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Lead department or agency: Department for Transport Source of intervention: Domestic
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Summary: Intervention and Options RPC Opinion: GREEN
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£55 £86 £12

What is the problem under consideration? Why is government intervention necessary?

There is a large potential market and significant risks associated with enabling commercial spaceflight
launches from the UK. However, there is currently too much uncertainty about how these risks will be
managed, mitigated and distributed among stakeholders under current legislation. The Space Industry Act
2018 (SIA) provides broad powers to enable launches from the UK. However, proposed secondary
legislation under the SIA is required to reduce the uncertainty about how these risks will be managed in
order to enable the opportunities associated with UK launch. Please see policy rationale for further details.

What are the policy objectives and the intended effects? Please see policy objectives section for details.

The UK'’s current ambition is to grow the UK’s share of the global space economy from 5.1% to 10% by
2030. As part of this ambition, the Commercial Spaceflight Programme aims for the UK to be the first
country in Europe to achieve commercial small satellite launch from Europe. To enable this, the proposed
secondary legislation under the SIA is designed to enable UK launches by the early 2020s and promote
growth, innovation and sustainability whilst protecting public safety, security and international relations.

What policy options have been considered, including any alternatives to regulation? (Please justify
preferred option). Please see description of options sections for details.

Option 1: Do nothing (counterfactual) — There will be no additional regulations to enable commercial
spaceflight launches from the UK. It is assumed that no commercial spaceflight launch industry will develop
in the UK because of uncertainty about how the market will be regulated. See counterfactual analysis.
Option 2: Minimum viable regulation (preferred) to enable commercial spaceflight launches from the UK.
This option (see scenario analysis) sets out a package of regulations, guidance and Regulator’s Licensing
Rules (RLRs) that aims to provide a framework for licensing and monitoring spaceflight launches from the
UK. This aims to balance the policy objectives of supporting growth, innovation and a sustainable UK
launch market against the need to protect public safety, national security, the environment, airspace and
international relations.

Option 3: Alternatives to proposed requlations — Existing legislation, guidance and engagement, and/or
public provision. Under this option, the SIA, Outer Space Act 1986 (OSA) and other existing legislation
would be used to regulate the UK launch market and/or publicly provide more aspects of the market. As
illustrated through scenario analysis, these alternatives are expected to result in lower net benefits
compared to option 2, with greater risks and uncertainty of outcomes, but this is also highly uncertain.

Will the policy be reviewed? N/A. If applicable, set review date: 5 years after implementation, TBC

Does implementation go beyond minimum EU requirements? N/A

Is this measure likely to impact on international trade and investment? Yes

Are any of these organisations in scope? MIETTD S = e
y 9 pe: Yes Yes Yes Yes

What is the CO2 equivalent change in greenhouse gas emissions? Traded: Non-traded:

(Million tonnes CO:z equivalent) N/Q N/Q

I have read the Impact Assessment and | am satisfied that, given the available evidence, it represents a
reasonable view of the likely costs, benefits and impact of the leading options.

Signed by the responsible SELECT SIGNATORY:/ a >+ Date: 10 May 2021
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Summary: Analysis & Evidence

Description: Minimum viable regulations to enable commercial spaceflight launches from the UK (preferred)
FULL ECONOMIC ASSESSMENT

Policy Option 2

Price Base PV Base Time Period Net Benefit (Present Value (PV)) (Em)

Year 2020 | Year 2021 | Years 15 Low: - £9 High: £220 Best Estimate: £58

COSTS (Em) Total Transition Average Annual Total Cost
(Constant Price) Years | (excl. Transition) (Constant Price) (Present Value)

Low £8 15 £0 £9

High £117 15 £15 £341

Best Estimate £74 15 £7 £186

Description and scale of key monetised costs by ‘main affected groups’ — Please see methodology and scope.

Spaceports, range control service providers, launch operators and orbital operators (stakeholders) are
expected to face direct costs of familiarising themselves with the legislation, guidance and RLRs, engaging
with the regulator and complying with the regulations, and indirect costs of providing launch goods and
services in the UK. The UK spaceflight regulator and HMG will face direct costs associated with licence
applications and monitoring processes. Other interested stakeholders may face indirect familiarisation costs.

Other key non-monetised costs by ‘main affected groups’ — Please see methodology & Scope.

Other regulators, the criminal justice system, Police, local authorities, emergency services, and accident
investigators (other public bodies) are expected to face indirect costs associated with regulating the UK launch
market, possible non-compliance with the legislation and spaceflight accidents. Other businesses and the
public may also face costs associated with the environment and airspace impacts of UK launch and
associated activities. These costs have been illustrated (but not counted) due to high uncertainty.

BENEFITS (Em) Total Transition Average Annual Total Benefit

(Constant Price) Years (excl. Transition) (Constant Price) (Present Value)
Low £0| 15 £0 £0
High £0 15 £37 £560
Best Estimate £0 15 £16 £244

Description and scale of key monetised benefits by ‘main affected groups’ — Please see methodology and scope.

The indirect benefits of enabling commercial spaceflight launches from the UK include leveraged effects (i.e.
economic value) that accrues from spaceports, range control services providers and launch operators, growth
effects that accrue to downstream segments of the space sector’s supply chain (e.g. satellite operators) and
tourism benefits. Under this option, the leveraged effects for spaceports, range control service providers and
launch operators that enter the market are expected to outweigh the direct and indirect costs outlined above
i.e. they at least break-even.

Other key non-monetised benefits by ‘main affected groups’

Expenditure effects (investment and consumption) associated with the UK’s Satellite Launch Programme and
associated knowledge spillovers to the wider economy are not monetised because they are not attributed to
launches from the UK and therefore the draft secondary legislation that enables these launches.

Key assumptions/sensitivities/risks Discount rate (%) | 35

The key uncertainty is the additional impact of the proposed minimum viable requlation compared to do
nothing, tested through scenario analysis. Key assumptions include UK launch market forecasts (low
confidence), the expected type/number of and time spent by employees familiarising (medium confidence)
themselves with the legislation, guidance and RLRs, and engaging (medium confidence) with the regulator,
and the additional costs to businesses associated with complying (low confidence) with the new legislation.
The main risk is that a commercially sustainable UK launch market does not exist (low scenario in Annex 3). If
UK launches occur, key risks are to safety, security, environmental and airspace.

BUSINESS ASSESSMENT (Option 2)

Direct impact on business (Equivalent Annual) £m: Score for Business Impact Target (qualifying

provisions only) £m:

Costs: £12 Benefits: £0 Net: - £12 £60




Summary: Analysis & Evidence Policy Option 3

Description: Alternatives to proposed regulations — Existing legislation, guidance and engagement, and/or public
provision

FULL ECONOMIC ASSESSMENT

Price Base PV Base Time Period Net Benefit (Present Value (PV)) (Em)

Year 2020 Year 2021 | Years 15 Low: NQ High: NQ Best Estimate: NQ

COSTS (Em) Total Transition Average Annual Total Cost
(Constant Price)  Years | (excl. Transition) (Constant Price) (Present Value)

Low NQ [ 15 NQ NQ

High NQ 15 NQ NQ

Best Estimate NQ 15 NQ NQ

Description and scale of key monetised costs by ‘main affected groups’ — Please see scenario analysis section.

NQ — This has not been guantified because there is limited detail about what the alternative options would look
like in practice and the expected outcomes. To give an indication of the expected costs for this option
(alternatives to proposed regulations), the analysis conducted for option 2 (minimum viable regulation) has
been used as a basis from which to illustrate the change in scale and direction of expected costs.

Other key non-monetised costs by ‘main affected groups’ — Please see scenario analysis section.

Compared to option 2, this option is expected to result in higher familiarisation and engagement costs to
businesses attributed to existing legislation, the same or lower compliance costs to these businesses attributed
to existing legislation, higher UK spaceflight regulator costs or government costs (if publicly provided), and the
same or greater costs to other businesses and the wider public from familiarisation and adverse safety,
security, environmental and airspace impacts.

BENEFITS (£m) Total Transition Average Annual Total Benefit

(Constant Price)  Years | (excl. Transition) (Constant Price) (Present Value)
Low NQ 15 NQ NQ
High NQ 15 NQ NQ
Best Estimate NQ 15 NQ NQ

Description and scale of key monetised benefits by ‘main affected groups’ — Please see scenario analysis section.

NQ — This has not been quantified because there is limited detail about what the alternative options would look
like in practice and the expected outcomes. To give an indication of the expected beneéfits for this option
(alternatives to proposed regulations), the analysis conducted for option 2 (minimum viable regulation) has
been used as a basis from which to illustrate the change in scale and direction of expected benefits.

Other key non-monetised benefits by ‘main affected groups’ — Please see scenario analysis section.

Compared to option 2, this option is expected to result in equivalent or lower indirect benefits, as higher levels
of uncertainty will likely lead to lower levels of investment in the UK launch market, lower the number of
(successtul) licence applications and lead to a lower number of launches (and therefore benefits). In addition, if
more aspects of the UK launch market are publicly provided, then more of the indirect benefits of launches will
accrue to government rather than businesses.

Key assumptions/sensitivities/risks — Please see scenario analysis section. Discount rate (%) 35

Compared to Option 2 (minimum viable regulation, preferred), there is more uncertainty about whether or not
the UK launch market will exist under this option (unless publicly provided), particularly given impacts of Covid-
19. In addition, this option is expected to diverge from foreign regulatory models used for successfully and
safely approving spaceflight outside the UK. Finally, under this option there is expected to be greater risks of
adverse safety, security, environmental and airspace impacts compared to option 2.

BUSINESS ASSESSMENT (Option 3)

Direct impact on business (Equivalent Annual) £m: Score for Business Impact Target (qualifying
provisions only) £m:
Costs: NQ Benefits: NQ Net: NQ NQ
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Policy rationale

Policy background

1. The SIA received Royal Assent on 15 March 2018%. It is one of most modern pieces of space industry
legislation in the world and paves the way for new commercial spaceflight launch facilities and services
in the UK. It provides the framework and powers to put in place the detailed legislation for the regulation
of UK spaceports, range control services, launch and orbital operations.

2. The SIA and the draft secondary legislation made under it will allow a range of licensed commercial
spaceflight launches and associated activities to take place in the UK, ranging from vertically launched
rockets from the ground into orbit, air-launch of rockets from carrier aircraft or high-altitude balloons,
through to newly emerging sub-orbital spaceplanes.

3. The proposed regime under the SIA, in the form of regulations within statutory instruments (SIs), guidance
and Regulator’s Licensing Rules (RLRs), has been drafted to enable this range of licensed launch and
associated activities to take place from the UK (Table 1). These have been published as three pieces of
draft secondary legislation:

¢ An Sl covering licensing, compliance, monitoring, safety and security
e An SlI for section 20 (investigation of accidents)
e An SlI for section 60 (appeals)

4. Guidance and RLRs have been published alongside the proposed secondary legislation, including for
section 11 (assessment of environmental effects) under the SIA, where guidance rather than secondary
legislation has been drafted because this is what is permitted under the SIA (Table 1).

Table 1: Proposed secondary legislation and guidance under the SIA

Space Industry Act 2018 section Secondary Legislation Guidance
2 Duties and supplementary powers of the regulator Yes Yes
3 Prohibition of unlicensed spaceflight etc Yes Yes
4 Exemptions from licence requirement Yes Yes
5 Range Yes Yes
7 Provision of range control services Yes Yes
8 Grant of licences: general Yes Yes
9 Grant of operator licences: safety Yes Yes
10 Grant of spaceport licence Yes Yes
11 Grant of licences: assessment of environmental effects No Yes
16 Power of SofS to appoint persons to exercise functions Yes Yes
17 Informed consent Yes Yes
18 Training, qualifications and medical fithess Yes Yes
19 Safety regulations for launch operator and return operator licences Yes Yes
19 Occurrence reporting Yes Yes
20 Investigation of accidents Yes Yes
23 Security regulations Yes Yes
26 Monitoring and enforcement by regulator Yes Yes
34 Liability of operator for injury or damage etc Yes Yes
35 Power or duty of Secretary of State to indemnify Yes Yes
36 Obligation of government etc against claims Yes Yes
38 Insurance Yes Yes
59 Civil sanctions Yes Yes
60 Appeals Yes Yes
62 Charging No No
70 Commencement Yes No

5. The proposed secondary legislation, guidance and RLRs set out how licence applications should be made
and assessed, and how ongoing compliance with the legislation and licence conditions will be achieved,
monitored and enforced.

1 HM Government ‘Space Industry Act’, 2018 — available at: http://www.leqgislation.gov.uk/ukpga/2018/5/contents/enacted
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6. Section 16 of the SIA gives power to the Secretary of State (SofS) to appoint a person to exercise every
function conferred on the regulator by or under the SIA except the power to exempt person(s) from the
requirement to hold an operator licence or a range control licence. The draft Regulations appoint the Civil
Aviation Authority (CAA) as a single regulatory body to exercise every function of the commercial
spaceflight regulator. This means that wherever the SIA or regulations give a function to the regulator,
the Civil Aviation Authority has that function subject to the exception in relation to exemptions.

7. At present, draft regulations under section 62 of the Act, relating to charging in respect of the performance
of functions conferred on the Secretary of State, are not being produced. It is intended that we will re-
engage industry on this issue when a position on charging has been agreed by Her Majesty’s
Government (HMG). The regulator will consult on a scheme in accordance with Schedule 11 (Charging
Schemes) of the Act in respect of the performance of functions conferred on the regulator.

8. This impact assessment (IA) has looked at the proposed secondary legislation from the perspective of a
business deciding about whether to enter the UK launch market, along with associated activities, and
has identified the following stages (Figure 1):

e Scoping — Familiarising itself with the proposed secondary legislation, guidance and RLRs before
deciding whether or not to enter the UK launch market;

e Licence application — Engaging with the UK spaceflight regulator’s licence application process and
complying with requirements before being granted a licence; and,

e Licence holder — Engaging with the UK spaceflight regulator’'s monitoring regime and complying
with ongoing requirements after entry into the UK launch market.

Figure 1: Stages of a business’s decision to enter the UK launch market (see methodology and scope)

Scoping Licence application Licence holder
Compliance (transition) Compliance (ongoing)
Familiarisation ‘ »
Engagement (licensing) Engagement (monitoring)

9. In the licence application stage, the SIA provides for the following licensing process for entry into the
UK launch market:

i.  General Licensing — Sections 3 and 7 of the SIA place prohibitions on the operation of a spaceport,
carrying out spaceflight activities including launch or provision of range control services in the UK,
by a person without a licence?. These sections also include powers to set eligibility criteria to hold a
licence and prescribe roles which licensees must fill. Section 8 of the SIA requires applicants to have
the necessary financial and technical resources, and be fit and proper, to do what is authorised by
the licence. Section 8 also requires that a licence can’t be granted unless doing so will not impair
the national security of the United Kingdom; is consistent with the international obligations of the
United Kingdom and is not contrary to the national interest.

ii. Specific licensing for:

o Spaceports — Under Section 3 of the SIA a person must not operate a spaceport in the United
Kingdom except under the authority of a spaceport licence. Under section 10 of the SIA the

2 In the case of range control services, the Act allows these to be provided by the Secretary of State without a licence.
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regulator must not grant a spaceport licence unless the regulator is satisfied that the applicant
has taken all reasonable steps to ensure that risks to public safety arising from the operation of
the spaceport are As Low As Reasonably Practicable (ALARP?) and that any prescribed criteria
or requirements are met. Section 10(b) enables regulations to be made prescribing criteria and
requirements. There is also a requirement under section 11 of the SIA that applicants for a
spaceport licence conduct an assessment of environmental effects (an AEE) of the effects that
launches of spacecraft or carrier aircraft from the spaceport in question, or from launches of
spacecraft from carrier aircraft launched from the spaceport, are expected to have on the
environment. The regulator must take the AEE into account in deciding whether to grant the
licence and what conditions to attach under section 13 of the Act.

Range Control Services — Section 5 of the SIA enables regulations to be made concerning the
range or ranges for spaceflight activities related to: identifying the appropriate range;
requirements on persons for the operation of the range; and notification requirements on
persons providing the range control services. Section 6 provides a definition of “range control
services” for the purposes of the SIA. Section 7 of the SIA provides that only the SofS or a
person authorised by a range control licence may provide the range control services and
enables regulations to be made about the provision of range control services, such as eligibility
criteria for holding a licence, and prescribed roles.

Launch Operators or Return Operators (“spaceflight operators”) — Section 9 of the SIA, and
the regulations made under it, require that a spaceflight operator licence may be granted only if
the regulator is satisfied that: i) the applicant has carried out a risk assessment for any human
occupants (members of crew or spaceflight participants) who are to take part in the spaceflight
activities; and ii) that the applicant has taken all reasonable steps to ensure that risks to the
health, safety and property of other persons are ALARP and that the level of those risks are
acceptable. Applicants for a launch operator licence will also need to conduct an AEE, as
required under section 11 of the SIA. There are additional requirements in the regulations made
under section 18 of the SIA relating to training, qualifications and medical health of participants
in launch activities. A return operator licence would be applied for by a person who wishes to
operate a launch vehicle launched elsewhere than the United Kingdom in order to cause that
vehicle to re-enter from orbit and land in the UK, or UK territorial waters. The safety information
supplied as part of an application for a return operator licence is generally concerned only with
de-orbiting operation and return to Earth.

Orbital Operators — Section 9 of the SIA requires that the regulator must not grant an operator
licence (including orbital operator licences) unless satisfied that the requirements in that
provision are met. Orbital operator licences will not be granted by the regulator unless applicants
demonstrate that they have taken all reasonable steps to ensure the safety risks to property and
persons in orbit and on Earth are ALARP and that the level of those risks is acceptable.

10. In the licence holder stage, the SIA provides powers and the ability to make regulations regarding:

Informed consent — Section 17 of the SIA, and the regulations made under it, require spaceflight
operators to prohibit human occupants (members of the crew or spaceflight participants) from taking
part in launch activities unless they fulfil criteria with respect to age and mental capacity and have
signed a consent form agreeing to accept the risks involved. Regulations prescribe the form and
content of the consent forms, information to be given to individuals before they sign them, and the
procedural requirements in relation to signing the consent forms.

3 ALARP is a familiar concept in health and safety law, providing a benchmark for risk assessments under the Health and Safety at Work etc. Act
1974. The principle of ALARP involves weighting a risk against the trouble, time and money needed to control it. Further information can be found
on the Health & Safety Executive website.
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11.

12.

13.

e Training, qualifications and medical fitness — Section 18 of the SIA allows for regulations to be
made in relation to the training, qualifications, and medical fitness of individuals taking part in, or
otherwise engaged in, launch activities or the provision of range control services, or working at sites
used for or in connection with launch activities or the provision of range control services. One of the
key provisions of section 18 is that it prohibits and makes it an offence for the holder of a licence to
allow individuals to take part in activities or work in sites used in connection with spaceflight activities
unless they meet the requirements prescribed in training regulations.

o Safety — Section 19 of the SIA provides a power to make regulations to secure the safe operation
of spaceports and mission management facilities, the carrying out of spaceflight activities safely
(section 19 is relevant to spaceflight operators and orbital operators although regulations have only
been drafted using this power for spaceflight operators) and that the range for spaceflight activities
enables the activities to be carried out safely.

e Security — Section 23 of the SIA provides a power for making security regulations concerning the
security of spaceflight activities, range control services, associated activities, sites and facilities,
spacecraft and their payloads. The SofS is also given the power to issue guidance regarding how a
person may comply with the requirements imposed by the security regulations.

e Monitoring — Section 26 of the SIA gives the regulator responsibility for monitoring spaceflight
activities, the operation of spaceports, range control services and associated activities for the
purpose of ensuring compliance with the SIA, licence conditions, the UK’s international obligations
and protecting public safety and the national security of the UK.

Section 4 of the SIA allows for exemptions from the licence requirement in certain circumstances. Under
the regulations, an operator of a carrier aircraft does not need a licence for the launch or return to Earth
of a carrier aircraft which is being used to transport a space object, launch vehicle or the component
parts of either from one place to another, as long as:

o the flight following the launch does not include the launch of a space object or launch vehicle

o the operator of the carrier aircraft has either an air operator certificate acceptable to the CAA, or the
necessary approvals, authorisations or permissions for the flight required by the state in which the
operator is based, and which are acceptable to the CAA.

Aircraft operators who meet the conditions for an exemption do not need to apply to the CAA for an
exemption as there is no exemption process; they should however, be prepared to provide evidence
that they have the appropriate certificates, approvals, authorisations etc. accepted by the CAA. It is not
intended that individual exemption certificates will be issued.

The proposed secondary legislation under the SIA, RLRs and guidance define the legal boundaries in
which UK launch and associated activities can take place. They also set out the way in which the UK
spaceflight regulator and other authorities handle activities and/or scenarios outside of business as
usual operations, including for:

e Regulator notices, occurrence reporting, offences, directions and appeals — Sections 26-29,
along with offences created in and under the SIA, provide enforcement powers to the regulator for
licence holders that breach licence conditions or fail to comply with the legislation. This includes the
enforcement power under section 27 to issue directions, failure to comply with which is a criminal
offence. Section 60 of the SIA provides that regulations must be made for the establishment of panels
to consider appeals and sets out the circumstances in which licence applicants and holders can be
given permission to appeal certain decisions taken by the regulator.



14.

15.

16.

17.

18.

19.

20.

21.

e Accident investigation — Section 20 of the SIA allows for regulations to be made for the
investigation of accidents.

The proposed secondary legislation and accompanying guidance defines the liabilities and insurance
requirements for launch operations to be licensed in the UK. Enabling commercial spaceflight from the
UK will make the UK a Launching State. Under UN space treaties, a Launching State is ultimately liable
to pay compensation for damage caused by its space objects on the surface of the Earth or to aircraft
in flight, and liable for damage due to its faults in space®.

In addition, section 34 of the SIA states that operators have a strict liability to third parties (i.e. those
who are not involved in launch activities do not need to prove fault to claim compensation for injury or
damage caused by launch activities)?®.

The SIA grants the power to limit these two liabilities:

e section 12 (2) grants the power to limit an operator’s liability to indemnify the UK Government.
e section 34 (5) grants the power to limit an operator’s strict liability to third parties.

Finally, section 38 of the SIA grants the power to make regulations that require licence holders, or other
persons engaged in spaceflight activities, to be insured.

To clarify, the SIA regulates the procurement of a UK launch and the operation of a satellite from the
UK. These activities do not benefit from liability limits until the proposed regulations are passed and any
further regulatory approvals are secured. The procurement of an overseas launch (purchasing space
on a launch vehicle for a satellite) and the operation of a space object by a UK entity based overseas
will continue to be licensed and regulated by the Outer Space Act (OSA)®. These overseas activities will
continue to benefit from a limited liability to indemnify the UK Government, currently set at €60m for
standard missions launching overseas’.

Whilst the SIA has some relationship to the OSA, this is only to the extent of licensing overseas launch
and the operation of satellites (‘space objects’); the SIA itself does not build on an existing framework of
regulation for commercial launch and associated activities.

Despite certain superficial similarities to commercial aviation, much of the activity envisaged by the SIA
is not catered for sufficiently by existing legislation (e.g. civil aviation legislation). As part of the legislative
package, it is proposed that the Air Navigation Order 2016 (ANO) is amended to ensure regulation of
spaceflight activities in the UK is covered by the SIA and manage the safety of spaceport airspace.

The regulatory regime is made up of the SIA, the proposed regulations made under powers conferred
by the SIA, proposed guidance and RLRs (those rules are made by virtue of the powers under section
8(6)). The aim is to provide the detailed regulatory regime for launches and other spaceflight activities,
such as the operation of a satellite from the UK, as contemplated by the SIA. This could enable further
investment in commercial launch infrastructure, technologies and capabilities. A regulatory change is
required to enable this.

4 United Nations Office for Outer Space Affairs ‘Convention on International Liability for Damage Caused by Space Objects’, 1972 - available at:
https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introliability-convention.html

5 This effectively brings the rights of domestic citizens in line with those of foreign nationals, who do not have to prove fault to claim compensation
from Launching States under the UN Liability Convention.

6 HM Government ‘Outer Space Act’, 1986 — available at: https://www.leqgislation.gov.uk/ukpga/1986/38/contents

7 This was introduced following an amendment made by the Deregulation Act (HM Government ‘Deregulation Act, Section 12’, 2015 — available
at: http://www.legislation.gov.uk/ukpga/2015/20/section/12/enacted).

9


https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introliability-convention.html
https://www.legislation.gov.uk/ukpga/1986/38/contents
http://www.legislation.gov.uk/ukpga/2015/20/section/12/enacted

Problem under consideration

1. The global commercial space industry is growing and this presents opportunities for the UK. Under
existing aviation legislation, the Civil Aviation Authority (CAA) can license launch of rockets from the UK,
for example, small amateur rockets. However, the UK does not have a sufficient legal basis to license
and regulate launch to orbit or sub-orbital spaceflight activities from the UK to capitalise on these
opportunities.

2. By enabling UK launch there can be gains for a new UK launch industry by capturing global market share
and growing the market, benefits for the wider UK space sector and economy, and social benefits for a
range of UK and global citizens. Whilst commercial launch presents exciting opportunities for the UK, it
also carries potentially significant risks, both to the people taking part in or supporting launch activities,
the wider public, and other countries. The SIA is a major step towards addressing these risks, but on its
own does not provide a comprehensive regulatory framework to mitigate these risks for commercial
launch activities.

3. The current uncertainty about how the launch market in the UK will be regulated presents a barrier to
investment into commercial launch facilities, technologies and capabilities®. The UK Space Agency
(UKSA) has invested over £50 million to help bridge this gap and enable new satellite launch services,
building on £99 million already invested in the National Satellite Test Facility®. Each of these
opportunities, risks and uncertainties are explored in turn in the sections that follow.

Opportunities
Strategic

4. The National Space Policy (2015) sets out the Government’s vision to capture a greater share of the
world’s thriving space market. The National Space Security Policy (2014) sets out the UK’s space security
interests and measures to improve resilience, promote safety and security, and enable industry and
academia to benefit from access to spacel®. The Prosperity from Space Strategy (2018) sets out the UK
space industry’s vision for growth over the next decade®!.

5. On the 19" December 2019, the Queen’s Speech set out the Government’s intent to establish a new
National Space Council and develop a comprehensive UK Space Strategy. The proposed regulatory
framework will form an important part of enhancing the UK’s national approach to space.

6. The Government’s Research and Development Roadmap?? also acknowledged the roles that regulation
can play in enabling the development, demonstration and deployment of new technologies, including
those in the space sector.

7. UK companies, institutions and government currently rely on other countries to deploy UK technology
and science into space. UK and European customers are reliant on launch services from countries such
as Kazakhstan and the USA, where timely launch slots are decreasing and launch costs are increasing®®.
There are also often extensive legal, export and regulatory processes required to launch from these sites.
This means access to space is becoming a barrier to growth for the UK's space industry, particularly for

8 UKSA's ‘Modemn Transport Bill stakeholder engagement workshop’ in September 2016
9 RAL Space ‘National Satellite Test Facility - handover Spring 2021’, available at — https://www.ralspace.stfc.ac.uk/Pages/National-Satellite-Test-
Eacility.aspx

10 MG ‘National Space Policy’, 2015 — available at https://www.gov.uk/government/publications/national-space-policy; HMG ‘National Space
Security Policy’, 2014 — available at https://www.gov.uk/government/publications/national-space-security-policy

1 Space Growth Partnership ‘Prosperity from Space’, 2015 — available at https://www.gov.uk/government/news/uk-space-industry-sets-out-vision-
for-growth
12 https://www.gov.uk/government/publications/uk-research-and-development-roadmap

B ume ‘Space Growth Action Plan’, 2013 — available at https://www.gov.uk/government/publications/space-growth-action-plan
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the UK’s “upstream” small satellite manufacturers and the “downstream” value-adding sectors that rely
on the data that these small satellites provide.

8. In addition, the market for small satellites is currently at a disadvantage because of the existing launch
business model. Technological developments mean that smaller satellites with greater capabilities can
now be produced at lower cost. The demand for small satellites is forecast to be greater than launch
supply over the next decade®. However, at present, UK and European small satellite providers must
“rideshare” on launches with larger satellites, placing the small satellite providers’ needs as secondary
to the main customer®®. Whilst this brings down overall launch costs, dedicated UK launch options
catering to small satellites would overcome scheduling problems (at a premium).

9. There is also desire from small satellite operators to have more tailored options with greater control over
launch trajectory and timing. Currently, as the secondary payload, shape, timing and destination are
determined by the main customer for launch services. For certain applications of small satellites, such
as Earth observation, precision launch is desirable and such a market could charge a premium over
existing options, which dedicated UK launch services could alleviate.

10. This is a critical dependency that creates a fracture in our space value chain. Repairing it would allow
the UK to compete across the entire global space economy, accrue the benefits of servicing the end-to-
end satellite value chain, and feed into our emerging National Space Strategy. A UK launch option could
mitigate increasing launch costs, reduce legal and logistical costs?®, and reduce delays® and uncertainty
by offering a much more predictable launch option for UK and European customers?’.

11. Domestic access to space would also provide the UK’s scientific community, for whom space is an
invaluable but largely inaccessible research environment, with new opportunities for exploration and
discovery, and could accelerate the exploitation of revolutionary future spaceflight technologies!®. With
public investment in the space industry returning an average £6 of benefit for every £1 invested, the UK’s
strategy of investing in enabling industrial capabilities will deliver strong value for money, space sector
growth and spill-over benefits for years to come?®.

12. Finally, a range of new launch vehicles (LVs) and mission types are hoping to drive down costs and
increase the variety of opportunities for launches. For example, reusable vertical launch options have
been or are being developed by SpaceX and Blue Origin, and horizontal launch options are being
developed by Virgin Orbit and Virgin Galactic following the success of Northrop Grumman Pegasus
rocket?®. Horizontal spaceports in the UK could attract these emerging markets and support the
development of future spaceplane operations, powered by innovative propulsion technologies such as
SABRE?!. In addition, UK spaceports could support the market for sub-orbital launches. Although the
business model for this service is geared towards tourism, it also caters to researchers, allowing them to
get scientific experiments into space without waiting for a slot on the International Space Station. Flexible

14 Frost & Sullivan ‘UK Spaceport Business Case Evaluation’, 2018 — available at https://www.gov.uk/government/publications/evaluation-uk-
spaceport-business-case

15 Airbus Group UK (SAT0016): http://www.publications.parliament.uk/pa/cm201617/cmselect/cmsctech/160/160.pdf

16 |n terms of transport, accommodation and subsistence of a large team over an extended period, as well as the transport of the payload and
supporting equipment. Transport of payloads to the US’s Vandenberg Spaceport is estimated to be cost as much as US$50-60,000 (2016 prices)

Y From a forthcoming paper on the vertical launch of small satellites from the UK by a research group of Deimos Space UK Ltd, Firefly Space
Systems and Surrey Satellite Technology Ltd

18 Such as Reaction Engine’s Synthetic Air Breathing Rocket Engine (SABRE) which has the potential to lower the cost of getting to and from
space.

19 yksa analysis drawing on European Space Agency analysis; Other investments include £99m to create a National Satellite Test Facility
(NSTF); £4m for a new National Space Propulsion Facility; and £60m to develop a prototype SABRE engine

20 Northrop Grumman Pegasus rocket — available at: https://www.northropgrumman.com/space/pegasus-rocket/
2t Synthetic Air Breathing Reaction Engine (SABRE) being developed by UK company Reaction Engines Limited
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regulations that accommodate a wide range of types of launch will enable the UK to capture a wider
market share.

Economic

13

14.

15.

16.

17.

. In 2016/17, the UK space sector directly contributed £5.7 billion of Gross Value-Added (GVA) to UK

economic output (0.29% of UK GDP) and a total of £13 billion of GVA to economic output including
supply-chain effects (0.66% of UK GDP)??. Regulations that enable launch from the UK will provide
commercial benefits to the launch industry and support the UK’s strong space sector, particularly in
satellite manufacturing. In turn, this could create high-skilled jobs, generate positive externalities
(spillovers) from innovation and support growth throughout the economy. The value of these economic
opportunities is estimated in the benefits section.

Satellite companies need to be able to access space and reach precise orbits in a timely manner in
order to deliver new and uninterrupted services that enable modern life, from banking to transport, health
to agriculture, public services to entertainment. Historically, this was only possible because of publicly
funded launch services. Today, private launch offerings are commercially viable and technologically
feasible.®

Advances in technology are driving a boom in increasingly capable small, low-cost satellites, which can
operate in large constellations. These have the potential to deliver new commercial services to global
markets, attracting record levels of private investment and driving entrepreneurs to develop dedicated
commercial launch and sub-orbital flight services?3.

If the UK can attract these new companies to begin operations from UK spaceports before the market
is captured by competition elsewhere, the UK could secure a share of rising global launch and sub-
orbital flight demand and the benefits of direct domestic access to space’* 24,

Over-regulating the sector carries the same risk as with all sectors, namely, constraining development
and innovation. In the case of the space sector, this risk is further magnified by the fact there is already
a strong developing commercial space sector in other countries. Creating a prohibitive environment in
the UK would thus directly and negatively impact stated goals to attract new business and support the
development of the UK industry’s emerging capabilities with a view to grow the UK space sector.®

Risks

Safety

18

19.

. Safety is the primary duty of the regulator, as set out in section 2 of the SIA. Spaceflight launches are a

novel and safety-critical activity, involving spacecraft that operate at high speed to very high altitudes,
and in some cases, go into orbit around the Earth. Spacecraft also use volatile propellants or other
hazardous materials as part of their operations. Human spaceflight is a very high-risk and specialist
activity that has been accomplished by only a few nations and extremely rarely on a commercial basis.
At least initially, the expectation is that the risk to occupants of a spacecraft will generally be much
greater than the equivalent risk to a passenger on a commercial airliner.

Spaceports and launch corridors will need to be carefully positioned to make sure the risks to people
and property from ground operations (such as transport, storage and handling of propellant, static engine
testing etc) and launch activities (including flight profiles, trajectories, propellant etc.) are As Low As

22 | ondon Economics ‘Size and Health of the UK Space Industry 2018’, January 2019 — available at:
https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018

23 Bryce Space and Technologies ‘Start-Up Space’, 2018 — available at https://www.brycetech.com/downloads/Bryce Start Up Space 2018.pdf

24 Bryce Space and Technology (2012); Tauri Group ‘Suborbital Reusable Vehicles: A 10-Year Forecast of Market Demand’ — available at
https://space.nss.org/space-transportation/
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20.

21.

22.

Reasonably Practicable (ALARP). It is inevitable that all risk cannot be eliminated and residual risks will
remain. In the event of launches with human occupants (space exploration, tourism or commercial travel
etc), there will be the additional risk to those onboard the spacecraft.

Sub-orbital launch activities encompass the launch (or procuring the launch of), operation and return of
a sub-orbital spacecraft, which may also carry crew or spaceflight participants?®. This may be a
spacecraft capable of operating above the stratosphere (163,000 feet / 50km) or a balloon capable of
reaching the stratosphere (33,000 feet / 10km).

Minimum safety standards are considered necessary in order to mitigate the risk to people taking part
in or supporting launch activities, and to the wider public. Regulations will be made to allow for
commercial spaceflight recognising the need to incentivise commercial market entrants, rather than
restricting spaceflight activities to the state.

In addition to preventative safety regulations, UK regulations will provide for effective action and
investigation in case of an accident. Worldwide experience to date indicates that spaceflight launches
carry an inherent risk of accidents. In the field of delivering commercial payloads into space, reliability
and safety are paramount to ensure long term success and profitability. Nevertheless, accidents and
incidents do still occur. In the field of spaceflight operations with human occupants, accidents have
occurred during testing and development on the ground (Apollo 1, SpaceX Dragon), development flights
(SpaceShipTwo) and ‘routine’ operations (Soyuz 11, Challenger and Columbia). These accidents are
summarised in Table 2.

Table 2: Spaceflight accidents with human occupants

Spacecraft Year Phase Brief description Fatalities
Apollo 1 1967 Test Fire on launch pad 3
Soyuz 11 1971 Re-entry Decompression during re-entry 3
Challenger 1986 Launch Explosion and break-up during launch 7
Columbia 2003 Re-entry In-flight break-up 7
SpaceShipTwo 2014 Test flight In-flight break-up 1
Dragon 2019 Test Vehicle exploded 0
23. Spaceflight launch accidents may damage property or the environment, or cause serious injury or the

24.

loss of life. To give an indication of how costly a failure can be, in 2011 NASA launched a satellite that
would track the Earth’s climate but this failed to reach orbit, having an estimated cost of US$431 million
(2012 prices). In 2003, a Japanese rocket malfunctioned during take-off and had to be destroyed. The
estimated total cost of this incident is approximately US$97.1 million (2012 prices). Regarding
spaceflight with human occupants, the Challenger and Columbia accidents are estimated to have cost
US$11.5 and US$16.2 billion, respectively?®.

The US Federal Aviation Authority (FAA) publishes an annual compendium of commercial space
transportation (excluding test flights)?’. From 2012 to 2017, there were in total 512 launches and 19 of
these failed, 3 of which were serious failures (excluding partial failures). Table 3 provides more detailed
information on this. Per annum, the rate of failure was, on average, 3.7%. Annex 1 summarises these
accidents.

25 nsyb-orbital spacecraft' means either a rocket or spaceplane used for spaceflight activities that are not space activities; or a balloon with
human occupants which reaches the stratosphere.

26 Business Insider ‘The most expensive failed space missions of all time*, 2012 — available at: https://www.businessinsider.com/the-most-
expensive-failed-space-missions-of-all-time-2012-8?r=US&IR=T#2-space-shuttle-challenger-explodes-on-liftoff-9

27 This reports the launch events for each year, including the total number of civil, military, and commercial launches and the number of failures,
partial failures and successes. They do not include test flights.
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Table 3: Number of launches, and number and percentage of failures in the world 28

. % of failed Serious % of serious

Year Launches Failures . .

launches failures failures
2012 78 4 5.1% 1 25%
2013 81 3 3.7% 1 33%
2014 92 2 2.2% 1 50%
2015 86 3 3.5% 0 0%
2016 85 2 2.4% 0 0%
2017 90 5 5.6% 0 0%
Total 512 19 3.7% 3 18.1%

25. Even though there were no fatalities or injuries from 2012 to 2017, reviewing each of the launch failures,

26.

27.

28.

the UK’s Air Accidents Investigation Branch (AAIB) concluded that, on average, 18.1% of the accidents
in a given year would be classified as “serious” spaceflight accidents i.e. where there are either injuries
or fatalities. Although it is proposed that the Chief Inspector of Spaceflight Accidents will have the right
to decide to investigate any event if deemed appropriate, the Space Accident Investigation Authority
(SAIA) will likely only investigate accidents in which an individual is fatally or seriously injured, or
incidents where there was a high probability that such injury would occur, as is the case in commercial
aviation.

If safety improvements are ignored or missed, spaceflight launch accidents may continue to occur and
the cumulative cost may continue to increase. These costly outcomes may also harm the industry
through reputational damage. Reliability is a key factor in deciding which launch service provider and
host nations to use, so accidents can influence customers to switch to other launch service providers or
host countries. Prospective launch participants may also choose not to partake in this new and novel
experience if they perceive the risk to be too great. Ultimately, an unsafe launch market could be
prohibited from operating altogether by regulators.

Independent worldwide safety investigation agencies already exist for the investigation of modes of
transport including rail, air and marine. In the case of civil aviation, the International Civil Aviation
Organisation (ICAO) defines agreed working principles and guidelines (ICAO Annex 13)%°, which are
then included in national legislation. In the EU, the EU Regulation 996/2010 sets out regulations (which
have direct effect in all EU countries) for the investigation and prevention of accidents and incidents in
civil aviation®. In the UK, the Civil Aviation (Investigation of Air Accidents and Incidents) Regulations
2018 (Sl 321/2018) apply. International standards and procedures require the responsibility for safety
investigations to reside with the state in which the accident occurs. In order to discharge this
responsibility in an effective and impartial manner, many states have created specialised investigating
bodies. In the case of the UK, this is the Air Accidents Investigation Branch (AAIB). The AAIB is
independent of the industry and the regulator and is therefore able to scrutinise both aspects for potential
shortcomings. Investigation findings are shared worldwide, thereby promoting improvement across the
whole industry.

In the United States of America, the National Transportation Safety Board (NTSB) has the capability to
investigate spaceflight accidents. The NTSB has a Memorandum of Understanding (MoU) with the
regulator (Federal Aviation Administration — Office of Commercial Space Transportation (FAA-AST))
and the United States Air Force®.. This document was signed in 2004, prior to the retirement of the
Space Shuttle and a subsequent surge in commercial space launches and prospective space tourism.
According to the current MoU, the NTSB will investigate; spaceflight accidents where fatalities or serious
injuries occur to any person who is not associated with commercial launch activities and who is not
located on the launch range facility, accidents where debris impacts outside a designated area or
accidents where third-party damage exceeds a prescribed cost. The NTSB has the right to investigate
other commercial space launch accidents if deemed appropriate. The NTSB assisted the National
Aeronautics and Space Administration (NASA) with the safety investigation after the loss of the space

28 EAA ‘Annual compendium’ — available at: https://www.faa.gov/about/office_org/headquarters offices/ast/new publications/

29 ICAO Annex 13 — available at: https://www.icao.int/safety/airnavigation/aig/pages/documents.aspx

30 yvG ‘Regulation (EU) No 996/2010 of the European Parliament and of the Council’ — available at:
https://www.leqgislation.gov.uk/eur/2010/996/introduction

31 National Transportation Safety Board ‘Memorandum of Understanding’, 2004 — available at:
https://www.faa.gov/about/office_org/headquarters _offices/ast/media/mou_space launch_accidents.pdf
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29.

shuttle Columbia and its crew. The NTSB led the safety investigation into the loss of SpaceShipTwo and
one of its crew.

There are no UK or international guidelines, treaties or regulations relating to the investigation of launch-
related accidents. The OSA does not contain guidance or requirements for commercial spaceflight
launch accident investigation and the current civil aviation accident investigation legislation will not be
applicable. Without a framework for a safety investigation in the UK, it is possible that unsafe spaceflight
events and accidents will not be adequately investigated. The opportunity to prevent future accidents
could therefore be missed.

Security

30.

31.

32.

33.

Spaceflight launches are a novel and security critical activity that carry a number of associated risks of
unlawful interference from so-called “hostile actors”, which include foreign states, terrorists, criminal
organisations, hacktivist groups and insider threats. Unless a proportionate security regime is
established, hostile actors might be encouraged to use launch and spaceflight activities to attack the
UK.

Risks which can be associated with any or all of the above threats have been reviewed internally. Cyber
threats against space-based systems (e.g. those that are used in launch vehicles, in-orbit payloads,
ground systems) have also been reviewed internally.

Failure of the regulatory regime to mitigate these risks could compromise security and cause
endangerment to the activity itself, as well as licence holders, aerodromes, personnel, government,
passengers and third parties. Failure of those operating to comply with the regulatory regime would also
likely result in a licence not being granted

Security regulations are designed to reduce the risk of endangerment of persons and facilities
associated with launch, as well as third parties (members of the public and property). Intellectual
Property (IP) theft by state sponsored hostile actors is likely to be the most significant cyber related
threat within any industry.

Environment

34.

35.

36.

37.

It is likely that there will be a number of environmental effects from UK launch activities. These may
include adverse impacts on biodiversity, air quality, water quality and quantity (marine, terrestrial and
groundwater), noise and vibration, climate (such as greenhouse gases), soil health, cultural heritage
and landscape.

The mechanisms for how these environmental effects could arise will depend on the proposed activities
and the location. Activities that could cause these environmental effects include, but are not limited to,
launch operations (including the processing and integration of the vehicle and payload and the launch
itself); the storage and handling of propellant and hazardous materials, assembly of launch vehicles,
propellant loading of launch vehicle and payload; static fire testing; the jettisoning of objects (e.g. spent
rocket stages) and the re-entry of objects through the Earth’s atmosphere.

The environmental effects of spaceport activities are likely to be at, and in the vicinity of, the spaceport
or aerodrome, along the launch trajectory, in the drop zones of jettisoned objects, and around re-entry
locations, as well as the transporting and logistics before launch. The release of greenhouse gases
during launch activities may have an impact over a wide area.

Under section 11 of the SIA, any person or organisation that wishes to apply for a spaceport or launch
operator licence must, as part of the licence application, complete an Assessment of Environmental
Effects (AEE) and submit this to the regulator. The regulator must take the AEE into account when
deciding whether to grant a licence and what, if any, conditions should be attached to such a licence.
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Airspace

38.

39.

40.

Enabling commercial spaceflight from the UK is likely to affect existing airspace users because
commercial spaceflight will require access to, and (at least initially) temporary closures of, airspace
currently used by or available to existing commercial and military air traffic.

In addition, airspace users, such as small unmanned aircraft (SUA or “drones”), may require access to
restricted airspace around a spaceport. Both spaceflight’'s and SUA’s access to airspace requires careful
management for safety reasons i.e. to mitigate collisions with one another and other airspace users.
Spaceports are not currently covered by Flight Restriction Zones (FRZs) in existing legislation, and this
needs to be addressed.

Broadly, closures of airspace may either reduce the efficiency or increase the costs of other aviation
activity (for example, by requiring an aircraft to route around the closure), or in extreme cases limit or
prevent activity occurring at a site at all (for example, if the closed airspace represents the only local
airspace suitable for such activity). The impact on existing airspace users is expected to be minimal due
to the small number of launches occurring (reducing the periods in which airspace may be restricted)
and the remote location of the proposed sites (meaning little existing activity is currently using these
volumes of airspace). These impacts are considered further in the familiarisation costs and airspace
section.

Legal and international relations

41.

42.

The UK is bound by a series of responsibilities and duties under binding international law, as well as
“soft law” principles and guidelines it should adhere to as a responsible space-faring country (e.g.
guidelines regarding mitigation of the space debris problem). UN space conventions make “launching
states” responsible for damage caused to nationals of other states by the launching state’s spacecraft®2.

As a signatory to several UN space treaties, such as the Convention on the Registration of Space
Objects 1976 *, the UK is responsible and liable for space (including launch) activities taking place from
its territory or procured for launch by the UK, even if the operator is a hon-governmental, commercial
entity. The UK must also ensure that space activities under the SIA do not contravene the UK’s duties
in other international regimes (e.g. those arising from multilateral environmental agreements (MEAS)).

Regulatory uncertainty: Possible outcomes

43.

44.

The SIA created powers to enable commercial launch activities to take place from the UK with a licence.
However, there is still too much uncertainty about how the launch market in the UK will be regulated.
This means investors, insurers and customers are unwilling to enter the market until this uncertainty is
reduced and the risk of “being regulated out of existence” is removed. In addition to this “existential risk”,
these organisations effectively outsource some of their risk analysis to the regulator, which is yet to be
established.

This section presents a list of some of the outcomes that could result from this uncertainty, following
consultation with experts in UKSA, CAA, Air Accidents Investigation Branch (AAIB) and the Department
for Transport (DfT):

Less clear licensing process and monitoring regime for licence-holder compliance

Lack of transparency about how decisions are made by the regulator

Poor quality or irrelevant information submitted to the regulator for licensing and monitoring
Longer licensing and monitoring processes to reach appropriate levels of assurance

Less clear standards and increased discretion for decision-making by the regulator
Increased risk of improper and unreasonable decision-making by the regulator

32 United Nations ‘Convention on International Liability for Damage Caused by Space Objects’ — available at:
http://www.unoosa.org/oosa/oosadoc/data/resolutions/1971/general_assembly_26th_session/res_2777_xxvi.html

33Uk Space Agency ‘UK registry: Outer space objects’, 19 December 2019 — available at: https://www.gov.uk/government/publications/uk-
registry-outer-space-objects
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e Increased variability of regulatory decisions and outcomes, and risk of missing information

e Unfair and/or unequal treatment of licence applications and licence holders

Insufficient level of information and training provided to individuals involved in spaceflight activities
or associated activities

e Inadequate and unclear enforcement procedures for non-compliance and offences
e Increased probability of safety and/or security incidents
e Increased risk of legal challenges against decision-making by the regulator
e Lack of accountability and inappropriate application of strict liability rights of claim, which could
prevent insurance providers from entering the market (in the extreme), less sustainable market with
lower levels of investment
Conclusion

45.

46.

Commercial launch from the UK demands a strong regulatory regime to unlock these opportunities,
mitigate the risks and reduce uncertainty. If not conducted in line with certain rules and procedures,
launches can pose a range of risks to people taking part in or supporting launch activities, the wider
public, UK national security, the environment, property, and the UK’s international obligations and
relations.

Licence applicants should be aware of these factors when deciding whether or not to enter the market
and take appropriate steps to mitigate the risks. The regulator must consider all these factors when
assessing licence applications and monitoring compliance with licence conditions and the legislation
more broadly.
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Case Study: Liabilities and Insurance

It is proposed that orbital operator liability to third parties under section 34 is limited at the same level as
launch operator liability to third parties. This proposal is not assessed here because to make such a
claim, two stringent criteria must be satisfied. Firstly, the space object (licensed under the SIA for UK
launch) must survive re-entry. This is unlikely as UK launch focuses on small satellites which burn up in
the atmosphere. Secondly, once through the atmosphere, the space object must land in UK territory (if
it lands in any other territory, the claim will be made via indemnifying UK Government). Due to the
exceptionally minute chance of both events happening, the expected impact of orbital operator liability
to third parties is not quantified in this IA. Furthermore, a satellite operator’s liability arising during the
launch phase would be covered by the launch insurance policy.

Where a UK entity procures a UK launch or operates a space object from the UK, they will hold
an unlimited liability to indemnify Government for any claims brought against it and an unlimited liability
to indemnify third parties for injury or damage. UK entities procuring a UK launch or operating a space
object from the UK hold two liabilities: firstly, a liability to indemnify Government for any claims brought
against it and secondly, a strict liability to third parties for injury or damage. This IA focuses on launch
liabilities: operators of space objects (or, orbital operators) liabilities are not included. Orbital operator
liability to indemnify the UK government is not assessed here because the proposal is to extend OSA
policy to licences granted under the SIA. This is effectively a continuation of the status quo.

Licensed Activity [Liability to indemnify UK Government|LiabiIity to third parties

Procuring a UK The liability is stated in the SIA (section 36, section 34).
launch The proposed Space Industry (Liabilities) Regulations would limit this liability, via
licence conditions.

Operating a space [This liability is stated (and limited to The liability is specified in the SIA.

object €60m) in the OSA. The proposed Space Industry (Liabilities)
It is proposed that the same policy Regulations would limit this liability, via
applies for activities licensed under the [licence conditions.
SIA.

Concerns about holding unlimited liabilities were raised in Parliament during debates on the Space
Industry Bill. Concerns were also raised by industry in response to a March 2018 Call for Evidence,
focusing on the availability and cost of unlimited insurance, and on industry exposure. Further
independent, expert research was commissioned from Alden Legal Limited, Aon UK Ltd. and the
Government Actuary’s Department (GAD) to address these concerns. This research is referenced
throughout the IA.

Based on an externally commissioned report from Alden Legal, UK Government has concluded that limits
on liability are critical to enabling commercially sustainable UK launch for the following reasons:
o All other major launch nations limit liabilities for launch activities from their territory (Annex 6).
o The market does not and will not provide insurance for an unlimited liability. Even if the market
did provide such cover, the cost would be prohibitively expensive (as insurers would need to
hold sufficient capital to meet their liabilities).
o Companies holding unlimited liabilities face difficulty raising finance.

Without a limit on the liabilities, launch operators have stated they will not launch from the UK, but rather
from other nations where there are liability limits. This would undermine the UK Government’'s
Commercial Spaceflight Programme and prevent it from achieving its intended objectives and benefits.
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Rationale for intervention

1. As shown in the problem under consideration, there is a large potential market and significant risks
associated with enabling commercial launches from the UK. However, there is currently too much
uncertainty about how these risks will be managed, mitigated and distributed among stakeholders under
current legislation. Therefore, a regulatory change is required to enable UK launch. This is, in effect, a
deregulatory measure compared to the scenario today.

2. In addition, a regulatory structure is needed to address the following market failures*:

Negative externalities — the benefits of reducing safety and environmental protection measures
will accrue privately to individual licence holders. The costs of reducing safety and environmental
protection measures will in part fall privately to licence holders (i.e. loss of reputation and revenue,
material damage and legal fees), but there will also be significant costs to those who don’t benefit
(i.e. increased environmental damage, injury and property damage to third parties and
reputational damage to the wider industry). Without a licensing process or with an ineffective
licensing process for commercial launch from the UK we would expect a reduction in safety and
environmental protection beyond what is optimum when we take in to account all those affected
by such reductions. For example, spaceflight launch accidents may be more frequent without
licensing and/or an ongoing monitoring regime by the regulator. Clear regulations, licence
conditions and a strong monitoring regime will ensure that risks are managed and mitigated by
licence holders to acceptable levels.

Adverse selection — The licensing application process and monitoring regime will ensure private
information held or known by licence applicants or holders is shared with the regulator, to enable
effective decision-making by the regulator. This reduces the risk of “adverse selection”, whereby
the regulator cannot distinguish licence applicants or holders that are managing and mitigating
risks to appropriate levels from those that are not. The licensing and monitoring regulations will
ensure there is a common standard across all licence applicants, with more or less stringent
requirements depending on the launch activities being undertaken.

Imperfect information — The UK spaceflight regulator and accident investigators require
unhindered access to information about personnel, governance, safety, security and accident
sites. Whilst the launch industry will have an incentive to share information in some instances and
prevent costly spaceflight accidents, there is a risk that the UK spaceflight regulator and accident
investigators will not have access to or receive an adequate level of information to make
evidence-based decisions. Without unhindered access to the evidence, any investigation is likely
to fall short in terms of depth and potential improvements could be missed. In addition, launch
participants and the wider public may not be fully aware of the level of risk that they are being
exposed to.

Moral hazard — Creating regulation without clear licence conditions, a robust monitoring and
enforcement regime, and adequate penalties, runs the risk that the regulatory regime would be,
or would be perceived to be, impotent. In addition, licence holders may take unnecessary risks if
they believe government will cover the costs of accidents. This is a situation known as “moral
hazard”: because there is low or no risk of their being held responsible, and because they will not
bear all the costs of non-compliance or offences, licence holders might not take (costly) action to
reduce risks. A monitoring regime and appropriate enforcement, liability and insurance measures
will require organisations to comply with regulations and reduce risks to socially acceptable levels.

34 Market failures are defined by the HM Treasury ‘Green Book’, 2018 — available at https://www.gov.uk/government/publications/the-green-book-
appraisal-and-evaluation-in-central-governent
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e Positive externalities — Commercial launch activities in the UK will likely indirectly increase
research and development, innovation and wider supply-chain knowledge spillovers®. In addition,
in an open market without state accident investigation, any investigation would be voluntary. The
costs would entirely fall to the party undertaking the investigation, who would also receive some
benefits from the findings; but any findings from the investigation would be beneficial to the entire
sector. Where the wider benefits exceed the private costs, the activity will be under-provided
without intervention. Therefore, an independent safety investigation authority that was
independent of the industry and the regulator would also be able to share investigation findings
and lessons across the industry and public. This has the potential to lower the risk of accidents
and, as a consequence, to reduce the number of people injured. To the industry this may translate
into large savings.

Case study: Liabilities and Insurance

Commissioned research concludes that the insurance market cannot supply insurance to cover unlimited
liabilities: only cover up to c¢.$500m (£382m) is available, whereas there is a hypothetical
maximum financial loss of £4.5bn (accounted for in our modelling approach).: This failure of the market
to provide these higher levels of cover may be a result of:

Imperfect Market:

o There are few insurance providers with the necessary expertise and appetite for spaceflight
insurance. Often, it is an extension of aviation, transport or telecommunications business and as
such, it is secondary to prioritised core business areas.

e The limited number of insurance providers reduces the ability to form a sufficiently large risk pool.

e To reduce exposure from this limited pool, insurers limit the maximum cover offered.

Imperfect Information:

e There is a lack of UK launch operational experience. This lack of past experience means the level of
risk that insurance providers are exposed to is exceptionally hard to quantify. This uncertainty (of
how risky the launch activity is) discourages insurance providers from entering the market due to
business planning and risk management difficulties. A similar argument also applies to third-party
losses arising from accidents. Such incidents are very rare and therefore modelling losses is very
uncertain.

e This lack of evidence is not expected to change: initial forecasts of the number of UK launches are
low. It will take many years before a robust evidence base is established.

Regqulation:

¢ Insurance providers are required by EU law to show they hold sufficient reserves to cover potential
losses (‘minimum capital requirements’). Although future UK law may differ in level, it is unlikely to
abandon finite reserve requirements altogether (since they ensure insurance providers can meet at
least a portion of their obligations to policyholders and claimants). Because of these finite reserve
requirements, insurance providers cannot provide unlimited insurance cover whilst meeting industry
regulation.

Over time, increases in launch volumes and available data could refine insurance premia and stimulate
new insurance providers, mitigating the failure of the market to provide high levels of cover. However,
even with operational experience, and higher levels of insurance cover available, the market is unlikely
to provide unlimited liability cover. Limits on liabilities place an upper bound on potential claims to
insurance providers, meaning they can hold sufficient reserves to cover potential claims and manage
risk. Assuming insurance providers pass the cost reductions onto operators, liability limits reduce
operator insurance costs, ensuring the UK launch market can compete with other launch nations, where
liabilities limits are commonplace (Annex 6).

35 HmG ‘Spillovers in the space sector’ by London Economics, 2018 — available at https://www.gov.uk/government/news/the-wider-benefits-of-
space-investments-for-the-uk-economy
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Policy objectives

UK-wide objectives

1.

The National Space Policy (2015) sets out the Government’s vision to capture a greater share of the
world’s thriving space market. The UK’s current ambition is to grow the UK’s share of the global space
economy from 5.1% to 10% by 2030, with the capability to enable satellite launch by the early 2020s%.
It aims to achieve this by growing downstream (those that use satellite data) revenues from £8 billion to
£37 billion and upstream (those that make and operate satellites) revenues from £1 billion to £3 billion.
This offers a chance to grow the UK economy, attract inward investment and inspire the next generation
of scientists and engineers at a time of economic change and uncertainty®’.

. The Prosperity from Space strategy (2018) sets out the UK space industry’s vision for growth over the

next decade. The Space Growth Partnership, an industry-led grouping, prioritises Earth information
services, connectivity services, in-space robots and low-cost access to space. The strategy aims to
double the value of space to wider industrial activities from £250 billion to £500 billion, generate an extra
£5 billion in exports and attract £3 billion of inward investment. The space sector will actively encourage
diversity and inclusion in its workforce and interact with one million young people per year in a bid to
increase interest in careers in Science, Technology, Engineering and Mathematics (STEM)®.

Commercial Spaceflight Programme objectives

. The Commercial Spaceflight Programme aims to achieve the UK-wide objectives for the space sector by

enabling the UK to be the first country in Europe to achieve commercial small satellite launch, generating
growth for the UK’s economy and establishing the foundations for ongoing market growth and commercial
sustainability by 2030. There are four projects within the Programme to achieve this: Legislation,
Regulation, Market and External Engagement (Eigure 2).

. Each of these projects are dependent on one another. External engagement is needed to implement

international agreements with other countries to reduce the risk of damaging international relations as a
result of UK launch activities. However, funding is needed to develop the facilities, technology and
capabilities for UK spaceflight activities to take place in the first instance. Prior to this, a spaceflight
regulator is needed to license and monitor these activities, and legislation is needed to give the regulator
and industry the powers and certainty to do this.

Legislation objectives

5.

The objectives for the UK Spaceflight Programme’s Legislation project are to:

e Ensure that all required legislation, guidance and RLRs to enable all spaceflight and associated
activities in the UK is in force to enable spaceflight in the early 2020s.

e Ensure that spaceflight policy development considers the views of the space sector and existing
best practice, both in the UK and internationally.

o Ensure that all stakeholders (including the sector, the public and the UK Parliament) are kept
informed of policy developments and that industry consultation begins in 2019.

36 UKSA ‘Space Growth Action Plan’, 8 April 2018 — available at: https://www.gov.uk/government/publications/space-growth-action-plan
37 HMG ‘National Space Policy’, 2015 - https://www.gov.uk/government/publications/national-space-policy

38Space Growth Partnership ‘Prosperity from Space’, 11 May 2018 — available at: https://www.gov.uk/government/news/uk-space-industry-sets-
out-vision-for-growth
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Figure 2: The UK’s Spaceflight Programme vision *°
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Empower industry and science

Capture market

6. In order to deliver the primary policy objectives, more specific objectives have been developed for the
proposed secondary legislation:

e Above all, protecting public safety, national security and international relations, including
people taking part in or supporting launch activities and third parties. Safety is at the heart of our
proposed regulatory regime under the SIA. Launch from the UK is a new activity that presents new
and different risks from those posed by traditional aviation and the experience of licensing
procurement of launch activities from other states under the OSA. Under the SIA the regulator has
an overriding duty to exercise its functions with regard to spaceflight activities (including whether or
not to grant a licence) with a view to securing public safety. This duty has primacy over the other
matters that the regulator has to consider in exercising its functions.

o Promote the following opportunities:
= Growth — Support business entry to the commercial launch market in the UK

= |nnovation — Enable the UK to capitalise on current and future spaceflight technologies by
putting in place regulations that are flexible and cover a variety of spaceflight activities

= Sustainability — Put the UK’s commercial launch market on a sustainable footing, which
could be undermined in the event of significant accidents or security breaches

o Reduce uncertainty through effective legislation and ensure an economic, efficient and
equitable allocation of costs, benefits and risks:

= Legal — Ensure the regulator can meet its legal responsibilities under the SIA, by assuring
itself that launch activities are being carried out in compliance with licence conditions and the
legislation more broadly.

= Licensing and monitoring — Establish a standardised, proportionate, transparent and fair
licence application process and monitoring regime that enables licence applicants and
holders to secure compliance with the regulations and licence conditions, and the regulator
to make evidence-based decisions.

39 HMG ‘Brochure: UK Spaceflight Programme’, 18 September 2019 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/832347/6.5926 UKSA LaunchUK e-
brochure.pdf
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= Safety — Licence applicants to complete safety requirements and conduct assessments that
satisfy the regulator prior to receiving a licence. Spaceport licence holders to operate safely,
all licence holders to operate mission management facilities safely, launch operator licence
holders to carry out activities safely and range control licence holders to ensure the range
allows launch activities to be carried out safely.

= Informed consent — Individuals taking part in risky launch activities do so on an informed
basis and have enough unambiguous information about the associated risks of death and
injury to make this serious decision, and sign a consent form agreeing to accept these risks.

= Training, qualifications and medical fithess — Ensure that staff and participants have
adequate training, qualifications and medical fitness to carry out their responsibilities.

= Security — Protect members of the public and any other third party or property from unlawful
acts that may occur as a result of interference with a launch activity; protect the space site
and supporting infrastructure from unlawful interference; protect the crew, spaceport
(including aerodromes) staff and spaceflight participants from unlawful interference; and
protect carrier aircraft, spacecraft and payloads from unlawful interference.

= Regulator notices, Occurrence reporting and Offences, Directions and Appeals —
Ensure the regulator has sufficient powers to ensure compliance with licence conditions and
the legislation more broadly, and ensure there are proportionate, transparent and fair
processes for enforcement, including a standardised process for appeals against regulatory
decisions®.

= Accident & Investigation — Ensure independent and expert investigation into spaceflight
accidents to avoid conflicts of interest, ensure safety lessons can be learned and
improvements implemented where appropriate, and ultimately reduce the risk of future
accidents.

= Liabilities — Enable the Government to comply with its international obligations under space
treaties*! and set the insurance requirements for cover to be held by licence holders; ensure
that any party suffering injury or damage has recourse to compensation; ensure consistency
across OSA and SlA licences, for both the procurement of launch and in-orbit activities create
an international competitive regulatory regime so that launch operators enter the market and
establish launch services.

O HmG ‘Space industry bill: Policy scoping notes’, 11 July 2017 — available at: https://www.gov.uk/government/publications/space-industry-bill-
policy-scoping-notes
41 UN Convention on International Liability for Damage Caused by Space Objects
http://www.unoosa.org/oosa/oosadoc/data/resolutions/1971/general_assembly_26th_session/res_2777_xxvi.html
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Description of options

Long List of Regulatory Options

1. This section outlines the long list of regulatory options considered for the preferred option. These include
options for the UK spaceflight regulator, the number and type of prescribed roles in the proposed
regulations, and different approach to liabilities and insurance. This provides evidence to support the
justification of the preferred options as the “minimum viable regulation” to achieve the policy objectives,
as they balance the need to minimise the cost to business to make the UK spaceflight market competitive
against the need to ensure safety and security in this high-risk industry.

2. Following this section, the three shortlisted options are described in detail:

e Option 1: Do nothing (counterfactual) — There will be no additional regulations to enable
commercial spaceflight launches from the UK. It is assumed that no commercial spaceflight launch
industry will develop in the UK because of uncertainty about how the market will be regulated. See
counterfactual analysis.

e Option 2: Minimum viable regulation (preferred) — to enable commercial spaceflight launches from
the UK. This option (see scenario analysis) sets out a package of regulations, guidance and
Regulator’s Licensing Rules (RLRs) that aims to provide a framework for licensing and monitoring
spaceflight launches from the UK. This aims to balance the policy objectives of supporting growth,
innovation and a sustainable UK launch market against the need to protect public safety, national
security, the environment, airspace and international relations.

e Option 3: Alternative to proposed regulation— Existing legislation, guidance and engagement,
and/or public provision. Under this option, the SIA, OSA and other existing legislation would be used
to regulate the UK launch market and/or publicly provide more aspects of the market. As illustrated
through scenario analysis, these alternatives are expected to result in lower net benefits compared to
option 2, with greater risks and uncertainty of outcomes, but this is also highly uncertain.

UK spaceflight regulator

3. This section outlines the options for the UK spaceflight regulation using existing powers under aviation
legislation and the SIA. Three options have been considered:

e Regulator Option 1: Do nothing (counterfactual) — Under this option, the Civil Aviation Authority
(CAA) would regulate horizontal launch and sub-orbital spaceports and spacecraft, personnel and
range control services, and the UK Space Agency (UKSA) would regulate vertical launch and orbital
spaceports and launch vehicles, space objects and satellite operations and sub-orbital rocket
launches*2. This is not the preferred option primarily due to the complexity of having two regulators
and potential conflicts of interest between market promotion and regulation of UKSA.

e Regulator Option 2: CAA single requlator (preferred) — Under this option, the Civil Aviation
Authority (CAA) would take on all regulatory responsibilities for UK spaceflight, in addition to its existing
aviation and airspace responsibilities. This is the preferred option for the reasons explained below.

e Regulator Option 3: Industry self-requlation (discounted) — This option uses powers already
contained in the Civil Aviation Act 2012 and Air Navigation Orders (ANO) to allow the UK launch
market to regulate itself i.e. self-regulation. This option has been discounted due to the safety-critical
nature of the spaceflight launches and potential conflicts of interest.

4. The UK Space Agency (UKSA) currently licenses in-orbit activities of UK companies under the Outer
Space Act 1986 (OSA). Stemming from the obligations that the UN space treaties place on state parties,
the OSA is the legal means by which the UK regulates activities in outer space carried out by organisations
or individuals established in the UK, one of its overseas territories or Crown dependencies. It confers

42 MG ‘DFT00365 IA: Space Industry Bill — Spaceflight’, 30 September 2016. Available at:
https://www.legislation.gov.uk/ukpga/2018/5/pdfs/ukpgaod 20180005 en_ 001.pdf
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licensing and other powers on the Secretary of State (typically Business, Energy and Industrial Strategy
SoS), who acts through the UKSA to exercise these powers. The OSA is the means by which the industry
secures licences to launch or operate satellites, or manage other activities in outer space.

5. The Space Industry Act 2018 (SIA) was granted Royal Assent in March 2018 and we plan on implementing
the secondary legislation in 2021. This is in-line with the UK’s launch market development which is
expected to be ready to apply for licences for commercial launch in 2021. The SIA mandates the
introduction of a safety focussed licensing system based on outcomes, and not prescription i.e. prescribing
what government and the regulator expect the outcomes to be rather than how to achieve them. This is
the standard UK approach which has been successfully adopted following the Piper Alpha disaster and is
globally viewed as best practice*.

6. It was the original intention that the regulation functions would be carried out by both the UKSA and Civil
Aviation Authority (CAA), closely working together to minimise any impact on the industry (see primary
legislation impact assessment*). However, a recent internal report by PwC for the programme highlighted
the challenges this would present, primarily confusion and added complexity for the industry about the
different regulatory roles and responsibilities, alongside a conflict of interest for the UKSA which would be
regulating an industry it was simultaneously incentivising for economic growth. It is very clear following
further work that, from a public safety perspective, best practice would be to move the control and
governance of all the regulatory functions from the UKSA, with the CAA being the most obvious given its
experience in aviation safety regulation and future role in space flight.

7. This is in line with Health and Safety Executive (HSE) best practice and parallels the US, where NASA
essentially carries out the policy and commercial functions, with the FAA acting as the regulator of the
activity and accountable to the Transportation Department.

8. There are no legal constraints to the CAA taking on the space regulatory functions and the CAA have
agreed to do so. The UKSA, CAA and DfT have put in place a programme to cover sponsorship, funding,
skills and capability to deliver as smooth a transition as possible.

9. Once the SIA, and the regulations made under it, are in force, the CAA will be responsible for
determining licence applications, and monitoring and enforcement of licence conditions and safety,
security and other related regulations — and issue of some supporting guidance to applicants and licence
holders.

10. As well as the regulation functions moving to the CAA, there are a number of additional policy functions
the DfT will have responsibility for, not least an increase in existing safety policy functions and future
development of legislation and regulations. National space capability, overall space policy, science and
growth would all primarily remain with UKSA, with DfT working in partnership where required.

11. As with aviation, the DfT would have policy responsibility for the legislative framework which the
regulator, licence applicants and licence holders must work within. DfT would also need to provide
advice to Ministers on the exercise of certain powers and responsibilities conferred on the Secretary of
State by the SIA.

12. In accordance with section 37 of the SIA, the regulator will not be held liable in respect of spaceflight
regulated activity, except in cases of gross negligence, creating a contingent liability for central
government. HMT must approve contingent liabilities in addition to the relevant Department’s Accounting
Officer and Minister. New contingent liabilities must also be notified to Parliament. As part of policy
development around the sponsorship of the single regulator, we are considering the location of the
contingent liability and will provide further advice on this subject in due course.

43 Health & Safety Executive ‘The Public Inquiry into the Piper Alpha Disaster’, accessed 27 January 2021. Available at:
https://www.hse.gov.uk/offshore/piper-alpha-disaster-public-inquiry.htm
44 MG ‘DFT00365 IA: Space Industry Bill — Spaceflight’, 30 September 2016. Available at:
https://www.legislation.gov.uk/ukpga/2018/5/pdfs/ukpgaod 20180005 en 001.pdf
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13. A related dependency for UK space launch is the government’s ability to deliver limits on operator
liabilities. A separate submission is being submitted on this subject.

Prescribed roles

14. This section outlines the options for the UK spaceflight regulating using existing powers under aviation

legislation and the SIA. Three options have been considered:

Regulator Option 1: Do nothing (counterfactual) — Under this option, no roles would be prescribed
under the secondary legislation under the SIA. This option is not preferred because it limits the
accountability of licence holders, does not ensure licence holders have safety and security critical
roles, and may lead to adverse outcomes identified in the problem under consideration.

Regulator Option 2: Minimum number of prescribed roles (preferred) — Under this option, the
minimum number of prescribed roles is proposed in the secondary legislation, to improve the
accountability of licence holders, ensure licence holders have safety and security critical roles and
achieve the policy objectives. This is the preferred option and has been refined through consultation.
Regulator Option 3: More prescribed roles (discounted) — This option would prescribe more roles
than option 2, potentially including training managers for spaceports, flight termination officers, pilots
or mission management controllers. This option has been discounted to avoid over-regulation that
could stifle this emerging market.

15. Regulations prescribe certain safety and security critical roles that must be performed on behalf of
spaceports, range control services, launch (and return) operators and orbital operators. These are safety
and security critical roles that are prescribed in regulations to ensure that they are fulfilled and
documented and that the regulator can assure that individuals undertaking these roles meet the eligibility
criteria under these regulations, and are fit and proper to do so regarding criminal convictions and
bankruptcy. Annex 2 contains more detail on the assumptions used in this IA for prescribed roles.

16. A summary of the roles and responsibilities for each of the prescribed roles is below:

e Accountable manager means the person who has the authority to ensure that all licensed
activities can be financed and carried out in accordance with the applicable regulations and
conditions of the licence. The accountable manager shall be responsible for establishing and
maintaining an effective management system.

e Safety manager means the person who is responsible for the day-to-day development,
administration and maintenance of an effective safety management system. This role must be
independent of the Launch Director and report directly to the Accountable Manager.

e Security manager means the person who is responsible for all security aspects related to the
operations enabled by the licence.

e Launch Director means an employee of the spacecraft operator who has the spacecraft
operator's final approval authority for the licensed spaceflight activities. The Launch Director is
the individual who shall ensure that all the Safety Manager’s concerns are addressed prior to
any spaceflight activity commencing.

e Training Manager means the person who is responsible for ensuring staff employed by the
operator licensee in carrying out licensed activities are properly trained.

17. The following prescribed role has been removed for spaceport licences after consultation:

e Training Manager means the person who is responsible for ensuring staff employed by the
operator licensee in carrying out licensed activities are properly trained.

18. We have considered the risk of over-regulation of eligibility criteria and prescribed roles, i.e. setting the
entry bar too high. Further prescribed roles (such as Training Managers for spaceports, Flight
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19.

20.

Termination Officers, Pilots or Mission Management Controls) and more stringent eligibility criteria might
lead to additional safety and security, but given that business may fill these roles without regulation and
ensure those they are employing are fit and proper to carry out their roles, the additional requirements
could put further burden on business where the benefits may not be that significant.

In addition, the regulations do not require that prescribed roles must be held by separate individuals,
except in the case of the Launch Director and Safety Manager. These roles must be filled by separate
people to ensure that any safety concerns raised by the Safety Manager are addressed by the Launch
Director before the Launch Director gives final approval for launch to take place. A security manager will
only be needed for orbital operators if there is a risk to national security.

This could restrict the pool of potential candidates for filling key roles and constrain a business’s
opportunity to enter the emerging spaceflight market by increasing compliance costs, as well as
unnecessarily regulating how a licensee conducts its business and designs its management and process
structures. This may also impact entry to the commercial spaceflight market in the UK. We are therefore
aiming to only impose eligibility criteria and mandatory roles that we consider critical to safeguarding
safety and security.

Liabilities and insurance

21.

22.

23.

Given the market will not be able to offer unlimited liability cover, it is assumed that operators will not
launch while holding unlimited liabilities, and a limit on liabilities is required for UK commercially
sustainable launch. This can only be established through regulations. As a result, no alternatives to
regulation are included.

What follows are summaries of the options, varying according to the share of liability between
Government and operator. At one extreme, there are no liability limits for launch activities and so the
operator has full, unlimited liability (Liabilities Option 1: Do Nothing, Liabilities Option 4: Risk Pooling).
At the other extreme is a full state guarantee (Liabilities Option 5: Full State Guarantee). Two different
methods of sharing liability are included (Liabilities Option 2: Modelled Insurance Requirement,
Liabilities Option 3: €60m Fixed Limit). Finally, there is an option to charge for a partial or full state
guarantee (Liabilities Option 6: Premium for State Guarantee).

Liabilities Options 1, 2 and 3 are taken forward for analysis. Liabilities Options 4, 5 and 6 are discounted
and not monetised: the reasons for this are explained below.

Liabilities Option 1 (Counterfactual): Do Nothing

24,

This is a continuation of the status quo. Operators continue to hold unlimited liabilities. It is assumed
that no commercial spaceflight launch industry will develop in the UK.

Liabilities Option 2 (Preferred): Modelled Insurance Requirement

25.

The Modelled Insurance Requirement (MIR) sets the liability limit and the insurance requirement on a
per launch basis, reflecting the risks of the specific launch (e.g. spaceport location, flightpath, launch
vehicle type). It is based on the Maximum Probable Loss (MPL) approach used by Australia and the
US“*. A state guarantee is provided to meet any claims in excess of the operator’s liability limit.

45 Australian Government, ‘Maximum Probable Loss Methodology’, August 2019 - available at:
https://www.industry.gov.au/sites/default/files/2019-08/maximum-probable-loss-methodology-for-space-activities. pdf
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26. This option aligns with the ‘Minimum Viable Regulator’ of the ‘SIA Secondary Legislation |A™.

Liabilities Option 3: €60m Fixed Limit

27. The liability limit and the insurance requirement are fixed at €60m for each UK launch. This value is
consistent with that used by many launch states*’. The Government will indemnify any claimants for
claims in excess of the operator’s liability limit.

Liabilities Option 4: Risk Pooling

28. Members of a risk pool share are responsible for their combined financial risk, to limit each member’s
potential loss. To be effective, risk pooling requires lots of members (reducing each member’s share of
their combined financial risk).

29. However, there are few launch insurance providers, reducing the ability to pool high-risk launches.
Furthermore, risk pooling does not necessarily enable unlimited cover. Thus, this option does not fix the
incomplete market as Government may still need to place a limit on liabilities.

Liabilities Option 5: Full State Guarantee

30. Under this option, the UK Government agrees to cover all losses arising from any spaceflight accident,
with no insurance requirements placed on an operator.

31. Since commercial insurance is available on the market (albeit limited cover, rather than unlimited), a full
state indemnity is excessive. Furthermore, with a full state guarantee, Government would be exposed
to the full cost of any accidents. This does not incentivise lower risk missions, unlike Option 3 (where
operators can benefit from lower risk missions through lower insurance premiums) and may exceed the
Government'’s risk appetite.

Liabilities Option 6: Premium for State Guarantee

32. A commercial-rate premium is charged for the provision of the state guarantee, as if the state was a
private insurance provider.

33. Operators would have a further cost (over and above any insurance costs) to pay for the state guarantee.
As other states do not charge for a state guarantee, this would likely reduce UK competitiveness and
stunt UK launch demand, threatening the objectives of the Commercial Spaceflight Programme. If it is
a full state guarantee, the arguments against such an approach from Option 5 apply. If the state
guarantee were to be limited in some way, then such an approach would not be compliant with domestic
Human Rights legislation, if there were no other recourse to compensation (i.e. which is unlikely, given
the insurance market does not currently provided unlimited cover). This option would be challenging to
deliver within the existing legislation.

46 M Government, ‘Space Industry Regulations 2020 Impact Assessment’, July 2020 - available at:
https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/904349/consultation-impact-assessment. pdf

“"Fora comparison of launch states’ liability limits, see Annex 6.
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How liability and insurance options map to the main options short-list:

Short-list of regulatory
options

Option 1 — Do nothing
(counterfactual)

Option 2 — Minimum Viable
Regulation (preferred)

Option 3 - Alternative to
proposed Regulation

Liability and insurance options

Liability Option 1 — Do nothing
(counterfactual)

Liability Option 2 — Modelled
Insurance Requirement
(preferred)

Liability Option 3 —€60m Fixed
Limit

Liability Option 4 — Risk Pooling
Liability Option 5 — Full State
Guarantee

Liability Option 6 — Premium for
State Guarantee

29

Explanation

Liabilities Option 1 fits within Option
1. Therefore, in this IA when we
refer to option 1, this also captures
Liability Option 1.

Liabilities Option 2 fits within Option
2. Therefore, in this IA when we
refer to option 1, this also captures
Liability Option 1.

The alternative liability options are
considered regulatory options
however do not to fit within the
minimum viable regulatory option
and are not deemed the preferred
liability and insurance option for
reasons outlined above.

These are either less efficient or go
beyond what is deemed necessary
(imposing unnecessary burdens to
business or government) to enable
the commercial spaceflight market,
potentially overregulating the
market.

Liability Options 4, 5 & 6 also fit into
this Option 3 category, however are
not within the short-list (for reasons
outlined above).



Option 1: Do nothing (counterfactual)

1. Doing nothing represents a continuation of the status quo. There will be no additional regulations to
enable commercial spaceflight launches from the UK. It is assumed that no commercial spaceflight
launch industry will develop in the UK because of the uncertainty about how the market will be regulated.
This is evidenced by the fact that there is currently no active UK commercial spaceflight launch industry
(see counterfactual analysis), and we expect the industry to continue to not exist without this additional
package of draft secondary legislation, guidance and Regulator’s Licensing Rules (RLRs), which is an
essential part of the wider Spaceflight Programme (see policy objectives).

2. This was tested through the July 2020 consultation, which asked consultees about the most realistic
launch forecasts in Annex 3. The majority of respondents were either not sure which scenario is most
realistic (19%) or did not respond to this question (37%), perhaps because it was too technical or because
of uncertainty around the UK launch market outlook. A few (n<5) respondents answered “none of the
above” forecasts were realistic, with some adding further justifications that the scenarios did not align
with industry forecasts and that the wide range between the low (“complete market failure”) and high
(“extremely optimistic”) scenarios were unhelpful for individual business planning purposes. This
supports the use of a wide range of scenarios (including risk of total failure) in this IA to reflect any
uncertainties.

3. For example, without a state indemnity to claimants above liability limits, it is assumed that no commercial
spaceflight launch industry will develop in the UK, as operators cannot gain unlimited insurance cover
from commercial insurance markets (problem under consideration). Operators can launch from other
states where there are liability limits.

4. For some aspects of the powers given by the SIA, doing nothing is the preferred option. For example, no
additional regulations, guidance or RLRs haves been drafted to enable Point A to Point B suborbital
spaceflight operations, orbital spaceflight operations with human occupants, and hypersonic or other
point to point transport, because the section of the SIA which would allow for those activities to be
licensed has not yet been enabled and therefore isn’t covered in the proposed secondary legislation.

5. For sections of the SIA where secondary legislation has been drafted and alternatives to regulation have
been considered, this option enables us to establish a counterfactual (or baseline) to assess the
additional impact of the proposed secondary legislation under the SIA and the alternatives. In terms of
legislation, the counterfactual is the primary legislation as set out in SIA (policy background). The
counterfactual also includes other legislation that would be the default if no further legislation was
implemented. These include (but are not limited to):

The Outer Space Act 1986 (OSA)

The Outer Space Act 1986 (Fees) Regulations 1989
Air Navigation Order 2016 (ANO)

Civil Aviation Act 1982 and 2012

Health and Safety at Work Act 1974 (HSA)

Energy Act 2013

Regulatory Enforcement and Sanctions Act 2008
Freedom of Information Act 2000 and Freedom of Information (Scotland) Act 2002
Prosecution of Offences Act 1985

Fraud Act 2016

Data Protection Act 2018

6. Businesses entering the commercial spaceflight launch market in the UK may also have conducted
commercial spaceflight launch activities in other countries. Therefore, foreign legislation is also a
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counterfactual from which to assess the additional impact of the proposed secondary legislation under
the SIA. For example, the US Commercial Space Launch Competitiveness Act 2015%,

Table 4: UK space industry segments and activities*®

UK space industry | UK space industry activity OSA direct SIA direct

segment impact (Yes/No) impact (Yes/No)

Space Operations Launch services No Yes
Proprietary satellite operation Yes Yes
Third-party ground segment operations No Yes
Ground station networks No Yes

7. ‘Space operations’ is the space industry segment expected to benefit from the proposed secondary
legislation under the SIA (Table 4). This includes launch services (launch operator licences), third-party
ground segment operations (spaceports and range control service licences) and ground station networks
(all licences) space industry activities. In the do-nothing option, these sub-segments are not expected to
develop further because of the high level of uncertainty about how the market will be regulated.

8. This does not include proprietary satellite (‘space objects’) operation activities, which are already licensed
and regulated by the OSA. The outcome in the do-nothing scenario for this sub-segment is more
uncertain (see counterfactual analysis and benefits sections). Licensing for satellite operations and
overseas launches would continue under the OSA. The UKSA has an established process for licensing
such activities, which includes engaging with an applicant in the pre-application stage and conducting a
range of checks in assessing an application. However, the OSA is not suitable for more detailed licensing
requirements that are required for commercial spaceflight launch activities from the UK.

9. Currently, article 94A of the Air Navigation Order 2016 (ANO) provides for a flight restriction zone (FRZs)
at and around protected aerodromes, within which flights by small unmanned aircraft (SUA, otherwise
known as drones), must not take place without permission. Spaceports are not currently covered by Flight
Restriction Zones (FRZs) in existing legislation, and there will is no legal mechanism to restrict flight over
spaceports during rocket launches. In addition, applications for permission from the Civil Aviation
Authority (CAA) are required to launch large rockets, under article 96 of the ANO. This does not align
with the policy objectives as these current applications come with no guidance or details about spaceflight
application requirements.

10. The SIA alone does not create a suitably robust or transparent framework through which to achieve the
policy objectives. The scope for interpretation of the requirements in the SIA would be too broad as it
was designed to set out high-level powers, meaning that standards would be likely to vary between
licence applicants and holders, increasing the probability of the risks outlined in the problem under
consideration materialising.

11. Without secondary legislation, guidance or RLRs under the SIA, there would continue to be little
transparency to prospective licence applicants or wider stakeholders on the safety and security outcomes
that are expected of licence holders. This would provide uncertainty and risk to businesses applying for
a licence and HMG. It may also impact public acceptance of this new industry if it is not perceived to be
regulated effectively.

12. The do-nothing option will not help achieve the Government’s policy objectives. Nor would it meet the
expectations of Parliament that detailed regulations will be made to support the various sections of the
SIA, especially where the Secretary of State and regulator are given powers to make regulations and
provide guidance and RLRs.

8B yus Congress ‘US Commercial Space Launch Competitiveness Act’, 2015 — available at: https://www.congress.gov/bill/114th-congress/house-
bill/2262/text

49Uk space industry activities consistent with those assessed in London Economics ‘The Size and Health of the UK Space Industry 2018’, 30

January 2019 — available at: https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018
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Option 2: Minimum viable regulation (preferred)

Secondary legislation objectives

1.

The proposed package of secondary legislation, guidance and RLRs below is the preferred option. These
have been drafted with the aim of addressing the problem under consideration and achieving the policy
objectives. They represent the “minimum viable regulation” with the aim of balancing the need to protect
public safety, national security, the environment and international relations with supporting growth,
innovation and sustainable development of commercial spaceflight market in the UK. This is considered
to be the minimum viable regulation because longer lists of possible regulations, such as additional
prescribed roles, have been considered and either discounted or included in guidance and/or RLRs
instead (see long list of requlatory options). In addition, not all powers in the SIA have been used e.g. for
orbital operators or for orbital and interstellar spaceflight with human occupants.

Having a structure that balances the need to draft either secondary legislation, guidance and RLRs
should also help future-proof the regulation and allow the Department and regulator to respond to new
regulatory needs as the market matures to harness and safeguard innovation whilst balancing these
against the risks.

An “outcomes” based approach has been taken when drafting the regulations, prescribing what
government and the regulator expect the outcomes to be rather than how to achieve them. However,
outcomes can be harder to assess than prescribed process (see post Implementation Review) The onus
is placed on licence applicants and holders to demonstrate how they will achieve this, with guidance and
RLRs supporting businesses and the regulator to this end. This is similar to the approach used by the
Health and Safety Executive (HSE) in the UK and is expected to enable the market to develop sustainably
and ensure innovation is not stifled®.

. The regulations are designed to not overregulate the commercial spaceflight market in the UK. They

have been developed following a review of more extensive sets of regulations in other countries, e.g. the
US, to avoid unnecessary licensing and compliance costs that could deter entry into and stifle the market.
There is already a strong developing commercial space sector in other countries; creating a prohibitive
environment in the UK would negatively impact the policy objectives.

Imposing rigid and prescriptive standards in regulations could impose costs on a business that might be
over and above what it needs to provide for a spaceport. Therefore, more stringent regulations, such as
imposing detailed siting requirements, safety and security standards for infrastructure, launch pads,
runways, and propellant storage and handling, have been discounted where it is not proportionate to
include them.

Appointing the regulator

6.

Successive governments have followed a policy of separating safety regulation from sector promotion to
ensure regulation is impartial. On these principles it is our intention that the Civil Aviation Authority (CAA)
will undertake all SIA regulatory functions in addition to regulating in-orbit activities under the OSA. With
regard to the SIA, the functions are conferred on the CAA by draft regulations made under section 16 of
the SIA. It is the Government’s intention to produce further regulations delegating certain functions of the
Secretary of State under the OSA to the CAA.

The UKSA has a key role in shaping this space sector strategy and supporting its development through
providing targeted grants to the UK launch market. Recognising an accepted precedent, HMG has come
to the view that it would create unacceptable conflicts of interest for the UKSA to be responsible for sector
strategy and promotion on one hand, and regulatory decisions where safety of life is at stake on the
other. Further, any model which involves multiple regulatory bodies would create additional and potential
complex regulatory boundaries to manage and additional interface challenges for the sector. The
Government has therefore decided to vest all UK commercial space regulatory powers in CAA, which

50 BEIS ‘Goals-based and rules-based approaches to regulation’, May 2018 — available at:
https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/714185/requlation-goals-rules-based-

approaches.pdf
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10.

11

12.

13.

has a well-established track record in making regulatory decisions in civil aviation and would in any event
have a significant role in space regulation.

Commercial spaceflight launch from the UK is in its early stages, and one where in-depth regulatory
experience for the full scope of commercial spaceflight and associated activities is being developed. The
CAA is the UK's specialist aviation regulator and has a wealth of existing expertise and regulatory
obligations in relation to aerodrome sites, aircraft and the use of UK airspace. It is expected that the CAA
is best-placed to be appointed as the regulatory authority for UK commercial spaceflight and associated
activities. As an experienced regulator, the CAA has existing skills and expertise to bring to bear to the
ongoing development and build of a new regulator element for the SIA

Appointing the CAA as a single regulator is expected to provide a more easily understandable regime
and should remove the risk of gaps or overlap in having more than one regulator performing the
regulatory function. Potential licence applications for commercial spaceflight and associated activities
would all be assessed by a single organisation with the intention of creating a more streamlined and
simple approach.

The proposed secondary legislation will use the powers in SIA to allow government and the regulator to
impose proportionate, transparent and fair requirements to:

License and regulate commercial spaceflight launch and associated activities from the UK
Monitor compliance with licence conditions and the legislation more broadly

Enforce breaches of licence conditions and offences

Investigate spaceflight accidents, including near misses

Set insurance and liability requirements

® o o o o

. Under the guidance in Managing Public Money®! (the HM Treasury guidance on how to handle public

funds), the costs of providing such services should be fully recovered from users of the service.
However, HMG proposes a different approach to support the UK’s nascent launch market. HMG
proposes:

¢ No cost recovery for spaceport, range and launch licensing for three years (under the SIA). The
cost of initial operations will be high as the regulator will need time and experience to mature its
safety-critical functions. In addition, the volume of applications is expected to be low at first,
further increasing costs if priced according to full cost recovery. We propose implementing a
charging scheme in 2024, moving towards full cost recovery over a phased approach. Given
uncertainties around how the UK launch market will develop, we will review this decision
annually.

o Partial cost recovery of satellite licensing at £6,500 per licence (under the SIA and OSA). This is
consistent with HM Treasury guidance, ensuring that the same charges apply to all users of a
similar defined category of service. Over the long-term, we propose implementing a flexible
charging regime for all types of mission (e.g. constellations) and licensing activities (e.g. in-life
monitoring).

The CAA has statutory powers to set fees under the SIA (section 62 of the SIA which gives effect to
Schedule 11). It is proposed that SIA satellite licence fees will become effective by 1 April 2021.
However, it may be later in 2021 that regulations made under the SIA will be in force for the regulator to
receive licence applications.

A charging regime for activities under the OSA already exists. These powers are granted to the
Secretary of State. HMG intends that the UK Space Agency will continue to set and administer OSA
charges in the interim. HMG intends to transfer OSA charging powers to the CAA via legislation in 2022
or 2023.

51 ym Treasury. Managing Public Money. Available at: https://www.gov.uk/government/publications/managing-public-money
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Scope of licences

Figure 3: Types of launch activities enabled from the UK *? by the secondary legislation®?
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14. Commercial spaceflight launch from the UK is expected to comprise of a mix of launch trajectories,
origins and destinations, including spaceflight activities which involve human occupants and those which
do not involve them, with payloads ranging from scientific experiments to satellites and paying space
tourists (see Annex 3).

15. Having a structure that balances the need for secondary legislation, guidance and RLRs should also
help future-proof the regulation and allow the Department and regulator to respond to new regulatory
needs as the market matures to harness and safeguard innovation whilst balancing these against the
risks.

16. The draft regulations enable both sub-orbital missions with or without human occupants, launch to orbit
without human occupants, and in orbit missions (Eigure 3). No additional legislation has been drafted
regarding Point A to Point B suborbital spaceflight operations and orbital and interstellar spaceflight
operations with human occupants. Currently there is no intention to license these activities and they will
be precluded on commencement of the Act via the commencement regulations. These are technically
complex and difficult to regulate activities, and by their very nature will require global collaborations on
common standards to a much higher threshold than is achievable with current technologies.

17. The types of licences that the proposed secondary legislation will enable are:

e Spaceport licences — It is anticipated that spaceport licences will be issued to authorise the licence
holder to host:

o Vertical launch of rockets

o Horizontal spaceports using aerodrome runways, for spaceplanes or carrier aircraft from
which a space object will be launched at a certain altitude away from the spaceport (known
as an air launch)

o Launches of high-altitude balloons for space experience, experiments or air-launch of rockets

o Planned landings of spacecraft with human occupants or that carry a rocket capable of
operating above the stratosphere

¢ Range control licences — Section 6 provides a definition of range control services for the purpose
of the SIA. For licensing purposes, the key functions the licensee may provide are set out below.
An applicant can apply for a licence to provide all of these functions, or only specific ones if the
proposed operation intends to support launches that do not require some functions:

o ldentification of the appropriate range for a specific launch operation
o Tracking of the launch vehicle
o Surveillance of the range

53 Uk Space Agency ‘LaunchUK: Roadshow’, 11 November 2017 — available at: https://www.gov.uk/government/publications/launchuk-roadshow
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o Managing of boundaries including issuing of notifications
o Co-ordination of the range

Launch and return operator licences — Initially, it is anticipated that businesses will need to apply
for a launch operator licence for each launch, although this could take the form of a tailored re-issue
of an existing licence for each individual launch. As regulation of the industry and experience
matures it may be possible for launch companies to apply for a series of launches through a single
licence. It is anticipated that licences will cater for the following types of launch from the UK:

o Vertical launch of orbital rockets without human occupants and sub-orbital rockets
with/without human occupants (satellites, experiments etc)

o Horizontal launch and air-launch of orbital rockets without human occupants from carrier
aircraft

o Horizontal launch for sub-orbital spaceflight with human occupants for participant
experience

o Balloon launch for other payloads and possible air-launch

o Launch from outside the UK and return the launch vehicle from orbit to land in the UK

The proposed amendment to article 96 of the Air Navigation Order 2016 (ANO) says that licensing
of rockets capable of operating above the stratosphere will be governed solely by regulations
made by and under the SIA. Any rockets that are not capable of operating above the stratosphere
will continue to be subject to the ANO.

The proposed new article 8A of the ANO also introduces a requirement for any person wishing to
launch a large rocket to provide the CAA with a Safety Case and evidence of adequate insurance
arrangements, before permission can be granted.

Orbital operator licences — Businesses that conduct orbital activities from the UK and/or that
procure a UK launch will need to have an orbital operator licence. Orbital operators can be licensed
for the following activities:

o Procuring space aboard a launch vehicle for a satellite or other space object
o Operating a satellite in orbit
o Operating a space object, such as an orbital manoeuvring vehicle (OMV)

Eligibility criteria

18. Proposed secondary legislation under section 3 and section 7 of the SIA provides powers to make
regulations that set eligibility criteria for licensees. These criteria apply both to the prospective licensee
and any individual the prospective licensee proposes to appoint to undertake a prescribed role.

19.

20.

21.

It is proposed that a person will not be eligible if they:

Have an unspent conviction for an offence involving fraud or dishonesty (which would include, for
example, tax evasion offences), or

Have an unspent criminal conviction for an indictable offence, or
Are an undischarged, or

Are subject to a bankruptcy restrictions order or undertaking, debt relief restriction order or undertaking
or a moratorium period under a debt relief order.

Failure to meet these criteria is proposed to be an absolute bar to holding a licence or carrying out a
prescribed role, and it is proposed that licence applicants will be required to declare that they satisfy the
proposed eligibility criteria in the regulations. This threshold is the minimum Government believes is needed
to safeguard safety and security whilst avoiding unnecessary restrictions on market entry. The regulator will
require evidence of identity and criminal records etc; the detailed requirements are set out in the RLR.

Under section 8 of the SIA, the regulator has the power to grant a licence if it thinks fit. However, it may only
do so if it is satisfied that:
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22.

a. the applicant had the financial and technical resources to do the things authorised by the licence, and is
otherwise a fit and proper person to do them; and,

b. the persons who are expected to do, on the applicant’s behalf, any of the things authorised by the licence
are fit and proper persons to do them.

In guidance made under section 8 of the SIA, the regulator can consider additional matters such as whether
the applicant has the technical and financial capability to do the things authorised by the licence, or relevant
qualification and experience to hold a prescribed role. Where necessary, there may be additional
requirements with regards to security under section 23 of the SIA.

General licensing

23.

24.

25.

26.

27.

28.

29.

Proposed regulations under section 8 of the SIA set out the procedure for applying for a licence under
the Act. The requirements apply to applicants for all licences under the SIA; they include:

e How to apply for a licence;

¢ How the regulator considers an application (for example, the regulator must gather any information
needed for it to be satisfied that the applicant meets the eligibility criteria and safety requirements,
arrange site or launch vehicle inspections and have regard to licence conditions which it may impose
if the licence is granted);

¢  How the regulator determines the application.

In addition, as permitted by the Act the proposed regulations delegate certain matters to the regulator,
including the form and contents of an application, information to be provided with the application, procedure
for rectifying irregularities, time limits for the application and extension of those limits. The ability for the
regulator to specify these procedural matters in the RLRs provides flexibility in the event of changes being
needed to the Rules. The RLRs are not a statutory instrument, so no parliamentary procedure is needed to
adjust them. The regulator itself adjusts the Rules; some of the information required in connection with the
application is common to all licence types but there is also additional information required which varies in
accordance with the licence which is being applied for.

For all licence types, the regulator must be satisfied that the criteria set out in sections 8 (2) and (3) of
the Act are met before it can grant a licence. The “fit and proper” person criterion is one such example.
Another example is that the regulator must be satisfied that granting the licence will not impair the
national security of the UK or be contrary to the national interest. A further example is the regulator being
satisfied that the applicant has the financial and technical resources to do things authorised by the
licence.

For operator licences (launch and return), the regulator must also be satisfied that the safety criteria
set out in the proposed regulations under section 9 of the Act are met.

For spaceport licences, the regulator must also be satisfied that the requirement in section 10(a) and
the safety requirements and criteria set out in the proposed regulations under section 10(b) of the Act
are met.

For launch operator licences and spaceport licences only, the regulator must take into account an
assessment of environmental effects (under section 11) in deciding whether to grant the licence and
what conditions should be attached to the licence.

The regulator’s overriding consideration is public safety, which is defined in section 2(6) of the Act. Under
section 8(1) of the Act, the regulator has a general discretion whether to grant a licence. This means
that even where the matters mentioned above are satisfied, the regulator may, in accordance with the
duties and supplementary powers of the regulator and in particular sections 2(2) and 2(3) of the Act,
exercise its discretion not to grant the licence. (e.g. in line with any environmental objectives set by the
Secretary of State).
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Spaceports

30.

31

32.

33.

34.

35.

36.

This proposed option provides for a safety regime that is proportionate to the spaceflight activities taking
place at a spaceport. It is consistent with the regulatory approach for other sectors handling hazardous
materials. Without the proposed regulations contained within the draft secondary legislation, there would
be no requirement on the prospective spaceport licensee, or regulator, to consider the level and
acceptability of risk posed by the proposed spaceflight activities and prevent unlawful interference with
those activities before granting a licence.

The spaceport licensing process is designed to ensure that spaceports are located in areas suitable for the
proposed spaceflight activities, that the risks to public safety under the flight corridor have been considered
in relation to the proposed location, and that applicants for a spaceport licence have mitigated those risks to
a level which is acceptable to the regulator (for example by limiting the number of flights). As a result, negative
externalities, such as noise pollution, are intended to be minimised. Without this regulation, it is possible that
spaceports would be located in sub-optimal areas and that risks would not be minimised to As Low as
Reasonable Practicable (ALARP), which would impose greater costs on third parties.

The licensing process also ensures that applicants for a spaceport licence show that they have mitigated
the risks to public safety from the activities at the spaceport to a level that is ALARP. The types and
amount of propellent that will need to be stored, transported and handled at a spaceport will vary
depending on type and size of spacecraft and frequency of launch. Any potential hazards posed will
also depend on the nature and volume of propellent and other substances required. In practice, it is
likely that spaceport licences will be granted which authorise the licensee to host more than one
spaceflight activity at the same spaceport and potentially spaceflight activities involving more than one
type of spacecraft.

Therefore, the proposed regulations made under the SIA regarding spaceport prescribed roles (section
3), spaceport licensing (section 10(b)), safety (section 19), training, qualifications and medical fithess
(section 18), and security regulations (section 23) need to provide for a regime that can be used for all
spaceports that may be granted a licence and apply to any type of spacecraft or launch vehicle, and
associated propellent and other hazardous substances.

The spaceport safety regulations are based on established regulations in the aviation industry and on best
practice championed by HSE, as used across other high-risk industries in the UK, such as oil and gas and
nuclear®,

Security regulations have been designed to encompass physical, personnel and cyber security in line
with current practice within the aviation industry, where applicable, and set out as new requirements
where current aviation security regulations are not applicable. The security policy for spaceflight and
spaceports is intended to maintain the current civil aviation security standards at existing aerodromes
as a minimum and implement appropriate and proportionate measures at all other launch sites.

Imposing rigid and prescriptive standards in regulations could impose costs on a business that might be
over and above what is needed to provide for a spaceport. Therefore, more stringent regulations, such
as imposing detailed siting requirements, safety and security standards for infrastructure, launch pads,
runways, and propellant storage and handling, have been discounted where it is not proportionate to
include them.

Prescribed roles *®

It is proposed that all spaceport licensees must appoint individuals to undertake the following prescribed
roles:

o Accountable Manager
o Security Manager
o Safety Manager

54 HSE ‘Offshore oil and gas’ — available at: https://www.hse.gov.uk/offshore/index.htm;
55 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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The proposed regulations do not require different individuals to be appointed to each role — the same
individual can undertake more than one of the prescribed roles for spaceport licensees.

Safety

All spaceport licensees/applicants

Safety Case — It is proposed that all applicants for a spaceport licence must provide a Safety Case to
the regulator, which is to include information about the proposed spaceport site and proposed activities,
hazard identification, and risk assessment of possible major accident hazards and details of the
mitigation measures that will be applied to minimise the impact of certain identified potential hazards
and risks, and ensure that risks to public safety arising from the operation of the spaceport are ALARP.
All spaceport licensees must continue to review and revise the Spaceport Safety Case and associated Safety
Clear Zones in accordance with the regulations.

o Safety Clear Zones — unless the Safety Case demonstrates that it is not required, it is proposed
that all spaceport licensees must put in place appropriate Safety Clear Zones to make sure risks to
any person from certain hazardous operations at the spaceport are ALARP. Where a Safety Clear
Zone is required the spaceport licensees must promulgate the area that comprises the zone, the
times it is in place, and ensure that it is monitored and enforced during those times.

Siting Assessment — It is proposed that all applicants for a spaceport licence must conduct a Siting
Assessment relating to the proposed spaceflight activities to be undertaken at the proposed spaceport
site. The Siting Assessment must result in a numerical estimate of the annualised risk®® of death or
serious injury to members of the public posed by those activities and the level of risk determined under
the Assessment must be acceptable to the regulator.

Spaceport Manual — It is proposed that all spaceport licensees must have a Spaceport Manual which
contains all the information necessary to enable spaceport operating staff to perform their duties.

Emergency Response Plan — It is proposed that all spaceport licensees must have an emergency
response plan which details how the spaceport will respond in an emergency, co-ordinated with, for
example, any other organisation at the spaceport, the relevant local authority and emergency services.

Safety Management System — It is proposed that all spaceport licensees must have an effective Safety
Management System in place.

Hazardous materials — It is proposed that all spaceport licensees must designate appropriate areas for the
safe storage, handling and venting of any hazardous materials.

Static engine testing — It is proposed that all licensees must designate appropriate areas for the carrying
out of any static engine testing or of any other engine test to be carried out at the spaceport which has the
potential to cause a major accident hazard.

Fuels, oxidisers etc. — If a spaceport licensee is responsible for storing, transporting or handling any
propellant or other hazardous material, it is proposed that it must ensure that the propellant does not
get contaminated and is otherwise kept fit for use in a carrier aircraft or spacecraft.

Safety equipment maintenance and testing — If a spaceport licensee owns, manages or controls any
safety equipment on site, it is proposed that the spaceport licensee must maintain the equipment in
efficient working order, keep it in good repair, and test it at suitable intervals.

Rescue and firefighting services (RFFS) — It is proposed that a spaceport licensee must ensure that
rescue and firefighting services are available at the spaceport in a timely manner. The assessment made
in the spaceport’s current Safety Case will determine the actions to take and the appropriate level and type
of rescue and firefighting provision required. In addition, there is a provision to give members of the RFFS

56 Annualised risk is the risk posed by an activity over a rolling 1-year period, rather the risk posed by a one-off event.
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at a spaceport equivalent powers of entry in relation to launch vehicles as they already have in relation to
aircraft at aerodromes (under Article 207 Air Navigation Order 2016).

e Airspace — It is proposed that the Air Navigation Order (2016) is amended to make provision for the
restriction of flights by small unmanned aircraft (SUA) around protected spaceports. The proposed
amended article 94A includes a new category of protected spaceport within the definition of protected
aerodrome. The proposed rules contained in article 94B restricting the flight of SUA will apply to protected
spaceports, including vertical and horizontal spaceports based on land, and installations at sea that can be
moved from place to place without major dismantling or modification.

Horizontal spaceports °’

e Certified or ANO licensed — It is proposed that a horizontal spaceport must be located at an aerodrome
certified under the Aerodromes Regulations or licensed by the CAA under an Air Navigation Order
(ANO). The key point of this requirement is that horizontal spaceports must obtain the relevant certificate
or licence, if the site is not already certified or licensed, before it can be granted a spaceport licence.

Security
All spaceports

e Site Security Programme — It is proposed that all spaceports must produce and maintain a Site
Security Programme, which details how they will ensure the security of the spaceflight activities to
prevent unlawful interference with those activities. This includes access control, prevention of prohibited
articles from entering the spaceport, surveillance, security controls for supplies, payloads, rockets and
other equipment entering the spaceport, protection of vehicles on site, protection of hazardous
materials, special measures for US technology and data, security training, vetting, and a cyber security
strategy.

e Proportionate measures for:

o Physical and personnel security — It is proposed that all spaceports must ensure physical and
personnel protect access to launch sites during spaceflight activities. At the top end of the spectrum,
spaceports with frequent rocket launches may require vetting for all staff and employing a year-round
security presence i.e. guards and patrols.

o Access control — It is proposed that all spaceports must protect access to launch sites during
spaceflight activities. At the top end of the spectrum, spaceports with frequent passenger spaceflight
may require x-ray machines/walk-through metal detectors.

o Perimeter fencing — It is proposed that all spaceports must protect launch sites during operations.
At the top end of the spectrum, spaceports with frequent rocket launches may require installation
and maintenance of permanent perimeter fencing. At the lower end of the spectrum, temporary
launch sites for stratospheric balloons may not require installation and maintenance of a permanent
perimeter fence.

o Cyber security —itis proposed that all spaceports must identify and mitigate cyber risks and threats,
promote good cyber working practices and maintain recognised security standards and controls.
Spaceports should manage their own risks and protect their own sensitive data.

e Special measures for US technology - If the spaceport intends to launch US spacecraft or US launch
vehicles, it is proposed that it must inform the regulator of the nationality of any person which has
contributed money, equipment, technology or personnel to the production or acquisition of any essential
and integral part of the launch facilities or its business. In addition, it is proposed that spaceports that
partner with US launch operators will be required to implement extra measures, primarily in the form of
controlled and segregated areas. These areas, when US technology is present, require special access
control measures, where only persons authorised by the US Government may control access to
segregated areas, and any US technology kept in either controlled or segregated areas. Further
measures ensure security of US technology around import / export, and processing of US technology
after launch.

57 A horizontal spaceport is a spaceport at which spaceflight activities requiring the use of a runway can be carried out.
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Horizontal spaceports

NASP directed — If the launch requires the use of a runway, then the proposed regulations on spaceport
require that the aerodrome will need to become a National Aviation Security Programme (NASP)%
directed aerodrome first for aviation security purposes. The proposed regulations are aligned with
existing aviation regulations, where the spaceport is to be co-located with an aerodrome. The existing
regulations for access control, perimeter fencing, etc., that are required to be followed at a directed
aerodrome (one that operates qualifying flights under the NASP) will need to be followed, and any
additional measures that may be a result of an international agreement implemented on top of the
existing aviation measures and the proposed regulations.

Training, qualifications and medical fitness °°

Training Manual — It is proposed that an applicant must submit the relevant sections of the training
manual to the regulator for approval. It is proposed that the relevant sections must be approved by the
regulator before the licensed activities can commence.

Training Programme — It is proposed that all spaceport licensees will be required to establish an
appropriate training programme for people involved in spaceport operations, including security training,
which is accounted for under the draft security regulations.

Training equipment — It is proposed that all spaceport licensees will be required to have available and
maintain appropriate training equipment in order to provide practical training where required as part of its
training programme.

Training — It is proposed that this is required for the prescribed spaceport role of the Security Manager
under the draft security regulations. Training for persons carrying out security functions, and General
Security Awareness Training for all staff are also accounted for under the draft security regulations.

Mission rehearsals — It is proposed that all spaceport licensees will be required to carry out proportionate
mission rehearsals, which as nearly as possible reproduce the intended spaceflight, spaceport and range
control activities which would be carried out on the mission. This requirement applies to launch operator,
spaceport and range control licensees. While each could conduct its own simulation, it would appear
beneficial for the relevant licensees to work together to carry out a simulation.

Assessment of Environmental Effects

Assessment of Environmental Effects — All spaceport licence applicants must submit an Assessment
of Environmental Effects (AEE) as part of their licence application. Draft guidance explains what an
AEE is, what the regulator requires the AEE to include, the process for submitting an AEE and the way
the regulator will consult on the submitted AEE. No additional regulations have been drafted under
section 11 of the SIA. Section 11(4) of the SIA enables the requirement to provide an AEE to be met,
or met in part, by an equivalent assessment previously prepared in compliance with another statutory
requirement or one prepared in respect of an earlier application, providing there has been no material
change in circumstances since the previous assessment, e.g. an Environmental Impact Assessment
(EIA), was prepared. This is likely to be the case for most spaceport licence applicants who will have
been through the planning process and may be able to use their planning EIA in partial support of the
AEE requirements.

58 The various elements of the NASP are not all publicly available in full for reasons of national security but have been made available to the
industry.
59 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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Range control service providers

37.

38.

39.

It is anticipated that for the first operational phase of UK launch operations under the SIA a single range
control licence holder will provide the full array of range functions, including tracking, surveillance,
notification, identification and co-ordination functions (similar to a military firing range). However, under
this proposed option (preferred) there will be no single, fixed model of range control. This is to ensure
that the regulations are flexible enough to facilitate different types of range operation. For example, the
possible future use of autonomous flight termination systems could remove the need for the vehicle to
be tracked, meaning that only a reduced range operation would be required.

Under this proposed option, a specific launch operation does not need to be identified in order for a
range licence to be granted. Accordingly, the assessments that are needed before a range licensee can
support a launch can be carried out at different times®.

Imposing more prescriptive standards in regulations could impose costs on a business that might be
over and above what it needs to provide for a range control service provider. Therefore, more stringent
regulations, such as requiring a new range licence to be issued for each launch, imposing more rigid
requirements on which services the licensee must be able to provide, have been discounted where it is
not proportionate to include them.

Prescribed roles !

It is proposed that all range control licence holders must appoint individuals for the following prescribed
roles:

Accountable Manager
Security Manager

Range Safety Manager
Training Manager

Range Operations Manager

O 0O O O O

The proposed regulations do not require that prescribed roles must be held by separate individuals.

Safety

Concept of operations (CONOPS) — It is proposed that all range control licence applicants will be
required to set out which services they are proposing to offer.

Operations assessment — It is proposed that all range control licence applicants will need to undergo
assessments to determine that their proposed operation is viable from the identified geographical area.

Parameters of operations — It is proposed that all range control licence holders will be required to
define the parameters within which they are authorised to operate. This is to allow a range licensee to
become established and then advertise and sell services to a variety of launch operators.

Technical capability — It is proposed that all range control licence holders must have the technical
capability in their equipment and personnel to provide the services that the licence authorises; for
example, if providing a tracking function, equipment such as radar with which to deliver that function,
and suitably qualified staff to operate it.

Agreements — When co-operating with external organisations such as an air navigation service
provider, it is proposed that all range control licence holders will need an agreement in place setting out
how they will co-operate with the organisation during operations.

Quality Management System — It is proposed that all range control licence holders will require a
system for managing and assuring the quality and reliability of all matters relating to the provision of the

60 Note that no separate Safety Case is required as part of the licensing process for range; instead, the range provision for the operation is
considered as part of the Safety Case for the launch as a whole.

61 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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licensee’s range control services which may affect the safety of the operator’s spaceflight activities (a
Quality Management System).

Safety Management System — It is proposed that all spaceport licensees must have an effective Safety
Management System in place.

Security

Site Security Programme — It is proposed that all range control licence applicants must produce and
maintain a Site Security Programme, which details how they will ensure the security of their activities
to prevent unlawful interference with those activities.

Special measures for US technology — Where range control licence holders require access to US
technology or data, it is proposed that they will be required to implement extra measures, for controlling
access to that technology or data. Only persons authorised by the US Government may access US
technology or data.

Training, qualifications and medical fitness 62

Training — It is proposed that training is required for the prescribed roles of Range Safety Manager,
Training Manager, Range Operations Manager and the Security Manager, which is accounted for under
the draft Regulations. Training for persons carrying out security functions, and General Security
Awareness Training is also accounted for under the draft security regulations.

Training Manual — It is proposed that an applicant must submit the relevant sections of the training
manual to the regulator for approval. It is proposed that the relevant sections must be approved by the
regulator before the licensed activities can commence.

62 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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Launch and return operators

40.

41.

42.

43.

44.

45.

To ensure that risks to the public and those involved in spaceflight activities are properly mitigated, it is
essential that launch and return operator licensees put in place the safety systems, processes and
documentation to comply with their safety duty to carry out the operator’s spaceflight activities safely.
Chapter 2 of Part 8 of the draft regulations sets out the spaceflight operator’s duty to secure that its
spaceflight activities are carried out safely. The draft regulations state that the spaceflight operator does
this by carrying out those activities:

¢ In accordance with the current Safety Case by preventing a major accident and mitigating the
consequences of such an accident if it does occur, and

¢ In accordance with the current risk assessment, by securing the safety of a human occupant, if the
launch vehicle has such an occupant.

The purpose of this proposed duty on the spaceflight operator is to establish a clear link to the Safety
Case that was supplied by the operator during the application phase or any updated version. The
accepted Safety Case, having been used to demonstrate that the levels of risk of the spaceflight activity
are as low as reasonably practicable (ALARP) and the level of residual risk is acceptable, becomes the
standard of safety that must be achieved in relation to the draft safety regulations. If a launch vehicle
also has a human occupant, then the risk assessment defines the standard of safety that must be
achieved for the occupants.

It is not anticipated that businesses will need to apply for a licence for each launch they plan to do, but
that they will need to vary their existing licence ahead of each launch.

It is proposed that where spaceflight involves human occupants, in addition to risk-reduction and other
safety measures being implemented, the launch operator must also ensure that each occupant has
given their informed consent to take part in the spaceflight. This “informed consent” requirement is
described later on in this document.

It is assumed that once these businesses are set up, a launch operator licensee will continue to exist
and maintain staff beyond the duration of a single licence. However, it is possible that some launch
operator licensees will do a single launch only and not exist or operate in the UK once the launch is
complete.

The risk of over-regulation of launch safety has been considered while drafting the proposed regulations,
for example imposing detailed and prescriptive safety requirements. Instead, the proposed safety
regulations have been designed in recognition of the diversity of operations possible under the SIA, as
well as being proportionate to the spaceflight activity being conducted.

Launch and return operator (“spaceflight operators”) applicants/licensees

46.

47.

48.

49.

As mentioned above, spaceflight operators have to comply with the safety duty. In addition, they have to
comply with the other safety regulations in Part 8 of the proposed regulations which apply to them.

The proposed safety regulations that launch and return operators will have to comply with are designed to
be proportionate and objective-based, allowing spaceflight operators to comply with each regulation in
accordance with the type of spaceflight activity they are carrying out. The basis of how each spaceflight
operator intends to comply with each safety regulation is established in the Safety Case. Once a licence is
granted, the spaceflight operator must comply with the safety regulations and keep the Safety Case and
safety operations manual up-to-date.

If the operator holds a launch operator licence or a return operator licence, then the operator is a spaceflight
operator. Both of these licences are types of operator licences as defined in section 3 of the SIA. These
licences are described in the policy background and scope of licences.

For the purposes of a launch operator licence, spaceflight activities begin at launch and continue throughout
the flight until return to Earth (if that is envisaged). For the purposes of the return operator licence the
spaceflight activity that is subject to UK regulation is the activity of returning a launch vehicle to the UK (i.e.
a launch vehicle that was not licensed for launch from the UK and was first launched from outside the UK).
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Launch from a ship

The proposed regulations do not prohibit a launch taking place at sea, for example, from a ship, as this
would be a spaceflight activity, however before any such activity is licensed, the regulator would need
to consider the particulars of each case in detail.

Prescribed roles &

It is proposed that all launch operator licensees appoint an individual to undertake each of the following
prescribed roles:

Accountable Manager
Security Manager
Safety Manager
Training Manager
Launch Director

O O O O O

The proposed regulations do not require that prescribed roles must be held by separate individuals, except
in the case of the Launch Director and Safety Manager. It is proposed that these roles must be filled by
separate people to ensure that any safety concerns raised by the Safety Manager are addressed by the
Launch Director before the Launch Director gives final approval for launch to take place. Although not set
out in the consultation-stage regulations, the proposed (final) regulations include a provision that requires
return operator licence applicants to appoint a Security Manager should their activities give rise to issues of
national security.

Safety

Operators’ spaceflight activities

Safety Case — It is proposed that all spaceflight operator licence applicants must provide a Safety Case
to the regulator to demonstrate that an applicant has reduced risks to persons who are not taking part
in a spaceflight activity to as low as reasonably practicable. The Safety Case must include information
about the major accident hazards that may arise during the proposed spaceflight activity (a flight safety
analysis), or during preparations for the launch (a ground safety analysis). For each hazard identified,
it is proposed that the Safety Case must evidence how the associated risks will be managed (based on
the proposed methodology set out in the regulations). Other significant parts of the Safety Case include
supplying the regulator with general information concerning the spaceflight activities and the
organisation that will carry it out and providing technical particulars of the launch vehicle. The Safety
Case must also be retained for the duration of the licence and kept under review, with revisions made
as necessary.

Safety Operations Manual — It is proposed that all spaceflight operator licence applicants will be
required to provide a copy of the Safety Operations Manual to the regulator, retain it and keep it up to
date for the period of the licence. This is a document which must contain all such information,
procedures and instructions as may be necessary for the operating staff to carry out their duties safely
(i.e. in accordance with the Safety Case — see the explanation of the safety duty above). When
producing the Safety Operations Manual, it is proposed that the applicant must consult any proposed
spaceport licensee and any proposed range control service provider.

Specific safety roles — It is proposed that the responsibilities of specific safety roles are set out, and
include the Safety Manager, the Accountable Manager, the Launch Director and where applicable, the
Flight Termination Personnel and the duties which the spaceflight operator must ensure are imposed
on those persons are set out in regulations.

63 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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Preparations for launch, return, and associated operations — It is proposed that these include:

o The launch vehicle to be used in the operator’s spaceflight activities and how it will be ascertained
that the launch vehicle is fit for those activities. These are intended to cover basic matters which
are capable of being applied to different types of launch vehicle, such as design and build to a
specification that meets the technical requirements and that it has been sufficiently verified and
validated by testing. Account has also been taken of the launch vehicle’s ground support equipment
— ensuring that it is also fit for supporting the operator’s spaceflight activities.

o Before a launch, the spaceflight operator must carry out verification and validation processes by
testing, analysing, reviewing or inspecting the launch vehicle and the ground support equipment
and by integrated testing of that vehicle and equipment to ensure that the launch vehicle and its
ground support equipment is fit for the operator’s spaceflight activities. The results of the verification
and validation tests must be recorded.

o The spaceflight operator must ensure that the spaceport or other place and range to be used are
fit for the operator’s spaceflight activities.

o There must be reliable means of communication with various entities during the operator’s
spaceflight activities, in so far as necessary to carry out the specific activity safely.

o Unlessiitis permitted by the licence it is not permitted for dangerous goods®* to be carried or loaded
on a launch vehicle, including placing, suspending or carriage of such goods beneath launch
vehicle.

o The spaceflight operator must also monitor the environmental and meteorological conditions during
the operator’s spaceflight activities in so far as necessary to carry out those activities safely.

Launch, return and associated operations — These concern safety requirements about the proposed
conditions that must be met before commencing the spaceflight activity with a launch or, in the case
where the launch vehicle was launched from outside the UK, beginning a return re-entry from orbit.
There are also proposed requirements if necessary to ensure that the operator’s spaceflight activities
are carried out safely, for monitoring of the launch vehicle during flight until it reaches stable orbit or
completes sub-orbital activities and for making a flight termination decision if terminating the flight is not
capable of being done by an automated flight safety system installed in the vehicle in circumstances
such as vehicle malfunctions or failure of a system used to detect a malfunction where that failure
threatens the carrying out of operator’s spaceflight activities safely. There are also safety requirements
which apply after the launch vehicle has reached a stable orbit and if necessary to ensure the operator’s
spaceflight activities are carried out safely or to secure compliance with international obligations. These
requirements include monitoring the trajectory of the launch vehicle (where possible) and basic orbital
parameters of that vehicle. The proposed regulations also place a requirement on the licensee to take
reasonable steps to: avoid the launch vehicle interfering with the space activities of other persons in
the peaceful exploration and use of outer space; limit or prevent major accident hazards to the health,
safety and property of persons arising from the launch vehicle in orbit, and prevent contamination of
outer space arising from the launch vehicle in orbit or adverse changes in the environment of the Earth
from that vehicle in orbit. "Reasonable steps” include avoiding the release of space debris. In addition,
if the spaceflight operator is disposing of the launch vehicle by causing it to re-enter through the Earth’s
atmosphere, that operator must carry out those activities in a way which ensures they are carried out
safely.

Recording and retaining information for safety purposes — It is proposed that information,
communications and other data must be recorded, collected and retained at various times and for
various listed purposes such as improving the spaceflight operator’s safety performance, enabling the
regulator to perform its monitoring and enforcement duties, and assisting in accident investigations.

Emergency response plan — It is proposed that all spaceflight operators must have an emergency
response plan, co-ordinated with the spaceport, local authority and emergency responders.

64 “Dangerous goods” means any article or substance which is identified as such in the ICAO Technical Instructions for the Safe Transport of
Dangerous Goods by Air but does not include propellants or other substances necessary for the normal functioning of the launch vehicle.
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Human spaceflight activities

e Risk Assessment — It is proposed that all spaceflight operator licence applicants must carry out a risk
assessment for those taking part in human spaceflight activities, e.g. the crew and any spaceflight
participants (known collectively as “human occupants”). This will identify hazards that could harm the
health or safety of human occupants at any time from the period when the human occupant boards the
launch vehicle for the purpose of being carried on it during the proposed spaceflight activity up to when
all human occupants have disembarked. For each hazard identified, it is proposed that an applicant
must identify and assess the hazard in accordance with the regulations and define any appropriate
measures to take to prevent it occurring and mitigate its consequences if it does occur. It is proposed
that the risk assessment must also be retained for the duration of the licence and kept under review,
with revisions made as necessary. There are other proposed general safety requirements that link to
the Safety Case and risk assessment which includes ensuring that the spaceflight operator’s
organisation remains an organisation with the ability to carry out the spaceflight activities and having in
place a safety management system. These requirements are intended to be sufficiently general so that
they can be applied by the licensee to their spaceflight activities.

e Crew — There are additional proposed safety requirements for the crew of launch vehicles including:
ensuring that each member of the crew has clearly defined roles and duties; information about the flight
that the operator must make available to the crew and the authority of the pilot in command.

e Launch vehicles — Proposed provisions for spaceflight participants include: a prohibition on the launch
vehicle carrying such participants if the launch vehicle is not fit for use; remaining secured at an
assigned station; availability of seating; emergency and medical equipment, oxygen and other life
support systems.

e Preparations for launch, return, and other operations — Proposed provisions for spaceflight
participants include receiving information about the operator’'s spaceflight activities after the consent
form has been signed (i.e. updated information which is relevant and has become available in the time
period between signifying consent and taking part in the operator’s spaceflight activities).

e Cosmic radiation requirements: crew of a launch vehicle and crew of a carrier aircraft — There
are also proposed provisions relating to the basic standards for protection of launch vehicle and carrier
aircraft crew against the dangers arising from exposure to ionising (cosmic) radiation. This includes
some general provisions about exposure and monitoring, as well as how to engage experts.

Security

e Operator Security Programme — It is proposed that all launch operators must produce and maintain
an Operator Security Programme, which details how they will ensure the security of the spaceflight
activities to prevent unlawful interference with those activities and how they will protect aircraft,
spacecraft and payloads, appropriate security controls for flight termination systems, special measures
for US technology and data, training, vetting and a cyber security strategy. It is proposed that applicants
for a launch operator licence involving both US technology and non-US technology must inform the
regulator of the nationality of any person which contributed money, equipment, technology or personnel
to the production or acquisition of any essential and integral part of the non-US launch vehicle.

e Special measures for US technology — It is proposed that spaceports that partner with US launch
operators will be required to implement extra measures, primarily in the form of controlled and segregated
areas. These areas, when US technology is present, require special access control measures, where only
persons authorised by the US Government may control access to segregated areas, and any US technology
kept in either controlled or segregated areas. Launch operators will need to work with spaceports to ensure
that US technology is suitably protected. Further proposed measures ensure security of US technology
around import / export, and processing of US technology after launch.

Training, qualifications and medical fitness

85 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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Training Manual — It is proposed that an applicant must submit the relevant sections of the training
manual to the regulator for approval. It is proposed that the relevant sections must be approved by the
regulator before the licensed activities can commence.

Training equipment — It is proposed that a launch operator licensee has obligations regarding training
equipment as set out in draft regulation 74. The licensee must ensure that it has access to sufficient training
equipment to enable it to provide practical training where required as part of its training programme.

Training Programme — It is proposed that a launch operator licensee should establish and maintain a
Training Programme in line with the Training Manual. The proposed requirements for the Training
Programme are set out at Chapter 4 of Part 7 of the regulations. For human occupants, it is proposed that
the training programme must provide for practical and theoretical training, training in understanding and
coping with the physical and mental rigours of short duration spaceflight and training in normal and
emergency procedures. It is proposed that each human occupant will be tested for competency against
approved criteria prior to being allowed to take part in the spaceflight.

Training — it is proposed that this is required for the prescribed launch operator licensee roles of
Training Manager, Launch Director, and the non-prescribed roles of Flight termination personnel,
Remote Pilot, and Flight Crew and spaceflight participants (to the extent that these roles are necessary
for the individual licensed activity). It is proposed that the Security Manager must also receive training,
which is accounted for under the security regulations. Training for persons carrying out security
functions, and General Security Awareness Training is also accounted for under the draft security
regulations. Under the proposed regulations a Safety Manager must be trained and satisfy certain
conditions, including being assessed as competent to perform their duties.

Mission rehearsals — It is proposed that the launch operator licensee is required to carry out a mission
simulation before a launch, which as nearly as possible reproduces the intended spaceflight, spaceport
and range control activities which would be carried out on the mission. This proposed requirement
applies to launch operator, spaceport and range control licensees. While each could conduct its own
simulation, it would appear beneficial for the relevant licensees to work together to carry out a
simulation.

Medical fithess — It is proposed that all launch operator licensees who intend to engage in human
spaceflight activities must have in place medical requirements for persons to meet in order to participate
in human spaceflight activities on board the launch vehicle, as well as certification and confirmation of
medical fithess. It is proposed that the medical oversight of these needs will be done by the CAA medical
department through its existing the Aeromedical Examiner (AME) network.

Assessment of Environmental Effects

Assessment of Environmental Effects — All launch operator licence applicants must submit an
Assessment of Environmental Effects (AEE) as part of their licence application. Draft guidance explains
what an AEE is, what the regulator requires the AEE to include, the process for submitting an AEE and
the way the regulator will consult on the submitted AEE. No additional regulations have been drafted
under section 11 of the SIA. Section 11(4) of the SIA enables the requirement to provide an AEE to be
met, or met in part, by an equivalent assessment previously prepared in compliance with another
statutory requirement or one prepared in respect of an earlier application. This can only be done
providing there has been no material change in circumstances since the previous assessment.

Informed consent

Due to the intrinsic risks of human spaceflight, section 17 (Informed Consent) of the Act prohibits a
spaceflight operator from allowing a human occupant (crew or spaceflight participant) to fly on board a
launch vehicle, unless the individual:

o has signified his or her consent to accept the risks involved, and
o fulfils criteria prescribed in regulations with respect to age and mental capacity
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Using powers in section 17 of the Act, Part 11 of the draft regulations sets out the proposed information
that a spaceflight operator must provide to a prospective human occupant of a launch vehicle, to ensure
that when the individual gives their written consent to take part in spaceflight activities, that consent is
informed with regard to the risks of the spaceflight.

Anyone who chooses to fly on board a launch vehicle needs to understand the risks — which include the
risk of death or injury. Informed consent is a key part of the draft regulations that will provide for human
spaceflight and are very much in the interest of the person providing the launch vehicle and the person
who will fly in that vehicle.

Spaceflight is inherently risky, but unlike civil aviation, there are as yet no international standards for
safety, design or operations for commercial human spaceflight and launch vehicles. The regulatory
regime provided by the Act and the draft regulations contains safety measures with the objective of
mitigating risks. However, these do not mean that risk is eliminated or that spaceflight activities are
implicitly ‘safe’. A spaceflight operator has obligations in draft regulation to assess the risks of spaceflight
activities involving human occupants and institute measures to eliminate or reduce those risks where
possible.
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Orbital operators

50.

51.

52.

53.

54.

55.

56.

Space objects or satellites can remain in orbit for a few months to many years (up to 50 years or more).
The recent trend towards small satellites will likely mean shorter orbit lengths®®.

For standard missions, risks to persons from orbital operations are greatest during the relatively short
early orbit and de-orbiting phases, but significantly lower during the primary, orbital phase. The rapid
evolution of technology and industry standards and guidelines requires regular revisions to the
regulatory framework.

Orbital activities are characterised by a wide diversity in mission profiles and technologies used. An
adaptable, outcomes-based, regulatory regime is therefore important to ensure that new developments
in recognised standards and practices can be taken into account and that safety and security
requirements can best target the specific concerns associated with a given activity.

It is proposed that businesses that own a space object or operate a satellite in orbit launched from the
UK will need a licence. However, under this option (preferred), there will not be dedicated regulations
prescribing how an applicant for an orbital operator licence will demonstrate safety of their proposed
activity. Rather, guidance and supporting documents will set out what an applicant should provide as
part of their application, similar to the approach taken under the OSA.

As far as possible, the intent is to replicate the OSA licensing regime for orbital activities under the SIA.
This will be important to maintain a level playing field and avoid leakage between the two regimes. It is
proposed that the regulator will assess the application, which will include safety and security
considerations. The regulator will also conduct checks relating to insurance, the business’ financial
standing and any required Ofcom spectrum filings.

This approach is preferred because there is a greater need for flexibility in how the regulator assesses
the safety risks of orbital activities. This is because orbital missions are typically bespoke, meaning that
the risks are also bespoke. The regulator would need to take this into account.

Imposing rigid and prescriptive standards in regulations could impose costs on a business that might be
over and above what it needs to provide for an orbital operator. Therefore, more stringent regulations,
such as imposing detailed safety and security for spacecraft, have been discounted where it is not
proportionate to include them.

Orbital operator licence applications

Safety

Draft guidance sets out how orbital operator licence applications will be assessed, including the
following information:

0 The nature of the space activity the applicant is proposing to carry out;

o Technical details of the activity, including copies of the launch services contract, satellite supply
contract and technical specifications, and ground station specification;

o The applicant’s financial standing and compliance with relevant eligibility criteria;

o Radio frequencies and powers used during the activity;

o Orbital location information.

Security

It is envisaged that an assessment of the national security implications of an orbital mission will be made
prior to a licence being granted.

66 Frost & Sullivan ‘UK Spaceport Business Case Evaluation’, 2018 — available at https://www.gov.uk/government/publications/evaluation-uk-
spaceport-business-case

49


https://www.gov.uk/government/publications/evaluation-uk-spaceport-business-case
https://www.gov.uk/government/publications/evaluation-uk-spaceport-business-case

It is proposed that orbital operators will be required, by way of a licence condition set by the regulator,
to appoint a security manager should matters arise concerning national security. This would result in
tighter security controls that need to be implemented, and therefore potentially increased costs.

Orbital operator licence holders

Draft guidance sets out how orbital operator licences will be periodically assessed, including the
following information:

Safety

Operational changes — Requesting authorisation from the regulator for any operational changes with
a material impact on safety, for example, if the licence holder wishes to move its satellite to a different
orbit.

Security

Where no national security angle has been identified for orbital operators, it is proposed that these
operators still address certain security aspects in a manner proportionate and appropriate to the
activities taking place; this will include a cyber security strategy, providing access control, surveillance
and monitoring of prohibited articles and hazardous material. It is proposed that these requirements be
set out in the RLR, guidance and licence conditions (in addition to any measures taken by Industry at
their own initiative (i.e. to protect their IP)).

Special measures for US technology — where orbital operator licence holders have access to US
technology or data related to spaceflight, it is proposed that they will be required to implement extra
measures, for controlling access to that technology or data. It is proposed that only persons authorised
by the US Government may access US technology or data. Further proposed measures ensure security
of US technology around import / export, and processing of US technology after launch.

Prescribed roles ¢’

It is proposed that orbital operator licence holders must appoint individuals to undertake the following
prescribed roles:

o Accountable Manager
o Security Manager

The proposed regulations do not require that these prescribed roles must be held by separate
individuals. It is proposed that a Security Manager will only be needed if there are activities giving rise
to issues of national security.

67 Further details can be found in Annex 2: Prescribed and non-prescribed roles.
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Monitoring

57.

58.

59.

60.

61.

62.

In order to fulfil the regulator’'s and the UK’s duties concerning UK spaceflight, it is imperative that the
regulator and appointed inspectors be given clearly defined powers to carry out monitoring and
enforcement activities. This includes the power to request information, to enter premises to conduct
inspections, and to issue notices which vary in severity.

It is important for businesses and other potential licence holders to understand the role of the regulator
and the inspector in ensuring compliance with the UK’s international obligations, provisions in the Act,
licence conditions, or in the interest of public safety or national security. Setting out the proposed
monitoring powers and obligations in legally binding regulations would ensure transparency, clarity for
all parties, and effective regulation.

The Act gives the regulator the power to appoint inspectors to assist in these tasks and also sets out the
duties and powers of the inspector, including what information inspectors can request and how this
information can be shared. These powers are then defined further in the draft regulations. However, it
should be noted that there is no legislative prescription for the frequency of inspection, and it will be up
to the regulator to determine the schedule for inspections.

Under this option (preferred), it is proposed that the regulator will carry out monitoring activities only to
the extent that such activities are needed to ensure compliance with the law and with licence conditions
or in the interest of public safety or national security. It will, however, be up to the appointed regulator to
determine the timing and structure of the monitoring activities, these are not prescribed by the legislation.

The proposed regulations under section 26 of the SIA include:

e Desk-based monitoring - The gathering of information would be primarily conducted by desk-based
teams, likely split by operator type (spaceport, range, orbital and launch). These desk-based teams
will require mixed expertise, as there may be elements of the information that are technical and as
such require specific knowledge to review the contents. The regulator must be satisfied that the
people hired are qualified to carry out the functions that the regulator authorises them to carry out;
this requires paying premiums for expertise.

e Site inspections - Inspections on industry constitute a significant amount of the regulatory burden
from this section of the legislation. The regulator will need to employ inspectors, who must carry out
all monitoring activities and tasks the regulator thinks necessary to discharge its obligations detailed
in legislation. The regulator must be satisfied that the inspectors are qualified to carry out the
functions that the regulator authorises them to carry out, which will mean qualification and
background checks for prospective employees. Where technical expertise is needed, it will be
necessary to hire experts to perform the inspections, in line with section 21 of the SIA.

¢ Information sharing - Part of a monitoring regime will be a duty on the regulator to ensure that
relevant licence holders provide up to date information on a large variety of aspects of their activities.
This may include (but is not limited to) written responses and oral interviews, proof of due diligence
for employees, test results, risk assessments, inventories, safety procedures etc. This information
will be used to verify that licence holders are complying with regulations and their licence conditions.
In addition, the regulator may share information with several other relevant bodies, which will result
in additional burdens through wage and non-wage costs. The expected quantity of work for these
relevant bodies is estimated to be minimal (processing and potentially sharing information) and will
likely constitute a portion of one employee’s duties.

Taken together, the proposed regulations under section 26 of the SIA and its supporting regulations
provide the regulator with strong but proportionate powers to monitor compliance with the SIA, the
proposed regulations, and any licence conditions and achieve the policy objectives.
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Regulator notices, occurrence reporting and offences, directions and appeals

63. The preferred option includes clearly defined, robust yet proportionate powers and procedures, which
can be swiftly and effectively enacted. It is proposed that the regulator will issue notices and prosecute
offences only to the extent that such activities are needed to ensure compliance with the law and with
the licence conditions.

64. This section also includes the proposed appeal procedure for appealing certain notices and offences,
and other regulatory decisions.

Regulator Notices

65. The regulator has the power to issue several types of notices to licence holders, as set out in Parts 13
and 14 of the proposed regulations. The proposed notices are as follows:

a. Contravention notice: A contravention notice may be issued by an inspector if the inspector
believes that a person is, or has, or is likely to, contravene a licence condition, or any part of the
SIA and its regulations. A contravention notice must specify what has been (or is likely to be)
contravened and a time period for remedy. It may also set out directions to remedy the identified
contravention.

b. Warning notice: A warning notice may be issued by an inspector if a contravention notice has
been issued and its remedy period has expired without the contravention being remedied in full.
The warning notice, like the contravention notice, must specify a time period for remedy. It may
include directions to remedy said contravention. A warning notice may remind the person of:

i. the regulator’'s power to revoke, vary or suspend a licence (under section 15 of the SIA);
ii. the regulator's power to give direction (under sections 27 and 28 of the SIA);
iii. the Secretary of State’s power to give direction (under section 28 of the SIA);
iv. the inspector's power to give a prohibition notice (under regulation 235 of the draft
regulations).

c. Prohibition notice: A prohibition notice may be issued by an inspector if a contravention notice
has been issued, its remedy period has expired without said contravention remedied in full and,
furthermore, the inspector believes that activities are (or are likely to be) carried out involving risk
to public safety or to national security. The prohibition notice prohibits those activities unless the
contravention is remedied and takes effect as specified in the notice (which may be immediately).

d. Stop notice: A stop notice is issued by the regulator. It may be issued if the regulator reasonably
believes that the activity carried on (or likely to be carried on) by the relevant person meets both of
the following conditions. Firstly, the activity involves (or is likely to involve) committing an offence
under the Act or any regulations made under the Act. Secondly, the activity is causing (or presents
a significant risk of causing) serious harm to public safety or persons involved in spaceflight
activities (such as those carried in spacecraft or working at spaceports) or the interests of persons
(with interests in the use of land, sea and airspace; or property carried by the spacecraft). The stop
notice prohibits the carrying on of activities specified in the notice until the person has taken the
steps specified in the notice. The stop notice must contain the grounds for serving the notice, the
rights of appeal and the consequences of non-compliance.

Occurrence reporting

66. The proposed regulations place a duty on all licensees to report occurrences to the regulator. This
includes:

e aspaceflight accident,
e amajor accident, or
e any other fortuitous or unexpected event arising out of or in the course of spaceflight activities
or preparation for those activities, and occurring in or over the United Kingdom, or elsewhere if
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67.

68.

69.

any of the circumstances referred to in draft regulation 261 apply, which, if not corrected or
addressed, could result in a spaceflight accident or a major accident

The draft regulations proposed that occurrence reports must be in writing and sent to the regulator within
72 hours of the time at which the licensee became aware of the occurrence and that the report contain
the information set out in regulation 262.

Occurrence reports are vital to the regulator because they build awareness of the performance of the
licensee and help to identify actual or potential problems. The sole objective of an occurrence report is
the prevention of spaceflight accidents or major accidents, without the apportionment of blame or liability.

The proposed regulations set out that as soon as reasonably practicable after receipt of an occurrence
report, licensees can expect the regulator to analyse the occurrence report, (including comparing that
report with any other occurrence reports) and consider whether it needs to exercise any of its regulatory
powers to prevent or mitigate the risk of a spaceflight accident or a major accident occurring. It is
proposed that the regulator will identify any common trends of events, either for that individual licensee
or across the scope of activities licensed under the Act. Occurrence reports and other related information
are confidential and the draft regulations contain provisions protecting this information, about protected
disclosures and court applications for disclosure.

Offences

70.

The draft regulations propose a series of offences, stipulate penalties for each and, where appropriate,
any defences. Table 5 contains an exhaustive summary of the proposed offences.

Table 5: Summary of proposed offences
Offences in the draft Space Industry Regulations

O©COoO~NOULA,WNPE

. Offence of failure to inform regulator of changes: individuals in prescribed roles

. Offence of failure of a pilot in command or remote pilot to carry out obligations before the flight

. Failure of launch director to check conditions met before operator’'s spaceflight activities commence

. Failure of flight termination personnel to follow obligation to make a flight termination decision

. Failure of a pilot in command or a remote pilot to carry out flight safely

. Failure of a pilot in command, flight crew or a remote pilot to remain at stations

. Failure of a pilot in command to carry out obligations to a spaceflight participant about stations

. Failure of a remote pilot to carry out obligations to a spaceflight participant about stations

. Failure of a launch director or safety manager to carry out obligations to a spaceflight participant about stations

10. Failure of a spaceflight participant to remain at station
11. Failure to control of access to imported US technology
12. Offence to obstruct inspector or regulator

13. Offence to impersonate inspector

14. Offence of failing to comply with information notice
15. Offence of providing false information

16. Offence of false recording

17. Offence of disclosing protected information

18. Offence of failing to comply with a stop notice

19. Providing false information

20. Failure to protect confidential information

21.0ffence of failure to inform regulator of changes

1.
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Offences in the draft Space Industry (Appeals) Regulations
Offence of making a false statement in a document verified by a statement of truth
Offences in the draft Spaceflight Activities (Investigation of Spaceflight Accidents) Regulations 2020

. Offence of failure to notify a spaceflight accident

. Offence of obstruction or impeding an inspector in the exercise of his or her duties

. Offence of failure to comply with withness summons

. Offence of failure to preserve evidence

. Offence of failure to protect sensitive safety information

. Offence of unauthorised disclosure of information relating to a safety investigation

. Offence of failure to provide information on persons and dangerous goods on board a launch vehicle following a spaceflight

accident

8.

Offence of disclosure of information relating to persons on board a launch vehicle and persons to be contacted in the event

of a spaceflight accident
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Directions

71. In addition to offences specifically set out in the draft regulations or the Act, section 27 of the Act also
gives the regulator the power to issue directions that enable effective enforcement action to be taken. It
is also an offence for a person in receipt of a section 27 direction to fail to comply with it. The regulator
could also, if it wished to do so, enforce compliance by way of an injunction or equivalent. There are also
further direction-making powers in the Act, including the power for the SofS to give directions under
section 28(3)-(4) and section 29(1).

Appeals

72. The preferred option for the appeal procedure is to use a two-stage procedure, as prescribed in the SIA
and reflecting the existing civil procedure used in UK courts®®. The procedure is two-stage in that
permission to appeal must be granted before an appeal can be heard. The proposed new regulation
includes further detail regarding the timescales and responsibilities of those involved. A brief outline of
the process and the proposed appealable regulator decisions (Table 6) are detailed below.

Stage 1 — Permission to Appeal

a)

f)

9)

The appellant (the party appealing a regulator decision) has 14 days following the regulator’s (the
respondent) decision to apply for permission to appeal. The application contains the reasons why
the appellant believes the decision is appealable, the fee and a signed statement of truth, and is sent
to the panel Secretary.

The Secretary then has 7 days to notify the regulator, following which, the regulator has 14 days to
respond.

The Secretary sends the appellant a copy of the regulator's reply and any other documents
submitted.

Any requests for intervention in the appeal must be sent to the panel, along with the fee, within 14
days of the publication of the notice of permission to appeal.

The Secretary arranges the panel meeting regarding the permission to appeal. This meeting is heard
on the papers with neither appellant nor regulator present. The decision being appealed, and the
initial reasons for giving it, are issued to parties within 7 days of the permission to appeal meeting.
Permission to appeal will not be granted if the application was brought for reasons that are trivial or
vexatious, or the appeal does not have a reasonable prospect of success, or the appeal is made
outside of timeframe. The appellant then has no further right of appeal (except by judicial review).

If permission to appeal is granted, the panel determines the scope of the appeal hearing, including:

i. whether the appeal is a standard or complex case;

ii. whether the appeal will be heard on the papers or orally;
iii. whether to accept any interventions and conditions for intervention; and
iv. any other requirements / preparations for the hearing.

Stage 2 — Appeal Hearing

a)

b)

d)

If permission to appeal is granted, the appellant submits their appeal and the relevant fee to the
Secretary, within the applicable period (14 days for a “standard” case and 28 days for a “complex”
case). On receipt of the appellant’s notice, the regulator then has the applicable period to respond.
On receipt of this response, the appellant has the applicable period to respond, should they wish.
Statements of intervention are submitted by those who have been granted permission to intervene,
within the applicable period, subject to any directions made by the panel.

The Secretary arranges the hearing. All parties are informed of the panel’s decision and the reasons
behind it, within the applicable period. The decision is published, unless publication would reveal
sensitive information.

There is no further right of appeal if the panel rejects the appeal (except by judicial review).

68 Ministry of Justice ‘Procedure Rules: Civil — Part 52’ available at: https://www.justice.gov.uk/courts/procedure-rules/civil/rules/part52
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f) The appellant or the regulator (or both) must comply with the decision by any date set out by the
panel. The regulator must reply within 28 days with a proposal to change processes and timescale
for implementation, if so directed by the panel.

73. As this procedure reflects existing civil procedure, it is not expected that this option will introduce
additional administrative or financial burdens on appellants over and above those associated with existing
procedures.

Table 6: Summary of proposed appealable regulator decisions in the draft Space Industry Regulations

Regulator Decision

Refusal to approve a training manual or proposed changes to a training manual
Refusal of a medical certificate

Determination that a person is not medically fit following illness or injury

Refusal to accept a revision to a Safety Case (operator)

A determination as to a crew member’s fitness to work as a classified crew member and
any conditions specified in relation to that member

Refusal to accept a revision to a Safety Case (spaceport licensee)

Decision to serve a prohibition notice

Decision to serve a stop notice

Decision not to issue a completion certificate

Decision not to pay compensation following service of a stop notice

Decision on the amount of compensation payable following service of a stop notice
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Accident investigation

74.

75.

76.

Section 20 of the SIA provides powers for accident investigation following spaceflight incidents and
accidents. The preferred option introduces proposed secondary legislation under section 20 of the SIA
to independently investigate fatal accidents, serious incidents and, if considered to be appropriate, other
events that result from spaceflight activities. It is proposed that the Secretary of State will nominate a
Space Accident Investigation Authority (SAIA) and a Chief Inspector of Spaceflight Accidents. This
approach is consistent with existing processes for civil air accidents, which are investigated in
accordance with legislation that upholds the principles defined in internationally agreed protocols (ICAO
Annex 13).

The UK Air Accidents Investigation Branch (AAIB) is the independent safety investigation authority for
civil aviation. Secretary of State (SofS) will appoint a Space Accident Investigation Authority (SAIA). If
needed, the SAIA would obtain support from the industry and regulator. This is similar to how the AAIB
investigate civil aviation accidents.

It is proposed that the SAIA will carry out a safety investigation in the following instances:

a) Fatalities - Spaceflight accidents that involve a fatality will be investigated by the SAIA. Itis proposed
that the SAIA will support the coroner by providing evidence at an inquest, if required.

b) Serious Safety Risks — It is proposed that the SAIA will carry out a safety investigation following
events that present a serious safety risk to personnel. It is proposed that the Chief Inspector of
Spaceflight Accidents can decide to investigate any event if considered appropriate. This decision
will be made by considering several factors when the event is reported. Examples of factors that are
expected to be considered include the potential worst-case scenario, how close the event was to the
worst outcome and whether there is evidence of a trend. The assessment is expected to consider
the risk to life and the likelihood that an investigation will result in a safety improvement. This
approach is consistent with the existing processes for investigating civil air accidents.

c) Foreigninvestigations — Itis proposed that the SAIA will liaise with overseas investigation agencies
and ensure that the UK is involved in their investigations where appropriate. This is expected to
ensure that these investigations have access to UK technology and information where it is needed.
It is also expected to ensure that families of victims from the UK are supported in terms of gaining
access to information about an ongoing investigation. This approach is consistent with the existing
processes for investigating civil air accidents.

Notification of a spaceflight accident

77.

It is proposed that any person involved who has knowledge of a spaceflight accident must notify the SAIA
and the Police in a timely manner. Operators will be required to report (mandatory) events to the regulator
as proposed in secondary legislation under section 19 of the SIA. As per existing regulations for civil
aviation, operators will be allowed (and expected) to investigate events as part of their safety
management system, proposed in secondary legislation under sections 19. The regulator’s role in safety
management is proposed in more detail in draft secondary legislation under section 26 of the SIA.

Preserving evidence at the accident site

78.

79.

It is proposed that the operator is required to preserve evidence at the accident site until the arrival of the
Police or safety investigator. The intention is to ensure that evidence is protected so that a
comprehensive safety investigation can be conducted. Otherwise, it is possible that the industry could
inadvertently or intentionally destroy or interfere with key evidence, thereby compromising the
investigation.

The operator is required to provide to the Chief Inspector a list of all persons (section 17 of the SIA) and
dangerous goods (section 19 of the SIA) on board the spacecraft. This is to ensure that all persons are
accounted for during the initial rescue or subsequent recovery phase and that personnel approaching or
working within the accident site can take appropriate actions to minimise their exposure to hazards.
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Interviews after the accident

80.

It is proposed that the SAIA will attend the accident site, if this is accessible. It will most likely also attend
the launch facility and operator’s facilities, which may or may not be in the same location. The AAIB will
interview witnesses and personnel as part of the investigation. This approach is consistent with existing
processes for civil air accidents.

SAIA investigation and communication (with the manufacturer)

81.

82.

83.

As the investigation develops it is expected that there will be the need for correspondence outside formal
interviews. This correspondence will typically take place by means of emails and telephone
conversations.

Based on experience with civil aviation accidents, a significant amount of the correspondence is expected
to be with the manufacturer as opposed to the operator. It is proposed that the operator will be able to
explain what was happening at the time of the accident and they will be able to provide other details
pertinent to the flight and its preparation for launch.

It is expected that analysis of telemetry and recorded data will predominantly be conducted with the
assistance of the manufacturer, as will the analysis and interpretation of wreckage, if any wreckage is
recovered. Some of this communication will be with overseas agencies and it is proposed that the SAIA
will do this through the appropriate overseas government safety investigation authority (e.g. National
Transportation Safety Board, NTSB).

Analysing evidence

84.

This might involve testing and analysis involving external specialist agencies (e.g. X-Ray, CT scan,
materials examination etc). If the SAIA need to use specialist facilities or equipment during an
investigation, it is possible that they will have to source this support from third party agencies. In the
case of civil aviation accidents, the AAIB sometimes use external agencies to test engines, undertake
material (forensic) examinations or perform X-Ray or CT scans. This work is only carried out if there is
a requirement and it requires the wreckage to have been recovered. Forensic suppliers that have been
used for this work in civil aviation include QinetiQ and Southampton University.

Preparing the investigation report and safety recommendations

85.

When the safety investigation is complete, it is proposed that the SAIA will prepare a safety investigation
report. The format and complexity of the report will depend on the nature of the accident and the following
paragraphs outline the current protocols for civil aviation accidents:

a) Formal investigation — these are typically serious events that involve commercial aircraft that
result in loss of life, serious injury, hull loss or the likelihood that a serious accident was only
narrowly avoided. The investigations are reported in a standalone ‘formal’ report that is prepared
in a format defined in ICAO Annex 13. Formal investigations typically involve considerable man-
hour expenditure because of the nature of the event. Typical examples include the British
Airways Boeing 777 accident at Heathrow (commercial hull loss), the Shoreham Airshow
accident (multiple fatalities), the Police helicopter crash in Glasgow (state operated aircraft with
multiple fatalities). It is envisaged that most serious spaceflight accidents with human occupants
would be formal investigations because they would be commercial operations, probably involving
passengers. A serious spaceflight accident involving a vehicle without human occupants would
depend on the circumstances. Consideration would be given to aspects such as who was injured
(e.g. industry or general public), where the accident occurred and damage to third parties. If a
member of the public was seriously injured or killed, or if there was substantial third-party
damage, there is likelihood that the investigation would be treated as a formal. A prescribed
report format does not exist for spaceflight accident investigation because there are no
international agreements. The SAIA will, therefore, be able to tailor the report structure to the
most appropriate format.
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86.

87.

88.

b) Typical field investigations — ‘routine’ civil aviation field investigations are reported in the AAIB’s
monthly bulletin. Typical examples include fatal general aviation accidents, commercial serious
incidents or accidents where there are significant lessons to be learned and safety
recommendations. It is anticipated that a spaceflight accident that does not involve parties outside
the spaceflight industry could probably involve a similar level of effort as a typical civil aviation
field investigation.

If a potential safety improvement is identified during an investigation, the SAIA may issue a safety
recommendation. Wherever possible, it is preferable that safety improvements are made as and when
they are identified, without the need for a recommendation. If this can be achieved, it is proposed that
the improvement will be described in the SAIA report as a “Safety Action” (i.e. action that has been taken
whilst the investigation was being conducted) and there is no need for any response from the operator
or any other party mentioned in the report.

Before the SAIA issue a safety recommendation, it is expected that the proposal will be reviewed
internally at a safety recommendations meeting, chaired by the Chief or Deputy Chief Inspector of
Spaceflight Accidents. This review will ensure that recommendations are appropriate. It is proposed that
the Investigator in Charge will prepare a briefing paper prior to the meeting and this will typically be
delegated to the inspectors assigned to the investigation.

It is proposed that the person to whom a recommendation is addressed will be required to acknowledge
(within 90 days) the receipt of the recommendation and to inform the SAIA what actions have or will be
taken to implement the recommendation. If recommendations are not being implemented, this decision
must be appropriate.
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Liabilities

89. The preferred option is to introduce four regulations covering liabilities. The first regulation defines the
individuals not able to make a strict liability claim (Prescribed Individuals would have to prove fault if
claiming compensation for loss or damage as a result of spaceflight activity). The second regulation
covers the circumstances where a limit on an operator’s liability to government is removed (in Prescribed
Circumstances, an operator would be liable for all losses). The third and fourth regulations cover liabilities

and insurance requirements.

Prescribed Individuals

90. The preferred option involves maintaining the uninvolved general public’s easy recourse to compensation
(in the event of loss or damage). The uninvolved general public do not have to prove fault on the part of
the operator to claim compensation; the justification being that the uninvolved general public will not have
access to all of the information needed to prove fault, or knowledge of the complex technicalities involved

in spaceflight activities®.

91. However, anyone who voluntarily engages in spaceflight activity will have agreed to accept the risks
either to themselves or their property under section 17 of the SIA and should not benefit from such a
strict liability claim. Prescribed Individuals can still make a claim, but they must prove fault (such as

negligence) on the part of the operator.

92. The preferred option is to prescribe as excluded from strict liability claims those who are licensed under
the SIA, their employees, and individuals involved in spaceflight activities (such as those who sign an
informed consent form to take part in sub-orbital spaceflight activities)’. It also applies to members of
other organisations who may be required to become involved in spaceflight activities as part of their

employment (such the emergency services or employees of the regulator).

93. More specifically, it is proposed that individuals will not be eligible to make a strict liability claim if they

meet one of the following descriptions:

a) where a spaceport licensee or a range control licensee is an individual, the licensee
b) an appointee, employee or agent of a licensee who is at work at a space site;

c) amember of the crew who has consented to accept the risks involved in the operator’s spaceflight

activities in accordance with section 17 of the SIA;

d) a spaceflight participant who has consented to accept the risks involved in the operator's

spaceflight activities in accordance with section 17 of the SIA,

e) an individual not falling within paragraphs (a) to (d) who is present at a space site in connection

with spaceflight activities;
f) anindividual on a carrier aircraft taking part in the operator’s spaceflight activities;
g) an officer or partner of a licensee who is present at a space site;

h) an individual who is within an operational area or a restricted area of a space site at the invitation

of a licensee;

i) an employee or an individual acting on behalf of the regulator or with the regulator’s authority at

a space site;

j) an employee or an individual acting on behalf of the government of another country present at a

space site in connection with spaceflight activities;

k) an employee of the emergency services who is on duty at a space site in connection with

spaceflight activities;
[) an employee of SAIA who is on duty at a space site in connection with spaceflight activities;
m) compliance authority personnel on duty at a space site in connection with spaceflight activities;

n) an employee of a qualifying health and safety authority who is on duty at a space site in connection

with spaceflight activities;

0) a member of the armed forces of the crown who is on duty at a space site in connection with

spaceflight activities;
p) any individual who has entered into a reciprocal waiver of liability with a licensee.

69 Section 34 of the SIA places a strict liability on an operator carrying out spaceflight activities in the UK.

70 Regulations 195(1)(d)(iii) and 195(2) include the informed consent form statements relating to the disapplication of the strict liability. The
individual involved in spaceflight must state firstly they are aware of the risks and secondly, that they are aware that section 34(2) and section
35(3) will not apply to persons who have signed the informed consent form.
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94.

95.

96.

The proposed list does not include spectators invited to view the launch and who would not be in or near
an operational or restricted area. This approach was considered to be appropriate as it would be unlikely
that spectators will be at sufficient risk that they would be required to sign informed consent forms.
However, if spectators contravene restrictions on them and enter restricted and / or operational areas, it
is likely that they would lose the strict liability right of claim, by virtue of section 34(3). Whilst not
specifically mentioned in the regulations, persons trespassing at a space site (an individual who is
present at a space site or within an operational area or a restricted area of a space site unlawfully or
without permission), would not likely be able to make a strict liability right of claim in most cases.
Trespassers, although not explicitly excluded from making a strict liability claim under section 34(3)(a) of
the SIA, will need to demonstrate that negligence on their part was not a contributing factor. This is due
to the provision in section 34(3)(b) of the Act which states that subsection 34(2) does not apply injury or
damage caused or contributed to by the negligence of the person by whom it is sustained. The provision
in section 34(3)(b) is likely therefore to include those who deliberately or negligently transgresses onto a
space site or restricted area.

It is important to note that restricting the right to a strict liability claim does not remove any Prescribed
Individual’s rights under common law or other legislation. Employer liability insurance is mandatory and
would be an available resource for claims against employers’. Furthermore, employers involved in
spaceflight activities will have legal obligations towards their employees to provide additional safety
measures (as defined in other proposed sections).

It is also important to note that if an incident arises when a Prescribed Individual is not engaged in a
spaceflight activity in their official capacity, the Prescribed Individual would have a strict liability right of
claim (for example, if a spaceflight incident caused damage to their home). It is only if the incident occurs
whilst they are engaged in spaceflight activity in an official capacity that Prescribed Individuals must
prove fault.

Prescribed Circumstances

97.

98.

99.

100.

101.

It is proposed that any limit on an operator’s liability to indemnify Government will be disapplied in certain
circumstances. These are:

a) circumstances of gross negligence or wilful misconduct in the performance of its obligations under
the SIA or regulations made under the SIA;

b) circumstances where the damage or loss is result of operator non-compliance with the conditions
of its licence, the requirements under the SIA or regulations made under the SIA.

This preferred option is an approach consistent with regulator liabilities’. It also ensures a limit will apply
where there is continued compliance with the SIA and any licensing conditions.

The third regulation has been included as in section 34(5) there is a power to make regulations to limit
the amount of liability of an operator for injury or damage to third parties. The draft regulations will provide
that this limit be set out in an operator’s licence. The limit on this liability can be restricted to injury and
damage sustained by prescribed persons or in prescribed circumstances.

This regulation provides that an operator licence must specify a limit on the amount of an operator’s
liability under section 34(2) of the SIA and for any third-party liability not covered by that section. It also
provides how that limit shall be determined, and where it will not apply.

The fourth regulation provides that the power or duty of the Secretary of State to indemnify for claims
above an insurance or liability limit does not apply where the operator is liable for gross negligence or
wilful misconduct, or where damage or loss is caused by noncompliance by the operator with any
conditions of its licence or any requirements under the SIA or regulations made under the SIA.

1 ymG ‘Employers liability insurance’ — available at: https://www..gov.uk/employers-liability-insurance

2 Section 37 of the SIA includes provisions that the regulator can only be held liable where there is gross negligence or wilful misconduct on the
regulator’s part.
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Setting Insurance and Liability Requirements for UK Launch Activities

102.

103.

104.

105.

106.

107.

108.

The preferred option to set insurance and liability requirements for launch is using the Modelled Insurance
Requirement (MIR). Insurance and liability requirements would be set on a per launch basis, reflecting
the risks of the specific launch (e.g. spaceport location, flightpath, launch vehicle type). It is based on the
Maximum Probable Loss (MPL) approach used by Australia and the US". A state guarantee is provided
to meet any claims in excess of the operator’s liability limit.

Respondents to the Government’s Call for Evidence preferred variation in liability limits to reflect risks
associated with different types of launch™. There was also broad for the MIR approach for launch in the
consultation. Under this option, the liability limit is derived from the risk profile of each mission, taking
account of factors such as spaceport location, flightpath and launch vehicle type. This is based on the
‘Maximum Probable Loss (MPL)" approach: an established model to limit launch liabilities in the US
(where there is considerable experience of launch activity) and Australia’. The approach is tailored to
UK launch risks, the UK safety assessment and UK financial values (based on past compensation and
current property prices) ().

Risks of UK launches vary significantly due to the range of launch locations and operation types. Tailoring
the liability limit and the insurance requirement to the risk level ensures insurance costs are appropriate.
This enables lower risk operators to hold insurance requirements to reflect the lower risk of such
operators. It also incentivises the reduction of risk in proposed missions (assuming insurance providers
set lower premiums for missions with lower insurance requirements). Similarly, MIR delivers better
outcomes for smaller operators, who are most sensitive to high insurance costs. For Government, MIR
reduces the Government’s contingent liability for high-risk missions (whenever the MIR exceeds €60m,
the proposed limit of Option 3).

However, as the MIR is calculated for each launch, the modelling associated with the flight safety risk
and the application of financial values to the outputs is more complex than Option 3. This will be the
responsibility of the Regulator and derived from the outputs of the Safety Case, which will be provided
by operators as part of the licensing process. These costs have been accounted for under ‘Engagement
Costs’. There will be no additional (engagement) costs to operators.

Under the OSA, there is a limit on an operator’s liability to indemnify Government for the activities of
procuring an overseas launch and the in-orbit operation of a satellite. The UK Space Agency currently
limits liability for claims against Government to €60m for standard missions launching overseas.

This is the only limited liability under the OSA and it was introduced following an amendment made by
the Deregulation Act 2015 6. Once the SIA comes into force, it is proposed that the procurement of an
overseas launch and the operation of a space object by a UK entity based overseas will continue to be
regulated by the OSA and benefit from a limited liability to indemnify the UK Government.

Where a UK entity procures a UK launch or operates a satellite from the UK, it is proposed that this will
be regulated under the SIA when it comes into force. It is the Government’s intention to maintain the
policy on limiting the liability to indemnify the Government in licences for these activities when carried out
from the UK by exercising the power under section 12 (2) of the SIA. This reflects the policy under the
OSA that has been consulted on with industry and scrutinised by Parliament. This does not require the
making of regulations and the operator’s indemnity to the Government will continue to be set out in a
licence condition.

73 Australian Government, ‘Maximum Probable Loss Methodology’, August 2019 - available at:
https://www.industry.gov.au/sites/default/files/2019-08/maximum-probable-loss-methodology-for-space-activities. pdf

" Hm Government, ‘Call for Evidence: Space Industry Act 2018 — Government Response’, May 2019 - available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/804375/Government Response to Call for E

vidence - Spaceflight liabilities - Final 190528.pdf

75 Australian Government, ‘Maximum Probable Loss Methodology’, August 2019 - available at:
https://www.industry.gov.au/sites/default/files/2019-08/maximum-probable-loss-methodology-for-space-activities. pdf

76 Deregulation Act, Section 12, 2015 — available at: http://www.leqgislation.gov.uk/ukpga/2015/20/section/12/enacted
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Option 3: Alternatives to proposed regulation

1. This option sets out the alternative to proposed regulations contained in the proposed secondary
legislation under the SIA to achieve the same policy objectives. Under this option, either the SIA and
other existing legislation would be used to regulate the commercial spaceflight launch market i.e. no
additional legislation would be implemented, or different legislation would be implemented.

2. Existing legislation already goes a long way towards requiring safety and security of UK commercial
spaceflight launch activities (see Option 1). For example, the HSA already applies to processes as
manufacturing, storing, transporting and handling propellant and other hazardous substances already
have associated training requirements.

3. Alternatives to additional regulations in the proposed secondary legislation under the SIA include:
e Primary legislation, guidance and engagement —

o Regulate and license the UK launch market independently using powers already contained in the
SIA;

o Provide the same or more guidance explaining aspects of the SIA, such as the licence application
process; and,

o Provide the same level or more engagement with the UK launch industry to socialise and establish
standards and procedures through forums, promotional campaigns, and industry codes of
conduct.

e Commercial provision and self-regulation (discounted) — Using powers already contained in the
Civil Aviation Act 2012 and Air Navigation Orders (ANO) to allow the UK launch market to regulate
itself i.e. self-regulation. This option has been discounted due to the safety-critical nature of the
spaceflight launches and potential conflicts of interest.

e Public provision — Use powers already contained in the SIA to publicly provide more aspects of the
UK launch market. This option does not meet the policy objective of achieving a sustainable
commercial spaceflight market in the UK. However, aspects of the UK launch market are already
being publicly funded, with government grants given to a number of prospective spaceport licensees
and spaceflight operators across the UK.

e Fixed limit on liabilities — The liability limit and the insurance requirement are fixed at €60m for
each UK launch. This value is consistent with that used by many launch states. The Government will
indemnify any claimants for claims in excess of the operator’s liability limit.

4. Alternatives to regulation are the preferred option for some sections of the SIA, to maintain flexibility for
these sections and to respond as the market develops. For example, under section 11 of the SIA,
guidance will set out how the environmental impact of launch operations will be assessed by the UK
spaceflight regulator. In addition, there are few additional regulations for orbital operators contained in
the proposed secondary legislation under the SIA, because the regulatory regime under the OSA will be
mirrored as much as possible. The intention is for guidance to explain how orbital operator licence
applications will be assessed by the UK spaceflight regulator under the SIA.

5. Whilst non-regulatory approaches provide greater flexibility for licence applications and compliance with
existing legislation than additional legislative, on balance, the alternatives to proposed regulation option
is not recommended. One of the primary drivers of the proposed secondary legislation, guidance and
RLRs is to reduce the amount of uncertainty about how launch market licence applications will be
assessed and how the launch market will be regulated, as detailed in the problem under consideration.
In addition, the proposed legislation under Option 2 focuses on outcomes and is expected to provide the
minimum level of prescription required to achieve the policy objectives.

6. Furthermore, it is expected that a non-regulatory approach would likely result in the negative outcomes
described in the problem under consideration and therefore not achieve the policy objectives. For
example, there is a possibility that the regulator would provide clear, fair, transparent and evidence-
based decisions about licence applications and monitoring.
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7.

As a result, commercial spaceflight launch operations would likely be less safe and secure, increasing
the risk to public safety, national security, and adverse environmental and airspace impacts. This could
undermine the long-term acceptability and sustainability of a UK commercial spaceflight launch market.
The Government considers it appropriate to exclude certain people from holding a licence via
regulations.

Summary of alternatives

Commercial provision and independent regulation

10.

Without any secondary legislation under section 16 of the SIA, this option would continue with existing
regulatory responsibilities split between UK Space Agency (UKSA) and Civil Aviation Authority (CAA)
on behalf of the Secretary of State (SofS), with UKSA regulating vertical spaceports, vertical launch
operators and orbital operators, and the CAA regulating airspace access, horizontal spaceports, carrier
aircraft for horizontal launch and launch from balloons.

UKSA and CAA would regulate the UK launch market using powers contained in the SIA, combined with
the same or more guidance for the SIA, and the same or more engagement with the UK launch market
to explain and set out requirements for:

Prescribed roles

Eligibility criteria for prescribed roles

General licensing for all types of licences

Specific licensing for spaceports, range control service providers, launch operators, return operators
or orbital operators

Medical fitness of spaceflight participants

Information about the risks to spaceflight participants

Training and qualifications for prescribed roles, employees and spaceflight participants

Security of licence holder’s assets and personnel

Monitoring compliance and enforcing non-compliance with licence conditions and existing legislation
more broadly

Appealing UK spaceflight regulator decisions

¢ Investigating launch-related incidents and accidents

e Liabilities and insurance

However, these conditions would not be explicitly set out in regulations. Guidance is non-binding and
the regulator may be unable to ensure that intended minimum standards are maintained. For example,
there would be no regulations on type and number of prescribed roles and what eligibility criteria are
expected for these roles, and the separation of accountability between the Launch Director and
Accountable Manager for launch operators, nor would there be regulations relating to risk and safety.
However, these could be set out in licence conditions.

Public provision

11.

12.

The SIA provides the Secretary of State (SofS) powers to publicly provide some aspects of the UK
launch market, for example range control services. Historically, the global space sector has a large
amount of public provision. In addition, aspects of the UK launch market is already being publicly funded,
with government grants given to a number of prospective spaceports licensees and prospective launch
operators across the UK.

In February 2019 the UKSA provided grant funding to four industry-led teams to undertake their own
research into the potential delivery of range control services’’. The outcome of these studies indicated
that whilst there is interest in delivering range services in the UK, there is currently no fully commercially
viable model for doing so.

Tuk Space Agency ‘Four companies awarded grant funding to develop commercial range control services’, 9 March 2019 — available at:
https://www.gov.uk/government/news/three-companies-awarded-grant-funding-to-develop-commercial-range-control-services
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13. The UKSA is currently investigating potential business model for range control services that will enable
the initial orbital launches from the UK by the early 2020s and support a sustainable commercial market
for launch moving forwards. The assumption is that range control and tracking provision will be
underpinned by a business model that is predominantly commercial and this is being tested with the
market. For example, in the aviation sector, a combination of aerodromes and NATS control the different
types and classes of UK airspace’®. Any potential viable alternatives to the preferred option will be
identified through the investigation underway.

Fixed limit on liabilities

14. The liability limit and the insurance requirement are fixed at €60m for each UK launch. This value is
consistent with that used by many launch states’®. The Government will indemnify any claimants for
claims in excess of the operator’s liability limit.

15. This simple approach is easy to deliver: the sterling equivalent of a €60m fixed limit is applied to every
mission. It aligns with many other states, particularly in Europe®®.

16. However, a fixed limit means liability limits and insurance requirements do not reflect the risk of a
mission. This is not appropriate for the UK launch market, which is expected to be predominantly small-
satellite launches. Based on modelling to date, it is assumed that the expected losses will be significantly
less than the €60m fixed limit. The relatively high fixed limit is therefore not proportionate to the level of
loss anticipated by the MIR approach. Operators would have a higher liability limit than necessary and
need to purchase excessive insurance cover. The fixed limit also effectively subsidises high-risk
operators (given their disproportionately low insurance costs) and leaves the Government exposed to
higher contingent liabilities®:.

Setting liability and insurance requirements

13. Itis proposed that the requirements for insurance will be set out in licence conditions. Further legislation
is not required to do this due to the provisions in the SIA%2. However, further regulations are required to
limit operator liability (provisions on liabilities are contained in regulations.

14. It is proposed that licence conditions will include:

¢ A liability limit (subject to securing the relevant regulatory, legal and Parliamentary approvals);

e That licence holders (spaceport operators, range control service providers, launch and return
operators and orbital operators) must hold or have access to a minimum level of insurance cover;

¢ The liabilities that must be covered by a policy of insurance and prescribed exceptions where
insurance will not be required®?;

e Requirements on the provision of insurance documents to the regulator.

15. The Civil Aviation Authority (CAA) will regulate spaceflight activities. It will assess the safety of missions
during the licensing process and, using the outputs of this assessment, calculate the insurance
requirement.

16. Itis intended that the CAA sets the insurance requirement as described and that the Secretary of State
sets the liability limit.

17. Modelling will be refined over time, as operational experience increases. The financial values applied
to potential losses will be reviewed at least every five years and updated in response to, for example,
inflation, Personal Injury Discount Rate changes or economic downturns.

8 NATS ‘Introduction to Airspace’ available at: https://www.nats.aero/ae-home/introduction-to-
airspace/#:~:text=1n%20the%20UK%20there%20are,and%20G%20is%20uncontrolled%20airspace

" Fora comparison of launch states’ liability limits, see Annex 1.

80 Fora comparison of launch states’ liability limits, see Annex 1.
81 These contingent liabilities are limited by the fact that extremely high-risk mission profiles can prevent licence approval.
82 HM Government ‘Space Industry Act’, 2018 — available at: http://www.leqgislation.gov.uk/ukpga/2018/5/contents/enacted

83 1tis proposed that applying the same waiver of insurance as currently applied under the OSA (for the lowest risk satellites, based on a risk
assessment, launched from the International Space Station (ISS) or launched and operated in an orbit lower than the ISS).
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Preferred option implementation plan

1. Option 2 is the preferred option: Minimum viable regulation to enable commercial spaceflight from the
UK. This option will be implemented through regulation with accompanying detailed guidance and RLRs.
These have been drafted with the aim of addressing the problem under consideration and achieving the
policy objectives. The following examples support the case for this option:

This is considered to the minimum viable regulation because longer lists of possible regulations,
such as additional prescribed roles, have been considered and either discounted or included in
guidance and/or RLRs instead. In addition, not all powers in the SIA have been used e.qg. for orbital
operators or for orbital and interstellar spaceflight with human occupants.

Having a structure that balances the need to draft either secondary legislation, guidance and RLRs
should also help future-proof the regulation and allow the Department and regulator to respond to
new regulatory needs as the market matures to harness and safeguard innovation whilst balancing
these against the risks.

An “outcomes” based approach has been taken when drafting the regulations, prescribing what
government and the regulator expect the outcomes to be rather than how to achieve them. The onus
is placed on licence applicants and holders to demonstrate how they will achieve this, with guidance
and RLRs supporting businesses and the regulator to this end. This is similar to the approach used
by the Health and Safety Executive (HSE) in the UK and is expected to enable the market to develop
sustainably and ensure innovation is not stifled®*.

The regulations are designed to not overregulate the commercial spaceflight market in the UK. They
have been developed following a review of more extensive set of regulations in other countries, to
avoid unnecessary licensing and compliance costs that could deter entry into and stifle the market.
There is already a strong developing commercial space sector in other countries; creating a
prohibitive environment in the UK would negatively impact the policy objectives.

Imposing rigid and prescriptive standards in regulations could impose costs on a business that might
be over and above what it needs to provide for a spaceport. Therefore, more stringent regulations,
such as imposing detailed siting requirements, safety and security standards for infrastructure,
launch pads, runways, and propellant storage and handling, have been discounted where it is not
proportionate to include them.

2. Timeline for introduction: Before the outbreak of Covid-19, it was anticipated that most of the proposed
secondary legislation would be in place by early 2021, although this was an ambitious timetable based
on the best-case scenario and dependent on factors including the responses received from industry
following consultation and the availability of Parliamentary time. The Commercial Spaceflight Programme
aims for the first launch to take place from the UK as early as 2022. These timescales were tested through
consultation (e.g. by asking questions about UK launch market forecasts in Annex 3) and have been

updated in this final-stage IA.

84 BEIS ‘Goals-based and rules-based approaches to regulation’, May 2018 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/714185/requlation-goals-rules-based-
approaches.pdf
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Post Implementation Review

1. As the UK launch market does not yet formally exist, there is a high amount of uncertainty about the
expected number of market entrants and the associated costs, benefits and risks. In this IA, there are
areas where:

e The evidence base is relatively robust evidence;
e The evidence base could be strengthened; and,
e There is no evidence.

2. These areas were tested through the July 2020% and Autumn 2020%¢ consultations, with additional
evidence added to this IA. The full government response to these consultations can be found on gov.uk.

Consultation responses

3. In the July 2020 and Autumn 2020 consultations, in addition to asking questions about certain policy
aspects of the Government’s proposed approach to commercial spaceflight, care was taken to also
address the economic and social impact of the proposed secondary legislation on industry.

4. The consultations raised questions to address this impact, and a second consultation in the autumn of
2020 addressed the implications of the Government’s proposed approach to insurance and liabilities.
Responses from both consultations have been used to update evidence and assumptions in this IA.

5. Out of the 52 consultation responses in the July 2020 consultation, there was a good range of responses
across the space industry supply-chain (see counterfactual analysis). Only a few (n<5) didn’t provide any
information or only provided organisational information for these questions.

6. Out of the 31 consultation responses in the Autumn 2020 consultation, there was a good range of
responses across the supply-chain, with most in the space operations part of the supply-chain, a few
(n<5) organisation from insurance, banking or finance and a few (n<5) organisations with multiple
functions. Respondents in the “other business or organisation” category included: professional and
representative bodies, satellite risk committees, service providers, law firms, and research and
technology organisations.

7. The analysis for consultation responses is low confidence and should be treated as indicative, as it has
required judgements about how to code the data in some instances. Conclusions from responses to the
consultation have been reflected throughout this 1A, with updates to assumptions and evidence where
appropriate — primarily in Annex 2, Annex 3 and Annex 4. To avoid making the IA larger than it already
is, we have not always gone into specifics in the body of the text but have cross-referenced where
appropriate. If you wish to see the exact change we recommend comparing the Tables and Annexes in
the current and consultation-stage IA.

Monitoring and evaluation

8. A post implementation review (PIR) will begin after the final package of secondary legislation has been
implemented to monitor and evaluate its impact. Whilst the secondary legislation will be subject to a
formal review five years from when the Regulations come into force, we will be continually monitoring
and evaluating the progress of this emerging sector. This is to test the identified risks and unintended
consequences of our preferred approach, including what the additional impact of the legislation is
compared to the counterfactual. No one section in this 1A exists to list all the risks, but the problem under
consideration details them and some are explored in more detail throughout the IA e.g. airspace. A high-
level summary of the risks and unintended consequences remains on the cover sheets.

9. An “outcomes” based approach has been taken when drafting the regulations, prescribing what
government and the regulator expect the outcomes to be rather than how to achieve them. However,
outcomes can be harder to assess than prescribed process.

8 pme Spaceport and spaceflight activities: regulations and guidance’, 29 July 2020 — available at:
https://www.gov.uk/government/consultations/spaceport-and-spaceflight-activities-regulations-and-quidance
86 MG ‘Consultation on draft insurance and liabilities requirements to implement the Space Industry Act 2018*, 13 October 2020

https://www.gov.uk/government/speeches/consultation-on-draft-insurance-and-liabilities-requirements-to-implement-the-space-industry-act-2018
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10. As has been the case for the development of this 1A, DT will continue to work with UKSA, CAA, industry
and other key stakeholders to monitor and evaluate the progress of HMG’s Spaceflight Programme, the
UK spaceflight regulator, and ultimately the size and health of the spaceflight market. This will include,
but is not limited to collecting information on:

e The number of licence applicants and outcomes for these, including:
i. Successful licensing and renewals, and any associated licence conditions
ii. Failed licence applications and associated reasons
iii. Enforcement interventions and associated reasons
e The regulatory activities, outputs and outcomes, including:
i. Value for Money — Economy, efficiency, effectiveness and equity as defined by the
National Audit Office®’
ii. Quality — Safety, security and timeliness of processing applications & monitoring
compliance
iii. Regulatory changes that may or may not be needed in the future
e The impact on business of the regulatory requirements under the primary and secondary
legislation, including any benefits and/or costs to business over and above what has been
captured in this IA
e The number and type of launches and missions
e Wider impacts and unintended consequences, such as environmental, airspace, competition,
innovation and trade impacts

11. Also, the Government will review the MIR financial values annually to determine whether any further
update is needed due to a significant circumstance within this period. For example, changes to the
inflation rate, the Personal Injury Discount Rate applied in compensation cases, or an economic downturn
having a significant impact on the statistics which are the basis for the derived values. The Government
will consult on any proposed changes.

87 National Audit Office ‘Assessing value for money’, accessed 18 February 2021. Available at: https://www.nao.org.uk/successful-
commissioning/general-principles/value-for-money/assessing-value-for-money/
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Methodology and scope

Summary

1. Figure 4 shows how this IA has organised the proposed secondary legislation under the SIA. This
reflects licence applicants’ decision process for engaging with and entering the commercial spaceflight
launch (launch) market in the UK, and the subsequent licensing and monitoring compliance processes,
activities or scenarios outside of business as usual operations, and wider economic impacts that result
from expected commercial spaceflight activities from the UK. Figure 3 shows the expected types of
launch activities from the UK.

Figure 4: Legend for UK commercial spaceflight launch stakeholders and impacts

Range Launch Orbital HMG & Other

Stakeholder & Impacts
Control Operators Operators Regulator Stakeholders

Map Spaceports

Benefits

Familiarisation costs No impact

Requlator No impact

Engagement
costs

costs

Compliance
costs

Costs to business

Justice impacts No impact

Accident investigation

Non-business as
usual operations

Liabilities

Environment

Airspace

Wider Impacts

Other impacts No impact
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Business Impact Target, Business NPV and NPSV calculations

2. Table 7 shows how which impacts this IA has quantified and how the expected annual net direct cost to
business (EANDCB), business net present value (NPV) and net present social values (NPSV) have been
calculated, including justifications for impacts that have been included or excluded from these metrics.

Table 7: Summary of quantified impacts and calculations

Impact Quantified EANDCB Business NPSV Justifications for
NPV inclusion/exclusion
Benefits
Leveraged effects
Direct GVA Not direct so not in EANDCB,
VS Mo s s indirect (direct and indirect GVA)
Indirect GVA Vs No Ves Vi benefits to businesses from

additional launch income
Induced GVA Comes under scrutiny and HMT
s 1o No No guidance to exclude

Growth effects Not direct so not in EANDCB,

s 1o Yes Yes downstream supply-chain growth
Tourism benefits Not direct so not in EANDCB,
Yes 1o Yes YeS  dditional GVA watching launches
Costs
Requlator costs
Licensing
Monitoring : ‘ recovery in line with HMT
I Yes Partial Partial Yes gl_Ji dan ce frc_;m 2024
Familarisation costs Ve EE e Yes E&Eﬁ;slgg I;Sr%til(i:gr?;?nszith regs
Engagement costs
Licensing Direct business cost of engaging
s VEE e e with regulator during licence
Monioring
Compliance costs
Prescribed roles Direct cost to business of hiring
s Yes Yes Yes prescribed roles
Others . : : . Most assumed to be zero
Partial Partial Partial Partial compared to baseline.
Justice impacts Excluded, HMT guidance
Vs Mo o = assumes full compliance with regs
Acodentinvestigalon  Yes o No  No e imied evcerce g
Liabilities and insurance Updated using published liabilities
Vs VEE = Yes and insurance IA
Environment : Significant uncertainty and only
Prite] Mo o = partially quantified so excluded.
Airspace Limited evidence, excluded
NG e o — because not quantified (NQ)
Other impacts
SaMBA No No No No
Competition No No No No
. Limited evidence, excluded
Innovation No No No No because not quantified (NQ)
Trade No No No No
Local Impacts No No No No
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Appraisal assumptions

3.

All costs and benefits are estimated in 2020 prices® and discounted to 2021 present values®. This
policy is expected to come into effect in 2021 and we have appraised the costs and benefits over a 15-
year appraisal period from 2020 to 2034, due to the expected high initial licensing and infrastructure
costs (some of which are incurred in 2020) and long-lived benefits associated with commercial spaceflight
from the UK. A longer appraisal period is not used because of increasing uncertainty about the UK launch
market forecasts (Annex 3) over a longer time-period, compounded by Covid-19.

Compared to the standard 10-year appraisal period, a 15-year appraisal period allows more long-lived
benefits to be captured. It also ensures consistency with analysis of the wider spaceflight programme’s
costs and benefits, conducted by London Economics Ltd on behalf of UKSA in February 2020.) over a
longer time-period, compounded by Covid-19. Compared to the standard 10-year appraisal period, a 15-
year appraisal period allows more long-lived benefits to be captured. It also ensures consistency with
analysis of the wider spaceflight programme’s costs and benefits, conducted by London Economics Ltd
on behalf of UKSA in February 2020.

Stakeholders

5.

10.

This 1A considers the impacts on the main affected stakeholders as a result of regulating and enabling
launch from the UK (Eigure 4). These stakeholders are categorised by those directly and indirectly
impacted by the regulations, and the costs and benefits are divided up in the same way.

In the July 2020 consultation, respondents were asked: “Have any stakeholders affected by the
proposed secondary legislation not been captured in the accompanying Impact Assessment?” The
majority (92%, N=52) of respondents either did not respond to this question or did not think there were
any stakeholders that had not been captured in the consultation-stage impact assessment. However,
some respondents mentioned the lack of information on devolved administrations, local businesses and
local communities, as well as possible impacts for people with protected characteristics under the
Equalities Act 2010 and spaceflight participants. This has been considered and updated where
appropriate in this 1A.

In the Autumn 2020 consultation, over a third of respondents indicated that there had been omitted
persons/groups. Of those, the majority indicated that compliance for existing/established orbital
operators had not been captured. For example, the additional administration, financial and personnel
time to understand new procedures and make operations compliant, plus additional liabilities under
Section 34.

However, we do not consider there to be an additional cost burden. Firstly, the in-orbit third-party
liabilities (TPL) policy is the same approach currently implemented under the OSA. Therefore, there is
likely to be limited additional costs given current burden on business is already in place. Also, satellite
operators will be covered by the launch TPL policy for the launch phase, hence are captured already
within the proposed legislation. However, we do capture familiarisation costs, licence application and
monitoring engagement costs and prescribed roles costs for orbital operators for launches from the UK.

Respondents indicated other omitted groups, including statutory consultees (who must be consulted
before reaching certain decisions), official observers and the health of those impacted by radiation from
space objects. However, insufficient detail was provided to model these impacts.

This 1A considers the impacts on the main affected stakeholders as a result of regulating and enabling
launch from the UK (Figure 4). These stakeholders are categorised by those directly and indirectly
impacted by the regulations, and the costs and benefits are divided up in the same way. These
stakeholders are categorised by those directly and indirectly impacted by the regulations, and the costs
and benefits are divided up in the same way.

88 prices are adjusted for inflation, so that all future and past values are in 2020 constant values in line with HM Treasury Green Book rules —
available at: https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent

89 present values mean the current value of a future stream of costs and benefits, discounted at a social discount rate of 3.5% in line with HM
Treasury Green Book rules — available at: https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-
governent
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11. The main affected businesses that are expected to enter the market via a licensing process and
therefore be directly impacted by the proposed secondary legislation for commercial spaceflight from
the UK include:

e Spaceports — Similar to airports, but with appropriate capabilities and services at the ground
locations where spaceflight activities are proposed to take place. Spaceports can be broadly
categorised by horizontal and vertical launch spaceports, although other types of launch (such as
balloon) may take place under the proposed regulations. The proposed regulations are designed to
ensure the spaceports have the infrastructure required for the safe handling of hazardous materials,
and the necessary infrastructure and services for the separation between spaceflight activities and
uninvolved parties.

e Range Control — Similar to air traffic management services in aviation, but with appropriate
capabilities and services for monitoring the area where spaceflight occurs and ensuring mission
integrity and the safety of uninvolved parties. Range control capabilities may include ground
infrastructure, tracking airborne or orbital vehicles, and services include warning to third parties
about the location and timing of spaceflight activities and maintaining the integrity of the range during
spaceflight activities®.

e Launch Operators — Similar to aircraft manufacturers and airline operators, but with specific
capabilities and services to enable safe sub-orbital and/or orbital spaceflight, including sub-orbital
missions with human participants on board. Launch operators can be broadly categorised by
horizontal and vertical launch operators, although other types of launch (such as balloon) may take
place under the proposed regulations. Launches can take place from surface or above the ground.

e Orbital Operators — Satellite operators and any vehicles primarily operating in an orbital
environment, such as Orbital Manoeuvring Vehicles.

12. The regulator for commercial spaceflight launches from the UK will be directly involved with licensing
entry to the market and monitoring compliance with licence conditions for the above types of businesses.

13. In addition to the UK spaceflight regulator and the four main types of licence holders, the following public
bodies may be indirectly impacted by the proposed regulations for information sharing and other
monitoring and enforcement purposes, as well as launch operations (see description of impacts in other
public bodies). This was tested through consultation, with additional Devolved Administrations and
associated local agencies and authorities added (in alphabetical order):

e Centre for the Protection of National Infrastructure (CPNI)
e Department for International Trade (DIT)
e Department for Transport (DfT)
o Accident Investigators e.g. Air Accidents Investigation Branch (AAIB)
o Civil Aviation Authority (CAA) non-spaceflight functions
o HM Coastguard (HMCG)
o Maritime and Coastguards Agency (MCA)
e Department for Business, Energy and Industrial Strategy (BEIS)
o UK Space Agency (UKSA)
¢ Devolved Administrations and associated organisations
o Marine Scotland (MS)
o Natural Resources Wales (NRW)
o NatureScot (NS)
o Northern Ireland Environment Agency
o Scottish Environment Protection Agency (SEPA)
Environment Agency (EA)
Health and Safety Executive (HSE)
Home Office (HO)
Ministry of Housing, Communities and Local Government (MHCLG)
o Local Authorities across the UK

90 uk Space Agency ‘Four companies awarded grant funding to develop commercial range control services’, 9 March 2019 — available at:
https://www.gov.uk/government/news/three-companies-awarded-grant-funding-to-develop-commercial-range-control-services
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e Ministry of Defence (MoD)
o Defence Safety Authority (DSA)
Ministry of Justice (MoJ)
National Cyber Security Centre (NCSC)
Office of Nuclear Regulation
Police and Emergency Services across the UK

Summary of costs and benefits

14.

This 1A appraises the expected direct and indirect costs and benefits that result from enabling launch
activities in the UK.

Benefits

15.

16.

17.

18.

19.

In the primary legislation IA, the net cost to business (direct plus indirect) were assumed to be at worst
zero i.e. the net benefits are at least positive. This is due to the permissive character of the regulation®?.
For any individual business, the cost of complying with the proposed framework would be exceeded by
the benefits of engaging in the activity. In this IA, this assumption is kept in both the central and high
scenarios, where the new spaceflight launch market is established, but removed in the low scenario,
where the market is assumed to not exist (therefore incur no benefits) and direct familiarisation costs
and regulatory transition costs are incurred.

The benefits of enabling launch from the UK are assumed to be indirect. It is assumed that launch
activities could not take place from the UK without the entire package of proposed secondary legislation,
guidance and RLRs, because it is considered to be the minimum viable regulation to enable commercial
spaceflight launches from the UK whilst mitigating the risks.

However, the benefits of UK launch require businesses to decide to enter the market and start
generating value. Whilst there are certain businesses that have already committed to entering the market
and invested in developing spaceflight operations (see counterfactual analysis), there is no guarantee
for these benefits to be realised, as they will still need to obtain a licence and success at achieving
spaceflight. The legislation is permissive, in that it allows firms to enter the market but does not force
them to. They may still require investment, either publicly or privately, to enable launch. The funding
given by the wider Spaceflight Programme (see problem under consideration) illustrates that the
legislation is a necessary but not sufficient condition for enabling commercial spaceflight from the UK
(see policy objectives). Therefore, the benefits indirectly result from implementing the proposed
legislation, guidance and RLRs, as there are several steps in the chain of events for businesses to start
attaining these benefits and the benefits are not automatic, as per RPC guidance for permissive
regulations for new and innovative markets®.

That is, the proposed legislation is only part of the package to enable the spaceflight market, with
expected implications for the likelihood of choosing to enter the market, and therefore the number of
licence applications, while not affecting success in obtaining licences and successfully achieving
spaceflight. Furthermore, the market’s realisation of benefits may be reliant on other strands such as
the regulator and their associated costs, market grant funding, and external engagement.

In the July 2020 consultation, respondents were asked: “Are there any benefits associated with the
proposed secondary legislation that are either misrepresented or not captured in the accompanying
Impact Assessment?” The majority (69%, N=52) of respondents did not answer this question. Of those
that did answer, most (21% of all respondents) did not think any benefits associated with the proposed
secondary legislation were misrepresented or not captured in the consultation-stage impact
assessment. A few (n<5) respondents were “not sure” and a few respondents did think there were
misrepresented or missing benefits in the impact assessment and provided additional details, including

91 "Regulatory changes are permissive in nature where they allow, but do not force, businesses to do something"
Regulatory Policy Committee ‘RPC case histories — permissive legislation’, February 2020. Available at:
https://www.gov.uk/government/publications/rpc-case-histories-permissive-legislation-february-2020

92 vpermissive measures can result in significant net direct benefits to business. If the absence of the permissive legislation is effectively the only
thing ‘holding back’ businesses from doing what they would otherwise do, then, other things being equal, the benefit is more likely to be direct.”
Regulatory Policy Committee ‘RPC case histories — permissive legislation’, February 2020. Available at:
https://www.gov.uk/government/publications/rpc-case-histories-permissive-legislation-february-2020
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20.

about the UK launch market forecast scenarios (which drive a significant amount of the costs and
benefits), tourism benefits and environmental impacts. These have been considered and updated where
appropriate in this 1A.

In the Autumn 2020 consultation, a few respondents (N=31) indicated that there are misrepresented
benefits, and around half indicated there are benefits not captured (for example, seaborne launch).
However, there was little detail provided, for example on how to quantify those benefits, and whilst not
precluded from possibility in the future, these types of launches are not currently in the launch market
forecasts, which have the most likely launches (Annex 3).

Costs

21.

22.

23.

24.

25.

In the July 2020 consultation, respondents were asked: “Are there any costs associated with the
proposed secondary legislation that are either misrepresented or not captured in the accompanying
Impact Assessment?” The majority (56%, N=52) of respondents did not answer this question. Of those
that did answer, most (19% of all respondents) did not think any costs associated with the proposed
secondary legislation were misrepresented or not captured in the consultation-stage impact
assessment. A few (n<5) respondents were “not sure” and a few (n<5) respondents did think there were
misrepresented or missing costs in the impact assessments provided additional details, including about
engagement costs (licence application and monitoring regime), compliance costs (security, safety, legal
etc.), spaceflight participants, and wider economic impacts (environment and airspace). These have
been considered and updated where appropriate in this IA.

Evidence about the impact of engagement and compliance these has been captured through the other
gquestions. Environmental and airspace impacts were at the very least described qualitatively in the
consultation-stage impact assessment. The impact of informed consent for spaceflight participants was
covered by the July 2020 consultation. These impacts are considered in this IA.

In the Autumn 2020 consultation, around half of respondents (N=31) indicated that there are
misrepresented costs and costs not captured in the consultation-stage IA for liabilities and insurance.
Of those, the majority highlighted additional liabilities imposed under section 34 of the SIA (e.qg.
familiarisation costs, administration costs of managing new obligations). Overall, respondents
considered costs to be higher than quantified in the impact assessment.

It is not clear from the responses whether these costs are specifically attributable to section 34 of the
SIA or to other legislative requirements in the rest of the draft Space Industry Regulation. The
consultation-stage IA for liabilities and insurance assumed that most of these costs were already
captured in the consultation-stage impact assessment for the Space Industry Regulations. Consultation
respondents may have misinterpreted this assumption as there being no additional costs.

The consultation-stage IA for the draft Space Industry Regulations captured a significant amount of
operational expenditure related to familiarisation, engagement and compliance through both prescribed
and non-prescribed roles, including staffing, information and administration costs for licence applications
and the regulatory monitoring regime. From the consultation responses, it is not clear whether the
expected cost of familiarisation, engagement and compliance with the proposed secondary legislation
detailed in the consultation-stage impact assessment caused some respondents concern or, or if the
actual detail of the draft regulations, guidance and RLRs caused some respondents concern. Either
way, this IA will continue to acknowledge high familiarisation and engagement costs.

Direct costs to business

26.

Direct costs to business can be more easily divided up to specific regulations in the proposed
secondary legislation under the SIA. The draft secondary legislation only imposes direct costs to
potential/actual licence applicants and holders that willingly decide to enter the UK launch market given
the proposed restrictions, including spaceports, range control service providers, launch operators and
orbital operators. This is because the secondary legislation simultaneously enables the market to exist
(liberalises) and restricts the market (licences). For business that wish to obtain a licence under the SIA,
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the impact of the meeting the requirements in the secondary legislation is both immediate and
unavoidable, and are in the market being regulated (a ‘partial equilibrium effect’)®.

27. Businesses that familiarise themselves with the proposed secondary legislation, accompanying
guidance and RLRs before deciding whether or not to enter the launch market will incur direct
familiarisation costs. Businesses that enter the launch market will face direct compliance and
engagement costs associated with the regulatory licensing and monitoring process.

28. There are 2 main ways to segment the direct costs to business, based on the type and timing of costs.
These costs apply to the 4 broad types of licence holders set out in the SIA and proposed secondary
legislation, including spaceports, range control service providers, launch operators and orbital operators.

Type — There are 3 categories of direct cost to business, as set out in the IA for the SIA (Figure 1 and
Figure 5)°*

Familiarisation — This is the direct cost to potential/actual licence applicants and holders of
familiarising themselves with the proposed legislation, guidance and/or RLRs, before deciding
whether or not to enter the launch market in the UK®®, This is categorised as a direct cost to business
because these businesses will need to familiarise themselves in order to make this decision. In this
IA, this is estimated as the opportunity cost of time (i.e. time taken) for in-house employees to read
the legislation (such as lawyers), guidance and RLRs (such as managers, engineers, and finance
professionals). However, it is acknowledged that this expertise may be procured from external
providers.

Engagement — This is the direct costs to licence applicants and holders of engaging with the
regulator during the licence application process and monitoring regime respectively. This is assumed
to be the opportunity cost of time (i.e. time taken) for in-house employees to engage with the
regulator during these activities. This is assumed to require a combination of managerial, financial,
legal, engineering and business administration roles for each type of license applicant and holder,
split by prescribed and non-prescribed roles®®. However, it is acknowledged that this expertise may
be procured from external providers.

Compliance — This is the direct cost to licence holders of complying with specific regulations
contained in draft secondary legislation under the SIA, including purchasing and maintaining
equipment (e.g. safety management systems), hiring people to carry out prescribed roles (e.g.
Accountable Managers)®®, and implementing operations (e.g. emergency response drills) as
required by regulations. Some of these costs may be incurred prior to receiving a licence as
“transition costs” (i.e. during the licence application stage) to ensure operations can begin promptly
once a licence is granted e.g. hiring staff or purchasing equipment. The remaining costs will be
incurred once operations begin as “ongoing costs” (i.e. during the licence holder stage). However, it
is difficult to identify the additional direct cost to licence holders of complying with regulations (i.e.
beyond existing industry best practice) without a clear baseline of what equipment, staff and
operations existing companies already have.

93 Regulatory Policy Committee ‘Business Impact Target specific issues: direct versus indirect impacts’, 1 March 2019 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/790016/RPC_case_histories -

direct _and indirect_impacts _March 2019 1 .pdf

94 Department for Transport ‘Impact Assessment DFt00365: Space Industry Bill — Spaceflight’, 30 September 2016 — available at:
http://www.leqgislation.gov.uk/ukpga/2018/5/pdfs/ukpgaod 20180005 en 001.pdf

95 Businesses with no intention of entering the launch market in the UK, but that are interested in understanding the commercial spaceflight
launch market, are expected to incur indirect familiarisation costs.
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Figure 5: Types of direct cost to business

[ Familiarisation ]

Engagement Compliance

Prescribed roles’ engagement®
Timing — There are 3 stages in which the above direct costs to business are incurred (Figure 1):

A. Scoping — This is when a business is still deciding whether or not to apply for a licence, before the
licence applications stage. The direct costs to business during this stage only includes familiarisation
costs, as this will help a business decide whether or not it can comply with the legislation and still
break-even. It is expected that more businesses will incur familiarisation costs than engagement and
compliance costs, as some may decide not to apply for a licence and enter the market.

B. Licence application — This is when a business is applying for a licence, but before being granted a
licence. The direct costs to business during this stage include engaging with the regulator during the
licence application process and any compliance incurred prior to receiving a licence as “transition
costs” to ensure operations can begin promptly once a licence is granted e.g. hiring staff or
purchasing equipment. It is expected that fewer businesses will incur engagement and compliance
costs than familiarisations costs for the same reasons as above. However, more businesses may
incur licence application engagement costs and transition compliance costs (in anticipation of being
granted a licence) than the number of business that incur monitoring regime engagement costs and
ongoing compliance costs, as some licence applicants may withdraw their application or not be
granted a licence.

C. Licence holder — This is when a business has been granted a licence and retains it. It is assumed
that licences are retained for the entire appraisal period. The direct costs to business during this
stage include engaging with the regulator during the monitoring regime and any ongoing compliance
costs, including purchasing and maintaining equipment (e.g. safety management systems), hiring
people to carry out prescribed roles (e.g. Accountable Managers), and implementing operations (e.g.
emergency response drills) as required by regulations. However, it is difficult to identify the additional
direct cost to licence holders of complying with regulations (i.e. beyond existing industry best
practice) without a clear baseline of what equipment, staff and operations existing companies
already have.

Indirect costs to business

29. Indirect costs to businesses (and other stakeholders) may also result from enabling launch activities
from the UK. Businesses that have no intention of entering the launch market but are interested in
understanding the proposed secondary legislation, guidance and/or RLRs. For example, the wider (non-
launch) space industry are expected to incur indirect familiarisation costs. This is categorised as an
indirect cost to business because these firms are assumed to have no intention of entering the UK
launch market and therefore these familiarisation costs are optional.

96 See Annex 2: Prescribed and non-prescribed roles for definitions of prescribed and non-prescribed roles.
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30. Other indirect impacts fall outside of safe and compliant launch operations i.e. non-business as usual
operations. These include indirect costs that result from non-compliance, i.e. regulatory notices for
breaches of licence conditions and offences that are committed, appeals against these regulatory
decisions, accidents that might occur as a result of launches from the UK, and the resulting liabilities
claims.

31. In addition, indirect impacts on the space industry supply-chain and wider economy are captured through
a GVA approach to monetising benefits in this IA.

Requlator costs

32. The intention of the proposed regulations is to allocate these impacts and risks outside of business as
usual operations efficiently and equitably. For this IA, the direct costs of establishing functions to regulate
spaceflight launch activities are included in the total costs and benefits calculations as a cost to the
public sector. However, in the long-run, the cost of regulating the UK launch market is expected to be
recovered from the UK launch industry, in line with HM Treasury’s ‘Managing Public Money’ guidance?’.
HMG has set out its proposals on charging (see description of options). For the purposes of illustrative
analysis in this IA, we have constructed three high-level charging options (our proposals broadly align
with medium):

a. Low—no cost recovery as it is assumed that no commercial spaceflight launch industry develops.

b. Medium — no cost recovery until 2024, followed by gradual increase to full cost recovery over a 4-
year period (i.e. fees set at 25% of total costs in year 1, 50% in year 2, etc.)

c. High — no cost recovery until 2024, followed by full cost recovery.

33. In addition, 100% compliance is assumed with the proposed secondary legislation, and therefore the
costs of these outcomes actually occurring are not captured in the total costs and benefits. That is, if
firms comply with the legislation, these risky outcomes are much less likely to materialise, meaning the
cost of interventions is lower or even zero. Instead, this IA presents illustrative analysis to show the
potential impact of these outcomes in the justice impacts, accident investigation and liabilities sections.

Wider economic impacts

34. Finally, wider economic impacts are considered in this IA. This includes the environmental impacts of
enabling commercial spaceflight activities in the UK, the impact on users of airspace, and the level of
market power and innovation that we expect the proposed regulations to generate. Again, the intention
of the proposed regulations is to allocate these impacts and risks outside of the business as usual
operations efficiently and equitably.

35. For changes to the Air Navigation Order 2016 (ANO), the additional impact to spaceports, small
unmanned aircraft (SUA) operators and other airspace users of familiarising themselves is not captured
on proportionality grounds (i.e. the impacts are expected to be small) but is qualitatively described in the
familiarisation _costs section. In addition, the impact on spaceports, small unmanned aircraft (SUA)
operators and other airspace users from controlling airspace around spaceports and allowing flights
within these flight restriction zones (FRZs) by exception is also not quantified in this I1A on proportionality
grounds, but is qualitatively described in the airspace section.

7 Hm Treasury ‘Managing Public Money’, 1 October 2019 — available at: https://www.gov.uk/government/publications/managing-public-money
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Approach to monetisation

36.

37.

38.

39.

40.

Without an existing launch industry in the UK, identifying the additional impact of the proposed
secondary legislation is difficult. Ideally, we would not attribute the cost of compliance in areas where
we expect any competent operator to already carry out those activities, however we do not have a
sufficient baseline. Therefore, the simplest method is to attribute the cost of carrying out anything
required by package of regulations to specific regulations. This will provide an upper bound on the costs,
as in reality, many of the activities required by regulations would be carried out voluntarily, in the absence
of regulation by any operator.

There is a large amount of uncertainty about how the commercial spaceflight market might develop in
the UK. Therefore, this IA presents low, central and high scenarios based on the following variables:

e Market forecasts — The expected scale and type of commercial spaceflight launches from the UK
i.e. number of businesses and launch frequencies. This includes horizontal and vertical launches,
and sub-orbital and orbital missions, including sub-orbital missions with human occupants, which
were tested through consultation (see Annex 3).

e Commercial operations — The expected scope of commercial spaceflight activities in the UK. This
includes horizontal and vertical launches, and sub-orbital and orbital missions, including sub-orbital
missions with spaceflight occupants.

e Regulatory functions — The expected scope of regulatory activities, including licensing and
monitoring regimes for horizontal and vertical launches, and sub-orbital and orbital missions,
including sub-orbital missions with spaceflight occupants.

¢ Unit costs and benefits — The expected wage and non-wage costs, capital costs associated with
commercial spaceflight activities from the UK. This includes market prices for businesses and the
public sector, and non-market values for wider economic impacts such as carbon emissions.

The benefits are measured in terms of the Gross Value Added (GVA) to the UK economy. The indirect
benefits have been estimated using space industry specific evidence, to ensure consistency with
analysis conducted by London Economics on behalf of UKSA. For example, multipliers are used to
estimate the indirect and induced expenditure effects (i.e. the impact of increased consumption and
investment), as well as knowledge spillovers®. The approach taken is to consider both direct benefits
and indirect benefits to be consistent with HM Treasury and BEIS guidance®.

The cost to business as a result of these regulations will depend on the type and size of the launch
programme. Therefore, we have quantified the minimum requirement in order to comply with the
regulation as we do not expect business to take on additional regulatory burden if it does not lead to
additional benefits for the business. Assuming these businesses are acting rationally, their decision to
enter the market depends on if the economic benefits from entering the new market outweighs the cost.
Therefore, aside from familiarisation costs, the net impact of these regulations on business is expected
to be positive.

However, we expect businesses entering the commercial spaceflight market to have safety in mind.
Spaceflight is an inherently risky endeavour. The geographic constraints of the UK make this even more
significant, as we must account for proximity to population centres, congested airspace and
environmental considerations. We know that this market will develop safely or not at all. When we come
to appraising the impacts of safety regulation, we consider the net impact of the regulations compared
to the existing industry standards.

98 London Economics ‘The Size and Health of the UK Space Industry’, 2018 — available at: https://www.gov.uk/government/publications/uk-space-
industry-size-and-health-report-2018

9 Uk Space Agency ‘Launch UK: Full Business Case - Satellite Launch Programme’, 1 June 2018
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41. Wider economic impacts (WEI) have been monetised for the environment and the Criminal Justice
System sections using Department for Environment, Food and Rural Affairs (DEFRA), DfT101, BEIS%2
and MoJ guidance!® respectively. Other WEI have been qualitatively described but not monetised.

42. This 1A outlines the methodology used to appraise the costs and benefits using the best available
evidence, and clearly states any assumptions that have been made in the absence of evidence.
Responses to consultation questions have been used to enable a more rigorous estimation of impacts
in this IA There are areas in which the evidence base still needs to be strengthened and assumptions
tested through the Post-Implementation Review (PIR) process.

100 Treasury ‘Green Book supplementary guidance: environment’, 21 April 2013 — available at:
https://www.gov.uk/government/publications/green-book-supplementary-guidance-environment

101 Department for Transport ‘Transport Analysis Guidance’, 22 October 2019 — available at: https://www.gov.uk/government/publications/tag-
data-book

102 Business, Energy and Industrial Strategy ‘Carbon Valuation’, 11 April 2019 — available at: https://www.gov.uk/government/collections/carbon-
valuation--2

103 Ministry of Justice ‘Justice Impacts Test: Guidance’, July 2018 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/733337/justice-impact-test-quidance.pdf
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Counterfactual analysis

Assumptions

1. Option 1: Do nothing (counterfactual) represents a continuation of the status quo. There will be no
additional regulations to enable commercial spaceflight launches from the UK, no launch industry will
develop further and the UK will receive no additional benefits and incur no additional costs related to
launches from the UK. In the counterfactual, it is assumed that the market for launch from the UK does
not exist under current regulations. This does not include proprietary satellite (‘space objects’) operation
activities, which are already licensed and regulated by the OSA (Table 4).

2. This option provides a baseline from which to measure additional costs and benefits of the proposed
regulations. In legislative terms, this baseline is the primary legislation in the SIA, but also include the
OSA, along with other safety- and environment-related legislation.

Evidence

3. London Economics’ ‘Size and Health of the UK Space Industry 2018’ provides the most recent and
detailed baseline, along with Frost and Sullivan’s ‘UK Spaceport Business Case Evaluation’, the
Knowledge Transfer Networks ‘Space Sector Landscape’ and 2020 consultation responses. London
Economics’ analysis of UK-based space-related organisations reported the following key findings for
2016/171%%;

e The UK space industry comprised 948 organisations, with 39 new entrants per year since 2012. The
industry directly contributed £5.7 billion of Gross Value-Added to UK economic output (0.29% of UK
GDP, up from 0.27% in 2014/15), and a total of £13.0 billion (including supply chain effects) in
2016/17.

e Total UK space industry income grew to £14.8 billion in 2016/17, a growth rate of 3.3% per annum.
At 2016/17 exchange rates following the depreciation of Sterling, this is equivalent to 5.1% of the
global space economy in 2016/17.

e The upstream (those that make and operate space technology) grew strongly to £2.4 billion, though
the downstream (those that use data from acquired from space technology) still dominates at £12.4
billion (Table 9). Space Applications is the largest segment with 69% of income, of which 48% is
Direct-to-Home (DTH) broadcasting. This is followed by Space Operations (15%), Space
Manufacturing (13%) and Ancillary Services (3%).

¢ Growth is concentrated amongst very large enterprises (56% of overall growth) and larger SMEs
(28%), with the latter growing particularly fast (31% per year, compared to very large enterprises at
2% p.a.).

e Theindustry is commercially-focused, with 82% of income from sales to consumers and businesses.
However, the public sector share of income has increased from 14% (2014/15) to 18% (Space
Agencies 4%, Government 14%), but remains marginally lower than the global average (20%).

e Exports grew to £5.5 billion in 2016/17, or 37.4% of total income. This is up from 36.4% in 2014/15
and this export intensity is one third higher than the UK economy. The share increases to 65.4% for
non-DTH activities.

e With £566m (3.8% of income, up from 3.0% in 2014/15) or 10% of GVA invested in R&D, the space
industry is 6 times more R&D intensive than the UK average. This is led by Space Manufacturing
(14% of income on R&D).

4. The report also forecast income and GVA for 2017/18, as shown in Table 8 below. Income was

forecasted to grow 4.8% to £15.5 billion in real terms (after accounting for inflation). Gross Value-Added
was forecasted to grow strongly (10.6%) to £6.3 billion in real terms.

1041 ondon Economics ‘The Size and Health of the UK Space Industry 2018’, 30 January 2019 — available at:
https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018
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Table 8: UK Space Industry Data®

Segment

Space
manufacturing

Space
operations

Space
applications

Ancillary
services

Space activity

Fundamental applied research

Ground segment systems and equipment
Launch vehicles and subsystems
Satellites/payloads/spacecraft and subsystems
Scientific and engineering support

Scientific instruments

Suppliers of materials and components
Third-party ground segment operation

Ground station networks

Launch brokerage services

Spaceport operator**

Range control service providers***

Launch services

Proprietary satellite operation (incl. sale/lease)
Direct-To-Home (DTH) broadcasting
Applications relying on embedded satellite signals/data
Fixed satellite communication services (incl. VSAT)
Location-based signal service providers
Mobile satellite communication services
Processors of satellite data (e.g. EO)

Supply of user devices and equipment
Business incubation and development

Launch and satellite insurance services

Legal and financial services

Market research and consultancy services
Policymaking, regulation and oversight

Software and IT services

Total/result for the entire space industry

* Note: ‘Number of companies’ refers to the number of companies engaged in the relevant space activity. Companies within the
space industry may engage in multiple activities and also non-space-related activities. The total of this column therefore does not
correspond to the total number of organisations in the space industry

** The number of spaceports is taken from the UK Space Agency (Figure 6)

Nominal
income
2017/18 (Em)

£133
£304
£975
£749
£122
£56
£283
£37
£469
£4

£0

£0

£2
£1,813
£7,223
£357
£283
£121
£584
£191
£1,758
£46
£88
£12
£150
£32
£145
£15,938

Nominal
GVA
2017/18 (Em)

£74
£101
£924
£344
£63
£32
£111
£5
£118
£2
£0
£0
£1
£596
£2,525
£230
£102
£67
£379
£86
£461
£21
£37
£6
£72
£16
£64
£6,438

Number of

companies*

2016/17

144
62
51

103
88
44

157

23

10
11
22
14
99
76
29
86
156
148
60
20
26
150
58
35

and July 2020 consultation responses.

»106

*** The number of range control service providers is taken from the Knowledge Transfer Network’s ‘Space Sector Landscape’ >,

UK Space Agency grant funding

107 and July 2020 consultation responses.

5. In addition, a wide range of consultation responses were received (N=52), covering all segments of the
space industry supply-chain, as defined in the ‘UK space industry: Size and health 2018’ report. 44%
of respondents were in the in the “space operations” segment of the supply chain and 35% in the
“ancillary services” segment of the supply chain. This latter group included trade associations, legal and
financial services, academic institutions, and policy, regulation and oversight bodies.

105 UK Space Agency ‘How we are promoting and regulating spaceflight from the UK’, 8 February 2019 — available at:
https://www.gov.uk/guidance/how-we-are-promoting-and-requlating-spaceflight-from-the-uk

106 Knowledge Transfer Network ‘Space & Satellite Applications UK Landscape’, accessed 15 November 2019 available at:
https://space.ktnlandscapes.com/

107 UK Space Agency ‘Four companies awarded grant funding to develop commercial range control services’, 9 March 2019 —
available at: https://www.gov.uk/government/news/three-companies-awarded-grant-funding-to-develop-commercial-range-control-

services

80


https://www.gov.uk/guidance/how-we-are-promoting-and-regulating-spaceflight-from-the-uk
https://space.ktnlandscapes.com/
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.uk%2Fgovernment%2Fnews%2Fthree-companies-awarded-grant-funding-to-develop-commercial-range-control-services&data=02%7C01%7CLoretta.Boman%40ukspaceagency.gov.uk%7C479f0c6a55bb4bdf333408d78396ef44%7Ccbac700502c143ebb497e6492d1b2dd8%7C0%7C0%7C637122556585102822&sdata=cmB7cBLIu2msD8fiyYYrpivnUxpZGoCArwJ%2Fholfexk%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.uk%2Fgovernment%2Fnews%2Fthree-companies-awarded-grant-funding-to-develop-commercial-range-control-services&data=02%7C01%7CLoretta.Boman%40ukspaceagency.gov.uk%7C479f0c6a55bb4bdf333408d78396ef44%7Ccbac700502c143ebb497e6492d1b2dd8%7C0%7C0%7C637122556585102822&sdata=cmB7cBLIu2msD8fiyYYrpivnUxpZGoCArwJ%2Fholfexk%3D&reserved=0

6. For the spaceflight operations, responses suggested the number of possible spaceports in the
counterfactual (7) was broadly accurate, with two possible additional types of launch operations
including mobile and sea launch. This has been updated in Table 8. In addition, the number of possible
range control service providers in the counterfactual (4) was too low in the consultation-stage IA
compared to the consultation responses. This has been updated in Table 8. However, the number of
launch operators in the central (6) and high (9) scenarios in the consultation-stage IA was broadly
accurate compared to consultation responses.

7. In addition, the number of possible range control service providers in the counterfactual (4) was too low
in the consultation-stage I1A compared to the consultation responses. This has been updated in Table
8. However, the number of launch operators in the central (6) and high (9) scenarios in the consultation-
stage IA was broadly accurate compared to consultation responses. However, the number of launch
operators in the central (6) and high (9) scenarios in the consultation-stage IA was broadly accurate
compared to consultation responses.

8. While many respondents (40%) answered on behalf of single businesses within the supply-chain, there
was also evidence of vertical integration up and down, and horizontal integration across the supply-
chain, with 11 respondents indicating their organisation was a consortium of different space market
activities. In addition, there were a few (n<5) responses from trade associations. This could indicate
there are potential efficiencies that were not captured in the consultation-stage impact assessment.

9. Finally, there were a number of responses (23%) from individuals, academic institutions and the public
sector. Only a few (n<5) responses couldn’t be matched to any part of the space industry supply-chain.

Figure 6: Proposed spaceport locations in the UK %
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Analysis

10. The assumption that the UK launch industry continues to not exist under this option is evidenced by the
fact that there is relatively low income for space operations segment of the space sector (excluding
proprietary satellite operations), which does not include UK based spaceports, range control service
providers and launch operators (Table 8). In addition, some consultation respondents suggested that
the cost of spaceflight operations in the UK would be too high, supporting the possible “market failure”
outcome in the low scenario. In addition, some consultation respondents suggested that the cost of

108 UK Space Agency ‘How we are promoting and regulating spaceflight from the UK’, 8 February 2019 — available at:
https://www.gov.uk/guidance/how-we-are-promoting-and-regulating-spaceflight-from-the-uk
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spaceflight operations in the UK would be too high, supporting the possible “market failure” outcome in
the low scenario.

11. However, at a global market level, the demand for small satellites is forecast to outstrip launch supply
over the next decade!®®. Therefore, the benefits associated with launches, including direct commercial
benefits to spaceports, range control service providers, launch operators would not be realised by the
UK. In addition, growth effects as a result of launches downstream in the UK space sector supply-chain
would not be realised (please see opportunities and benefits for further details). Currently all proprietary
satellites are launched from abroad, meaning 100% of the GVA of launch of proprietary satellites is
international, but with the introduction of these regulations this will shift towards more and more
domestic GVA.

12. The additional benefits and costs associated with the legislation are highly uncertain, but are expected
to depend on:

¢ The number UK and foreign businesses operating in the UK spaceflight launch market, with only UK
companies being counted. Several US domiciled firms, such as Lockheed Martin and Virgin Orbit,
are expected to apply for a UK licence i.e. 2 out of 11 “Launch services” in Table 8.

¢ The number of new versus incumbent businesses that have already sunk investment and activities
into entering the UK spaceflight launch market. Table 8 provides an overview about incumbent
spaceports, range control service providers and launch services that we already know about — almost
all of them will have spent some time and/or money already thinking about entry, with some ready
to immediately start once they receive a licence and others still requiring further planning and
development.

e The proportion of public funding already given to these business that covers costs associated with
the legislation e.g. infrastructure, licence applications etc. Based on information from grant recipients
and July 2020 consultation responses, some (if not all) of the costs associated the legislation will be
covered by public financing for some operators e.g. one operator had around 50% of the licence
application costs already accounted for.

¢ The amount of investment and activity these businesses would have undertaken even without the
legislation in place. Based on information from grant recipients and July 2020 consultation
responses, some (if not all) of the costs associated the legislation will have already been
accounted for i.e. the amount already budgeted, regardless of it is covered by public or private
financing.

13. Despite this, the benefits directly associated with Satellite Launch Programme expenditure will continue
under this option, including indirect and induced expenditure effects and knowledge spillovers. The
same is true for other market players already investing in the launch industry. This includes the
investments at the 7 proposed spaceports in the UK, including associated launch services (Figure 6).

14. In addition, the wider, non-launch UK space sector is expected to continue to grow without the proposed
secondary legislation. However, it is unclear whether the segments of UK space sector upstream and
downstream of the launch industry would become competitive under this option, and whether lack of
capacity will stifle the benefits small satellites could bring.

15. With this uncertainty in mind, there is a risk that inaction may lead the UK space sector to become less
competitive, leading to a loss of global market share. The development of spaceflight capabilities by
other nations may mean the UK space industry becomes less competitive on the global market,
reducing demand, sales and earnings in this high skilled, high growth, high export industry. This is not
guantified in the counterfactual but is estimated in the benefits section.

109 Frost & Sullivan ‘UK Spaceport Business Case Evaluation’, 2018 — available at
https://www.gov.uk/government/publications/evaluation-uk-spaceport-business-case
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Minimum viable regulation

Benefits

Table 9: Total benefits UK launch for option 2 2020-34 (Em), 2020 prices and 2021 present values
Benefits of UK launch (£ million) Low Central High
Leveraged effects
Leveraged effects: direct GVA £0 £71 £240
Leveraged effects: indirect GVA £0 £39 £132
Leveraged effects: induced GVA N/Q N/Q N/Q
Total leveraged effects £0 £109 £372
Growth effects £0 £134 £188
Tourism benefits £0.5 £1.0
Total benefits of UK launch £0 £244 £560

1. The economic benefits of option 2 (preferred) displayed in Table 9, and the methodology used to produce

them, are explained below. The global space community forecasts significant growth in the global space
market, estimated to double to £400bn revenues per year by 2030'°. The markets for launching small
satellites alone could be worth £25bn globally over the next 20 yearst!!.

. By enabling a range of launch activities, we expect to increase the opportunities for launch operators to
develop into long term beneficial enterprises in the UK. This increases our chances of achieving the goal
of increasing the UK’s share of the global space industry revenues to 10% (£40 billion per year) as set
out in the UK’s Space Innovation and Growth Strategy (IGS)*2,

. Option 2: Minimum viable requlation (preferred) is expected to put in place the regulations required to
enable commercial spaceflight launch activities and the necessary regulations to mitigate and allocate
the risks and costs imposed by such activities. The problem under _consideration outlines significant
benefits for the UK of enabling UK launch.

Assumptions

4.

Benefits are calculated over a 15-year time horizon between 2020 and 2034, using methodologies and
analysis developed with support from London Economics. The outputs are presented in discounted real
terms made in line with HMT’s guidance (OBR’s GDP deflator for inflation, 3.5% discount factor)!*3,

. All benefits relevant to the IA (leveraged effects, growth effects and tourism benefits) are adjusted for
optimism bias, set at 15% in line with the wider Spaceflight Programme. In addition, many of the risks to
benefit realisation, including the risk of total failure, are already accounted for in the scenario analysis.
The multipliers used to calculate the leveraged effects already account for leakage of profits and
employment which may occur in the launch service providers and in their supply chain. Growth effect are
not adjusted by a leakage factor, since growth effects represents the impact of launch capability on the
growth path of the UK downstream sector, so do not capture impacts on growth in the downstream sector
of any other countries.

. In the central scenario, an additionality of 50% is assumed for leveraged effects because employees and
resources may be diverted from the rest of the economy (at least in the short-term), which is comparable

110 yK Parliament ‘Space Sector Report’, 2017-19, available at: https://www.parliament.uk/documents/commons-
committees/Exiting-the-European-Union/17-19/Sectoral%20Analyses/34-Space-Report.pdf

11

1 UKSA ‘Low Cost Access to Space’, 20 April 2016 — available at: https://www.gov.uk/government/publications/fags-low-cost-

access-to-space-from-the-uk

11
11

2 HMG ‘Space Growth Action Plan’, 2013 — available at https://www.gov.uk/government/publications/space-growth-action-plan
3 HM Treasury ‘The Green Book: appraisal and evaluation in central government’, 2020, available at:

https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent
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to other projects where specific data is unavailable and is the same assumption used for Spaceflight
Programme grant funding!'*. The rationale for this additionality is also based on the four factors identified
in the counterfactual analysis.

7. For the high scenario, an additionality of 85% is assumed for leveraged benefits, to reflect that the
legislation is enabling the creation of a new market, the spaceflight market. This means that, while
employment may be displaced in the shorter-term, in the longer-term, creating a new market leads to an
increase in aggregate supply and demand, leading to a new economic equilibrium, with increased
employment and output directly for the launch service provider, indirectly in the launch service providers’
supply chain, and in the wider economy in the form of induced benefits. This requires sufficient labour
supply in the economy to meet these newly created jobs, but this is expected to be a reasonable
assumption given the level of transferrable skills from other sectors (e.g. aerospace) and the more recent
labour impacts of Covid-19.

8. In Computational General Equilibrium (CGE) modelling, it is usually assumed that an economy takes 10-
15 years, however the ‘shock’ of a new spaceflight market is much smaller, and therefore a new
equilibrium is expected to be reached much sooner, justifying 85% additionality in the high scenario. This
was tested through consultation, with no evidence provided to change these assumptions, except for the
UK launch market forecast scenarios, which have been updated.

Figure 7: Visualisation of the benefits associated with the UK Spaceflight Programme over time'*®

2018/19: SLP’s start Early 2020s: first launch 2033/34: sustainable launch market
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Knowledge spillovers for the wider economy
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9. The benefits of UK Spaceflight Programme more broadly are shown in Figure 7 and are grouped as
follows:

e Benefits realised regardless of the success of UK launch (not attributable to Option 2):

a. Expenditure effects: the impact of public and private investment expenditure (on required
launch infrastructure and capabilities) on UK economic output and employment. This
expenditure covers the Spaceflight Programme Market project’s investments, such as the
grants to prospective spaceports, range control service providers and launch operators.

b. Knowledge spill-over effects: public and private investment expenditure is invested in
research and development, yielding knowledge benefits which in turn produce economic
benefits as the knowledge proliferate into the wider economy.

¢ Benefits depending on the success of UK launch (attributable to Option 2):

14 The optimism bias and leakage factor are estimated using analysis performed for the Satellite Launch Programme business
case, an internal and unpublished document. MHCLG ‘Additionality Guide’, 2014, available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/378177/additionality guide 20
14 full.pdf
115 Categorisation of benefits completed by review of UKSA documentation by London Economics in 2019
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c. Leveraged effects: the value of additional economic outputs (GVA) associated with launch
service providers and their supply chain.

d. Growth effects: the benefits associated with higher growth in the downstream space sector
segments as a result of UK launch activity, such as satellite operators that may be able to
enhance their growth by taking advantage of domestic launch capability.

10. Referring to the counterfactual section of the IA, Option 2: Minimum viable requlation (preferred) is
expected to put in place the regulations required to enable commercial spaceflight launch activities and
the necessary regulations to mitigate and allocate the risks and costs imposed by such activities. In
summary, Option 2 allows the UK launch market to exist. By enabling the success of the UK launch
market, Option 2 is responsible for the economic benefits generated through the leveraged effects and
growth effects being realised. The economic benefits of Option 2 are the leveraged effects and growth
effects.

11. The economic benefits of industrial (expenditure) effects and knowledge spillovers are realised
regardless of the success of UK launch. This means that, whether Option 2 is enacted or not, the
economic benefits of industrial (expenditure) and knowledge spillovers are realised, thus these economic
benefits cannot be attributed to Option 2. Further detail regarding the calculation of these benefits is not
provided in the IA for this reason.

Evidence and analysis

Leveraged effects

Table 10: Leveraged effects multipliers and benefits 2020-34 (Em), 2020 prices and 2021 present values
Leveraged effects benefits (Em)

Multiplier Value Low Central High Use

ST 0g0 g0
e oupo 055 &0
Direct GVA Rator 07 £0 £53 E180  fainch from drect GVA por launch

* Induced effects are illustrative and not included in business NPV and NPSV calculations

12. Leveraged effects are the estimated benefits associated with launch activity in the UK. Leveraged effects
include direct, indirect and induced GVA effects!'®, but induced effects are only illustrated (and not
counted) in the IA:

¢ Direct Effects: calculated by taking the revenue per launch of a launch service provider (assumed
£5m per generic vertical launch, £12m per vertical launch for a specific operator!’, and £14.5m per
generic horizontal launch®) and multiplying it by the GVA to turnover ratio for the UK space
industry, estimated by London Economics, to produce a direct GVA per launch figure!®®. This is then
multiplied by the number of launches occurring in the UK (Annex 3), to produce a figure for total
direct GVA. The price per launch is uncertain and will vary depending on the type, frequency and
complexity of the launch operation. This was tested through consultation, with no evidence provided
to change these assumptions, except for the UK launch market forecast scenarios, which have been
pushed back by 1 year and lowered in the high scenario.

116 The total economic impact of the UK space industry on the national economy is estimated by Input-Output analysis using
Office for National Statistics (ONS) Input-Output tables (2014), to develop a series of multipliers, estimating the extent to which
the industry’s direct output generates additional activity throughout the economy through indirect and induced effects.

117 Business Insider ‘Richard Branson's Virgin Orbit has spent $1 billion trying to reach to space — while a small New Zealand
startup got to orbit for a fraction of that’ 27 October 2020. Available at: ‘https://www.businessinsider.com/richard-branson-virgin-
orbit-peter-beck-rocket-lab-development-costs-2020-10?r=US&IR=T

118 Averaged based on grant published prices and UK Space Agency engagement with launch service providers, such as grant
recipients.

118 | ondon Economics ‘The Size and Health of the UK Space Industry 2018’, 30 January 2019 — available at:
https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018
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¢ Indirect Effects: calculated by taking the direct GVA per launch and multiplying it by the average
indirect GVA to direct GVA ratio for the UK space industry, estimated by London Economics, to
produce and indirect GVA per launch figure®*. The indirect GVA to direct GVA ratio is broadly
consistent with that of the aviation and aerospace sectors!?°, This is then multiplied by the number
of UK launches (Annex 3) to produce a figure for total indirect GVA. Ensuring that UK supply chains
are comprehensive and robust enough to support launch service provider and that the UK supply
chain benefits is a key targeted output of the spaceflight programme.

¢ Induced Effects (not included in business NPV and NPSV results): the induced effects are currently
not included in the total benefits modelling in Table 9 and summary sheets. This is because induced
effects are inherently more uncertain and are not recommend by HMT’s guidance®?, so it is shown
here that the economic case for secondary legislation does not rely on them by excluding them from
the business NPV and NPSV calculations. In this IA, they are calculated illustratively by taking the
direct GVA per launch and multiplying it by the average induced GVA to direct GVA ratio for the
space industry, estimated by London Economics, to produce and induced GVA per launch figure4.
The indirect plus induced GVA to direct GVA ratio is somewhere between that of aviation and
aerospace sectors®’, and the telecommunications sector?!. This is multiplied by the number of UK
launches (Annex 3) to produce a figure for total induced GVA. This was tested through consultation,
with no evidence provided to change these assumptions, except for the UK launch market forecast
scenarios, which have been pushed back by 1 year and lowered in the high scenario.

13. From the July 2020 consultation, the impact on local businesses of spaceflight operations was
mentioned. The benefits to local business is captured through the value of additional economic outputs
(GVA) associated with launch service providers and their supply chain i.e. leveraged effects, and in
particular indirect and induced effects. However, it is acknowledged that there may also be disruption to
local business from spaceflight activities too, and this is now reflected in the local Impacts section.

14. This IA used data on the projected revenue per launch for UK launch service providers. This analysis
was carried out by London Economics. When sufficient data was available (e.g. through the grants bid
submitted by some operators, such as the Cornwall's spaceport or Telespazio), these figures were used
to inform revenue per launch. When less data was available indicative assumptions based on
comparable international operators were used in the process to produce estimates. The exhaustive list
of operators covered are vertical and horizontal launch operators.

120 Aviation multipliers based on DFT internal analysis of ONS input-output tables. Aerospace multipliers based on Aerospace
Technology Institute (ATI) analysis of “The Economic Impact of UK Aerospace Industrial Strategy’, October 2017, available at:
https://www.ati.org.uk/media/szgojd4w/insight04-the-economics-of-aerospace the-economic-impact-of-uk-aerospace-industrial-
strateqy.pdf
121 Oxford Economics ‘The Economic Impact of Huawei on the UK’, June 2016, available at:
https://www.oxfordeconomics.com/recent-releases/the-economic-impact-of-huawei-in-the-uk
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Growth effects

Table 11: Space industry data and assumptions for growth effects calculation®

GVA-to- Income Growth
Segment Space activity turnover CAGR effects
ratio 2017/18 = 2015/16-17/18 (Yes/No)
Fundamental applied research 0.56 9.00% Yes
Ground segment systems and equipment 0.33 6.85% No
Space Launc_h vehicles and subsystems 0.95 173.19% No
manufacturing Satellites/payloads/spacecraft and subsystems 0.46 10.56% Yes
Scientific and engineering support 0.52 15.67% No
Scientific instruments 0.58 0.07% Yes
Suppliers of materials and components 0.39 9.06% No
Third-party ground segment operation 0.14 -11.24% No
Ground station networks 0.25 1.24% No
Launch brokerage services 0.48 2.23% Yes
Space S . 0 0 N
operations paceport operator.s ' 0
Range control service providers* 0 0 No
Launch services 0.33 98.20% No
Proprietary satellite operation (incl. sale/lease) 0.33 9.25% Yes
Direct-To-Home (DTH) broadcasting 0.35 0.59% No
Applications relying on embedded satellite signals/data 0.64 -0.72% Yes
Space Fixed_satellite cor_nmunicati_on servi_ces (incl. VSAT) 0.36 1.00% Yes
applications Location-based signal service providers 0.55 2.07% No
Mobile satellite communication services 0.65 10.02% Yes
Processors of satellite data (e.g. EO) 0.45 10.57% Yes
Supply of user devices and equipment 0.26 9.80% Yes
Business incubation and development 0.45 4.49% Yes
Launch and satellite insurance services 0.43 5.30% Yes
Ancillary Legal and financial services 0.53 -55.35% Yes
services Market research and consultancy services 0.48 6.11% Yes
Policymaking, regulation and oversight 0.51 2.02% Yes
Software and IT services 0.44 7.67% Yes

* There is no data for these space activities in the report

15. Growth effects are only realised for industry segments which are likely to benefit from the UK launch
activity and which are not explicitly covered by leveraged effects. This second assumption avoids double
counting (assumptions shown in Table 11). Growth effects are based on analysis carried out by London
Economics and are calculated as follows:

Historical compound annual growth rates (CAGR) are calculated using data from different space
sector activities for the medium run (from 2015/16 to 2017/18).

Assumptions made about which of these segments will benefit from UK launch using qualitative
assessment e.g. GNSS involves large satellites at orbits not serviceable from the UK so will not
benefit from UK launch. (see ‘Growth effects (Yes/No) column in Table 11). These have been
updated, based on consultation respondents and wider parts of the space supply-chain that might
benefit from UK launch market creation and are not captured in leveraged effects.

Growth effects are calculated as the difference between the assumed uplifted levels of income in the
central (1%) and high (1.4%) scenarios, and the levels of income if these had followed historical
trends.

This difference is converted into GVA impacts using the 2017/18 GVA-to-turnover ratio for each
space sector activity (assuming this value remains constant).

Growth effects accrue only from 2025 onwards, as there is assumed to be a 4-year lag between

them (benefits in the downstream) and the first launch (assumed to be 2021 in Annex 3, pre-Covid-
19) and they are realised over a limited 10-year time period.
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16. Note that benefits associated with upstream segments of the space industry are not accounted for since
this would likely result in double counting with leveraged effects. These evidence, assumptions and
methodology were tested through consultation. Whilst there were no direct responses about growth
effects for the July 2020 consultation, the range of respondents could imply that more downstream
segments of the UK space sector are expected to benefit from growth effects, as several respondents
were potential users of launch services e.g. satellite operators or users of Earth observation data.

17. Most respondents (40%, N=52) are considering applying for a licence under the SIA. However, a number
of respondents (27%) are not considering applying for a licence. Around a third (33%) of respondents
did not respond to this question. This supports the inclusion of “growth effects” in the consultation-stage
impact assessment for other parts of the UK space industry supply-chain in addition to those captured
by direct and indirect GVA under leveraged effects. The high percentage of respondents not considering
applying for a licence also supports the increase in the number of organisations benefiting from growth
effects across the space industry supply-chain in this 1A relative to the consultation stage IA. That is, we
assume if an organisation is a buyer of potential new launch services that the UK could provide, they
are expected to benefit from growth effects.

18. This has been reflected in Table 11 of this IA, with growth effects also assumed to occur for all ancillary
services and other parts of the supply-chain that might demand services provided by spaceflight
operations (space applications, research and satellite manufacturers). Business that buy services from
UK spaceflight launch service providers may benefit from new markets this UK market services. In turn,
companies in their supply-chain may benefit from this growth too, including ancillary services e.g. legal
and financial services.

19. In addition, the impact on local businesses of spaceflight operations was mentioned in the July 2020
consultation. The benefits to local business is captured through the benefits associated with higher
growth in the downstream space sector segments as a result of UK launch activity, such as satellite
operators that may be able to enhance their growth by taking advantage of domestic launch capability.
However, it is acknowledged that there may also be disruption to local business from spaceflight
activities too, and this is now reflected in the local Impacts section.

Tourism benefits

20. Tourism benefits are calculated by multiplying the expected number of visitors per launch by the GVA
economic contributions made by tourism. The following approach is used for both the central and high
scenarios:

e The assumed number of visitors per launch for vertical (45 visitors) and horizonal (25 visitors)
launches is multiplied by the number of launches (Annex 3). This gives the total expected number
of visitors over the appraisal period (2020-34), which is higher in the high scenario than the central
scenario because the number of launches is higher. The number of visitors per launch is highly
uncertain and will likely depend on factors such as the launch location, weather and types of launch.
Fewer visitors are expected for horizontal launches, as the launch may take place far away from
where the carrier aircraft takes off. This was tested through consultation, with evidence from a recent
economic assessment for one spaceport in Scotland provided'??. However, there was limited
evidence to support the higher assumptions about tourist numbers and it is expected to be a small
proportion of the total benefits either way, so this has not been updated for this IA.

e Each tourist is assumed to spend 3 days in the vicinity of the spaceports and spend £150 per day
(2017 prices) on food, travel, gifts, and other goods and services, which is assumed to increase 3%

122 Erontline Economics ‘Economic Impact Assessment of Preferred Option for Space Hub Sutherland (SHS)’, February 2020. Available at:

https://wam.highland.gov.uk/wam/files/EOC61FE522FCACOF22EBBFE282EE855B/pdf/20 00616 FUL-ECONOMIC IMPACT ASSESSMENT-
2025475.pdf
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per year.!'® These two figures are multiplied together to estimate the total spend of the duration of
the visit. A similar approach and values were used in the economic impact assessment for the
spaceport in Scotland.

e Economic contributions are estimated by multiplying total tourism spend by the GVA to turnover ratio
(52.2%*%), assuming 50% of tourism spend is additional (rather than substituted from somewhere
else), adjusting the prices year to 2020 prices and discounting to 2021 present values in line with
HMT guidance. A similar approach and values were used in the economic impact assessment for
the spaceport in Scotland.

123 oNs (2019) Annual Business Survey dataset, non-financial business economy, UK regional results: sections Ato S (latest estimate: 2017)
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Regulator costs

Total costs

Table 12a: Total cost of option 2 between 2020-34 (Em), 2020 prices and 2021 present values

Direct Costs (Em) Indirect
Stakeholders and Costs s . HMG & Cost Totéln::)ost
paceport Range Launch Orbital Regulator (Em)

Familiarisation £0.13 £0.17 £0.25 £0.27 £0.00 £1.38 £2.20

Egg“ion Engagement £0.00 £0.00 £0.00 £0.00 £6.26 £0.00 £6.26
Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00

E Average Engagement £0.00 £0.00 £0.00 £0.00 £0.03 £0.00 £0.03
Annual Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £0.13 £0.17 £0.25 £0.27 £6.68 £1.38 £8.88
Familiarisation £0.19 £0.25 £0.56 £0.40 £0.00 £2.08 £3.48

Efsf::iﬁon Engagement £3.11 £1.50  £13.75 £6.31 £39.74 £0.00 £64.41

= Compliance £3.28 £1.48 £0.57 £0.35 £0.00 £0.00 £5.68
% Average Engagement £0.27 £0.30 £0.88 £0.17 £2.36 £0.00 £3.97
O Annual Compliance £0.29 £0.67 £0.71 £1.84 >£0.00 £0.00 £3.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £15.00 £17.87  £38.63 £37.25 £75.07 £2.08 £185.90
Familiarisation £0.40 £0.53 £1.10 £0.84 £0.00 £9.67 £12.54

Efslsrgi“o“ Engagement £5.65 £333  £30.58  £13.06 £43.27 £0.00 £05.89
Compliance £4.35 £1.73 £1.41 £1.04 £0.00 £0.00 £8.53

% Average Engagement £0.71 £0.70 £2.47 £0.29 £3.22 £0.00 £7.40
Annual Compliance £0.48 £1.05 £1.71 £4.27 >£0.00 £0.00 £7.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £28.16  £31.90  £95.84 £83.39 £91.64 £9.67 £340.59

Evidence base

1.

3.

Regulator costs highlighted orange in Table 12a are estimated using regulator variable cost modelling
and have been explained in this section (detailed inputs and outputs tables in Annex 4). This has been
developed by a consortium of Department for Transport (DfT), UK Space Agency (UKSA), Civil Aviation
Authority (CAA), PA Consulting and London Economics. The cost of regulating the UK launch market
includes processing licence applications and carrying out monitoring regime activities for each of the
four licence types (spaceports, range control service providers, launch operators and orbital operators).

The UKSA has a key role in shaping this space sector strategy and supporting its development through
providing targeted grants to the UK launch market. Recognising an accepted precedent, Her Majesty’s
Government (HMG) has come to the view that it would create unacceptable conflicts of interest for the
UKSA to be responsible for sector strategy and promotion on one hand, and regulatory decisions where
safety of life is at stake on the other. Further, any model which involves multiple regulatory bodies would
create additional and potential complex regulatory boundaries to manage and additional interface
challenges for the sector. The Government has therefore decided to vest all UK commercial space
regulatory powers in CAA, which has a well-established track record in making regulatory decisions in
civil aviation and would in any event have a significant role in space regulation.

Three main sources have been used for UK spaceflight regulator costs:
e Fixed transition cost modelling for 2020 to 2024, estimated jointly by the UKSA and CAA. This

includes transition costs for setting up regulatory functions in the CAA and is not dynamic to the
number of licence applications, launches and missions.
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e Variable cost modelling for 2021 to 2033, estimated by UK Space Agency with support from DfT, PA
Consulting and London Economics. This is dynamic to the number of licence applications, launches
and missions.

e Liabilities and insurance regulator cost modelling for 2021 to 2034, estimated for the Autumn 2020
consultation-stage Impact Assessment!?*, This is dynamic to the number of launches.

In all scenarios, transition costs for the CAA in 2020 are the same. In the central scenario, regulator
costs from 2020 to 2024 are based on the CAA and UKSA spaceflight fixed transition cost modelling,
and regulator costs from 2025 to 2034 are based on the variable cost modelling. This is because the
CAA and UKSA cost modelling are our current best estimates of the short-term fixed transition costs for
the CAA out to 2024, after which we use the variable cost modelling based on the expected number of
licence applications, launches and missions in the central scenario i.e. variable costs.

In the high scenario, costs from 2021 to 2034 are based on the variable cost modelling i.e. higher
variable costs. This is because we want costs under this scenario to be dependent on the number
licences, launches and missions to reflect the increase in regulatory costs. For the low scenario, only
transition costs in 2020 are counted, as under this scenario we assume no UK spaceflight market and
therefore no licence applications.

In addition, the liabilities and insurance regulator cost modelling for 2021 to 2034 has been added on
top of the other regulator costs, to reflect the additional impact the proposed liabilities and insurance
legislation will have for regulator costs.

Table 13: Regulator cost models used

Scenarios and models over appraisal period 2020 2021-24 2025-34
Fixed transition cost modelling All Central No
Variable cost modelling All Low and High Low and High
Liabilities and insurance cost modelling All All All

Table 14: Central scenario regulator cost (excluding liabilities and insurance) 2020-34 (£m), 2020 prices,
undiscounted, red lines indicate changes in model used

d Costs (Em)| 2020-21 : 2021-22 | 2022-23 | 2023-24 | 2024-25 : 2025-26 | 2026-27 | 2027-28 | 2028-29 | 2029-30 | 2030-31 | 2031-32 | 2032-33 | 2033-34 | 2034-35 Total

Total Employment Costs| 329 | 3.65 3.27 3.32 338 | 370 3.78 3.70 3.63 3.63 3.86 3.86 3.86 4.02 4.02 34.40
IT Costs 0.69 i 0.60 0.35 0.35 0.35 i 0.36 0.36 0.37 0.37 0.38 0.39 0.41 0.42 0.45 0.45 3.79

Travel 0.21 : 0.23 0.21 0.21 0.21 : 0.13 0.14 0.13 0.13 0.13 0.14 0.14 0.14 0.15 0.15 1.69

Training| 009 | 011 0.10 0.10 010 ! o007 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.83

Recruitment 0.02 i 0.00 0.00 0.00 0.00 i 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04
Consultancy| 0.70 : 0.51 0.51 0.28 0.28 : 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 4.19

Other costs 0.34 ! 0.24 0.24 0.24 0.24 ! 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 2.23
Irrecoverable VAT 0.00 | 0.00 0.00 0.00 0.00 | 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inflation increase 0.00 : 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Direct Costs 2.04 ! 1.69 1.40 1.17 1.17 ! 1.07 1.08 1.08 1.09 1.10 1.12 1.14 1.15 1.18 1.18 12.79
Accommodation Costs|  0.06 | 0.15 0.17 0.17 017 | 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 1.12
Corporate Overheads 0.19 : 0.43 0.47 0.47 0.47 : 0.40 0.41 0.40 0.39 0.39 0.42 0.42 0.42 0.44 0.44 3.64
Inflation Increase 000 ! o0.00 0.00 0.00 000 ! 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Indirect Costs 025 | 058 0.64 0.64 0.64 | 0.50 0.51 0.50 0.49 0.49 0.53 0.53 0.53 0.55 0.55 4.76
Contingency| 0.32 : 0.58 0.60 0.61 0.61 : 0.61 0.62 0.61 0.60 0.60 0.63 0.64 0.64 0.67 0.67 5.15

Total Costs| 5.90 ! 6.51 5.91 5.74 581 | -5.88 6.00 5.90 5.79 5.80 6.14 6.16 6.18 6.42 6.42 57.09

124 4MG ‘DFT425 IA Liabilities & Insurance 2020’, 12 October 2020. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/928065/liabilities-and-insurance-2020-impact-

assessment.pdf
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Assumptions

Table 15: Total regulator costs for each scenario (Em), 2020 prices and 2021 present values
Scenario Stakeholder costs Transi(t£icr)nn) costs Ongo(igr?i)costs Avggzgt;s ggri;l)ual Total3<;o(s£t;)2020-
Public £6.26 £0.00 £0.42 £6.26
Low Private £0.00 £0.00 £0.00 £0.00
Total £6.26 £0.00 £0.42 £6.26
Public £16.86 £14.99 £2.12 £31.84
Central Private £22.88 £20.34 £2.88 £43.22
Total £39.74 £35.33 £5.00 £75.07
Public £12.43 £13.89 £1.75 £26.31
High Private £30.84 £34.47 £4.35 £65.31
Total £43.27 £48.36 £6.11 £91.63

7. This|Atakes the total estimated costs for the UK spaceflight regulator (detailed inputs and outputs tables

in

Annex 4) and extrapolates the variable cost modelling by 1 year to 2034 using UK launch market

forecasts (Annex 3). This is because the original modelling was only set up for the period up to 2033.

8. This IA then divides up regulator costs by licensing (transition) and monitoring activities, and the different
types of licences (Table 16). The following steps have been taken:

a) The regulatory activities (Annex 4) are segmented to the different type of licences (spaceport, range
control, launch operator and orbital operator).

b) The regulatory activities are segmented to licensing (transition) and monitoring (ongoing) activities.
Regulatory activities for the launches from abroad are not included as these are covered by existing
legislation under the OSA.

¢) The sum of effort (working days) for the different types of licences (spaceports, range control service
providers, launch operators or orbital operators) and the type of activity (licensing or monitoring
activities) is divided by the total effort for all licence types and activities, to get the percentage of the
time taken for each licence type and type of activity.

d) The total regulator costs are multiplied by the percentages of the total effort for each licence type
and type of activity.

e) The costs of regulator activities for launches from abroad are not included, so the sum of total
expected direct regulator costs for the proposed secondary legislation is less than the total regulator
costs from the total regulator costs for all spaceflight activities (detailed inputs and outputs tables in
Annex 4).

f) 12% optimism bias is applied to all costs, prices are then inflated to 2020 prices and discounted to
2021 present value. This is lower than the optimism bias in the consultation-stage impact
assessment, as there is better evidence now about the expected regulator costs and the associated
financial contingencies.

Table 16: Proportion of regulatory time spent on licensing and monitoring activities by licence type
Activity and licence type Spaceport Range Launch Orbital Total
Licensing 0% 0% 0% 0% 100%
§ Monitoring 0% 0% 0% 0% 100%
Total 100% 100% 100% 100% 100%
% Monitoring 8.8% 10.4% 19.0% 8.8% 47.1%
O  Total 11.2% 11.6% 30.7% 46.4% 100.0%
Licensing 1.7% 0.8% 11.7% 33.0% 47.2%
5 Monitoring 10.5% 10.6% 25.3% 6.4% 52.8%
T Total 12.2% 11.4% 37.0% 39.4% 100.0%
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9. Finally, this IA now applies cost recovery assumptions. Under HMT guidance in Managing Public

Money'?, the costs of providing such services should be fully recovered from users of the service.
However, HMG proposes a different approach to support the UK’s nascent launch market. HMG
proposes:

no cost recovery for spaceport, range and launch licensing for three years from 2021 to 2023
under the Act i.e. the regulator costs are incurred by the public sector. The cost of initial
operations is expected to be high as the regulator will need time and experience to mature its
safety-critical functions. In addition, the volume of applications is expected to be low at first,
further increasing costs if priced according to full cost recovery. We propose implementing a
charging scheme in 2024, moving towards full cost recovery over a phased approach. Given
uncertainties around how the UK launch market will develop, we will review this decision
annually. lllustrative analysis is shown for the preferred option across the three scenarios in this
IA:

i. Low scenario - No cost recovery, as the market does not exist

ii. Central scenario - Phased cost recovery: 25% in 2024; 50% in 2025; 75% in 2026;
and, 100% from 2027 onwards

iii. High scenario - Full cost recovery from 2024 onwards, as the market is buoyant in this
scenario

partial cost recovery of satellite licensing at £6,500 per licence (under the SIA and OSA). This is
consistent with HM Treasury guidance, ensuring that the same charges apply to all users of a
similar defined category of service. Over the long-term, we propose implementing a flexible
charging regime for all types of mission (e.g. constellations) and licensing activities (e.g. in-life
monitoring).

10. The CAA has statutory powers to set fees under the SIA (section 62 of the SIA which gives effect to

11.

Schedule 11). It is proposed that SIA satellite licence fees will become effective by 1 April 2021.
However, it may be later in 2021 that regulations made under the SIA will be in force for the regulator to
receive licence applications.

A charging regime for activities under the OSA already exists. These powers are granted to the
Secretary of State. HMG intends that the UK Space Agency will continue to set and administer OSA
charges in the interim. HMG intends to transfer OSA charging powers to the CAA via legislation in 2022
or 2023.

125 um Treasury. Managing Public Money. Available at: https://www.gov.uk/government/publications/managing-public-money
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Fixed transition cost model 2020-2024

12.

13.

14.

The UK spaceflight regulator role will be handed over from the UKSA to the CAA in 2021. As a result,
the UKSA and CAA have carried out further work to establish the regulator design and key requirements
e.g. full-time equivalent (FTE) headcount, staff grade mix, IT requirements etc. This has informed more
reliable estimates of the total regulator costs in the short-term. Details input and output tables are
provided in Annex 4.

The regulator organisational design has been established to account for expected key variables (e.g.
number of licences, launches etc.) so that it is designed to cope with expected demand for initial
licensing years. However, unlike the variable cost modelling, the fixed transition cost model is not
dynamic to the number of launches, licences and missions, as it only covers a relatively short time-
horizon.

Despite this, the overall cost of the regulator in the fixed transition cost model are broadly similar to the
estimates provided in the consultation-stage IA using the variable cost modelling, albeit a bit higher now.
For example, the total cost per year is around £1m to £3m higher now, compared to an initial £4m to
£6m per year in the central scenario of the consultation-stage impact assessment.

Variable cost model 2021-2033

15.

16.

17.

18.

The following equation shows how regulator costs are estimated in the variable cost modelling, including
both variable costs and fixed costs. Variable costs are driven by the number of FTE employees required
to service the expected number of licence applications, licence holders and launches (A), based on the
frequency of licence application and monitoring regime activities (B) and the expected time taken for
roles to complete these activities (C).

Regulator costs = [[A X B x C) x D x E] + F = [FTE x Roles x Costs] + Fixed = Variable + Fixed

Where:

A = Expected number of licence applications, licence holders and launches

B = Frequency (fixed/variable) of licence application and monitoring regime activities

C = Expected time taken for roles (D) to complete licence application and monitoring regime activities
D = Type and number of regulator employees expected to carry out these activities

E= Associated wage and non-wage costs

F = Fixed costs, such as project costs (transition), IT and corporate/support services

The expected number of licence applications, licence holders and launches (A) is taken from UK launch
market forecasts (Annex 3). These are summarised for the entire appraisal period in Table 17 and Table
18 below.

The expected time taken for roles (D) to process licence applications and carry out monitoring regime
activities (C) have been estimated by UKSA and CAA based on experience in regulating the space and
aviation sectors (Annex 4). This includes a breakdown of licence application activities and the time it
takes for “Technical”’, “Case Managers” and “Case Support”’ roles to complete these activities. For
example, the Regulator will carry out “advice sessions”, “feasibility assessments”, “processing

LT

applications”, “site inspections” and “licence awards” in the licence application stage.

The type and number of employees needed to process licence applications (D) and their associated
wage and non-wage costs (E), and the fixed costs (F) have also been estimated by UKSA and CAA
(Annex 4).
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Variable cost modelling 2021-2034: Licence applications

19.

20.

21.

This section explains how the cost of licensing activities are estimated in the variable cost modelling
(detailed inputs and outputs tables in Annex 4).

The costs of licensing activities for the regulator is driven by the number of licence applications and
missions. These are shown in the UK launch market forecasts (Annex 3) and summarised in Table 17.
The modelling also accounts for unsuccessful licence applications too e.g. 1 every 3 years for spaceport
and range control service providers. The total number of working days required for licensing activities
has been estimated by UKSA and CAA (Annex 4) and are also summarised in Table 17. The modelling
also accounts for unsuccessful licence applications too e.g. 1 every 3 years for spaceport and range
control service providers.

The total number of working days required for licensing activities is estimated by multiplying the number
of licence applications by the time required (in working days) to carry out licensing activities. The number
of working days per licence application by different roles has been updated since the consultation-stage
IA, based on the current best estimates available from the variable cost modelling. General licensing
activities require the same number of working days for each type of licence application, whereas specific
licensing activities require different numbers of working days for each type of licence application. These
general and specific licensing activities are outlined in the sections below.

Table 17: Number of licence applications 2020-34 and working days per licence application

Number of licence Number of working days per licence
. L applications 2020-34 application by role
Licence application types
. . Case Case
Low Central High Technical
Management Support

Spaceport 0 3 4 63 82 8
Range* 0 20 22 13 6 1
Launch - Horizontal orbital 0 1 2 243 92 17
Launch - Vertical orbital 0 243 92 17
Launch - Vertical suborbital 0 1 2 123 63 10
Launch - Crewed 0 366 123 25
Orbital - Conventional** 0 363 530 21 8 1
Orbital - Complex or novel** 0 42 60 31 11
Orbital - Constellation-class** 0 0 20 19 38 4

* These are divided by the number of licences required per range (5) to estimate the number of operators

** These are divided by the ratio of missions to satellite operators (4.73) to estimate the number of operators126

126 yk Space Agency ‘UK registry: out space objectives’, 18 December 2019 — available at: https://www.gov.uk/government/publications/uk-
registry-outer-space-objects
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General licensing

22. This section summarises in words the costs the regulator faces to meet general licensing requirements.
General licensing costs are the same for each type of licence application, because all the requirements
proposed in secondary legislation under section 8 of the SIA are applicable to all the licences.

23. The following list shows the direct costs the regulator will incur for carrying out general licensing
requirements:

Designing a standard licence application form.

Providing credibility, competence, fit and proper person checks to ascertain the suitability
of the applicant business for their proposed licensed activity.

Inspecting sites, facilities, equipment, spacecraft, carrier aircraft and other vehicles to be
used by the applicant in connection with the licence prior to a licence being granted.
Administrative cost of processing an application.

Prepare the licence and any conditions to be included in the licence, in writing.

Sending the licence decision, the conditions attached to the licence (if successful), and the
reasons for the decision made to the applicant and written reasons for including any conditions
in the licence.

24. The regulatory activities estimated in the variable cost modelling (detailed inputs and outputs tables in
Annex 4) cover the general licensing costs listed above. These costs are captured by the following
regulatory activities:

Licence application — Application admin support (per application) — Includes designing the
standard licence application form (i), providing checks (ii) and administrative support (iv). These will
be carried out by Case Support roles in the regulator.

Licensing awards (per application) — Includes preparation of licences, licence conditions (v) and
sending the licence decision (vi). These will be carried out by Case Manager and Case Support roles
in the regulator, with most of the time spent on licence awards by Case Support roles.

Inspections (per application) — Includes inspections of sites, facilities, equipment, spacecraft,
carrier craft and other vehicles for spaceports, range control service providers, launch operators and
orbital operators (iii). These will be carried out by a mix of Technical, Case Manager and Case
Support roles in the regulator, with most of the time spent on inspections by Technical and Case
Manager roles and variation across the different licence types.

Specific licence applications

25. This section summarises in words the costs the regulator faces to meet requirements for specific types
of licences, including spaceports, range control service providers, launch operators and orbital
operators.

26. The regulatory activities estimated in the variable cost modelling (detailed inputs and outputs tables in
Annex 4) cover the specific licensing costs. The following list shows the direct costs the regulator will
incur for processing specific types of licences:) cover the specific licensing costs. The following list
shows the direct costs the regulator will incur for processing specific types of licences:

Prospective advice session — Provide pre-engagement advice to a potential spaceport, range
control service provider, launch operator or orbital operators. These will be carried out by Technical
and Case Manager support roles in the regulator, with most of time spent on advice sessions by
Case Manager roles.

Feasibility assessment — Provide a pre-application “traffic light” feasibility assessment of a potential
spaceport, range control service provider, launch operator or orbital operators. These will be carried
out by Technical and Case Manager support roles in the regulator, with most of time spent on advice
sessions by Technical roles.

96



27.

28.

e Licence application — Assess a licence application, including organisational, operations and
engineering activities. These will be carried out by Technical and Case Manager support roles in the
regulator, with most of time spent on advice sessions by Technical roles.

e Licence variation application — Assess a change in an existing licence, including organisational,
operational and engineering and activities. These will be carried out by Technical and Case Manager
support roles in the regulator, with most of time spent on advice sessions by Technical roles.

For launch operators, regulatory activities for processing licence applications are further segmented by
new and existing launch operators. The effort (in working days) for processing licence applications for
existing launch operators is assumed to be half that of the effort of processing licence applications for
new launch operators. This is based on the assumption that there will be a degree of familiarity with
existing licences, hence reducing the time taken to process.

For orbital operators, regulatory activities for processing licence applications are further segmented by
“conventional” missions, “complex or novel” missions and “constellation-class” missions. These are also
segmented by launches from the UK and from abroad. Regulator costs associated with launches from
abroad are excluded from this IA as these are covered by the OSA.
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Variable cost modelling 2021-2034: Monitoring regime

29.

30.

31.

32.

33.

This section explains how the cost of monitoring regime activities are estimated in the variable cost
modelling (detailed inputs and outputs tables in Annex 4).

The costs of monitoring regime activities for the regulator is driven by the number of licence holders,
launches and missions, time taken (in working days) to carry out monitoring regime activities, and the
frequency of these activities.

The cumulative number of licence holders is summarised in Table 17. The number of launches are from
the UK launch market forecasts (Annex 3), summarised in Table 18. The modelling also accounts for
unsuccessful licence applications too e.g. 1 every 3 years for spaceport and range control service
providers.

The total number of working days required for monitoring regime activities has been estimated by UKSA
and CAA (Annex 4) and is summarised in Table 19 below. The frequency of monitoring regime activities
has been estimated by UKSA and CAA and is shown in Table 20 below.

The total number of working days required for monitoring activities is estimated by multiplying the

number of licence holders and launches by the time required (in working days) to carry out monitoring

activities. These include desk-based and site inspections, licence changes and Safety Case reviews.

The number of working days for monitoring activities by different roles has been updated since the

consultation-stage IA, based on the current best estimates available from the variable cost modelling.
Table 18: Number of launches 2020-34

Type of launch Number of launches
2020-34
Launch - Horizontal orbital 0
= Launch - Vertical orbital 0
S Launch - Vertical suborbital 0
Launch - Crewed 0
Launch - Horizontal orbital 37
Tg Launch - Vertical orbital 61
§ Launch - Vertical suborbital 25
Launch - Crewed 0
Launch - Horizontal orbital 74
=y Launch - Vertical orbital 122
T  Launch - Vertical suborbital 50
Launch - Crewed 48

Table 19: Number of working days required to carry out monitoring regime activities, by licence type

Licence holder types Desk-based inspections Site inspections
Technical Case Case Technical Case Case

Management Support Management Support
Spaceport 6.0 12.0 2.5 7 6 1
Range 3.0 8.0 1.5 10 6 1
Launch - Horizontal orbital 51.0 13.2 4.3 18 9 2
Launch - Vertical orbital 51.0 13.2 4.3 18 9 2
Launch - Suborbital 27.0 9.6 29 18 9 2
Launch - Crewed 75.0 16.8 5.6 18 9 2
Orbital 15 4.0 1.1 0 0 0

Table 20: Spaceflight regulator monitoring activity frequency (variable cost modelling)

Licence Desk-based Desk-based Site inspections Site inspections
holder types inspections per year | inspections per launch per year per launch
Spaceport 1 2 1 1
Range 0.5 1 0 1
Launch — All 1 3 0 2
Orbital — All 1 0 0 0

98



Liabilities and insurance

Costs to regulator

Table 21: Liabilities and insurance regulator costs, 2020 prices and 2021 present values

Liabilities and insurance Transition costs = Average annual Total costs (Em)
regulator costs (Em) costs (Em)

Low £0.01 £- £0.01
Central £0.12 £0.01 £0.22
High £0.27 £0.02 £0.57

34. The regulator for commercial spaceflight launches from the UK will be directly involved in licensing entry
to the market and monitoring compliance with licence conditions. It has two additional functions under
the liabilities and insurance legislation. These are:

e Transitional development of the model for setting Modelled Insurance Requirements.
e Ongoing setting of the Modelled Insurance Requirement for each relevant licence.

35. The expected time taken for each of these functions has been estimated by UKSA (Table 22), in a similar
approach to the variable cost modelling above, and are captured in this section, including cost recovery
assumptions. They are only described in the liabilities and insurance section to avoid double counting
here.

36. It is assumed that each launch needs a specific assessment and that ongoing costs remain constant.
However, it is likely that some launches will be similar to those performed before, so additional modelling
will either lower or not be required. These estimates are therefore conservative.

Table 22 Regulator time cost assumptions

Fixed Limit MIR
Upfront Model Development None 50 working days
Ongoing MIR Assignment None 10 working days per relevant licence

37. These time costs were transformed into financial costs using the associated wage and non-wage costs
of those expected to be responsible for each function (based on UKSA October 2018 payroll).

Table 23 Regulator wage cost assumptions
Performed by UKSA = Average Annual Cost plus Total Planning Rate

Grade Equivalent bonus (£)
Upfront Model Development SEO 47,445 62,945
Ongoing MIR Assignment Grade 7 66,933 82,433

38. These ongoing financial costs are turned into annual costs using the launch forecasts for the appraisal
period (Annex 3). Finally, the upfront cost was added in the year 2020 and 12% optimism bias is applied
to produce the final cost'?’.

39. It is assumed that there is 100% compliance with the proposed secondary legislation. Therefore, the
costs of negligence, wilful misconduct or non-compliance with licence conditions or regulations are not
included in the total costs and benefits.

127 M Government ‘Space Industry Regulations 2020 Impact Assessment’, July 2020 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/904349/consultation-impact-assessment.pdf
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Costs to UK Government

40.

41.

42.

43.

Table 24: Liabilities and insurance HMG costs, 2020 prices and 2021 present values

Liabilities and insurance Transition costs Average annual Total costs
HMG costs (£'000) costs (£'000) (£'000)

Low £ - £ - £ -
Central £ - £ 0.02 £ 0.27
High £ - £ 0.05 £ 0.79

A limit on an operator liability acts as a risk-share between the operator and HM Government. The level
of the limit determines the balance of risk between the operator and HMG, assuming our estimate of
worst-case scenario costs are reasonable. For any limit, there is a (however remote) possibility of an
accident causing even more damage than accounted for in the operator’s insurance requirement. This
possibility means that a limit on operator liability gives Government a contingent liability. These costs
are captured here and described in the liabilities and insurance section, to avoid double counting.

It is not possible to accurately define the contingent liability to Government: launch rates and types are
undetermined, as are the accidents. A probabilistic assessment is required. To enable modelling, a
financial loss upper-limit of £4.5 billion is assumed (based on the insured loss of the 1988 Piper Alpha
oil-rig disaster)'?, For a given launch, Government liability is defined as the difference between the
operator’s liability and this worst-case scenario.

Here, in line with HM Treasury approval processes, this contingent liability is expressed as the expected
cost to Government per launch, provided by the UK Space Agency’s Chief Engineer's Team. This is the
cost (per launch) that the Government would be expected to pay out over a very large number of identical
launches (specifically, 10 million launches). A per-launch cost is used to enable calculations within the
appraisal period. In practice, this cost is not realised on a per-launch basis, but realised as one or two
costs spaced randomly across approximately 1 million years (at 10 launches per annum).

This expected cost to Government per launch has been multiplied by the launch forecasts (Annex 3) to
give an annual cost.
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The Piper Alpha oil-rig disaster is the worst offshore oil-rig disaster in terms of lives lost and industry impact (https://www.lloyds.com/about-

lloyds/history/catastrophes-and-claims/piper-alpha). It is referenced here as the most expensive insured loss relevant to UK spaceflight.
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Other public bodies

44,

45.

46.

47.

48.

In addition to direct costs to the UK spaceflight regulator, there are likely to be some indirect costs that
fall to other public bodies for the purpose of regulator information sharing and monitoring and
enforcement activities, as well as launch operations. This was tested through consultation, with
additional Devolved Administrations and associated local agencies and authorities added (in
alphabetical order):

e Centre for the Protection of National Infrastructure (CPNI)

e Department for International Trade (DIT)
o Department for Transport (DfT)

e Accident Investigators e.g. Air Accidents Investigation Branch (AAIB)
e Civil Aviation Authority (CAA) non-spaceflight functions

¢ HM Coastguard (HMCG)

e Maritime and Coastguards Agency (MCA)

o Department for Business, Energy and Industrial Strategy (BEIS)
e UK Space Agency (UKSA)

¢ Devolved Administrations and associated organisations
¢ Marine Scotland (MS)
e Natural Resources Wales (NRW)
¢ NatureScot (NS)
¢ Northern Ireland Environment Agency
e Scottish Environment Protection Agency (SEPA)
e Environment Agency (EA)
¢ Health and Safety Executive (HSE)
¢ Home Office (HO)
e Ministry of Housing, Communities and Local Government (MHCLG)
e Local Authorities across the UK
¢ Ministry of Defence (MoD)
o Defence Safety Authority (DSA)
e Ministry of Justice (MoJ)
e National Cyber Security Centre (NCSC)
e Office of Nuclear Regulation
e Police and Emergency Services across the UK

It is likely that a there would be at least a single point of contact for many of these public bodies for
information sharing, monitoring and enforcement activities with the UK spaceflight regulator. However,
there is a high level of uncertainty about these indirect costs, so they have not been quantified in this IA.
For example, they could range from a proportion of one person’s time to a large team in each body.

In addition, many of these public bodies may have roles and responsibilities under existing legislation to
account for the impact of spaceflight operations. For example, Marine Scotland are responsible for any
marine deposition in any waters which originates from a Scottish port and Local Authorities have
responsibility for traffic byelaws for launch day traffic management. Therefore, the impact of spaceflight
in the UK will be indirect, and potentially not additional if already accounted for.

One of the wider costs raised by several consultation respondents is consultation with local businesses
and communities. These costs will be incurred by the space industry, public bodies and local business
and communities. However, these costs are covered under existing legislation, such as planning
permissions laws, and are therefore indirect and not counted for the purposes of this IA.

Given these non-monetised impacts are expected to be small and indirect, they are not expected to
effect the EANDCB.

101



lllustrative example: Rescue and firefighting

49.

50.

51.

52.

The cost of meeting the Rescue and Firefighting System requirements has been illustrated below as an
example, but are not counted in the EANDCB, NPV or NPSV. Some fire and rescue services will charge
the spaceport or launch operator to be on standby at the venue. Alternatively, some spaceports may
choose to procure their own fire engine and fire-fighting staff if it is cost-effective to do so.

The example here is based on the fees charged by East Sussex Fire Authority for standing by at a venue
(£292 per hour) and estimates a range of costs for rescue and firefighting services per launch. It is
acknowledged that these costs may not be representative of costs for other local firefighting services,
which was recognised by some consultation respondents.

In the central scenario, it is assumed that firefighters will need to be on standby during launches. It is
assumed the launches will take a half a working day (3.7 hours). At an hourly cost of £292, this implies
a cost per launch of £876.

In the high scenario, it assumed that that that the emergency services would be required for a whole

day (7.4 hours) for each launch. In addition, the hourly costs (£292) are inflated by 20%, giving a cost
of £2,593 per launch.
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Familiarisation costs

Total costs

Table 12b: Total cost of option 2 between 2020-34 (Em), 2020 prices and 2021 present values

Direct Costs (Em) Indirect
Stakeholders and Costs s . HMG & Cost Totéln::)ost
paceport Range Launch Orbital Regulator (Em)

Familiarisation £0.13 £0.17 £0.25 £0.27 £0.00 £1.38 £2.20

E?;Z“ion Engagement £0.00 £0.00 £0.00 £0.00 £6.26 £0.00 £6.26
Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00

§ Average Engagement £0.00 £0.00 £0.00 £0.00 £0.03 £0.00 £0.03
Annual Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £0.13 £0.17 £0.25 £0.27 £6.68 £1.38 £8.88
Familiarisation £0.19 £0.25 £0.56 £0.40 £0.00 £2.08 £3.48

E‘g}:iﬁon Engagement £3.11 £1.50  £13.75 £6.31 £39.74 £0.00 £64.41

= Compliance £3.28 £1.48 £0.57 £0.35 £0.00 £0.00 £5.68
% Average Engagement £0.27 £0.30 £0.88 £0.17 £2.36 £0.00 £3.97
O Annual Compliance £0.29 £0.67 £0.71 £1.84 £0.00 £0.00 £3.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £15.00 £17.87  £38.63 £37.25 £75.07 £2.08 £185.90
Familiarisation £0.40 £0.53 £1.10 £0.84 £0.00 £9.67 £12.54

E?Srgi“o“ Engagement £5.65 £333  £30.58  £13.06 £43.27 £0.00 £05.89
Compliance £4.35 £1.73 £1.41 £1.04 £0.00 £0.00 £8.53

% Average Engagement £0.71 £0.70 £2.47 £0.29 £3.22 £0.00 £7.40
Annual Compliance £0.48 £1.05 £1.71 £4.27 £0.00 £0.00 £7.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £28.16  £31.90  £95.84 £83.39 £91.64 £9.67 £340.59

Evidence base and assumptions

1. Familiarisation costs highlighted yellow in Table 12b are estimated using Regulatory Policy Committee
guidance and the analysis has been developed with support from London Economics. This section

explains how familiarisation costs are calculated.

2. Familiarisation costs are the direct and indirect costs to businesses of familiarising themselves with the
legislation, guidance and RLRs. This includes the direct costs to potential/actual licence applicants and
holders of familiarisation, before deciding whether or not to enter the launch market in the UK i.e.
spaceports, range control service providers (range), launch operators (launch) and orbital operators
(orbital) in Table 12b. Businesses that enter the market and other stakeholders interested in
understanding the commercial spaceflight launch market in the UK are expected to familiarise

themselves with the proposed secondary legislation, guidance and/or RLRs.

3. In addition, other businesses with no intention of entering the launch market in the UK, but that are
interested in understanding the UK launch market, may incur indirect familiarisation costs i.e. indirect

costs in Table 12b.

4. Familiarisation costs could still be incurred even if the no business enters the UK launch market (low
scenario, Table 12b). This is because firms could spend time and resources familiarising themselves with
the regulations, only to decide that the rules are too onerous and that they will not enter the market. In
this situation firms have experienced costs but no benefits. Therefore, the zero bound on net benefits
only applies to when businesses decide to enter the UK launch market i.e. in the central and high

scenarios.

103



5. Familiarisation costs include internal labour costs (reading, disseminating and training) and external

costs e.g. legal advice. Training costs and other transition costs for businesses are captured in the
engagement costs and compliance costs sections. Transition costs for the UK spaceflight regulator are
captured in the regulator costs section. The impact on Small and Micro-sized Businesses (SMBs) is
captured in the Small and Micro Business Assessment section??®,

The analysis in this section has been updated using the July and Autumn 2020 consultation responses.
A large proportion of respondents (N=52) provided both qualitative and quantitative information about
familiarisation costs. This included a wide range of evidence that broadly supported the analysis in the
consultation-stage impact assessment.

For respondents that provided actual cost information (n=9), familiarisation costs for each of the licence
types and “other stakeholders” in the central scenario ranged from £10,000 to £100,000 per individual or
organisation in both the consultation responses and impact assessment, but were £5,000-£50,000 lower
on average across the consultation responses than in the impact assessment. The exception to this was
prospective orbital operators, who expected familiarisation costs to be substantially higher. This supports
the lowering of familiarisation costs in both the central and high scenarios and the slight increase in the
low scenario in this IA, relative to the consultation-stage IA®°, except for orbital operators where
familiarisation costs have been increased across all scenarios.

A few (n<5) responses that provided qualitative and quantitative information related to engagement and
compliance costs and were excluded from the familiarisation cost analysis, which are captured in the
respective sections in this IA.

. Familiarisation costs to business are estimated by multiplying the expected number of prospective licence

applicants and other interested stakeholders by the time it is expected to take them to read the proposed
secondary legislation, guidance and/or RLRs, to get the proportion of a single full-time equivalent (FTE)
employee needed. This is then multiplied by the type and number of in-house employees expected to
read the legislation (such as lawyers), guidance and RLRs (such as managers, engineers, and finance
professionals) and their associated wage and non-wage costs:

Familiarisation costs = (A x B) x C x D = FTE x Roles x Costs

Where:

A = Expected number of prospective licence applicants and other interested stakeholders

B = Expected time taken to read the secondary legislation, guidance and RLRs

C = Type and number of in-house employees expected to read the legislation, guidance and RLRs
D = Associated wage and non-wage costs of roles defined by B

Expected number of prospective licence applicants and other interested stakeholders

10.

11.

The expected number of prospective licence applicants and other interested stakeholders (A) is taken from
London Economics’ ‘Size and Health of the UK Space Industry 2018’ report'*! and the Knowledge Transfer
Network’s Space Landscape online tool**2. The number of these businesses involved in the space sector are
shown in the Table 27 below. This includes companies involved the space industry, so may also cover
companies with branches in other sectors too, such as aerospace, aviation and information and
communication sectors'33,

From the July 2020 consultation, the majority (60%, N=52) of respondents said they or their organisation
would familiarise themselves with the secondary legislation and accompanying guidance. Only a few
(n<5) said they or their organisation would not and a large proportion (37%) did not answer this question.

129 Regulatory Policy Committee ‘RPC short guidance note — implementation costs’ 29 August 2019 — available at:
https://www.gov.uk/government/publications/rpc-short-quidance-note-implementation-costs-august-2019

130 MG ‘DFT00420 1A Space Industry Regulations 2020°, 22 July 2020. Available at;
https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/904349/consultation-impact-assessment. pdf

131 | ondon Economics ‘Size and Health of the UK Space Industry 2018’, 30 January 2019 — available at:
https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018

132 Knowledge Transfer Network ‘Space Sector Landscape’, accessed 15 November 2019 — available at https://space.ktnlandscapes.com/

133 Companies House ‘Nature of business: Standard Industrial Classification (SIC) codes’, available from:
http://resources.companieshouse.gov.uk/sic/
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12.

13.

14.

15.

From the Autumn 2020 consultation (N=31), around two thirds of respondents indicated they will
familiarise themselves with the secondary legislation and guidance. Around a third of respondents
provided information, although fewer provided information across all the sub-questions. A wide range of
responses were provided in relation to quantifying familiarisation costs, although with no clear consensus.
This is likely to be due to a small, patchy sample size, which makes it difficult to draw broad comparisons
for different types of space sector organisations.

The evidence from both consultations supports the inclusion of “familiarisation costs” for other parts of
the UK space industry supply-chain in addition to the ‘space operations’ licensed under the SIA.

In addition, a wide range of July 2020 consultation respondents (N=52) said they or their organisation would
familiarise themselves with the secondary legislation and accompanying guidance, covering both: a) potential
licence applicants (n=20) and others (n=11); and, b) all segments of the space industry supply-chain, as
defined in the ‘UK space industry: Size and health 2018’ report. The wide range of respondents answering
“yes” to this question supports the increase in number of organisations incurring familiarisation costs across
the supply-chain in this IA compared to the consultation-stage IA.

a) 40% of respondents are considering applying for a licence under the SIA and a number of
respondents (27%) are not considering applying for a licence. Around a third (33%) of respondents
did not respond to this question. The high percentage of respondents not considering applying for a
licence supports the increase in the number of organisations incurring familiarisation costs across
the space industry supply-chain in this I1A. When filtering this for respondents that said they are
considering applying for a licence under the SIA (n=21), almost all (95%) said they would or their
organisation would need to familiarise themselves with the secondary legislation and accompanying
guidance across all types of licences. This supports the inclusion of familiarisation costs for all licence
types in the consultation-stage impact assessment.

b) The majority (64%) of respondents answering “yes” to this question were in the “space operations”
segment of the supply-chain, with many others (19%) in the “ancillary services” segment of the supply-
chain, including several trade associations and legal and financial institutions. The wide range of
respondents answering “yes” to this question supports the increase in the number of organisations
incurring familiarisation costs across the space industry supply-chain in this IA relative to the
consultation-stage 1A,

To account for the fact not all companies in the space supply-chain will familiarise themselves with the
legislation, guidance and RLRs, the average proportion of companies in each part of the supply-chain
that responded to the July 2020 consultation (39%) has been applied as a downward correction to parts
of the supply-chain that will not be licensed under the SIA in the central and low scenarios, and it is
assumed to be 100% in the high scenario. Whilst this assumption is low confidence, it is using the best
available evidence and is likely to be representative of most of the companies interested in spaceflight
launches from the UK. In addition, given the high number of organisations in the space industry (Table
8) the percentage is reasonable as not all businesses in parts of the space industry supply-chain that
have the familiarisation cost assumption turned on will need to familiarise themselves with the legislation
e.g. they may launch abroad and therefore not be subject to the SIA.

Expected time taken to read the secondary legislation, guidance and RLRs

16.

The expected time taken to read the proposed secondary legislation, guidance and RLRs (B) has been
estimated using Better Regulation Framework guidance about the reading speeds (words per minute) for
technical documents and the widely used assumption that technical documents need to be read 3 times
to be properly understood®*. These reading speeds have been based off the Fleisch Reading Ease
scores. The total length of the proposed secondary legislation, guidance and RLRs (Table 25) is divided

134 HMG ‘DFT00420 1A Space Industry Regulations 2020’, 22 July 2020. Available at:
https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/904349/consultation-impact-assessment. pdf

135 Technical reading speeds from
https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/609201/business-impact-target-guidance-

appraisal.pdf
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17.

18.

by these reading speeds to estimate the time (in minutes) to read (Table 26). This is translated into wage
costs using the average working hours per week for the UK in 2019 (37.3)*%.

From the July 2020 consultation, the time that respondents said they or their organisation would spend
familiarising themselves with the secondary legislation and accompanying guidance was broadly similar, albeit
a little lower across all respondents and scenarios than in the consultation-stage impact assessment (n=14).
This suggests that the time spent reading the accompanying legislation and guidance will be more targeted
than the consultation-stage impact assessment assumption that each occupation will read every aspect of the
secondary legislation and accompanying guidance.

This has been adjusted in this IA, with time reading the legislation now only incurred by lawyers rather
than all staff. All other staff are not assumed to read the legislation, but instead the guidance. In addition,
the legislation and guidance has been categorised by types of stakeholders that will read different
aspects of the legislation, guidance and RLRs. (Table 25)

Type and number of in-house employees expected to read the legislation, guidance and RLRs

19.

20.

21.

The type and number of in-house employees expected to read the legislation and guidance (C) have been
assumed following advice from experts in UKSA, DIT and CAA. Assumptions about the types of employees
for each licence type who read the proposed secondary legislation, guidance and/or RLRs are shown in
Annex 2. In the high scenario, it is assumed that all types of roles for each license type familiarise themselves
with the statutory legislation, guidance and RLRs. It is assumed that only 1 person per role does this.
Assumptions about the types of employees for other interested stakeholders who read the proposed
secondary legislation, guidance and/or RLRs are shown in Annex 2.

From the July 2020 consultation, the number of individuals and employees expected to familiarise themselves
with the secondary legislation and accompanying guidance was broadly similar to the impact assessment,
albeit with slightly lower headcounts on average (n=16). However, the headcount range across respondents
was wider than in the consultation-stage impact assessment i.e. some respondents said 1 individual would
familiarise themselves whereas other respondents said tens of staff would familiarise themselves with the
legislation. This supports the reduction in the number of individuals and employees expected to familiarise
themselves with the secondary legislation and accompanying guidance in the low and central scenarios, and
increase headcount in the high scenario for this IA.

In addition, 11 respondents indicated their organisation was a consortium of different space market activities.
In addition, there were a few (n<5) responses from trade associations. This could indicate there are potential
efficiencies for familiarisation costs that were not captured in the consultation-stage impact assessment. This
has been considered in this IA by checking the overall familiarisation cost headcount against that which
consultation respondents provided, and making sure the number of staff across all licence types in Annex 2
did not exceed the number of staff indicated by individual consultation responses that covered multiply licence
applications e.g. a response indicating it would apply for a spaceport, launch operator and range control
service provider licence.

Associated wage and non-wage costs of roles defined

22.

A mixture of salary information from aerospace and defence sector job adverts and generic occupation
earnings information from the 2020 Annual Survey of Hourly Earnings (ASHE) has been used to estimate the
wage costs of prescribed roles (D) as shown in Annex 2. For a justification of wage values for particular roles,
see Annex 2, Prescribed Roles. Low and high estimates have been used where available, given that
responsibilities for the roles may differ given the size of the launch programme. An uplift of 26.5% has been
applied to represent non-wage labour cost such as national insurance and employer pension contributions in
each case'®’.

136

Average working hours per week from

https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/timeseries/ybuy/Ims

137

Department for Transport ‘Transport Analysis Guidance: A4.1 Social Impact Appraisal’, May 2019 — available at:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/805253/tag-4.1-social-impact-appraisal.pdf
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23.

From the July 2020 consultation, the type of individuals and employees expected to familiarise themselves
with the secondary legislation and accompanying guidance was broadly similar to the consultation-stage
impact assessment, albeit with slightly higher paid occupations from respondents on average (n=22), with
the majority saying Professional occupations would need to familiarise themselves, and a large proportion
saying Managers and Directors would need to. This supports the increase in wages in this IA, relative to the
consultation-stage |A, and the adjustment of assumptions towards proportionally more higher paid
occupations familiarising themselves.

Airspace users

24,

25.

Other airspace users may also want to familiarise themselves with the secondary legislation and
accompanying guidance, including amendments to the Air Navigation Order 2016 (ANO). This includes the
roughly 40 registered air carriers (30 air passenger services and 10 air cargo services) in the UK**® and the
roughly 5,750 commercial**® and around 90,000 leisure’*® small unmanned aircraft (SUA) operators or
remote pilots in the UK. These airspace users are likely not captured in the UK space industry supply-chain

data (Table 27).

However, only a small fraction of these other airspace users are expected to need to familiarise themselves
with the legislative package. This is because there are only a few spaceports (Table 27) and small number
of launches (Annex 3) expected in the UK, of which most are, by design, located away from the most
congested airspace around the South East of the UK. Therefore, it is likely that only a very small subset of air
carriers and SUA operators would need to familiarise themselves with the secondary legislation and
accompanying guidance in the event of needing to access airspace around spaceports. In addition, the
changes to the legislation are similar to existing legislation for aerodromes [of which there are around 170 in
the UK, and this amendment will increase the amount of locations bound by the current regulation by roughly
4 out of the 9 proposed spaceports in the UK, as the remaining 5 spaceports are located at existing
aerodromes (Table 27)], so the time spent familiarising with these changes would likely be very low.
Therefore, it is not proportionate to estimate and count these costs in this 1A.

Table 25: Length of documents (nearest 100 words)**

Document type Title Word count Stakeholders
Regulations Space Industry Regulations 60,300 All
Regulations Accident Investigation Regulations 9,800 All
Regulations Appeals Regulations 7,800 All
Regulations Liabilities Regulations 700 All
Guidance ALARP Acceptability Policy 3,700 All
Guidance Applying for a licence 14,900 Applicants
Guidance Launch and return operator licence applicants and licencees 34,000 Launch
Guidance Orbital operator licence applicants and licencees 8,900 Orbital
Guidance Range control licence applicants and licencees 12,300 Range
Guidance Spaceport licence applicants and licencees 11,100 Spaceport
Guidance Assessment of Environmental Effects 11,100 All
Guidance Appealing decisions made under the SIA 7,600 Applicants
. Duties for all licensees under the SIA including monitoring and 8,700 .
Guidance Applicants
enforcement by the regulator
Guidance Liabilities under the SIA 5,800 All
Guidance Security matters for applicants and licensees 12,000 Applicants
Guidance Investigation of spaceflight accidents 7,900 All
Guidance Liabilities and insurance 15,200 All
Guidance Regulator's Licensing Rules 4,900 Applicants
Guidance Modelled Insurance Requirement Determination Process 9,500 All

138

CAA data airlines, 2019. Available at: https://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airlines/Datasets/UK-Airline-

data/2019/Airline-data-2019/

139

CAA data on commercial small unmanned aircraft operators, February 2021. Available at:

https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=7078

140
141

CAA drone registration scheme data, 2020.
Based on document length for the July 2020 consultation - https://www.gov.uk/government/consultations/spaceport-and-spaceflight-activities-

requlations-and-guidance

Based on document length for the October 2020 consultation - https://www.gov.uk/government/speeches/consultation-on-draft-insurance-and-
liabilities-requirements-to-implement-the-space-industry-act-2018
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Table 26: Reading assumptions™

Words per minute

Reading assumptions Low Central
100 75
3 3

Times read

High
50

Table 27: Number of companies involved in UK space sector activities, 2016/17 ©®

Segment

Space
manufacturing

Space
operations

Space
applications

Ancillary
services

* The number of spac

Space activity

Fundamental applied research

Ground segment systems and equipment
Launch vehicles and subsystems
Satellites/payloads/spacecraft and subsystems
Scientific and engineering support

Scientific instruments

Suppliers of materials and components
Third-party ground segment operation

Ground station networks

Launch brokerage services

Spaceports*

Range control service providers**

Launch services

Proprietary satellite operation (incl. sale/lease)
Direct-To-Home (DTH) broadcasting
Applications relying on embedded satellite signals/data
Fixed satellite communication services (incl. VSAT)
Location-based signal service providers
Mobile satellite communication services
Processors of satellite data (e.g. EO)

Supply of user devices and equipment
Business incubation and development

Launch and satellite insurance services

Legal and financial services

Market research and consultancy services
Policymaking, regulation and oversight
Software and IT services

eports is taken from the UK Space Agency (Eigure 6)142

Number of
companies
144
62
51
103
88
44
157
9
23
9
9
10
11
22
14
99
76
29
86
156
148
60
20
26
150
58
35

Familiarisation
(Yes/No)
Yes
Yes
No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes

and July 2020 consultation responses

Licence
Type
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Spaceports
Range
Launch
Orbital
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

** The number of range control service providers is taken from the Knowledge Transfer Network’s ‘Space Sector Landscape’143, UK Space

Agency grant funding

144 and July 2020 consultation responses

142 UK Space Agency ‘How we are promoting and regulating spaceflight from the UK’, 8 February 2019 — available at:
https://www.gov.uk/guidance/how-we-are-promoting-and-regulating-spaceflight-from-the-uk

143 Knowledge Transfer Network ‘Space & Satellite Applications UK Landscape’, accessed 15 November 2019 available at:
https://space.ktnlandscapes.com/

144 UK Space Agency ‘Four companies awarded grant funding to develop commercial range control services’, 9 March 2019 — available at:
https://www.gov.uk/government/news/three-companies-awarded-grant-funding-to-develop-commercial-range-control-services
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Engagement costs

Total cost

Table 12c: Total cost of option 2 between 2020-34 (Em), 2020 prices and 2021 present values

Direct Costs (Em) Indirect
Stakeholders and Costs s . HMG & Cost Totéln::)ost
paceport Range Launch Orbital Regulator (Em)

Familiarisation £0.13 £0.17 £0.25 £0.27 £0.00 £1.38 £2.20

Efsr;:ition Engagement £0.00 £0.00 £0.00 £0.00 £6.26 £0.00 £6.26
Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00

§ Average Engagement £0.00 £0.00 £0.00 £0.00 £0.03 £0.00 £0.03
Annual Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £0.13 £0.17 £0.25 £0.27 £6.68 £1.38 £8.88
Familiarisation £0.19 £0.25 £0.56 £0.40 £0.00 £2.08 £3.48

Efsf::iﬁon Engagement £3.11 £1.50 £13.75 £6.31 £39.74 £0.00 £64.41

= Compliance £3.28 £1.48 £0.57 £0.35 £0.00 £0.00 £5.68
% Average Engagement £0.27 £0.30 £0.88 £0.17 £2.36 £0.00 £3.97
O  Annual Compliance £0.29 £0.67 £0.71 £1.84 £0.00 £0.00 £3.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £15.00 £17.87  £38.63 £37.25 £75.07 £2.08 £185.90
Familiarisation £0.40 £0.53 £1.10 £0.84 £0.00 £9.67 £12.54

Efslsrgi“o“ Engagement £5.65 £333  £30.58  £13.06 £43.27 £0.00 £05.89
Compliance £4.35 £1.73 £1.41 £1.04 £0.00 £0.00 £8.53

_z:fm Average Engagement £0.71 £0.70 £2.47 £0.29 £3.22 £0.00 £7.40
Annual Compliance £0.48 £1.05 £1.71 £4.27 £0.00 £0.00 £7.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £28.16  £31.90  £95.84 £83.39 £91.64 £9.67 £340.59

Evidence base and key assumptions

1.

Engagement costs highlighted orange in Table 12c¢ are estimated using the regulator variable cost
modelling and have been explained in this section (detailed inputs and outputs tables in Annex 4). This
has been developed by PA Consulting on behalf of UKSA with support from DFT and London Economics.

. Engagement costs are the direct costs to licence applicants and holders of engaging with the regulator
during the licence application process and monitoring regime respectively. This includes each of the four
licence types (spaceports, range control service providers, launch operators and orbital operators). The
“effort”, i.e. time taken in working days, associated regulator licensing and monitoring activities underpins
the estimates for costs to these businesses.

. This IA assumes that the time taken per activity is the same for the regulator and licence applicants and
holders. It also assumes licensing and monitoring activities happen in parallel to the regulator’s licence
application process and monitoring regime i.e. the costs are incurred at the same time as the regulator.

. The transition engagement (licensing) costs for licence applicants’ prescribed roles (required by the
regulations) and non-prescribed roles (not required by the regulations) is estimated and counted in this
section (see Annex 2 for definitions). However, only the ongoing engagement (monitoring) costs to
licence holders’ non-prescribed roles are counted in this section. The ongoing engagement (monitoring)
costs to licence holders’ prescribed roles are captured in the compliance costs section, to avoid double
counting.

. From the July 2020 consultation, many respondents (40%, N=52) are considering applying for a licence
under the Act. Of these respondents, a large proportion of respondents (n=21) provided both qualitative
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and guantitative information about engagement costs. This included a wide range of evidence that
broadly supported the analysis in the consultation-stage impact assessment. Only a few (n<5)
respondents provided actual costs estimates, so the sample size is too small to use to update the
estimates in this IA. However, these responses have been used to calibrate the engagement costs.

6. Overall, it appears that the engagement costs estimated in the consultation-stage impact assessment
were much higher than what either businesses anticipated or need to have provisions for. This implies
that either engagement costs should be brought down in this IA, or provisions by industry for engaging
with the regulator increased relative to the consultation-stage impact assessment. For example, one
operator said they would need to double provisions to meet regulatory engagement requirements. There
is not enough evidence at this stage about which is more likely or appropriate, so there have been limited
changes to overall engagement costs in this IA.

7. A 50% additionality variable is applied to all engagement costs. This is a downward correction on the total
engagement costs, which is comparable to other projects where specific data is unavailable and is the
same assumption used for Spaceflight Programme grant funding’*®. The rationale for this downward
correction is as follows:

e The number of UK and foreign businesses operating in the UK spaceflight launch market, with only
UK companies being counted. Several US domiciled firms, such as Lockheed Martin and Virgin
Orbit, are expected to apply for a UK licence i.e. 2 out of 11 “Launch services” in Table 8.

e The number of new versus incumbent businesses that have already sunk investment and activities
into entering the UK spaceflight launch market. Table 8 provides an overview about incumbent
spaceports, range control service providers and launch services that we already know about —
almost all of them will have spent some time and/or money already thinking about entry, with some
ready to immediately start once they receive a licence and others still requiring further planning and
development.

e The proportion of public funding already given to these business that covers costs associated with
the legislation e.g. infrastructure, licence applications etc. Based on information from grant recipients
and July 2020 consultation responses, some (if not all) of the costs associated the legislation will be
covered by public financing for some operators e.g. one operator had around 50% of the licence
application costs already accounted for.

¢ The amount of investment and activity these businesses would have undertaken even without the
legislation in place. Based on information from grant recipients and July 2020 consultation
responses, some (if not all) of the costs associated the legislation will have already been
accounted for i.e. the amount already budgeted, regardless of it is covered by public or private
financing.

145 MHCLG ‘Additionality Guide’, 2014, available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/378177/additionality _gquide 2014 full.pdf
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Licence application costs

Table 28 Total licence applicant engagement costs 2020-34 (£), 2020 prices and 2021 present values

Types of licence applicant

Average annual cost 2020-34 (Em)

Total cost 2020-34 (Em)

Spaceport £0.00 £0.00
= Range control service provider £0.00 £0.00
3 Launch operator £0.00 £0.00

Orbital operator £0.00 £0.00
__ Spaceport £0.21 £3.11
£ Range control service provider £0.10 £1.50
é Launch operator £0.92 £13.75

Orbital operator £0.42 £6.31

Spaceport £0.38 £5.65
<, Range control service provider £0.22 £3.33
I Launch operator £2.04 £30.58

Orbital operator £0.87 £13.06

8. Businesses that apply for a licence will face direct costs from engaging with the regulator during the

license application process. These businesses will be obligated to engage with the regulator for advice
sessions, submitting applications, providing information to assist with feasibility assessments and
engaging with site inspections. This will likely require a mixture of clerical roles, technical and engineering
professionals and managers to engage with the regulator during the licensing process.

9. Businesses that familiarise themselves with the proposed secondary legislation, guidance and/or RLRs

but decide not to apply for a license will not face any engagement costs. The total direct engagement
cost to licence applicants is shown in Table 28 above. This includes the time taken to engage with the
licence application process for both prescribed and non-prescribed roles.

10. The total direct engagement cost to licence applicants is estimated by multiplying the expected number

of license applications (A), by the frequency of license application process activities (B) to get the total
number of activities. The full-time equivalent (FTE) required for each prescribed and non-prescribed roles
(D) is then estimated by multiplying this by the expected time taken for these roles to complete
engagement activities (C). The FTE is then multiplied by the associated wage and non-wage costs (E)
to get the total direct engagement costs.

Direct engagement cost = (AXx B x C) x D x E = FTE x Roles x Costs
Where:
A = Expected number of license applicants
B = Frequency (fixed/variable) of license application process activities
C = Expected time taken for roles (D) to complete engagement activities
D = Type and number of in-house employees expected to engage with the regulator during the license
application process and monitoring regime
E = Associated wage and non-wage costs of roles defined by B

Expected number of license applicants

11. The expected number of license applicants (A) is taken from the regulator variable cost modelling

(detailed inputs and outputs tables in Annex 4). The number of businesses that apply for licenses and
become licence holders for each of the 4 license types over the entire appraisal period are shown in the
Table 29. The modelling also accounts for unsuccessful licence applications too e.g. 1 every 3 years for
spaceport and range control service providers. These assumptions have been updated using the current
best estimates from the regulator variable cost modelling (Annex 4).
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Frequency (fixed/variable) of license application process activities

12.

The total number of engagement activities (i.e. licence application process) are estimated by multiplying
the frequency of these activities (B) by the expected number of license applications (A) from the regulator
variable cost modelling (detailed inputs and outputs tables in Annex 4). This is because there are some
activities that are fixed (i.e. per application or per year) and other activities that are variable (i.e. per
launch). These assumptions are broadly the same as in the consultation-stage IA, with a few minor
adjustments based on the current best estimates available from the regular variable cost modelling. This
is because there are some activities that are fixed (i.e. per application or per year) and other activities
that are variable (i.e. per launch). These assumptions are broadly the same as in the consultation-stage
IA, with a few minor adjustments based on the current best estimates available from the regular variable
cost modelling.

Table 29: Number of licence applications 2020-34 and working days per licence application

Number of successful licence Number of working days per licence
. L applications 2020-34 application by role
Licence application types
. : Case Case
Low Central High Technical
Management Support

Spaceport 0 3 4 63 82 8
Range* 0 20 22 13 6 1
Launch - Horizontal orbital 0 1 2 243 92 17
Launch - Vertical orbital 0 4 243 92 17
Launch - Vertical suborbital 0 123 63 10
Launch - Crewed 0 1 366 123 25
Orbital - Conventional** 0 363 530 21 8
Orbital - Complex or novel** 0 42 60 31 11
Orbital - Constellation-class** 0 0 20 19 38 4

* These are divided by the number of licences required per range (5) to estimate the number of operators

** These are divided by the ratio of missions to satellite operators (4.73) to estimate the number of operators14

6

Expected time taken for roles to complete engagement activities

13.

14.

The expected time taken for roles (D) to complete engagement activities (C) are estimated using the
time taken for the equivalent regulator roles (Technical, Case Managers and Case Support) to complete
these activities from the regulator variable cost modelling (detailed inputs and outputs tables in Annex
4). This assumes that the time taken per activity is the same for the regulator and for licence applicants
and holders. It is also assumes that these activities happen in parallel to the regulator’s licence
application process i.e. the costs are incurred at the same time as the regulator. The number of working
days per licence application by different roles has been updated since the consultation-stage IA, based
on the current best estimates available from the regular variable cost modelling.

From the July 2020 consultation, the time that respondents said they or their organisation would
spend engaging with the regulator during the licence application process was broadly similar to the
central scenario, albeit a little lower across all respondents except prospective orbital operators than in
the consultation-stage impact assessment (n=15). However, some respondents said time spent
engaging with the regulator would be higher than in the consultation-stage impact assessment. These
support decreasing the time spent engaging with the regulator in the central scenario, but keeping the
range wide for the high scenario in this IA when compared to the consultation-stage IA.

Type and number of in-house employees expected to engage with the regulator during the license
application process

146 yk Space Agency ‘UK registry: out space objectives’, 18 December 2019 — available at: https://www.gov.uk/government/publications/uk-
registry-outer-space-objects
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15.

16.

17.

The type and number of in-house employees expected to engage with the regulator during the licence
application process (D) are estimated using the prescribed and non-prescribed roles and their
associated wage and non-wage costs (E) outlined in Annex 2. This is assumed to require a combination
of managerial, financial, legal, engineering and business administration roles for each type of licence
applicant and holder.

In Annex 2, assumptions have been made about the roles required by each licence type, and these
roles have been indexed or matched to the equivalent regulator roles (Technical, Case Management
and Case Support) from the regulator variable cost modelling (detailed inputs and outputs tables in
Annex 4). However, it is acknowledged that this expertise may be procured from external providers.

From the July 2020 consultation, the number of employees expected to engage with the regulator
was broadly similarto the consultation-stage impact assessment, albeit with slightly lower
headcounts from respondents on average (n=15). However, the headcount range across respondents
was wider than in the impact assessment i.e. some respondents said a few staff would engage with the
regulator whereas others said tens of staff would engage with the regulator. In addition, 10 respondents
indicated their organisation was a consortium of different space market activities. This could suggest
there are potential efficiencies for engagement costs that were not captured in the consultation-stage
impact assessment. This supports decreasing the number of individuals and employees expected to
engage with the regulator in the central scenario and increasing these assumptions in the high scenario
in this IA relative to the consultation-stage IA. The headcount across all organisations engaging with the
regulator has been cross-checked with consultation-responses, to account for possible efficiencies in
the central scenario.

Associated wage and non-wage costs of roles

18.

In addition, the type of individuals and employees expected to engage with the regulator was broadly
similar to the consultation-stage impact assessment, albeit with slightly higher paid occupations from
respondents on average (n=9), with the majority saying Directors, Managers and Professional
occupations would need to engage with the regulator during the licence application process and
monitoring regime. This supports the adjustment of the type of occupations towards higher paid
occupations across all scenarios in this IA relative to the consultation-stage IA.

General licensing

19.

20.

21.

This section summarises in words the costs licence applicants are expected to face to meet general
licensing requirements. The following list shows the expected cost to licence applicants of general
licence requirements as a result of the proposed legislation under section 8 of the SIA:

i.  Administration cost of applying for alicence
i. Administration cost of licence applicants proving that they have the appropriate financial
credentials, technical capabilities, programme of implementation, risks assessments and
mitigations, environmental assessments, airspace arrangements, international engagement
plan, insurance, indemnity and other licences for their proposed licensed activities.
iii. Loss of timeto allow inspections to occur.
iv.  Supplying documents to the regulator.

This IA assumes that most of the listed general licensing costs to licence applicants are transition
“‘engagement” costs. These are the direct costs to licence applicants engaging with the regulator during
the licence application process.

In addition, because this IA assumes that the time taken per activity is the same for the regulator and
for licence applicants, the costs listed above are mapped to the general licensing regulator activities as
follows:
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Licence applications — Application admin support (per application) — Includes administrative
cost of applying for a licence (i) and administrative costs of the licence applicant proving they meet
the requirements for licences (ii). These will be carried out by business support roles in licence
applicants.

Licence awards (per application) — Includes supplying documents to the regulator (vi). This will
be carried out by a mix of prescribed Managerial/Director roles in licence applicants, as well as non-
prescribed legal and financial professionals and business support roles, with most of the time spent
on licence awards by business support roles.

Inspections (per application) — Includes loss of time to allow inspections to occur (iii). These will
be carried out by a mix of prescribed Managerial/Director roles in licence applicants, as well as non-
prescribed legal and financial professionals and business support roles, with most of the time spent
on inspections by Managers/Directors and professional occupations.

22. The frequency and effort associated with these general licensing activities are used to estimate the total
transition “engagement” costs to licence applicants.

23. A shared, secure online space will be created for applicants to send and store information within. Due
to the instantaneous nature of uploading to a portal, we can assume that the time cost for simply
uploading the documents to the portal (and hence the regulator), will be minimal.

24. The costs of meeting the requirements that licence applicants must demonstrate to the regulator (ii)
before being granted a licence are categorised as transition “compliance” costs, and are therefore not
estimated in this section.

Specific licence applications

25. This section summarises in words the costs licence applicants are expected to face to meet
requirements for specific types of licences, including spaceports, range control service providers, launch
operators and orbital operators.

26. This IA assumes that all the specific licensing costs to licence applicants are transition “engagement”
costs. This is the direct costs to licence applicants engaging with the regulator during the licence
application process.

27. In addition, because this IA assumes that the time taken per activity is the same for the regulator and
for licence applicants, the same types of transition “engagement” costs are expected to be incurred by
licence applicants and the regulator as follows:

Prospective advice session — Spaceports, range control service providers, launch operators and
orbital operators receiving pre-engagement advice from the regulator. These will be attended by a
mix of prescribed Managerial/Director roles in licence applicants, as well as non-prescribed
engineering, legal and financial professionals, with most of the time spent attending advice sessions
by Managers/Directors and non-engineering professionals.

Feasibility assessment — Spaceports, range control service providers, launch operators and orbital
operators support the regulator to complete a pre-application “traffic light” feasibility assessment.
These will be carried out by prescribed Managerial/Director roles in licence applicants, as well as
non-prescribed engineering, legal and financial professionals, with most of the time spent supporting
the regulator’s assessment by engineering professionals.

Licence application — Applying for a spaceport, range control service provider, launch operator or
orbital operator licence, including organisational, operations and engineering activities. These will
be carried out by prescribed Managerial/Director roles in licence applicants, as well as non-
prescribed engineering, legal and financial professionals, with most of the time spent applying for
licences by engineering professionals.

Licence variation application — Applying for a change in a spaceport, range control service
provider, launch operator or orbital operator licence, including organisational, operational and
engineering and activities. These will be carried out by prescribed Managerial/Director roles in
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28.

29.

30.

31.

32.

licence applicants, as well as non-prescribed engineering, legal and financial professionals, with
most of the time spent applying for changes in licences by engineering professionals.

For launch operators, licence application activities are further segmented by new and existing launch
operators. The effort (in working days) of applying for a licence for existing launch operators is assumed
to be half that of the effort of applying for a licence for new launch operators.

For orbital operators, licence application activities are further segmented by “conventional” missions,
“complex or novel” missions and “constellation-class” missions. These are also segmented by launches
from the UK and from abroad. The cost of licence applications for launches from abroad are excluded
from this IA as these are covered by the OSA.

The frequency and effort associated with these specific licensing activities are used to estimate the total
transition “engagement” costs to licence applicants.

A shared, secure online space will be created for applicants to send and store information within. Due
to the instantaneous nature of uploading to a portal, we can assume that the time cost for simply
uploading the documents to the portal (and hence the regulator), will be minimal.

The cost of actually meeting specific requirements (description of options) before being granted a licence
are categorised as transition “compliance” costs, and are therefore estimated in the compliance costs
section.
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Monitoring regime costs

Table 30: Ongoing engagement (monitoring) costs to licence holders for non-prescribed roles 2020-34
(Em), 2020 prices and 2021 present values

Type of licence holder Average annual cost 2020-34 (Em) Total cost 2020-34 (Em)
Spaceport £0.00 £0.00
Range control service provider £0.00 £0.00
Launch operator £0.00 £0.00
Orbital operator £0.00 £0.00

= Spaceport £0.09 £1.36
= Range control service provider £0.06 £0.96
8 Launch operator £0.51 £7.63
Orbital operator £0.08 £1.25
Spaceport £0.34 £5.03
S, Range control service provider £0.29 £4.37
T  Launch operator £1.68 £25.16
Orbital operator £0.12 £1.77
33. Monitoring regime engagement activities are separated by prescribed roles (required by the regulations)

34.

35.

and non-prescribed roles (not required by the regulations) to avoid double counting (see Annex 2 for
definitions). The ongoing engagement (monitoring) costs to licence holders for non-prescribed roles are
shown in Table 30. The costs to licence holders for prescribed roles are captured in the compliance
costs section.

Businesses that apply for a licence and become licence holders will face direct costs from engaging with
the regulator during the monitoring regime. The regulator’s monitoring activities only represents a direct
cost to licence holders. Licensed spaceports, range control service providers, launch operators and
orbital operators will provide the regulator with information to assist with desk-based monitoring activities
and engage the regulator during site inspections. Information sharing by licence holders for the
regulator’s desk-based monitoring activities will likely be carried out by clerical roles and managers, but
will likely include time for technical and engineering professionals too. In addition, technical and
engineering professionals, as well as managers are likely to accompany inspectors during site
inspections.

The total direct engagement cost to licence holders is estimated by multiplying the expected number of
licence holders, launches and missions (A), by the frequency of monitoring regime activities (B) to get
the total number of activities. The Full-Time Equivalent (FTE) required for each prescribed and non-
prescribed roles (D) is then estimated by multiplying this by the expected time taken for these roles to
complete engagement activities (C). The FTE is then multiplied by the associated wage and non-wage
costs (E) to get the total direct engagement costs.

Direct engagement cost = (Ax B x C) x D x E = FTE x Roles x Costs
Where:
A = Expected number of licence holders, launches and missions
B = Frequency (fixed/variable) of monitoring regime activities
C = Expected time taken for roles (D) to complete engagement activities
D = Type and number of in-house employees expected to engage with the regulator during the licence
application process and monitoring regime
E = Associated wage and non-wage costs of roles defined by B

Expected number of licence holders, launches and missions

36.

The expected number of licence holders, launches and missions (A) is taken from the regulator variable
cost modelling (detailed inputs and outputs tables in Annex 4). The number of businesses that are
licence holders for each of the 4 licence types by the end of the appraisal period are shown in Table 29.
The number of launches and missions is taken from the UK launch market forecasts (Annex 3), as
shown in Table 31. The modelling also accounts for unsuccessful licence applications too e.g. 1 every
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3 years for spaceport and range control service providers. These assumptions have been updated using
the current best estimates from the variable cost modelling (Annex 4).

Table 31: Number of launches 2020-34

Type of launch Number of launches
2020-34
Launch - Horizontal orbital 0
=  Launch - Vertical orbital 0
3 Launch - Vertical suborbital 0
Launch - Crewed 0
Launch - Horizontal orbital 37
Tg Launch - Vertical orbital 61
§ Launch - Vertical suborbital 25
Launch - Crewed 0
Launch - Horizontal orbital 74
=y Launch - Vertical orbital 122
T  Launch - Vertical suborbital 50
Launch - Crewed 48

Frequency (fixed/variable) of monitoring regime activities

Table 32: Spaceflight regulator monitoring activity frequency (variable cost modelling)

Licence Desk-based Desk-based Site inspections | Site inspections per
holder types inspections per year @ inspections per launch per year launch
Spaceport 1 2 1 1
Range 0.5 1 0 1
Launch — All 1 3 0 2
Orbital — All 1 0 0 0

37. The total number of engagement activities (i.e. licence application process and monitoring regime) are

estimated by multiplying the frequency of these activities (B) by the expected number of licence
applications, holders and launches (A) from the regulator variable cost modelling. This is because there
are some activities that are fixed (i.e. per application or per year) and other activities that are variable
(i.e. per launch). The frequency of monitoring activities is shown in Table 32. These assumptions are
broadly the same to the consultation-stage IA, with a few minor adjustments based on the current best
estimates available from the regular variable cost modelling.

Expected time taken for roles (D) to complete engagement activities

38.

39.

The expected time taken for roles (D) to complete engagement activities (C) are estimated using the
time taken for the equivalent regulator roles (Technical, Case Managers and Case Support) to complete
these activities from the UK spaceflight regulator variable cost modelling (detailed inputs and outputs
tables in Annex 4). This assumes that the time taken per activity is the same for the regulator and for
licence applicants and holders. It is also assumed that these activities happen in parallel to the
regulator’s monitoring regime i.e. the costs are incurred at the same time as the regulator.

From the July 2020 consultation, the time that respondents said they or their organisation would spend
engaging with the regulator during the monitoring regime was broadly similar to the central scenario,
albeit a little lower across all respondents except prospective orbital operators, particularly for the
monitoring regime, than in the consultation-stage impact assessment (n=15). This supports decreasing
the time spent engaging with the regulator in the central scenario. However, some respondents said
time spent engaging with the regulator would be higher than in the consultation-stage impact
assessment. This supports keeping the range wide for the high scenario in this IA.
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Type and number of in-house employees expected to engage with the regulator during the licence
application process and monitoring regime

40.

41.

42.

The type and number of in-house employees expected to engage with the regulator during the
monitoring regime (D) are estimated using the prescribed and non-prescribed roles and their associate
wage and non-wage costs (E) outlined in Annex 2. This is assumed to require a combination of
managerial, financial, legal, engineering and business administration roles for each type of licence
applicant and holder. In Annex 2, assumptions have been made about the FTE required for each of
these roles by licence type, and the roles have been indexed or matched to the equivalent regulator
roles (Technical, Case Management and Case Support) from the UK Spaceflight Regulator Business
Case (detailed inputs and outputs tables in Annex 4). However, it is acknowledged that this expertise
may be procured from external providers.

In addition, inspectors have the power to take possession of certain objects and materials (pertaining to
the subject of their inspections) when visiting sites. These powers mean that an inspector can take
possession of an article, require an article to be deactivated, or to be dismantled for testing etc., resulting
in the process or operation being halted. This would result in a loss in capability or production,
representing a cost to the business. These costs are not estimated here as we assume 100%
compliance with the legislation.

From the July 2020 consultation, the number of employees expected to engage with the regulator
was broadly similarto the consultation-stage impact assessment, albeit with slightly lower
headcounts from respondents on average (n=15). However, the headcount range across respondents
was wider across than in the impact assessment i.e. some respondents said a few staff would engage
with the regulator whereas said tens of staff would engage with the regulator. In addition, 10 respondents
indicated their organisation was a consortium of different space market activities. This could suggest
there are potential efficiencies for engagement costs that were not captured in the consultation-stage
impact assessment. This supports decreasing the number of individuals and employees expected to
engage with the regulator in the central scenario and increasing these assumptions in the high scenario.
The headcount across all organisations engaging with the regulator has been cross-checked with
consultation-responses, to account for possible efficiencies in the central scenario.

Associated wage and non-wage costs of roles

43.

In addition, the type of individuals and employees expected to engage with regulator was broadly similar
to the consultation-stage impact assessment, albeit with slightly higher paid occupations from
respondents on average (n=9), with the majority saying Directors, Managers and Professional
occupations would need to engage with the regulator during the licence application process and
monitoring regime. This supports the adjustment of the type of occupations towards higher paid
occupations in across all scenarios in this IA (Annex 2) compared to the consultation-stage |A.

lllustrative: Prescribed roles’ monitoring regime engagement costs

44. The total ongoing engagement (monitoring) costs to licence holders for prescribed roles are captured in

the compliance costs section. The opportunity costs of engagement with the regulator’'s monitoring
regime for license holders’ prescribed roles are shown in Table 33 for illustrative purposes only to avoid
double counting. The opportunity costs of engagement with the regulator’s monitoring regime for license
holders’ prescribed roles are shown in Table 33 for illustrative purposes only to avoid double counting.
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Table 33: Total ongoing engagement (monitoring) illustrative costs to license holders for prescribed roles
2020-34 (Em), 2020 prices and 2021 present values

]:I;Ortzlrgggr?&% ?ngeasgze(r)gg?éér&ﬁ)ltormg) costs Spaceport CRO?E?; Launch Operator Orbital Operators
Accountable Manager £0.00 £0.00 £0.00 £0.00
Security Manager* £0.00 £0.00 £0.00 £0.00
Safety Manager** £0.00 £0.00 £0.00 £0.00

§ Training Manager £0.00 £0.00 £0.00 £0.00
Operations Manager £0.00 £0.00 £0.00 £0.00
Launch Director** £0.00 £0.00 £0.00 £0.00
TOTAL £0.00 £0.00 £0.00 £0.00
Accountable Manager £1.52 £1.52 £1.52 £1.31
Security Manager* £0.59 £0.59 £0.59 £0.00
T Safety Manager** £0.56 £0.56 £0.56 £0.00
% Training Manager £0.00 £0.48 £0.48 £0.00
O Operations Manager £0.00 £0.40 £0.00 £0.00
Launch Director** £0.00 £0.00 £2.38 £0.00
TOTAL £2.67 £3.56 £5.54 £1.31
Accountable Manager £4.82 £3.80 £5.07 £3.17
Security Manager* £3.14 £2.48 £3.30 £2.06
- Safety Manager** £3.14 £2.48 £3.30 £0.00
'% Training Manager £0.00 £1.56 £2.08 £0.00
Operations Manager £0.00 £2.09 £0.00 £0.00
Launch Director** £0.00 £0.00 £10.19 £0.00
TOTAL £11.10 £12.40 £23.93 £5.23

*Prescribed role for orbital operators only when there is a national security issue and, although not set out in the consultation-
stage regulations, a provision has now been included in the draft Space Industry Regulations to require return operator licence
applicants to appoint a security manager should their proposed activities give rise to issues of national security.

** Prescribed and non-prescribed roles only for Launch Operators and Launch Director needs to be a separate employee from the
Safety Manager prescribed role
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Compliance costs

Total costs

Table 12d: Total cost of option 2 between 2020-34 (Em), 2020 prices and 2021 present values

Direct Costs (Em) Indirect
Stakeholders and Costs s . HMG & Cost Tot(zlrﬁ)ost
paceport Range Launch Orbital Regulator (Em)

Familiarisation £0.13 £0.17 £0.25 £0.27 £0.00 £1.38 £2.20

Efsqzition Engagement £0.00 £0.00 £0.00 £0.00 £6.26 £0.00 £6.26
Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00

§ Average Engagement £0.00 £0.00 £0.00 £0.00 £0.03 £0.00 £0.03
Annual Compliance £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £0.13 £0.17 £0.25 £0.27 £6.68 £1.38 £8.88
Familiarisation £0.19 £0.25 £0.56 £0.40 £0.00 £2.08 £3.48

Efsfl:iﬁon Engagement £3.11 £1.50  £13.75 £6.31 £39.74 £0.00 £64.41

= Compliance £3.28 £1.48 £0.57 £0.35 £0.00 £0.00 £5.68
% Average Engagement £0.27 £0.30 £0.88 £0.17 £2.36 £0.00 £3.97
O  Annual Compliance £0.29 £0.67 £0.71 £1.84 £0.00 £0.00 £3.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £15.00 £17.87  £38.63 £37.25 £75.07 £2.08 £185.90
Familiarisation £0.40 £0.53 £1.10 £0.84 £0.00 £9.67 £12.54

Egz“io“ Engagement £5.65 £333  £30.58  £13.06 £43.27 £0.00 £05.89
Compliance £4.35 £1.73 £1.41 £1.04 £0.00 £0.00 £8.53

% Average Engagement £0.71 £0.70 £2.47 £0.29 £3.22 £0.00 £7.40
Annual Compliance £0.48 £1.05 £1.71 £4.27 £0.00 £0.00 £7.51
Costs Other £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
Total Cost £28.16  £31.90  £95.84 £83.39 £91.64 £9.67 £340.59

Evidence base and key assumptions

1. The compliance costs estimated in this section are highlighted red in Table 12d. These have been
estimated using the description of prescribed roles and other requirements under Option 2 (please see
liabilities and insurance and Annex 2 for further details), and evidence provided during the July and
Autumn 2020 consultations. The analysis has been developed by the Department for Transport (DfT)

and UK Space Agency (UKSA) with support from London Economics Ltd.

2. Compliance costs are the direct and additional costs to licence holders of complying with specific
regulations contained in the proposed secondary legislation under the SIA, including purchasing and
maintaining equipment (e.g. safety management systems), hiring people to carry out prescribed roles
(e.g. Accountable Managers), and implementing operations (e.g. emergency response drills) as required
by regulations. This includes “transition” compliance costs, that are incurred before being granted a
licence during the licence application stage i.e. licence applicants. It also includes “ongoing” compliance

costs, that are incurred once a licence has been granted i.e. by licence holders.

3. There is a large amount of uncertainty about the additional compliance costs (i.e. beyond existing
legislation and industry best practice) without a clear baseline of what equipment, staff and operations

existing companies already have. This was tested through the July and Autumn 2020 consultations.

4. Therefore, this section only estimates the costs associated with capital expenditure (CAPEX) and
operational expenditure (OPEX) changes businesses need to make in order to comply with the secondary
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legislation under the SIA. It excludes costs associated with other existing legislation and costs that would
be incurred without the legislation, including capital and operational expenditure.

5. Qualitative illustrative analysis is shown in this section to give an indication of the baseline CAPEX and
OPEX, and potential additional compliance costs for licensed spaceflight activities i.e. spaceports,
range control service providers, launch operators and orbital operators. More detailed quantitative
illustrative analysis that was used to elicit responses from consultation has been removed but can still
be found in the published consultation-stage impact assessment!4’.

6. Finally, compliance costs associated with the proposed secondary legislation in Option 2 may also have
wider impacts in upstream (“space manufacturing”) and downstream (“space applications” and
“ancillary services”) parts of the UK space supply-chain, as detailed in Table 21 and Figure 8. However,
these impacts are indirect and are likely to be captured by other existing legislation, and are therefore
not explicitly captured in this IA.

Capital expenditure

In the July 2020 consultation, whilst a quarter of respondents (25%, N=52) said they would not
need to purchase any equipment or systems to comply with the proposed secondary legislation,
almost a fifth (19%) said they would and a few (n<5) respondents answered “maybe” or “not
sure”. Most respondents (48%) did not answer this question.

When filtering this for respondents that said they are considering applying for a licence under the
SIA (n=21), almost two fifths of these respondents (38%) said they would need to purchase
equipment and systems, with almost a fifth (19%) answering “maybe” or “not sure” and almost a
fifth (19%) answering “no”. Most of the respondents answering “yes”, “maybe” or “not sure” to
this question were spaceports or part of a spaceport consortium. Almost a quarter of respondents

(24%) considering applying for a licence under the SIA did not answer this question.

Some respondents provided qualitative information that there may be additional costs to
business in terms of purchasing equipment and systems to comply with the proposed secondary
legislation, although there was limited information on actual costs. In addition, some responses
said these would be either part of anticipated costs or not attributable to the draft Space Industry
Regulations 2020 i.e. the proposed regulations do not pose additional costs to business, over
and above existing business practices and/or regulatory requirements e.g. infrastructure required
for environmental reasons.

Operational expenditure

Whilst a large proportion of respondents (27%) said they would not need to implement or change
any processes to comply with the proposed secondary legislation, the same proportion (27%)
said they would and a few (n<5) respondents answered “maybe” or “not sure”. Most respondents
(42%) did not answer this question.

When filtering this for respondents that said they are considering applying for a licence under the
SIA (n=21), almost three fifths of these respondents (57%) said they would need to implement
or change processes, with around 10% answering “maybe” or “not sure” and almost a fifth (19%)
answering “no”. Most of the respondents answering “yes”, “maybe” or “not sure” to this question
were prospective orbital operators, spaceports or part of a spaceport consortium. Around 14%

considering applying for a licence under the SIA did not answer this question.

147 HMG ‘DFT00420 1A Space Industry Regulations 2020, 22 July 2020. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/904349/consultation-impact-assessment.pdf
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e Some respondents provided qualitative information that there may be additional costs to
business in terms of implementing or changing processes to comply with the proposed
secondary legislation, with a number mentioning “complexity”, “licence application” requirements
and “administrative” costs, although there was limited information on actual costs. In addition,
some responses said these would be either part of anticipated costs or not attributable to the
Space Industry Regulations 2020 i.e. the proposed regulations do not pose additional costs to
business, over and above existing business practices and/or regulatory requirements e.g. the

Assessment of Environmental Effects (AEE).

e From the consultation responses, it is not clear whether the expected cost of familiarisation,
engagement and compliance with the proposed secondary legislation detailed in the
consultation-stage impact assessment caused some respondents concern, or if the actual detail
of the draft regulations, guidance and Regulator's Licensing Rules (RLRs) caused some
respondents concern. The consultation-stage impact assessment was our best estimate at the
time, and not necessarily a reflection of the actual cost to business.

Assumptions

7. Therefore in this IA, most of the costs associated with meeting technical standards and regulations in the
proposed secondary legislation in Option 2 are assumed to be zero compared to existing legislation and
the space industry’s current best practice in the UK and abroad. This is because the proposed legislation
is outcomes focused (prescribing what rather than how licence applicants need to do), has considered
existing safety and security legislation where possible, and only makes prescriptive regulations to
mitigate specific safety and security risks'*®. In addition, there is significant uncertainty about how much
is additional and to whom. However, the vast majority of “normal” CAPEX and OPEX associated with
spaceflight activities is indirectly captured through the GVA approach in the benefits section, and
therefore the business NPV and NPSV, but not the EANDCB unless explicitly stated in this IA (Table 7).

8. However, based on a few (n<5) consultation responses, some CAPEX for data and communications
infrastructure costs, in order to collect, analyse and generate information required for the regulator, is
assumed to be directly attributable to the Space Industry Regulations 2020 and therefore additional.

9. For OPEX, this IA captures a significant amount of familiarisation and engagement costs through both
prescribed and non-prescribed roles, including staffing, information and administration costs for licence
applications and the regulatory monitoring regime. These are counted in the familiarisation costs and
engagement costs sections to avoid double counting here.

10. The main exception to this is for prescribed roles. This section counts the direct compliance cost to
business of hiring, training and employing individuals to fill these prescribed roles, which covers the
opportunity cost of time spent engaging with the regulator by these roles illustrated (but not counted) in
the engagement monitoring regime costs section. Please see Figure 5 for further details.

11. In addition, the direct compliance costs to business associated with meeting liabilities and insurance
requirements are counted in this section, supported by consultation responses. The liabilities and
insurance and alternatives to proposed regulations sections provide more detail and illustrative analysis
about the impact of different liabilities and insurance options on key stakeholders.

148 Department for Business, Energy and Industrial Strategy ‘Guidance for officials on the notification procedure for Directive 2015/1535/EU,
relating to technical standards and regulations’, 7 January 2016 — available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/949177/withdrawn-directive-2015-1535-
gquidance.pdf
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12. A 50% additionality variable is applied to all compliance costs. This is a downward correction on the total
compliance costs, which is comparable to other Government projects where specific data is unavailable
and is the same assumption used for Spaceflight Programme grant funding*®. The reasons for this is to
adjust costs to only capture the additional impacts of the legislation, given what current and new
businesses in the market do/will do. The rationale for this downward correction is based on:

e The number of UK and foreign businesses operating in the UK spaceflight launch market, with
only UK companies being counted. Several US domiciled firms, such as Lockheed Martin and
Virgin Orbit, are expected to apply for a UK licence i.e. 2 out of 11 “Launch services” in Table 8.

e The number of new versus incumbent businesses that have already sunk investment and
activities into entering the UK spaceflight launch market. Table 8 provides an overview about
incumbent spaceports, range control service providers and launch services that we already
know about — almost all of them will have spent some time and/or money already thinking about
entry, with some ready to immediately start once they receive a licence and others still requiring
further planning and development. For these, compliance costs are not additional.

e The proportion of public funding already given to these business that covers costs associated
with the legislation e.qg. infrastructure, licence applications etc. Based on information from grant
recipients and July 2020 consultation responses, some (if not all) of the costs associated the
legislation will be covered by public financing for some operators e.g. one operator had around
50% of the licence application costs already accounted for.

e The amount of investment and activity these businesses would have undertaken even without
the legislation in place. Based on information from grant recipients and July 2020 consultation
responses, some (if not all) of the costs associated the legislation will have already been
accounted for, meaning the legislation does not have a binding additional cost to some
businesses i.e. the amount already budgeted, regardless of it is covered by public or private
financing.
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149 MHCLG ‘Additionality Guide’, 2014, available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/378177/additionality guide 2014 full.pdf

150 yk Space Agency ‘LaunchUK: Roadshow’, 11 November 2017 — available at: https://www.gov.uk/government/publications/launchuk-
roadshow
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General licensing and eligibility criteria

13. This section qualitatively describes the expected compliance costs to all licence applicants of complying
with general licensing and eligibility criteria requirements under sections 3 and 8 of the SIA (Table 34).

Table 34: Eligibility criteria compliance costs, all licence applicants

SIA Regulation OPEX/
section CAPEX
3 Unspent conviction fraud or dishonesty OPEX
3 Unspent criminal convictions OPEX
3 Undischarged bankruptcy order OPEX
3 Bankruptcy restrictions order, debt relief
S ; ; OPEX
restriction order or a moratorium period
8 ‘Fit and proper’ person test OPEX
8 Programme of implementation OPEX
8 Financial credentials OPEX
8 Technical capabilities OPEX

These costs will be classified as OPEX and are expected to be captured in the engagement licence

application costs and compliance prescribed roles costs sections e.g. £1,000 per FTE recruitment costs

in Annex 2. In addition, the time associated with due diligence on businesses applying for a licence is
covered by requlator costs. The costs associated with general licensing requirements and eligibility

criteria are therefore not counted in this section.

Transition/

Ongoing
Transition
Transition

Transition
Transition

Transition
Transition
Both
Both

Additional

(Yes/No)
Yes
Yes

Yes
Yes

Yes
Yes
No
No

Justification

Not accounted in this section to
avoid double counting with
engagement licence application
costs and compliance
prescribed roles costs sections

14. Most of these requirements are assumed to be additional but captured elsewhere in the impact
assessment. These additional costs are assumed to be captured in the engagement licence application
and monitoring regime costs sections, and the prescribed roles costs section.

15. Toillustrate what these impacts look like, general licensing and eligibility criteria requirements will largely

require background checks on organisations and individuals associated with a licence application under
the SIA. Below are some descriptions of the types of costs for different background checks:

e Time spent searching the Bankruptcy and Insolvency Register?s!

e Time spent searching the Companies House!*?

e The cost of Disclosure and Baring Service (DBS) check, ranging from £23 per person (Basic) to

£40 per person (Enhanced)*>?

16. In addition, these requirements may restrict the supply of labour in the labour market because of

individuals who do not meet the criteria, increasing wage costs. However, there is limited evidence about

the types of individuals employed by potential licence applicants, so it is difficult to measure the impact
of potential distortions on the labour market. Therefore, this 1A uses sensitivity analysis for wage costs
to capture the potential impact of general licensing and eligibility criteria on wage costs, along with

uncertainty about wage costs (see Annex 2).

17. For organisations or individuals wishing to apply for a licence under the SIA, the cost of holding financial
resources is the opportunity cost of investing this finance in risk-free assets in the market i.e. rate of
return on bonds or the discount rate. For the launch segment of the space sector, these costs are
assumed to be higher than other sectors, due to the high-risk and costly nature of launch activities, which
will likely mean capital is harder to access, and at higher interest rates. However, it is assumed the
regulations will not place any additional burden on the launch industry than already exists in capital
markets. This was tested through consultation, with no evidence provided to change this assumption.

%1 yve ‘Insolvency register’, available at: https://www.gov.uk/search-bankruptcy-insolvency-register

152

Companies House register, available at: https://www.gov.uk/government/organisations/companies-house

153 pisclosure and Barring Service fees, available at: https://www.gov.uk/government/news/fee-changes-for-dbs-checks
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18. The cost of having sufficient technical capabilities, such as sites, facilities, equipment, spacecraft, carrier
craft and other vehicles, is assumed to place limited to no additional burden on licence applicants than
already exists for launch activities in other countries. This was tested through consultation, with limited
evidence provided to change this assumption. However, based on a few (n<5) consultation responses,
some capital expenditure for data and communications infrastructure costs, in order to collect, analyse
and generate information required for the regulator and range services are assumed to be directly
attributable to the Space Industry Regulations 2020 and therefore additional. These are counted in
sections for individual types of licences below.
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Pre

scribed roles

Table 35: Prescribed role compliance costs 2020-34 (Em), 2020 prices and 2021 present values

Types of licence Average annual costs, 2020-34 (Em) Total costs, 2020-34 (Em)
Spaceport £0.00 £0.00
g Range control service provider £0.00 £0.00
- Launch operator £0.00 £0.00
Orbital operator £0.00 £0.00
__ Spaceport £0.29 £4.39
g Range control service provider £0.67 £10.11
& Launch operator £0.71 £10.59
Orbital operator £1.84 £27.63
Spaceport £0.48 £7.18
5, Range control service provider £1.05 £15.73
T  Launch operator £1.71 £25.62
Orbital operator £4.27 £64.06
19. Compliance costs to licence holders include prescribed roles that a licence holder must fill and seek

20.

21.

22.

23.

approval from the UK spaceflight regulator under sections 3 and 7 of the SIA. Prescribed roles are
categorised as OPEX and are assumed to be additional compared to the counterfactual. This will largely
impose ongoing compliance costs to licence holders for employing individuals to fill these roles, but also
includes transition compliance costs for hiring these individuals (Table 35).

From the July 2020 consultation, when filtering this for respondents that said they are considering
applying for a licence under the SIA (n=21), a large proportion of respondents provided both qualitative
and quantitative information about the type, number and cost of prescribed roles. This included a wide
range of evidence that broadly supported the analysis in the consultation-stage impact assessment.

Only a few (n<5) respondents provided actual costs estimates, so the sample size is too small to use to
update the estimates in this IA. However, these responses have been used to calibrate the assumptions
about prescribed roles.

Overall, it appears that the prescribed role costs estimated in the consultation-stage impact assessment
were slightly lower than what either businesses anticipated or need to have provisions for. However,
some of the responses conflated prescribed role costs with overall staff costs. This supports the range
of overall prescribed role costs remaining roughly the same in this IA, with the central scenario costs
increasing slightly.

These assumptions have been revised following consultation (Annex 2). The Training Manager
prescribed role has been removed for spaceport licences. It is assumed that these prescribed roles are
filled 6 months (130 working days) prior to receiving a licence application, to familiarise themselves with
the legislation, guidance and RLRs, and carry out changes in operations required by the regulations in
a timely manner so that operations can begin promptly once a license is granted. This allows the
opportunity cost of (soon-to-be) prescribed roles’ time to be estimated in the familiarisation costs and
engagement licence application costs sections. It is also assumed that all licences will be valid and held
for the whole appraisal period and that each business will maintain prescribed roles during this time.
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24.

To calculate the compliance cost to license holders, the expected number of licence holders over the
appraisal period is multiplied by the type and number of prescribed roles and their associated wage and
non-wage costs:

Prescribed roles cost = (A x B) x C = FTE x Unit costs

Where:

A = Expected number of licence holders over the appraisal period
B = Type and number of prescribed roles

C = Associated wage and non-wage costs of roles defined by B

Expected number of licence holders over the appraisal period

25. The expected number of licence holders (A) is taken from the UK launch market forecasts (Annex 3).

The cumulative number of licence applications over the appraisal period summarised in Table 29. The
modelling also accounts for unsuccessful licence applications too e.g. 1 every 3 years for spaceport and
range control service providers. These assumptions have been updated using the current best estimates
from the regulator variable cost modelling (Annex 4).

Type and number of prescribed roles

26

27.

28.

29.

30.

. From the July 2020 consultation, the type of employees expected to be assigned to prescribed roles

was broadly similar to those in the consultation-stage impact assessment (n=10), with a mix of Directors,
Managers and Professional Occupations, with salaries or cost information provided by a few (n<5)
respondents indicating salary costs of roughly £60,000 to £130,000. Some respondents appeared to
conflate prescribed roles with other staff.

In this IA, the type of prescribed roles required for each type of licence holder is shown in Annex 2. The
Training Manager prescribed role has been removed for spaceport licences in this IA relative to the
consultation-stage 1A. We have used the highest wage and non-wage costs out of all of the prescribed
roles (Annex 2) to reflect the increase in responsibility in the high scenario.

From the July 2020 consultation, the number of employees expected to be assigned to prescribed roles
had quite a wide variation, ranging from 1 to 15 (n=7), with some businesses and consortia providing
headcounts that implied prescribed roles may be spread across a smaller pool of individuals, and others
providing headcounts that implied prescribed roles would be over-subscribed (i.e. over and above the
requirements in the draft regulations) or conflating prescribed roles with overall staffing. This suggests
that the central scenario assumption in the consultation-stage impact assessment that businesses will
employ the minimum permitted number of staff for prescribed roles was not valid. In addition,
nine respondents indicated their organisation was a consortium of different space market activities. This
could indicate there are potential efficiencies for engagement costs that were not captured in the
consultation-stage impact assessment.

Therefore, in the central and high scenarios in this IA, it is assumed that license holders employ 1 FTE
per prescribed role required for that type of licence (Annex 2) i.e. the headcount was increased in the
central scenario and stayed the same in the high scenario compared to the consultation-stage IA. In
addition, the total headcount across all types of operator has also been cross-checked against
consultation responses to account for possible efficiencies from consortia, to ensure the total headcount
across all licence types did not exceed that of consultation responses from consortia e.g. individual
responses that said they would apply for a spaceport, launch operator and range control service provider
license. In the low scenario, it is assumed that no businesses become licence holders as there is still
too much uncertainty for the market to develop.

In reality, the additional cost to business will likely be lower as some of the prescribed roles would be
filled by existing employees. In addition, it is unlikely the overall number of people that the licence holder
will employ would increase, as the number of prescribed roles is low. Therefore, the approach here
provides an upper bound on the costs to business, as in reality, many of the activities required by the
regulation would be carried out by the operator if they see it helping the business become more
financially viable regardless of whether the regulation is in place or not.
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Spaceports

Figure 9: Artists’ impressions of UK spaceports for vertical (left) and horizontal (right) launches®*

-

31. In the consultation-stage impact assessment, this section illustrated possible compliance costs for
spaceport licence holders as a result of the proposed secondary legislation under the SIA. However,
these costs were not counted in the EANDCB, business NPV or NPSV because identifying the additional
impact of the proposed secondary legislation was highly uncertain, due to a lack of knowledge about the
additional impact of the proposed legislation compared to “normal” spaceport operations. This was
tested through consultation, with some respondents saying there would be additional compliance costs
for data and communications infrastructure. costs are captured in this section and counted in the
EANDCB, business NPV and NPSV.

32. Table 36 shows the proposed legislative requirements for spaceports set out under Option 2. These
requirements are categorised by timing (i.e. transition or ongoing), whether they are capital expenditure
(CAPEX) or operational expenditure (OPEX), and whether they are additional or not, with a
corresponding justification.

Table 36: Spaceport licence holder additional compliance costs

S Tl el austtcaton
9 Siting Analysis OPEX Transition Yes
11 AEE OPEX Transition Yes Not _qll SIA specific — .
18 Training OPEX Transition Yes ﬁ%ﬂgggigﬁl?cﬁ%fgr:g
18 Training Manual OPEX Transition Yes prescribed roles costs
18 Training Programme OPEX Transition Yes
19 Safety Management System CAPEX Transition Yes i]_IL_J ngi%i?ezotgsgga;g}ti)ﬁglme
19 Emergency Response Plan OPEX Both Yes Licence application and

9&19 Safety case OPEX Both Yes monitoring regime costs
9 Safety Clear Zones CAPEX | Transition No
19 Hazardous substances storage CAPEX | Transition No
19 Rescue and firefighting equipment CAPEX | Transition No
18 Mission rehearsals OPEX Ongoing No
19 Fuels, oxidisers etc. OPEX Ongoing No
19 Hazardous substances transport OPEX Ongoing No Not additional to industry best

R i i practice and/or not SIA

19 Rescue and firefighting services OPEX Ongoing No specific
19 Safety equipment maintenance and testing OPEX Ongoing No
9 Certified or ANO licensed* OPEX Both No
19 Static engine testing Both Both No
23 NASP directed* OPEX Both No
23 Site Security Programme Both Both No

* These regulations only apply to horizontal spaceports

154 perfect Circle PV ‘Artists impression of a UK spaceport’, 15 July 2018 — available at: https://www.gov.uk/government/news/one-giant-leap-
vertical-launch-spaceport-to-bring-uk-into-new-space-age; HMG ‘Government paves way for UK spaceport’, 15 July 2014 — available at:
https://www.gov.uk/government/news/government-paves-way-for-uk-spaceport
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33.

34.

Some of these requirements are assumed to be additional but captured elsewhere in the impact
assessment. These additional costs are assumed to be captured in the engagement licence application
and monitoring regime costs sections, and the prescribed roles costs section. The majority of these
requirements are assumed to not be additional compared to other existing legislation and/or industry
practice. Only one requirement (Safety Management System) is assumed to be additional and not
captured elsewhere in the IA, based on responses to the July 2020 consultation. This is captured in the
capital expenditure section below.

To give an indication about the types of CAPEX and OPEX involved with constructing and operating a
spaceport, the following sections also include some illustrative analysis. This helps justify why some of
the costs associated with spaceports are assumed to not be additional.

Capital expenditure

35.

36.

37.

38.

Capital expenditure (CAPEX) for spaceports includes infrastructure costs, such as runways, launch
pads, storage of hazardous substances and static engine testing facilities, physical (e.g. CCTV and
screening) and digital security infrastructure, and boundary fencing to ensure safety. Almost all of these
are assumed to not be additional because they represent industry best practice, are already
budgeted/paid for already based on information from grant recipients, and/or are requirements for other
existing legislation i.e. are not SIA specific. For example, launch pads are a prerequisite for vertically
launch rockets and site locations will also be consulted on local planning permission laws.

The type (horizontal or vertical) of launch operations is expected to drive costs, with vertical launch sites
having higher CAPEX due to the lack of existing infrastructure and operations in the UK compared to
horizontal spaceports, which are expected to be located at existing aerodromes. Horizontal spaceports
are expected to be located at existing licensed aerodromes and, as such, CAPEX may already be sunk
or lower levels of investment required in the future (see Figure 6). However, CAPEX may not be required
in the case of, for example, small scale balloon launches.

In addition, incumbent spaceports at existing locations may have sunk costs invested in the development
of the site. On the other hand, new spaceports may need to invest in capital to develop sites. This is
particularly true for new, vertical spaceports, as horizontal spaceports are expected to be located at
existing aerodromes. This represents a potential barrier to entry for new spaceports (see competition
assessment).

A list of potential CAPEX is provided below to illustrate the types of investment required to build a
spaceport:

Boundary fencing ranging from £ thousands to £ millions%®

Communications and tracking costing £ millions

CCTV ranging from £ thousands to £ millions per site*®

Emergency response equipment costing £ hundreds of thousands

Fuel & propellant storage tanks costing £ hundreds of thousands

Hangars and storage buildings costing £ millions

Ground handling and support equipment ranging from £ thousands to £ millions
Ground lighting ranging from £ thousands to £ millions

Launch pad (vertical) or runway & taxiway (horizontal) costing £ millions
Mission control facilities and systems costing £ millions

Payload integration equipment costing £ millions

Security screening equipment ranging from £ thousands to £ hundreds of thousands per unit
depending on the type of equipment®’

e Surface access (e.g. rail or roads) costing £ millions

155

Prison mesh fence costs from Preston Fencing. Accessed 29 November 2019 -

http://www.prestonfencing.com/pricing/358%20mesh%20fencing%20Prices.pdf; Profile mesh fencing costs from AA Fencing UK Ltd website.

Accessed 29 November 2019 - http://www.aafencing.co.uk/mesh-fencing/profile-mesh/profile-mesh-systems/profile-mesh-2-4m.html

156
157

Bristol City Council, CCTV Cost Guidelines, available at https://www.bristol.gov.uk/documents/20182/35116/CCTV+Cost+guidelines.pdf/
Metal detector costs are from Protective Technologies Int'l. Accessed 29 November 2019 - https://www.pti-world.com/product/garrett-pd-

6500i/; X-ray scanner costs are from Protective Technologies Int'l. Accessed 29 November 2019 - https://www.pti-world.com/x-ray-scanners/;
Multi-mode threat detector costs are from Protective Technologies Int’l. Accessed 29 November 2019 -
http://www.cbrnetechindex.com/Print/4249/smiths-detection-inc/mmtd-multi-mode-threat-detector
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39.

40.

However, the data and communications infrastructure required to collect, analyse and generate
information required for the regulator are assumed to be directly attributable to “Safety Management
System” requirements and therefore additional. This is required for both spaceports and launch
operators, but this IA assumes that launch operators are partnered with spaceports and therefore only
spaceports incur these costs.

Based on information from grant recipients, who submitted applications for grant funding to cover some
costs, the transition cost of this investment is assumed to be £2m per site. This is multiplied by the
number of successful spaceport licence applicants in Annex 3 to provide the total costs. This is likely an
overestimate when compared to the cost of IT capital investment for the regulator (c.£250k) or range
services (c.£500k), and after accounting for investment that is already sunk or budgeted for. Therefore
£2m per site should represent an upper bound. Furthermore, an additionality of 50% is applied as a
downward correction to these compliance costs based on the explanation of assumptions at the start of
this section. The total CAPEX transition costs for spaceports over the appraisal period are shown in
Table 37 below.

Table 37: Spaceport Safety Management System costs 2020-34 (Em),
nominal prices, not discounted (100% additionality)

Analysis and reporting Total cost,

tool costs 2020-34 (Em)

Low £0
Central £6.17
High £8.31

Operational expenditure

41.

42.

43.

44.

Operational expenditure (OPEX) for spaceports includes staffing, training, fuel, launch preparation and
launch costs themselves. Most of these are assumed to not be additional because they represent
industry best practice, are already budgeted/paid for already based on information from grant recipients,
and/or are requirements for other existing legislation i.e. are not SIA specific. For example, appropriate
fuel is a prerequisite for launch and information for the assessment of environment effects (AEE) can be
covered by existing planning permission laws.

OPEX will likely vary depending on the type and scale of operations at the spaceport. For example,
horizontal spaceports are expected to be located at existing aerodromes (see Figure 6), so requirements
for horizontal spaceports to be certified or Air Navigation Order (ANO) licensed and National Aviation
Security Programme (NASP) directed may already be covered.

In addition, both incumbent and new spaceports will face similar OPEX costs (depending on their type
and scale of operations). However, horizontal spaceports located at existing aerodromes may be able
to absorb some costs into existing aerodrome operations. This could represent a barrier to entry for
vertical spaceports (see competition assessment).

A list of potential OPEX is provided below to illustrate the types of costs involved with operating a
spaceport:

Asset equipment and maintenance

Consultancy fees e.g. legal

Fuel & propellant

Insurance

Licensing, ranging from £ thousands to £ hundreds of thousands'®®, depending on the type
and scale of operations

e Mission rehearsals and emergency response drills

158 Givil Aviation Authority, CAA Scheme of Charges (Aerodrome Licensing and EASA Certification and Aerodrome Air Traffic Services
Regulation), 15 March 2019. Available at: http://publicapps.caa.co.uk/docs/33/ORS5%20N0%20348%20ADL%201920.pdf
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e Training ranging from £ hundreds to £ tens of thousands per FTE®®
e Vetting and security e.g. Disclosure and Baring Service (DBS) checks costs £23-£40,
Counter Terrorism Check (CTC) costs £82 and horizontal spaceports will have to meet
existing NASP direction requirements*®®
e Staffing and overheads (facilities, IT etc.), ranging from tens to hundreds of jobs!¢?
o Air traffic control (horizontal)
o Emergency response
o Engineering teams
o Ground handlers
o Mission control teams
o Regulatory teams
o Security teams

45. However, some of these costs may be additional and are counted as part of the engagement licence
application costs (transition) and monitoring regime costs (ongoing). This includes Siting Analysis, and
Safety Case (including retaining and reviewing). To avoid double counting, these costs are excluded in
this section.

159 |ATA ‘Professional Training Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/professional-training-
diploma/30/; IATA ‘Advanced Airport Operations Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/advanced-
airport-operations-diploma/18/

160 |ATA ‘Aviation Security Courses’ — available at: https://www.iata.org/en/training/subject-areas/security-courses/; UK aviation security policy
and regulations can be found here - https://www.caa.co.uk/Commercial-Industry/Security/

161 Highlands and Islands Enterprise ‘Space Hub Sutherland — FAQs’ — available at: https://www.hie.co.uk/our-region/regional-projects/space-
hub-sutherland/space-hub-sutherland-fags/
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Range control service providers

Figure 10: Spaceport risk zones concept (for illustrative purposes only)*6?
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46. In the consultation-stage IA, this section illustrated possible compliance costs for range control service
provider licence holders as a result of the proposed secondary legislation under the SIA. However, these
costs were not counted in the EANDCB, business NPV or NPSV because identifying the additional
impact of the proposed secondary legislation is highly uncertain, due to a lack of knowledge about the
additional impact of the proposed legislation compared to “normal” range control service provider
operations. This was tested through consultation, with some consultation respondents saying there
would be additional compliance costs for range services. These costs are captured in this section and
counted in the EANDCB, business NPV and NPSV.

47. Table 38 shows the proposed legislative requirements for range control service providers set out under
Option 2. These requirements are categorised by timing (i.e. transition or ongoing), whether they are
capital expenditure (CAPEX) or operational expenditure (OPEX), and whether they are additional or not,
with a corresponding justification.

Table 38: Range control licence holder additional compliance costs

SIA Requlation OPEX/ Transition/ Additional Justification
section 9 CAPEX Ongoing (Yes/No)
18 Training OPEX Transition Yes Licence application and_prescribed
roles costs
19 Safety Management System CAPEX Transition Yes July 2020 consultat_lc_)n —some IT
expected to be additional
19 Flight Termination Officer* OPEX Ongoing Yes Monitoring regime costs
. July 2020 consultation — some IT
7 Quality Management System CAPEX Both Yes expected to be additional
23 Site Security Programme OPEX Both Yes July_2020 consultation — SOme range
services expected to be additional
7 Technical capabilities CAPEX Transition No Not additional to industry best practice
7 CONOPS OPEX Transition No
7 Operational assessment OPEX Transition No Not additional to industry best practice
7 Parameters of operations OPEX Transition No and/or not SIA specific
7 Agreements OPEX Transition No

* Only applies manual, rather than automatic flight termination systems

162 yk Space Agency ‘Spaceports: Keeping people safe — Figure 5', 21 February 2019 — available at:
https://www.gov.uk/government/publications/spaceports-keeping-people-safe
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48.

49.

Some of these requirements are assumed to be additional but captured elsewhere in the impact
assessment. These additional costs are assumed to be captured in the engagement licence application
and monitoring regime costs sections, and the prescribed roles costs section. Most of these
requirements are assumed to not be additional compared to other existing legislation and/or industry
practice. Only two requirements (Safety Management System and elements of the Site Security
Programme) are assumed to be additional and not captured elsewhere in this IA, based on responses
to the July 2020 consultation. These are captured in the capital expenditure and operation expenditure
sections below.

To give an indication about the types of CAPEX and OPEX involved with constructing and operating a
range, the following sections also include some illustrative analysis. This helps justify why some of the
costs associated with range control services are assumed to not be additional.

Capital expenditure

50.

51.

52.

53.

54,

55.

Capital expenditure (CAPEX) for range control service providers includes infrastructure and equipment
costs, such as telemetry and distance measuring equipment and range surveillance systems. Almost all
of these are assumed to not be additional because they represent industry best practice, are already
budgeted/paid for already based on information from grant recipients, and/or are requirements for other
existing legislation i.e. are not SIA specific. For example, horizontal spaceports will likely already have
air traffic control towers and systems.

The type of range control operations (e.g. horizontal or vertical, manual or automated) is expected to
drive costs, with more mobile and automated services expected to reduce some costs. Vertical launch
sites will likely have higher CAPEX due to the lack of existing infrastructure and operations in the UK
compared to horizontal spaceports, which are expected to be located at existing aerodromes. Horizontal
spaceports are expected to be located at existing licensed aerodromes and, as such, CAPEX may
already be sunk or lower levels of investment required in the future (see Figure 6). However, CAPEX
may not be required in the case of, for example, small scale balloon launches.

In addition, whilst commercial range services are in relatively early stage of development in the UK,
incumbent military or overseas range control service providers may have sunk costs invested in the
development of range equipment and systems. On the other hand, new range control service providers
may need to invest in capital to develop these. This is particularly true for vertical launches, as horizontal
spaceports are expected to be located at existing aerodromes. This represents a potential barrier to
entry for new spaceports (see competition assessment).

A list of potential CAPEX is provided below to illustrate the types of investment required to build a range:

Analysis and reporting tools

Communications and tracking

Command and control facilities and systems

Flight termination systems

Radar/surveillance station and systems (air, ground and/or maritime)
Telemetry stations and systems

Weather monitoring systems

However, the data and communications infrastructure required to collect, analyse and generate
information required for the regulator are assumed to be directly attributable to the Safety and Quality
Management Systems requirements and therefore additional. This has been assessed to be broadly
equivalent to the “Analysis & Reporting Tools” in the list of illustrative costs above.

Based on information provided by a consortium of prospective range control service providers for
UKSA®®3 from grant recipients, the transition cost of this investment is expected to be £0.51m (2019
prices) per site. This is multiplied by the number of successful range control service provider licence
applicants in Annex 3 to provide the total costs. This is likely an overestimate when compared to the
cost of IT capital investment for the regulator (c.£250k), and after accounting for investment that is

163 Telespazio Vega UK et al. ‘Commercial Range Control Services’, 7 May 2019, not published
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already sunk or budgeted for. Therefore, an additionality of 50% is applied as a downward correction to
these compliance costs. The total CAPEX transition costs for range control service providers over the
appraisal period are shown in Table 39 below.

Table 39: Range control service provider Safety and Quality Management
Systems costs 2020-34 (Em), nominal prices, not discounted (100% additionality)

Analysis and reporting Total cost,

tool costs 2020-34 (Em)

Low £0
Central £2.10
High £2.32

Operational expenditure

56.

57.

58.

59.

60.

61.

Operational expenditure (OPEX) for range control service providers includes staffing, equipment
maintenance, and range monitoring and clearance costs. Most of these are assumed to not be additional
because they represent industry best practice, are already budgeted/paid for already based on
information from grant recipients, and/or are requirements for other existing legislation i.e. are not SIA
specific. For example, weather monitoring and the operation of flight termination systems represent
current industry best practice, and range safety requirements are likely to interact with local byelaws too.

OPEX will likely vary depending on the type and scale of operations at the range. For example, horizontal
launches are expected to be located at existing aerodromes (see Figure 6), so some of the Site Security
Programme requirements may already be met and more automated range control services may have
lower OPEX costs.

In addition, both incumbent and new range control service providers will face similar OPEX costs
(depending on their type and scale of operations). However, range control service providers located at
horizontal spaceports may be able to absorb some costs into existing aerodrome operations. This could
represent a barrier to entry for vertical range control service providers (see competition assessment).

A list of potential OPEX is provided below to illustrate the types of costs involved with operating range
control services:

Asset and equipment maintenance

Communications network

Consultancy fees e.g. legal

Insurance

Licensing, ranging from £ thousands to £ tens of thousands, depending on the type and scale of
operations

Mission rehearsals and training

Range surveillance and clearance

Training, in the region of £ thousands per FTE!®*

Staffing and overheads (facilities, IT etc.), tens of jobs

However, some of these costs may be additional and are counted as part of the engagement licence
application costs (transition) and monitoring regime costs (ongoing). This includes training and Flight
Termination Officer requirements. To avoid double counting, these costs are excluded this section.

Some costs are expected to be additional and not counted elsewhere in this 1A, based on July 2020
consultation responses. This includes range services required for each launch i.e. surveillance and
clearance of the range. This is assumed to be attributable to the “Site Security Programme” regulation
under the SIA.

164 | ATA ‘Air Traffic Services Management Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/air-traffic-services-
management-diploma/17/; NASA ‘Range Flight Safety’ — available at: https://sma.nasa.gov/sma-disciplines/range-flight-safety
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62. Based on information provided by a consortium of prospective range control service providers for UKSA
from grant recipients!®®, the ongoing cost of these activities are expected to be £40,000 per launch (2020
prices). This is multiplied by the number of launches in Annex 3 to provide the total costs. This is likely
an overestimate after accounting for activities that are already budgeted for. Therefore, an additionality
of 50% is applied as a downward correction to these compliance costs. The total OPEX ongoing costs
for range control service providers over the appraisal period are shown in Table 40 below.

Table 40: Range control service provider ongoing costs 2020-34 (Em),
nominal prices, not discounted (100% additionality)

Development team Average annual Total cost,

costs costs (Em) 2020-34 (Em)

Low £0 £0
Central £0.42 £6.31
High £0.96 £14.45

165 Telespazio Vega UK et al. ‘Commercial Range Control Services’, 7 May 2019
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Launch operators

Figure 11: Artist's impression of Lockheed Martin vertical launch (left) and photo of Virgin Orbit carrier craft,
Cosmic Girl, and launch vehicle, LauncherOne (right)'®®

63. In the consultation-stage IA, this section illustrated possible compliance costs for launch operator licence
holders as a result of the proposed secondary legislation under the SIA. However, these costs were not
counted in the EANDCB, business NPV or NPSV because identifying the additional impact of the
proposed secondary legislation is highly uncertain, due to a lack of knowledge about the additional
impact of the proposed legislation compared to “normal” launch operations. This was tested through
consultation, with some consultation respondents saying there would be additional compliance costs for
data and communications infrastructure and range services. These costs are captured in the spaceports
and range control service providers sections above.

64. Table 41 shows the proposed legislative requirements for launch operators set out under Option 2.
These are categorised by timing (i.e. transition or ongoing), whether they are capital expenditure
(CAPEX) or operational expenditure (OPEX), and whether they are additional or not, with a
corresponding justification.

Table 41: Launch operator compliance costs

SIA . OPEX/ ' Transition/ Additional? e
section Regulation CAPEX  Ongoing (Yes/No) Justification
18 Training Manual OPEX Transition Yes . L .
18 Training Programme OPEX Transition Yes t:)csetgce application and prescribed roles
18 Training OPEX Transition Yes
19 Safety Management System CAPEX | Transition Yes Captured in Spaceports costs
38 Insurance OPEX Ongoing Yes Captured in this section
17 Informed Consent* OPEX Ongoing Yes Low volume so not quantified
9 Risk Assessment* OPEX Both Yes
11 AEE OPEX Both Yes
18 Medical Fitness* OPEX Both Yes Licence application and_monitoring regime
9&19 Safety Case OPEX Both Yes costs
9& 19 @ Safety Operations Manual OPEX Both Yes
18 Training Equipment CAPEX | Transition No Not additional to industry best practice
18 Mission Rehearsals OPEX Ongoing No
19 Flight Safety Analysis OPEX Ongoing No Not additional to industry best practice
19 Ground Safety Analysis OPEX Ongoing No and/or not SIA specific
23 Operator Security Programme OPEX Both No

* These are requirements for launch activities with human occupants and/or crew

65. Most of these requirements are assumed to be additional but captured elsewhere in the impact
assessment. These additional costs are assumed to be captured in the engagement licence application

166 | ockheed Martin ‘Artist's impression of vertical launch from the UK’, 16 July 2018 — available at:
https://www.gov.uk/government/news/lockheed-martin-and-orbex-to-launch-uk-into-new-space-age; Virgin Orbit ‘Cosmic Girl and LauncherOne’, 5
November 2019 — available at: https://www.gov.uk/government/news/uk-space-agency-confirms-735-million-funding-to-support-small-satellite-
launch-from-cornwall
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66.

and monitoring regime costs, prescribed roles costs and spaceports sections. Some of these
requirements are assumed to not be additional compared to other existing legislation and/or industry
practice. Only insurance requirements are assumed to be additional and not captured elsewhere in this
IA. These are captured in the operational expenditure sections below.

To give an indication about the types of CAPEX and OPEX involved with developing and operating
launch services, the following sections also include some illustrative analysis. This helps justify why
some of the costs associated with launch services are assumed to not be additional.

Capital expenditure

67.

68.

69.

70.

There is limited information about capital expenditure (CAPEX) for launch operators, particularly for
those relevant to the UK. However, launch costs can range from the low £ millions to £ tens of millions
or £ hundreds of millions. The supporting equipment and infrastructure may also be built and/or operated
by spaceports or range control service providers. Therefore, data and communications infrastructure
required for the “Safety Management System” Regulation is captured in the spaceports section.

The frequency and type (horizontal vs. vertical, sub-orbital vs. orbital, with vs. without human occupants)
of launch operations is expected to drive costs, with more complex and risky (including those with human
occupants) launches potentially requiring more CAPEX and reusable launch vehicles, as seen with
Space X, potentially having lower CAPEX.

In addition, incumbent launch service providers (either based in the UK or abroad) may have sunk
costs invested in the development of launch vehicles and accompanying infrastructure and equipment.
On the other hand, new launch service provider may need to invest in capital to develop launch
vehicles etc. This is particularly true for new, UK-based launch service providers that are still under
development. This represents a potential barrier to entry for new launch service providers in the UK
(see competition Assessment).

A list of potential CAPEX is provided below to illustrate the types of investment required to build a launch
service provider:

Analysis and reporting tools

Communications and tracking (may be developed by spaceport or range control service provider)
Launch vehicle ranging from £ millions to £ hundreds of millions

Launch pad (vertical) or runway & taxiway (horizontal) costing £ millions (may be developed by
spaceport)

Mission control facilities and systems (may be developed by spaceport)

e Orbital manoeuvring vehicle

Operational expenditure

71.

72.

Operational expenditure (OPEX) for launch service providers includes staffing, equipment maintenance,
logistics and transportation costs, launch preparations and launches themselves. Most of these are
assumed to not be additional because they represent industry best practice, are already budgeted/paid
for already based on information from grant recipients, and/or are requirements for other existing
legislation i.e. are not SIA specific. For example, logistics and transportation costs are a prerequisite for
launches, depending on the launch location.

The frequency and type (horizontal vs. vertical, sub-orbital vs. orbital, with vs. without human occupants)
of launch operations is expected to drive costs, with more complex and risky (including those with human
occupants) launches potentially requiring more OPEX. For example, launches with spaceflight
participants are expected to require significantly more OPEX, in terms of training, mission rehearsals
and medical fithess checks. In addition, horizontal launches may have lower fuel OPEX than vertical
launches to reach orbit, due to high-altitude mid-air launches (this would also be dependent on the
launch vehicle and payload).
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73. A list of potential OPEX is provided below to illustrate the types of costs involved with operating launch

services:
e Asset equipment and maintenance
e Consultancy fees e.qg. legal
o Fuel & propellant
e Insurance
e Licensing, ranging from £ thousands to £ hundreds of thousands®’, depending on the type

and scale of operations
Mission rehearsals and emergency response drills
¢ Training and medical costs, ranging from £ hundreds to £ tens of thousands per FTE or
spaceflight participant!®®
e Vetting e.g. Disclosure and Baring Service (DBS) checks costs £23-£40, Counter Terrorism
Check (CTC) costs £8216°
e Staffing and overheads (facilities, IT etc.), ranging from tens to hundreds of jobs’
o Engineering teams
o Ground handlers
o Mission control teams
o Regulatory teams
o Security teams

74. However, some of these costs may be additional and are counted as part of the engagement licence
application costs (transition), monitoring regime (ongoing) and prescribed roles costs sections. This
includes training and staffing costs. To avoid double counting, these costs are excluded in this section.

Insurance

Table 42: Launch operator insurance costs 2020-34 (Em), 2020 prices and 2021 present values

Launch operator compliance Transition Average annual Total costs
costs costs (Em) costs (Em) 2020-34 (Em)
Low £ - £ - £ -
Central £ - £ 0.04 £ 0.58
High £ - £ 0.15 £ 2.18

75. Insurance costs are expected to be additional and not counted elsewhere in this IA. To comply with this
legislation, spaceflight operators must purchase insurance. These costs were identified in the
consultation-stage impact assessment for liabilities and insurance!’?, and have been merged with this
section of the IA. They are described but not counted in the Liabilities and insurance section to avoid
double counting.

76. It is assumed that insurance providers break-even: the price of insurance equals the expected damage
plus the administrative cost of insurance. Therefore, in purchasing insurance, spaceflight operators

167 Givil Aviation Authority, CAA Scheme of Charges (Aerodrome Licensing and EASA Certification and Aerodrome Air Traffic Services

Regulation), 15/03/2019, [Available at: http:/publicapps.caa.co.uk/docs/33/ORS5%20N0%20348%20ADL%201920.pdf ]

168 |ATA ‘Professional Training Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/professional-training-
diploma/30/; IATA ‘Advanced Airport Operations Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/advanced-
airport-operations-diploma/18/; Aviation Medical Services ‘Fees’ — available at: https://www.avmed.org.uk/fees/; Virgin Galactic ‘Learn’ — available
at: https://www.virgingalactic.com/learn/

169 |ATA ‘Aviation Security Courses’ — available at: https://www.iata.org/en/training/subject-areas/security-courses/;

170 Highlands and Islands Enterprise ‘Space Hub Sutherland — FAQs’ — available at: https://www.hie.co.uk/our-region/regional-projects/space-
hub-sutherland/space-hub-sutherland-fags/

n HMG ‘DFT425 IA Liabilities & Insurance 2020’, 12 October 2020. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/928065/liabilities-and-insurance-2020-impact-
assessment.pdf
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77.

78.

79.

80.

internalise the cost of their expected damages to society. This is a direct cost to business!’. In
purchasing insurance, spaceflight operators also cover the administrative costs of insurance. This is a
further direct cost to business, which is transferred from insurance providers to operators through higher
insurance premiums.

Based on externally commissioned advice, it is assumed that insurance prices are 0.125% of the
insurance limit purchased (that is, if your insurance covers up to £1m in liability, the price of the insurance
will be 0.0125 x £1m). This is based on using broad assumptions, including that the technology is well
proven as a baseline scenario for modelling purposes, so this may not reflect the bespoke nature of
many space programmes. Also, sensitivity scenarios of +/- 20% on insurance prices are included, to
reflect uncertainty in estimates given that third-party liability insurance prices had increased by 20% over
201973,

Using illustrative MIR for two illustrative sites (Site A and Site B) derived by UK Space Agency’s Chief
Engineer's Team, and assuming insurance would be purchased to cover the entire Fixed Limit, a per-
launch insurance cost is calculated for each illustrative site. Scaling these estimates by the launch
forecasts (Annex 3) provides an estimate for the annual insurance cost to operators.

Launch operators are expected to incur this cost. Launch operators may pass on some of their costs to
orbital operators in raising the cost of procuring a launch, but given the lack of evidence on the size of
this transfer, the costs are not broken down by operator type, and all compliance costs are assigned to
launch operatorst’,

Given a lack of operational data on how much of this cost is transferred from launch operators to orbital
operators, the costs are not broken down by operator type but rather assumed it would be paid by launch
operators.

172 The baseline assumption is that without these regulations, there would be no market at all. Therefore, in introducing a market, we introduce
the direct expected cost of accidents. In purchasing insurance, the expected cost on society is effectively transferred to business and so there is
no change to the NSPV.

173 |nternal commissioned research from Aon UK Ltd. indicates that the space insurance market is closely aligned with the aviation market, and
large claims within the aviation sector are the main driver of these increases.

174 Whilst those engaged in associated activities for launch (spaceport operators and range control operators) may have a claim made against
them, it is assumed that third-party claims will be mostly against launch operators. Under current commercial practice, insurance is taken out by
launch operators with other operators and parties to the launch (including spaceport, range control and orbital operators) named as additional
insureds on a launch third-party liability policy.
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Orbital operators

Figure 12: Artists’ impressions of Orbex Prime (left), Clyde Space UKube-1 (centre) and OneWeb satellite
constellation (right)*”
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81. In the consultation-stage IA, this section illustrated possible compliance costs for orbital operator licence
holders as a result of secondary legislation under the SIA. However, these costs were not counted in
the EANDCB, business NPV or NPSV because identifying the additional impact of the proposed
secondary legislation is highly uncertain. This was tested through consultation, with consultation
responses suggesting there would be additional compliance costs for moving from the OSA to the SIA,
but this was a misunderstanding about the requirements for orbital operators, as they will still be covered
under the OSA. Therefore, no additional compliance costs are counted in this section.

Capital expenditure

82. There is limited information about capital expenditure (CAPEX) for orbital operators, particularly for
those relevant to the UK. However, CAPEX can range from the low £ millions to £ tens of millions or £
hundreds of millions. lllustrative types of orbital operator costs include the payload (i.e. a satellite), and
the facilities and systems for communicating and controlling payloads, including orbital manoeuvring
vehicles.

83. The proposed Regulations under the SIA do not require additional CAPEX for orbital operator licence
holders, as requirements for orbital operators are covered under the OSA and additional guidance has
been provided. There are no additional CAPEX costs captured here.

Operational expenditure

84. There is limited information about operational expenditure (OPEX) of orbital operators. However, these
will include costs associated with operating orbital objectives, including tracking and communications,
insurance, fuel and propellant, collision avoidance and end of life operations. Most of these are covered
by staffing costs and associated overheads.

85. The proposed Regulations under the SIA have been drafted to avoid additional operational expenditure
(OPEX) for orbital operator licence holders, with a few exceptions. These include activities completed
by prescribed and non-prescribed roles as part of the engagement licence application (transition),
monitoring regime (ongoing) and prescribed roles costs sections. To avoid double counting, these costs
are excluded here.

175 Orbex ‘Prime orbital launch vehicle’, 16 July 2018 — available at: https://www.gov.uk/government/news/lockheed-martin-and-orbex-to-launch-
uk-into-new-space-age; ClydeSpace ‘Atrtist's impression of UKube-1', 9 July 2018 — available at: https://www.gov.uk/government/news/successful-
launch-for-uk-space-agencys-first-cubesat-mission; Airbus ‘Artist’s impression of OneWeb satellite constellation’, 18 February 2019 — available at:
https://www.gov.uk/government/news/18m-for-oneweb-satellite-constellation-to-deliver-global-communications
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Justice impacts

1.

The impact assessment thus far assumes full compliance with the legislation, which means we do not
include the impacts of enforcing the regulations in the EANDCB, Business NPV or NPSV calculations.
By way of illustration, and as sensitivity analysis on the full compliance assumption, this section provides
indicative analysis of the costs to key stakeholders on issuing regulator notices, prosecuting offences
and running appeals.

Evidence base and assumptions

2.

On the topic of volume estimates, even if we relax the assumption of full compliance, we expect there will
be very few, if any, enforcement interventions. It is assumed that there will be one enforcement
intervention during the ten-year appraisal period per operator type, as cited in the regulator variable cost
modelling (detailed inputs and outputs tables in Annex 4).

. The volume is so low due to the limited humber of spaceports, launch operators and range service

providers, restricting the number of potential enforcement activities (Annex 3). The volume of regulator
notices and offences is limited further because of the regulations’ ‘stepped’ enforcement. It is proposed
that prosecution is only a last resort, given the regulator’'s powers of issuing of directions and the ability
to suspend, vary or revoke licences. Thus, even relaxing the assumption of full compliance, regulator
notices and offences are not expected to be issued or committed on a regular basis. It is important to
note that any enforcement volume estimates remain uncertain, given there is no UK spaceflight
operational experience to ground the estimates.

. The unit cost to the regulator of a single enforcement intervention will be estimated using the 15 working

days assumption from the regulator variable cost model (Annex 4). The explanation for 15 days being
based on an assumed 5 working days per enforcement intervention for each of the following roles:

a) Technical;
b) Case Management; and
c) Case Support.

. To calculate the wage cost of these 15 working days, it is assumed:

a) The Regulator’s Technical Advisor and Case Manager wages correspond to the wages of equivalent
UKSA grades (Annex 4).

b) The number of workdays is 260 (5 days of 52 weeks of the year), and the number of non-working
work days is 49 (including annual leave etc.), leaving 211 days*’®.

¢) The day rate can be estimated by dividing the yearly salary by 211 days.

d) The staff use all and only 15 working days on the enforcement intervention.

. Note: Costs to business (Orbital Operators, Launch Operators, Spaceport Operators and Range Control

Service Providers) have not been included, in line with HMG guidance to not include the impact on law-
breaking businesses. This analysis assumes the regulator is 100% accurate; no law-abiding businesses
face enforcement costs.

Total cost: Regulator notices and offences

Stakeholder 1: Costs to the Regulator

7.

Example costs of regulator notices and offences faced by the regulator are:

a) Determining whether a license condition or provision of the Act or regulation has been (or is likely
to be) broken;

b) Specifying the time period and any directions to remedy it;

c) Follow-up inspections to determine if it has been remedied,;

d) Preparing prosecution case work; and

e) Enabling and protecting witnesses and whistle-blowers.

176 See Annex 4: UK Spaceflight Regulator for further detail.
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8. It is estimated that there will be 1-2 enforcement interventions during the 15 year appraisal period per
operator type, as assumed in the regulator variable cost modelling (detailed inputs and outputs tables in
Annex 4). It is important to note that any enforcement volume estimates remain uncertain, given there is
no UK spaceflight operational experience to ground the estimates.

9. If we interpret this as a probability, then the probability of there being an enforcement intervention in any
given year for a given operator type is roughly 10%. Thus, the probability of an enforcement intervention
towards any operator in a given year, given there are four licence types, is 40%.

10. The cost of a single enforcement intervention to the regulator will be estimated using the 15 working
days assumption from the regulator variable cost modelling and the UKSA wages (Annex 4).

11. On this basis, the cost of an enforcement intervention to the regulator (in terms of wage cost) is
estimated to be £4,296. Whether this cost is passed onto industry (in the form of appellants being
charged a fee) is analysed in the Rredistributing cost: Appeals section.

12. Net Present Value analysis has not been presented here as the Net Present Value calculation involves
translating “the probability of an enforcement intervention in a given year is 0.4” into “40% of an
enforcement intervention occurs every year”; assigning the 15 working days per enforcement
intervention over two and a half financial years. This is deemed unlikely but is low confidence, and as
such, the Net Present Value of enforcement was thought to be more obscuring than informative for this
indicative analysis.

13. Note on the volume estimate: In the aviation industry, where there are substantially more licensed
operators than anticipated for spaceflight activity, the Civil Aviation Authority successfully prosecutes on
average only 5.8 cases per year'’’. The rate of prosecution in this similar industry implies the regulator
variable cost modelling (detailed inputs and outputs tables in Annex 4) over-estimates the number of
enforcement interventions per year. Furthermore, most of these prosecutions are against individuals,
usually private pilots, for flying offences such as low flying, airspace infringements and deliberately
misreporting their medical status on licence applications. Therefore, even this much-lower enforcement
rate is likely to be largely irrelevant for the licences being granted for spaceflight activity.

Stakeholder 2: Costs to Criminal Justice System agencies and offices

14. As described in the assumption section, the strategy of ‘stepped’ enforcement would ensure that minimal
offences will be committed, and hence prosecuted. The regulator would have the power to notify the
operator of activities identified as likely to contravene licence conditions, or the Act, or regulations made
under the Act. Regulator notices also may identify ways to remedy the contravention.

15. Due to the small number of predicted spaceport sites and relatively low forecast number of launches,
we do not expect these new offences to have a significant impact on the criminal justice system.

Evidence base and assumptions: Appeals

16. We expect there to be very few, if any appeals. This is firstly based on the small number of expected
licence applications, at a maximum of 35 in the forecasted ‘high’ scenario, limiting the pool of potential
appellants i.e. parties appealing decisions (Annex 3). The volume of appeals is limited further by the
iterative style of the licensing process: there will be extensive engagement with applicants to work
through issues that may prevent granting of a license. This cooperation restricts the likelihood that any
given licence applicant will lodge an appeal.

17. Thus, even relaxing the assumption of full compliance with legislation, the appeals process is not
expected to be invoked on a regular basis, if at all. By way of illustration, and as sensitivity analysis on
the zero appeals assumption, indicative analysis of the unit cost of an appeal is given under Unit cost:

Appeals.

17 During 2014-2019; the most recent five years of published data. Available at: https://www.caa.co.uk/Our-work/About-us/Enforcement-and-

prosecutions/).

142


https://www.caa.co.uk/Our-work/About-us/Enforcement-and-prosecutions/
https://www.caa.co.uk/Our-work/About-us/Enforcement-and-prosecutions/

Fixed cost: Appeals

18. In addition to the unit cost of an appeal, there is an additional annual cost associated with the panel
secretary and lawyer drawing up (and then maintaining) an appeal list; identifying any conflicts of interest
and any regulator decisions that prospective panel members have been involved with. This is assumed
to take four working days and two working days respectively for the members of staff above, regardless
of the number of appeals. Assuming the wages of these individuals correspond to the wage schedules
for the following UKSA grades, the cost of drawing up and maintaining an appeals list can be calculated

(Table 43).

Table 43: Annual Time and Wage Costs of Drawing Up and Maintaining an Appeal List

Staff Member Equivalent UKSA Grade Annual Time Cost of Appeal Annual Wage Cost of

List (Days) Appeal List (£)
Secretary SEO 4 890
Panel Lawyer G7 2 628

19. The total annual fixed cost of this appeals procedure is therefore £1,518.

Unit cost: Appeals

20. Some costs are accrued on a per-appeal basis. There are only three possible options. Either permission
to appeal is not granted (and only a permission to appeal hearing is held), or a simple hearing is held
(so both a permission to appeal and a simple hearing are held) or a complex hearing is held (so both a
permission to appeal and a complex hearing are held). The summary table below (Table 44) outlines
the unit cost of these three options.

Table 44: Unit Cost of Simple Appeal under Minimum Viable Option (£1000s)

Stakeholder Total Cost of a Reject Total Cost of a Simple Total Cost of a Complex
Permission to Appeal Appeal Appeal

1: Regulator 6.35 19.0 31.7

2: Business Not included Non-monetised Non-monetised

3: Government 3.50 9.98 16.5

Stakeholder 1: Costs to the Regulator (per appeal)

21. The regulator faces time costs. As described in this proposed legislation, the regulator must prepare a
response to the permission to appeal and if granted, prepare a response to the appeal itself according
to the specified format and within the given time frame. For both stages of a simple appeal, the
regulator’s prescribed actions would have to take place within 42 working days. For both stages of a
complex appeal, the regulator’s prescribed actions would have to take place within 70 working days.
This is displayed below (Table 45).

22. It assumed the UKSA equivalent grade to the Regulator is SCS (Annex 4).

Table 45: Regulator Maximum Time and Wage Cost of Appeal
Type of Appeal Time Cost of Permission Time Cost of Appeal Time Cost of Issuing Total Wage Cost

to Appeal Response Response (Days) Directions (Days) at SCS Rate (£)
(Days)
Simple Appeal 14 14 14 £19,045
Complex Appeal 14 28 28 £31,742

23. The maximum cost to the regulator of performing their prescribed actions on a simple case is around
£19,000 and on a complex case is around £32,000. Note, the assumption that the regulator spends the
entire allocated period working exclusively on that work is very unlikely. These figures provide a ceiling.
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Stakeholder 2: Cost to Business (per appeal)

24. Cost to business includes costs to any intervenors, witnesses or representatives of appellants (parties
appealing decisions), as well as the appellant themselves, for introducing this appeals process. It is
important to note there are no costs to businesses that do not appeal regulatory decisions, beyond
familiarising themselves with the legislation.

25. In the analysis below, we focus solely on the indicative costs to the appellant.

26. Furthermore, the cost to business only includes successful appellants. The costs to businesses and
individuals that are determined to have breached licence conditions or committed offences are not
included in this analysis, in line with the HMG guidance to ignore the impacts on law-breaking parties.

27. Successful appellants will have any paid fees refunded (and hence fees have not been included as a
cost here). However, the panel does not have the power to award compensation for costs to any party
in the appeal. The uncompensated costs to business are:

a) time cost of applying for permission to appeal and if granted, then applying to appeal. As all

successful appellants are granted permission to appeal, we will calculate the cost of both stages.
Table 46 lists the maximum time spend on application, as prescribed in the regulations.

Table 46: Time Costs to Business of Appeal Application (Days)

Type of Appeal Time Cost of Permission to Time Cost of Appeal Total Time Cost to Business
Appeal Application (Days) Application (Days) of Application (Days)

Simple Appeal 14 14 28

Complex Appeal 14 28 42

b) cost of hiring professional representation.

c) cost of writing and sending the optional response to the regulator.

d) any additional costs associated with complying with any direction set out by the panel as part of the
verdict.

28. The lack of sufficient data on these costs was investigated during consultation, with no evidence
provided. It is important to emphasize that these costs will only be borne by businesses (attempting to)
appeal regulatory decisions, and not the industry in its entirety.

Stakeholder 3: Cost to Government (per appeal)

29. Given the regulator will be the respondent in appeals cases (it is regulator decisions that are being
appealed), the cost of the panel staff time is described as a cost to Government.

30. To estimate this cost, the following time cost estimates for staff are used:

Table 47: Time Cost Estimates of Appeals under Minimum Viable Option (Days)

Staff Equivalent Permission to Appeal (Days) Simple Appeal Hearing | Complex Appeal Hearing
Member  UKSA (Days) (Days)

Grade Preparation Hearing Follow Prep. Hearing Follow Prep. Hearing Follow

pre-hearing up up up

Panel SCS 0.5 0.5 0 1 1 0 2 2 0
Member
Panel Grade 7 2 1 1 4 1 2 8 2 4
Lawyer
Secretary SEO 2 1 1 4 1 2 8 2 4

31. 1t is assumed that no further expertise is consulted in this baseline case analysis. Undoubtedly,
consulting expert advisors (even if they are in house) would raise the staff costs of running an individual
appeal.
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32.

To calculate the wage cost of the working days specified in Table 47, it will be assumed that:

a) The wages of relevant individuals correspond to wages of equivalent UKSA grades (Annex 4).

b) The number of workdays is 260 (5 days of 52 weeks of the year), and the number of non-working
work days is 49, leaving 211 days.

c) The day rate can be estimated by dividing the yearly salary by 211 days.

d) All three panel members each bear the time costs specified in the table.

Table 48: Time Cost and Wage Cost Estimates of Appeals under Minimum Viable Option

Staff Equivalent | Permission to Appeal Simple Appeal Hearing Complex Appeal
Member(s) | UKSA Hearing Hearing
Grade Working Wage Cost | Working Wage Cost | Working Wage Cost
Days (E) Days (E) Days (E)

All 3 Panel | SCS 3 1,360 6 2,721 12 5,441
Members

Panel Grade 7 4 1,256 7 2,198 14 4,396
Lawyer

Secretary SEO 4 890 7 1,558 14 3,115
Total 3,506 6,476 12,953
Wage Cost
33. To finalise the unit cost to Government of an appeal, there are only three possible options. Either

34.

35.

permission to appeal is not granted, or a simple hearing is held or a complex hearing is held. The staffing
costs (to 3 significant figures) for each of these are:

a) Permission to Appeal not granted: under this option, only a Permission to Appeal hearing is held, so
total staffing costs are £3,500

b) Simple Appeal hearing is held: under this option, both a Permission to Appeal hearing and a Simple
Appeal hearing are held, so total staffing costs are £9,980

c) Complex Appeal hearing is held: under this option, both a Permission to Appeal hearing and a
Complex Appeal hearing are held, so total staffing costs are £16,500

The actual cost to Government is likely to be higher than the above wage cost estimates, because these
estimates do not cover the full anticipated cost of the appeal. Additional costs are:

¢ Consultants: Due to the technicality of the subject matter, further advice relevant to a case may
need to be sought. Advice from existing civil servants would not be chargeable, but costs
associated with their time would need to be included in the full cost of the appeal. If external
advice is required (for example, from private sector specialists), external consultants may be
contracted and remunerated for providing the advice.
Travel and subsistence expenses for the panel and support staff.

e Resource hire if Government venues and equipment cannot be sourced.
Any delays in the appeal process; for example, if the panel make a request for further
information.

These costs have been left unmonetized, as they vary widely on a case-by-case basis (for example, the
exact kind of consultant expertise required (if any) will be dependent on the details of the case at hand).
This lack of operational experience, or otherwise sufficient data, was tested through consultation, with
no evidence provided.

All Stakeholders

36.

Each stakeholder faces costs associated with panel requests for further information pertaining to the
appeal cases. The costs are faced by all parties — not only those required to source and compile the
requested information - as postponement of hearing dates will introduce a time cost. This has not been
monetised in this case, firstly on the basis that the indicative case is a straightforward one, and secondly
on the basis that the information requests (and subsequent time cost of complying with them) will vary
enormously based on the complexity of the specific appeal at hand.
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Redistributing cost: Appeals

37. Three fee schedules were considered. Fee Schedule 3 is the preferred for the reasons set out below.

Fee Schedule 1 — No Fees

38. The option of charging no fees is not preferred as recovering (a degree of) this cost is needed to comply
with the principles set out in Her Majesty’s Treasury guidance: Managing Public Money!’®. These
guidelines exist to make sure the government neither profits at the expense of consumers nor makes a
loss for taxpayers to subsidise.

39. It is not preferred for a second reason. If there is no penalty associated with appealing, this fails to
disincentivise spaceflight operators from launching ungrounded appeals. Assuming such appeals are
identified at the Permission to Appeal hearing, there has still been time wasted on trivial or likely-to-fail
appeals cases. Some degree of deterrence is required to discourage launching appeals uniformly across
all regulatory decisions.

40. Therefore, some fee is preferred.
Fee Schedule 2 - Full Cost Recovery Fees.
41. Under this option, fees are set to recover the full cost to government.

42. Full cost recovery fees are set to recuperate the full cost, in line with the guidance in Managing Public
Money, where the full cost is the estimated cost of running a representative hearing. It does not include
the transition costs of establishing an appeal process (e.qg. training the relevant staff) as these costs are
likely to be zero as the Appeal Panel members will be experienced.

43. The cost of an individual appeal to Governmentincludes the wages of panel members and
supporting staff, and is represented in Table 48.

44. This option is not preferred as the magnitude of the full-cost recovery fees have the potential to dissuade
potential appellants or intervenors. Given this priority, the general principle that users (the appellants, in
this case) cover the entire cost of services consumed is not necessary to apply here. The Supreme
Court Unison vs Lord Chancellor case, for example, led to the abolition of fees for employment tribunals,
on the basis that they were considered unaffordable and disproportionate!’®. Whilst we anticipate
appellants will largely be businesses and not individuals, it is important that fees do not dissuade
potential applicants, appellants or intervenors.

Fee Schedule 3 (Preferred option) — linked to Civil Procedure Fees.

45. Under this option, the following set of fees (Table 49 and Table 50) is proposed, corresponding to the
current fee structure in the civil procedure®:

Table 49: Preferred Fee Schedule Part A: Pre- Hearing Fees (£)
Fees due before the appeal hearing (£)

Permission to appeal 116
Permission to intervene 50
Amending a notice of appeal 116

Table 50: Preferred Fee Schedule Part B: Hearing Fee (£)

If simple appeal If complex appeal
If heard on the papers 154 240
If heard orally 385 528

1781m Treasury, ‘Managing Public Money’, 2019 - available at: https://www.gov.uk/government/publications/managing-public-money
179 Supreme Court, ‘Unison vs Lord Chancellor case’, 2017 — case details available at: https://www.supremecourt.uk/cases/uksc-2015-0233.html

180 L\ courts & Tribunals Service, ‘Civil Appeals Office fees’, 2016 — available at: https://www.gov.uk/government/publications/court-of-appeal-
civil-fees-form-200
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46. This is the preferred fee structure. The size of the fees is more appropriate, given the importance of not-
dissuading potential users of the service. Furthermore, successful appellants would be refunded,
although the panel does not have the power to award compensation for costs to any party in the appeal.
These measures combine to limit the burden on appellants and intervenors, whilst ensuring there is still
some incentive to refrain from lodging appeals uniformly against all regulatory decisions.

47. They are expected to be affordable and as such, there would be no exemption from fees.
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Accident investigation

Total Cost

Table 51: Total cost of option 2 between 2020-34 (Em), 2020 prices and 2021 present values
Accident investigation

costs (Em) Spaceport Range Launch Orbital Investigator = Other Total

> Average annual costs £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 = £0.00
S Total Cost 2020-34 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00 £0.00
= Average annual costs £0.00 £0.00 >£0.00 £0.00 £0.01 >£0.00 £0.01
8 . Total Cost 2020-34 £0.00 £0.00 £0.07 £0.00 £0.08 >£0.00 £0.15
< Average annual costs >£0.00 >£0.00 £0.12 >£0.00 £0.06 >£0.00 £0.18
T Total Cost 2020-34 >£0.00  >£0.00 £1.83  >£0.00 £0.86 £0.02 @ £2.72

Evidence base and assumptions

1. This section uses global accident rates to illustrate the costs of spaceflight accident investigations,
summarised in Table 51, which may be lower or high than the UK accident rate once launch begins.
Therefore, these costs are not included in the total calculations because there is no evidence about the
rate of accidents for UK launches in the absence of the proposed secondary legislation (and therefore
launches). In addition, 100% compliance is assumed with the proposed secondary legislation, and
therefore the costs of spaceflight accidents actually occurring and the associated investigations are
expected to be relatively low. This evidence gap will be filled once the legislation is implemented and UK
launches can begin.

2. The direct costs of establishing functions to regulate these risks are included in the total costs and
benefits calculations as a cost to the public sector, as estimated in the regulator costs section.

3. Assumptions regarding the number of accidents, number of accidents that result in injuries and/or
fatalities, and location of wreckage are based on launch information published by the Federal Aviation
Administration (FAA). All other assumptions are based on Air Accidents Investigation Branch (AAIB) data
and experience with aviation accidents (Annex 5).

4. Under this option there is a launch safety investigation authority and inspectors are empowered to
investigate accidents and provide recommendations to the industry. Data and expertise from AAIB is
used to estimate the costs of launch accident investigation in the UK.

5. The key assumptions used for this section are as follows:

e Launch accident rate — An accident rate of 3.7% is used for the UK, based on the FAA’s annual
compendium of commercial spaceflight transportation globally*®.

o 18.1% of these accidents are assumed to be serious accidents (accidents in which an individual
is fatally or seriously injured or incidents where there was a high probability that such injury would
occur), based on the same source.

e Wreckage location — On average, 18% of the wreckage is assumed to fall within the launch site and
38% of the accidents will result in no debris. For the remaining accidents debris will be located in the
sea.

e Decision to investigate — Under the central scenario, we propose that only wreckage from serious
launch accidents will be recovered. Under the high scenario, the launch accident investigator would
recover wreckage of all accidents.

181 EAA “Annual compendium of commercial space transportation’, 2018 — available at:
https://www.faa.gov/about/office org/headquarters offices/ast/media/2018 AST Compendium.pdf
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Launch accident rate

6. This IA assumes an accident rate of 3.7% per annum and that 18.1% of those launch accidents are
serious accidents. These figures are based on evidence from the US Federal Aviation Authority (FAA)
annual compendiums (Annex 1: FAA Compendium: Spaceflight accidents) and on the AAIB assessment
of the launch failures reported in the compendium?®®!. The expected total number of launch accidents
and serious accidents by scenario and by launch type are displayed on Table 52. These build on UK
launch market forecasts (Annex 3).

Table 52: Number of launches, number of spaceflight accidents, and number of serious spaceflight
accidents, 2020-2034

Type of launch Estimated total Estimated total spaceflight Estimated total serious
launches, 2020-34 accidents, 2020-34 spaceflight accidents, 2020-34

Low Scenario

Vertical* 0 0 0

Horizontal 0 0 0

Crewed 0 0 0

TOTAL 0 0 0

Central Scenario

Vertical* 86 3.2 0.6

Horizontal 37 1.4 0.2

Crewed 0 0.0 0.0

TOTAL 123 4.6 0.8

High Scenario

Vertical* 172 6.4 1.2

Horizontal 74 2.8 0.5

Crewed 48 1.8 0.3

TOTAL 294 11.0 2.0

* Vertical launches include suborbital launches for accident investigation analysis

Serious accidents

7. The number of serious launch accidents include launches where there were either injuries or fatalities
involving:

¢ the public (e.g. people observing the launch at the launch site); or
e space industry related personnel (e.g. safety manager); or
o flight crew.

8. From the launch failures reported at the FAA compendiums, no injuries or fatalities were reported.
However, there were three launches that could have resulted in serious injuries (these are the accidents
that we classify as serious spaceflight accidents).

9. There is not enough information available to make an assumption on the number of people that will be
fatally injured on the ground or in the air launches. However, for crewed launches (i.e. missions with
human occupants) that result in a serious accident, it is assumed that the entire crew and any other
spaceflight participants do not survive.

Wreckage location

10. In the case of a serious aviation accident, AAIB attempts to recover wreckage if this is likely to support
the investigation. Under the central scenario, this IA assumes that the launch accident investigator will
recover wreckage of all serious spaceflight accidents. Under the high scenario, it assumes that wreckage
from all accidents will be recovered.
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11. Itis important to determine the location of wreckage because recovery costs will be substantially higher
if wreckage is located in the sea. Costs will be estimated in the wreckage costs section that follows. From
the failures reported by the FAA, on average 18% of the debris would fall on land (including launch site),
44% on sea, and approximately 38% of the accidents would result in no wreckage.

12. However, UK spaceports are expected to be located on the coast so that debris will most likely fall in
the sea'®. In cases where the accidents occur in the launch site debris will be located at the site.
Reviewing the failures reported by AAIB, on average, 18% of the wreckage will fall within the launch site
and 38% of the accidents will result in no debris. As a result, it was assumed that the remaining 44% of
the accidents result in debris in the sea.

Decision to investigate

13. The low and central scenarios assume that only serious accidents that endangered life or resulted in a
fatality are investigated. In contrast, for the high scenario we assume that all accidents (i.e. 3.7% of the
total launches) are investigated (Table 53).

Table 53: Decision to investigate assumptions

Scenario  Total Number of Launches = Decision to Investigate  Cost of Investigation (Em)

Low 0 N/A £0
Central 123 Serious accidents £0.15
High 294 All accidents £2.72

Accident investigation costs to businesses
Cost of notifying a spaceflight accident

14. The cost to business will likely involve either a phone call or email from the operator to report the
accident, or integration of the launch accident investigator and/or the Police with the operator’s safety
management system. This will likely be the responsibility of the Safety Manager and, given the low
expected volume of spaceflight accidents, will be a relatively minor opportunity cost in terms of their
time. The full cost of Safety Managers is estimated in the compliance costs section. The launch accident
investigator will bear the cost of responding to notifications (estimated below).

Preserving evidence at the accident site

15. If the debris falls in the launch facilities, then it is very unlikely that this regulation will present a significant
cost (or a cost at all) to the operator as it is already located at the accident site. Preserving evidence at
the launch facility could impose a cost by preventing the spaceport from using its facilities for other
launches. However, this seems very unlikely to occur due to the low humber of launches.

16. Under section 19 of the SIA, emergency services are required to be at the launch site at the moment of
the launch, meaning no extra costs would be incurred within the launch timeframe. Furthermore, in
cases of serious accidents, it is likely that the Police would run an investigation themselves (this would
be separate to the AAIB safety investigation). While this is an indirect cost to the Police and emergency
services, there is limited evidence to provide a reliable estimate of how much this cost might be. This
was tested through consultation, with no evidence provided to update this.

17. In cases where debris falls into the sea, AAIB expects that, due to technical difficulties, evidence would
not be preserved (i.e. the police would not travel to the accident site to protect the evidence).
Nevertheless, initially there will most probably be search and rescue operations (e.g. by HM Coastguard)
to try to find the aircraft with the intention of recovering those on-board®. If floating debris is found, this
may be recovered. For crewed launches, if survivors or bodies are found, they will be recovered.

182 Looking at the FAA reported failures, it seems that failures that occurred in launch facilities located at the coast resulted in no debris or debris

that fell into the sea.
183 National Audit Office ‘HM Coastguard: Civil and Maritime Search and Rescue’, 20 February 1998 — available at:

https://www.nao.org.uk/pubsarchive/wp-content/uploads/sites/14/2018/11/Department-of-the-Environment-Transport-and-the-Regions-HM-
Coastguard-Civil-Maritime-Search-and-Rescue.pdf
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18. Once the search and rescue phase is complete, it will turn to the accident investigation phase. If debris

is floating and not recovered there would be an assessment (not by the launch accident investigator) of
risks to, for example, shipping. There would be actions taken to ensure safety and recover debris if
possible. Similarly, if debris is submerged, consideration would be given to risk to shipping and action
taken if needed (e.g. mandating recovery through insurer, placing buoys etc.). There is no data available
on the quantity of debris that would be submerge or floating to make an informed decision at this point.
This was tested through consultation, with no evidence provided to change this assumption.

Costs related to the investigation

Table 54: Total cost to business of accident investigation (£), 2020 prices and 2021 present values

Investigation costs Spaceport Range Launch Orbital Manufacturer
Initial interview £0 £0 £0 £0
2 Follow-up interview £0 £0 £0 £0 £0
- Evidence £0 £0 £0 £0
__Initial interview £0 £0 £0 £0
*g Follow-up interview £0 £0 £0 £0 £441
8 Evidence £0 £0 £0 £0
Initial interview £1,448 £1,448 £6,449 £1,448
5 Follow-up interview £2,171 £2,171 £9,673 £2,171 £23,977
* Evidence £0 £0 £0 £0
19. For the space industry, costs with supporting the safety investigation result from (Table 54):

a) Initial interviews with the launch accident investigator;

b) Follow-up interviews with the launch accident investigator;

¢) Manufacturers’ investigation and communication with the launch accident investigator; and
d) Collecting evidence requested by the launch accident investigator.

a) Initial Interviews, immediately after the accident

Table 55: Costs of to business of initial interviews (£), 2020 prices, 2021 present values

Business Investigation

Costs (£) Spaceport Range Launch Orbital Total
Average annual £0 £0 £0 £0 £0
How Total 2020-34 £0 £0 £0 £0 £0
Central Average Annual £7 £9 £13 £7 £35
Total 2020-34 £99 £135 £191 £99 £523
_ Average Annual £489 £586 £927 £378 £2,381
High Total 2020-34 £7,341 £8,789 £13,904 £5,675 £35,710

20. Table 55 outlines the costs to business with respect to the initial interviews, excluding prescribed roles.

21.

Table 56 shows assumptions about the number of non-prescribed roles interviewed. Table 57
summarises the number of hours that each type of interview takes, based on AAIB estimates.

Under the central scenario, this IA assumes that the Air Accidents Investigation Branch (AAIB) will
conduct interviews immediately after an accident with employees responsible for the prescribed roles
from the compliance costs section. The costs related to those roles are not included in the EANDCB,
business NPV and NPSYV for this section to avoid double counting. This implies that this regulation would
only impose additional costs to business under the high scenario (with exception of costs to
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manufacturers), in which the launch accident investigator is expected to interview some employees
performing roles that are not prescribed under section 3 or 7 of the SIA (Annex 2).

22. 1t is assumed that a flight crew is formed by the pilot in command and another member (also a pilot).
This assumption is based on information from Virgin Galactic'®* website and FAA Annual
Compendium?es,

23. The cost of conducting the initial interviews (and follow-up interviews) is estimated by calculating the
opportunity cost to business i.e. the number of hours spent in the interview multiplied by the hourly wage
of each person interviewed (including on-costs). For the hourly earnings we have assumed a year with
252 working days. Each working day is assumed to have 7.4 hours.

Table 56: Non-prescribed roles interviewed under the high scenario

Roles Spaceport Range Launch Orbital
Engineering manager Yes Yes Yes Yes
Remote Pilot No No Yes No
Flight Termination Officer No No Yes No
Mission Management Controller No No Yes No
Pilot in Command* No No Yes No
Flight Crew* No No Yes No

* Launch Operators non-prescribed roles for spaceflight activities with human occupants

Table 57: Initial and follow-up interview assumptions

Initial Follow-up Intc_arwews
. . . with eye
Interviews  interview .
witnesses
Hours per person 1 1.5 0.25
§ Number of people interviewed 0 0 0
Number of people interviewing 0 0 0
© Hours per person 2 3 0.5
% Number of people interviewed 6 6
O Number of people interviewing 1 2
Hours per person 4 6
< Number of people interviewed, non-serious, humans occ. 25 25 37
T Number of people interviewed, all other accidents 23 23 37
Number of people interviewing 1 2 1
b) Follow-up Interviews
Table 58: Costs to business of follow-up interviews (£), 2020 prices, 2021 present values
Business Investigation .
Costs (£) Spaceport Range Launch Orbital Total
. Average annual £0 £0 £0 £0 £0
ow
Total 2020-34 £0 £0 £0 £0 £0
Average Annual £10 £14 £19 £10 £52
Central
Total 2020-34 £148 £203 £286 £148 £784
High Average Annual £734 £879 £1,474 £568 £3,655
Total 2020-34 £11,012 £13,184 £22,116 £8,513 £54,825

184 Virgin Galactic ‘Virgin Galactic Crew and Customers to Receive Space Pins from the Association of Space Explorers’, 23 October 2019 —
available at: https://www.virgingalactic.com/articles/virgin-galactic-crew-and-customers-to-receive-space-pins-from-the-association-of-space-
explorers/
185 EAA ‘Annual compendium of commercial space transportation’, 2018 — available at:
https://www.faa.gov/about/office_org/headquarters offices/ast/media/2018 AST Compendium.pdf
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24.

25.

26.

Table 58 outlines the costs to businesses for follow-up interviews, which follow the same approach to
the initial interviews costs. Likewise, costs related to prescribed roles are not included in the EANDCB,
business NPV and NPSV for this section.

As the investigation develops and additional information becomes available, there may be a requirement
to conduct additional, more in-depth, interviews or meetings with specific personnel. AAIB estimates that
each interview will take approximately 3 hours. For the high estimate, this IA assumes that interviews
last six hours (Table 57).

Based on experience of civil air accidents, the launch accident investigator would seek to minimise the
number of additional interviews by planning appropriately and combining activities wherever possible.
However, because it is difficult to predict who would be interviewed, we assumed that all industry
employees that had an initial interview will also have a follow-up interview. Some interviews may take
place with a Union Representative in attendance; however, this is not a requirement and is the
interviewee’s choice. This cost is not estimated for proportionality reasons (i.e. likely to be very small).

c) AAIB investigation and communication (with the manufacturer)

Table 59: Costs to manufacturers of investigation and communication with launch accident investigator,
2020 prices, 2021 present values

Type of launch Average Annual Cost (£) Total Cost 2020-34 (£)
Vertical* £0 £0
Horizontal £0 £0

Low :

Horizontal £0 £0
Total £0 £0
Vertical* £21 £308
Horizontal £9 £133
Central _
Horizontal £0 £0
Total £29 £441
Vertical* £954 £14,317
_ Horizontal £411 £6,162

High _

Horizontal £233 £3,498
Total £1,598 £23,977

* Vertical launches include suborbital launches for accident investigation analysis

27.

28.

As per existing arrangements for the investigation of civil aviation accidents, there is no indication of the
costs that manufacturers or operators incur when supporting civil aviation accident investigations so we
cannot give an estimate. Support typically includes the provision of technical information (drawings,
specifications), analysis of flight data, performance modelling, assistance with examining wreckage
either at the accident site or post wreckage recovery. Table 59 shows the expected cost to
manufacturers of UK launch accident investigations.

This 1A assumes that some of the launch accidents will require work from UK manufacturers. AAIB
provided information with regards to three real aviation accidents. These are presented below and form
the basis of this assumption:

a. A serious incident involving a cargo aircraft. Two aircraft manufacturer personnel, based in the UK,
supported testing on the aircraft for two days. Additionally, the manufacturer spent around 20 hours
providing assistance with technical drawings, questions, emails, and telephone calls. In total, the
manufacturer spent approximately 50 hours supporting the AAIB with this investigation.

b. A fatal accident where a general aviation aircraft was substantially damaged and unable to be
tested. The manufacturer assisted AAIB with wreckage examination and the engine was examined
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by a repair/overhaul agent. The manufacturer spent three days in the investigation and the overhaul
agency spent two days. In total, AAIB required 37 hours of external support.

c. Commercial aircraft accident (hull loss) with multiple fatalities that required two personnel from the
aircraft manufacturer working for approximately two weeks. No technical issues were involved in
this accident so there was no testing. The engines were designed and manufactured in the USA so
a representative from the USA also travelled to the accident site for a week, which was managed
by the overseas investigation authority. In total, manufacturers spent 140 hours in this investigation.

29. These accidents were considered serious and the total amount of hours spent by the manufacturer(s)
ranges between 37 and 140 hours. Table 60 summarises the assumptions made regarding the total
amount of hours. The total humber of hours from the fatal accidents is used as an estimate for the
serious accidents. In contrast, the number of hours from accident ‘a’ is used for the non-serious launch
accident (high scenario). It also shows the assumptions on the percentage of accidents that involve UK
manufacturers. It is assumed that the manufacturer work would be performed by an engineering
manager.

Table 60: Assumptions on UK manufacturers involvement

% accidents

Non-serious launch | Serious launch ) .
involving UK

accidents (hours) accidents (hours) manufacturers
Low 0 0 0
Central 0 37 50%
High 50 140 100%

d) Notification of persons and dangerous goods onboard

30. Launch and orbital operators would be required to provide the launch accident investigator with
information on persons and dangerous goods on board. This would most likely be the responsibility of
the Accountable Manager and, because this cost has already been covered in the compliance cost
section (Prescribed roles), it is excluded from the final estimates to avoid double counting. Nevertheless,
it is unlikely that this task would take more than one hour (two hours under the high scenario). The costs
are shown in Table 61.

Table 61: Costs to business for notification of persons and dangerous goods onboard, 2020 prices, 2021
present values

Time (hours) to

Notification costs gather Launch (£) Orbital (£) Total costs (£)
information
Average Annual £0 £0 £0
Low 0.5
Total 2020-34 £0 £0 £0
Average Annual £3 £3 £7
Central 1
Total 2020-34 £49 £49 £99
. Average Annual £36 £36 £73
High 2
Total 2020-34 £547 £547 £1,094
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Costs related to the safety recommendations

Table 62: Costs to business of replying to the safety recommendations, 2020 prices, 2021 present values

Safety recommendation costs = Spaceport Range Launch Orbital ;I'g;i
L Average annual £0 £0 £0 £0 £0
ow
Total 2020-34 £0 £0 £0 £0 £0
Average Annual £6 £0 £6 £0 £12
Central
Total 2020-34 £92 £0 £92 £0 £184
High Average Annual £229 £229 £229 £318 £1,007
[
J Total 2020-34 £3,441 £3,441 £3,441 £4,776 £15,101

31. From 2015 to 2018, inclusive, approximately 25% of the AAIB civil aviation accident investigations
resulted in safety recommendations?®. As such, this IA assumes that 25% of the launch accidents that
are investigated by the launch accident investigator will lead to recommendations that require a
response from the operator. However, for launch activities, this figure could be higher because the
industry is new. Therefore, the high scenario assumes a rate of 50%. The estimated costs are shown in
Table 62.

32. In the central scenario we assumed that it takes approximately one working day (i.e. 7.4 hours) to
develop a formal answer to the launch accident investigator recommendations. The high estimate
assumes two working days, while the low estimate assumes one working day. (Table 63). This is based
on experience from AAIB.

33. This 1A assumes the response is written by the Safety Manager (80% of the total time writing) and
reviewed by the Accountable Manager (20% of the time just for reviewing and clearing it). The cost of
prescribed roles are estimated in the compliance costs section, and are therefore are not included in the
final estimates in this section to avoid double counting. For orbital operators, the task is performed by
the Accountable Manager only as the Safety Manager is not a prescribed role.

34. The low and central scenarios assume that both spaceports and launch operators receive safety
recommendations. In the high scenario, all stakeholders receive safety recommendations (i.e.
spaceport, launch operators, range control, orbital operator). Again, Safety and Accountable Managers
are prescribed roles and, therefore, costs associated with safety recommendations have no additional
impact on the total costs imposed by the package of regulations. (Table 63).

35. The cost of implementing the recommendations are not considered in this assessment because the
industry is not obliged to implement any of the recommendations. However, they could be stipulated
through licence conditions.

Table 63: Assumptions related to the safety recommendations

% accidents that = Time (hours)
Scenario  will receive safety  spent answering
recommendations recommendations

Who receives safety
recommendations?

Low 25% 7.4 Spaceport and launch operator
Central 2504 74 Launch and spaceport
operator
Launch and spaceport
High 50% 14.9 operator, range control, and

orbital operator

186

These statistics are based on AAIB Field Investigations where an investigation team would typically have deployed after the accident. It does

not include investigations conducted by correspondence, which are predominantly based on statements made by third parties (usually the pilot
involved in the accident).
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Accident investigator costs

Personnel costs

Table 64: Personnel costs to launch accident investigator (£), 2020 prices, 2021 present values
Investigator personnel Flight Data Human

Costs Operations Engineer Recorder Factors Total costs
Low Average annual £0 £0 £0 £0 £0
Total 2020-34 £0 £0 £0 £0 £0
Average Annual £914 £2,027 £1,030 £914 £4,884
Central Total 2020-34 £13,705 £30,398 £15,457 £13,705 £73,265
High Average Annual £5,559 £8,899 £6,199 £5,559 £26,217
Total 2020-34 £83,389 £133,488 £92,983 £83,389 £393,250

36. This IA assumes that four inspectors are assigned to each investigation and they will report to the
Investigator in Charge. Annex 5 expands on this and on the approach to estimate the total working days
spent in each investigation.

37. The total cost with personnel (i.e. the four inspectors) is equal to the number of hours spent on an
investigation times the salaries of the inspectors assigned to the investigation. Table 64 summarises
these costs, which relate to time spent on interviews, communication with the manufacturers, analysing
evidence, preparing the investigation report and safety recommendation, and managing the report to
publication.

Costs related to the Investigation
38. For the AAIB, costs with the investigation result from:

a) Initial interviews with the industry, withesses and third parties;

b) Following-up interviews with the industry, withesses and third parties;
c) Communication with the manufacturers;

d) Analysing evidence;

e) Preparing safety recommendations and the investigation report; and
f) Managing the report through consultation to publication.

39. Costs related to interviews, communication with the manufacturers, and preparing the investigation
report and safety recommendations are already included in the costs with personnel. Nevertheless, they
are still reported, whenever it is possible.

40. In the event of a fatal civil aviation accident, the AAIB co-operates and provides assistance to the
Coroners in England, Wales and Northern Ireland, and Procurators Fiscal and Sheriffs in Scotland. The
launch accident investigator will provide the same assistance in the event of a spaceflight accident that
involves a fatality. This may include, for example, giving evidence in a Coroner’s Inquest or at a Fatal
Accident Inquiry. These costs have not been estimated due to a lack of available evidence and were
tested through consultation, and no evidence was provided to estimate these costs.
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a) Interviews immediately after the accident

Table 65: Costs to launch accident investigator of initial interviews, 2020 prices, 2021 present values
Investigator initial interview costs

) Industry Eye Witnesses Total costs
Average annual £0 £0 £0
Low
Total 2020-34 £0 £0 £0
Average Annual £23 £8 £31
Central
Total 2020-34 £345 £121 £466
Hiah Average Annual £3,007 £1,197 £4,204
[
J Total 2020-34 £45,108 £17,955 £63,062

41. Table 57 outlines the assumptions regarding the length of the interviews. At this early stage of the
investigation and given AAIB’s experience with investigations of aviation accidents, interviews are
expected to be commonly conducted with just one representative of launch accident investigator, which
may be the operations or engineering inspector. Because both are at grade 7AN position, there is no
need to make an assumption on who interviews as wage costs will be the same for both.

42. In the case of aviation accidents, the AAIB interviews both eye and ear witnesses (i.e. public) and the
personnel that work for the industry. Similar to aviation accidents, the launch accident investigator will
select certain people that witness the accident and will interview them accordingly.

43. In the central scenario only approximately seven people will be interviewed (people that withessed
serious spaceflight accidents). In the high scenario, this number raises to 37. These estimates are
computed by multiplying the number of tourists attending a launch event by the rate of serious
spaceflight accidents (central scenario) and the rate of spaceflight accidents (high scenario)®’. For the
launch accident investigator, the time and cost spent with initial interviews is included in the costs with
personnel.

b) Follow-up interviews

44. In aviation accidents’ investigations follow-up interviews are usually conducted by two inspectors, both
of which typically from the same pay band. This IA assumes that the same holds for investigations of
spaceflight accidents. Table 66 outlines the personnel costs. The total costs for the entire appraisal
period are relatively low. These costs do not take into account travelling and subsistence costs which
will be estimated in the following section.

Table 66: Costs to launch investigator of follow-up interviews, 2020 prices, 2021
present values

Investigator follow-up Average annual Total costs,
interview costs (£) costs (£) 2020-34 (£)
Low £0 £0
Central £69 £1,036
High £9,022 £135,323

c¢) Communicating with the manufacturers

45. Table 67 shows the estimated costs of the launch accident investigator's engagement with
manufacturers (it is assumed that all four inspectors engage equally with the manufacturer). However,
these costs are already included in the costs with personnel and therefore, will not be added to the final
total cost.

187 1000 x 0.037 = 37 and 37 x 0.181 = 6.7
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Table 67: Cost to launch accident investigator of working with the manufacturer, 2020 prices, 2021
present values

Type of launch Average annual costs (£) Total costs, 2020-34 (£)
Vertical* £0 £0
Horizontal £0 £0
Low
Crewed £0 £0
Total £0 £0
Vertical* £119 £1,786
Horizontal £51 £769
Central
Crewed £0 £0
Total £170 £2,555
Vertical* £5,119 £76,784
. Horizontal £2,203 £33,049
High
Crewed £1,251 £18,761
Total £8,573 £128,593

* Vertical launches include suborbital launches for accident investigation analysis
d) Analysing Evidence

46. Costs of analysing evidence will vary depending on the amount of work required. According to AAIB,
typical costs associated with a general aviation field investigation might cost approximately between
£5,000 to £10,000 (2020 prices). However, in the case of a commercial aircraft formal investigation
where there is the potential for an entire fleet of aircraft to be affected, the costs could be in excess of
£255,000 (2020 prices). (Table 68).

47. The space industry is technologically advanced and some equipment and technology will be proprietary.
It is probable that manufacturers will have in-house inspections and test equipment and the launch
accident investigator would seek to use this equipment under guidance whenever practicable.
Therefore, it is assumed that only 50% of the accidents will require involvement of a third party. The high
scenario assumes that all accidents will require support from an external specialist. (Table 81).

Table 68: Unit costs and assumptions for analysing evidence, 2020 prices
% of accidents that will

Serious Non-Serious require involvement of a third
Accidents (£) Accidents (£) 'Y
party
Low £0 £0 0
Central £10,106 £0 50%
High £252.642 £10,106 100%
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Table 69: Costs of analysing evidence, 2020 prices, 2021 present values
Type of launch

Average annual cost (£) Total cost, 2020-34 (£)

Vertical* £0 £0

Low Horizontal £0 £0
Horizontal £0 £0

Total £0 £0

Vertical* £153 £2,293

Central Horizontal £66 £987
Horizontal £0 £0

Total £219 £3,280

Vertical* £18,064 £270,953

. Horizontal £7,775 £116,622
High Horizontal £4.414 £66,203
Total £30,252 £453,777

* Vertical launches include suborbital launches for accident investigation analysis
e) Preparing safety recommendations and the investigation report

48. Following the experience in aviation accidents, potential safety improvements are thoroughly discussed
with the responsible stakeholder as and when the investigation identifies that such may be appropriate.

49. Before AAIB issue a safety recommendation, the proposal will be reviewed internally at a safety
recommendations meeting. It is assumed that, if dealing with a serious launch accident, the meeting will
last one hour in the central scenario and two hours in the high scenario. In cases of non-serious launch
accidents, the meeting is expected to last 0.5 and one hour in the central and high scenarios,
respectively. A briefing paper needs to be prepared prior to the meeting and this would take the same
amount of time as the meeting. This has been informed by experience from AAIB.

50. Table 69 shows all individuals involved in the preparation of the briefing paper and everyone that attends
the safety recommendation meeting (this represents the most pessimistic scenario; typically, fewer
people will attend the meeting). These assumptions are based on AAIB experience with aviation
accidents.

51. Table 70 and Table 71 show the costs with the briefing paper and the recommendations meeting. Costs
related to the Flight Data Recorder, Engineer, Operations, and Human Factors inspectors will not be
included in the total costs of this assessment, as they are already included in costs with personnel.

Table 70: Launch accident investigator employees involved in the preparation of the briefing paper and
recommendations meeting

Role Grade Headcount
Briefing Meeting Consultation

Chief inspector of Air Accidents SCS1 0 1 0
Deputy Chief inspector of Air Accidents 6AN 0 1 0
Principal Inspector (inc Investigator in charge) = 6AN 1 6 1
Flight Data Recorder Inspector 7AN 1 1 1
Engineering Inspector 7AN 1 1 1
Operations Inspector 7AN 1 1 1
Human Factors Inspector 7AN 1 1 1
Administrative EO 0 1 1
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Table71: Costs to launch accident investigator of briefing paper, 2020 prices, 2021 present values

Average Total cost, Average annual cost Total cost, 2020-34

annual cost (£) 2020-34 (£) (exc. inspectors) (£) (exc. inspectors) (£)
Low £0 £0 £0 £0
Central £12 £177 £3 £39
High £407 £6,112 £89 £1,341

Table 72: Costs to launch accident investigator of safety meeting, 2020 prices, 2021 present values

Average Total cost, Average annual cost  Total cost, 2020-34

annual cost (£) 2020-34 (£) (exc. inspectors) (£) (exc. inspectors) (£)
Low £0 £0 £0 £0
Central £31 £469 £22 £330
High £514 £7,717 £362 £5,426

52.

53.

4.

55.

56.

f) Managing the report through consultation to publication

All time estimates and assumptions referred below were provided by the Air Accidents Investigation
Branch (AAIB) and are consistent with aviation accidents’ investigations.

The regulations require that the draft report is sent to parties that might be affected. This entails creating
a covering letter, adding numbers against every line of the report and sending it out. The following tasks
are likely to be performed by administrative staff:

e Formatting the report (e.g. adding numbers against every line of the report), which will take between
two to four hours;

e Creating an excel spreadsheet to track responses, expected to last between 0.5 and one hour; and

e Writing an accompanying letter and emailing the report for consultation, which should take between
one to two hours.

The central scenario assumes that these tasks will take a total of 3.5 hours to be completed. In the high
scenario this raises to seven hours.

Responses to the safety report are recorded and when the allotted time for commenting has completed,
the comments are reviewed by the inspectors. For non-serious accidents, this could take approximately
10 to 20 hours (2.5/5 hours for each inspector). For serious spaceflight accidents, the comments could
be more extensive due to the scale of the investigation. The IA assumes 50 hours in the central scenario
and 100 hours in the high scenario. The respective cost is included in the costs with personnel.

Proposed changes or additional work are reviewed with the investigator in charge and when completed,
the report is published. If dealing with a serious spaceflight accident, the review is assumed to last four
hours in the central scenario and eight hours in the high scenario. In cases of non-serious spaceflight
accidents, the review should not last more than two hours in the central scenario and four hours in the
high scenario.

Table 73: Direct costs to AAIB of managing the report to publication, 2020 prices, 2021 present values

Investigator consultation

Investigator Total (exc

costs (£) Inspectors in Charge Administrative | Total Inspectors)
Low Average annual £0 £0 £0 £0 £0
Total 2020-34 £0 £0 £0 £0 £0
Central Average Annual £115 £10 £3 £128 £13
Total 2020-34 £1,727 £156 £39 £1,921 £195
High Average Annual £981 £172 £66 £1,219 £237
Total 2020-34 £14,716 £2,576 £986 £18,278 £3,562
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Recoverable Costs

57.

58.

59.

60.

61.

62.

63.

64.

Under the SIA, the Chief Inspector has the power to recover reasonable expenses in carrying out a
safety investigation from the holder of a licence. These expenses include:

e Costs incurred in recovering and transporting evidence;
e Travel and subsistence costs (e.g. deploying to the site after being informed of the event); and
e Overtime costs.

AAIB provided costs related to wreckage recovery, travel and subsistence (T&S), and overtime for five
aviation accidents that were investigated by AAIB from 2009 to 2018. They range from a ‘small’ aircraft
recovery on land to a substantial sea search and recovery for a fatal commercial helicopter accident.
Table 74 displays the costs, revealing the wide spread of the figures. Investigations number 4 and 5
required recovery of wreckage in the sea. The remaining ones occurred in land.

Recovery costs associated with accident investigation number 5 are disproportionally higher when
compared to the other investigations. This dramatic increase in costs is associated with a substantial
sea recovery of a commercial helicopter.

The AAIB will decide whether or not to recover the wreckage and this will depend on the circumstances
of the event.

If the accident has occurred over land, it is probable that the AAIB will recover the wreckage. If the
accident has occurred over the sea, the decision will depend on whether or not the wreckage will assist
in determining the cause of the accident. If sufficient recorded data exists, it is unlikely that the AAIB will
recover the wreckage. It is more likely that the AAIB will seek to recover the wreckage in the event of a
spaceflight accident with human occupants than without, but even then, recovery would not be a
certainty’®®, The cost of finding and recovering wreckage at sea varies considerably depending on
factors including location, size of the vehicle and wreckage items, depth and equipment required (e.g.
Remote Operating Vehicles, saturation divers etc.). The AAIB will typically discuss wreckage recovery
from the sea with the insurer before committing public expenditure.

Given this, for the central scenario, wreckage will only be recovered if there is a serious spaceflight
accident. For the high scenario, AAIB will recover wreckage of all accidents. The cost of recovery will
always be borne by the industry, either the operator or the insurer.

These assumptions do not mean, however, that the vehicle owner will not collect the wreckage in all
other cases. These costs are driven by commercial decisions to collect wreckage, not directly the
regulations. These costs are captured by the leveraged effects (revenue minus costs) estimates in the
benefits section.

Additionally, this assessment assumes that recoverable costs will be paid in full by launch operators as
they own the spacecraft.

Table 74: Recoverable costs of five aviation accidents (£)

Accident @ Accident @ Accident Accident Accident Average Average

1(Land) 2(Land) 3(Land) 4 (Sea) 5 (Sea) (E;’nsé) (%%zt)
T&S £4527  £8,898  £17,684  £41134  £21,996  £10,370  £31,565
Recovery £7,027  £5589  £7,702  £27255 £358237  £6,772 £192,746
Overtime £381  £6,854  £13,842  £16513  £29,765  £7,026  £23,139
Total £11,034  £21341  £39228  £84,902 £409,999  £24,168 £247,450

188 This is based on conversations with AAIB and how aviation investigations are conducted.
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Table 75: Total recoverable costs (£), 2020 prices, 2021 present values
Type of launch

Low

Central

High

Vertical*
Horizontal
Horizontal
Total
Vertical*
Horizontal
Horizontal
Total
Vertical*
Horizontal
Horizontal
Total

Land cost (£)

Average
Annual

£0

£0

£0

£0
£132
£57

£0
£189
£2,438
£1,049
£596
£4,082

Total
2020-34

£0

£0

£0

£0
£1,980
£852

£0
£2,833
£36,563
£15,737
£8,934
£61,234

Sea cost (£)

Average
Annual

£0

£0

£0

£0
£3,307
£1,423
£0
£4,730
£69,832
£30,057
£17,062

Total
2020-34

£0

£0

£0

£0
£49,601
£21,349
£0
£70,950
£1,047,480
£450,850
£255,934

£116,951 £1,754,264
* Vertical launches include suborbital launches for accident investigation analysis
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Total cost (£)

Average
Annual

£0

£0

£0

£0
£3,439
£1,480
£0
£4,919
£72,270
£31,106
£17,658
£121,033

Total
2020-34

£0

£0

£0

£0

£51,582
£22,201

£0

£73,783
£1,084,043
£466,587
£264,867
£1,815,497



Liabilities and insurance

Table 76: lllustrative total cost of liabilities and insurance Option 2 (MIR) between 2020-2034 (Em), 2020
prices and 2021 present values

Op

Low

Central

High

Direct Costs (Em) Indirect Total
tion 2: MIR Costs . HMG & Cost cost
Spaceport Range @ Launch  Orbital Regulator (Em) (EM)
Familiarisation £0.03 £0.05 £0.05 £0.08 £- £0.37 £0.58
Transition
Costs Engagement £ £ £ £ £0.01 £ £0.01
Compliance £- £- £- £- £- £- £-
Engagement £- £- £- £- £- £- £-
Average . ) ) B} _ - - -
Annual Costs Compliance £ £ £ £ £ £ £
Other £- £- £- £- £- £- £-
Total Cost £0.03 £0.05 £0.05 £0.08 £0.01 £0.37 £0.59
Familiarisation £0.05 £0.07 £0.12 £0.11 £- £0.56 £0.91
Transition
£- £- £- £- £0.12 £- £0.12
Costs Engagement
Compliance £- £- £- £- £- £- £-
Engagement £- £- £- £- £0.01 £- £0.01
Average . ) ) ) i
Annual Costs Compliance £ £ £0.04 £ £0.00 £ £0.04
Other £- £- £- £- £- £- £-
Total Cost £0.05 £0.07 £0.69 £0.11 £0.23 £0.56 £1.71
Familiarisation £0.11 £0.14 £0.23 £0.23 £- £2.59 £3.29
Transition Engagement £- £- £ £- £0.27 £ £0.27
Costs
Compliance £- £- £- £- £- £- £-
Engagement £- £- £- £- £0.02 £- £0.02
Average . ) ) ) i
Annual Costs Compliance £ £ £0.15 £ £0.00 £ £0.15
Other £- £- £- £E- £- £- £-
Total Cost £0.11 £0.14 £2.41 £0.23 £0.59 £2.59 £6.05

Evidence and key assumptions

1.

This section illustrates the impact of liabilities and insurance requirements on key stakeholders, as set
out in the consultation-stage impact assessment on liabilities and insurance and updated using
responses to the Autumn 2020 consultation'®. These illustrative costs are shown in Table 76 above. All
liabilities and insurance costs and benefits have been merged with the consultation-stage impact
assessment on Space Industry Regulations'®, and are therefore counted elsewhere in this IA. The
liabilities and insurance costs and benefits are included in the EANDCB, business NPV (indirect too)
and NPSV.

The liabilities and insurance preferred option is to introduce regulations defining the individuals not able
to make a strict liability claim (Prescribed Individuals would have to prove fault if claiming compensation
for loss or damage as a result of spaceflight activity), and the circumstances where a limit on an
operator’s liability to indemnify government is disapplied (in Prescribed Circumstances, an operator
would be liable for all losses). In addition, this option sets the liability limit and the insurance requirement
on a per launch basis, setting insurance requirements through Modelled Insurance Requirements (MIR)
approach.

The direct costs of establishing functions to regulate these risks are included in the Requlator costs
section, and the impact of business depends on the same cost recovery assumptions. The contingent
liability compliance cost for HM Government (HMG) of setting liability limits is captured in the regulator
costs section too. The familiarisation cost for businesses is captured in the Familiarisation costs, and
the compliance costs to launch operators is captured in the Launch operators compliance cost section.

189 MG ‘DFT425 IA Liabilities & Insurance 2020’, 12 October 2020. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/928065/liabilities-and-insurance-2020-impact-

assessment.pdf
190 MG ‘DFT00420 1A Space Industry Regulations 2020’, 22 July 2020. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/904349/consultation-impact-assessment.pdf
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This IA focuses on launch liabilities: operators of space objects (or, orbital operators) liabilities are not
included. The main affected businesses are launch operators who enter the market via a licensing
process which, under the preferred option, includes the specification of liability limit and insurance
requirement. Based on externally commissioned advice, it is assumed that insurance prices are 0.125%
of the insurance limit purchased. Launch operators may pass on some of their costs to orbital operators
in raising the cost of procuring a launch, but given the lack of evidence on the size of this transfer, all
compliance costs are assigned to launch operators!®:.

The regulator for commercial spaceflight launches will be directly involved in licensing entry to the
market, including setting liability limits. Additional relevant stakeholders for this legislation are the UK
Government (HMG) and insurance providers (Insurers).

In the Autumn 2020 consultation, over a third of respondents indicated that they will need to change
processes to comply with the proposed liabilities and insurance legislation. Respondents provided some
detail around those changes, including:

e additional familiarisation / transitional costs to comply with the SIA orbital regime
e additional costs relating to assessment of re-entry possibilities
¢ additional licensing costs (due to a longer, more costly process)

A number of respondents also commented that the SIA orbital regime is more suited towards launch
related licensing, and that the draft legislation does not distinguish between different operator types.

We do not consider there to be additional cost burdens imposed on satellite operators (for example from
the liability arising under section 34). This is because existing requirements for in-orbit TPL will remain
the same under the SIA as for the OSA. Furthermore, the UK Government understands that a TPL policy
covers unplanned re-entry risk and satellite operators will be covered by the launch policy for the launch
phase. However, there may be cases where an additional cost burden might arise for satellite operators
and the Government will consider how to minimise this risk as part of its wider review to be carried out
on insurance and liabilities. Furthermore, we consider the familiarisation costs monetised within the
consultation-stage impact assessment to be proportionate.

Finally, it was suggested that putting a limit of six weeks on the licence application process will increase
UK attractiveness. However, safety is at the heart of the SIA regulatory regime and therefore we do not
propose putting time constraints on the licensing process, as this could affect the quality of the UK
licensing regime.

Description of impacts

Prescribed Individuals

10. The strict liability is a provision in the SIA. These proposed regulations define individuals who are not

11.

eligible for this right of claim. Given spaceflight is a new activity in the UK, we currently do not have a
strict liability right of claim, or a list of individuals not eligible for this right. This lack of operational
experience means the impact of disapplying the right of claim from Prescribed Individuals cannot be
quantified. To provide some insight, what follows is a brief discussion of the types of costs that may be
faced by the parties.

Prescribed Individuals will need to prove fault in order to secure compensation for injury or damage as
a result of spaceflight activity, which may result in more complex litigation than a strict liability right of
claim. This was deemed to be appropriate given Prescribed Individuals are voluntarily involved in the
spaceflight activities, in full knowledge of the inherent risks.

191 whilst those engaged in associated activities for launch (spaceport operators and range control operators) may have a claim made against
them, it is assumed that third-party claims will be mostly against launch operators. Under current commercial practice, insurance is taken out by
launch operators with other operators and parties to the launch (including spaceport, range control and orbital operators) named as additional
insureds on a launch third-party liability policy.
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Prescribed Circumstances

12. In order to identify the costs associated with this preferred option, it should be noted that there is no
express provision in the OSA that disapplies the limit to indemnify the Government in cases:

a. of gross negligence;
b. of wilful misconduct; or
c. where an operator does not comply with their licence conditions, the SIA or regulations.

13. Although there are no express provisions that disapply the limit, there are sanctions under the OSA that
would mean the limit to indemnify the Government would not apply in certain cases. For example, a
breach of OSA licence conditions could result in the licence being terminated, and a failure to comply
with OSA licence conditions is an offence.

14. These regulations clearly set out the scenarios where the limit on liability to indemnify the Government
would be disapplied. This provides clarity to operators and is thought to be appropriate on the basis that
the Government should not be held liable for any instances of gross negligence or wilful misconduct on
the part of the operator.

15. These clearer and more comprehensive regulations have the additional benefit of providing certainty to
both Government and licence holders regarding when the limit on liability to indemnify the Government
will not apply.

Direct costs to business: Familiarisation

16. This is the direct cost to businesses that familiarise themselves with the legislation and accompanying
guidance before deciding whether or not to enter the launch market. The same methodology as in the
familiarisation cost section, and the specific costs for liabilities and insurance requirements are illustrated
in this section, to avoid double counting. The familiarisation costs for liabilities and insurance are
estimated using the word counts for the Regulations and guidance in Table 77 below.

17. From the Autumn 2020 consultation, around two thirds of respondents indicated they will familiarise
themselves with the secondary legislation and guidance.

Table 77: Word counts for liabilities and insurance regulation and guidance

Type Document Word count
Regulations = The Space Industry (Liabilities) Regulations 700
Guidance Insurance and liabilities requirements 15,200
Guidance Modelled Insurance Requirement Determination Process 9,500

Direct costs to business: Engagement

18. This is the direct cost to licence applicants and holders of, engaging with the regulator during the licence
application process and monitoring regime, respectively. It is assumed that all information required to
set the liability limit and insurance requirements is provided by the operator as part of the Safety Case,
and hence this is already captured in the Engagement costs section and not estimated here to avoid
double counting.

19. In the Autumn 2020 consultation, over a quarter of respondents did not agree that information required
to set the liabilities and insurance requirements is provided by the operator as part of the Safety Case.
Some respondents indicated higher administration and ongoing engagement costs with the SIA orbital
regime. One respondent also highlighted that additional costs could arise through the regulator’s lack of
expertise and/or unfamiliarity with the processes (i.e. requiring higher support from applicants).

20. Some respondents also indicated that costs are likely to be higher, due to some specific insurance and
liability points not being captured within the wider modelling, although these would be more apparent
once the regulations are in force.
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21. Additional, non-monetised engagement costs include the uncertainty of an operator's financial plans
under liabilities and insurance Option 2, Modelled Insurance Requirement. The guidance will not contain
sufficient information to derive a precise modelled insurance requirement due to commercial sensitivity
concerns, but it will be transparent on the method. Once there is sufficient operational experience, it
would be possible to estimate the likely range of modelled insurance requirements.

Direct costs to business: Compliance

22. This is the direct cost to licence holders of complying with regulations. To comply with this legislation,
spaceflight operators must purchase insurance. Based on externally commissioned advice and the
Autumn 2020 consultation, it is assumed that insurance prices are 0.125% of the insurance limit
purchased (that is, if your insurance covers up to £1m in liability, the price of the insurance will be 0.0125
x £1m). These costs are captured in the Launch operators compliance cost section, to avoid double
counting here.

23. From the Autumn 2020 consultation, around a third of respondents indicated that an insurance price of
0.1% of the insurance limit purchase was realistic. However, a third of respondents also indicated that
the expected premium would be higher. It was noted that a rate of 0.1% is a fair generic assumption and
considered in line with historical rates for established geostationary satellites, although it can vary
significantly depending on mission parameters. A general trend across aerospace of rising insurance
premiums was also noted. Based on the responses, we have updated our assumption, from 0.1% to
0.125%.

24. For third-party liabilities in-orbit, respondents indicated that rates would increase for low-Earth orbit
(LEO) satellites, given the increasing number of objects at low-Earth orbit.

Indirect costs to business

25. Businesses with no intention of holding a licence but interested in understanding the UK launch market
incur indirect familiarisation costs'®2. This includes launch insurance providers and is quantified in this
sections as an illustrative case study, using the same methodology as in the Familiarisation costs
section, and the specific costs for liabilities and insurance requirements are illustrated in this section, to
avoid double counting. The familiarisation costs for liabilities and insurance are estimated using the word
counts for the Regulations and guidance in Table 77 above.

26. Other indirect costs are those that “occur outside safe and compliant launch activities”*3. This includes
the cost of accidents as a result of unsafe or non-compliant activities. Given unsafe or non-compliant
activities are likely to contravene a licence condition, or a part of the SIA or its regulations, the impact of
the accident on operators can be ignored under HM Treasury guidance to ignore the impact on law-
breaking businesses. The remaining costs of accidents as a result of unsafe or non-compliant activities
are accounted elsewhere: the cost of investigation is included in Accident investigation section and the
cost of third-party injury and loss is included in the Launch operators compliance costs section.

Regulator costs

27. The regulator for commercial spaceflight launches from the UK will be directly involved in licensing entry
to the market and monitoring compliance with licence conditions. It has two additional functions under
the liabilities and insurance legislation. These are:

¢ Transitional development of the model for setting Modelled Insurance Requirements.
e Ongoing setting of the Modelled Insurance Requirement for each relevant licence.

28. The expected time taken for each of these functions has been estimated by UKSA and are captured in
the regulator costs section, including cost recovery assumptions, to avoid double counting here.

192 Regulatory Policy Committee ‘RPC short guidance note — implementation costs’ August 2019 — available at:
https://www.gov.uk/government/publications/rpc-short-quidance-note-implementation-costs-august-2019
193 M Government ‘Space Industry Regulations 2020 Impact Assessment’, July 2020 — available at:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/904349/consultation-impact-assessment.pdf
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https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F904349%2Fconsultation-impact-assessment.pdf&data=02%7C01%7CBessie.Sorsby%40beis.gov.uk%7C6b2440300846442869c808d8352d2c3e%7Ccbac700502c143ebb497e6492d1b2dd8%7C0%7C1%7C637317815417752564&sdata=%2BsZp6OKIIs8%2FESzWpvpWqUwuaN9ffifuh9vKULa57x0%3D&reserved=0

Costs to UK Government

29. A limit on an operator liability acts as a risk-share between the operator and HM Government. The level
of the limit determines the balance of risk between the operator and HMG, assuming our estimate of
worst-case scenario costs are reasonable. For any limit, there is a (however remote) possibility of an
accident causing even more damage than accounted for in the operator’s insurance requirement. This
possibility means that a limit on operator liability gives the Government a contingent liability. These costs
are captured in the Regulator costs section to avoid double counted here.

Note on Insurance Providers

30. To costs incurred by insurance providers for familiarising themselves with the legislation and guidance
is included in the indirect Familiarisation costs.

31. Assuming insurance providers break-even, they charge a premium equal to the expected damages and
the administrative costs of insurance. Both costs are recuperated through charging spaceflight operators
an insurance premium in the _Launch operators compliance costs section.

Risks and Unintended Consequences

32. Potential risks of our preferred approach are considered below:

¢ HMG costs are higher than anticipated, for example as the modelling of safety risk and average
values which underpinning the MIR approach, or information provided by operators is inaccurate.
There is medium level of risk, given this is a new activity with no precedent in the UK. Sensitivity
analysis has been undertaken to understand the effects of this uncertainty. If an operator is guilty of
non-compliance, wilful misconduct or gross negligence, the liabilities limits will be disapplied.

e Under MIR, operators will face some uncertainty over insurance costs when they are planning
missions, which could affect UK launch demand (Annex 3). The insurance amount will be confirmed
by the regulator as a licence condition. The risks are considered low. Firstly, the guidance will provide
sufficient detail to enable the operators to derive an indicative insurance amount and as a general
assumption, it is estimated that insurance costs will be lower than under the Fixed Limit approach.

e The policy doesn’t deliver intended effects, such as incentivising lower risk missions. Risks are
considered low, as operators will also bear the costs of higher risk missions through higher insurance
premiums. Also, it is estimated the insurance costs will be lower under MIR than the Fixed Limit
approach.

e The risk of legal challenge by an operator specifically against the level of insurance requirements
are likely to be low, as the insurance amount is based on the results of the Safety Case which is
assessed part of the licence application. The regulator will apply specified values to these outputs
as will be published in guidance.

e The risk of the regulations being difficult to enforce are likely to be low, as the SIA legislation
establishes a clear regulatory framework, including enforcement powers for the regulator.
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Alternatives to proposed regulations

Evidence base and assumptions

1. The expected costs and benefits for these alternative options are even more uncertain compared to option
2 (minimum viable regulation), particularly given the impacts of Covid-19. Zero costs and benefits are
attributed to proposed secondary legislation under the SIA for commercial or public provision options, as
no further legislation would be implemented. Therefore, any costs and benefits would be attributed to
either the SIA and other existing legislation. The change in costs and benefits compared to the proposed
secondary legislation in the preferred option are shown for fixed limit on liabilities.

2. This section explores the three alternatives to the proposed regulation (option 2) set out in option 3:

A. Commercial provision and independent regulation — Licensing likely using powers contained in
the Civil Aviation Act 2012 and Air Navigation Orders (ANO), with the same or additional guidance,
RLRs and UK launch market engagement; or,

B. Public provision for more aspects of the UK launch market using powers contained in the SIA.

C. Fixed limit on liabilities — The liability limit and the insurance requirement are fixed at €60m for each
UK launch. This value is consistent with that used by many launch states. The Government will
indemnify any claimants for claims in excess of the operator’s liability limit.

3. Self-regulation is not considered a viable option for this safety-critical industry and potential conflicts of
interest, and is therefore discounted and not considered further.

Commercial provision: lllustrative scenario

4. This section sets out an illustrative scenario describing the expected outcomes for a licensed commercial
spaceflight launch market in the UK likely using powers already contained in the Civil Aviation Act 2012
and Air Navigation Orders (ANO), compared to the proposed secondary legislation in option 2. The
following assumptions have been made:

e The UK launch market exists, compared to option 1 (the counterfactual) where the assumption is
that the launch market does not exist due to the high levels of uncertainty.

e Greater uncertainty compared to option 2, with more variation in possible outcomes and broader
interpretation of existing legislation, primarily in the Civil Aviation Act 2012 and ANO.

e Equivalent or lower benefits compared to option 2, as higher levels of uncertainty will likely lead to
lower levels of investment in the UK launch market, a lower the number of (successful) licence
applications and lead to a lower number of launches (and therefore benefits).

e Higher regulator costs compared to option 2, due to higher levels of uncertainty and less efficient
licensing and monitoring processes, more engagement with the UK launch market, more potential
licence applicants, and additional guidance and/or RLRs for the UK launch market.

e Higher familiarisation and engagement costs to businesses compared to option 2, with the longer
timescales and more resources required to understand the legislation, apply for licences and comply
with licence conditions and monitoring regime. As there is no secondary legislation setting out what is
required of industry, the licensing process is expected to be more protracted as there is no
standardised approach. Industry and the regulator may have to engage more to ensure that all risks
are being mitigated and more guidance might be needed.

e The same or lower levels of compliance costs to businesses compared to option 2, as expected
standards will be the same or lower but may take longer to understand and adopt. Similar to the point
above, this will be due to the lack of detailed regulation guiding industry.

o Greater risks compared to option 2, with higher levels of risk to safety and security, and a greater
likelihood and magnitude of impacts for environment and airspace. In addition, this option may diverge
from foreign regulatory models used for successfully and safely approving spaceflight outside the UK.

5. Given the above assumptions, this option would likely lead to lower net benefits compared to Option 2. It
is also likely that this option (alternatives to proposed regulations) would lead to a different distribution of

impacts across stakeholders. For example, higher costs to government and the regulator, lower net
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benefits (lower benefits and higher costs) for businesses in the UK launch market, and higher expected
costs to third parties (e.g. other businesses and the wider public) from adverse safety, security,
environmental and airspace impacts.

Full public provision: Illustrative scenario

6. This section sets out an illustrative scenario describing the expected outcomes for a fully publicly
provided UK launch services, compared to the proposed secondary legislation in option 2. The following
assumptions have been made:

e Low uncertainty as the UK launch market is publicly provided.

e Same or lower leveraged effect benefits (accruing only to government) compared to option 2, as
it is likely that the UK government’s relatively lower level of expertise in delivering all aspects of the
UK launch services mean it would either earn the same or a lower margin than commercial providers.

e Same or lower growth effect benefits for businesses in the supply chain, as this is linked to
leverage effects benefits as a result of launches from the UK.

e Higher government costs compared to option 2, due to full public provision of UK launch services.

e Higher indirect familiarisation costs to business compared to option 2, with longer timescales
and more resource required for businesses in the wider supply chain to understand the existing
legislation, guidance and RLRs.

e Higher or lower indirect costs to downstream businesses compared to option 2, as the margin
of UK government provision of launch services would likely be different than commercial provision
and passed on to downstream segments of the supply-chain through different prices and/or quality
of services. For example, the implicit subsidy of government provision of the UK launch sector may
lead to lower prices for downstream customers.

e Lower regulator costs compared to option 2, as no new spaceflight regulator would be established.
However, it is likely that existing public bodies, such as the Police, emergency services and the Health
and Safety Executive, would still face indirect costs of overseeing UK spaceflight launches.

e Zero direct costs to business, because no businesses will need to familiarise themselves with the
legislation, guidance and RLRs, engage with the UK spaceflight regulator and comply with licence
conditions and the legislation more broadly

e Zero indirect costs to businesses of providing launch services, because no businesses will
provide these services in the UK in this scenario.

e Higher or lower levels of risk compared to option 2. On the one hand, the UK government’s
relatively lower level of expertise in delivering all aspects of the UK launch services than commercial
providers may mean higher levels of risk, and a greater likelihood and magnitude of impacts for
environment and airspace etc. In addition, this option may diverge from foreign regulatory models
used for successfully and safely approving spaceflight outside the UK. On the other hand, the lack of
profit motive and broader social objectives of government are likely to mean under provision of
launch, meaning the total number of launches and therefore risk may actually be lower.

7. Given the above assumptions, this option would likely lead to lower net benefits compared to option 2.
It is also likely that this option (alternatives to proposed regulations) would lead to a different distribution
of impacts across stakeholders. For example, higher costs to government overall (minus regulator
costs), the same or lower benefits overall (with more accruing to government than industry), and a wider
variation in expected costs to third parties (e.g. other businesses and the wider public) from adverse
safety, security, environmental and airspace impacts.
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€60m Fixed Limit on liabilities: Illustrative scenario

lllustrative Change in Benefits

8.

With higher insurance requirements for low-risk missions and associated higher insurance costs,
Liabilities and insurance Option 3 (€60m Fixed Limit) is expected to make some launches unviable. To
illustrate the effect of restricted demand on the forecasted benefits, Table 78 presents the change in
benefits that comes from losing sub-orbital launches. These low-risk missions (because they carry less
fuel and do not require as much planning for orbital stages) are the most likely to be affected by
disproportionate insurance requirements®,

Table 78 Change in the benefits of the Commercial Spaceflight Programme 2020-34 (Em), with sub-orbital
demand removed'®®

Benefits of UK launch (£ million) Low Central High
Leveraged effects

Leveraged effects: direct GVA £0 -£15 (-21%) -£50 (-21%)
Leveraged effects: indirect GVA £0 -£8 (-21%) -£28 (-21%)
Leveraged effects: induced GVA N/Q N/Q N/Q
Total leveraged effects £0 -£22 (-21%) -£78 (-21%)
Growth effects £0 £0 (0%) £0 (0%)
Tourism benefits £0 -£0.1 (-30%) -£0.2 (-19%)
Total benefits of UK launch £0 -£23 (-9%) -£77 (-14%)

[llustrative cost results

9.

10.

The total cost of a €60m Fixed Limit are presented in Table 79 below. The main difference is due to
compliance costs. Liabilities and insurance Option 3 (Modelled Insurance Requirement, MIR) and its
associated insurance costs to operators are estimated to be 2.5 times larger than the equivalent for
liabilities and insurance Option 2 (MIR).

Liabilities and insurance Option 2 (MIR) has higher familiarisation costs (both directly to operators and
indirectly to wider industry) due to the more complex process and having longer accompanying
guidance. Option 2 (MIR) also has higher regulator costs, as only this option requires additional effort
from the Regulator. However, these differences are dwarfed by the difference in compliance costs.
Liabilities and insurance Option 3 (Fixed Limit) and its associated insurance costs to operators are
estimated to be 2.5 times larger than the equivalent for Option 2 (MIR).

Sensitivity Analysis

11.

12.

In this section, there is additional analysis on insurance costs. It demonstrates that in order for there to
be any difference in launch operator compliance costs between liabilities and insurance Option 2 (MIR)
and Option 3 (Fixed Limit), insurance prices must be lower for insurance cover less than (the GBP
equivalent of) €60 million. The graph below (Eigure 13) demonstrates the difference in pricing schemes,
where pricing scheme A is MIR and pricing scheme B is Fixed Limit.

Liabilities and insurance option 2 (MIR) means that insurance requirements can be set lower than the
standard €60 million of liabilities and insurance Option 3 (to reflect lower anticipated levels of expected
loss included within the 1 in 10 million risk threshold for UK launches). However, if insurance prices do
not vary significantly with the amount of cover purchased (as in Option 3 where it’s fixed up to €60
million), then there is little to no benefit to operators. The relationship here represents the pricing scheme
that offers exactly no difference between liabilities and insurance Option 2 (MIR) and Option 3 (Fixed
Limit) for launch operators. Although some degree of non-linearity in the insurance price and insurance

194 Compared to the ‘SIA Secondary Legislation IA’, there is one further assumption that the effect on the downstream (growth effects) of
removing sub-orbital launch is negligible. The justification is that sub-orbital launches do not carry satellites. All growth effect segments explicitly
reference satellites, except ‘Supply of user devices and equipment’ (Annex 4), which is itself predominantly satellite manufacture.

195 Sourced from UKSA’s Spaceflight Cost Benefit Analysis Model, Version 3.3, adjusted by removing sub-orbital launches from launch forecasts
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cover relationship is expected, reflecting the fixed costs of underwriting and brokerage which occur at
all levels of cover, it is assumed that the relationship modelled above (i.e. Pricing Scheme A, where
there is no difference between options) is unrealistic!®.

Table 79 Total Cost of liabilities and insurance Option 3 (€60m Fixed Limit) between 2020-2034, 2020
prices and 2021 present values

Direct Costs (Em) Indirect Total
Option 2: MIR Costs . HMG & Cost cost
Spaceport = Range @ Launch @ Orbital Regulator (Em) (EM)
Familiarisation £0.02 £0.02 £0.02 £0.03 £- £0.17 £0.26
Transition Costs = Engagement £- £- £- £- £- £- £-
Compliance £- £- £- £- £- £- £-
§ Engagement £- £- £- £- £- £- £-
Average Annual Compliance £ £ £ £ £ £ .
Costs
Other £- £- £- £- £- £- £-
Total Cost £0.02 £0.02 £0.02 £0.03 £- £0.17 £0.26
Familiarisation £0.02 £0.03 £0.05 £0.05 £- £0.26 £0.41
Transition Costs = Engagement £- £- £- £- £- £- £-
= Compliance £- £- £- £- £- £- £-
‘qc: Engagement £- £- £- £- £- £- £-
O é‘c’gzge Annual - o moliance £- £~ £0.16 £- £0.00 £- £0.16
Other £- £- £- £- £- £- E-
Total Cost £0.02 £0.03 £2.47 £0.05 £0.00 £0.26 £2.83
Familiarisation £0.05 £0.06 £0.10 £0.10 £- £1.18 £1.50
Transition Costs = Engagement £- £- £- £- £- £- £-
Compliance £- £- £- £- £- £- £-
ey
.%” Engagement £- £- £- £- £- £- £-
é‘(’;ige Annual - liance £- £~ £0.39 £- £0.00 £- £0.39
Other £- £- £- £- £- £- £-
Total Cost £0.05 £0.06 £5.90 £0.10 £0.00 £1.18 £7.30
Figure 13 Insurance Pricing Schemes Scenarios (A = MIR; B = Fixed Limit)
120,000
— 100,000
“ ' ,a" Pricing Scheme
) ~ A: results in
é 80,000 ’," Difference
) ~ between
e - Options
G 60,000 -
E ----------------" - a» e PricingScheme
% 40,000 B results in No
o Difference
-2 Between
8- 20,000 Options
10 20 30 40 50 60 70 80 90 100

Amount of Insurance Cover (£m)

196 ommissioned evidence from GAD suggests that 25% of insurance premium is incurred as expenses. This figure was derived using published

reports from the 7 largest providers of space insurance, calculating the proportion of total premium that is incurred as expenses. The reports cover
all business within the category of marine, aviation and transport, rather than just space launch.
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Wider economic impacts

Environment

1. There are environmental costs associated with enabling spaceflight launches from the UK. In terms of
costs, there are immediate costs associated with the consultations about the local environmental impacts
and launch operations themselves e.g. greenhouse gas emissions. There are also costs associated with
managing space traffic and debris. This section focuses on the immediate environmental costs
themselves. The costs associated with managing space traffic and debris are captured by existing
international treaties and legislation under the OSA.

2. On the other hand, there are indirect benefits provided by the services that spaceflight provides. These
include Earth observation services for monitoring weather and climate. Given this market already exists
in the UK (see Counterfactual analysis), these benefits are not-monetised here but could be significant if
enabling launches from the UK provides new services (see Growth effects).

3. Environmental impacts will be heavily dependent on the location of the launch and proposed activities,
the type, and the frequency of the launch activity, as together they will create a cumulative environmental
impact. All spaceport and launch operator licensees will need to complete and submit an Assessment of
Environmental Effects (AEE) as stipulated by Section 11 of the SIA. The purpose of the AEE is to ensure
that applicants for either a spaceport or launch operator licence have considered the potential
environmental effects of their intended activities and, if necessary, taken (or identified) proportionate
steps to avoid, mitigate or offset the risks and their potential impact. The AEE, and any consultation
comments received, will be taken into account by the regulator in deciding whether or not to grant a
licence.

4. There are established frameworks for conducting environmental impact assessments and the expectation
is that potential licensees will apply these best practice methodologies in conducting the AEE. However,
the AEE may be required to go beyond the scope of these existing frameworks, to reflect the nature of
spaceflight activities. For the low scenario, it will be the responsibility of the applicant to determine the
content and extent of issues to be considered and reported in the AEE. At this scoping or preparation
stage, it can be difficult to establish the full extent of likely effects and therefore the applicants must
follow a precautionary approach, to ensure the AEE considers all areas where significant effects could
occur.

5. Applicants must provide a description of the relevant aspects of the current state of the environment
(baseline scenario). The AEE must be conducted against this established baseline to demonstrate how
the conditions will change, in relation to this baseline, as a result of the proposed activities. The
assessment must include the potential effects on identified environmental topics such as, but not limited
to: population and human health; biodiversity; air quality; noise and vibration; water (for example, quality
and quantity); marine environment; climate; soils; and cultural heritage. These effects must be assessed
against the established environmental baseline. The AEE must reach a conclusion on the significance of
the effects for each environmental topic and, where mitigation is in place, any residual effects.

6. The applicant will need to adopt a sequenced process to avoid, mitigate or compensate for any significant
environmental impacts. As such it is not expected that spaceflight in the UK should result in a net adverse
environmental impact for either the low, central or high scenarios. However, cumulative environmental
impacts will potentially increase in line with flight frequency but will still be subject to avoidance, mitigation
and compensation.

7. The following provides an analysis of potential climate impacts of the estimated greenhouse gas emission
impacts of a single launch. It also provides indicative methodology and a worked example for calculating
air pollutants associated with spaceflight. For other environmental impacts in relation to: population and
human health; biodiversity; water (for example, quality and quantity); marine environment; land, soils and
peat; landscape and visual impact; material assets and cultural heritage, these are location specific and
the environmental impacts will need to be baselined on specific locational data and these are not
considered here. This has been developed with support from London Economics, and experts and
engineers in UK Space Agency.
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Greenhouse Gases

8. Both vertical and horizontal launches will produce carbon dioxide and other greenhouse gases (GHG).
The most detailed assessment of the potential impact to date is a 2014 technical report on commercial
spaceplane certification and operations*®’.

9. The technical report considered the impact of commercial space access on the upper atmosphere. Rocket
exhaust emissions are known to result in stratospheric ozone depletion, predominantly as a result of
particulate matter emissions from solid and hydrocarbon fuels'®®. Even water vapour emissions from
liquid oxygen and liquid hydrogen fuels, widely considered to be inert, are known to contribute to ozone
depletion.

10. The primary cause of ozone loss due to rocket emissions is through solid rocket motors, none of which
are expected to be operated from the UK in the near term. Present day global ozone loss due to Space
Launch is estimated to be less than 0.1% of the ozone layer, small compared to other sources of ozone
loss due to the low rate of launches!®®. The UK share of the global launch sector by emission mass is
likely to be small due to the sizes of launch vehicles expected (the take-off mass of a medium SpaceX
Falcon 9 rocket from other operators/nations is more than 550 tonnes, the mass of expected UK launch
systems is less than 50 tonnes)?%.

11. Although research into rocket exhaust emission impacts has focused on ozone depletion, there is
emerging evidence that some emission products may contribute to climate change at greater rates than
carbon dioxide (C0O2), although there is considerable uncertainty surrounding the potential magnitude of
the effect. These include particulate matter from solid fuels and black carbon particulates from hybrid
rocket fuels?®t. There is therefore a need to consider the additional radiative forcing effects (when Earth
receives more incoming energy from sunlight than it radiates to space) in the upper atmosphere, in
addition to those from carbon dioxide?®2.

12. Further research is needed on the potential atmospheric impacts of sub-orbital and orbital commercial
space operations. Recognising that further research into these impacts is required, the following section
presents an indicative analysis of the potential GHG impacts of spaceflight activities. The estimation of
the GHG impact is in line with cross-departmental guidance from the Interdepartmental Analysts’ Group
(IAG) on Energy and Climate Change?®.

13. For horizontal launches we assume the launch vehicle is Virgin's Launcher One and for vertical launches
we assume the launch vehicle is the Rocket Lab’s Electron vehicle. The costs of GHG emissions are
based on the central price projection for the non-traded price of CO2 emissions estimated to be £69.28
in 2020/21 and indexed for the period of the analysis 2°4 205,

14. For horizontal launches, based upon Launcher One, we use the assumptions contained in the FAA’s
environmental assessment for the licence issued to Virgin Orbit?®., The emissions estimated are

197 yk government review of commercial spaceplane certification and operations: technical report.

https://lwww.gov.uk/government/uploads/system/uploads/attachment_data/file/329758/spaceplanes-tech.pdf

198 World Meteorological Organization (2002) ‘Scientific assessment of ozone depletion’, www.wmo.int/pages/
prog/arep/gaw/ozone_2002/0zone_2002.html (accessed 06/01/2016)

19y Ross, D Toohey, M Peinemann, P Ross (2009) ‘Limits on the Space Launch Market Related to Stratospheric Ozone Depletion’,
Astropolitics, doi:10.1080/14777620902768867

200 Erost & Sullivan ‘UK Spaceport Business Case Evaluation’, 2018 — available at https://www.gov.uk/government/publications/evaluation-uk-
spaceport-business-case

201 Ross, M Mills and D Toohey (2010) ‘Potential climate impacts of black carbon emitted by rockets’, Geophysical Research Letters, 37,
124810, doi:10.1029/2010GL044548

202 Radiative forcing or climate forcing is the difference between insolation (sunlight) absorbed by the Earth and energy radiated back to space.

203 BE|S ‘Carbon Valuation’, 11 April 2019 — available at: https://www.gov.uk/government/publications/valuation-of-energy-use-and-greenhouse-
gas-emissions-for-appraisal

204 Non-traded carbon values of CO2 are taken from the Department for Business, Energy and Industrial Strategy. Available at:
https://www.gov.uk/government/collections/carbon-valuation--2

205 Note, the CO2 emissions price is expected to be revised up significantly, any environmental cost here is a lower-bound.

206 Einal Environmental Assessment and Finding of No Significant Impact for Issuing a License to Virgin Orbit (LauncherOne), technical report.
https://lwww.faa.gov/about/office_org/headquarters_offices/ast/environmental/nepa_docs/review/launch/media/LauncherOne_Final_EA_and_FON
Sl.pdf
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associated with the launch vehicle and the carrier vehicle, Cosmic Girl. The following assumptions have
been used to provide an indicative estimate of the GHG impacts with a horizontal launch:

3.18 tonnes of CO2 emissions per kg of aviation turbine fuel

3.16 tonnes of CO2 emission per kg of marine fuel oil

Radiative force index is 2 for lower altitudes

Radiative force index is 5.2 for higher altitudes

Launcher 1 fuel consumption per launch is 6,350.29 kg for the first stage
Launcher 1 fuel consumption per launch is 7,98.32 kg for the second stage
Cosmic girl aviation fuel consumption per launch is 34,926.61 kg

15. The volume of CO2 emissions for all launches are estimated by multiplying the UK launch market
forecasts (Annex 3) by the above fuel consumption estimates for the carrier aircraft (horizontal launch
only) and launch vehicles (both horizontal and vertical launch) per launch. This is then multiplied by
radiative forcing index for the different stages of launch activities and the non-traded costs of CO22%7,

16. For vertical launches, based upon the Electron vehicle, we have scaled the Launcher One emissions by
the mass of the propellant in the Electron vehicle which equates to 4,000kg of fuel consumed per launch.

17. We have also calculated the GHG emissions associated with ancillary services (i.e. transport of launch
vehicles and carrier aircraft) associated with Virgin’s Launcher One and the Electron vehicle using the
assumed cost per tonne of GHG emissions, by calculating the volume of emissions based upon the
following assumptions2%;

27.13 tonnes/km of CO2 per test flight for Cosmic Girl/Launcher One

2 tonnes/km of CO2 for Launcher One’s transit

17,702.78 km for Cosmic Girl’s round-trip distance

Cosmic Girl’s fuel consumption in transit is assumed to be 11.60 kg/km

The Electron vehicle transit distance is assumed to be 20,725.73 km

The Electron weight is assumed to be 1,255 tonnes

The Marine fuel oil consumption for the transit of the rockets is 0.0025 kg/t-km

18. The volume of CO2 emissions is estimated by multiplying the UK launch market forecasts (Annex 3) by
the above fuel consumption estimates for the transit vehicles and distances travelled by the transit vehicle
for each launch. This is then multiplied by the non-traded costs of CO22%. The total estimated GHG
impacts of a vertical and horizontal launch are shown in Table 80 below.

Table 80: Estimated GHG impacts -Vertical and Horizontal Launches, tonnes CO2 2020-34, (£)

Vertical Launches Horizontal Launches Total
Launch activities, tCO2 636 10,206 10,842
Ancillary activities — rocket transit, tCO2 51 74 125
Ancillary activities — aircraft transit, tCO2 - 24,172 24,172
Ancillary activities — UK test flights, tCO2 - 1,004 1,004
Total volume, tC02 688 35,456 36,144
Total cost, £ £45,730 £2,355,642 £2,401,372

19. This does not account for minor pollutants produced by the combustion of the propellant. For kerosene,
the main such pollutant is black carbon, which may have a disproportionately high impact on radiative

207 Non-traded carbon values of CO2 are taken from the Department for Business, Energy and Industrial Strategy. Available at:
https://www.gov.uk/government/collections/carbon-valuation--2

208 Figures for Cosmic Girl and Launcher One adjusted for the quantity of fuel used by these relative to Electron. Final Environmental Assessment
and Finding of No Significant Impact for Issuing a License to Virgin Orbit (LauncherOne), technical report.
https://www.faa.gov/about/office_org/headquarters offices/ast/environmental/nepa_docs/review/launch/media/LauncherOne Final EA and FON
Sl.pdf

209 Non-traded carbon values of CO2 are taken from the Department for Business, Energy and Industrial Strategy. Available at:
https://www.gov.uk/government/collections/carbon-valuation--2
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forcing (the key driver of climate change) in the stratosphere?'®. Hence, Table 80 potentially
underestimates the total cost of GHG impacts. For solid propellants and other, more unlikely combinations
(e.g. hydrazine), other minor pollutants may be produced which would need to be assessed in the AEE
and subject to avoidance, mitigation or compensation.

20. This assessment does not consider the environmental consequence of failures. Some scenarios will

require mitigation plans to be implemented (such as the clean-up of propellant spillages), or offsets to
avoid adverse environmental effects but others may have a direct environmental impact. For example, if
a methane-fuelled rocket ruptures during flight and the propellant vaporises into the atmosphere without
combusting, this will be an “emitted” GHG which will require compensation with an associated cost.

21. It is not expected that UK spaceflight launch frequency (Annex 3) will have a significant adverse impact

on the UK’s net zero carbon target. Where adverse impacts are identified the environmental regime
should enable launches to compensate through offsetting carbon emissions where they cannot be
avoided, through the Assessment of Environmental Effects (AEE) and licence conditions.

22. To the extent that UK launches displace launches overseas, the application of UK environmental

standards may result in better environmental outcome if the displacement is in countries with lesser
standards. Another implicit assumption here is that these launches are additional, and do not displace
launches overseas. This is unrealistic, as while it is possible that dedicated smaller launches could lead
to an additional carbon impact compared to (say) many small satellites ‘piggybacking’ on a larger launch,
to some degree the launches will simply be displacing similar launches overseas. Therefore, the GHG
impact of UK based launches is likely to be lower than estimated. Taking into account an assumption for
the percentage of launches which would be a displacement of otherwise occurring launches would further
reduce the average carbon impact per launch.

Air Pollution

23. Spaceflights launches will introduce pollutant emissions, either direct or pollutant precursors into the

atmosphere. Pollutant emissions contribute to the ambient air concentrations of pollutants, either by
directly affecting the pollutant concentrations measured in the ambient air or by interacting in the
atmosphere to form other pollutants. In the United States, air pollutant emissions which are measured as
part of the environmental assessment for spaceflights are: carbon monoxide (CO); nitrogen oxide (NOXx);
reactive organic gases (ROG); sulphates (SO) and particulate matters (PM).

24. Secondary pollutants, such as ozone (O3), nitrogen dioxide (NO2), and some particulates, are formed

through atmospheric chemical reactions that are influenced by meteorology, ultraviolet light, and other
atmospheric processes. In general, emissions that are considered “precursors” to secondary pollutants
in the atmosphere are the pollutants for which emissions are evaluated to control the secondary
pollutants.

25. The air quality impacts of spaceflight activities will be unique to each launch, its location and other

conditions. Ambient air quality is determined by the atmospheric concentrations of specific air pollutants
at a particular time and location. The ambient air pollutant concentrations measured at a particular
location for spaceflights are determined by the pollutant emissions rate which are dependent upon the
type of engine and its size, local meteorology, and atmospheric chemistry. Wind speed and direction and
precipitation patterns affect the dispersal, dilution, and removal of air pollutant emissions. Activity factors
such as the launch vehicles take-off and landing cycle and the time of the flight also affect the calculation
of air quality impacts.

26. Air quality impacts would occur if the spaceflight type and frequency caused pollutant concentrations to

exceed levels set by relevant UK regulations and standards for time periods under consideration. If this
occurred licence holders will need to avoid, mitigate or compensate for the impacts in line with AEE
guidance.
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M Ross, M Mills and D Toohey (2010) ‘Potential climate impacts of black carbon emitted by rockets’, Geophysical Research Letters, 37,

124810, doi:10.1029/2010GL044548
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27.

The expectation is that the AEE would show a comparison of an increase in the pollutants as a result of
spaceflight activity compared to the baseline, that is the existing level of pollutants in the location of the
launch without the launches.

Table 81: Indicative Pollutant levels associated with Vertical and Horizontal Launches, 2020-20342%

28.

29.

30.

31.

32.

33.

Vertical Launches Horizonal Launches Total
Volume Cost Volume Cost Volume Cost
NOXx 0.1 £793 1.0 £12,330 1.1 £13,123
PM 0.0 £943 0.1 £14,658 0.1 £15,601
CO 0.1 NQ 1.3 NQ 14 NQ
ROG 0.0 NQ 0.3 NQ 0.3 NQ
SO4 0.0 NQ 0.1 NQ 0.1 NQ

Table 81 provides an indicative assessment of air pollutants associated with a launch based upon the
assumptions contained in the FAA’s environmental assessment for the licence issued to Virgin Orbit?!2,
Most rocket fuels primarily produce carbon dioxide and water when burned. The exceptions are those
that use solid fuel, or kerosene when used in an air-breathing engine (when pure oxygen is used, the
combustion products are simply water and CO?2).

Solid fuels in particular are likely to produce high levels of PM2.5, from aluminium oxide generated in the
exhaust. It also brings with it a higher risk in the event of an incident. However, we do not anticipate solid
fuel to be used in any of the designs for either horizontal or vertical launch operations in the UK, so it is
not considered here further.

For horizontal launch, the analysis uses the UK launch market forecasts (Annex 3) and evidence from the
FAA environmental impact assessment to licence Virgin Orbit about air pollutant emissions per launch.

For vertical launches, based upon the Electron vehicle, we have scaled the Launcher One emissions by
the mass of the propellant in the Electron vehicle which equates to 4,000kg of fuel consumed per launch
and used the vertical launches in the UK launch market forecasts (Annex 3). For vertical launch, pure
oxygen is used in the combustion process. As such, we do not anticipate any air quality impacts, other
than relatively small impacts from incomplete combustion of the propellants.

Table 81 also shows damage costs which are impact values defined per tonne of emission by pollutant.
These values, when kerosene is used in an air-breathing engine, produces some NOx emissions. These
values estimate the damage cost associated with a marginal change in pollutant emissions and provide
an approximate valuation of the aggregate impact of the activities. Damage costs are published by
Department for Environment, Food and Rural Affairs (DEFRA) for five pollutants, only two of which are
associated with spaceflight?3,

Damage costs are different for different sources of NOx and PM. The damage costs shown in Table 81
relate to aircraft (as spaceflight damage costs are not available) and are based upon published 2017
prices which have been adjusted to be in 2020 prices and also uplifted by 2 percent per year to reflect
the assumption that willingness to pay for health outcomes will rise in line with real per capita GDP
growth. Based on the damage costs the estimated real discounted societal costs associated with the
increase in pollutants is £158,420 (the table shows undiscounted costs) over the period for this scenario.
Following air quality guidance on estimating damage costs, we use the following assumptions:
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Figures for Cosmic Girl and Launcher One adjusted for the quantity of fuel used by these relative to Electron. Final Environmental Assessment

and Finding of No Significant Impact for Issuing a License to Virgin Orbit (LauncherOne), technical report.
https://www.faa.gov/about/office_org/headquarters_offices/ast/environmental/nepa_docs/review/launch/media/LauncherOne Final EA _and FON

Sl.pdf
212 Final Environmental Assessment and Finding of No Significant Impact for Issuing a License to Virgin Orbit (LauncherOne), technical report.
https://www.faa.gov/about/office _org/headquarters _offices/ast/environmental/nepa_docs/review/launch/media/LauncherOne_Final EA _and FON

Sl.pdf
213 https://assets.publishing.service.qov.uk/government/uploads/system/uploads/attachment_data/file/770576/air-quality-damage-cost-
gquidance.pdf
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e NOx emissions - factoring for kerosene (‘aviation turbine fuel’) is 12 kilotons per megaton of fuel,
equivalent to 0.012 tonnes per tonne of fuel?*

¢ Using the above worst-case assumption of 10 tonnes of kerosene per vertical launch and 5 tonnes
for horizontal, this is equivalent to 0.12 tonnes per launch and 0.06 tonnes per launch NOXx
emissions, respectively?®

e Valued at the ‘transport rural’ air quality damage cost per tonne of oxides of nitrogen (NOx) of
£7,8007%, this is equivalent to damage costs per launch of £940 and £470, respectively.

34. We note that for both spaceplanes and rockets, the true air quality impact would be significantly lower.
This is because air quality impacts are based on the effect on human health, and the DEFRA damage
cost estimates have been calculated with ground-based transportation in mind. In spaceflight, however,
most fuel will be used over sea and not on land, and at high altitude, so we would therefore expect this
to have a much smaller (if any) health impact compared to the DEFRA damage costs.

35. It should be noted that other pollutants, such as carbon monoxide, non-methane Volatile Organic
Compounds, sulphur dioxide, and black smoke would be produced. These are negligible in their impact
(for example, there is an estimated £2 cost per tonne of kerosene used for sulphur dioxide emissions,
which is produced at around 1 kg per tonne of kerosene used, with an air quality damage cost of around
£2,000 per tonne), and/or damage costs for these do not exist and we do not attempt to quantify them,
in line with Defra guidance?’.

Noise

36. Noise arising from launch operations is understandably an environmental concern. Spaceplanes and
rockets create significant noise as they take off and (for spaceplanes) pass overhead. However, though
the precise noise levels have yet to be fully determined, initial indications based on published
characteristics are that noise from spaceplanes should not create a more significant impact than noise
from military fast jets?*8. In addition, the coastal nature of launch operations means that much of the noise
will be over uninhabited human population areas. While we do not yet fully understand the impacts of
noise on fauna surrounding the spaceport or along and/or near the flight path, a thorough assessment of
environmental effects (AEE) will need to be submitted before the regulator can grant a licence for a
spaceport or for a launch operator licence. The impact of noise pollution on biodiversity (fauna) will be
one of the environmental topics expected to be assessed within the AEE.

37. The 2014 UK government review of commercial spaceplane certification and operations: technical
report?!® anticipated that, in the immediate term, spaceports with horizontal launch operations will be able
to comply with existing noise regulations, given that they will take place from a licensed aerodrome.
Horizontal launch systems that use carrier craft that are not rocket-powered are much more likely to
comply with existing restrictions than vertical launches that pose a greater noise impact given their
inherent characteristics.

214 National Atmospheric Emissions Inventory emissions factors (http://naei.defra.gov.uk/data/ef-all-results?q=83214), extracted January 2016

215 National Atmospheric Emissions Inventory emissions factors (http://naei.defra.gov.uk/data/ef-all-results?q=83214), extracted January 2016
216 https://www.gov.uk/quidance/air-quality-economic-analysis#damage-costs-approach

217 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/182391/air-quality-damage-cost-methodology-110211.pdf.

218 yk government review of commercial spaceplane certification and operations: technical report.

https://www.gov.uk/government/uploads/system/uploads/attachment data/file/329758/spaceplanes-tech.pdf
219 yk government review of commercial spaceplane certification and operations: technical report.

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/329758/spaceplanes-tech.pdf
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Al

rspace

. Enabling commercial spaceflight from the UK is likely to affect existing airspace users because

commercial spaceflight will require access to, and (at least initially) temporary closures of, airspace
currently used by or available to existing air traffic.

. In addition, spaceports and small unmanned aircraft (SUA) operators may face additional costs

associated with controlling airspace around spaceports and allowing flights within these flight restriction
zones (FRZs) by exception. These costs include the administrative costs for both airports and SUA of
processing applications for permissions to fly within restricted airspace. However, given the small number
of potential spaceports and an expectation that only a small fraction of these other airspace users will
require access to airspace around these spaceports and the small amount of time it would take apply
and process these applications, it is not proportionate to estimate and count these costs in this IA.

. It is not possible to quantify the impact for other airspace users because it will depend on the location,

nature and frequency of spaceflight operations. The impact on existing users can be mitigated by siting
commercial spaceflight away from areas of congested airspace and through the utilisation of flexible
airspace management techniques which minimise the volume and duration of any airspace closure.

. While these impacts cannot be estimated at this time, any effects of requests for airspace changes to

accommodate commercial spaceflight will be considered through the CAA’s Airspace Change Proposal
(ACP) process??, which would be required before any launch activity could occur. Through this process,
the impacts of spaceflight on other airspace users and stakeholders will be determined and the benefits
of such activities weighed against the costs imposed on others.

. Broadly, closures of airspace may either reduce the efficiency or increase the costs of other aviation

activity (for example, by requiring an aircraft to route around the closure), or in extreme cases limit or
prevent activity occurring at a site at all (for example, if the closed airspace represents the only local
airspace suitable for such activity).

. The impact of airspace closure is related to the density of airspace use, frequency of airspace closure

and size of area closed. The first element is controlled through spaceport location, and sites currently
emerging as likely contenders for spaceflight activity are consistently located away from the areas of
busiest airspace??!.

. While greater frequency of spaceflights will naturally lead to more frequent closures of airspace, the

volume of airspace required will be expected to fall as the market matures. When spacecraft are new
and their safe limits unknown, large airspace closures will likely be required for infrequent testing. Current
guidance for aviation states that “all Danger Area activities related to the release of ordnance (which, for
purposes of this document, includes launch to orbit) ... must have an associated Range Danger
Area/Zone (RDA/Z) based on a ‘worst case’ event”??2, which could be substantial, particularly for a multi-
stage rocket.

. As launches become more frequent and safety levels are better understood, the amount of airspace that

needs to be closed for each launch will decrease. As noted in Annex 3, the number of launches is
expected to increase over the appraisal period. We do not foresee a situation in which the impact on
other airspace users is both frequent and significant in the long term and expect the level of initial impact
to be minimised through the ACP process.

. As the requirements of individual spaceflights will differ it is likely that individual spaceports will design

scalable airspace restrictions that can be modified to fit the mission in question. While ACPs may
therefore involve the establishment of a reasonably large ‘Prohibited / restricted / danger’ area, only the
minimum relevant portions of such airspace could be closed through temporary notices to airmen

220
221

Civil Aviation Authority, CAP1616, available at https://publicapps.caa.co.uk/modalapplication.aspx?appid=11&mode=detail&id=8127
NOTAM flight planning maps show the concentration of controlled airspace is away from both the South West of England and the North of

Scotland where launch activities are expected to occur. Up to date NOTAM maps are available at https://notaminfo.com/ukmap

222

Safety and Airspace Regulation Group, Civil Aviation Authority, Special use airspace — Safety buffer policy for airspace design purposes,

available at https://publicapps.caa.co.uk/docs/33/20140822PolicyStatementSafetyBufferPolicy.pdf
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(NOTAM) on a launch-by-launch basis. This is similar to the management of military airspace, which
uses the sectorisation of a larger piece of airspace within which only required sectors are activated??.
Such an approach is also used at the Kennedy Space Centre in the US.

10. Although launches are at least initially very infrequent, wider closures of airspace (or at least notifications

11.

12.

13.

14.

15.

16.

of potential closures) will be required due to the need for relatively broad launch windows. While the
cancelling of a launch would then enable the reopening of airspace, this could only enable ad hoc rather
than planned usage for other users.

The precise nature of how spaceflight-related ACPs will be developed is still subject to considerable
uncertainty. Only Space Hub Sutherland and the Shetland Space Centre have ACPs underway, and
these are at a very early stage of development??* 225, Uncertainty relates to both what sort of airspace
designs will be proposed, and to what the methodological approaches for assessing these will be. Metrics
and procedures designed for the aviation sector (such as noise contours) may not be appropriate for the
assessment of (particularly vertical) launches. The CAA will likely need to develop new methodologies
and approaches, the costs of which will ultimately be paid through industry charges.

The legislation will not in itself impose additional airspace-related costs on spaceflight businesses as the

existing regulatory approach to ACPs discussed above will automatically apply. But by enabling the
sector to exist the legislation will result in additional businesses facing ACP-related regulatory costs,
activity which would not have been fully considered when the airspace regulatory regime was
established. The CAA’'s ACP process can take multiple years to complete, requires comprehensive
consultation of affected stakeholders and detailed environmental modelling, for which costs will inevitably
be incurred.

Sponsors will be responsible for assessing impacts in any ‘drop zones’ (such as for stages returning to
Earth), and for informing / receiving permission for use of these zones, even when these fall outside UK
airspace, although these again are due to separate regulatory requirements.

The nature of ACPs will necessarily vary substantially depending on whether sites are launching
horizontal or vertical missions. Horizontal missions may offer clear parallels to existing aviation ACPs,
but may also offer additional complications in merging both spaceflight and aviation activities at the same
site. Vertical spaceports meanwhile may be subject to greater levels of risk, but are likely to be
segregated from aviation activity by a greater extent if conventional aviation activities are not undertaken
from the site (or from nearby sites).

Given the complexities associated with these new types of ACPs, and the likely lack of experience of
sponsors in progressing such changes, there is a risk that the introduction of UK spaceflight activity may
be delayed by the ACP process. However, this may be partially mitigated as early discussions between
a sponsor and the CAA suggest that even if permanent ACPs cannot be initially agreed, individual
temporary ACPs may be allowed on a launch-by-launch basis for a short period of time.

For the consultation-stage IA, these impacts were not monetised and evidence was sought through
consultation, with consultation responses suggesting that there will be one-off costs to airspace users for
each airspace closure i.e. the range defined for a particular launch or ACPs. This may also incur costs
to other airspace users, who either have to delay operation through or divert operations around this
airspace, which could increase environmental impacts. The cost of ACPs is described above. As the
proposed sites continue to advance their ACPs, further information should become available to assess
possible airspace implications for the post implementation review.

223
224
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ICAO, Civil/Military Cooperation in Air Traffic Management, available at https://www.icao.int/APAC/Meetings/2012 CMC/CIR330 en.pdf
Civil Aviation Authority ‘Airspace change’ — available at: https://airspacechange.caa.co.uk/PublicProposalArea?plD=125

Civil Aviation Authority ‘Airspace change’ — available at: https://airspacechange.caa.co.uk/PublicProposalArea?plD=92
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Small and Micro Business Assessment

Summary

1.

Small and Micro Businesses (SMBs) make up 99 per cent of UK businesses and account for around 48
per cent employment and 33 per cent of turnover??®. SMBs often cite regulation as one of the key barriers
to growth, and regulation can affect them disproportionately. The default position is to exempt SMBs from
the requirements of new regulatory measures??’,

. However, it would not be appropriate to exclude SMBs from the regulations contained in this secondary

legislation. This is because SMBs will likely benefit from this legislation, as it enables commercial
spaceflight launch (launch) activities. Without the secondary legislation, it is unlikely that these SMBs
would be able to enter the launch market.

. It can be argued that the large suite of regulations being introduced for launch activities place barriers to

entry on the industry. However, it would not be appropriate to provide exemptions to SMBs from this
legislation, due to the need to mitigate the safety, security, environment, airspace, legal and international
relations risks outlined in the Problem under consideration.

. To reduce the impact on business, the minimum requirements are being mandated to reduce

unnecessary burden on industry whilst ensuring risks are mitigated. Furthermore, both the numbers of
prescribed roles and numbers of people are small — and are commensurate with both SMBs entering the
market (in that all businesses require at least one person to be employed). If we exclude SMBs we fail
to achieve the Policy objectives.

Fixed and variable costs

5.

6.

The economic intuition behind SMBs being disproportionately affected by regulation is that some costs
resulting from complying with regulation are fixed, i.e. they do not depend on the output of the business.
Since larger businesses operate on a greater scale, such fixed costs are likely to be a smaller proportion
of their overall costs. An identical increase in fixed costs in absolute terms will, therefore, translate into a
larger relative increase in costs for SMBs?%,

The regulations contained in this secondary legislation will almost certainly have proportionally greater
impacts on SMBs:

e Regulations that vary with the frequency of launch activities will not disproportionality impact SMBs.
For example, a certain number of inspections that are required per launch (Annex 4), that will have
proportionally the same impact on all businesses regardless of size. However, it can also be argued
that these variable regulatory activities can be more effectively absorbed by larger firms.

¢ On the other hand, there are regulatory activities that are “per application”, “per operator” or “per
year” (Annex 4). These engagement costs will disproportionality impact SMBs as they are fixed costs
i.e. do not vary with output. In addition, familiarisation costs and compliance costs are predominantly
fixed costs. However, some compliance costs will vary with scale and complexity of launch
operations. For example, launch activities with human occupants will require greater compliance
costs to ensure the safety of spaceflight participants.

. There are large fixed costs associated with constructing a spaceport, regardless of any additional

regulatory requirements. This is also the case for launch vehicle operators, who face very high costs in
terms of the development and building of launch vehicles, and launch site operators who must develop
the infrastructure necessary to enable a launch. However, these cost elements are largely independent
of regulation limits.

226 House of Commons Library ‘Briefing Paper Number 06152: Business Statistics’, 12 December 2018 — available at:
https://researchbriefings.file.parliament.uk/documents/SN06152/SN06152. pdf

227 Department for Business, Energy and Industrial Strategy ‘Better Regulation Guidance’, 23 August 2019 — available at:
https://www.gov.uk/government/publications/better-requlation-framework

228 Regulatory Policy Committee ‘RPC Small and Micro Business Assessment (SaMBA) guidance’, 29 August 2019 — available at:
https://www.gov.uk/government/publications/small-and-micro-business-assessment-samba-guidance
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Size of UK space sector businesses

8. The space industry in the UK has a large number of companies across many segments. London
Economics’ ‘Size and health of the UK space industry’ (2018) report refers to a total of 1,424
organisations in different space-related activities (not mutually exclusive), split across 4 segments and
26 activities within these segments (Table 7).

9. In the operations segment there is a split between business type. “Space operations” is the space industry
segment expected to benefit from secondary legislation under the SIA (Table 8). This includes launch
services (launch operator licences), third-party ground segment operations (spaceports and range
control service licenses), ground station networks (all licences) and proprietary satellite operator (orbital
operator licences):

e Spaceports — There are 9 planned (or already in construction) spaceports in the UK and these
spaceports will likely be classified as small businesses as they will not require many staff to run%.
If this assumption holds true, the impact of legislation will be similar for all operator types in this
bracket.

e Range control — There are 10 potential range control service providers in the UK, several of which
are not SMBs. Assuming the other 2 operators are not SMBs, these regulations would not
disproportionately impact these businesses.

e Launch operators — There are an estimated 11 launch operators in the UK, of which most are
expected to be classed as SMBs. However, there are also relatively large market players, such as
Lockheed Martin and Virgin Orbit. This segment is likely to experience the greatest variation of
legislative impacts, depending on the size of the business and type and complexity of launch
operations.

e Orbital operators — There are an estimated 22 companies involved in proprietary satellite operation
that would be impacted under the secondary regulation. A number of these may fall into the SMB
bracket but some may be classed as larger businesses.

10. The ‘size and health’ report has a regional breakdown detailing the number of organisations engaged in
‘space-related activities’ and the total employment for that region. The wider industry will have a greater
spread of business size. By dividing total employment by the total number of organisations in the UK, the
average size of space sector organisations is estimated to be 29 (Table 82) i.e. the average number of
employees per organisation is small. However, one organisation may be involved in a number of different
space activities in the supply-chain, meaning the average number of employees per organisation in the
space sector is almost certainly higher.

11. In reality, these organisations will likely significantly vary in size. The same report finds that 13
organisations accounted for 83% of total space-related income, indicating that the sector is likely
dominated by a few large businesses. By region, the average number of employees in businesses ranges
from 6 up to 57, indicating that most business will likely be categories as either small or micro businesses.

Table 82: Number organisations and employees involved in UK space activities, 2016/17
Total 2016/17

Number of organisations in space-related activities 1,424
Employment 41,929
Average employees per space activity 29

Size of UK space insurance market

12. The liabilities and insurance proposal is expected to have the largest impact on space launch operations
and space insurers as it will impose direct costs — upfront familiarisation costs and ongoing compliance
costs (insurance costs). Other space-related activity (e.g. associated and ancillary services) may also be
affected with some additional upfront familiarisation costs, although this is expected to be small.

229 | ondon Economics ‘Size and Health of the UK Space Industry 2018’, 30 January 2019 — available at:

https://www.gov.uk/government/publications/uk-space-industry-size-and-health-report-2018

230gtherland spaceport launch centre design revealed, 3 October 2019 — available at: https://www.bbc.co.uk/news/uk-scotland-highlands-
islands-49919672
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13.

14.

There are relatively few brokers and underwriters which have the experience and appetite for launch-
related insurance. For many of them, such products are an extension of their aviation businesses or
possibly transport or telecommunications groups.

Based on the ‘Size and Health’ report, the launch and satellite insurance (incl. brokerage) services
market has grown considerably. Income is estimated at £88m in 2016/17 (increasing from £58m in
2014/15). However, it still accounts for a small proportion of the total space sector, representing less
than 1% of total income and employment. However, we not have evidence about the size of these
businesses.

Mitigations

15.

16.

17.

18.

To reduce the impact on business, the minimum requirements are being mandated to reduce
unnecessary burden on industry whilst ensuring risks are mitigated. A more extensive list of regulations
has been reviewed and refined throughout the drafting process. Only the minimum viable regulations to
enable the market to exist whilst ensuring the risks are mitigated have been chosen.

Furthermore, both the number of prescribed roles and number of people are small, and are
commensurate with both SMBs entering the market (in that all businesses require at least one person to
be employed). The regulations do not require that prescribed roles must be held by separate individuals,
except in the case of the Launch Director and Safety Manager. These roles must be filled by separate
people to ensure that any safety concerns raised by the Safety Manager are addressed by the Launch
Director before the Launch Director gives final approval for launch to take place. A Security Manager will
only be needed for orbital operators if there is a risk to national security, who would also need to be a
specific person.

There is also no need to comply with these regulations within a specific timeframe. This is because there
are currently no licence holders in the UK, so business (regardless of size) can take as long as they need
to comply with the regulations before deciding to apply for a licence and enter the market. In addition,
the Regulator costs have accounted for engagement with prospective licence applicants, which should
lower the barriers to entry for SMBs.

The liabilities and insurance regulations have been designed to minimise potential adverse impacts on
business whilst ensuring risks are mitigated. Whilst our preferred approach does impose additional
upfront familiarisation costs through more complex guidance, it delivers net savings through lower
insurance costs, benefiting SMBs.
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Competition Assessment

Summary

19. This legislation may act as a barrier to entry, as businesses will only enter the market if they think it is
commercially viable given the cost this legislation imposes. There is a trade-off here between the
appropriate level of regulation and ensuring that no firm acts as a monopoly supplier.

20. In addition, if the UK’s regulatory requirements impose greater costs on business than that that of other
states, then businesses may look to conduct their business in countries with lower regulatory costs. As
indicated in methodology and scope, if the regulatory costs are too high, and over what a business could
sustain and make a profit, this would constrain or prevent entry into the market.

21. This assessment concludes that the regulations are unlikely to have a negative impact on the level of
competition in the UK launch market, given the “outcomes” based approach that has been taken when
drafting the regulations. This prescribes what government and the regulator expect the outcomes to be
rather than how to achieve them.

22. However, certain segments of the UK launch market are more susceptible to low levels of competition, in
particular spaceports and range control service providers. The nature of these markets will mean that
they can only support a small number of businesses, which can lead to limited supply and local
monopolies. The regulations should minimise the impact on these segments.

Supply

23. These regulations are enabling the launch market to exist and therefore, whilst opening a potentially
competitive market, could also adversely impact the level competition by setting precedents. Increasing
the financial burden on businesses in the launch market could result in a scenario where the market can
support fewer businesses than before, as increases in costs restrict supply. Therefore, these regulations
could indirectly reduce competition by reducing the number of businesses and therefore choice for
consumers i.e. satellite operators or other organisations that require launch services.

24. For example, the eligibility criteria defined in the preferred option sets out a series of criteria that those in
the prescribed roles must meet. Whilst this is necessary (particularly given the safety critical nature of
this industry), it means that only a certain type of person can apply, therefore limiting the supply of labour,
which in turn may increase costs to businesses. The knock-on effect of reducing supply may reduce the
amount of competition in the industry.

Spaceports

25. There may also be other unintended consequences of the legislation. There are an estimated 9 proposed
spaceports sites across the UK (Table 8), and this small level of supply, coupled with geographical
location of these sites, may inadvertently create local monopolies. The level of demand may only sustain
a few spaceports. Assuming the services offered by spaceports are the same, regulations that impose
costs to business increases the chance that only 1 spaceport site receives the majority of business (and
earn supernormal profits), whilst the others do not receive enough to operate profitably. The monopoly
spaceport may use its market power to constrain supply, increase prices and earn supernormal profits.
This scenario is the opposite of a competitive market, whereby businesses are price takers (i.e. do not
control prices through supply) and earn normal profits.

26. Comparisons can be drawn between spaceports and airports. Airports can create local monopolies
(assuming price and quality are the same), with accessibility being a key determinant of which airport
passengers and businesses choose i.e. they will choose the closest, most accessible airport to minimise
travel time and cost. However, the cost of launch is already very large, so the travel cost and distance
may be a much smaller fraction of the total cost, and have a much smaller impact on the decision.

27. The location of the spaceport is likely to be of greater importance when considering the other factors
determining the siting of spaceports. Factors such as launch environment, safety, presence of other
payloads, launch trajectory etc. can significantly impact on launch operator’s choice of spaceport. For
example, proposed vertical launch sites are in the north of the UK to achieve polar orbit and sun-
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synchronous orbit launch trajectories. Certain locations may inadvertently be better than others, and
given that there will only be a few spaceports, this may increase the chance of a monopoly forming.

Range control service providers

28. There are currently no agreed commercial range control service providers in the UK. Having a single
operator may be uncompetitive, as they hold all the market power. The nature of the range control market
is such that it may only be able to support a very limited number of businesses (as low as 1 or 2).
However, competitive outcomes could still be achieved with few providers. For example, comparison, in
the aviation sector, a combination of aerodromes and NATS control the different types and classes of
UK airspace®!.

Launch and orbital operators

29. Research by Frost and Sullivan 2018 (focusing on small satellites and launch services) indicates that it is
unlikely that monopolies will be created in the UK launch market. According to the report, a monopoly
has a lower chance of forming because:

e The international mobility of the space industry and insurance costs, a launch service provider
with a strong safety record can transfer this record to new launch locations.

e The dedicated launch service (as opposed to ridesharing) market, by definition, needs to offer
choices. Even within Low Earth orbit (LEO) launch services, there is a range of altitudes that will
require specific launch vehicles.

30. The report details that, although the market has high entry barriers, more than 40 small-satellite launch
vehicles are under development, indicating that the market may be competitive. This is supported by
SpaceFund’s Launch Database, which looks at the global launch service market?®2. In addition, there
are 22 satellite operators in the UK (2016/17), indicating a relatively high level of competition. It is worth
noting that this depends on spaceports being provider-agnostic (open to all launch service-providers), to
ensure open competition and limit the possibility of a monopoly.

31. The proposed secondary legislation is unlikely to have a significant adverse impact for competition among
orbital operators, given the market for launch overseas already exists. The creation of UK launches may
even increase competition in this market.

Space Insurance Market

32. An assessment of the space insurance market is provided in the rationale for intervention, identifying a
small level of supply due to high barriers to entry (immaturity of the market, limited sector experience and
no UK launch data) and low earnings potential. Based on this evidence, the market is more likely to be
at risk of further contraction rather than growth. The development of UK launch market could increase
demand for services and improve UK launch-related data, increasing capacity of existing market
participants and/or the number of new entrants. This will not enable the market to offer unlimited liability
cover (and not negate the need for ongoing government intervention through liability limits).

33. Conversely, if a key player suffers large losses in space or another product area (whether related, such
as aviation, or unrelated such as weather damage and disruption) or, more generally, experiences poor
financial results, it could lead to reduced availability in the space sector. In a small pool of providers, the
overall performance of an individual insurer is more important, as any change will be magnified by
comparison with larger markets where the impact of one firm’s capacity is diluted across a larger number
of players. This could constrain market supply further to the extent that remaining providers can use its
market power to increase prices.

231 NATS “Introduction to Airspace’ available at: https://www.nats.aero/ae-home/introduction-to-
airspace/#:~:text=In%20the%20UK%20there%20are,and%20G%20is%20uncontrolled%20airspace
232 Erost & Sullivan ‘UK Spaceport Business Case Evaluation’, 11 October 2018 — available at:

https://www.gov.uk/government/publications/evaluation-uk-spaceport-business-case
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Innovation Test

Summary

34

35

. The emerging nature of the UK launch market means that it is inherently innovative for the UK, and the

proposed secondary legislation is designed to “regulate the market into existence”. Without enabling the
market to exist, there is a risk that other countries with launch markets will benefit from this innovation
to the detriment of the UK. Creating a prohibitive environment in the UK would therefore not achieve the
Policy objectives?®.

. Therefore, whilst the expected costs to business of the legislation may have adverse impacts on

innovation in the sector, by displacing investment in R&D, the legislation as a whole will be enabling
innovation in the UK.

Innovation friendly regulation

36

37.

38.

39.

40.

41.

. The spaceflight market is constantly changing and evolving, and design of the regulation took this into

account. The regulation has been designed with adaptive, resilient and future-facing strategies in mind.
Having a structure that appoints the regulator, rather than specifying in the legislation also helps future-
proof the regulation. Orbital operators, for example, are characterised by a wide diversity in mission
profiles and varying technology. Therefore, an adaptable, outcomes-based, regulatory regime is
important to ensure that new developments in recognised standards and practices can be considered.
In addition, the regulations delegate certain matters to the regulator, allowing for the flexibility to specify
these matters in guidance, especially for those that would vary for different spaceflight activities.

A large suite of overly prescriptive regulations could negatively impact innovation by ‘pigeonholing’ the
regulator or industry into a limited number of pathways that shut out other avenues of discovery. The
preferred option for this legislation is therefore the minimal viable regulation to enable the market to
exist, and has also been drafted in an “outcomes” based way, prescribing what government and the
regulator expect the outcomes to be rather than how to achieve them. The onus is placed on licence
applicants and holders to demonstrate how they will achieve this, with guidance and RLRs supporting
businesses to this end. This is similar to the approach used by the Health and Safety Executive (HSE)
in the UK.

Having a structure that appoints a regulator, rather than specifying in the legislation, also helps future-
proof the regulation and allows the Department to respond to new regulatory needs as the market
matures to harness and safeguard against innovations.

This approach has been chosen to allow the greatest flexibility and minimal unnecessary burden for
industry whilst still ensuring there are sufficient safety precautions in place and risks are mitigated. By
keeping the prescriptiveness to a minimum, the legislation aims to not stifle innovation and potentially
innovative changes to organisational methods and processes.

Imposing rigid and prescriptive standards in regulations could impose costs on a business that might be
over and above what it needs and stifle innovation. For some types of operators (range control for
example) the regulations were discounted where it is not proportionate to include them to avoid imposing
unnecessarily rigid requirements on business. For some sections no new regulations have been drafted
and only guidance and/or RLRs issued. For example, all spaceports must submit an Assessment of
Environmental Effects, but only guidance is being drafted to explain how applicants will be assessed.

It is important that the regulations are designed in a way in which they can be proactively monitored,
reviewed and improved. The regulations have been engineered so that industry and the regulator will
have continued and close engagement, and any issues (such as regulation limiting innovation) can be
easily resolved. The ‘engagement costs’ that are borne by both the regulator and industry are evidence
of planned continual engagement.

233

Space Growth Partnership ‘Prosperity from Space’, 11 May 2018 — available at: https://www.gov.uk/government/news/uk-space-industry-sets-

out-vision-for-growth
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Evidence

42. This section draws on London Economics ‘Spillovers in the Space Sector’ report for the majority of the
evidence. This is used to assess the possible impact on innovation as a result of the secondary
legislation.

43. The UK space sector is a rapidly growing and evolving industry, one which has seen consistent income
growth over the last 20 years. Research and development (R&D) expenditure in 2016/17 stood at
£566m, or 3.8% of total industry income. R&D spend also varies by segment, ranging from 14% (space
manufacturing) to 1% (space operations). This is far above the total R&D spend for the UK in 2017,
1.69%%2%, although there is Government ambition for this figure to reach 2.4% of GDP by 202725,

44, Spillovers in the space sector are generated through technology transfers via the Earth-Space-Earth
technology transfer pathway, as detailed in the ‘spillovers’ report?®®. Technologies are taken from
terrestrial sectors, undertake development to improve performance and feasibility to meet the high
design requirements of space. This process results in innovation that can then be applied in terrestrial
applications. Due to this interaction innovation in the space sector is important not only for its own
industry development but also for its implications on terrestrial services.

45. These innovations not only have private returns to the person or business that owns and commercialises
them, but may also have significant social returns i.e. positive externalities. There are a wide range of
estimates for this, with an approximate average of social returns being 3.4 times greater than private

returns (Table 83).

Table 83: Knowledge spillovers summary table

Paper Value Type of ratio Level of estimate
Canada — EO, (1994)%% 4.9 Spillover: Broad framework considers space programmes are investments in Programme
Canada — MSS, (1994)*%* 4.3 physical and nonphysical assets. Exploitation of these assets creates both

Canada — Satcom, 9.6 public and private benefits. Corresponds to spillovers and ripple effects.

(1994)1%

BETA, (1980)%% 2.9 Ripple I: Indirect benefits to organisations involved in the contract, e.g. from ESA

BETA, (1984)%*° 3.2 sales of products, and market, organisation, method and critical mass effects

BETA, (1988)12¢ 35 (BETA).

BETA, (1994)2% 4.2

Eerme, (2016)%** 3.63 Ripple 11: Includes all benefits in terms of technology, know-how, corporate Country (Ireland)
Eerme, (2016) 3.73 image or contracts that accrue to the contract participants as a result of Country (Denmark)
Eerme, (2016) 5.43 participation in the contract (BETA). Country (Norway)
Euroconsult, (2015)%4 1.2 Ripple IlI: Reputational or networking benefits of working on space projects, Country (Canada)

the sale of products based on contracts, or organisational/production
improvements at organisation level due to contract involvement (BETA).

Hertzfeld, (1998)% 6 Ripple 1V: Value-added in a company’s product function as a result of Programme (life
involvement in R&D — including sales, reputation, management, and staff sciences)
benefits (BETA).

Technopolis (2010)%* 14 Spin-off: Unclear, but it is implied that it excludes benefits within the space Programme (space
sector and wider effects (and uses a narrower definition than BETA'’s). exploration

Furtado, (2003)?4 0.43 Ripple V: the added-value to involved participants (BETA). Programme (China-

Brazil)
234

Gross domestic expenditure on research and development, UK: 2017, 14 March 2019 — available at:

https://www.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/bulletins/ukgrossdomesticexpenditureon

researchanddevelopment/2017

2350 dustrial Strategy: building a Britain fit for the future, 2 August 2018 — available at: https://www.gov.uk/government/news/new-publication-

showcases-record-investment-in-research-and-development-programmes

236 | ondon Economics ‘Spillovers in the space sector’, 22 March 2019 — available at: https://www.ukspace.org/wp-

content/uploads/2019/04/Spillovers-in-the-space-sector_March2019.pdf

237 Bureau d’Economie Théorique et Appliquée, BETA (1994). Indirect economic effects of ESA contracts on the Canadian economy.

238 Byreau d’Economie Théorique et Appliquée, BETA (1980). Economic Benefits from ESA Contracts
(1988

239 Bureau d’Economie Théorique et Appliquée, BETA ). Study of the Economic Effects of European Space Expenditure.

240 Breau d’Economie Théorique et Appliquée (1994). Indirect economic effects of ESA contracts on the Canadian economy.

241 Eerne., T. (2016). Indirect industrial effects from space investments.

242 Eyroconsult (2015). Comprehensive Socio-Economic Impact Assessment of the Canadian Space Sector. Reference is made to a HEC

Montreral study.
243 Hertzfeld, H. (1998). Measuring the Returns to NASA Life Sciences Research and Development. Space Policy Institute, George Washington
University

244 Technopolis (2010). Space Exploration and Innovation

245 Furtado, T., Filho, E. (2003). Assessing the economic impacts of the China- Brazil resources satellite program
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Possible outcomes

46.

47.

48.

Large barriers to entry into an industry could prevent small yet innovative businesses from entering the
market. Whilst the regulation here has introduced a number of additional requirements and obligations
on industry, they are required due to the need to mitigate the safety, security, environment, airspace,
legal and international relations risks outlined in the problem under consideration. In addition, spaceflight
is an incredibly complex industry generally categorised by considerable initial investment to enter, as
seen with £2.5m of grant funding given to the Highlands and Islands Enterprise for the development of
a spaceport?4,

As mentioned, the space operations segment is the least R&D-intensive, reinvesting just 1% of income
on R&D. This figure may in fact rise due to the introduction of the regulation. Currently the supply-chain
for space operations is quite fragmented, with only parts of it located in the UK. By ‘regulating the market
into existence’ there will be better incentives for businesses to locate and operate in the UK. This will
not only align the supply chain and have direct cost savings but also encourage greater spending in
R&D, as there is more potential return to be made. Comparatively the space manufacturing segment
reinvests 14% of its income back into R&D. For similar reasons to space operations the proportion of
income reinvested in R&D could increase, but it could also decrease. If these regulations increase the
financial burden on businesses they may be inclined to relocate money allocated to R&D to cover the
cost.

There will be benefits from knowledge spillovers and expenditure/investment regardless of the success
of the UK launch industry. Option 1 lacks the transparency of a regulated market, and subsequently
inhibits some of the benefits and spillovers that could be gained. Pursuing option 2 may result in
additional benefits from these streams, as the market will be better supported and structured. More
entrants to the industry (under option 2) may result in a more diverse and interactive industry that can
produce greater spillovers and encourage more investment.

246

One giant leap: Vertical launch spaceport to bring UK into new space age, 15 July 2018 — available at:

https://www.gov.uk/government/news/one-giant-leap-vertical-launch-spaceport-to-bring-uk-into-new-space-age
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Trade Impact

49.

50.

51.

52.

53.

The potential impacts of the minimum viable regulation on UK trade and investment must be given
against the counterfactual.

Option 1: Do nothing (the counterfactual) represents a continuation of the status quo. There will be no
additional regulations to enable commercial spaceflight launches from the UK, and it is assumed that no
launch industry will develop. As a result, the impact on UK trade and investment that may be caused by
a UK launch industry coming into existence will not be realised. This is evidenced by the fact that there
is currently no UK launch industry, and we expect the UK launch industry to continue to not exist without
this additional package of secondary legislation.

In this counterfactual some small trade and investment effects may be seen:

Expenditure effects — There are some expenditure effects without secondary legislation, as SLP grant
funding is already being disbursed and has incentivised domestic investment and FDI from the likes of
Lockheed Martin and Virgin Orbit. The inward foreign direct investment (FDI) flow resulting from
expenditure effect is likely negligible compared to total UK annual inward FDI flows. The effects on goods
and services imports and exports resulting from expenditure effects may be reasonable assumed to be
negligible.

Under option 2, minimum viable regulation, it is presumed that the proposed secondary legislation under
the SIA are “regulating the UK launch market into existence”. Although we are creating many new
regulations, we are effectively moving from a regulatory regime that prevents any launch to one in which
it is possible, within defined safe and compliant launch operations.

Option 2, by bringing a UK launch market into existence, may cause additional trade impacts not realised
in the counterfactual scenario:

o Leveraged effects — minimum viable legislation would allow the UK launch market to exist. This
would have direct and indirect impacts on UK imports, exports and FDI. Were the UK launch
market to exist we would expect it to capture a portion of the international launch market. This
would result in an increase in UK imports of satellites to be launched in the UK, and increased
exports of UK services, in the form of launch services which count as mode 2 services exports,
consumption abroad. The existence of a UK launch market implies that spaceports, range control
services providers, launch operators and orbital operators tied to UK launches operate. These
agents may import specialist machinery as part of their capital expenditure. The operation of
launch in the UK may attract additional inward FDI to the UK.

e UK imports in satellites, spacecraft and suborbital and spacecraft launch vehicles, and their
parts?*’ represented less than 0.05% of UK good imports on average for 2017/18%*, even were
imports in these good categories to increase substantially we would not expect a large impact on
total UK good imports. The expected increase the UK export of launch services would likely have
a negligible impact on total UK services exports, which stood at £306.9bn?* in 2018; likewise,
the expected flow of inward FDI to the UK resulting from the operation of the UK launch services
would likely have a negligible impact on the UK’s inward FDI stock, £1520.6bn° in 2018. This
may have tariff and non-tariff barrier implications for exports and imports.

o Growth effects — it is expected additional growth will be stimulated in the UK downstream space
segment as a result of the launch activity taking place in the UK. If the downstream space
segment experiences additional growth it is likely the imports and exports and inward and outward
FDI flows in this segment will experience additional growth.

247

Combined Nomenclature (CN) codes which cover satellites, spacecraft and suborbital and spacecraft launch vehicles, and their parts are;

88026011 - Telecommunication satellites; 88026019 - Spacecraft (excl. telecommunication satellites); 88026090 - Suborbital and spacecraft
launch vehicles; 88039021 - Parts of telecommunication satellites, n.e.s.; 88039029 - Parts of spacecraft, incl. satellites, n.e.s.; 88039030 - Parts
of suborbital and spacecraft launch vehicles, n.e.s.

248 HMRC ‘Build your own tables’, 2020 — available at https://www.uktradeinfo.com/Statistics/BuildY ourOwnTables/Pages/Home.aspx

249 MG ‘Trade and investment core statistics book’, 2018 — available at https://www.gov.uk/government/statistics/trade-and-investment-core-
statistics-book
250 MG ‘Trade and investment core statistics book’, 2018 — available at https://www.gov.uk/government/statistics/trade-and-investment-core-
statistics-book
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e Tourism spillover benefits — the operation of UK launch may stimulate increased tourism to the
UK and increase tourism spending within the UK, increasing UK services exports in the form of
mode 2 services exports, consumption abroad.
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Justice Impact Test

54. Criminal Justice System impacts have been considered in the Justice impacts section. It is not anticipated
that there will be much, if any recourse to prosecution. This is because the proposed regulator (Civil
Aviation Authority) successfully prosecutes on average only 5.8 cases per year®®l. Most of these are
against individuals, usually private pilots, for flying offences such as low flying, endangering safety,
airspace infringements and sometimes false licence applications.

55. Not only are anticipated numbers small, the preferred option of stepped enforcement and the ability to
revoke, vary or suspend the licence(s) in question, should limit prosecutions yet further. Finally,
compared to aviation more generally, the number of players in the market is like to be small and CAA will
work closely with them, given this will be a new, high profile operation. This will further mitigate the
likelihood of CAA having to prosecute.

56. Finally, regarding Appeals, the purpose of a bespoke appeals process is to remove the responsibility
falling to the Criminal Justice System.

Greenhouse Gases Impact Test/Wider Environmental

57. The Greenhouse Gases (GHGs) and wider environmental impacts have already been considered in the
Environment section.

Equalities Impact Test

58. In the July 2020 consultation, respondents were asked: “Have any stakeholders affected by the proposed
secondary legislation not been captured in the accompanying Impact Assessment?” The majority (92%,
N=52) of respondents either did not respond to this question or did not think there were any stakeholders
that had not been captured in the consultation-stage impact assessment. However, some respondents
mentioned the lack of information on people with protected characteristics under the Equalities Act 2010.

59. These measures apply irrespective of age/gender/race etc. We do not consider that there is a negative
impact on a protected group from this policy. It will only bar those who do not meet the eligibility criteria
but, in the interests of safety and security concerns within this market, and impact on the UK’s
international obligations - we feel this is essential.

60. The preferred approach has no compliance issues with the Human Rights Act 1998 2°2, This is because
there is no limit to government compensation in excess of the liability limit, so potential claimants are not
denied their full legal rights to seek compensation in the event of an accident.

61. Indirect inequality impacts could be incurred at a geographical level (see local impacts section).

Local Impacts

62. In the July 2020 consultation, respondents were asked: “Have any stakeholders affected by the proposed
secondary legislation not been captured in the accompanying Impact Assessment?” The majority (92%,
N=52) of respondents either did not respond to this question or did not think there were any stakeholders
that had not been captured in the consultation-stage impact assessment. However, some respondents
mentioned the lack of information on devolved administrations, local businesses and local communities.

63. There is limited evidence about the impact of spaceflight at a local level. However, it could include both
costs and benefits. For example, there could be growth and jobs created from the development and
operations of spaceports. On the other hand, that could be disruptions to those not involved in spaceflight
operations on launch day e.g. road closures. These costs and benefits are expected to be indirect. In
addition, some of the benefits have been quantified in this IA already e.g. indirect leveraged effects and
growth effects. Finally, other legislation, such as traffic byelaws, may already account for these types of
disruption and impacts. Therefore, the remainder of these impacts have not been quantified in this IA
due to data limitation and to avoid double counting.

251 During 2014-2019; the most recent five years of published data. Available at: https://www.caa.co.uk/Our-work/About-us/Enforcement-and-
prosecutions/).
252 ym Government, Human Rights Act 1998. Available at: https://www.leqgislation.gov.uk/ukpga/1998/42/contents
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Annex 1: FAA Compendium: Spaceflight accidents
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Table 84: Failures reported in FAA annual compendiums

Brief Description

Exploded shortly after lift-off and crashed into the international waters
off the western South Korean coast.

It is unclear what happened but satellite imagery of the launch site
showed blast marks. Most likely satellite exploded at a high altitude.

The rocket broke apart in Earth orbit. Excess fuel remaining on board
the upper stage may have caused it to explode.

Satellite imagery of the launch site showed significant damage to the
site's launch towers.

Premature engine shutoff and vehicle crashed in the Pacific Ocean.

The rockets crashed soon after the take-off. There were fears of a
possible toxic fuel leak. Engine failure as the likely cause of the crash.

Failure was caused by the premature shutdown of one of two third
stage engines, which was caused by a blockage in a fuel line inlet.

It occurred more than nine minutes into the flight when one of the third
stage verniers shut off, causing loss of attitude control.

The rocket crashed on the launch facility very shortly after lift-off
(approx. 6 seconds). Potential for injury or loss of life.

Similar to 2014 failure. The rocket’s third stage failed about eight-and-
a-half minutes after lift-off. Debris most likely burned up in the
atmosphere.

Exploded over 2 minutes after launch whilst at altitude. NASA
investigation concluded a design flaw, rather than a manufacturing
defect. Wreckage landed in the Atlantic Ocean.

The rocket broke up shortly after lift-off. The failure was caused by an
issue with the first stage motor of the spin-stabilized rocket.

The rocket most likely had a problem with the third stage booster and
the debris would have crashed into the sea.

The rocket had a booster failure causing the vehicle to fall back into
Earth's atmosphere.

There was a problem with placing the payload into orbit.

The rocket could not enter orbit because of a communications problem.

It crashed into the sea almost 6 minutes after lift-off due to loss of
thrust.

The failure involved a fairing problem that prevented the satellite from
being launched.

There was a problem with the payload when it was entering orbit.
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Annex 2: Prescribed and non-prescribed roles

Prescribed roles

1. Regulations prescribe certain safety and security critical roles that must be performed on behalf of spaceports,
range control services, launch (and return) operators and orbital operators.

2. Table 85 shows the safety and security critical roles are prescribed in regulations to ensure that they are
fulfilled and documented and that the regulator can assure that individuals undertaking these roles meet the
eligibility criteria under these regulations and are fit and proper to do so regarding criminal convictions and
bankruptcy. Table 86 shows the assumptions used in the Compliance costs section for prescribed roles.

3. The regulations do not require that prescribed roles must be held by separate individuals, except in the case
of the Launch Director and Safety Manager. These roles must be filled by separate people to ensure that any
safety concerns raised by the Safety Manager are addressed by the Launch Director before the Launch
Director gives final approval for launch to take place. A security manager will only be needed for orbital
operators if there is a risk to national security.

4. These assumptions have been revised following consultation. The Training Manager prescribed role has been
removed for spaceport licences. In addition, the headcount in the central scenario has been increased to
maitch that in the high scenario, so that there is 1 person employed per prescribed role. This is based on
evidence from consultation responses that suggests businesses may employ at least 1 person per prescribed
role, rather than relying on the fact that the proposed regulations do not require prescribed roles to be held
by separate individuals, except in the case of Launch Director and Safety Manager.

5. Possible efficiencies from vertical up and down, and horizontal integration across the spaceflight operations
supply-chain have also been considered, which was implied by the information provided by consultation
responses. Many of the consultation responses were from consortia of businesses, with most of these
including range control service providers plus either launch or spaceport operations, and few containing all
three of these components. Therefore, the overall headcount assumed in this IA has been aligned with the
overall headcount for prescribed roles expected by consultation responses. Possible efficiencies of back-
office functions should still be captured by the non-wage cost uplift for all roles of 26.5%.

6. We have considered the risk of over-regulation of eligibility criteria and prescribed roles, i.e. setting the
entry bar too high. Further prescribed roles and more stringent eligibility criteria might lead to additional
safety and security, but given that business may fill these roles without regulation and ensure those they
are employing are fit and proper to carry out their roles, the additional requirements could put further
burden on business where the benefits may not be that significant.

7. This could unnecessarily constrain a business’s opportunity to enter the emerging spaceflight market by
restricting the pool of potential candidates for filling key roles and increasing compliance costs for
business and unnecessarily regulate how a licensee conducts its business and designs its management
and process structures. This may also impact entry to the commercial spaceflight market in the UK. We
are therefore aiming to only impose eligibility criteria and mandatory roles that we consider critical to
safeguarding safety and security.

8. Most wage and non-wage costs values in Table 87 have been derived from Annual Survey of Hours and
Earnings (ASHE) 2020 data??, using appropriate Standard Occupation Classification (SOC) codes. Some
have used searches on indeed.co.uk for more relevant data. A non-wage cost uplift of 26.5% has been
applied to all gross annual wage values. For the central scenario, mean gross annual wages (excluding
bonuses) from ASHE 2020 have been used. For the high and low scenarios, a range has been taken using
percentiles from the ASHE 2020, with the low scenario including wages up to 20% lower than the central and
the high scenario including wages up to 80% higher than the central scenario.

253 ONS ‘Earnings and hours worked, occupation by four-digit SOC: ASHE Table 14’, 3 November 2020. Available at:
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/occupation4digitsoc2010ashetable14
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Table 85: Prescribed and non-prescribed roles for commercial spaceflight activities in the UK

Prescribed Roles Spaceport Range Control Launch Operator Orbital Operator
Accountable Manager Yes Yes Yes Yes
Security Manager* Yes Yes Yes Yes
Safety Manager** Yes Yes Yes No
Training Manager No Yes Yes No
Operations Manager No Yes No No
Launch Director** No No Yes No

Table 86: Employees per prescribed role, Full-Time Equivalent (FTE)

Full-time qulvalent (FTE.) employees for Spaceport Range Control Launch Orbital Operator
each prescribed role by licence type Operator
Accountable Manager 0 0 0 0
Security Manager* 0 0 0 0
2 Safety Manager** 0 0 0 0
° Training Manager 0 0 0 0
Operations Manager 0 0 0 0
Launch Director** 0 0 0 0
TOTAL 0 0 0 0
Accountable Manager 1 1 1 1
Security Manager* 1 1 1 0
IS Safety Manager** 1 1 1 0
£ Training Manager 0 1 1
o Operations Manager 0 1 0 0
Launch Director** 0 0 1 0
TOTAL 3 5 5 1
Accountable Manager 1 1 1 1
Security Manager* 1 1 1 1
< Safety Manager** 1 1 1 0
£ Training Manager 0 1 1
Operations Manager 0 1 0 0
Launch Director** 0 0 1 0
TOTAL 3 5 5 2
Table 87: Wage and non-wage costs for prospective licence applicants (£), 2020 prices
Wage and non-wage costs for prescribed Unit cost (£)
and non-prescribed roles Low Central High
Prescribed roles
Accountable Manager £128,491 £147,289 £147,503
Security Manager* £56,938 £56,938 £95,971
Safety Manager** £54,539 £54,539 £95,971
Training Manager £46,919 £46,919 £60,498
Operations Manager £61,603 £71,159 £83,376
Launch Director** £126,424 £137,294 £138,324
Non-prescribed roles
Legal Professional £69,405 £77,639 £94,598
Engineering Manager £61,603 £71,159 £83,376
Senior Manager £61,603 £71,159 £83,376
Manager £44,730 £55,711 £64,989
Business Support £23,373 £28,256 £34,529
Remote Pilot** £116,797 £123,474 £123,474
Flight Termination Officer** £116,797 £123,474 £123,474
Mission Management Controller** £126,424 £137,294 £138,324
Pilot in Command*** £116,797 £123,474 £123,474
Flight Crew*** £95,873 £95,873 £95,873

* Prescribed role for orbital operators only when there is a national security issue and, although not set out in the consultation
stage regulations, this provision has now been included in the draft Space Industry Regulations and requires return operator
licence applicants to appoint a security manager should activities give rise to issues of national security.

** Prescribed and non-prescribed roles only for Launch Operators and Launch Director needs to be a separate employee from the
Safety Manager prescribed role

*** | aunch Operators non-prescribed roles for spaceflight activities with human occupants
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Familiarisation cost assumptions

9. The type and number of in-house employees expected to read the legislation and guidance (C) were originally
assumed following advice from experts in UKSA, DT and CAA, and have been updated using consultation
responses. Assumptions about the types of employees for each licence type who read the proposed
secondary legislation, guidance and/or RLRs are shown in Table 88. In the high scenario, it is assumed that
all types of roles for each licence type familiarise themselves with the proposed secondary legislation,
guidance and RLRs. It is assumed that only 1 person per role does this. Assumptions about the types of
employees for other interested stakeholders who read the secondary legislation, guidance and/or RLRs are
shown in Table 89.

Table 88: Familiarisation assumptions for prospective licence applicants

Prospective licence applicant prescribed Familiarisation (Yes/No)

and non-prescribed roles Low Central High
Prescribed roles

Accountable Manager Yes Yes Yes
Security Manager* Yes Yes Yes
Safety Manager** Yes Yes Yes
Training Manager*** Yes Yes Yes
Operations Manager**** Yes Yes Yes
Launch Director** Yes Yes Yes
Non-prescribed roles

Legal Professional Yes Yes Yes
Engineering Manager Yes Yes Yes
Senior Manager Yes Yes Yes
Manager No No High
Business Support No No High
Remote Pilot** No Yes Yes
Flight Termination Officer** No Yes Yes
Mission Management Controller** No Yes Yes
Pilot in Command***** No No Yes
Flight Crew* No No Yes

* Prescribed role for orbital operators only when there is a national security issue and, although not set out in the consultation
stage regulations, this provision has now been included in the draft Space Industry Regulations and requires return operator
licence applicants to appoint a security manager should activities give rise to issues of national security.

** Prescribed and non-prescribed roles only for Launch Operators and Launch Director needs to be a separate employee from the
Safety Manager prescribed role. Safety Manager is not a prescribed role for Orbital Operators.

*** Prescribed role for Range Control Service Providers and Launch Operators only.

**xx Prescribed role for range control service providers only.

*xxxx | aunch Operators non-prescribed roles for spaceflight activities with human occupants

Table 89: Familiarisation assumptions for other interested stakeholders

Prospective licence applicant Familiarisation (Yes/No)

prescribed and non-prescribed roles Low Central High
Legal Professional Yes Yes Yes
Engineering Manager Yes Yes Yes
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Engagement cost assumptions

10.

11.

12.

13.

Table 90 shows the assumptions that have been made about the roles required by each licence type,
and these roles have been indexed or matched to the equivalent regulator roles (Technical, Case
Management and Case Support) from the UK spaceflight regulatory cost modelling (detailed inputs and
outputs tables in Annex 4). However, it is acknowledged that this expertise may be procured from
external providers.

These assumptions have been updated using consultation responses. The overall headcounts have
been reduced in both the central and high scenarios. Whilst the consultation responses did not provide
complete and robust evidence for all operators, it did indicate that the overall headcount of staff that
engage with the regulator during the licence application process and regulatory monitoring regime
should be no more than approximately 20 to 30 staff. Therefore, in the high scenario, the overall
headcount has been reduced to 37 staff across all operators, with most of these staff (14) in launch
operators and the least staff (5) for orbital operators. In the central scenario, the overall headcount has
been reduced to 27 across all operators, with most of these staff (11) in launch operators and the least
staff (4) for orbital operators. “Senior Engineer”, “Financial Professional” and “IT Manager” roles have
been removed from all operators across both the high and central scenarios, to adjust overall
headcounts downwards.

Another factor in determining headcounts was to ensure all equivalent regulator roles have been
matched to roles in licence applicants and holders, as this drives the amount of time spend engaging
with the regulator for specific roles. Therefore, for all operators across both the high and central
scenarios, there is at least one equivalent employee in licence applicants and holders for each of the

“case management”, “technical” and “case support” regulatory roles.

Finally, possible efficiencies from vertical up and down, and horizontal integration across the spaceflight
operations supply-chain have been considered, which was implied by the information provided by
consultation responses. Many of the consultation responses were from consortia of businesses, with
most of these including range control service providers plus either launch or spaceport operations, and
few containing all three of these components. Therefore, finance and IT roles have been removed from
the engagement costs assumptions to reflect possible efficiencies over back-office functions. This
should still be captured by the non-wage cost uplift for all roles of 26.5%.

Table 90: Central and high scenario engagement with licence application process and monitoring regime
assumptions for prescribed and non-prescribed roles by licence type

Engagement for prescribed and Spaceports Range Launch Orbital Regulator role
non-prescribed pacep Control Operators Operators | equivalent®
Prescribed roles

Accountable Manager Central Central Central Central Case Management
Security Manager* Central Central Central High Case Management
Safety Manager** Central Central Central No Case Management
Training Manager No Central Central No Case Management
Operations Manager No Central No No Technical

Launch Director** No No Central No Technical
Non-prescribed roles

Legal Professional Central Central Central Central Case Management
Engineering Manager Central High High Central Technical

Senior Manager High High High No Case Management
Manager High High High No Case Management
Business Support Central Central Central Central Case Support
Remote Pilot*** No No Central No Technical

Flight Termination Officer*** No No Central No Technical

Mission Management Controller** No No Central No Technical

Pilot in Command*** No No High No Technical

Flight Crew*** No No High No Technical

*Prescribed role for orbital operators only when there is a national security issue and, although not set out in the consultation
stage regulations, this provision has now been included in the draft Space Industry Regulations and requires return operator
licence applicants to appoint a security manager should activities give rise to issues of national security.

** Prescribed and non-prescribed roles only for Launch Operators and Launch Director needs to be a separate employee from the
Safety Manager prescribed role

*** | aunch Operators non-prescribed roles for spaceflight activities with human occupants

254 Details in Annex 4: UK Spaceflight Regulator
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Training, qualifications and medical fitness

14.

In the IA, the cost of recruitment and training has been captured for all new FTE staff needed under
prescribed roles and engagement costs. The assumptions used are set out in Table 91 below.

Table 91: Recruitment and training costs for new FTE staff

Variable Assumption Source
Number of annual working days 260 Excel formula
Number of working days before receiving a licence @ 130 Approximate lead time
Shrinkage factor 35% PA Consulting
Recruitment costs per FTE £1,000 CAA Finance, 2020
Training costs per FTE £11,500 IATA2%S
15. To protect participants, employees and the wider public, and enable the Government to fulfil and mitigate

16.

17.

18.

19.

20.

21.

its international obligations under space treaties, it is essential to ensure that training and medical
qualifications for spaceflight activities are properly regulated and supervised. Central to this is ensuring
that licence holders put in place the necessary training systems, processes and documentation to carry
out spaceflight activities safely and for the regulator to monitor and enforce compliance.

Individuals taking part in activities, or working at sites, that require one or more of the various types of
licence issued under the SIA, meet minimum requirements regarding training, qualifications and medical
fitness. The most obvious reason is for the safety of those involved, and to prevent injury or damage to
persons and property.

Section 18 of the SIA is focused on ensuring that key individuals meet minimum standards of training,
qualification and medical fithess and are competent to play the important role that they will undertake.
Section 18 of the SIA regulations have been drafted to specify what these roles or capacities are, and
what criteria need to be fulfilled with respect to training, qualifications and medical fitness.

In deciding upon this option, the consideration was given to the closest equivalent roles in aviation. The
level of prescription compares favourably (in fact is somewhat less) than for somewhat equivalent roles
in aviation such as licensed pilots, aircraft and propulsion engineers, air traffic controllers, instructors
and cabin crew, who have equivalent critical responsibilities, because the UK spaceflight industry is far
less developed and so it is appropriate for there to be more flexibility. The CAA oversees the training
and licensing of hundreds of such qualified people each year, which is one of their key safety roles.

In terms of the burden on the regulator, this is not something that is considered to be onerous, as there
is only a small number of individuals that have prescribed roles, and that will have to be assessed at the
application stage.

In every accident or near-miss investigation, the training and competence of those involved are always
examined closely as it has been found that, no matter what the failings of hardware and software, the
responses of the persons involved in the accident in critical roles usually have a major bearing in dealing
with the emergency or contributing to causing the accident.

The training regulations have concentrated on specialist training for highly-specialised roles applicable
only to spaceflight activities and which have no normal civilian counterpart. The key roles are:

Prescribed roles:
e Safety Manager

e  Operations Manager
e Launch Director

255 | ATA ‘Professional Training Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/professional-training-
diploma/30/; IATA ‘Advanced Airport Operations Diploma’ — available at: https://www.iata.org/en/training/courses/diploma_programs/advanced-
airport-operations-diploma/18/
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22.

23.

24,

25.

26.

27.

28.

29.

Non-prescribed roles:

Flight Termination Officer
Remote Pilot

Pilot in Command

Flight Crew

In addition, there is one ‘capacity’ not fulfilled by employees or contractors, that requires specialised
training:

e Spaceflight participants

The persons fulfilling the roles and capacities will receive specialised training from the licence holder,
certain of these persons will also have to meet medical criteria, and in all cases these persons will need
to meet final competency criteria before they are accepted as “qualified”.

The regulations envisage allowing each licensee some flexibility as to how they arrange the training, as
it applies to their actual activity; however, the regulator intends to keep control of what is acceptable
through the mechanism of approvals for the contents of the Training Manual.

Whilst the regulator expects to attend training events and witness competency tests in addition to
approving the syllabus and training exercises through the training manual. The regulator does not intend
to directly issue personal licences in the manner that is done in civil aviation e.g. for pilots, aircraft
engineers or air traffic control personnel. Spacecraft crew however, will need valid pilots’ licences and
medical certificates as a starting point for the training.

For spaceflight medical matters, the regulator intends to make use of the existing CAA competency and
regulatory framework for aviation, rather than establish a new, duplicate structure.

In practical terms, most individuals will be under the control of an organisation licensed under the Act.
By implication, this means that the licensed organisation has the responsibility of providing or arranging
the training of the individuals (including spaceflight participants), and to be satisfied as to their
qualifications, experience and medical fitness.

Therefore, despite regulations being applied to individuals in certain capacities or roles, regulations have
also been specified under this policy to lay out the responsibilities and duties of the licensed organisation
(licence holder) in regard to the provision of training etc. Any requirements made by regulation for an
individual taking part in the various activities set out in section 9(1) of the SIA will, by default, be the
minimum requirements for a licence holder to employ or use that person, or to allow them to undertake
such things as flying aboard their spacecraft.

We propose that the regulator has flexibility, if legally possible, to be able to impose additional training,
qualification or medical requirements through licence conditions, where the regulator considers this is
necessary to secure safety. Similarly, we want the regulator to have the power to recognise other training
and qualifications, where the regulator considers these are sufficiently equivalent, and ensure the
regulator can waive a prescribed requirement, where they are satisfied that it is not necessary to secure
safety. The regulator must also be able to assess and approve an individual’'s competence to take part
in prescribed roles or capacity.
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Annex 3: UK launch market forecasts

1. Market insights and the July 2020 consultation responses have been used to forecast the number of
licences, launches and missions in the UK launch market across a low, central and high scenario. Licence
applications are expected to start taking place in 2021, once the proposed secondary legislation had
been implemented. Launches and missions are expected to take place as early as 2022, and are
forecasted over the appraisal period. These forecasts cover spaceports, range control service providers,
launch operators and orbital operators and include a wide range to demonstrate the high level of
uncertainty about how the UK launch market will develop.

e Low scenario — This IA assumes the proposed secondary legislation is implemented but no
businesses decide to apply for a licence or enter the UK launch market in the low scenario. This gives
us a lower bound on the net benefits.

e Central scenario — The forecasts in this scenario are UKSA'’s best estimate about the number of
licences, missions and launches in the UK, primarily driven by Satellite Launch Programme grant
recipients, but also including non-grant recipients known to be interested in entering the market.

e High scenario — This scenario is double the number of launches in the central scenario. This shows
a plausible upper bound on the number of licences, missions and launches expected in the UK launch
market.

2. For the UK launch market successful licence applicant forecasts (Table 92), the following evidence and
assumptions are used:

e Spaceports — Includes both horizontal and vertical launch sites. Four spaceports are currently being
discussed with the UKSA and this represents the high scenario. In the central, only three spaceports
are assumed to receive a licence. This was tested through the July 2020 consultation, with
responses suggesting the number of possible spaceports in the counterfactual (7) was broadly
accurate, with two possible additional types of launch operations including mobile and sea launch.
These have been included in the supply-chain for familiarisation costs. The number of successful
spaceport licence applications in the central (3) and high (4) scenarios also seems broadly accurate,
as some respondents said operations might be too costly in the UK and others might not be
successful in their licence applications. Unsuccessful licence applications are also considered in the
IA (one every 3 years).

e Range control service providers — Five licences are needed to run one range (identification,
notification, coordination, surveillance and tracking). Each spaceport has its own set of the five
different types of range service licences. However, there is expected to be some relicensing of
improved range service technology (e.g. automation), which can be seen in higher numbers of the
required set of range control licences compared to the number of licensed spaceports. The number
and type of range control service providers was tested through the July 2020 consultation, with
responses suggesting the number of possible range control service providers in the counterfactual
(4) was too low. This has been increased to 10, to reflect the range of possible range control service
providers. However, the number of successful range control service provider licence applications in
the central and high scenarios (4) seems broadly accurate, as some respondents said operations
might be too costly in the UK and others might not be successful in their licence applications.
Unsuccessful licence applications are also considered in the 1A (one every 3 years).

e Launch operators — Launches typically involving at least one aspect of the licence (e.g.
organisation, vehicle, port, mission type) are estimated using launch operator’s published plans and
grant recipient information, with downward corrections applied based on the likely addressable
market in the UK when considering both demand and competition effects too, although there is
limited evidence to support this. The high scenario includes just over twice as many launches as the
central scenario, to provide a plausible upper bound for the number of launch operators in the UK.
The number of both vertical and horizontal orbital operators in the central scenario has been reduced
by 1 compared to the consultation-stage IA. This was tested through the July 2020 consultation, with
respondents suggesting the number of launch operators in the central (6) and high (9) scenarios is
broadly accurate. Unsuccessful licence applications are also considered in the IA (three over the
entire appraisal period).
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3. From the July 2020 consultation, 40% (N=52) of respondents are considering applying for a licence under

the SIA. However, a number of respondents (27%) are not considering applying for a licence. The
remaining (33%) respondents did not respond to this question.

4. Of the consultation respondents that are considering applying for a licence under the SIA (n=21), there

was a fairly even distribution between the different licence types (spaceports, range control service
providers, launch and orbital operators), except for return operator licences. This reflects an
assumption in the consultation-stage impact assessment that spaceflight operations from the UK
will largely be centred around single spaceport locations and require all the licence types under the SIA to
permit spaceflight activities from these sites, although the volume and complexity of spaceflight
operations will probably vary significantly between sites. However, it could also imply that there currently

are no plans to have multiple launch operators from individual spaceports.

Table 92: Number of successful licence applications, 2021-34

Low

Spaceports

Range Control Service Providers*
Vertical Orbital Launch Operators
Horizontal Orbital Launch Operators
Suborbital Launch Operators
Crewed Launch Operators

Central

Spaceports

Range Control Service Providers*
Vertical Orbital Launch Operators
Horizontal Orbital Launch Operators
Suborbital Launch Operators
Crewed Launch Operators

High

Spaceports

Range Control Service Providers*
Vertical Orbital Launch Operators
Horizontal Orbital Launch Operators
Suborbital Launch Operators
Crewed Launch Operators

2021

15

=

2022

2023

2024

2025

2026

2027

2028 2029 = 2030 | 2031 | 2032 2033 2034

1

* These are divided by the number of licences required per range (5) to estimate the number of operators

5. The UK launch market launches forecasts (Table 93) have been broken down by the expected types of

launch. These include horizontal launches to orbit, vertical launches to orbit, (vertical) sub-orbital
launches and crewed sub-orbital launches. These launch estimates are based on launch operator’'s
published plans and grant recipient information, with downward corrections applied based on the likely
addressable market in the UK when considering both demand and competition effects too, although there
is limited evidence to support this. Compared to the consultation-stage impact assessment, the start year
for all types of launches have been pushed back by 1 year due to the impact of Covid-19 and the number
of launches in the high scenario has been substantially reduced.

6. The UK launch market forecasts were tested through the July 2020 consultation. 31% (N=52) of

respondents thought the central scenario is most realistic, with a few (n<5) of responses suggesting it
was somewhere between the central and low/high scenarios. This supports the use of the central UK
launch market forecast scenario in the consultation-stage impact assessment. The majority of
respondents either were not sure which scenario is most realistic (19%) or did not respond to this
question (37%), perhaps because it was too technical or because of uncertainty around the UK launch
market outlook. This supports the use of a wide range of scenarios to reflect any uncertainties.

7. A few (n<5) respondents answered that “none of the above” UK launch forecast scenarios were realistic,

with some adding further justifications that the scenarios did not align with industry forecasts and that
the wide range between the low (“complete market failure”) and high (“extremely optimistic”) scenarios
were unhelpful for individual business planning purposes.

8. The aim of the impact assessment is to consider the impact of the proposed regulations for the whole UK

launch market, which may explain some of the discrepancy with these responses as the perspective is
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different. The low scenario (“market failure”) is the same in this impact assessment, as a number of
respondents said the cost of provided spaceflight operations was too high. The high scenario now
represents double the number of launches in the central scenario. This reflects a more realistic
expectation about the size of the addressable market the UK spaceflight operators could capture when
considering demand and competition effects. Before, the high scenario was based on individual

companies’ expectations about how.

Table 93: Number of launches, 2021-34

Type of launch 2021 | 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 | 2032 2033 2034

Low

Launch - Vertical orbital - - - - - - - - - - - R R
Launch - Horizontal orbital - - - - - - - - - - - - _
Launch - Vertical suborbital - - - - - - - - - - - R R
Launch — Crewed - - - - - - - - - -

Central

Launch - Vertical orbital 0 2 4 5 5 5 5 5 5 5 5 5 5
Launch - Horizontal orbital 0 1 3 3 3 3 3 3 3 3 3 3 3
Launch - Vertical suborbital 0 1 2 2 2 2 2 2 2 2 2 2 2
Launch - Crewed 0 0 0 0 0 0 0 0 0 0 0 0 0
High

Launch - Vertical orbital 0 4 8 10 10 10 10 10 10 10 10 10 10
Launch - Horizontal orbital 0 2 6 6 6 6 6 6 6 6 6 6 6
Launch - Vertical suborbital 0 2 4 4 4 4 4 4 4 4 4 4 4
Launch - Crewed 0 0 0 0 0 0 0 0 3 5 10 10 10

o N W O

9. The UK launch market orbital missions forecasts (Table 94) have been broken down by conventional,

complex or novel, and constellation-class missions. Launches from abroad have been excluded, as these
are covered by the OSA. Mission numbers have been estimated by the UKSA Orbit licensing team. For
the central and high scenario, there are assumed to be 15 total (non-constellation) orbital licences in
2021. For conventional orbital missions, this is assumed to increase at a rate of 10% per year in the
central scenario and 15% per year in the high scenario. The ratio between conventional and complex or
novel orbital missions is assumed to be 90:10 i.e. divide the number of conventional orbital missions by
9 to get the number of complex or novel orbital missions. In the high scenario, constellation-class orbital
missions are also included. These estimates are rounded to the nearest whole number.

10. This number of orbital mission licences were tested through the July 2020 consultation, with no direct

evidence provided about the number of missions. Therefore, the number of orbital mission licences have
been kept the same, albeit extended by 1-year. However, the downward correction to the number of

launches in the high scenario now means that the ratio of missions to launches is more plausible.

Table 94: Number of orbital mission licences*, 2021-34

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034
Low
Conventional orbital mission - - - - - - - - - - - - - -
Complex or novel orbital mission - - - - - - - - - - - - - -
Constellation-class orbital mission - - - - - - - - - - - - - -
Central
Conventional orbital mission 13 14 15 17 19 21 23 25 28 31 34 37 41 45
Complex or novel orbital mission 2 2 2 2 2 2 3 3 3 3 4 4
Constellation-class orbital mission 0 0 0 0 0 0 0 0 0 0 0 0
High
Conventional orbital mission 13 15 17 20 23 26 30 35 40 46 53 61 70 81
Complex or novel orbital mission 2 2 2 2 3 3 3 4 4 5 6 7
Constellation-class orbital mission 6 2 9 3 0 0 0 0 0 0 0 0

* These are divided by the ratio of missions to satellite operators (4.73) to estimate the number of operators256

256 yk Space Agency ‘UK registry: out space objectives’, 18 December 2019 — available at: https://www.gov.uk/government/publications/uk-
registry-outer-space-objects
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Annex 4: UK Spaceflight Regulator Costs

Total regulator costs (excluding liabilities and insurance)

1. The following Tables show the inputs and outputs from the UK spaceflight regulator cost modelling,
developed by a consortium of DfT, UKSA, CAA, PA Consulting ad London Economics. This includes the
output tables for the low (Table 95), central (Table 96) and high (Table 97) scenarios. It also includes
more granular inputs tables.

Table 95: Low scenario regulator costs 2020-2034 (Em), red lines indicate change in models used

d Costs (Em)| 2020-21 : 2021-22 | 2022-23 | 2023-24 | 2024-25 | 2025-26 | 2026-27 | 2027-28 | 2028-29 | 2029-30 | 2030-31 | 2031-32 | 2032-33 | 2033-34 | 2034-35 Total

Total Employment Costs| 3.29 | 3.39 2.92 3.39 3.47 331 3.39 331 3.23 3.23 331 331 3.39 3.47 3.47 29.69
ITCosts| 0.69 1 0.60 0.35 0.35 0.35 0.36 0.36 0.37 0.37 0.38 0.39 0.41 0.42 0.45 0.45 3.79

Travel| 0.21 : 0.12 0.10 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 1.16

Training| 009 | 0.06 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.56

Recruitment| 002 | 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06
Consultancy| 0.70 : 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 2.90
Othercosts| 034 | 024 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 2.22
Irrecoverable VAT|  0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inflation increase|  0.00 : 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Direct Costs 204 | 130 1.01 1.05 1.05 1.05 1.06 1.06 1.06 1.07 1.09 1.10 112 1.15 1.15 10.68
Accommodation Costs|  0.06 | 0.09 0.07 0.09 0.09 0.09 0.09 0.09 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.75
Corporate Overheads| 0.19 : 0.36 0.29 0.36 0.37 0.35 0.36 0.35 0.34 0.34 0.35 0.35 0.36 0.37 0.37 2.96
Inflation Increase| 0.00 ! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Indirect Costs 025 | 045 0.37 0.45 0.46 0.43 0.45 0.43 0.42 0.42 0.43 0.43 0.45 0.46 0.46 3.71
Contingency| 0.32 : 0.59 0.48 0.56 0.57 0.54 0.56 0.55 0.53 0.54 0.55 0.55 0.57 0.58 0.58 4.70

Total Costs| 590 | 573 4.78 5.44 5.55 5.34 5.45 5.35 5.25 5.26 5.38 5.39 5.52 5.66 5.66 48.78

Table 96: Central scenario regulator costs 2020-2034 (Em), red lines indicate change in models used

d Costs (Em)| 2020-21 : 2021-22 | 2022-23 | 2023-24 | 2024-25 : 2025-26 | 2026-27 | 2027-28 | 2028-29 | 2029-30 | 2030-31 | 2031-32 | 2032-33 | 2033-34 | 2034-35 Total

Total Employment Costs| 329 | 3.65 3.27 3.32 338 | 370 3.78 3.70 3.63 3.63 3.86 3.86 3.86 4.02 4.02 34.40
ITCosts| 0.69 1 0.60 0.35 0.35 035 | 036 0.36 0.37 0.37 0.38 0.39 0.41 0.42 0.45 0.45 3.79

Travel| 0.21 : 0.23 0.21 0.21 0.21 : 0.13 0.14 0.13 0.13 0.13 0.14 0.14 0.14 0.15 0.15 1.69

Training| 009 | 011 0.10 0.10 010 ! o0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.83

Recruitment| 002 | 0.0 0.00 0.00 000 | 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04
Consultancy|  0.70 : 0.51 0.51 0.28 0.28 : 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 4.19
Othercosts| 034 | 024 0.24 0.24 024 | 024 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 2.23
Irrecoverable VAT|  0.00 | 0.00 0.00 0.00 000 | 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inflation increase|  0.00 : 0.00 0.00 0.00 0.00 : 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Direct Costs 204 | 1.69 1.40 117 117 | 107 1.08 1.08 1.09 1.10 112 114 115 118 118 12.79
Accommodation Costs|  0.06 | 0.15 0.17 0.17 017 | 0.0 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 112
Corporate Overheads| 0.19 : 0.43 0.47 0.47 0.47 : 0.40 0.41 0.40 0.39 0.39 0.42 0.42 0.42 0.44 0.44 3.64
Inflation Increase| 0.00 ! 0.00 0.00 0.00 000 ! o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Indirect Costs 025 | 058 0.64 0.64 064 | 050 0.51 0.50 0.49 0.49 0.53 0.53 0.53 0.55 0.55 4.76
Contingency| 0.32 : 0.58 0.60 0.61 0.61 : 0.61 0.62 0.61 0.60 0.60 0.63 0.64 0.64 0.67 0.67 5.15

Total Costs| 590 | 6.51 5.91 5.74 581 | 588 6.00 5.90 5.79 5.80 6.14 6.16 6.18 6.42 6.42 57.09

Table 97: High scenario regulator costs 2020-2034 (Em), red lines indicate change in models used

d Costs (Em)| 2020-21 : 2021-22 | 2022-23 | 2023-24 | 2024-25 | 2025-26 | 2026-27 | 2027-28 | 2028-29 | 2029-30 | 2030-31 | 2031-32 | 2032-33 | 2033-34 | 2034-35 Total

Total Employment Costs 329 | 449 3.70 5.11 4.87 4.24 4.63 4.55 4.79 5.11 5.50 5.64 5.80 6.19 6.19 52.64
ITCosts| 0.69 1 0.60 0.35 0.35 0.35 0.36 0.36 0.37 0.37 0.38 0.39 0.41 0.42 0.45 0.45 3.95

Travel 0.21 : 0.16 0.13 0.19 0.18 0.15 0.17 0.17 0.18 0.19 0.20 0.21 0.21 0.23 0.23 1.93

Training| 009 | 013 0.11 0.15 0.14 0.08 0.09 0.09 0.10 0.10 0.11 0.12 0.12 0.13 0.13 1.09

Recruitment 0.02 i 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.09
Consultancy|  0.70 : 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 2.75

Other costs 034 | o024 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 2.36
Irrecoverable VAT|  0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inflation increase|  0.00 : 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Direct Costs 204 | 142 1.11 1.20 1.19 1.11 1.14 1.14 1.16 1.19 1.23 1.25 1.28 1.33 1.33 12.17
Accommodation Costs|  0.06 | 0.12 0.07 0.10 0.11 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 1.04
Corporate Overheads 0.19 : 0.46 0.27 0.41 0.42 0.40 0.41 0.40 0.39 0.39 0.42 0.42 0.42 0.44 0.44 4.13
Inflation Increase| 0.00 ! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Indirect Costs| _0.25 | 0.58 0.34 0.51 0.53 0.50 0.51 0.50 0.49 0.49 0.53 0.53 0.53 0.55 0.55 5.17
Contingency! 0.32 : 0.76 0.59 0.80 0.77 0.68 0.73 0.72 0.75 0.79 0.85 0.87 0.90 0.95 0.95 8.20

Total Costs| 590 | 725 5.75 7.62 7.36 6.52 7.02 6.91 7.19 7.58 8.11 8.29 8.50 9.03 9.03 78.18
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Fixed transition costs - input tables
Table 98: CAA wage and non-wage costs, 2021/22

Average Annual Travel Annual Corporate Tptal

Grade Salary (£) ©) Training (£) OHds (£) IT Costs (£) Plannl(lgg; Rate
PCS £160,891 £8,000 £7,500 £3,000 £179,391
1A £98,928 £3,000 £500 £7,500 £3,000 £112,928
2B £81,570 £3,000 £2,000 £7,500 £3,000 £97,070
3C £62,878 £3,000 £2,000 £7,500 £3,000 £78,378
3D £52,195 £3,000 £2,000 £7,500 £3,000 £67,695
4F £34,839 £3,000 £500 £7,500 £3,000 £48,839
4G £28,832 £3,000 £500 £7,500 £3,000 £42,832

Note:

e Average salary includes: salary, bonus, allowances, ER pensions and ER NI.
e Accommodation cost excluded from above table

Table 99: CAA organisation design, 2021/22

Target Salary Range**
# Role Grade* From To

1 | Head of UK Space Regulation PCS £100,000 £120,000

2 | Space Regulatory Policy Manager PCS £70,000 £80,000

3 | Space Engineering Manager PCS £70,000 £80,000

4 | Space Licensing & Oversight Manager PCS £70,000 £80,000

5 | Independent Assurance PCS £70,000 £80,000

6 | Space Systems Lead 1A £65,000 £75,000

7 | Space Analysis Lead 1A £65,000 £75,000

8 | Space Business Delivery Manager 2B £55,000 £65,000

9 | Space Sector Engagement Manager 3D £45,000 £50,000
10 | Regulatory Policy Specialist 2B £50,000 £65,000
11 | Regulatory Policy Specialist 2B £50,000 £65,000
12 | Regulatory Policy Specialist 2B £50,000 £65,000
13 | Regulatory Policy Specialist 2B £50,000 £65,000
14 | Regulatory Policy Support Officer aF £25,000 £35,000
15 | Launch Systems Engineer 2B £48,500 £65,000
16 | Launch Systems Engineer 2B £48,500 £65,000
17 | Space Systems Engineer 2B £48,500 £65,000
18 | Space Systems Engineer 2B £48,500 £65,000
19 | Mission Safety Analyst 2B £48,500 £65,000
20 | Mission Safety Analyst 2B £48,500 £65,000
21 | Mission Safety Analyst 2B £48,500 £65,000
22 | Mission Safety Analyst 2B £48,500 £65,000
23 | Mission Safety Analyst 2B £48,500 £65,000
24 | Mission Safety Analyst 2B £48,500 £65,000
25 | Space Licensing & Oversight Lead 2B £50,000 £60,000
26 | Environmental Specialist 3C £40,000 £50,000
27 | Licensing & Oversight Specialist 3D £35,000 £45,000
28 | Licensing & Oversight Specialist 3D £35,000 £45,000
29 | Licensing & Oversight Specialist 3D £35,000 £45,000
30 | Licensing & Oversight Specialist 3D £35,000 £45,000
31 | Licensing & Oversight Specialist 3D £35,000 £45,000
32 | Licensing & Oversight Support Officer 4F £25,000 £35,000

* Grades and grading system will be replaced in Spring 2021 so it should be used for indicative purposes only.
** Target salary range is provided as a guide to an expected salary appointment. Actual salaries may be outside of these target ranges.
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Variable cost modelling - input tables

2. The variable cost modelling makes assumptions about the frequency of regulatory activities for licensing
and launch. These are both fixed (per year) and variable (per application or per launch).

3. It also estimates the effort (working days) required for regulatory activities. These apply to three roles
within the business case: Technical, Case Management and Case Support roles.

4. The headcount for the variable cost modelling is calculated by multiplying the UK launch market forecasts
(Annex 3) by the working days required for regulator activities by the frequency of these activities and
the number of licences and launches. This is used to calculate the number of working days required for
different roles in licence applicants and holders in this IA.

5. The Full-Time Equivalent (FTE) staff for the regulator is estimated using a shrinkage factor (1.35), i.e. the
percentage by which an output falls short of the estimated or planned output, as per industry best
practice. This is estimated based on the number of working days per year (260), non-working days for
sickness (7), annual leave (28), public holidays (9) and training (5), and non-utilisation of time for QA,

team meetings etc. (25%).

Table 100: UK Space Agency wage and non-wage costs (£), based on Oct-18 payroll

Annual HR,

Grade :xﬁﬂz?iost :xﬁﬂz?iost ?nnuall ¢ Anntua£l IcT Shared t ﬁcr)]rr:s:lpot, ?nn_u_al £ -Fl;?z;ﬁlning

€ + bonus (£) ravel (£) cost (£) ?Ee)rwces etc. 1 a0 €) raining (£) Rate (£)
SCs 95,678.04 95,678.04 10,000.00 2,800.00 1,500.00 - 500.00 111,178.04
Grade 6 83,970.24 84,826.72 10,000.00 2,800.00 1,500.00 856.48 500.00 100,326.72
Grade 7 66,253.65 66,932.74 10,000.00 2,800.00 1,500.00 679.09 500.00 82,432.74
SEO 46,950.10 47,445.17 10,000.00 2,800.00 1,500.00 495.07 500.00 62,945.17
HEO 37,257.40 37,653.56 10,000.00 2,800.00 1,500.00 396.16 500.00 53,153.56
EO 30,372.70 30,701.62 10,000.00 2,800.00 1,500.00 328.92 500.00 46,201.62
AO - - 10,000.00 2,800.00 1,500.00 - 500.00 15,500.00
Apprentice 24,798.72 25,078.72 10,000.00 2,800.00 1,500.00 280.00 500.00 40,578.72

Table 101: UK spaceflight regulator cost assumptions (£)

Cost Input/assumption
Type | Line ltem name Description Option 1 Option 2 | Option 3
In line with UKSA average salaries by
Staff cost Staff cost Cost of salary and employer uplift for all staff grade for London weighting (as at
October 2018
Related Related staffing Training, Recruitment, Travel and subsistence for each
staffing costs | costs employee per annum. Based on UKSA Finance data. £10,000 £10,000 £10,000
. Accommeodation costs for each desk per annum. Based on
Accommodation average UKSA Finance data for London desk location in 18/19 £4.416 £4.416 £4.418
a8 o HR, Finance, Access to shared services for each employse per annum.
-] ::r:;r:r?a{e Procurement Based on UKSA Finance data. £1.500 £1,500 £1.500
o P e Izsue of laptop and phone to all new employees. Based on ) )
E‘ services IT kit issue UKSA Finance data. £2.200 £2200 £2,200
E IT support and Technical support and access to core Office software for each
=
3 licences employee per annum. Based on UKSA Finance data. £2,800 £2,800 £2,800
& -
L ﬁ"“"” 1 Regulator £132,165 £132,165 | £132,165
Option 2 Regulator Cost of specialist software (e.g. CRM, Data management
Regulator IT ITP = e software).See breakdown below in IT costs table below. Based | N/A £249.912 £249 912
Option 3 Regulator on PA assumptions.
2 g NIA NIA £551,421
Markst Cost of marketing for one year based on £2.5k per event.
arke t Market engagement | Based on UKSA / PA assumptions and UKSA data on cost of £10,000 £25,000 £40,000
Engagemen engagement events to date.
Specialist - . _ . i .
training Specialist training FAA secondment fo provide technical training. LE assumption. | £47 846 £47 B4B £47 848
% Two SEQ grade FTE to set up the regulator with programme
8 and project management expertise for 1 year across the
= Regulation and Legislation Projects. It should be noted that
o Workstream lead costs for the RO role and an overarchlr_lg_PrDject Mapager role £142308.75 | 142,308.75 | 142,308.75
E role are already accounted for as part of existing Spaceflight
[=] Programme funding.
PA assumption and UKSA average salaries per grade.
_ . 1 EQ grade FTE to provide project support for 1 year. PA
Project costs Project support role assumption and UKSA average salaries per grads. £53,586.86 | 53,586.86 53,586.86
Option 1 IT cne-off
. £188,055 £188,055 £188 055
and project costs Cost to set up specialist software (2.9. CRM, Data
IT one-off and — management software). See breakdown below in IT costs table
project costs | OPtien 2T one-off | 000 Baced on PA assumptions. NIA £1,524,632 | £1,524,632
and project costs ' '
Option 3 IT one-off NIA WA | £5.430,377
and prUJ-ecl cosis
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Frequency and effort (working days) of UK spaceflight regulator activities for range control

Table 103
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Table 104: Frequency of regulator activities for all launch operators
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Table 105: Effort (working days) of regulator activities for all launch operators and vertical orbital launch
operators

Ey
Licence Type Stage
Launch Licensing
Launch Licensing
Launch Monitoring
Launch Monitoring
Launch Licensing
Launch Monitoring
Launch Monitoring

Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Vertical orb
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Horizontal
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital
Launch - Suborbital

Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed
Launch - Crewed

ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
ital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital
orbital

Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Monitoring
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Monitoring
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Monitoring

Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Licensing
Monitoring

Activity

Praspective launch operator pre-application engagement
Relicensing - launch operator pre-application engagement
Launch operator monitoring {desk-based)

Inspections -
Inspections -

monitoring
launch application

Launch in-life changes

Launch operator enforcement interventions

licence applications - Vertical orbital operator,
licence applications - Vertical orbital operator,
licence applications - Vertical orbital operator,
licence applications - Vertical orbital operator,
licence applications - Vertical orbital operator,

licence applications - Vertical orbital operator, 1
licence applications - Vertical orbital operator, r
licence applications - Vertical orbital operator, r
licence applications - Vertical orbital operator, 1
licence applications - Vertical orbital operator, r
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Vertical orbital operator licence variation applic
Relicensing - Vertical orbital operator general

Relicensing
Relicensing
Relicensing
Relicensing

Vertical operator in-life safety case review

licence applications - Horizontal orbital operator,
licence applications - Horizontal orbital operator,
licence applications - Horizontal orbital operator,
licence applications - Horizontal orbital operator,
licence applications - Horizontal orbital operator,

successful
successful
successful
successful
successful

ejected
ejeced
ejected
ejected
ejeced

ations, successful
ations, successful
ations, successful
ations, successful
ations, rejected
ations, rejected
ations, rejected
ations, rejected

licence applications - Horizontal orbital operator, rejectad
licence applications - Horizontal orbital operator, rejected
licence applications - Horizontal orbital operator, rejected
licence applications - Horizental orbital operator, rejected

licence applications - Horizontal orbital operator,

rejected

Harizontal orbital operator licence variation applications,
Horizontal orbital operator licence variation applications,
Horizantal orbital aperator licence variation applications,
Horizontal orbital operator licence variation applications,
Horizontal orbital operator licence variation applications,
Horizantal orbital aperator licence variation applications,
Horizontal orbital operator licence variation applications,
Horizantal orbital aperator licence variation applications,
Relicensing - Horizontal orbital operator general

- Horizontal orbital operator vehicle/safety assurance
- Horizontal orbital operator vehicle/safety assurance

Relicensing
Relicensing
Relicensing
Relicensing

- Horizontal orbital operator general
- Horizontal orbital operator general

Harizontal operator in-life safety case review
licence applications - Suborbital operator, successful
licence applications - Suborbital operator, successful
licence applications - Suborbital operator, successful
licence applications - Suborbital operator, successful
licence applications - Suborbital operator, successful
licence applications - Suborbital operator, rejected
licence applications - Suborbital aperator, rejected
licence applications - Suborbital operator, rejected
licence applications - Suborbital operator, rejected
licence applications - Suborbital aperator, rejected

Suborbital eperator licence variation
Suborbital operator licence variation
Suborbital operator licence varistion
Suborbital operator licence variation
Suborbital operator licence variation
Suborbital operator licence variation
Suborbital operator licence variation
Suborbital operator licence variation

Relicensing
Relicensing
Relicensing
Relicensing
Relicensing

- Suborbital operator general

applications,
applications,
applications,
applications,
applications,
applications,
applications,
applications,

- Vertical orbital operator vehicle/safety assurance
- Vertical orbital operator vehicle/safety assurance
- Vertical orbital operator general
- Vertical orbital operator general

successful
successful
successful
successful
successful

successful
successful
successful
successful
rejected
rejected
rejected
rejected

successful
successful
successful
successful
rejected
rejected
rejected
rejected

- Suborbital operator vehicle/safety assurance
- Suborbital operstor vehicle/satety assurance

- Suborbital operator general
- Suborbital operator general

Suborbital operator in-life safety case review

Prospective crewed operator pre-application engagement

licence applications
licence applications
licence applications
licence applications
licence applications -

licence applications - Crewed operator, rejected
licence applications - Crewed operator, rejected
licence applications - Crewed operator, rejected
licence applications - Crewed operator, rejected
licence applications - Crewed operator, rejected
Crewed operstor licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,
Crewed operator licence variation applications,

Relicensing

Relicensing -

Relicensing

Relicensing -

Relicensing

Crewed operator general

Crewed operator, successful
Crewed operator, successful
Crewed operator, successful
Crewed operator, successful
Crewed operator, successful

successful
successful
successful
successful
rejected
rejected
rejected
rejected

Crewed operator vehicle/safety assurance

Crewed operator vehicle/safety assurance

Crewed operator general
Crewed operator general

Crewed operator in-life safety cass review

Description of the activity

initial meeting with prospective operator, well ahead of applying for a licence
initial meeting with prospective operator, well ahead of applving for a licence
reviewing reported data from licencee and others

approved persons, training manual

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - venicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licance application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licance application - safety assurance

assess licence application - AEE

application admin support

initial meeting with prospective operator, well shead of applying for a licence
assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

application admin support

assess licence application - financial and organisational due diligence
assess licence application - vehicle assurance

assess licence application - safety assurance

assess licence application - AEE

application admin support
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Effort per activity per operator (days)

Technical Case Case Support
3 150 0.50
3 150 0.50
3 100 0.50
18 500 150
18 .00 150
0 5.00 100
5 5.00 5.00
0 22.00 0.00
£ 14.40 0.00
144 2160 0.00
0 3250 0.00
0 0.00 1653
0 2200 0.00
96 142 0.00
144 216 0.00
0 325 0.00
0 0.00 262
0 7.33 0.00
32 480 0.00
8 7.20 0.00
0 0.00 487
0 183 0.00
8 130 0.00
12 180 0.00
0 0.00 124
0 5.50 0.00
9% 14.40 0.00
144 2160 0.00
0 0.00 0.00
0 0.00 0.28
a8 7.20 276
0 200 0.00
% 14.40 0.00
144 2160 0.00
0 32.50 0.00
0 0.00 16.53
0 200 0.00
o6 142 0.00
144 216 0.00
0 3.25 0.00
0 0.00 264
0 7.26 0.00
31.68 475 0.00
47.52 713 0.00
0 0.00 292
0 182 0.00
792 119 0.00
11.88 178 0.00
0 0.00 123
0 5.50 0.00
% 14.40 0.00
144 2160 0.00
0 0.00 0.00
0 0.00 0.28
28 7.20 276
0 11.00 0.00°
8 7.20 0.00
72 1080 0.00
0 32.50 0.00
0 0.00 9.08
0 11.00 0.00
48 072 0.00
72 108 0.00
0 335 0.00
0 0.00 140
0 363 0.00
15.84 238 0.00
23.76 356 0.00
0 0.00 246
0 091 0.00
396 059 0.00
592 089 0.00
0 0.00 0.61
0 182 0.00
3168 475 0.00
4752 7.13 0.00
0 0.00 0.00
0 0.00 0.09
2 360 138
3 150 0.50
0 33.00 0.00
144 2160 0.00
216 3240 0.00
0 32.50 0.00
0 0.00 2398
0 33.00 0.00
144 216 0.00
216 324 0.00
0 325 0.00
0 0.00 388
0 1089 0.00
4752 7.13 0.00
7128 10.69 0.00
0 0.00 738
0 272 0.00
1188 178 0.00
1782 267 0.00
0 0.00 184
0 8325 0.00
144 2160 0.00
216 32.40 0.00
0 0.00 0.00
0 0.00 041
72 1080 414



Table 106: Frequency and effort (working days) of UK spaceflight regulator activities for orbital operators

Regulatory function per succesful [t [ h
u u | er year . . er operator er launc
€ v i application T A
Prospective orbital operator advice sessions - 2.0 - -
Orbital operator pre-application feasibility assessments - 1.50 - -
Licence applications - conventional orbital mission, launched abroad - 1.1 - -
Licence awards - conventional orbital mission, launched abroad - 1 - -
Licence applications - complex or novel orbital mission, launched abroad - 1.1 - -
Licence awards - complex or novel orbital mission, launched abroad - 1 - -
Licence applications - conventional orbital mission, launched from UK - 1.1 - -
Licence awards - conventional orbital mission, launched from UK - 1 - -
Licence applications - complex or novel orbital mission, launched from UK - 1.1 - -
Licence awards - complex or novel orbital mission, launched from UK - 1 - -
Pre-application engagement - constellation-class missions - 0.2 - -
Licence applications - constellation-class orbital mission, launched abroad - 1 - -
Licence awards - constellation-class orbital mission, launched abroad - 1 - -
Licence applications - constellation-class orbital mission, launched from UK - 1 - -
Licence awards - constellation-class orbital mission, launched from UK - 1 - -
Orbital operations licence variation applications
Orbital operations licence variation awards
procurement to launch licence applications + awards - - - -
Launches from the UK - non-UK-licensed payload checks - - - 1.0
Orbital operator monitoring (desk-based)
Orbital operations site inspections 0.3
Orbital operations enforcement interventions
Ed - - - Effort per activity per operator (days)

Licence Type Stage Activity Description of the activity Technical Case Case Support
Orbital Licensing Prospective orbital operator advice sessions 1 1.00 0.00
Orbital Licensing Orbital operator pre-application feasibility assessments 25 150 0.00
Orbital Licensing procurement to launch licence applications + awards assess procurement to launch licence application 2 050 0.00
Orbital Licensing Launches from the UK - non-UK-licensed payload checks National security and other checks done on non-uk licenced spcecraft launching from the UK 5 2.00 1.00
Orbital - Conventional Licensing Licence applications - conventional orbital mission, successful assess licence application - financial and organisational due diligence 1] 350 0.00
Orbital - Conventional Licensing Licence applications - conventional orbital mission, successful assess licence application - technical and operational due diligence 20 3.00 0.00
Orbital - Conventional Licensing Licence applications - conventional orbital mission, successful application admin support 1] 0.00 133
Orbital - Conventional Licensing Licence applications - conventional orbital mission, rejected assess licence application - financial and organisational due diligence 1] 350 0.00
Orbital - Conventional Licensing Licence applications - conventional orbital mission, rejected assess licence application - technical and operational due diligence 2 0.30 0.00
Orbital - Conventional Licensing Licence applications - conventional orbital mission, rejected application admin support 1] 0.00 029
Orbital - Complex or novel  Licensing Licence applications - complex or novel orbital mission, successful assess licence application - financial and organisational due diligence 1] 350 0.00
Orbital - Complex or novel Licensing Licence applications - complex or novel orbital mission, successful assess licence application - technical and operational due diligence 30 6.00 0.00
Orbital - Complex or novel  Licensing Licence applications - complex or novel orbital mission, successful application admin support 1] 0.00 198
Orbital - Complex ornovel  Licensing Licence applications - complex or novel orbital mission, rejected assess licence application - financial and organisational due diligence 1] 3.50 0.00
Orbital - Complex or novel  Licensing Licence applications - complex or novel orbital mission, rejected assess licence application - technical and operational due diligence 3 0.50 0.00
Orbital - Complex or novel  Licensing Licence applications - complex or novel orbital mission, rejected application admin support 1] 0.00 036
Orbital - Constellation-class Licensing Pre-application engagement - constellation-class missions 10 30.00 0.50
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, successful assess licence application - financial and organisational due diligence 0 3.50 1.00
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, successful assess licence application - technical and operational due diligence g 3.00 2.00
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, successful application admin support 1] 0.00 073
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, rejected assess licence application - financial and organisational due diligence 1] 350 100
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, rejected assess licence application - technical and operational due diligence 0.8 0.30 0.20
Orbital - Constellation-class Licensing Licence applications - constellation-class orbital mission, rejected application admin support 1] 0.00 023
Orbital Licensing Orbital operations licence variation applications, successful assess licence application - financial and organisational due diligence 1] 263 0.00
Orbital Licensing Orbital operations licence variation applications, successful assess licence application - technical and operational due diligence 15 225 0.00
Orbital Licensing Orbital operations licence variation applications, successful application admin support 1] 0.00 099
Orbital Licensing Orbital operations licence variation rejected assess licence application - financial and organisational due diligence 0 0.66 0.00
Orbital Licensing Orbital operations licence variation rejected assess licence application - technical and operational due diligence 375 056 0.00
Orbital Licensing Orbital operations licence variation rejected application admin support 1] 0.00 0.25
Orbital Monitoring Orbital operator monitoring (desk-based) annual healthcheck per satellite 0.5 1.00 0.10
Orbital Licensing Orbital operations site inspections conduct inspection (general) 5 2.00 1.00
Orbital Monitoring Orbital operator in-life changes moves etc 1 3.00 1.00
Orbital Monitoring Orbital operations enforcement interventions 5 5.00 5.00
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Annex 5: Spaceflight accident investigation assumptions

AAIB employee salaries

1. This section sets out the wage and non-wage cost information used for the accident investigation

section. This information is drawn from Air Accidents Investigation Branch’s (AAIB) HR and Finance
Teams.

2. Table 107 presents the civil service grades and respective minimum and maximum pay in 2020 prices
(including non-wage costs). These figures do not include London weighting but already include the
respective Recruitment and Retention Allowances (RRAS):

e For inspectors: £0 and £6,000 added to the minimum and maximum pay, respectively;

e For the deputy chief inspector: £6,937 and £12,937 added to the minimum and maximum pay,
respectively

3. When inspectors have been with the AAIB for two years, they are given a £4,000 Recruitment and
Retention Allowance (RRA) on top of their salary. After they have been with the AAIB for six years, they
are given an additional £2,000 RRA. Although these amounts are not subject to pension contributions,
they are to national insurance contributions and therefore we added the respective non-wage costs.

4. The deputy chief inspector receives, on top of the RRA, an additional 7.5% of the top pay scale for a
principal inspector (£6,937). The chief inspector does not receive RRA.

Table 107: Salary Cost for AAIB employees, 2020 prices

Pa .
Role Grade Pay Low Cent¥al Pay High
Chief Inspector of Air Accidents SCS (level 1) £99,011 £104,222 | £109,433
Deputy Chief inspector of Air Accidents 6AN £93,149 £100,564 | £107,799
Principal Inspector (inc Investigator in charge) 6AN £85,937 £93,352 | £100,767
Flight Data Recorder Inspector 7AN £75,834 £82,744 £89,655
Engineering Inspector 7AN £75,834 £82,744 | £89,655
Operations Inspector 7AN £75,834 £82,744 | £89,655
Human Factors Inspector 7AN £75,834 £82,744 | £89,655
Administrative EO £26,260 £26,707 | £27,155

Time spent investigating launch accidents

5. This section sets out the evidence used to underpin estimates about the time spent investigating launch
accidents in the UK.

6. When an aviation accident occurs in the UK, usually four inspectors are assigned to the investigation:
an Engineering, an Operations, a Flight Data Recorder (FDR), and a Human Factors (HF) inspector?®’.
These inspectors will come under the Investigator in Charge, who is responsible for overseeing the
overall conduct of the investigation. Costs related with the Investigator in Charge will be estimated in
the following section (preparing safety recommendations and the investigation report).

7. Table 108 shows the average number of working days that each investigator might spend on different
types of civil aviation accidents. The AAIB does not routinely monitor the number of hours against each
investigation and the data was extracted from resource modelling that the AAIB performed in 2017

257 ApIB employed its first Human Factors inspector in 2018, and there is very limited historical data about how many hours this inspector has

accrued against specific investigations. The HF inspector is not included in the 2017 AAIB resource modelling.
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based on civil aviation accidents that occurred between 2014 and 2016. An AAIB standard working day
is of 7.4 hours.

8. The time reported in Table 108 includes time spent at:

Initial and follow-up interviews with the industry and witnesses;
Communicating with manufacturers;

Preparing the investigation report and safety recommendations; and
Managing the report from consultation through publication.

9. The information from the resource model was used to estimate the number of days that each inspector
will spend in a spaceflight accident investigation.

Table 108: Number of working days by type of operation and role

258

. , Flight Data

Operations | Engineer Rgcorder Total
Formal Investigation
Accident 1 59 97 33 189
Accident 2 595 961 299 1855
Accident 3 74 139 63 276
Average (exc. Accident 2) 66.5 118 48 233
Typical Investigation
General aviation accidents (average) 19 17 9 45
Commercial Aircrafts (average) 19.5 21 20 601
Average 19 19 15 53

10. Table 109 outlines the estimated number of working days used in the present analysis. The rationale
behind those estimates is as follows:

Vi.

Formal investigations’ data is used to estimate the number of working days that a serious
spaceflight accident investigation requires. In contrast, typical field investigations’ data is
used for non-serious spaceflight accidents.

Data for ‘Accident 2’ is disregarded as it is very unlikely that a spaceflight accident
investigation would take this long.

For accidents involving human occupants, it is expected that operations and HFs will accrue
more hours than otherwise because of the human interaction consideration. Because
aviation accidents always involve at least the pilot, data from Table 113 acts as the
benchmark for missions with human occupants.

The estimated number of days for operations and engineers is computed by taking the
average of the days those two professions spent investigating aviation accidents.

AAIB has no historical data regarding man-hour expenditure for the HF discipline, which
was previously contracted to third party experts. Therefore, it is assumed that they spend
the same number of working days as operations.

The FDR inspector accrues hours depending on what data might be available. In the case
of civil aviation, this can typically include data from a FDR, radar data, CCTV, GPS data,

258 Source: AAIB resource model
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video footage, data recorded in Non-Volatile Memory onboard the aircraft etc. We expect
that significant amounts of data will be available after a spaceflight accident and the FDR
inspector will probably accrue significant manhours. Spacecraft do not always have onboard
flight data recorders and the vehicles and their payloads are monitored by ground
controllers using telemetry that we expect to be recorded (section 19 of the SIA requires
that the licensee retains such records for the purpose of accident investigation). Depending
on when an accident occurs (height, speed, location), the wreckage may be fragmented
and difficult to assess or even unrecoverable. In these scenarios, attention will focus on the
recorded data. We understand that launches are normally recorded using high speed
cameras from multiple angles that can be downloaded and analysed if required. Examples
include Challenger where exhaust gases were observed from the ‘O’ ring that failed and
Columbia where video footage from the launch showed part of the heat protection shield
falling onto the wing. Current launches of SpaceX Falcon vehicles are broadcast online with
imagery sourced from multiple cameras, some of which are onboard the vehicle. The first
indication of a problem during the re-entry phase of Columbia was when ground controllers
noted the loss of data from a number of sensors in the left-wing. Consequently, it was
assumed that the FDR works on average 25% more days in spaceflight accidents than in
aviation accidents.

Vil. We expect that the majority of missions without human occupants will require less working
days for operations and HF inspectors, although the HF inspector may accrue hours if the
accident is associated with aspects that involve human interaction (e.g. maintenance
practices or man-machine design). We expect that for engineer and FDR, the number of
working days remain the same. We assumed that missions with human occupants require
25% more working days for operations and HF than missions without human occupants.

11. Additional AAIB employees will be involved in the investigation to perform, for example. administration
tasks and tasks such as finalising the investigation report for publishing. The costs related to these
activities will be calculated in the main body of the IA.

Table 109: Assumptions on the number of working days by scenario and role

. . Flight Data Human

Operations | Engineer Rgcorder Factors Total
Non-serious Spaceflight Accidents
Missions with humans 19 19 18 19 76
Missions without humans 15 19 18 15 68
Serious Spaceflight Accidents
Missions with humans 67 118 60 67 311
Missions without humans 53 11 60 53 284
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Annex 6: International Approaches to Liability Limits

1. This table summarises the various international approaches to liability limits. To aid comparison,
financial values have been converted to pound sterling (using 24 January 2020 exchange rates,
consistent with the ‘SIA Secondary Legislation IA’) and rounded to three significant figures 2°°.

Table 110 International approaches to liability limits
Limit on Liability Values in GBP

Australia IThe limit on liability for an Australian launch permit holder is based on the 52.3 million,
lAustralian government’s Maximum Probable Loss (MPL) methodology?®°, up to 1.58 billion
IAUD 100 million. The Australian government bears liability up to AUD 3 billion in
relation to compensation to Australian nationals for damage of an amount in
excess of the required insurance cover for the Australian launch permit. Liability in
lexcess of AUD 3 billion falls to the operator?6.

Austria, France  |EUR 60 million limit on liability for damages on the surface of the 50.6 million
Earth/aircraft. No limit on liability for damages in space.

Belgium Limit on liability at the King's discretion (usually applied).

Finland EUR 60 million. 50.6 million

India Limited to the liability level set out as a licence condition.

Japan For launch, limited to the amount of insurance required which, as of July 2019, 140 million
is JPY 20 billion for all types of rockets. No cap for operations.

Luxembourg Depends on the Concession. Agreement entered into between the operator
land the government (limit on liability usually applied).

Netherlands Limited to the amount of insurance (approximately EUR 20 million for in-orbit 16.9 million
liability).

Portugal IAmount discretionary to the members of government responsible for finance and
science and technology.

Russia Limited to the amount of insurance cover required; however, the Russian

government has a right of recourse against the property of licensee if the insured
sum is insufficient.

South Korea Limited to KRW 200 billion. 131 million
UK (OSA) EUR 60 million. 50.6 million
UK (SIA) Government discretion.

US IThe cap is based on Maximum Probable Loss (MPL), up to USD 500 million. The (383 million,

US government bears liability up to USD 3.1 billion. Liability in excess of USD 3.1 |2.37 billion
billion falls to the launch operator.

259 Based on 24" January 2020 exchange rates (consistent with the ‘SIA Secondary Legislation IA’). Source: Bank of England, available at -
https://www.bankofengland.co.uk/boeapps/database/Rates.asp?TD=24&TM=Jan&TY=2020&into=GBP&rateview=D

260 Aystralian Government, ‘Maximum Probable Loss Methodology’, August 2019 - available at:

https://www.industry.gov.au/sites/default/files/2019-08/maximum-probable-loss-methodology-for-space-activities. pdf

261 section 69(4) of the Australian Space (Launches and Returns) Act 2018, available at: https://www.legislation.gov.au/Details/C2019C00246
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Annex 7: Modelled Insurance Requirements and Expected Cost to
Government

1.

The Modelled Insurance Requirement is based on the following estimated costs of injury and damage.
The categories were chosen such that each could form part of a compensation claim under the UN
Liability Convention, and correspond to those in the existing Nuclear Installations liability scheme. The
financial values are based on the commissioned research by the Government Actuary’s Department
(GAD), which included information on the average level of payouts received in the UK.

Values in bold are those used in the analysis. According to UKSA Chief Engineer’s Team analysis, the
balance of risk between Operator and HMG is insensitive to these values. The values are subject to
revision at least every five years.

Table 111 Financial values used in Modelled Insurance Requirement calculations, 2020 prices

Type of Damage Financial Value (£’000) Additional Comments

Death

Average award 221 | Ranging from £12,950 to over £4m, depending on type of
376 | damages awarded and whether the affected person has

Average-with-dependents award dependents. Awards however could be much higher than

this.

Injury

Minor 5

'”‘efmed"?‘te 30 Ranging from a few thousand to excess of £20m

Semi-serious 199

Lifetime care 4,444

Property damage (per m?)

Commercial 1.843 | The business interruption rates were calculated based on
Without Business Interruption 1.351 | Association of British Insurers data under licence to
Residential 1.843 | UKSA, GAD’s own experience and average figures for
Agricultural 0.00195 | stock held by British companies. This demonstrates that

Without Business Interruption

0.00189 | business interruption costs would account for around half
of the difference between the value for domestic and
commercial property rates and if a prudent approach is
being used that the domestic property rate could be
appropriately applied as the value with respect to property
damage generally.

Environmental Damage 250

213



