used to
dominate previously, indicating that investors
are willing to pay higher prices for businesses
that have achieved set milestones.
The business of removing and monitoring
space debris is a niche investment theme
unlike the other sub-sets of space related
investments such as satellites, communications, testing platforms, launch assists,
software, materials and components. We
expect a focus on various strategies to
safeguard satellites as their number grows.
Consequently, new investment opportunities
– such as data gathering and monitoring of
moving scrap, extending the life of satellites
which will aid their appropriate disposal,
reviving dead satellites before de-orbiting,
and deploying laser cannons in the ISS – will
likely emerge.
In terms of deal activity, Astroscale, which
is a market-leader among space-debris
removal services, has raised $178m and
closed its Series-D funding last year. The
company was also named Japan’s “Start-up

Millions
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Number of investors
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of the Year 2019” by Forbes. It is interesting to
see that Japan’s Innovation Network
Corporation is on investors’ list – it is an
alternative way of investing PPP funds.
Another startup, Effective Space, signed a
$100m deal with a large communications
satellite operator and has raised $15m so far
through two financing rounds, and will
complete its third round soon. The start-up
plans to refuel communication satellites by
sending drones, hence allowing satellites to
orbit correctly for another four to five years.

Significant acquisitions
A noticeable deal was the acquisition of SSL
by US-based Maxar Technologies for $875m
in 2012. SSL is an integrated spacetechnology company that is in the process of
building capabilities to foray into repairing
and refueling satellites. Similarly, Northrop
Grumman’s acquisition of SSL’s competitor,
Orbital ATK, in 2017 is an interesting move.
The deal closed at a whopping transaction
value of $9.2bn. Orbital ATK provides
commercial satellite servicing through a
Mission Extension Vehicle (MEV).
Likewise, while Lockheed Martin has
launched Space Fence, a project for scanning
space debris, Airbus is developing a servicing
vehicle to repair, monitor and refuel satellites
through two European Space Agency
programs, CleanSat and eDeorbit. This
implies that large A&D companies are keen to
grab a piece of the investment opportunity
pertaining to space debris.
l Author Supratik Shankar works in the
Investment Research division of Moody’s
Analytics
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Entrepreneurship and private
investment in the space sector
ostering the emergence of a more
business-oriented leadership in the
space sector is nowadays a dominant
consideration for governments who are
increasingly eager to explore new approaches
to support the economic growth of the sector
and take advantage of new possibilities
offered by this new dynamic for space
programmes.
The current dynamic offers an interesting
opportunity for governments to consider
more ambitious partnerships with private
businesses, contributing to the growth of the
sector and to the ampliﬁcation of the socioeconomic impacts of space activities.
Over the period 2014-2018, 113 private
investment deals concerning European space
start-ups were recorded for a total amount of
€562.7m. This value does not include
investment in space ventures after they have
successfully reached maturity. This concerns,
among others, the acquisition of O3b
Networks by SES or private placements in
GOMspace after initial public offering.
Involving megadeals in the tens or
hundreds of millions of euros, the total value
of private investment in European space
ventures, including mature ones, would reach
€1,783.6m on the period.
The period 2014-2018 has been marked
by a steady growth of private investments in
European space start-ups. A new record high
was hit in 2018 both in terms of number of
deals and of total value: 40 private
transactions were recorded (+25%) for a

F

GEOGRAPHICAL DISTRIBUTION OF INVESTORS IN EUROPEAN SPACE START-UPS

total value of €219.5m (+2%). This is a
conservative estimation as the value of some
transactions was not disclosed.

Distribution of investment
A signiﬁcant share of the private investment
value is actually concentrated in only a few
transactions. In 2017, 65% of the total
investment was mobilised in only four deals,
each greater than €20m, for a total of €135m.
The two largest operations accounted
together for €85.5m, with Arralis receiving
€50m in venture capital (VC), and Clyde
Space being acquired for €35.5m. Similarly,
in 2018, ﬁve deals surpassed €20m, for a

TOP 5 TRANSACTIONS IN 2018
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total of €141.3m, representing 64% of the
total private investment in European space
start-ups over the year.
The distribution of investment by start-up
country shows a discrepancy between the
level of entrepreneurship and public space
budgets. Although France and Germany still
count with a good level of investment, it is in
the UK, Ireland and Finland – three countries
with much smaller space budgets – that the
highest investment volumes are recorded.
Many factors are at play here and each
country presents a different proﬁle. With both
a strong start-ups and investors base, the UK
stands out as a clear leader of the space
entrepreneurship trend in Europe. The
country has a large number of start-ups
addressing different space markets and with
many investors active in the space sector.
Over the period, a total of 50 deals
accounting for €343.6m were recorded in the
UK. The country represents, alone, around
half of the European market of private
investment in space start-ups.
Luxembourg continues to reap the
rewards of its ambitious strategy to foster
entrepreneurship and private investment in
the country. Over the period, more than
€40m of private investment were recorded in
Luxembourg, with Kleos Space and O3b
leading. This is a conservative estimate that
excludes private investment in foreign startups that set up an ofﬁce in Luxembourg like
iSpace.
France and Germany also reported more
than €40m of investments over the period.
Although the level of private investment in
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space start-ups may likely be lower due to the
presence of well-established players, a steady
growth of the level of entrepreneurship since
2014 can be observed.
Looking at the core business of European
start-ups, 54% operate in the upstream
segment of the space value chain, while 32%
focus on downstream products and services.
In particular, more than 40% of the
respondents are part of the ‘Build’ segment
(space and launch systems hardware,
software and engineering services), followed
by the downstream sectors ‘Product’ and
‘Analyse’ (space-based analytics and endusers’ products and services).

EUROPEAN SPACE START-UP INDICATORS

Key challenges
When asked to rank their main business
challenges, European space start-ups
highlighted their difﬁculty to acquire
customers and sell their solution (27%), to
raise capital (15%), and to manage liquidity
and/or cash ﬂow (14%). On the other side of
the spectrum, start-ups tend to perceive
acquisition of staff (7%), growth (6%) and
internationalisation (5%) as less challenging.
Public instruments based on technical
patronage and R&D grants, widely used in the
space sector, are effective in early stages to
support product development but show
some limits when getting closer to the
market. In light of the strong challenge faced
by European space start-ups to acquire
customers and secure sales, complementary
public instruments positioning institutions on
the side of the demand (connecting
innovation to governmental needs) would
certainly be beneﬁcial.
European space start-ups clearly have
high expectations from government. It
emerges that space start-ups desire a much
more entrepreneurship-friendly environment
which would feature:
l Improved exchanges between politics,
start-ups and established companies
l Better cultural acceptance for entrepreneurship and understanding of the need
of start-ups.
Well aware of the important role that
public actors must play to foster
entrepreneurship and private investment
trends in the space sector, all European
institutions have been particularly proactive
to operate a cultural change and launch new
initiatives adapted to the needs of start-ups.
This considerable effort is shared by the
European Space Agency, the European Union,
national institutions and other public bodies.
In line with their respective strategies, the
approach adopted by public actors consists
principally in:
l Stimulating business opportunities; eg
competitions, strategic partnerships, etc
l Supporting product and technology
innovation: eg public grants, incubators,
independent expertise, etc
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l Helping to raise capital: eg public funding
(grants, loans, subsidies, prizes), partnerships with investment ﬁrms/institutions, etc
l Building networks: eg hubs, conferences,
business missions, etc.
European institutions are continuously
exploring new mechanisms. In the ﬁeld of
access to ﬁnance for example, recent public
actions include the introduction by the EU of
a dedicated equity instrument (InnovFin
Space Equity) or the creation of national
equity funds such as the new Luxembourg
Space Fund or the CosmiCapital fund
launched by CNES.
Pioneer in the support to entrepreneurship with the introduction of Business
Innovation Centres in 2000, ESA also recently
signed a cooperation agreement with the
European Investment Bank, marking yet
another milestone.
Today, European institutions actively
support entrepreneurship in the space sector
and, although there is still room for
improvement, their effort is now yielding
concrete results. Notwithstanding, existing
instruments support principally the offer side.
They are particularly effective in early stages
of product and business developments but
show some limits when getting closer to the
market.
In light of the strong challenges faced by
start-ups to gain customers and secure sales,
a complementary support on the demand
side would be beneﬁcial. With the objective to
connect business innovation to the market,
three complementary actions could be
recommended:

l Stimulate the demand for space-based
solutions in Europe: In the United States,
public markets are a pillar for the business
development of new space ventures. The use
of anchor tenancy, an arrangement bridging
public needs and support to business, proved
to be a very effective instrument to bring up
conﬁdence of entrepreneurs and investors. It
has no equivalent in Europe.
l Promote a European single market:
Large markets are essential for new space
ventures
to
transform
commercial
opportunities into proﬁtable and sustainable
businesses. In Europe, national demand
rarely offers the required critical mass. A
European single market for space, based on
demand aggregation and compatible
regulatory frameworks, should be promoted.
l Drive the demand to support
innovation and growth in Europe: Beneﬁts
from an aggregated European demand would
be maximised by a policy promoting a
European offer when suitable. Again, the
principles of the Buy American Act, which
makes obligation to the US federal
administration to give preference to US-made
products, extensively applied in the space
sector, has no equivalent in Europe. Indeed,
currently this runs contrary to the
fundamentals of the EU of open competition,
technology neutrality, etc.
l Extracted from the report Space
Venture Europe 2018 – Entrepreneurship
and Private Investment in the European
Space Sector. Read the full report at
www.espi.or.at

13

Satellite market analysis
SMALLSATS BY APPLICATION, 2012-2018

2018 ACTIVITY HIGHLIGHTS

71
55kg
42
43%
36%

Organisations manufacturing
smallsats for the first time
Average smallsat mass at
launch
Smallsats successfully launched
to be deployed from ISS
0f launches involved
smallsats
36% of smallsats were launched
from the US

2018 ACTIVITY BY APPLICATION

SMALLSATS AND ALL SATELLITES LAUNCHED, 2012-2018

COMMERCIAL ACTIVITY BY APPLICATION

THE IMPACT OF LAUNCH FAILURES, 2012-2018
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ryce Space and Technology has
released an updated ‘Smallsats by the
numbers’ report to pull in the
deployment figures for 2018, with its data
now covering the full period from 2012 to the
end of last year.
In 2012, smallsats began to see
significantly increased usage. If we include
both successful and failed launch attempts,
then between 2012 and 2018 over 1,300
smallsats have been launched. It is clear,
though, that launch vehicle failures have
affected the rate of smallsat deployment.
2018 saw six times as many smallsats
launched as 2012, and from 2016 to 2018 the
total number of commercial smallsats
launched increased by 2.5x. Over 70% of
smallsats launched between 2012 and 2018
were CubeSats, and indeed CubeSats have
dominated the smallest market, seeing 961
launched between 2012 and 2018.
Both Government and commercial
sectors are capitalising on heightened
interest in smallsats. Looking at the
commercial smallsats, 663 have been
launched in the last seven years. Over 80%
were for remote sensing. Over half were
manufactured by Planet, and over 80% were
manufactured by US companies. Between
them, Planet and Spire account for about
two-thirds.

B

Government smallsats
Looking at the largest Government smallsat
operators between 2012 and 2018, NASA has
deployed the greatest number of civil
smallsats at 46, followed by Roscosmos
(Russia, 14), Los Alamos National Laboratory
(USA, 12), Smolsat/Gonets (Russia, 8), China
Aerospace
Science
and Technology
Corporation (6) and China National Space
Administration (6).
The US was also the largest deployer of
military satellites, with the US DoD putting up
39. This was followed by the Russian MoD
(20), the People’s Liberation Army (China,
17), Project Biarri (Australia Defence, 5) and
the Korean People’s Army (3).
Academic and non-profit organisations
deployed 371 smallsats between 2012 and
2018. Over 300 were for technology
development and over 80% were CubeSats.
The number of academic and non-profit
organisations that manufacture smallsats
nearly quadrupled between 2012 and 2018,
and over the last six years nearly 200 nonprofit and academic organisations launched
smallsats, many deploying only one or two.
Looking specifically at the CubeSats
market, In total, 950+ CubeSats launched
between 2012 and 2018. About 60% have
provided commercial services.

What lies ahead for
the smallsats market?
SMALLSATS BY OPERATOR TYPE, 2012-2018

CUBESATS SUCCESSFULLY DEPLOYED, 2012-2018

COUNTRIES DEPLOYING THE MOST GOVERNMENT SMALLSATS, 2012-2018

l Extracted from the Bryce Space and
Technology report Smallsats by the
Numbers 2019
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Future missions
ESA MISSIONS IN DEVELOPMENT
NEOSAT
Scheduled launch date: 2019
Neosat is dedicated to developing, qualifying and validating next-generation satellite platforms for the core
satcom market. A crucial objective for Neosat is to reduce the cost of a satellite in orbit by 30%, compared
with today’s designs, by the end of the decade. Existing and new technologies will be used in innovative ways
with economies of scale achieved through creating a common supply chain for the satellite prime contractors.
QUANTUM
Scheduled launch date: 2019
Eutelsat Quantum represents a shift from custom-designed, one-off payloads to a more generic approach,
resulting in reduced cost and time through a modular and scalable answer to the payload specification, design,
technology and manufacturing. It will also be capable of unprecedented in-orbit re-configurability in coverage,
frequency and power, allowing complete mission rehaul, including orbital position.
SAT-AIS
Scheduled launch date: 2019
ESA will improve satellite-based ship identification and tracking in partnership with the European Maritime
Safety Agency and exactEarth to meet the requirements of users, particularly those of government agencies
such as coastal administrations. The ship’s identity is recorded and decoded by the satellite then sent to ground
stations for further processing and distribution.
BIOMASS
Scheduled launch date: 2020
The Earth Explorer Biomass mission addresses one of the most fundamental questions in our understanding
of the land component in the Earth system: what is the status of our forests, as represented by the distribution
of biomass and how is forest biomass changing?

SOLAR ORBITER
Scheduled launch date: 2020
ESA’s Solar Orbiter mission is conceived to perform a close-up study of our Sun and inner heliosphere - the
uncharted innermost regions of our Solar System- to better understand, and even predict, the unruly behaviour
of the star on which our lives depend. At its closest point, the spacecraft will be closer to the Sun than any
previous spacecraft. It will provide unique data and imagery of the Sun.
ELECTRA
Scheduled launch date: 2021
Electra will support European satellite industry in developing, launching and validating in orbit a full electricpropulsion telecommunications satellite in the 3-tonne launch mass range. Electra can offer power
consumption and communication capabilities equal to those offered by larger mid-size satellites while keeping
the launch mass low enough for small launcher vehicles.
METEOSAT THIRD GENERATION
Scheduled launch date: 2021
Meteosat Third Generation (MTG) Imaging and Sounding satellites. The space segment procurement will
include four MTG-I imaging and two MTG-S sounding satellites.

NASA MISSIONS IN DEVELOPMENT
EUCLID
Scheduled launch date: 2020
Euclid, a planned mission to investigate the profound cosmic mysteries of dark matter and dark energy, has
passed its preliminary design review. This clears the way for construction to begin. Euclid is a European Space
Agency mission with important contributions from NASA, including infrared detectors for one instrument and
science and data analysis.
WIDE FIELD INFRARED SURVEY TELESCOPE
Scheduled launch date: 2020
the Wide Field InfraRed Survey Telescope (WFIRST) is a NASA observatory designed to settle essential
questions in the areas of dark energy, exoplanets, and infrared astrophysics. The telescope has a primary mirror
that is 2.4 meters in diameter (7.9 feet), and is the same size as the Hubble Space Telescope's primary mirror.
WFIRST will have two instruments, the Wide Field Instrument, and the Coronagraph Instrument.

NASA MISSIONS IN DEVELOPMENT
GSLV-F10/CHANDRAYAAN-2
Scheduled launch date: 2019
Chandrayaan-2, India's second mission to the Moon is a totally indigenous mission comprising of an Orbiter,
Lander and Rover. After reaching the 100 km lunar orbit, the Lander housing the Rover will separate from the
Orbiter. After a controlled descent, the Lander will soft land on the lunar surface at a specified site and deploy
a Rover. The instruments on the rover will observe the lunar surface and send back data.
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NASA SBIR and STTR solicitations
REF

DESCRIPTION

SUBTOPIC

Focus Area 1: In-Space Propulsion Technologies
T2.02

Advanced Technologies for In-Space Electric Propulsion (EP)

(STTR)

T2.03

Performance Demonstration of High Payoff Propulsion Technology: Rotating Detonation Engine and Dual Mode Ionic Liquid

(STTR)

Z10.01

Cryogenic Fluid Management

(SBIR)

Z10.02

In-Space Electric Propulsion Component Technologies

(SBIR)

Z10.03

Nuclear Thermal Propulsion

(SBIR)

Focus Area 2 Power Energy and Storage
S3.01

Power Generation and Conversion

(SBIR)

S3.03

Power Electronics and Management, and Energy Storage

(SBIR)

Z1.03

Kilowatt-Class Energy Conversion for Small Fission Reactors

(SBIR)

Z1.04

Long Duration Lunar Energy Storage and Discharge

(SBIR)

Focus Area 3 Autonomous Systems for Space Exploration
H6.01

Integrated Systems Health Management for Sustainable Habitats

(SBIR)

H6.03

Spacecraft Autonomous Agent Cognitive Architectures for Human Exploration

(SBIR)

H6.22

Deep Neural Net and Neuromorphic Processors for In-Space Autonomy and Cognition

(SBIR)

S5.05

Fault Management Technologies

(SBIR)

T4.03

Coordination and Control of Swarms of Space Vehicles

(STTR)

Focus Area 4 Robotic Systems for Space Exploration
S4.02

Robotic Mobility, Manipulation and Sampling

(SBIR)

T4.01

Information Technologies for Intelligent and Adaptive Space Robotics

(STTR)

Z5.04

Technologies for Intra-Vehicular Activity Robotics

(SBIR)

Z5.05

Lunar Rover Technologies for In-situ Resource Utilization and Exploration

(SBIR)

Focus Area 5 Communications and Navigation
H9.01

Long Range Optical Telecommunications

(SBIR)

H9.03

Flight Dynamics and Navigation Technology

(SBIR)

H9.05

Transformational Communications Technology

(SBIR)

H9.07

Cognitive Communication

(SBIR)

S3.04

Guidance, Navigation and Control

(SBIR)

T5.02

Electric field mapping and prediction methods within spacecraft enclosures

(STTR)

Focus Area 6 Life Support and Habitation Systems
H3.02

Spacecraft Solid Waste Management

(SBIR)

H3.03

Microbial Monitoring and Control for Spacecraft Cabins

(SBIR)

H4.01

Exploration Portable Life Support System (xPLSS) for deep space and surface missions

(SBIR)

H4.04

Exploration Pressure Garment System (xPGS) for deep space and surface missions

(SBIR)

H6.04

Model Based Systems Engineering for Distributed Development

(SBIR)

T6.05

Testing of COTS Systems in Space Radiation Environments

(STTR)

T6.06

Spacecraft Water Sustainability through Nanotechnology

(STTR)

Focus Area 7 Human Research and Health Maintenance
H12.01

Radioprotectors and Mitigators of Space Radiation-induced Health Risks

(SBIR)

H12.05

Reduced Oxygen Usage for Medical Events

(SBIR)

H12.06

Continuous Crew Health Monitoring

(SBIR)

Focus Area 8 In-Situ Resource Utilization
Z12.01

Extraction of Oxygen from Lunar Regolith

(SBIR)

Z12.02

Payloads for Lunar Resources: Volatiles

(SBIR)

www.spaceindustrybulletin.com
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NASA SBIR and STTR solicitations
REF

DESCRIPTION

SUBTOPIC

Focus Area 9 Sensors, Detectors and Instruments
S1.01

Lidar Remote Sensing Technologies

(SBIR)

S1.02

Technologies for Active Microwave Remote Sensing

(SBIR)

S1.03

Technologies for Passive Microwave Remote Sensing

(SBIR)

S1.04

Sensor and Detector Technologies for Visible, IR, Far-IR, and Submillimeter

(SBIR)

S1.05

Detector Technologies for UV, X-Ray, Gamma-Ray Instruments

(SBIR)

S1.06

Particles and Fields Sensors & Instrument Enabling Technologies

(SBIR)

S1.07

In-Situ Instruments/Technologies for Lunar and Planetary Science

(SBIR)

S1.08

Suborbital Instruments and Sensor Systems for Earth Science Measurements

(SBIR)

S1.09

Cryogenic Systems for Sensors and Detectors

(SBIR)

S1.10

Atomic Interferometry

(SBIR)

S1.11

In-Situ Instruments/Technologies for Ocean Worlds Life Detection

(SBIR)

S4.06

Sample Collection for Life Detection in Outer Solar System Ocean World Plumes

(SBIR)

T8.02

Photonic Integrated Circuits

(STTR)

T8.04

Metamaterials and Metasurfaces Technology for Remote Sensing Applications

(STTR)

Focus Area 10 Advanced Telescope Technologies 2
S2.01

Proximity Glare Suppression for Astronomical Direct Detection of Exoplanets

(SBIR)

S2.02

Precision Deployable Optical Structures and Metrology

(SBIR)

S2.03

Advanced Optical Systems and Fabrication/Testing/Control Technologies for EUV/Optical and IR Telescope

(SBIR)

S2.04

X-Ray Mirror Systems Technology, Coating Technology for X-Ray-UV-OIR, and Free-Form Optics

(SBIR)

Focus Area 11 Spacecraft and Platform Subsystems
S3.05

Terrestrial Balloons and Planetary Aerial Vehicles

(SBIR)

S3.08

Command, Data Handling, and Electronics

(SBIR)

S4.03

Spacecraft Technology for Sample Return Missions

(SBIR)

S4.04

Extreme Environments Technology

(SBIR)

Z6.01

High Performance Space Computing Technology

(SBIR)

Focus Area 12 Entry, Descent, and Landing Systems
H5.02

Hot Structure Technology for Aerospace Vehicles

(SBIR)

Z7.01

Entry Descent & Landing Sensors for Environment Characterization, Vehicle Performance, and Guidance, Navigation and Control (SBIR)

Z7.03

Deployable Aerodynamic Decelerator and Weave Diagnostic Technology

(SBIR)

Z7.04

Lander Systems Technologies

(SBIR)

Focus Area 13 Information Technologies for Science Data
S5.01

Technologies for Large-Scale Numerical Simulation

(SBIR)

S5.02

Commercial Geospatial Analysis Platforms for Earth Science Applications

(SBIR)

S5.03

Bridging the Gap of Applying Machine Learning to Earth Science

(SBIR)

S5.04

Integrated Science Mission Modeling

(SBIR)

S5.06

Space Weather R2O/O2R Technology Development

(SBIR)

Focus Area 14 In-Space and Advanced Manufacturing
T12.05

In-situ Curing of Thermoset Resin Mixtures

(STTR)

Z3.01

Advanced Metallic Materials and Processes Innovation

(SBIR)

Z3.02

Development of Mobile Welding Capabilities for In-Space Manufacturing

(SBIR)

Focus Area 15 Materials, Materials Research, Structures, and Assembly
H5.01

Lunar Surface Solar Array Structures

(SBIR)

T12.01

Thin-Ply Composite Technology and Applications

(STTR)

Z4.01

MISSE Experiments

(SBIR)

Z4.02

In-Space Sub-Modular Assembly

(SBIR)

18

www.spaceindustrybulletin.com

NASA SBIR and STTR solicitations
REF

DESCRIPTION

Z4.03

Lightweight Conformal Structures

SUBTOPIC
(SBIR)

Z11.01

NDE Sensors, Modeling, and Analysis

(SBIR)

Focus Area 16 Ground & Launch Processing
H10.01

Advanced Propulsion Systems Ground Test Technology

(SBIR)

H10.02

Autonomous Control Technologies (ACT) for Ground Operations

(SBIR)

T13.01

Intelligent Sensor Systems

(STTR)

Focus Area 17 Thermal Management Systems
S3.06

Thermal Control Systems

(SBIR)

Z2.01

Spacecraft Thermal Management

(SBIR)

Focus Area 18 Air Vehicle Technology
A1.01

Aerodynamic and Structural Efficiency - Integration of Flight Control with Aircraft Multidisciplinary Design Optimization

(SBIR)

A1.02

Quiet Performance - Airframe Noise Reduction

(SBIR)

A1.03

Low Emissions/Clean Power - Environmentally Responsible Propulsion

(SBIR)

A1.04

Electrified Aircraft Propulsion

(SBIR)

A1.05

Computational Tools and Methods

(SBIR)

A1.06

Vertical Lift Technology and Urban Air Mobility

(SBIR)

A1.07

Propulsion Efficiency - Propulsion Materials and Structures

(SBIR)

A1.08

Aeronautics Ground Test and Measurement Technologies

(SBIR)

A1.09

Vehicle Safety - Internal Situational Awareness and Response

(SBIR)

A1.10

Hypersonic Technology - Innovative Manufacturing for High Temperature Structures

(SBIR)

T15.01

Distributed Electric Propulsion (DEP) Vehicles toward Urban Air Mobility (UAM) and Regional Airliners

(STTR)

T15.03

Electrified Aircraft Propulsion Energy Storage

(STTR)

Focus Area 19 Integrated Flight Systems
A2.01

Flight Test and Measurement Technologies

(SBIR)

A2.02

Unmanned Aircraft Systems (UAS) Technologies

(SBIR)

Focus Area 20 Airspace Operations and Safety
A3.01

Advanced Air Traffic Management System Concepts

(SBIR)

A3.02

Increasing Autonomy in the National Airspace System (NAS)

(SBIR)

A3.03

Future Aviation Systems Safety

(SBIR)

A3.04

Non-Traditional Airspace Operations

(SBIR)

Focus Area 21 Small Spacecraft Technologies
Z8.01

Chemical Propulsion Systems for Small Satellite Missions

(SBIR)

Z8.03

Low Cost Radiation Hardened Integrated Circuit Technology

(SBIR)

Z8.06

DragSails for Spacecraft Deorbit

(SBIR)

Z8.07

Spacecraft Model-Based Systems Engineering

(SBIR)

Z9.01

Small Launch Vehicle Technologies and Demonstrations

(SBIR)

Focus Area 22 Low Earth Orbit Platform Utilization and Microgravity Research
H8.01

Low Earth Orbit Platform Utilization and Microgravity Research

(SBIR)

Focus Area 23 Digital Transformation for Aerospace
T11.03

Distributed Digital Ledger for Aerospace Applications

T11.04 Digital Assistants for Science and Engineering

(STTR)
(STTR)

Since US funding appropriations were enacted late due to the Government shut-down, NASA’s 2019 solicitation for the Small Business
Innovation Research (SBIR) Program and the Small Business Technology Transfer (STTR) Program did not open until 5 February 2019, but
will close as usual at the end of March, on 29 March 2019, at 5:00pm Eastern Standard Time.
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ESA Invitations to tender
REF

DESCRIPTION

AO9610

COPERNICUS SPACE COMPONENTS - ACQUISITION AND TT&C SERVICES FOR COPERNICUS

31/12/21

AO9101

EO SCIENCE FOR SOCIETY PERMANENTLY OPEN CALL FOR PROPOSALS EOEP-5 BLOCK 4

31/12/21

AO9090

INVESTING IN INDUSTRIAL INNOVATION - INCUBED ANNOUNCEMENT OF PARTNERSHIP OPPORTUNITY (APO)

31/12/21

AO9671

ARTES CC - ADVANCED TECHNOLOGY - WORKPLANS EMITS / WEBSITE

31/12/21

AO9427

NAVIGATION INNOVATION SUPPORT PROGRAMME ELEMENT 3 ANNOUNCEMENT OF OPPORTUNITY (AO)

28/12/21

AO8859

PERMANENTLY OPEN CALL FOR OUTLINE PROPOSALS UNDER THE HUNGARIAN INDUSTRY INCENTIVE SCHEME

01/12/21

AO8927

NAVISP ELEMENT 2 - OPEN CALL FOR PROPOSALS

31/12/20

AO5651

FRAME CONTRACT FOR MEDIUM SIZE INFRASTRUCTURE WORKS ON-ESTEC SITE, NOORDWIJK

31/12/20

AO9305

OPEN CALL FOR PROPOSAL FOR IAP- ESA BUSINESS APPLICATIONS

30/12/20

AO9569

ARTES INTEGRATED APPLICATIONS PROMOTION (IAP) - 5GRONINGEN

30/12/20

AO8872

ARTES INTEGRATED APPLICATIONS PROMOTION (IAP) KICKSTART ACTIVITIES

31/12/19

AO9729

POLISH INDUSTRY INCENTIVE SCHEME - ROADMAPS WORKPLAN

31/12/19

AO9128

ARTES SCYLIGHT ROLLING WORK PLAN

31/12/19

AO8893

ScyLight - Open Call for proposals

31/12/19

AO9038

CALL FOR PROPOSALS: EXPERT: POST-ISS HUMAN SPACEFLIGHT RESEARCH AND APPLICATIONS CAPABILITY IN LEO

31/12/19

AO9072

ARTES INTEGRATED APPLICATIONS PROMOTION (IAP) KICKSTART ACTIVITIES - PART 2

18/12/19

AO8793

ARTES C&G - CALL FOR PROPOSALS

20/10/19

AO9621

HIGH VOLTAGE ELECTRIC PROPULSION THRUSTER SIMULATOR (ARTES AT 4F.121) (RE-ISSUE 1-9278)

30/04/19

AO9566

H2020-ESA-038 GNSS EVOLUTIONS EXPERIMENTAL PAYLOADS AND SCIENCE ACTIVITIES CALL FOR IDEAS

30/04/19

AO9330

WIDEBAND ACOUSTIC FILTERS FOR PRE-AND POSTPROCESSORS (ARTES AT 5C.354)

29/04/19

AO9283

SOLID REFLECTOR WITH METAL MESH AS THE REFLECTIVE SURFACE (ARTES AT 5B.183)

26/04/19

AO9431

INVESTIGATION OF ADDITIVE MANUFACTURING OF IMPROVED CERAMIC PACKAGES FOR DETECTORS - EXPRO PLUS

19/04/19

AO9649

SENTINEL-3 AND CRYOSAT SAR/SARIN RADAR ALTIMETRY FOR COASTAL ZONE AND INLAND WATER [RACZIW]

12/04/19

AO9582

GNSS RECEIVER CHAIN TECHNOLOGY ENABLER AND INTEGRITY TECHNIQUES FOR THE RAILWAY ENVIRONMENT

09/04/19

AO9728

AUTHENTICATION OF GNSS SIGNALS BY RADIO SIGNAL FINGERPRINTING - EXPRO PLUS (RE-ISSUE)

08/04/19

AO9593

GALILEO PAYLOAD TEST BED

05/04/19

AO9669

TANDEM OF ROVER AND ASSOCIATED WAIN FOR LUNAR EXTENDED ROAMING (TRAILER) - EXPRO PLUS

05/04/19

AO9664

PHASE 0/A SYSTEM STUDIES OF G-CLASS H2O

05/04/19

AO9665

PHASE 0/A SYSTEM STUDIES OF DAEDALUS

03/04/19

AO9770

END-TO-END PERFORMANCE SIMULATOR MODELLING TOOL (E2ES TOOL) - EXPRO PLUS

02/04/19
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ESA Invitations to tender
REF

DESCRIPTION

END DATE

AO9627

PROCEDURE VIEWER AND AUTHORING TOOL FOR GROUND AIV/AIT APPLICATIONS

02/04/19

AO9587

EO4SD LAB: A COMMUNITY INITIATIVE FOR DEVELOPMENT AID

29/03/19

AO9625

GUIDELINES FOR THE SAFE USE OF LASER TECHNOLOGY (SCYLIGHT SL.004) EXPRO+ (RE-ISSUE OF ITT 1-9260)

29/03/19

AO9499

LEVERAGING BIG DATA CONCEPTS IN FUTURE SATCOM NETWORKS (ARTES FPE 1A.103)

28/03/19

AO9568

H2020-ESA-028 S-BAND ADVANCED GROUND MODEM

28/03/19

AO9510

FUTURE NAVIGATION CONCEPTS AT SMALL BODIES / T710-502GF

27/03/19

AO9589

OURTH CALL FOR OUTLINE PROPOSALS UNDER THE PLAN FOR EUROPEAN COOPERATING STATES (PECS) IN BULGARIA

27/03/19

AO9710

BUSINESS APPLICATIONS AMBASSADOR PLATFORM FOR ITALY

25/03/19

AO9614

CONTAMINATION REPELLENT COATINGS T724-507QT - EXPRO PLUS

25/03/19

AO9612

9D.030 SPACE-BASED SERVICES FOR DISTRIBUTED ENERGY NETWORKS (SMART-GRIDS) FS

22/03/19

AO9670

PHASE 0/A SYSTEM STUDIES OF STEREOID

22/03/19

AO9622

CLEANROOM EXTENSION FOR THE ESTEC TEST CENTRE

22/03/19

AO9663

ALTERNATIVE ENERGY STORAGE SOLUTIONS FOR LUNAR NIGHT SURVIVAL IN HUMAN EXPLORATION SCENARIOS

22/03/19

AO9666

HERTZ POSITIONER UPGRADE

21/03/19

AO9550

CCI KNOWLEDGE EXCHANGE CONTRACT CONTAINING ODP, WEB, TOOLBOX, VISUALISATION AND EDUCATION THEMES

21/03/19

AO9703

SSA P3-SWE-IV.2: USE OF L5 DATA IN CME PROPAGATION MODELS

21/03/19

AO9632

ARCHITECTURE DEFINITION FOR THE DATA FLOW OF THE COPERNICUS-EVOLUTION CONSTELLATION - EXPRO PLUS

19/03/19

AO9629

QA4EO - QUALITY ASSURANCE FOR EARTH OBSERVATION (2019-2024)

18/03/19

AO9524

OVERLAPPED SUBARRAY FED REFLECTOR ANTENNAS FOR SAR INSTRUMENT

18/03/19

AO9705

NAVISP-EL1-026: ENABLING ULTRA-HIGH ACCURACY POSITIONING IN CHALLENGING ENVIRONMENT - EXPRO PLUS

18/03/19

AO9572

HIGH RATE FLEXIBLE HIGH-ORDER SCCC COMMUNICATIONS SYSTEM FOR SCIENCE X-BAND - EXPRO+

18/03/19

AO9645

EXPRO+ NAVISP ELEMENT 1 (NAVISP-EL1-019):ULTRA-LOW POWER DEVICE POSITIONING CONCEPTS (RE-ISSUE)

15/03/19

AO9254

QUANTUM KEY DISTRIBUTION PROTOCOLS FOR SPACE APPLICATIONS (SCYLIGHT SL.011) EXPRO+ PRIORITY 2

15/03/19

AO9292

FEEDS WITH END FIRE RADIATION FOR SINGLE-REFLECTOR-BASED MULTIBEAM ANTENNAS (ARTES AT 5B.177)

15/03/19

AO9603

EO EXPLOITATION SUPPORT CONTRACT (2019-2021)

13/03/19

AO9281

KA-BAND SOLID STATE AMPLIFIERS FOR HIGH VOLUME APPLICATIONS (ARTES AT 5C.359)

13/03/19

AO9624

EXPRO+ NAVISP-EL1-025: MULTI-SENSOR, MULTI-SYSTEM FOR SPACE PNT APPLICATIONS

11/03/19

AO9639

HIGH POWER X-BAND UPLINK FOR DEEP SPACE MISSIONS - DEVELOPMENT OF CRITICAL WAVEGUIDE COMPONENTS

11/03/19

Each month Space Industry Bulletin updates these pages with the latest ESA invitations to tender, taken from the emits pages of the ESA
website. You can visit the ESA website for the full list (http://emits.sso.esa.int/emits/owa/emits.main), or usual our simple ‘quick links’ facility
on the Space Industry Bulletin website at www.spaceindustrybulletin.com/tenders
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UK Space Agency spending data

UK Space Agency rounds
off 2018 with £13m funding
G

rants and funding to space industry
businesses for December exceeded
£12.9m, bringing the total for the year
to just over £74m. One of the big recipients in
December was UK Research and Innovation,
which benefitted from R&D current grants to
the tune of some £5.6m.
UK Research and Innovation is a relatively
new body (established April 2018) which
works in partnership with universities,
research organisations, businesses, charities,
and government to create the best possible
environment for research and innovation to
flourish. It aims to maximise the contribution
of each of its component parts – with the
STFC being one).
l The UK Space Agency has confirmed that
three organisations have been awarded over
£350,000 in grant funding for the
development of commercial range control
services at multiple spaceport sites across
the country. The successful applicants –
Telespazio VEGA UK, Deimos Space UK and

Heliaq UK – will use the funding to develop a
business plan and initial concept of
operations to offer range services from the
UK on a commercial basis.
The 2018 Space Industry Act enables
companies to use cutting edge technology
while also safeguarding public safety. Range
control services are vital to this and include
activities such as tracking rockets and
spaceplanes in flight, as well as notifying
users of airspace when launches are taking
place.
Organisations
submitted
grant
applications to undertake studies into range
control services and the successful
companies were awarded grants on their
ability to meet robust selection criteria.
Claire Barcham, UK Space Agency’s
Director of Commercial Space said: The
commercial provision of range services
presents a new opportunity for businesses
and, through the Government’s modern
Industrial Strategy, the UK Space Agency is
advancing these exciting developments.

UKSA FULL YEAR FUNDING, 2018
December 2018

12,981,706

November 2018

10,309,213

October 2018

9,279,877

September 2018

2,935,730

August 2018

7,592,231

July 2018

2,788,125

June 2018

2,603,365

May 2018

3,282,165

April 2018

4,544,749

March 2018

8,735,559

February 2018

3,792,526

January 2018
Total

5,180,953
74,026,199

As part of its transparency obligations, the
UK Space Agency publishes its spending
report for each month. We strip out the
costs and expenses to look at the grants
and funding awarded to private
businesses and universities.

UK SPACE AGENCY GRANTS, FULL YEAR 2018
COMPANY

AMOUNT

COMPANY

COMPANY

AMOUNT

Reaction Engines

10,921,152

Methera Global Communications

AMOUNT
91,766

Spacefund

12,000

Ecometrica

4,944,526

Leonardo MW

89,848

British Interplanetary Society

11,680
11,325

Inmarsat Global

3,451,784

The AS&DC

89,250

UKSEDS

Stevenson Astrosat

2,484,187

Dynamic Imaging Analytics

83,299

Deimos Space

Rheatec

1,566,536

University of Glasgow

75,044

Airborne Engineering

11,081
10,000

NSSC Operations

63,446

Space Science & Engineering

10,000

Janus TCD

916,786

Curved House Kids

63,080

Spacemech

10,000

Rezatec

883,679

City Science Corporation

59,950

Oxford Brooks University

Earth-i

755,718

Energeo

59,901

Spincraft ETG

9,895

734,864

Winning Moves

59,775

Int’l Astronautical Federation

6,600

Avanti Communications

733,183

CGG Services

eOsphere

542,620

Satellite Oceanographic Consl’nts 55,185

Environment Systems

457,354

EU ECO Technologies

University of Reading

291,769

Horizon Space Technologies

Exactearth Europe

183,368

Atout Process

Geomatic Ventures

172,994

Geospatial Insight

Rothamsted Research

Vivid Economics

1,157,983

9,898

Alba Orbital

6,000

Argans

6,000

43,525

Open Cosmos

6,000

40,000

British Triathlon Foundation

5,993

39,888

Guerilla Science Limited

5,426

Nottingham Scientific

31,600

S&AO

3,001

175,860

UNIP Management

30,432

Archangel Lightworks

3,000

AVS Added Value Solutions UK

148,642

International Space University

30,000

Children's Radio UK

3,000

The Aerospace Corporation

143,105

Belstead Research

28,750

Geocento

3,000

Orbital Express Launch

136,574

Seraphim Space Camp Accel

25,000

GMV Innovating Solutions

3,000

Lena Space

135,000

Lyonspace

19,600

Goonhilly Earth Station

3,000

55,900

Telespazio Vega UK

134,740

University of Sheffield

18,862

Lacuna Space

3,000

Ambient Environmental

129,923

Research Fish

15,977

Oxford Space Systems

3,000

Teledyne E2V UK

120,044

Magna Parva

14,757

Spottitt Ltd

3,000

Institute for Research in Schools

12,328

University of Exeter

2,000

Haydale Composite Solutions

22
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UK Space Agency spending data
UK SPACE AGENCY GRANTS/INVESTMENT, NOVEMBER 2018
DATE

EXPENSE TYPE

TYPE

COMPANY

31/12/18
31/12/18
21/12/18
21/12/18
20/12/18
20/12/18
19/12/18
19/12/18
19/12/18
19/12/18
19/12/18
19/12/18
19/12/18
17/12/18
17/12/18
17/12/18
14/12/18
14/12/18
14/12/18
14/12/18
14/12/18
14/12/18
13/12/18
13/12/18
11/12/18
07/12/18
07/12/18
06/12/18
06/12/18
04/12/18
04/12/18
04/12/18
04/12/18
04/12/18
04/12/18
04/12/18

Additions - Deferred income
R & D Current Grants to Private Sector
R & D Other Professional Services
R & D Technical Advice
R & D Other Professional Services
R & D Current Grants to Private Sector
R & D Coference and Exhibition Services
Current Grants To Private Sector
R & D Other Professional Services
Current Grants To Private Sector
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D International Subscriptions
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Capital Grants To Private Sector
R & D Current Grants to Private Sector
Current Grants To Private Sector
R & D International Subscriptions
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Current Grants To Private Sector
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector

Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant
Grant

Deutsches Zentrum fuer Luft- und Raumfahrt e.V.
eOsphere
Geospatial Insight
Telespazio Vega UK
Ambiental Environmental Assessment
Reaction Engines
The British Interplanetary Society
Lyonspace
Geomatic Ventures
EU ECO Technologies
University of Sheffield
Rheatech
Ecometrica
International Astronautical Federation
Stevenson Astrosat
Earth-i
Lena Space Ltd
Rezatec
Reaction Engines
Reaction Engines
Reaction Engines
University of Reading
Leonardo MW
Reaction Engines
Belstead Research
International Astronautical Federation
Dynamic Imaging Analytics
Satellite Oceanographic Consultants
Environment Systems
Dynamic Imaging Analytics
AVS Added Value Solutions UK
Reaction Engines
Reaction Engines
Reaction Engines
Reaction Engines
Reaction Engines

25,405
100,957
17,050
111,600
5,738
66,856
599
9,800
10,750
14,900
15,895
517,419
942,788
2,200
140,000
171,452
30,000
167,938
170,000
230,000
250,000
291,769
44,924
300,000
18,750
4,400
21,195
6,464
142,419
14,130
18,750
100,000
225,000
314,420
413,351
495,000

28/12/18
21/12/18
21/12/18
21/12/18
21/12/18
20/12/18
19/12/18
19/12/18
19/12/18
14/12/18
14/12/18
13/12/18
13/12/18
13/12/18
12/12/18
12/12/18
12/12/18
12/12/18
12/12/18
12/12/18
12/12/18
11/12/18
10/12/18
07/12/18
05/12/18
04/12/18
04/12/18

R & D Current Grants to Private Sector
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Capital Grants To Private Sector
Current Grants To Private Sector
Current Grants To Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Overseas Bodies
R & D Current Grants to Overseas Bodies
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Technical Advice / Services & Support
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
Technical Advice / Services & Support
R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Sponsorship Support

Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor
Vendor

UK Launch Services
University of Leicester
Satellite Applications Catapult
Satellite Applications Catapult
Satellite Applications Catapult
DSTL
Geodome
University of Southampton
CGI IT UK
Clyde Space
HR Wallingford
CNES
CNES
Airbus Defence and Space
DSTL
DSTL
DSTL
DSTL
DSTL
DSTL
Space Insight
HR Wallingford
Clyde Space
Space Insight
Neptec UK
The Open University
Terrapinn Holdings

8,400
3,885
77,467
198,685
323,842
27,262
12,000
40,951
69,052
10,828
133,044
191,850
383,700
76,952
263
671
3,362
5,646
32,825
43,777
12,288
182,736
26,466
27,072
17,397
3,000
30,000

28/12/18
28/12/18
20/12/18
20/12/18

R & D Current Grants to Private Sector
R & D Current Grants to Private Sector
R & D Sponsorship Support
R & D Sponsorship Support

WGA ONLY
WGA ONLY
WGA ONLY
WGA ONLY

UKRI - Science and Technology Facilities Council
-12,384
UKRI - Science and Technology Facilities Council 5,638,750
UKRI - Science and Technology Facilities Council
20,647
UKRI - Science and Technology Facilities Council
-20,647
TOTAL

www.spaceindustrybulletin.com

AMOUNT

12,981,706
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If you’re involved in space, you have to be there
PSW gathers the world’s space tech ecosystem under one roof
for 2 days, bringing together the brightest Space Agency, Large
Group, SMEs, Start-up and Investor, not to mention the
international press and thousands of engaged space participants.

Conference on innovations and space opportunities
Intervene OR discover market trends and the latest innovations,
most of which are unveiled in a new way! A scientific committee
validates the relevance of each intervention to guarantee you a
high addedvalue content.

Tuesday, April 2nd, 2019

Wednesday, April 3rd, 2019

08:00AM

09:00AM > 06:00PM

Paris Space Week Opening 🕖
Welcome to PSW, the exhibition with business
meetings and conferences dedicated to the Space
Industry.
Start of the B2B meetings
Don’t forget to look in your personal agenda.

09:00AM > 10:00AM

09:15AM > 10:00AM
CONFERENCE

10:00AM > 10:30AM
CONFERENCE

09:15AM > 09:30AM
FLASH PRESENTATION

09:30AM > 10:15AM
ROUND TABLE

10:15AM > 11:00AM
CONFERENCE

Building Hyperscale Datacenters in Space
Ohad HARLEV, CEO, Lyteloop
Financing Space
Frederic ROMBAUT, Partner, Seraphim Capital
● Yasen ILIEV, Investment structuring and capital
raising expert, European Investment Fund
● Rainer HORN, Managing Partner, SpaceTec
Capital ● Olivier DUBUISSON, Managing Partner,
Cap Décisif ● HSBC
4.0 Factory
Vivien CROES, Industrial Project Manager,
Airbus

10:30AM > 11:00AM
CONFERENCE

11:00AM > 11:30AM
CONFERENCE

11:30AM > 12:00PM
CONFERENCE

11:00AM > 11:30AM
CONFERENCE

Ariane 6 Revolution
Guillaume COLLANGE, Programme Ariane 6,
ArianeGroup

CONFERENCE

Vitrociset, the belgium excellence has
conquered a new space
CEO, Vitrociset Belgium

12:30PM > 02:00PM

Lunch 🍽

11:30AM > 12:30PM

02:00PM > 02:15PM
FLASH PRESENTATION

02:15PM > 02:30PM
PRESENTATION

02:30PM > 04:00PM
CHALLENGE

Exotrail: propulsion and mission design
solutions for small satellites
David HENRI, CEO, Exotrail, PSW18 🏆
Valispace, the smart collaboration FLASH
platform for engineers
Marco WITZMANN, CEO, Valispace, ASD18

PRESENTATION

Lessons learned from the first deal
between Facebook and the space sector
Damien GAROT, Managing Partner, Jansky
Partners
Ariane Next
Arnaud BIARD, Open Innovation Manager, CNES
● Jérôme VILA, Space Launchers, Future
Programmes, CNES
Low light cameras and sensors for gas
analysis and environmental monitoring in
Space
Elena BELETKAIA, Project Leader, EPIC
Consortium

12:30PM > 02:00PM

Lunch 🍽

02:00PM > 03:00PM
CONFERENCE

03:00PM > 03:30PM
CONFERENCE

CONFERENCE
04:15PM > 04:45PM
CONFERENCE

ROUND TABLE

Mediation between Primes and SMEs
MBDA ● ArianeGroup ● Airbus ● ockheed Martin
UK ● Thales Alenia Space ● Newspace Factory

04:45PM > 05:15PM

06:00PM > 08:00PM

Networking Cocktail

CONFERENCE

04:15PM > 06:00PM

Designing and fabricating a concept
interplanetary lander with NASA's Jet
Propulsion Laboratory
Andreas BASTIAN, OCTO, Autodesk

Photonics for mobility
Dr Eneka IDIART-BARSOUM, CEO, Eneka
Consulting, Photonics France

Start-up Challenge PSW19
10 finalists pitch their innovation and try to win the
next PSW Start-up Challenge
New mobility technologies for small FLASH
satellites: needs and solutions
Daniele PAVARIN, CEO, T4I

R&T Road map of ArianeGroup
Cedric RENAULT, Head of Road map,
ArianeGroup

CONFERENCE

12:00PM > 12:30PM

03:30PM > 04:15PM
04:00PM > 04:15PM

Start of the B2B meetings 🕖

Cooperation and Collaboration in the
New Space Race
Justin KARL, Engineer, Commercial Crew
Spacecraft SSM, NASA
Supply chain collaboration for innovation
in space
Maria GRANERO, Head of Defence & Space
Engineering Services Procurement, Airbus
Germany
Newspace
Open Cosmos ● Newspace Factory ● ASTech
Copernicus, the European programme
for Earth Observation
Isabelle BENEZETH, Ministère de lʼEnseignement
supérieur, de la Recherche et de lʼInnovation
To be announced…

