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Investor funded access to space from the UK? – The BIS Nanosat
Launch Vehicle feasibility study

Final Report
EXECUTIVE SUMMARY
Orbital access to space from the UK is feasible and could be investor funded
The British Interplanetary Society’s Nanosat Launch Vehicle (BIS NLV) feasibility study has concluded that
orbital access to space from the UK is feasible and could be investor funded. This could be implemented by
a vertical-launch vehicle from the north of Scotland or, possibly, by air launch.
This conclusion results from the study’s key questions and answers:

1. Would it be feasible to launch into orbit from the UK – if so how?
It would indeed be feasible to launch from the UK, by means of an SSO or polar orbit from Scotland.

2. What is the potential market?
Studies of current and potential future market dynamics using an Agent-Based Model suggest that the
market has potential growth of between 8% and 22% per annum for the foreseeable future, and that a small
satellite launcher can achieve a reasonable market share within this range. However, there is a significant
strategic risk from competition with large launch vehicles offering discount ride-sharing.

3. How could access to space be most economically implemented for c.100 kg payloads?
The study has shown that the proposed small satellite launch vehicle is technically feasible and could either
be ground or air launched. Overall, the lowest cost option was found to be a ground-launched 3-stage
pressure-fed vehicle, but due to doubts over the technical feasibility of a pressure-fed first stage, a 3-stage
pump-fed launcher was selected as the reference vehicle.

4. What might a realistic payload and revenue stream look like?
A 100 kg net flexible mixed payload configuration based on a flat mounting plate design that could
accommodate various arrangements of CubeSats and microsats is optimum, with potential revenues of
$4,160,000 to $4,875,000 per launch.

5. How do the economics come together and could a business case be closed?
An economic analysis suggests that both the ground and air launch reference vehicles could provide the
kind of returns investors might require at a cost that would be acceptable to customers. Because of its lower
overall costs though, the ground-launch option appears to be the less risky.

6. Could access to space from the UK be investor funded?
Space is increasingly seen as an interesting field of investment and the UK is blessed with a significant and
enthusiastic investor base for starts up, supported by generous tax breaks for start-up investors. This
suggests that access to space from the UK could be investor funded.
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1.1 FOREWORD
When this study began two years ago, the space scene in the UK was very different from today, not least
because there is now an expectation that it will soon be possible to launch satellites from Britain.1 Also,
during the course of the study, other reports examining potentially viable launch services from the UK have
appeared. 2, 3, 4
However, it is still considered that this report complements rather than competes with other offerings, as it
has several features that distinguish it from similar studies:
•

The results are in the public domain, and not constrained by commercial considerations

•

The majority of the report examines the economics and business case rather than concentrating on
the technology

•

It is technology unbiased, i.e. not tied to one particular hardware solution or launch method

•

It assesses potential launch vehicles, not just on technical merit, but on whether they can support a
business model that can launch payloads at prices customers are prepared to pay while also
providing satisfactory returns to investors

•

The results are presented in an investment rather than an engineering related way

Notes:
1. This document represents the views of the BIS NLV feasibility study group only, and is not to be
construed or disseminated as being that of the British Interplanetary Society as a whole.
2. Acknowledgements – see page 43.
3. References in the text are grouped as endnotes at the end of the main sections rather than the overall
document.
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1.2 INTRODUCTION
The study initially set out to answer the relatively simple question “How cheaply could access to space be
for small space satellites?” 5 However, it quickly became apparent that the answer was “not cheap at all”,
and as the space scene in the UK was evolving rapidly , the study soon evolved to tackle the question
“Investor funded access to space from the UK?”, although with smaller satellites to LEO (Low Earth Orbit)
still in mind.
The question might be simple, but the factors are complex, so as indicated by the executive summary on the
front page, the study was broken down into a series of intermediate questions:

1. Would it be feasible to launch into orbit from the UK – if so how?
2. What is the potential market?
3. How could access to space be most economically implemented for c.100 kg payloads?
4. What might a realistic payload and revenue stream look like?
5. How do the economics come together and could a business case be closed?
6. Could access to space from the UK be investor funded?
This list does not mean that the questions were answered in order before moving on to the next, the study
was very much an iterative process, the answers are interdependent, and the factors tended to be
examined in parallel, with constant feedback between them.
As noted in the foreword, one of the distinguishing features of the study is that it is open-minded on
examining the basic questions about commercially viable access to space from the UK for small satellites.
For instance, unlike some other studies that have resulted in final reports, it does not assume a particular
technical solution in the form of an existing launch vehicle.
It is, of course, extremely tempting to start with an existing technical solution, as it simplifies a complex task
by removing one of the major variables. So with this significant variable still in place, the study soon
developed a process that allowed “what if” approaches to possible solutions to be evaluated and compared.
In particular, the study concentrated on validating economic ways of reaching LEO. Novel methods of launch
were initially considered, but quickly found to bear excessive R&D risks at current technology readiness
levels. As a basis for cost estimates based on a parts-count model, a range of launch vehicle designs have
been compared using both a top-down model based on historical data, and a bottom-up model optimising
a range of design parameters.
On the regulatory side, the fast-changing situation in the UK and further afield has been examined, together
with associated insurance, launch site and trajectory issues, and it is recognised that these factors are the
most difficult to cost, as there is little historical experience to base estimates on.

1.2.1 Why “Nanosat” Launch Vehicle?
Because of the study’s origins, “Nanosat” was originally used in the title, but the study now also includes the
launch of larger microsatellites. However as the term Nano/Microsatellite used by some is a little clumsy,
the original name has been retained.
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Mass
(kg)

CubeSat “U” range
(1.33 kg/U)

Mini
Micro

500-100
100-10

376 – 75 U
75 – 7.5 U

Nano

10-1

7.5 – 0.8 U

Pico
Femto

1-0.1
100 g – 10 g

0.8U and less
-
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Examples

Sputnik 1 (83 kg) [1957]
Prospero (66 kg) [1971]
STRaND-1 (3.5 kg 3U)
SSTL CubeSat (smartphone in space)
Typical CubeSats
Small CubeSat
KickSat Sprites

Figure 1.2.1 – Common small satellite classifications as used in this study

1.2.2 Why not greater than 100 kg?
At various places in this report, reference is made to a payload mass of nominally 100 kg. It could be asked,
as larger payloads tend to cost less per kg to reach orbit, why not use a larger value? The answer is:
(i) The scope of the study was to determine the smallest viable launch vehicle
(ii) Mixed payloads > c.100 kg would require an unrealistic share of the annual global space satellite
market.6
(iii) The study investigated payloads less than 100 kg (20 and 50 kg were looked at), but found that the cost
per kg of launching becomes higher than the market could bear.
This is not to say that launching single satellite payloads (i.e. with low deployment hardware overhead) of
perhaps 130 kg shouldn’t be allowed for, but the market above 150 kg has not been addressed by this
study.7

1.2.3 What next?
As noted in Section 2.7, it is intended that this final report will be followed by events and publicity, starting
with an evening lecture at the BIS HQ on 17th May 2018,8 articles in BIS magazines and online, and
promotion at forthcoming conferences such as RISpace 2018.
Those involved have agreed 9 to follow this initial two year month study by a twelve month “Phase 2”, which
will include activities such as:
•
•
•
•

Deeper top down and bottom up technical work as required, which might include seeking funding
for some aspects
Validation of the economic model leading to a draft pitch to investors
Consideration of the future structure of the study – spin off from the BIS, form a trust/company?
A deeper look at the logistics chain required (r&d, manufacturing, payload integration, access to
launch site, launch site layout)

For further information, or to join Phase 2 of the study, please contact the project leader:
Robin Brand BSc, CEng, MIET, FBIS
Project Leader BIS NLV study,
17 Park Road,
Fordingbridge,
Hants. SP6 1EQ, UK
Tel. +44 (0)1425 655559, email robin.brand@bis-space.com
www.bis-space.com/what-we-do/projects/project-nlv
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1.3 KEY FINDINGS
This section corresponds to the ‘Key Findings’ of the main sections (2.1 to 2.7) of this report. It expands on
the points made in the executive summary on the front page, but for more detailed analysis of the pros,
cons, assumptions and caveats see the main sections of the report referred to.

Overall
The British Interplanetary Society’s Nanosat Launch Vehicle (BIS NLV) feasibility study has found that orbital
access to space from the UK is feasible and could be investor funded. This could be implemented by a
vertical-launch vehicle from the north of Scotland or, possibly, by air launch.

1. Would it be feasible to launch into orbit from the UK – if so how?
•

In principle it would be possible to launch into SSO or polar orbits from the UK.

•

Practical ascent trajectories to SSO could be achieved even when using dogleg manoeuvres to avoid
overflying populated areas.

•

It appears that dogleg launch trajectories could meet applicable safety requirements as far as avoiding
the Faroe Islands is concerned; but “The Moine” potential launch site has a major safety issue to
address because the “West of Shetland” oilfields lie in the centre of the launch corridor to the east of
the Faroes.

•

The “cost” or penalty of using dogleg ascent trajectories is not significant for the BIS NLV reference
vehicle.

•

The UK is actively putting into place the necessary legal and regulatory framework.

(For details see section 2.1 of Part 2.)

2. What is the potential market?
(i)

Smaller launch vehicles become progressively more expensive to operate per unit of payload because
costs do not scale down linearly with the payload. A 100 kg payload launch vehicle is close to the
smallest that can be realistically achieved with existing technology.

(ii) A modest schedule of six launches per year, assuming a 100 kg payload vehicle, appears feasible for a
UK-based small launcher under current market conditions.
(iii) ABM modelling strongly suggests that recent growth in small satellite launch is driven by a backlog
being cleared as launch services improve, rather than underlying growth of the client base. This could
mean that the number of clients seeking launch could drop quite suddenly once this backlog has been
served.
(iv) An optimised ABM forecast suggests annual market growth of 15%-17%, lower than most forecasts
suggest. Extreme forecasts suggest growth rates of 8%-22% are feasible within this analysis.
(v) Low growth may actually benefit small launch providers as such an environment suggests clients are
not being served by existing launch providers to a significant extent – i.e. there is a large gap in the
market to fill.
(vi) In a high growth market particularly (but not exclusively), “Big Launch” rideshare is a major strategic
risk. They can reduce prices more easily, and can streamline their service offerings to increase their
appeal. This would put pressure on a small launcher’s business case, especially if multiple small
launchers enter the market.
(vii) In 2017 the actual number of nano/microsatellites (1-50 kg) launched was reported to be just over 300.
(For details see section 2.2 of Part 2.)
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3. How could access to space be most economically implemented for c.100 kg payloads?
The study has shown that the proposed small satellite launch vehicle is
technically feasible and could either be ground or air launched. Overall, the
lowest cost option is the ground-launched 3-stage pressure-fed vehicle (option
7) with a total score of 885. There is, however, doubt as to whether this
option is technically feasible. Of the ground-launched concepts, the 3-stage
pump-fed reference vehicle (option 1) has the second lowest cost overall
(1124), and the 2-stage pump-fed variant (option 2) has the lowest
development cost (402). The air launched options generally have a lower cost
than the corresponding ground launched vehicles, but these parts scores
exclude the cost of the carrier aircraft or glider. Once aircraft costs are taken
into consideration, assumed at £10 million for the glider development and tow
aircraft modification, the total development cost of all of the air-launched
concepts would be higher than their ground-launched equivalents.
(For details see section 2.3 of Part 2.)
Figure 1.3.1 – a visualization of BIS NLV 3-stage pump-fed reference vehicle
(option 1).
Note – The design of this vehicle has not been optimised, it is basically the “topdown” outcome of the mathematical modelling process that has taken place to
produce the most economical access to space.

4. What might a realistic payload and revenue stream look like?
A 100 kg payload option would be optimum, in particular the flexible mixed payload configuration based on
a flat mounting plate design that could accommodate various arrangements of CubeSats and microsats, as
shown in Figures 2.4.1 and 2.4.2.
To optimise the useful payload and revenue a flexible mixed payload configuration based on a flat mounting
plate design that could accommodate various arrangements of CubeSats and microsats is the most efficient
because it avoids a carrier for the “primary” microsats.
A 100 kg net payload may seem modest, but even six launches a year might require 60 small satellite
customers, a significant percentage of the potential global market, and the logistics of even that quantity
could be difficult to manage.
(For details see section 2.4 of Part 2.)

5. How do the economics come together and could a business case be closed?
An economic analysis which looked at the distribution of returns under simulated demand scenarios,
suggests that both the ground and air launch reference vehicles could be viable in the sense that the project
has the potential to provide sufficient returns for its investors, over a 10 year horizon at payload cost of
£40(c.$57)k/kg, that market analysis suggests would be acceptable to customers. Because of its lower
overall cost however, the ground launch option appears to be the less risky, although this is dependent on
the availability of a suitable vertical launch space port and sufficient launch windows. From an operational
perspective, air launch may prove to be less risky due to greater flexibility in terms of spaceport location and
weather.
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Growth in demand
Fee = £40(c.$57)k/kg

Fee = £30(c.$43)k/kg

Ground launch (initial investment £30m)
high
intermediate
low
Very robust
Very robust
Robust
(avg.5.0
launches p.a.)

(avg.5.0
launches p.a.)

Robust

Weak?

(avg.5.9
launches p.a.)

(avg.5.9
launches p.a.)
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Air launch (initial investment £40m)
high
intermediate
low
Robust
Weak?
Weak

(avg.5.0
(avg.5.3
(avg.5.3
(avg.5.3
launches p.a.) launches p.a.) launches p.a.) launches p.a.)

Weak

Robust

Not viable

Not viable

(avg.5.9
(avg.7.0
launches p.a.) launches p.a.)

Table 1.3.1 Tabulated depiction of the business case conclusion
(For details see section 2.5 of Part 2.)

6. Could access to space from the UK be investor funded?
The evidence of investments in other small launcher projects is that launch vehicles are seen as an
interesting opportunity for investors, particularly those who are active investors in “big data” enterprises.
The UK is blessed with a combination of an enthusiastic angel and crowdfunding investor base supported by
generous tax breaks for start-up investors. Furthermore a project to build a UK launch vehicle allied with
the development of UK space ports is likely to have a strong public profile that will help entice investors and
may even encourage some form of assistance from the government. In principle there is a substantial
investor base that could prove interested in a project such as the BISNLV and which suggests that access to
space from the UK could be investor funded.
(For details see section 2.6 of Part 2.)

1.3.1 Risks and assumptions
The risks and assumptions on which the key findings are based are explained in Section 2 of this report. In
particular, the market growth scenario risks are explained in sub-section 2.2.4, the development and
production cost assumptions in the final two paragraphs of sub-section 2.3.3, and the economics and
business case aspects of the fee per kg to orbit in sub-section 2.5.6.
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SECTION 2.1
WOULD IT BE FEASIBLE TO LAUNCH INTO ORBIT FROM THE UK – IF SO HOW?
2.1.1 In principle
2.1.2 Practical ascent trajectories
2.1.3 Launch range safety and launch site comparison
2.1.4 Economic cost of the dogleg trajectories

2.1.5 Legal and regulatory feasibility
2.1.6 Key findings
2.1.7 Executive summary

2.1.1 In principle
The study has examined possible trajectories for orbital launches northwards from the UK and Norway,10
and also considered launches in a southerly direction from the British Isles, including southern Ireland.11
(Note that the more general parts this section applies to air-launched as well as vertically-launched
vehicles.12)
The technique used was to generate great-circle (azimuthal) maps for each location being considered, and
to plot possible trajectories on them, the SSO bearing being calculated using a launch azimuth corrected for
the rotation of the Earth. An example is shown here.

Figure 2.1.1 - True north and SSO launch trajectories
plotted from Reiff on the north-west coast of
Scotland. The SSO trajectory has an azimuth (rot) of
344.0°. (Map = 2000 km radius)

As far as the UK was concerned, work concentrated on the north of Scotland. As can be seen above, the SSO
bearing of 344° basically steers between Iceland and the Faroe Islands, (two populated areas to avoid), in a
manner that would minimise any “dogleg” manoeuvres that might be required for safety reasons, i.e. to
avoid overflying populated areas.
It is also possible to launch into an SSO orbit in a southerly direction, a possibility from Western Europe,
because in this direction the launch azimuth for a Sun-synchronous orbit is not 180° opposite one heading
northwards, but heads west of south. (As is done from the Vandenberg Air Force Base in California for
instance.) The initial plots showed that even in principle (i.e. from a geographical point of view but avoiding
crossing land), launching from the UK mainland (for instance from Cornwall or west Wales) would not be
straightforward, because the trajectory would cross the north-west of Spain. However, as the figure below
illustrates, this could be avoided by a launch from southern Ireland:

Figure 2.1.2 - A southerly SSO launch trajectory plotted
from the southern coast of Ireland.
The trajectory shown has an azimuth (rot) of 194.2°.
(Map = 3000 km radius)

Clearly there are other southerly possibilities here,
such as vertical launches with dogleg trajectories, or
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horizontal launches by air from the UK out into the Atlantic, and subsequent rocket release from a suitable
location. However the study has not pursued these, because the complications appear to outweigh the
benefits of a northerly launch.
The conclusion from this part 2.1.1 is that in principle it would be possible to launch into SSO or polar orbits
from the UK.

2.1.2 Practical ascent trajectories
The study went on to consider ascent trajectories to orbit in more detail. It would be perfectly possible to
begin such orbital ascents by air or vertical launch from several possible launch sites in Scotland, but for
convenience, and for economic reasons explained later in this report, the study focused on vertical launch
from two sites in the north of the country:

Figures 2.1.3 and 2.1.4 – a
map plot comparison of the
first part of the “twodogleg” turn simulated SSO
trajectories – left, from
North Uist, and right, from
The Moine.
(The terminated line at the
bottom left of each view
shows the end of the first
orbit 85 minutes after launch
and the background colour
coding represents
population density. For a
numerical comparison of
these two ascent trajectories
see Table 1 of reference 14)

Figures 2.1.5 and 2.1.6 - From an accurate ASTOS13 animation of such a launch trajectory in use:
Left: just after fairing jettison 203 seconds after lift-off. Right: second stage separation to the east of the
Faroe Islands at 277 seconds.
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Figures 2.1.7 and 2.1.8 – ASTOS13 satellite plots of a BIS NLV SSO first orbit to 400 km from the north of
Scotland, in this example from The Moine, but that from N.Uist is practically the same.

Figure 2.1.9 – an ASTOS 2D plot of
the corresponding ascent and first
orbit from N.Uist. (Blue = altitude,
black = airspeed, green = delta-v)
The use of this advanced software
demonstrates the feasibility of such
launches.

The conclusion from this part 2.1.2 is that practical ascent trajectories into SSO can be achieved even when
using dogleg manoeuvres to avoid overflying populated areas.

2.1.3 Launch range safety and launch site comparison
For both humanitarian and licensing purposes, safety aspects of launching satellites into orbit are
paramount. Hence the study has investigated the ascent trajectories from the north of Scotland regarding
the launch corridor safety margins that might be required.
The process included selecting the closest flight safety standard applicable, defining flight safety corridors
and carrying out a preliminary safety evaluation of the corridors, and also considered intermediate stage
impact points. A separate paper has been written,14 and is publically available, from which the following
images and results have been taken:
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Figures 2.1.10 and 2.1.11 – initial
sketches of the Appendix A flight
corridor drawn on a trajectory map
of an orbital launch of the BIS NLV
reference vehicle15 from (left) North
Uist and (right) The Moine peninsula.
Only the first third differs
significantly.
(Map produced using the ASTOS
“Map Plot” feature, using the
“Azimuthal Equidistant” projection
option that meets the requirements
of Appendix A for far northern launch
sites. Background colour indicates
population density.)

Results and conclusions:
1. With the current lack of detailed UK requirements, the USA’s FAA requirements as specified in “14 CFR III,
C, 420 (License to Operate a Launch Site)” provide a preliminary basis for constructing an orbital launch
safety corridor from the north of Scotland.
2. The resulting launch corridors, even in a US context, are worse case scenarios, and do not necessarily
apply in a UK/European context, but do provide a useful starting point for discussion.
3. Although the work carried out so far is only an introduction to the subject area, and no full safety risk
analysis has yet been carried out (not least because the UK standards have not yet been defined, although it
is understood that the safety criteria will differ16), the two potential vertical launch sites the study has
concentrated on can be compared as follows:
(i) The launch corridors for N.Uist and The Moine are very similar, differing only in their first third.
(ii) The differences in the first third are relatively small, although:
(a) The N.Uist site has some issues that need addressing, however these are relatively small
and do not appear to be insurmountable, so seriously questioning the proposition that
launching to Sun-synchronous orbits from N.Uist would not be possible because of failing to
meet “FAA-AST” casualty rate requirements.
(b) The Moine site has a major overflight safety issue to address re the extensive “West of
Shetland” oilfields17 which lie in the centre of the flight path midway between the Shetland
Islands and The Faroes.
(iii) The downrange edge of both launch corridors impinge on the Faroe Islands, but that for N.Uist
also touches the east coast of Iceland. Hence, regarding the Faroes, the respective launch corridors
would also either need to be reduced in area by applying 14 CFR III, C, 420 Appendix B techniques,
or nullified by carrying out a full risk analysis. For the N.Uist case, the same would have to be done
regarding Iceland.
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(iv) After the Arctic, the downrange corridor spreads out to include relatively large areas of Alaska
and the far eastern part of Russia, so the same applies.
The conclusion of this part 2.1.3 is that although no full safety risk analysis has yet been carried out, it
appears the dogleg launch trajectories could meet applicable safety requirements as far as avoiding the
Faroe Islands is concerned; but “The Moine” potential launch site has a major safety issue to address
because the “West of Shetland” oilfields lie in the centre of the launch corridor to the east of the Faroes.
(Phase 2 of this study will examine this aspect further.)

2.1.4 Economic cost of the dogleg trajectories
The study has assessed the extra economic cost of dogleg compared to direct trajectories, not least because
in some other studies this has been deemed prohibitive.18
Evaluation technique
Firstly, direct (no manoeuvre) trajectories to orbit were simulated to provide a reference. Next, the dogleg
trajectories as described above were simulated, and in order to compare like with like, the parameters were
adjusted to achieve the same orbit as for the direct cases. This mostly involved increasing the third stage
burn time to compensate for the less efficient dogleg paths. The difference in the propellant consumed was
used to calculate the “cost” of the dogleg trajectories:

Lift-off azimuth
Coast arc (secs)
rd
3 stage burn (secs)
Apogee (km)
Perigee (km)
Mean (km)
Swing (km)
Delta-v (m/s)
rd
3 stage prop. burnt (kg)

Direct
Trajectory
344.1°
350
40.0
412
379
395.5
33
9737
194

N.Uist
Two-dogleg
trajectory
340°
345
47.5
418
388
403
30
10155
230

Difference
-4.1
-5
+7.5
+6
+9
+7.5
-3
+418
+36

Direct
Trajectory
343.8°
350
40.0
427
378
402.5
49
9737
194

The Moine
Two-dogleg
trajectory
5°
303
49.0
414
389
401.5
25
10246
238

Difference
+21.2°
-47
+9.0
-13
+11
-1.0
-24
+509
+44

Table 2.1.1 – comparison of BIS NLV reference vehicle (payload with avionics 135 kg) simulated SSO ascent
trajectories and resulting first orbits at an altitude of 400 km.19

As can be seen from the bottom line of Table 2.1.1, the extra masses of propellant required to reach SSO by
means of a dogleg trajectory are 36 and 44 kg respectively, being a little more for The Moine case with its
greater initial variation from the direct azimuth.
Is the “cost” of this extra propellant used significant?
At first sight, it might be thought that an extra 44 kg being used to attain orbit would be significant, when
the total payload for the reference vehicle is 135 kg.
However this study finds that this is not so, and that this theoretical reasoning has little effect in practice.
This is discussed further in reference [19], the overall conclusion from which is: “…as the reference vehicle
design has been shown elsewhere [i.e. within this final report] to be economically viable, and detailed
trajectory analysis suggests it would meet the required payload capacity with or without doglegs, then if
doglegs are required the economic viability does not change.”
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2.1.5 Legal and regulatory feasibility
It will not be feasible to launch from the UK until the necessary legal and regulatory framework is in place, a
prerequisite of being able to obtain a launch licence and insurance. Such frameworks exist in other parts of
the world, but not in Western Europe, from which no orbital launches have taken place. However even in
these other parts of the world, the requirements for purely commercial launches are far from clear.
The UK does have a limited licensing regime, but for historical reasons this is only applicable to UK launch
activity overseas, as only the following are addressed:
• launching or procuring the launch of a space object;
• operating a space object;
• any activity in outer space
I.e. unlike in the USA, the UK currently has no regulations in place to cover the licensing of a “launch site
location”. This means that at the time of writing, at least as presented online, the UK has no equivalent of
Part 420 (license to operate a launch site, including flight corridor safety considerations) of the USA’s FAA
regulations, but only the equivalent of Part 417 (safety requirements for individual launches).
However, the space scene is rapidly changing in the UK, with for instance the UK Space Agency announcing
“HM Government is committed to enabling access to space from the UK”, when inviting proposals for an
outline business plan on launching small satellites or providing sub-orbital spaceflight from the UK by
2020.20
A vital part of this commitment involves creating the legal framework. Fortunately work is going on behind
the scenes as part of the preparations for launching from the UK. This includes the “Draft Spaceflight Bill”,
which, whilst this report was being finalised, received Royal Assent to become “The Space Industry Act
2018”.21 This will be followed by the detailed regulations implementing it.
The study was concerned about aspects of the original Bill, and the costs of insurance liability and launch
licensing that would result. In February 2017 the “Draft Spaceflight” Bill was published, and the study sent a
written submission to the subsequent House of Commons Science and Technology Select Committee inquiry
on the Bill, including: “It was our impression that many of the key terms used in the Bill are either poorly
defined, or have definitions that clash with established international Industry definitions as well as, where
applicable, historical UK precedents for space launch activities... There does not appear to be a clear reason
why the terminology differs, but it seems primed to cause significant confusion as a result.”
However, the conclusion is that despite these concerns, the UK is actively putting into place the necessary
legal and regulatory framework, and there is clearly a will on the behalf of the administration to produce a
workable solution.22

2.1.6 Key findings (as used in section 1.3)
From 2.1.1 – in principle it would be possible to launch into SSO or polar orbits from the UK.
From 2.1.2 - practical ascent trajectories into SSO could be achieved by even when using dogleg manoeuvres
to avoid overflying populated areas.
From 2.1.3 - it appears the dogleg launch trajectories could meet applicable safety requirements as far as
avoiding the Faroe Islands is concerned; but “The Moine” potential launch site has a major safety issue to
address because the “West of Shetland” oilfields lie in the centre of the launch corridor to the east of the
Faroes.
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From 2.1.4 - the “cost” or penalty of using dogleg ascent trajectories is not significant for the BIS NLV
reference vehicle.
From 2.1.5 - the UK is actively putting into place the necessary legal and regulatory framework.

2.1.7 Executive summary (as used on front page)
It would indeed be feasible to launch from the UK, by means of an SSO or polar orbit from Scotland.
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SECTION 2.2
WHAT IS THE POTENTIAL MARKET?
Contents:
2.2.1 Current Market Dynamics
2.2.4 The Future Market – Growth Scenarios
2.2.2 How to Address the Current Market
2.2.5 Key findings
2.2.3 The Future Market – “Agent Based Modelling”
2.2.6 Executive summary
There have been many attempts to categorise the small satellite market in recent years, primarily driven by
the growing use of small satellites such as CubeSats. Many studies23,24,25 have addressed this question, and
all have noted the extremely rapid growth of small satellites in recent years, with market growth rates
ranging from around 20% to 50% per annum – though predictions vary significantly between years.

2.2.1 Current Market Dynamics
It is clear from public data that the small satellite market has grown exponentially in recent years. To an
extent, this is the availability of the “CubeSat” platform allowing new entrants to the market with
“noncommittal” investment to prove their commercial value and miniaturisation has allowed existing
operators to create small and efficient satellites to replace existing larger ones. But for a launch operator,
the key metric is mass to orbit, rather than raw numbers of objects.
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Figure 2.2.1 - 2011-2015 five-year launch mass analysis for satellites of 200 kg or below. “1U” refers to CubeSat
unit dimensions, as mass data was often not available in accurate terms for these, but 3U approximately
equates to 4 kg. Even though total mass rose significantly, at least some of this appears to be a small number
of “large” satellites entering this range for the first time, as well as a very clear slippage from 100 kg satellites
to 50 kg satellites. Smaller CubeSats also saw significant growth in this timeframe.

All historical commercial launchers are “Big Launchers”, the smallest of which can still carry dozens of small
satellites, or hundreds of CubeSats. However it is more difficult operationally to launch hundreds of small
satellites, rather than a single large satellite. As a result, small satellites must currently ‘rideshare’ with a
larger primary client, for whom the mission has been optimised – as a result small satellites must build in
expensive propulsion systems, or compromise their mission plan to fit with the launch options.
Since most recent growth is in small satellites, but the key step of achieving orbit is dominated by launch
providers who actively prefer single large satellites, there has been increasing interest in dedicated small
Page 15 of 43

Section 2.2 (Potential Market)

Issue 1 13/04/2018

launch vehicles, whose “Primary” clients will be smallsats, and who can provide a simpler and more focused
service.
However, there are reasons for doubting this simple assertion. Only a decade ago, the number of small
satellites launched was measured in single digits per year, so a ‘doubling’ required very few extra satellites.
It is far from clear that high growth rates can continue at the present rate. It also assumes that a dedicated
small launcher is the only, or best, solution to the market gap, whereas the same effect might be achieved
with improvements in small satellite propulsion technology and service improvements from “Big Launch”
vehicles. This suggests that the case for small launch vehicles is not as clear cut as it might appear.

2.2.2 How to Address the Current Market
Physical modelling (See Section 2.3) suggests that very large launch vehicles contain their own inherent
economies of scale – halving a launcher’s payload capacity does not simply halve its costs. Licensing, for
example, is not easily scaled on size of vehicle, nor is it clear that it requires half the engineering expertise
(either in terms of number or skill of staff) to develop a launcher half the size of another.
As a result, costs to clients (per kilogram launched) have to increase as the launcher capacity reduces. This
suggests that – with current methods and technologies – there is a soft lower limit to the size of a launch
vehicle, where the marginal cost per launch is around the market’s upper commercial limit. This point, very
approximately, appears to lie in the fairly low hundreds of kilograms of payload capacity, and likely not as
low as tens of kilograms.
As a result, the BIS NLV study has opted to model based on an assumed 100 kg payload – as this appeared to
be close to the smallest vehicle which could both achieve a price that had economic profit potential (and
thus private investors might fund) but which remained close to or within current and foreseeable market
conditions. It is notable that many near-future and proposed small launchers have opted for around 150 kg
‘headline’ payload capacity, 26,27,28 suggesting that this estimate is within reasonable bounds.
Additional analysis on potential physical payload configurations suggest that a baseline of six launches per
year seems achievable with relatively low market share (see Section 2.4), and that this could be sufficient to
create an achievable, albeit highly challenging, business case (see section 2.5).

2.2.3 The Future Market – “Agent Based Modelling”
Most launch opportunities occur via negotiated (commercially sensitive) contracts,
under a variety of different regulatory regimes, there is limited public information to
explore the drivers of launch markets. As a result most market models for orbital
launch are simplistic, assuming linear or exponential growth of launch demand, and
sometimes linear or exponential decay of costs.
However, there are reasons why simple extrapolation of large-scale trends may be
unreliable; not least that a small commercial launcher would be a first-of-a-kind
commercial offering, whereas commercial small satellite launches to date have
occurred on “Big Launch” vehicles as rideshare clients, experiencing quite different
constraints. A dedicated small launcher might be revolutionary and come to
dominate its market niche or it might fail to address key market drivers and fade
into obscurity.
Figure 2.2.2 – Flowchart showing the ABM Process
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However, this is not an unprecedented problem. Economics and biology, amongst other fields, often have
to work with systems where large-scale patterns and outputs can easily be quantified, but the drivers of the
system – and thus the ability to predict how it will respond to disruptions – cannot be measured directly. A
common tool to examine such systems is an Agent-Based Model (ABM).
Agent-Based Models are suited to modelling systems that arise out of the interactions of many actors, or
“Agents” where the drivers of these interactions can be understood approximately but not measured
directly and where data is incomplete or inaccurate, such as when examining a potential disruption or
‘shock’ to the system.29 The principle of an ABM is that a variety of potential drivers and behaviours are
assigned to each 'Agent', in this case either a small satellite Client or a Launch Provider, within a
computerised model environment. Each agent then acts according to its own specific needs. The sum of
these interactions forms the complex macro-scale system.30 A calibration process is performed where the
agent behaviour variables are altered randomly, the model is re-run, compared with known real-world data,
and assessed for a match. The agent behaviours are then automatically adjusted and the model re-run to
see if it becomes a better or worse match. By performing these calibration steps tens of thousands of times,
the ABM gradually provides a set of model parameters and behaviours that can consistently reproduce
model results that match closely with real data.31

2.2.4 The Future Market – Growth Scenarios
The most significant pair of parameters affecting the market scenario was the trade-off between the initial
population of potential clients, and the underlying rate at which this client base grew (irrespective of launch
success rates per annum). This created a strong correlation that - for analysis purposes - has been broadly
categorised into three scenarios: the "Low Growth Scenario" (representing the lowest market growth rate
that still reliably reproduced historical data); the "High Growth scenario" (representing the highest market
growth rate that still reproduced historical data); and the "Ideal Growth Scenario", which used an
intermediate omega analysis to find the scenario that optimised as many of the tested variables as possible.
The "Low Growth Scenario" showed market growth rates around 8.1% per annum; however in this market,
clients were highly focused on finding an offering
that met their needs. As a result, despite the
relatively low growth rate, a backlog of unserved
clients builds up, who only seek launch when
conditions are right for them. This scenario also
showed that "Big Launch" competition with
hypothetical small launchers might not be a
serious concern, as the ability of smaller
launchers to offer responsive services would give
them a significant competitive advantage.
However it suggests that high launch rates for
small launchers might be unsustainable – once
the backlog is cleared, demand for launch could
drop suddenly and significantly.
Figure 2.2.3 - Growth showing the most significant
pair-wise set of parameters found in the ABM
Calibration – the initial client base (including
clients who fail to achieve launch), and the annual
market growth rate. The red areas are regions where no, or very few, scenarios matched real launch data with
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the mix of parameters at these coordinates; orange, yellow and white regions are areas where progressively
greater numbers of matches were found with real data.

The “High Growth Scenario” saw market growth rates near 22.1%; clients were far more willing to look at
suboptimal options in this scenario, limiting the size and scope of the backlog produced in the low growth
scenario, but a significant backlog still existed, suggesting that a small launcher could still be necessary.
However in this scenario clients may be far more able to wait for and build around cheaper rideshare
options on “Big Launch” vehicles, making serving this larger client base more attractive to “Big Launch”
providers. The sheer scale of these vehicles mean that one or two such dedicated launches a year could
serve most of the market, leaving relatively few clients for small launch providers to compete for.
The “Ideal Growth Scenario” saw a growth rate of 16.8%, and with clients willing to compromise to a similar
level as in the “High Growth Scenario”. The reduced growth rate still has a notable impact, in that it reduces
the likelihood of “Big Launch” focusing on small satellites. This could help small launch providers to compete
on availability and service, even though clients may be reluctant to pay a premium price.
To put these projections in perspective, at the time of writing it is reported that “An estimated 263 – 413
nano/microsatellites (1 – 50 kg) will launch globally in 2018, representing a 15% decrease from 2017, but an
overall increase of 160% from 2016”.32 And in 2017, the actual number of nano/microsatellites (1-50 kg)
launched was reported to be just over 300.33

2.2.5 Key Findings (as used in section 1.3)
(i)

Smaller launch vehicles become progressively more expensive to operate per unit of payload due to the
different rates at which costs and revenues scale for a launch vehicle. A 100 kg payload launch vehicle
is close to the smallest that can be realistically achieved with existing technology.

(ii) A modest schedule of six launches per year, assuming a 100 kg payload vehicle, appears feasible for a
UK-based small launcher under current market conditions.
(iii) ABM modelling strongly suggests that recent growth in small satellite launch is driven by a backlog
being cleared as launch services improve, rather than underlying growth of the client base. This could
mean that the number of clients seeking launch could drop quite suddenly once this backlog has been
served.
(iv) An optimised ABM forecast suggests annual market growth of 15%-17%, lower than most forecasts
suggest. Extreme forecasts suggest growth rates of 8%-22% are feasible within this analysis.
(v) Low growth may benefit small launch providers; it suggests clients are not being served by existing
launch providers to a significant extent – i.e. there is a large gap in the market to fill.
(vi) In a high growth market particularly (but not exclusively), “Big Launch” rideshare is a major strategic
risk; they can reduce prices more easily, and can streamline service offerings to increase their appeal.
This would put pressure on a small launcher’s business case, especially if multiple small launchers enter
the market.
(vii) In 2017 the actual number of nano/microsatellites (1-50 kg) launched was reported to be just over 300.

2.2.6 Executive summary (as used on front page)
Studies of current and potential future market dynamics using an Agent-Based Model suggest that the
market has potential growth of between 8% and 22% per annum for the foreseeable future, and that a small
satellite launcher can achieve a reasonable market share within this range. There is a significant strategic
risk from competition with large launch vehicles offering discount ride-sharing.
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SECTION 2.3
HOW COULD ACCESS TO SPACE BE MOST ECONOMICALLY IMPLEMENTED FOR
C.100 kg PAYLOADS?
2.3.1 Introduction
2.3.2 Technical Feasibility
2.3.3 Comparative cost analysis

2.3.4 Key findings
2.3.5 Executive summary

2.3.1 Introduction
In order to assess the commercial feasibility of the proposed small launcher, it was first necessary to
undertake a preliminary sizing exercise based on the proposed payload mass and an assumed delta-v budget.
Two fundamental launch options were considered:
a) Ground launch
b) Air launch
For both cases, a range of potential options were studied and basic concept vehicles derived. The competing
concepts were then assessed using a ‘parts count’ analysis to evaluate the relative complexity and hence cost
of each option. For the air-launch option, a further analysis was undertaken to consider the means of air
launch and associated merits and costs. Finally, detailed trajectory analyses were undertaken for the
selected ground launch concept to verify and refine the design.

2.3.2 Technical feasibility
The technical feasibility of ground and air-launched concepts was assessed using a simple model based on the
Rocket Equation and the following assumptions:
•
•
•
•
•

100 kg payload to 500 km sun-synchronous orbit
Propane and oxygen propellants*
Assumed delta-v of 10.2 km/s for ground launch (very conservative)
Reduced delta-v for air launch dependent on launch method
Inert mass fractions obtained from an analysis of historical launch vehicle data

* Hybrid and solid propellant options were also considered.
Unless otherwise stated, all of the bi-propellant options were assumed to be pump-fed.
For the ground launch case, the following options were considered:
1. Three-stage bi-propellant (pump fed) with same engine type on first and second stages and an
autogenous bi-propellant on the third stage. (The study “reference vehicle”.)
2. Two-stage bi-propellant (pump fed) with same engine type on both stages.
3. Boost/core bi-propellant (pump fed) with an autogenous bi-propellant on the third stage.
4. Boost/core hybrid with an autogenous bi-propellant on the third stage
5. Three-stage solid propellant.
6. Two-stage with hybrid first stage and bi-propellant second stage.
7. Three-stage all pressure-fed bi-propellant.
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1
2
3
4
5
6
7

Gross liftoff mass
(kg)
10528
18624
16518
42186
26707
25896
17827
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Stage 1
dry mass
(kg)
919
1866
1400
3840
2182
2836
1957

Stage 1
engines
No. x kN
3 x 48
10 x 22
4 x 40
4 x 100
4 x 80
5 x 64
3 x 72

Stage 2
dry mass
(kg)
312
203
736
1837
484
266
491

Stage 2
engines
No. x kN
1 x 60
1 x 27
1 x 40
1 x 100
1 x 100
1 x 30
1 x 90

Stage 3
dry mass
(kg)
64
64
64
85
90

Stage 3
engines
No. x kN
1 x 15
1 x 15
1 x 15
1 x 16
1 x 18

Table 2.3.1 The results of the ground launch initial sizing exercise

It is apparent from Table 2.3.1 that the hybrid and solid propellant concepts (options 4-6) are significantly
heavier than the bi-propellant options. While high gross lift-off mass does not necessarily equate to high
cost, vehicles weighing more than 20 tonnes would require more substantial ground infrastructure, beyond
that envisaged for the proposed UK launcher. An additional consideration for option 5 is the availability of
solid rocket propellant in the UK, or at least security of supply given the limited number of potential
suppliers. For these reasons, options 4, 5 and 6 were not considered further in the study. Option 1 was
selected as the reference vehicle for the ground launch scenario due to its significantly lower mass and,
consequently, lower thrust requirement.
For the air-launch case, the following options were considered:
1.
2.
3.
4.
5.

Drop from under aircraft (direct carry) in level flight
Drop from under aircraft (direct carry) in climb
Glider launch from level flight
Glider launch from climb
Drop out of back of aircraft (direct carry)

Glider launch is a variant of the NASA Armstrong ‘TGALS’ proposal, 34 where a jet aircraft tows a highperformance glider which carries the rocket vehicle. The advantages are that the tug aircraft requires
minimal modification versus the extensive modification required for direct carry, and furthermore the rocket
vehicle design isn’t compromised by the requirement for direct carry aircraft ground clearance on takeoff/landing. There are also safety advantages.
An assessment was undertaken of the likely delta-v for each of these options, based on the assumed 10.2
km/s for ground launch. Air launching from a reasonably high altitude (say 40,000 ft.) was estimated to save
up to 700 m/s in delta-v largely due to the reduction in gravity loss and, to a lesser extent, drag loss. This
reduction is partly offset, however, by additional gravity loss experienced by the launcher when it is dropped
from its carrier. The assessment revealed that this was particularly severe for option 5. Consequently, this
option was dropped from the study.
For the remaining options, the initial sizing exercise was repeated for 2 and 3-stage pump-fed bi-propellant
launchers (corresponding to ground launched options 1 and 2). Options 1 and 3 have the same delta-v and
thrust-to-weight ratio requirements so were considered as the same option for the purpose of this analysis.
Options 2 and 4 also have the same delta-v requirement, but the thrust-to-weight ratio for the glider
launched option would need to be higher to compensate for the slower release speed. The results of the air
launch initial sizing exercise are presented in Table 2.3.2:

Page 21 of 43

Section 2.3 (Access to Space)
Option

2 stage
1/3
2
4
3 stage
1/3
2
4
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Gross liftoff mass
(kg)

Stage 1
dry mass
(kg)

Stage 1
engines
No. x kN

Stage 2
dry mass
(kg)

Stage 2
engines
No. x kN

Stage 3
dry mass
(kg)

Stage 3
engines
No. x kN

9138
8587
9138

957
895
957

12 x 19
7 x 19
7 x 19

133
128
133

1 x 21
1 x 21
1 x 21

-

-

6667
6361
6667

603
571
603

5 x 36
3 x 32
3 x 36

168
163
168

1 x 40
1 x 35
1 x 40

36
36
36

1 x 13
1 x 13
1 x 13

Table 2.3.2 Technical data for air-launched concepts

Comparing the options presented in Table 2.3.2, there are two key observations. Firstly, there is a significant
difference in the thrust requirements between options 1/3 and 2/4. This is due to the higher thrust-toweight ratio required when the launch vehicle is dropped from an aircraft or glider in level flight. Secondly,
the gross lift-off mass of the 2-stage options is approximately 50% greater than the corresponding 3 stage
options. This additional mass is highly significant in terms of the size of the carrier aircraft or glider needed to
lift the rocket to the desired release altitude. Pressure-fed equivalents of all 8 options (4 air launch methods
in 2 and 3 stages) were also modelled, but the vehicle masses were all prohibitively high for the carrier
aircraft (11 and 12 tonnes for 3 stage and 25 to 28 tonnes for 2 stage).
Selection of an air-launch aircraft: a weight analysis
To find an aircraft suitable for air launch, it was decided to describe the effect of the carried or towed rocket
vehicle in terms of the equivalent weight of passengers and cargo that the aircraft could otherwise carry.35
(Without major modifications to the wing structure, it’s not possible to offset some of the rocket mass for a
reduced fuel mass, unless the aircraft has an additional central fuel tank fitted as standard.)
The conclusion was that the towed glider air launch concept requires the same aircraft as the direct carry air
launch concept: a 100 passenger jet for a 10 tonne rocket launch mass.

2.3.3 Comparative cost analysis
The comparative production and development costs of the launch vehicle options presented above were
analysed using a ‘parts count’ analysis. The essence of this approach is that, while production and
development costs for small commercial launch vehicles are difficult to quantify in absolute terms, data are
available on the relative costs of alternative launcher technologies.36 By comparing published cost data for
various launch vehicles covering a range of sizes and propulsion options, relationships may be derived
between cost and size, along with complexity factors relating to the selected technical solutions. For any
proposed launch vehicle, key parameters such as engine thrust and stage mass are input into the model ,
which then calculates a ‘parts score’ for the vehicle. The ‘parts score’ is analogous to cost.
The model used in this report is based on that presented by Parkinson in the Space-CITI Small Launcher
study,37 amended with additional data obtained from an analysis of historical launch vehicles. It takes a 25
kN pressure-fed bi-propellant engine as its baseline technology, i.e. the 25 kN engine has a parts score of 1.0.
Parts score values are calculated for the development and production of the engines, stages and other
systems and additional scores are assigned for vehicle integration and operations. Finally, a learning factor is
applied to the production total in order to take account of cost savings over the lifetime of the vehicle. The
results of the parts count analysis for the ground and air launched concepts are presented in tables 2.3.3 and
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Table 2.3.4 respectively. ‘Lifetime’ values are based on an operational life of 10 years with 6 launches per
annum.
Option (see para. 2.3.2 above)

1

2

3

7

(3-stage
pump-fed)

(2-stage
pump fed)

(Boost/core
pump-fed)

(3-stage all
pressure-fed)

562
23.2
915
1477
1124

402
35.7
1411
1814
1270

537
29.1
1150
1688
1244

424
19.0
750
1174
885

Development score
Unit production score
Lifetime production score
Total lifetime score
Total lifetime score at PV

Table 2.3.3 Parts scores for ground-launched concepts

Option (see para. 2.3.2
above)
Development score
Unit production score
Lifetime production score
Total lifetime score
Total lifetime score at PV

1/3

2 stage
2

4

(Direct carry/ (Direct carry in (Glider launch
glider level flight)
climb)
from climb)

379
36.0
1421
1800
1252

365
24.5
968
1333
960

368
24.8
981
1348
970

1/3

3 stage
2

4

(Direct carry/ (Direct carry in (Glider launch
glider level flight)
climb)
from climb)

508
25.6
1012
1520
1130

482
18.6
735
1218
934

502
19.5
771
1273
976

Table 2.3.4 Parts scores for air-launched concepts

The first row of values in Tables 2.3.3 and 2.3.4 represent the cost of developing the launch vehicle and,
therefore, the magnitude of the initial investment required. Of the ground launched concepts, option 2 (2stage pump-fed) has the lowest development score followed closely by option 7 (3-stage pressure-fed). The
reference vehicle for the study (option 1) has the highest development cost as it consists of 3 stages, with
expensive pump-fed engines on the first two. All of the air-launched options have a lower development cost
than the reference ground launched vehicle, but this excludes the cost of the carrier aircraft or glider. The 2stage air launched vehicles have a significantly lower development cost than the equivalent 3-stage vehicles.
The second row of parts scores represents the first unit production cost. In this respect, the 3-stage
pressure-fed vehicle (option 7) has the lowest cost, followed by the reference vehicle (option 1). The 2-stage
vehicle (option 2) has the highest production cost due to the large number of engines on the first stage
(needed in order to use the same engine type on first and second stages). The difference in production cost
between the air-launch options is also due to the number of engines on each vehicle. Air-launched options 1
and 3, which both involve launch from level flight, are more costly that Options 2 and 4 due to the higher
thrust-to-weight ratio needed.
The third row in each table represents the total production cost over 10 years, assuming 6 vehicles are
launched per annum and taking into account an averaged learning factor of 0.658. No account has been
taken of individual learning factors applied at system or sub-system level, e.g. applying a separate learning
factor to the production of the engines.
In order to compare the overall cost of each launch vehicle option, the final two rows of Tables 2.3.3 and
2.3.4 show the combined development and production cost over the 10 year lifetime of the launcher. Row 4
in each table simply gives the arithmetic sum of the development and lifetime production scores, whereas
row 5 uses a net present value of the production cost in order to take account of the difference between cost
savings at year zero and savings spread over a 10 year period. This latter approach favours the concepts with
a lower development cost.
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The final step in the process was to calibrate the model against historical data in order to estimate the likely
development and production costs of the selected launch vehicle concept. To achieve this, the SpaceX Falcon
1 vehicle was modelled to obtain its development parts score. The development cost for this vehicle
(converted to £ sterling and corrected for inflation) was then divided by its development score to obtain a
‘cost per part’ of approximately £45k. Allowing for the uncertainties in this approach, it was decided to
round this value up to £50k per part for the BIS NLV vehicle. Referring to Table 2.3.3, the reference vehicle
(option 1) has a parts score of 562, which equates to a development cost of £28 million. This was
subsequently rounded up to £30 million for the economic analysis (see section 2.5). Allowing £10 million for
the cost of developing the carrier system (e.g. glider plus aircraft modification), the estimated total
development cost for air launch is £40 million.
It is important to note that by using the Space X Falcon 1 as the baseline, the analysis implicitly assumes a
‘new space’ approach to development in which cost is the key driver during the design and development
phases. Should complete systems or the whole vehicle be procured from the traditional aerospace supply
chain, costs would be approximately ten times those quoted in this report. An essential element of this low
cost approach is the in-house development and testing of the propulsion system, since this is the most
expensive system by far. It follows that an independent UK launcher would need to be supported by an
independent bi-propellant propulsion development and test capability, preferably based in the UK.

2.3.4 Key findings (as used in section 1.3)
The study has shown that the proposed small satellite launch vehicle is technically feasible and could either
be ground or air launched. Overall, the lowest cost option is the ground-launched 3-stage pressure-fed
vehicle (option 7) with a total score of 885. There is, however, doubt as to whether this option is technically
feasible. Of the ground-launched concepts, the 3-stage pump-fed reference vehicle (option 1) has the second
lowest cost overall (1124), and the 2-stage pump-fed variant (option 2) has the lowest development cost
(402). The air launched options generally have a lower cost than the corresponding ground launched
vehicles, but these parts scores exclude the cost of the carrier aircraft or glider. Once aircraft costs are taken
into consideration, assumed at £10 million for the glider development and tow aircraft modification, the total
cost of all of the air launched concepts would be higher than their ground launched equivalents.

2.3.5 Executive summary (as used on front page)
The study has shown that the proposed small satellite launch vehicle is technically feasible and could either
be ground or air launched. Overall, the lowest cost option was found to be a ground-launched 3-stage
pressure-fed vehicle, but due to doubts over the technical feasibility of a pressure-fed first stage, a 3-stage
pump-fed launcher was selected as the reference vehicle.
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SECTION 2.4
WHAT MIGHT A REALISTIC PAYLOAD AND REVENUE RETURN LOOK LIKE?
Contents:
2.4.1 Introduction
2.4.2 Realistic payload
2.4.3 Revenue return

2.4.4 Conclusions and discussion
2.4.5 Key findings
2.4.6 Executive summary

2.4.1 Introduction
All commercial activity needs to provide goods or services that customers are prepared to pay for. So what
might the implementation of an “access to space service” from the UK look like in more detail?
This part of the study started by looking at CubeSat only payloads, and the proportion of useful payload
(CubeSats38) that could be placed in orbit for (initially39) a given overall or gross payload.40
Three alternative physical options were considered, comprising gross payloads of 20, 50 and 100 kg.41 The
results provided a guide to what such a payload would look like, and provided useful comparisons of the
potential revenues of these three payload options.

2.4.2 Realistic payload
The detailed results are given in the “Payload Configuration Analysis” document.42 The conclusion is that the
100 kg payload option would be the optimum one, in particular the flexible mixed payload configuration
based on a flat mounting plate design that could accommodate various arrangements of CubeSats and
microsats, as shown below. This is efficient because it avoids a carrier for the “primary” microsats:

Figure 2.4.1 - A sketch of the optimum 100 kg payload option, comprising two 20U microsats (top right and
bottom left of the plan on the right) and two CubeSat deployers of 12U (4 x 3U) capacity each.
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Figure 2.4.2 – A volume constraint model of the 100
kg payload option sketched in figure 2.4.1 above.
The CubeSat deployers are on the left and right, the
microsats in the closest and furthest away positions.

2.4.3 Revenue return
The “Payload Configuration Analysis” document [41] also provided useful comparisons of the potential
revenues per launch of the various configurations considered:

Table 2.4.1 - A comparison of potential revenue per launch for the three payload options considered, listed by
configurations within those options.43
(The 100 kg optimum configuration described in 2.4.2 above is row 11 bordered in red)

As might be expected, the table shows that the larger payloads result in the most revenue. (A value of
$50,000/kg has been used, but this is a nominal amount, and can be altered as required.)
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In addition, by comparing the “Revenue mass less deployers” with the “Revenue mass with deployers” cells,
it can be seen (rows 1-6 and 9) that launching CubeSats using a dedicated launch vehicle is very inefficient if
existing CubeSat deployers are used, compared to launching one or more 16U (say) satellites using a COTS
(Commercial Off The Shelf) launch adapter (rows 3, 8 & 10). (For CubeSats, 30% of the net payload mass
that reaches orbit can be unproductive) and so a CubeSat only payload may only be viable if the deployer is
charged for.
However the alternative of mixing larger CubeSats of microsatellite mass (primary) with smaller CubeSats
could also be inefficient (row 7 for example), because of the mass of the primary satellite(s) adapter
needed.
It was concluded that the business case could only be enhanced (and indeed might only be viable) if an
economic alternative (lower mass) to using existing CubeSat deployers could be devised, or the deployer
mass to orbit was charged for.
To optimise the useful payload and revenue, a flexible mixed payload configuration based on a flat
mounting plate design that could accommodate various arrangements of CubeSats and microsats is the
most efficient because it avoids a carrier for the “primary” microsats. (Row 11 outlined in red.) The 100 kg
option provides the most revenue and could result in revenues of $4,160,000 to $4,875,000 per launch
depending on whether the deployer is charged for.

2.4.4 Conclusions and discussion
This section has examined the physical implementation of a payload, and provided some useful facts and
figures to inform the overall study.
It concludes that one particular configuration of the largest of the three payload options would be optimal.
However as larger launch vehicles are more efficient,44 the question arises as to whether the payload
should be increased to reduce the cost per kg to orbit still further?
One major factor that comes into play is that larger payloads require larger vehicles to launch them, which
would be more expensive to design and develop in the first place, which for an investor funded project
could be a significant issue. Another factor is that the market for access to space is limited in size, and a
realistic market share needs to be aimed for; although the number of launches per year also matters, as
fewer launches of larger payloads would be equivalent to more launches of smaller payloads.
In addition, for larger payloads the logistics become more complicated quite quickly. Indeed, payloads with
satellites from many different customers might become exponentially more difficult to handle – to quote
Ted Chambers from the pioneering sounding rocket days at Woomera:
“Many rockets carried more than one experiment, and getting each experimenter to be ready at the same
time was never easy. One had the impression that the ability to have all ready on time seemed to be
indirectly proportional to the square of the number of experiments, i.e. a payload with two independent
experiments seemed to be four times as difficult as a payload with just one experiment.” 45
In order to inform the study of the possible number of launches per year, this simple table was produced:

Page 27 of 43

Section 2.4 (Payload and Revenue)

Issue 1 13/04/2018

Table 2.4.2 – The number of satellites that
could be launched by the BIS NLV per year,
for varying numbers of launches.46 The
rows correspond to those in Table 2.4.1,
and as the dominant form factor for
CubeSats is 3U,47 that is assumed to be the
average size.

It can be seen that for the optimum configuration (again outlined in red), that each launch would on
average involve ten satellites, so even for a modest total of six launches a year, 60 satellites would be
needed from the accessible global market. (The size of the market is addressed in Section 2.2 of this report,
but even on a historical basis, this represents 20% of the 2017 annual global market of just over 300.48)
Hence if this number were to be launched per year, and the logistics did become exponentially more
difficult to handle, the sales and integration teams might be very busy indeed!

2.4.5 Key findings (as used in section 1.3)
From 2.4.2 - a 100 kg payload option would be optimum, in particular the flexible mixed payload
configuration based on a flat mounting plate design that could accommodate various arrangements of
CubeSats and microsats, as shown in Figures 2.4.1 and 2.4.2.
From 2.4.3 - to optimise the useful payload and revenue a flexible mixed payload configuration based on a
flat mounting plate design that could accommodate various arrangements of CubeSats and microsats is
most efficient because it avoids a carrier for the “primary” microsats.
From 2.4.4 - a 100 kg net payload may seem modest, but even six launches a year might require 60 small
satellite customers, a significant percentage of the potential global market, and the logistics of even that
quantity might be difficult to manage.

2.4.6 Executive Summary (as used on front page)
A 100 kg net flexible mixed payload configuration based on a flat mounting plate design that could
accommodate various arrangements of CubeSats and microsats is optimum, with potential revenues of
$4,160,000 to $4,875,000 per launch.

Page 28 of 43

Section 2.4 (Payload and Revenue)

Issue 1 13/04/2018

References (This section 2.4 only)
38

CubeSats are a class of nanosatellites that use a standard size and form factor. The standard CubeSat size uses a
"one unit" or "1U" measuring 10x10x10 cm and is extendable to larger sizes; 1.5, 2, 3, 6, and even 12U.
39
Initial work concentrated on gross payloads of 20, 50 and 100 kg, (i.e. including avionics and deployers) but this
evolved into final consideration of a 100 kg net payload (i.e. excluding avionics but including deployers).
40
Brand, R.H. (2016), BIS NLV payload analysis Stage 1, BIS NLV Feasibility Study spreadsheet RHB-2016-05, issue 2,
20/11/16.
41
Brand, R.H. (2018), Payload configuration analysis Stage 2, BIS NLV Feasibility Study document RHB-2016-07, issue 5
23/02/18.
42
Ibid.
43
Brand, R.H. (2018), BIS NLV payload analysis stage 2 summary (very simplified), BIS NLV Feasibility Study
spreadsheet, RHB-2017-01, issue 5 24/2/2018.
44
Brand, R.H. (2017), BIS NLV relative launch cost analysis, BIS NLV Feasibility Study spreadsheet RHB-2016-08, issue 3
24/01/17.
45
Chambers, E.W. (2000), Woomera, Its Human Face, Seaview Press, Henley Beach, South Australia, ISBN 1 74008 061
0, p.57.
46
As reference 43
47
See for instance figure 2.2.1 of this report, third column from the left in each year group.
48
th
SpaceWorks Enterprises, Inc. (2018), 2018 Nano/Microsatellite Market Forecast, 8 Edition, p.14.

Page 29 of 43

Section 2.5 (Economics and Business Case)

Issue 1 13/04/2018

SECTION 2.5
How do the economics come together and could a business case be closed?
The requirement that the project could be investor funded means that it must be possible for the proposed
launch vehicle to be developed, manufactured and flown repeatedly carrying commercial cargoes. Further
there must be a reasonable expectation that the resulting business can become sufficiently profitable to
satisfy an investor motivated by a desire to achieve a “reasonable” return on capital invested to start the
project in the first place.

2.5.1 Debt or equity?
2.5.2 The economic test
2.5.3 Evaluating potential launch vehicles
2.5.4 Ground launch results

2.5.5 Air launch results
2.5.6 Conclusions
2.5.7 Key findings
2.5.8 Executive summary

2.5.1 Debt or equity?
Funding of start-ups is a risky prospect. There will be no operating track record and in the case of the NLV
Development and Operating Company (NLVDOC) at the point of investment, no finished product available
to sell. The investor must rely on the projections, expertise and credibility of the entrepreneurs behind the
project, plus, usually, a fair degree of good luck.
Because of the high risk, an investor would look for a commensurately high reward. If the business raises
money in the form of debt, this reward would need to come in the form of a very high rate of interest. This
is a challenging burden for a new company that will not initially be generating any revenues to cover
interest repayments, meaning they will need to be paid out of the funds raised from the debt. This need to
service debt increases the initial funding requirement and makes the investment more risky – a situation
which is undesirable both for both the NLVDOC and the debt investor.
Taking an equity stake, in which an investor pays an upfront amount in exchange for ownership of a
proportion of the company, is better suited to both parties than debt. In the event that the business is
successful, the investor may ultimately earn a return that is several times their initial investment by selling
their stake in the company when it is operating profitably.

2.5.2 The economic test
We need to specify what constitutes a “reasonable”
return and determine how it is measured. The
following criteria have been used:
•

•
•

The internal rate of return49 (IRR) that an
investor could expect to achieve on their
initial investment should be at least 10%
The IRR target should be met over a ten year
period
The value of the investor’s stake in the
business should, for the purposes of
determining the IRR, be defined as five times
the earnings of the business in the 10th year

Figure 2.5.1 A flow diagram showing how the
economic test fits within the decision making process
evolved by the study

Page 30 of 43

Section 2.5 (Economics and Business Case)

Issue 1 13/04/2018

2.5.3 Evaluating potential launch vehicles
Satisfying the economic test set out above leaves us with an optimisation problem over the type of launch
vehicle and corresponding development, manufacturing and launch costs (as discussed in section 2.3
“Physical access to space”), the size of initial investment required, the launch frequency and the fee charged
per kg of payload. The latter two elements are constrained by what the market may be able to bear at a
particular price and uses the results of agent based model (ABM) described in section 2.2 “What is the
potential market”.
The results of this process of optimisation on ground and air-launched variants are summarised in the
sections below.50 Because the ABM can provide a large number of market simulations, it has been possible
to run a Monte Carlo simulation51 of the business model which provides a distribution of investor IRRs that
model the possibility that there is insufficient market demand to achieve the necessary number of launches
at the required price.

2.5.4 Ground-launch results
Initial equity investment: £30m (See section 2.3 for the derivation of this value)
Direct Costs
Space Port costs per launch
Launch ops (variable)
Third party liability insurance
Launch licence etc.
Range costs per launch
Contingency
Total Direct Costs

Direct Cost per Launch
£200,000
£100,000
£200,000
£50,000
£100,000
£65,000
£715,000

Table 2.5.1 Ground-launch economic tests - direct costs used

Fixed
Annual

Indirect Costs
Launch Ops Fixed
Sales and Marketing
Admin and Management
Rent
Other
R&D
Contingency
Total Indirect Costs

Additional Fixed Annual when launches
per year>0
£800,000
£133,333
£666,667
£400,000
£200,000

£200,000
£20,000
£220,000

£220,000
£2,420,000

Table 2.5.2 Ground-launch economic test – indirect costs used

(i) At £40(c.$5752)k/kg fee to SSO
Year
Launches

1
0

2
0

3
0

4
2

5
3

6
4

7
5

8
6

9
7

Table 2.5.3: Schedule for the number of launches per annum, starting from the funding and development
phase when launches per year would be zero, which would enable the business to achieve the target IRR.
(£40(c.$57)k/kg fee ground-launch case, average no. launches = 35/7 = 5.0 p.a.)
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(a) With high growth in demand
At the £40(c.$57)k/kg price point the ABM suggests there is sufficient demand available that the business is
not limited by demand and is able to provide investors with an 11.36% IRR with 100% probability.
(b) With low growth in demand

IRR Histogram
90
80
70

Number

60
50
40
30
20
10

11.36%

11.06%

10.75%

10.44%

10.13%

9.83%

9.52%

9.21%

8.90%

8.60%

8.29%

7.98%

7.67%

7.37%

7.06%

6.75%

6.44%

6.13%

5.83%

5.52%

5.21%

0

Figure 2.5.2 IRR histogram for £40(c.$57)k/kg fee ground-launch low growth case

In some cases the low growth scenario does not provide sufficient launches to meet the target, but in most
cases it does. Even when it does not, the IRRs are still respectable. This suggests there is around 80%
probability of exceeding 10% IRR and less than 10% probability of the IRR being less than 9%.
(ii) At £30(c.$43)k/kg fee to SSO
Max Launches:
Year
Launches

1
0

2
0

3
0

4
2

5
3

6
4

7
5

8
6

9
9

10
12

Table 2.5.4 Schedule for the number of launches per annum, starting from the funding and development phase
when launches per year would be zero, which would enable the business to achieve the target IRR.
(£30(c.$43)k/kg fee ground-launch case, average no. launches = 41/7 = 5.9 p.a.)

(a) With high growth in demand
£30(c.$43)k/kg also works in high growth with an IRR of 10.21% even though more launches are needed.

(b) With low growth in demand
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IRR Histogram
60
50

Number

40
30
20
10

6.24%

0.93%

-4.38%

-9.69%

-15.01%

-20.32%

-25.63%

-30.94%

-36.25%

-41.57%

-46.88%

-52.19%

-57.50%

-62.82%

-68.13%

-73.44%

-78.75%

-84.06%

-89.38%

-94.69%

-100.00%

0

Figure 2.5.3 IRR histogram for £30(c.$43)k/kg fee ground-launch low growth case

The negative values on the horizontal axis show that the business is unlikely to survive in a low growth
environment if it only charges £30(c.$43)k/kg.

2.5.5 Air-launch results
Initial equity investment: £40m (See section 2.3 for the derivation of this value)
This is significantly higher than the initial investment required for the ground launched variant, principally as
it must cover the cost of developing a glider and modifying the tow aircraft that will carry the NLV to the
point of launch. Naturally a larger initial investment increases the future revenues the business will need to
generate in order to reach the target IRR.
Glider launched
Direct Costs
Space Port costs per launch
Launch ops (variable)
Third party liability insurance
Launch licence etc.
Range costs per launch
Contingency
Total Direct Costs

Direct Cost per Launch
£100,000
£100,000
£200,000
£50,000
£100,000
£55,000
£605,000

Table 2.5.5 Air-launch economic tests - direct costs used

Indirect Costs, same as for ground launch (Table 2.5.2)
(i) At £40(c.$57)k/kg fee
Year
Launches

1
0

2
0

3
0

4
2

5
3

6
4

7
6

8
6

9
7

10
9

Table 2.5.6 Schedule for the number of launches per annum, starting from the funding and development phase
when launches per year would be zero, which would enable the business to achieve the target IRR.
(£40(c.$57)k/kg fee air-launch case, average no. launches = 37/7 = 5.3 p.a.)
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(a) With high growth in demand
At the £40(c.$57)k/kg price point the ABM suggests there is sufficient demand available that the business is
not limited by demand and is able to provide investors with a 10.43% IRR with 100% probability. Although
the upfront investment has to increase from £30m for ground launch to £40m for air launch, it only requires
a slightly higher launch frequency to reach the target IRR than the ground launch option. Once the initial
development cost has been spent, the rockets are somewhat cheaper to produce than the ground launch
version, which becomes more significant later in the life of the business as the launch frequency is higher.
(b) With low growth in demand

IRR Histogram
60
50

Number

40
30
20
10

10.43%

10.06%

9.69%

9.32%

8.95%

8.59%

8.22%

7.85%

7.48%

7.11%

6.74%

6.37%

6.00%

5.63%

5.26%

4.90%

4.53%

4.16%

3.79%

3.42%

3.05%

0

Figure 2.5.3 IRR histogram for £40(c.$57)k/kg fee air-launch low growth case

The histogram shows there is a probability of around 55% of the 10% IRR being met, while the probability of
the IRR being greater than 9% is 80%. This is still respectable, but clearly inferior to the ground launch
version under the same scenario.
(ii) At £30(c.$43)k/kg fee
Year

1

2

3

4

5

6

7

8

9

10

Launches

0

0

0

2

3

4

6

8

12

14

Table 2.5.7 Schedule for the number of launches per annum, starting from the funding and development phase
when launches per year would be zero, which would enable the business to achieve the target IRR.
(£30(c.$43)k/kg fee air-launch case, average no. launches = 49/7 = 7.0 p.a.)

(a) With high growth in demand
The high launch frequency required to make air launching work at this pricing point is viable in the high
growth scenario. The IRR is 10.45%
(b) With low growth in demand
Air launching does not appear to be viable in the low growth environment when charging £30(c.$43)k/kg:
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IRR Histogram
45
40
35

Number

30
25
20
15
10
5

4.68%

-0.55%

-5.79%

-11.02%

-16.25%

-21.49%

-26.72%

-31.96%

-37.19%

-42.42%

-47.66%

-52.89%

-58.13%

-63.36%

-68.60%

-73.83%

-79.06%

-84.30%

-89.53%

-94.77%

-100.00%

0

Figure 2.5.4 IRR histogram for £30(c.$43)k/kg fee air-launch low growth case

2.5.6 Conclusions
From the evidence presented above, it is apparent that the ground launched NLV would be economically
viable for a £40k/kg launch price for both high and low-growth market scenarios. If, however, the launch
price were limited to £30k/kg, the analysis suggests that the business could only yield the required return
on investment with the high-growth scenario. The risk to investors would, therefore, be significant. Despite
the additional investment required for the air launch option, the conclusions in terms of economic feasibility
are the same as for the ground launched case, although with a slightly smaller rate of return.
Growth in demand

Ground launch (initial investment £30m)
high
intermediate
low
Very robust
Very robust
Robust

Fee = £40(c.$57)k/kg

(avg.5.0
launches p.a.)

Robust

Weak?

Fee = £30(c.$43)k/kg

(avg.5.9
launches p.a.)

(avg.5.9
launches p.a.)

(avg.5.0
launches p.a.)

Air launch (initial investment £40m)
high
intermediate
low
Robust
Weak?
Weak

(avg.5.0
(avg.5.3
(avg.5.3
(avg.5.3
launches p.a.) launches p.a.) launches p.a.) launches p.a.)

Weak

Robust

Not viable

Not viable

(avg.5.9
(avg.7.0
launches p.a.) launches p.a.)

Table 2.5.8 Tabulated depiction of the business case conclusion

2.5.7 Key Findings (as used in section 1.3)
An economic analysis which looked at the distribution of returns under simulated demand scenarios,
suggests that both the ground and air launch reference vehicles could be viable in the sense that the project
has the potential to provide sufficient returns for its investors, over a 10 year horizon at a payload fee of
£40(c.$57)k/kg, that market analysis suggests would be acceptable to customers. Because of its lower
overall cost however, the ground launch option appears to be the less risky, although this is dependent on
the availability of a suitable vertical launch space port and sufficient launch windows. From an operational
perspective, air launch may prove to be less risky due to greater flexibility in terms of spaceport location and
weather.
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2.5.8 Executive Summary (as used on front page)
An economic analysis suggests that both the ground and air launch reference vehicles could
provide the kind of returns investors might require at a cost that would be acceptable to
customers. Because of its lower overall costs though, the ground launch option appears to be the
less risky.
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SECTION 2.6
COULD ACCESS TO SPACE FROM THE UK BE INVESTOR FUNDED?
Over the last few years a number of essentially private enterprises have been launched with them aim of
challenging the traditional state owed or sponsored, launch vehicles. These companies are mostly focused
on the smaller payload end of the market partly because they are focused on, what they perceive to be, a
rapidly growing small satellite market, but also because developing large launch vehicles requires
tremendous upfront investment and risk.
Whilst LEO is no longer the frontier of space exploration, it is a new frontier for investment in launch
capability.

Contents:
2.6.1 Breaking down the project
2.6.2 Potential early stage equity funding sources
2.6.3 UK Investment incentives

2.6.4 Conclusions
2.6.5 Key findings
2.6.6 Executive summary

2.6.1 Breaking down the project
The analysis of preceding Section 2.5 assumes that all of the initial funding needs of the project are provided
at inception. However, in practice, this would expose initial investors to a very high level of risk. In which
case, introducing technical milestones such as successfully developing and testing a first stage rocket engine
before further funding is unlocked, could provide a sensible way of breaking the development down into
smaller steps. If, for example, an engine can be developed, built, successfully test fired and demonstrated to
meet specification all within budget it would remove a key risk and uncertainty from the overall viability of
the project. It would also demonstrate the technical, managerial and cost control capabilities of the team
behind the project and reflect positively on the overall soundness of the plan. All of which should help to
attract further funding.
Even so, it is clear that a project of this kind would require initial funding of the order of millions and
ultimately tens of millions to complete the project. Fortunately, these sums are not unusual in the start-up
world. There is substantial financial infrastructure and investment appetite in the UK and across the globe
for business models with a compelling story and convincing team behind them. Indeed the Bryce Start-Up
Space 2017 report 53 estimates that from 2012 to 2016 $800m of start-up funding was pumped into space
start-up’s globally, while it reports that another $3.8bn was invested in other early stage companies over
the same period.

2.6.2 Potential early stage equity funding sources
Angel investors
These are wealthy individuals that invest personal money in early stage or start up enterprises. They often
operate via so called angel networks which are informal groups that jointly review investments, but
ultimately invest their own money. There are said to be at least fifty such recognised networks in the UK
alone.54 Eban, the European Trade Association for Business Angels reported that, at €6.1bn, angel investors
were the largest suppliers of early stage equity in 2015.55 Their report finds that 71% of early stage
investment comes from business angels. On average individual investors contributed ~€20k each. The
report also suggests that UK based angel investors are notably more active than those in other European
countries.
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Crowd Funding
Crowd Funding platforms have mechanised the process of investing which is undertaken via auctions for
stakes in a company over an automated website. This has enabled investors to take small stakes in unlisted
companies which would not have been possible only a few years ago. Estrin, Gozman and Khavul (2017)56
found that crowd funding now accounts for more than 15% of early stage funding in the UK. Nesta
estimated the average amount raised per project on equity crowd funding platforms in 2015 at around
£525k and saw total non-property equity crowd at £245m in 2015.57
Venture Capital
Unlike angel investors, venture capital is provided via a legal structure that pools the money of individual
investors. Some specialist space funds do exist, most notably Seraphim which claims to be “the world’s first
venture fund dedicated to financing the growth of companies operating in the Space ecosystem”58 and is
based in the UK. Space Net Ventures is another UK based specialist space fund which has only recently
launched, though its mandate explicitly rules out investing in launch vehicles.59
The British Venture Capital Association’s (BVCA) report on Investment Activity in 2016 60 showed that total
private equity and venture capital investment in 2016 continued the rise of recent years reaching £7.1bn.
Technology investment was £568m while in aerospace the figure was £49m. Total early stage funding 61 was
£174m. The fact that early stage funding accounts for a fairly modest proportion of the overall activity of
members of the BVCA shows that their focus is on later stage and growth investments.
Private Equity
These are funds which pool money from a number of usually wealthy individuals, where investors delegate
investment decisions to those running the fund. They generally take significant stakes or buy whole
companies outright. Usually they invest in established businesses rather than start-ups and add leverage to
the companies they invest in through bank loans.
Corporations
There have been examples of large aerospace corporations buying stakes in start-ups with disruptive
technologies or business models (i.e. Lockheed Martin’s involvement in Rocket Labs 62).
Government funds
A degree of UK Government funding by means of infrastructure support or development grants would be
most useful in helping the financial viability of such a project and would encourage investors. This would be
a useful extension of HM Government’s commitment to enabling access to space from the UK, as
exemplified by the UKSA call for grant proposals for launches from the UK by 2020.63
For instance, at the time of writing, it is understood that the implementation of one or more of the potential
UK “spaceports” may be supported by the taxpayer, and if this support was passed on by the Spaceport and
Range operators to the Launch Service providers at reasonable cost, the availability of such infrastructure
could be invaluable.

2.6.3 UK investment incentives
Development Tax Breaks
The UK operates a generous R&D Tax Credit incentive for projects that aim to develop novel technology, or
bring to market a technology that exists but whose commercial potential is significantly uncertain In this
context, ‘novel’ can mean that it has been demonstrated by a third party, but the technology is not readily
available nor easy to replicate. Once this test is passed, all relevant costs for the project or projects are
increased for tax reporting purposes, increasing the potential tax reclaims (and allowing partial cash rebates
if the business has made a taxable loss overall).
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UK R&D tax credits are mutually exclusive with UK or EU grants for specific research projects; but can still be
applied widely to a novel small launch enterprise up to the point of commercial launches beginning.
Enterprise Investment Schemes 64
The Enterprise Investment Scheme (EIS) and Seed Enterprise Investment Scheme (SEIS) provide significant
tax breaks for qualifying investments. These incentives include no income tax on dividends while capital
gains in disposals are free of capital gains tax provided minimum holding period criteria are met. In addition,
investors are able to reclaim income tax on sums equivalent to 30% of their investment on in a company
qualifying under EIS and 50% under SEIS. However, a firm may not raise more than £5m per annum under
EIS with a maximum of £12m over the life of the company and only £150k under SEIS. Angel Investors and
crowdfunding investors can both make use of EIS and SEIS.
Venture Capital Trusts
Venture Capital Trusts (VCTs) are legal structures which can benefit from the same tax breaks as EIS, but
operate as a fund that can buy into a number of companies and have a number of investors. This provides a
tax efficient method for individual investors to provide venture capital.

2.6.4 Conclusions
The evidence of investments in other small launcher projects is that launch vehicles are seen as an
interesting opportunity for investors, particularly those who are active investors in “big data” enterprises.
As such Silicon Valley has in particular been a source of financing.
In addition to potential international funding, the UK specifically is blessed with a combination of an
enthusiastic angel and crowdfunding investor base supported by generous tax breaks for start-up investors.
A project to build a UK launch vehicle allied with the development of UK space ports is likely to have a
strong public profile that will help entice investors and may even encourage some form of assistance from
the government.
By breaking down the business plan into a number of technical milestones to unlock additional waves of
funding, the upfront risk to investors can be reduced compared to providing funding for the whole project
at the outset. Such a strategy would need to be detailed in the business plan. Angel investors and crowd
funding seem like a source of funding most suited to the start-up phase of a launch vehicle businesses.
In principle there is a substantial investor base that could prove interested in a project such as the BISNLV
and which suggests that access to space from the UK could be investor funded

2.6.5 Key findings (as used in section 1.3)
The evidence of investments in other small launcher projects is that launch vehicles are seen as an
interesting opportunity for investors, particularly those who are active investors in “big data” enterprises.
The UK is blessed with a combination of an enthusiastic angel and crowdfunding investor base supported by
generous tax breaks for start-up investors. Furthermore a project to build a UK launch vehicle allied with
the development of UK space ports is likely to have a strong public profile that will help entice investors and
may even encourage some form of assistance from the government. In principle there is a substantial
investor base that could prove interested in a project such as the BISNLV and which suggests that access to
space from the UK could be investor funded.
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2.6.6 Executive summary (as used on front page)
Space is increasingly seen as an interesting field of investment and the UK is blessed with a significant and
enthusiastic investor base for starts up, supported by generous tax breaks for start-up investors. This
suggests that access to space from the UK could be investor funded.
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SECTION 2.7
PROJECT BACKGROUND
Contents:
2.7.1 Background
2.7.2 Evolution and resources
2.7.3 What next?
2.7.4 Acknowledgements
2.7.1. Background
In March 2016, the British Interplanetary Society (BIS) Technical Committee approved a new Technical
Project, the “BIS Nanosat Launch Vehicle (NLV) Feasibility Study”.
The original proposal 65 to the committee included:
Summary:

A feasibility study to determine how cheaply access to space could be for
small space satellites

Project deliverables:

To involve BIS members, enhance the BIS, and produce a feasibility report

Long-term goal:

To provide cheaper access to space by the physical development, test and
deployment of a BIS Nanosat launch vehicle

Regarding the “Summary”, it quickly became apparent that the answer was “not cheap at all”, and as the
space scene in the UK was evolving rapidly, the study soon evolved to tackle the question “Investor funded
access to space from the UK?” - although with smaller satellites to LEO (Low Earth Orbit) still in mind.
As far as project deliverables are concerned, the study has certainly involved BIS members, and we believe,
enhanced the BIS by involvement with current day space activities. Finally, the third deliverable has been
achieved by the production of this document.
However the long-term goal is a little more ambitious, but as explained below under “What next?” the study
will be entering a “Phase 2” to move things forward.

2.7.2. Evolution and resources
Interest in the study quickly grew, and it soon became clear that communicating with each participant by
email was inefficient and hard work, so in order to facilitate discussion amongst members widely dispersed
geographically; an online forum using the ‘Basecamp’ facility was started in May 2016. This has proved most
successful, and to date, 37 people have joined the study by means of the forum, many of whom are very
actively involved. As well as engineers, students, and those studying astronautics and space engineering at a
higher level, significantly the membership includes people in banking, finance and accountancy, who have
added invaluable breadth, depth and experience to the business and economic side of the study.
At present, the online forum has hundreds of pages of discussion on a wide range of relevant topics, and
some 200 documents have been written or filed on the forum database. Since the start, members have also
met at BIS and other events, and in October 2016 the first “working day” was held at the BIS HQ in London,
where many met in person for the first time, and the timescale and direction of the study was confirmed.66
The working days became regular events, and the ninth took place in March 2018. They are supplemented
by regular evening discussions held online using ‘Skype’.
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Figure 2.7.1 – the second
‘Working Day’ at the BIS HQ in
London in January 2017

The use of the BIS HQ meeting facility as shown above, illustrates one of the more obvious advantages of
working as a BIS project; another being the ‘networking’ access to other very experienced BIS members, a
practical heritage stretching back to the beginnings of the British and worldwide Space industry.
Study milestones include an interim report released at the half way stage in February 2017,67 and
attendance at the UK Space Conference in Manchester in May 2017, where a poster was exhibited and short
presentations given by two members. Project Leader Robin Brand gave a well-attended evening lecture on
the study at the BIS HQ in London in June,68 and also presented a paper on the study’s “results to date” at
RISpace 2017 in Glasgow at the end of October 2017,69 a conference that several study members attended.

2.7.3. What next?
It is intended that this final report will be followed by events and publicity, starting with an evening lecture
at the BIS HQ on 17th May 2018,70 articles in BIS magazines and online, and promotion at forthcoming
conferences such as RISpace 2018.
Those involved have agreed 71 to follow this initial two year month study by a twelve month “Phase 2”,
which will include activities such as:
•
•
•
•

Deeper top down and bottom up technical work as required, which might include seeking funding
for some aspects
Validation of the economic model leading to a draft pitch to investors
Consideration of the future structure of the study – spin off from the BIS, form a trust/company?
Deeper look at the logistics chain required (r&d, manufacturing, payload integration, access to
launch site, launch site layout)

For further information or to join the study, please contact the project leader:
Robin Brand BSc, CEng, MIET, FBIS
Project Leader BIS NLV study,
17 Park Road,
Fordingbridge,
Hants. SP6 1EQ,
UK
Tel. +44 (0)1425 655559, email robin.brand@bis-space.com
www.bis-space.com/what-we-do/projects/project-nlv
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