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Expanded Term

EC European Commission

EclA Ecological Impact Assessment

EEZ UK Exclusive Economic Zone

ELV Exposure Limit Value

EMODnet European Marine Observation and Data Network

END Assessment and Management of Environmental Noise

EPS European Protected Species

EZI Environmental Zone of Influence

FCS Favourable Conservation Status

FID Flight Initiation Distance

FTS Flight Termination System

GCN Guidelines for Community Noise

GDG Guideline Development Group

GDP Gross Domestic Product

GHG Greenhouse Gas Emissions

Gl Ground Investigation

GP1 Shetland Islands Local Development Plan Policies 2014 — Sustainable
Development

Gp2 Shetlgnd Islands Local Development Plan Policies 2014 — General
Requirements for All Development

GVA Gross Value Added

GWDTE Groundwater Dependent Terrestrial Ecosystems

H.O Water Vapour

HES Historic Environment Policy for Scotland

HDPE High Density Polyethylene

HTPB Hydroxyl-Terminated Polybutadiene

HMRC His Majesty’s Revenues and Customs

Hylmpulse the Applicant

IAQM Institute of Air Quality Management

ICAO The International Civil Aviation Organisation

ICES International Council for the Exploration of the Sea

IEMA Institute of Environmental Management and Assessment

INCC Joint Nature Consrvation Committee

Km Kilometres

kN Kilonewtons

LAQM Local Air Quality Management
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Expanded Term

LCA

Coastal Edge Landscape Character Areas

LDP

Local Development Plan

LCTs

Landscape Character Types

LEAV

Lower Exposure Action Value

LEZ

Launch Exclusion Zone

LLAs

Local Landscape Areas

LOx

Liquid Oxygen

LRCC

Launch and Range Control Centre

LSPF

Launch Site Processing Facility

LULUCF

Land use / land use change factor

LVIA

Landscape and Visual Impact Assessment

LVs

Launch Vehicles

MOD

Ministry of Defence

MPAs

Marine Protected Areas

MSDS

Material Data Safety Sheets

NASA

National Aeronautics and Space Administration

NAQS

National Air Quality Strategy

NBN

National Biodiversity Network

NCAP

National Collection of Aerial Photography

NCN

National Cycle Network Routes

NIHL

Noise Induced Hearing Loss

NO>

Nitrogen Oxide

NOAA

National Oceanic and Atmospheric Administration

NO3

Nitrate

NPF4

National Planning Framework 4

NRHE

National Record of Historic Environment

NSA

National Scenic Area

NSA

New Statistical Account

NHZ

Natural Heritage Zone

NSRs

Noise Sensitive Receptors

NTS

Non-Technical Summary

NVC

National Vegetation Classification Survey

ONS

Office for National Statistics

oT

Oxidiser Tank Module

PAN

Planning Advice Note

PCA

Peatland Condition Assessment
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Expanded Term

PT Pressurisation Tank Module

RAF Royal Airforce

RCAHMS Royal Commission on the Ancient and Historical Monuments of Scotland
RCP Representative Concentration Pathway

RepLV Representative Launch Vehicle

SACs Special Areas of Conservation

SAT Shetland Amenity Trust

géé&%%iops SaxaVord Spaceport Launch Site Safety User’s Manual

SBL The Scottish Biodiversity List

SCA Seascape Character Area

SEL Sound Exposure Level

SENEL Single Noise Exposure Level

SEPA Scottish Environment Protection Agency

SGHE Supplementary Guidance on the Historic Environment (published by

Shetland Islands Council)

Shetland Space The Proposed Project

Centre

SIA Space Industries Act 2018

SIC Shetland Islands Council

SIR Space Industry Regulations 2021

SMCP Scheduled Monument Consent Policy
SMC Scheduled Monument Consent

SMR Sites and Monuments Record

SNH Scottish Natural Heritage

SoNA Survey of Noise Attitudes Study

SPA Special Protection Area

\S/IZZﬂSC:_:Sunch SR75 unguided sounding rockets

SSSI Site of Special Scientific Interest

TEL Transporter / Erector / Launcher Vehicle
l:;e;Shetland The Shetland Local Development Plan
UEAV Upper Exposure Action Value

UNCLOS United Nations Convention on the Law of the Sea
VHF Very High Frequency radio

VMEs Vulnerable Marine Ecosystems
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Expanded Term

World Health Organisation

yANY

Zone of Theoretical Visibility

Glossary

Aborted Launch

AEE

AOD

AQS

BBPP

EZ|

Flight Corridor

GPPs

Hotfire Test

Aborted Launch
A launch event where the Launch Operator calls off the attempted launch
prior to ignition.

Assessment of Environmental Effects

The systematic process of identifying, quantifying and evaluating the
potential effects of the proposed activities on the environment. The
purpose of AEE is ‘to ensure that applicants for spaceport licences have
considered the potential environmental effects of their intended activities
and, if necessary, taken appropriate and proportional steps to avoid,
mitigate or offset the risks and their potential effects’. (CAA et. al. 2021).

Above Ordnance Datum

In the British Isles, an ordnance datum or OD is a vertical datum used by
an ordnance survey as the basis for deriving altitudes on maps. A spot
height may be expressed as AOD for "above ordnance datum".

Air Quality Strategy

This strategy sets out the comprehensive actions required across all parts
of government and society to improve airy quality. The strategy sets out
how we will protect the nations health and protect the environment.

Breeding Bird Protection Plan
All birds, their nests and eggs are protected by the Wildlife & Countryside
Act 1981 as amended by the Nature Conservation (Scotland) Act 2004

Environmental Zone of Influence

The zone of influence is the area around the site that may be affected by
the proposed changes within the site. Impacts could include the removal
or alteration of habitat or increase human presence on or around the site.

Flight Corridor

An area on the Earth's surface estimated to contain the hazardous debris
from nominal flight of a launch vehicle and off-nominal flight of a launch
vehicle, assuming a functioning flight termination system or other flight
safety system.

Guidance for Pollution Prevention

GPPs provide environmental good practice guidance for the whole UK,
and environmental regulatory guidance directly to Northern Ireland,
Scotland and Wales only.

Static Hotfire Test
Hotfire tests (also known as static hotfire tests) are when a Launch
Operator carries out a hotfire test of their first stage engine(s).
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Impact
Dispersion Area

Launch Area

Launch Azimuth

Launch Vehicle
(Lv)

Nominal

NMPI

Off-nominal
Launch Event

Scrubbed
Launch

Sounding
Rocket

SPA

SPP

Impact Dispersion Area

The area representing an estimated three standard deviation dispersion
about a nominal impact point of an intermediate or final stage of a sub-
orbital launch vehicle.

Launch Area

The portion of a flight corridor from the launch point to a point 100
nautical miles (185 km) in the direction of the flight azimuth. Note this is
what the Applicant has bounded the siting assessment to. Further
downrange is under the remit of the Launch Operator licensees.

Launch Azimuth
The horizontal angular direction initially taken by a launch vehicle at lift-
off, measured clockwise in degrees from true north.

Launch Vehicle
A launch vehicle or carrier rocket is a rocket propelled vehicle used to
carry a payload from Earth’s surface to space.

Nominal

In reference to launch vehicle performance, trajectory, or stage impact
point, a launch vehicle flight where all launch vehicle aerodynamic
parameters are as expected, all vehicle internal and external systems
perform as planned, and there are no external perturbing influences (e.g.,
winds) other than atmospheric drag and gravity.

National Marine Plans Interactive

Is an interactive tool which is part of the Marina Scotland Open Data
Network, and has been designed to assist in the development of national
and regional marine planning. Allows you to view different types of
information and, where appropriate, links have been provided to the
related parts of Scotland’s Marina Atlas, the National Marina Plan as well
as links to data sources to facilitate data download.

Off-nominal Launch Event
A launch event where the launch event proceeds beyond ignition but
does not perform within expected/acceptable limits.

Scrubbed Launch
A launch event where the Launch Operator calls off the attempted launch
prior to ignition.

Sounding Rocket

Sounding rockets are one or two stage solid propellant rockets used for
probing the upper atmospheric regions and for space research. They also
serve as easily affordable platforms to test or prove prototypes of new
components or subsystems intended for use in launch vehicles and
satellites.

Special Protection Areas

A Special Protection Area is a designation under the European Union
Directive on the Conservation of wild birds. Under the Directive, Member
States of the European Union (EU) have a duty to safeguard the habitats
of migratory birds and certain particularly threatened birds.

Scottish Planning Policy
A statement of Scottish Government Policy on how nationally important
land use planning matters should be addressed across the country.

aUroil
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SSSI

SST

Sub-orbital

Test Launch

Trajectory

v

Mg

Site of Special Scientific Interest

A Site of Special Scientific Interest (SSSI) is a formal conservation
designation. Usually, it describes an area that's of particular interest to
science due to the rare species of fauna or flora it contains - or even
important geological or physiological features that may lie in its
boundaries.

Sea Surface Temperature

Sea surface temperature is the water temperature close to

the ocean's surface. The exact meaning of surface varies according to the
measurement method used, but it is between 1 millimetre (0.04 in) and
20 metres (70 ft) below the sea surface.

Sub-orbital
Sub-orbital flights may go into space, then their path (or trajectory)
carries them back to earth.

Test Launch
A research/test launch event that proceeds beyond ignition and lift off.

Trajectory
The position and velocity components as a function of time of a launch
vehicle relative to an x, y, z coordinate system, expressed in x, Y, z, X, Y, Z.

Zone of Theoretical Visibility

Also known as a Zone of Visual Influence, is a computer-generated tool to
identify the likely (or theoretical) extent of visibility of a development.
The elevation (or a set of elevations) of the development is tested against
a 3D terrain model.

Hg
In the metric system a microgram or microgramme is a unit of mess equal

to one millionth of a gram. The unit system is pg according to the
International System of Units.
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CHAPTER1 INTRODUCTION
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CHAPTER3  APPROACH TO AEE
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Approach to AEE

Introduction

This AEE Report comprises a Non-Technical Summary (NTS) as Volume |, the main AEE Report text
as Volume II, accompanying drawings as Volume Il and technical appendices as Volume IV.

As detailed in Chapter 2, the Proposed Project comprises the preparation and launch of SR75 Launch
Vehicles from SaxaVord Spaceport, situated at Lamba Ness in Unst, Shetland. The SR75 Launch
Vehicle is approximately 13 m long, 0.6 m in diameter and is a single-stage sub-orbital launch vehicle
propelled by a hybrid engine and intended to host payloads for microgravity experiments or place
payloads for re-entry in the atmosphere. Launches will take place in a northerly direction over the
sea.

The project will be regulated under the Space Industry Act 2018 (‘the Act’).
The Proposed Project consists of the following elements:

Preparation of the SR75 Launch Vehicle;

Storage and Handling of SR75 Launch Vehicle propellant;

Operation of Ground Support Equipment; and

Launch of the SR75 Launch Vehicle (including component return impact zones).

It is anticipated that launches will take place from Launch Pad 2 within the SaxaVord Spaceport;
however, due to current constraints at SaxaVord, it is also possible that the first launches may take
place from Launch Pad 3. Both Launch Pads have been considered by the specialist teams
undertaking the AEE and it has been concluded that Launch Pad 2 should the limiting case scenario
for assessment given that it lies closer to both human and ecological receptors. As such, for the
purposes of this AEE, it has been assumed that launches will take place from Launch Pad 2.

The specification of the SR75 Launch Vehicle is within that of the limiting case representative launch
vehicle (RepLV) considered for SaxaVord Spaceport, aligning closely with the Small Mass Emission
Launch Vehicle - the least significant launch vehicle of those considered within SaxaVord Spaceport
AEE V3.

The Applicant is applying for a maximum environmental budget of one launch of the SR75 Launch
Vehicle from SaxaVord Spaceport per year.

Legislation, Policy and Guidance

The Space Industry Act 2018 (‘the Act’) received Royal Assent on 15 March 2020 and provides a
legal framework for the licensing of space activities, sub-orbital activities and associated activities
carried out in the UK.

Section 11 of the Act stipulates that all applicants for a launch operator licence are required to
submit an assessment of environmental effects (AEE) as part of their licence application. The
regulator, the Civil Aviation Authority (CAA), is required to take the AEE into account when deciding
whether to grant a licence and what, if any, conditions should be attached to such a licence, and
cannot grant a launch operator licence until the AEE has been submitted.

Under section 11(4) of the Act the regulator can permit applicants to submit an equivalent
assessment, prepared previously, as part of the AEE.

Aurora | Hylmpulse SR75 SaxaVord AEE V2 | 2025-04-25

3-1



’
L7

”

3.24

3.25

3.3

331

3.3.2

3.3.3

3.4

341

J J Hylmpulse auror“g‘.n

There are no regulations specific to AEE, however; under section 11(6) of the Act, the regulator is
required to issue guidance. The AEE therefore follows the requirements set out in ‘CAP2215
Guidance for the Assessment of Environmental Effects’ (CAA et. al. 2021). As applicable, reference
is also made to guidance document CAP1616: Airspace change: Guidance on the regulatory process
for changing the notified airspace design and planned and permanent redistribution of air traffic,
and on providing airspace information (CAA, 2021).

In addition to the CAA guidance, in undertaking the AEE the established framework for conducting
environmental impact assessments has been considered as required by the Town and Country
Planning (Environmental Impact Assessment) Regulations 2017 and Marine Works (Environmental
Impact Assessment) Regulations 2017. Within that framework, consideration has been given to the
following:

Guidelines for Environmental Impact Assessment, Institute of Environmental
Management and Assessment (IEMA, 2006);

Environmental Impact Assessment Guide to Delivering Quality Development (IEMA,
2016);

A Handbook on Environmental Impact Assessment Version 5 (Scottish Natural
Heritage, 2018);

Shetland Local Development Plan (Shetlands Islands Council, 2014); and
Shetland Outdoor Access Strategy (Shetland Islands Council, 2019).

The AEE Process

The purpose of AEE is ‘to ensure that applicants for launch operator licences have considered the
potential environmental effects of their intended activities and, if necessary, taken appropriate and
proportional steps to avoid, mitigate or offset the risks and their potential effects’ (CAA et. al. 2021).

AEE is the systematic process of identifying, quantifying, and evaluating the potential effects of the
proposed activities on the environment. The key stages in the AEE process are presented in this
chapter, with an overview of the specific methodology adopted for each technical study provided
within the respective technical chapters (Chapters 4 to 7).

As stated in the CAA guidance document, the process of AEE can be broken down into four main
phases as shown in Figure 3.1.

1. PREPARATION AND 2, CONDUCTING THE 3. REVIEW 4. POST LICENCE
CONTENT OF THE AEE AEE

Applicant defines and Applicant conducts, Regulator reviews AEE as Continuous review of
prepares the content of the compiles and submits the part of a licence application environmental effects by
AEE AEE applicant

Figure 3.1 Overview of the AEE Process

AEE Scope

Environmental Zone of Influence

The environmental zone of influence (EZI) of the AEE, in other words the spatial scope or
geographical coverage of the assessment, takes into account a number of factors, in particular:

the extent of the Proposed Project and the trajectory of the SR75 Launch Vehicle;

the nature of the baseline environment, sensitive receptors and the impacts that
could arise; and,

the distance over which predicted effects are likely to remain significant and,
particularly, the existence of pathways which could result in the transfer of effects to
a wider geographical area than the extent of proposed physical works.
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For the purposes of this AEE, the EZI is based on and comprises the proposed launch flight corridor
(extending in a northerly direction over the sea from Launch Pad 2 along an azimuth of 000 degrees)
and all study areas required for the technical disciplines included in the AEE.

Within the EZI, the study areas required for each technical discipline assessed vary and as such the
rationale for each study area has been included in relevant technical chapter. Individual study areas
are shown in detail on Drawing 2.1. in Volume Ill

Temporal Scope

The baseline year used for the assessment of effects has been taken as 2025, with the assumption
that SaxaVord Spaceport is fully constructed and operational. However, as appropriate technical
disciplines have carried out pre-assessment studies and/or literature reviews from wider
timeframes, for example the Climate Chapter refers to the 1981 — 2010 baseline and the Marine
and Transboundary Effect chapters refer to datasets spanning the period 1970 — 2020 as relevant.

Environmental Budget

The Applicant is applying for a maximum environmental budget of one launch per year.

Whilst the Applicant has not yet determined a specific timeframe for launch operations, when
required for the purposes of this AEE an operational period of 30 years (equating to 30 launches)
has been assumed, aligning with the current land lease for the SaxaVord Spaceport. This applies in
particular to the process of calculating total mass of returning components, required for the Marine
and Transboundary assessment (Chapter 6).

For other technical disciplines the appropriate timeframe for assessment varies.

For air quality, due to the fact that only one launch will occur at any given time and
launches of the SR75 Launch Vehicle and other launch operators’ launch vehicles will
be phased with time enough for the environment to return fully to the baseline state
between launches (i.e., no more than one launch within a 24-hour period) the
appropriate assessment period is considered to be a single launch.

For climate change, a single launch event is the basis of calculations for greenhouse
gas emissions. Considering climate resilience, UK Met Office projections of expected
changes covering the period 2050-2079 are included based on the current 30 year
lease for the spaceport.

For accidents, the assessment is agnostic of timeframe and simply considers the
potential environmental effects of accident scenarios as if occurred.

Due to this variance between technical disciplines, appropriate timescales for assessment are
detailed in each technical chapter.

AEE Content

The AEE looks to identify, describe, and assess the potential direct and indirect significant effects of
the Proposed Project.

A launch operator AEE is described in section 11(3)(b) of the Act:

‘Assessment of environmental effects... In relation to an operator licence authorising launch of
spacecraft, means an assessment that those launches are expected to have on the environment.’

As required by the CAA guidance, this launch operator AEE covers all operations and activities
intended to be carried out that may have an environmental effect. The following environmental
topics have been considered in the preparation of this AEE:
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Population and human health;
Biodiversity (ecology and ornithology);
Air quality;

Noise and vibration;

Water,

Climate;

Marine environment;

Land, Soils and Peat;

Landscape, Seascape and Visual Impact;
Material assets and cultural heritage; and

Accidents and Disasters.
Environmental topics not considered within the AEE

As described in Chapter 2, the specification of the SR75 Launch Vehicle is within that of the limiting
case representative launch vehicle (RepLV) considered for SaxaVord Spaceport, aligning closely with
the Small Mass Emission Launch Vehicle - the least significant launch vehicle - considered within
SaxaVord Spaceport AEE V3 (reference SR-APP-001019). For several of the topics listed above, it is
therefore considered that no further assessment is required in addition to that previously submitted
in the SaxaVord Spaceport AEE V3. For each discipline where this is the case, a justification has
been included below for information.

Population and Human Health

Within the context of SaxaVord Spaceport, and particularly as one of the first launches, the
Proposed Project represents a transformational and much needed economic development
opportunity for Unst and for the Shetland Islands and, as detailed within the SaxaVord Spaceport
AEE V3 Population and Human Health Chapter, will generate significant beneficial local effects
through:

employment associated with operation of the Spaceport;
demand for goods and services to support the operation of the Spaceport;

temporary hosting of Hylmpulse staff who will utilise local shops, hospitality and
other amenities; and,

attraction of tourists who will visit SaxaVord Spaceport to watch the launch
(including outside the current summer tourism season).

The proposed first launch of the SR75 Launch Vehicle in 2025 will contribute significantly to the
development of SaxaVord Spaceport and so to the economic benefits that the Spaceport has been
previously assessed as potentially being able to generate.

The Applicant confirms that there are no material changes required to SaxaVord Spaceport
operational systems or infrastructure as a result of the Proposed Project and therefore the SaxaVord
Spaceport AEE V3 assessment of population effects can be considered an equivalent assessment for
the purposes of this AEE. Whilst relevant (air quality) effects on human health from the Proposed
Project are discussed in detail in Chapter 4 of the AEE Report; population effects have otherwise
not been considered further in this AEE.

The SaxaVord Spaceport AEE V3 Population and Human Health Chapter has been included for
reference as Appendix 3.1 in Volume IV.
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Biodiversity (Ecology and Ornithology)
Ecology

The ecological assessment undertaken as part of SaxaVord Spaceport AEE V3 concluded that there
was one likely significant residual effect at local level, on coastal grassland habitat in relation to
land-take from operation of the Spaceport.

The assessment noted that the likely significant ecological effect from overall operation of the
SaxaVord Spaceport (and within that, therefore, operation of the Proposed Project) was inherently
associated with the land-take and infrastructure required for the construction of the Spaceport and
carried over into the SaxaVord Spaceport AEE V3 for assessment only by nature of the continued
operation of the Spaceport infrastructure. Ecological effects of the Spaceport overall have been
assessed by Shetland Islands Council and the relevant statutory consultees (including NatureScot
and SEPA) during the planning stage of the SaxaVord Spaceport and the Spaceport (and, by
extension, associated future activities of Launch Operators) found to be suitable for development.
Habitats management plans and mitigation measures outlined within the Environmental Statement
submitted with the Spaceport planning application have been included in the planning consent for
the SaxaVord Spaceport as conditions and accepted by the planning authority and its consultees.

The Applicant confirms that there are no material changes required to SaxaVord Spaceport
infrastructure or operations as a result of the Proposed Project and therefore the assessment of
ecological effects submitted as part of SaxaVord Spaceport AEE V3 can be considered an equivalent
assessment for the purposes of this AEE.

The SaxaVord Spaceport AEE V3 Ecology Chapter has been included for reference as Appendix 3.2.
Ornithology

As part of SaxaVord Spaceport planning and AEE works, targeted and licensed breeding bird surveys
were undertaken following agreed standardised survey methods between 2018 and 2020 within
the ornithological EZI for the Spaceport. Subsequent surveys undertaken by SaxaVord Spaceport in
2022 and 2023 have shown that ornithological populations around the spaceport remain steady,
with no significant changes to bird numbers associated with works at the Spaceport.

Ornithological designated site interests on the Hermaness, Saxa Vord and Valla Field SPA (and
overlapping Hermaness SSSI and Saxa Vord SSSI) and the following non-designated wider
countryside ornithological birds were taken forward for assessment: red-throated diver, merlin,
black guillemot, common guillemot, puffin, razorbill, shag, kittiwake, fulmar, ringed plover, golden
plover, whimbrel, curlew, dunlin, Arctic tern, Arctic skua, great skua and a confidential Schedule 1
species.

Potential impacts from SaxaVord Spaceport, based on 30 launches per year of the limiting case 30 m
orbital launch vehicle were assessed and the magnitude of predicted operational effects found to
be either ‘no effect’ or ‘negligible’ for all bird species considered except one. Minor operational
impacts are predicted for a confidential Schedule 1 breeding species in the absence of mitigation.

Proposed mitigation measures relating to launches were outlined in the SaxaVord Spaceport
Habitats Management Plan and have subsequently been included as planning conditions for the
Spaceport. After mitigation, all residual effects were predicted to be not significant.

The SaxaVord Spaceport has a proposed capacity for 30 launches per annum of up to 30 m orbital
vehicles. Given the scale of the Proposed Project (just one sub-orbital launch of a 13 m launch
vehicle with 75 kN thrust per year) it is considered therefore that there is no requirement for further
assessment of ornithological effects.

The Applicant confirms that there are no material changes required to SaxaVord Spaceport
infrastructure as a result of the Proposed Project and therefore the ornithological assessment
submitted as part of the SaxaVord Spaceport AEE V3 can be considered an equivalent assessment
for the purposes of this AEE.
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The SaxaVord Spaceport AEE Ornithology Chapter has been included for reference as Appendix 3.3.
Noise and Vibration

The limiting-case RepLV considered as part of SaxaVord Spaceport AEE V3 was a 30 m launch vehicle
with sea level thrust of approximately 634 kN. Potential noise and vibration effects of the SaxaVord
RepLV were assessed with regard to static engine tests, launches and non-launch activities, with
reliance on modelling and calculations undertaken by Blue Ridge Research and Consulting LLC, an
acoustical engineering consultancy focused on critical noise and vibration challenges for aerospace,
aviation, and US Department of Defense projects with experience from more than 250 civilian and
military noise studies.

Noise during engine tests and launches from the SaxaVord Spaceport was found to be audible at
identified noise sensitive receptors and exceeded the criterion for community annoyance
associated with aircraft noise. However, it was noted that instantaneous noise levels would be
below the threshold at which damage to hearing may occur and the short duration of audible noise
‘events’ associated with engine tests and launches, and their infrequent occurrence, would reduce
the associated levels of annoyance to below that which may be associated with aircraft noise from
conventional airports. Accordingly, adverse health effects were not anticipated. Noise effects
associated with engine tests and launches were therefore assessed as not significant, resulting in
no likely significant effect. Vibration (air overpressure) associated with static engine tests and
launch events was also evaluated and found to result in a low likelihood of damage complaints and
was therefore determined to be not significant, resulting in no likely significant effect.

The SR75 launch vehicle, with a thrust 75 kN, is much smaller than the SaxaVord Spaceport RepLV
and therefore no further noise assessment is required in terms of the Proposed Project. As such,
the noise assessment submitted as part of the SaxaVord Spaceport AEE V3 can be considered an
equivalent (though noted: worse case) assessment for the purposes of this AEE.

The SaxaVord Spaceport AEE V3 Noise and Vibration Chapter has been included for reference as
Appendix 3.4.

Water, Land, Soils and Peat

Due to the temporary nature of each proposed launch and the fact that the delivery, assembly and
launch of the SR75 Launch Vehicle will not have any significant effect on land condition due to the
SaxaVord Spaceport infrastructure already in place, it is considered that the Proposed Project has
no potential for significant effects on the water environment or on land, soils and peat. As such,
these elements have not been considered further in this AEE.

Landscape, Seascape and Visual Impact

As the specification of the SR75 Launch Vehicle is within that of the limiting case RepLV assessed as
part of the SaxaVord Spaceport AEE V3, it is considered that no further assessment of visual impact
is required in addition to that previously submitted in SaxaVord Spaceport AEE V3.

The Applicant confirms that there have been no material changes to the SaxaVord Spaceport
infrastructure required for the Proposed Project and that the SR75 Launch Vehicle, at 13 m, is much
smaller than the SaxaVord limiting case RepLV. Therefore, the assessment of landscape, seascape
and visual impact completed as part of SaxaVord Spaceport AEE V3 can be considered an equivalent
assessment for the purposes of this AEE.

The SaxaVord Spaceport AEE Landscape, Seascape and Visual Impact Chapter has been included for
reference as Appendix 3.5.

Material Assets and Cultural Heritage

Due to the small number of launches proposed by the Applicant (maximum one per year), the
temporary nature of each proposed launch and the fact that the delivery, assembly and launch of
the SR75 Launch Vehicle will not have significant effect on material assets and cultural heritage due
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to the SaxaVord Spaceport infrastructure already in place, it is considered that the Proposed Project
in isolation has no potential for significant effects on material assets and cultural heritage. As such,
these elements have not been considered further in this AEE.

The likely significant cultural heritage effects of overall operation of the SaxaVord Spaceport (and
within that, therefore, operation of the Proposed Project) are inherently associated with the land-
take and infrastructure required for the construction of the Spaceport and were carried over into
the SaxaVord Spaceport AEE for assessment only by nature of the continued operation of the
Spaceport infrastructure. Cultural heritage effects of the Spaceport overall have been assessed by
Shetland Islands Council and the relevant statutory consultees (including HES, NatureScot and SEPA)
during the planning stage of the SaxaVord Spaceport and the Spaceport (and, by extension,
associated future operations of Launch Operators) found to be suitable for development. Heritage
plans and mitigation measures outlined within the Environmental Statement submitted with the
Spaceport planning application have been included in the planning consent for the SaxaVord
Spaceport as conditions and accepted as being appropriate by the planning authority and its
consultees. No further assessment for the purposes of this AEE is required.

It is acknowledged that SaxaVord Spaceport AEE V3 includes a commitment by the Spaceport to
monitoring vibration effects on cultural heritage assets during the operational phase; however, this
is the responsibility of the Spaceport Operator, not of the Applicant. The Applicant is committed to
complying with any related monitoring required by SaxaVord Spaceport.

The Applicant confirms that there are no material changes required to SaxaVord Spaceport
infrastructure or operations as a result of the Proposed Project and therefore the assessment of
cultural heritage effects submitted as part of SaxaVord Spaceport AEE V3 can be considered an
equivalent assessment for the purposes of this AEE.

The SaxaVord Spaceport AEE Material Assets and Cultural Heritage Chapter has been included for
reference as Appendix 3.6.

AEE Methodology

The Applicant has engaged competent experts, as detailed in Chapter 1, to conduct the AEE.
The main steps in each of the technical assessments for the Proposed Project are as follows:

Baseline survey (where appropriate) to provide information on the existing baseline
condition of the existing site and surrounding area.

Consideration of the possible interactions between the Proposed Project and the
existing and predicted future site conditions. These interactions or effects are assessed
using stated criteria based on accepted guidance and best practice.

Using robust design parameters for the Proposed Project, assessment of the likely
significant effects, including direct effects and any indirect, secondary, short, medium,
and long-term, permanent and temporary, positive and negative effects.

Identification of any uncertainties inherent in the methods used, the predictions made,
and the conclusions drawn during the assessment process.

Identification of mitigation measures designed to avoid, reduce or off-set any
significant adverse effects identified as well as enhancement measures that could
result in beneficial effects.

Assessment of the significance of any residual effects after mitigation, in relation to
the sensitivity of the feature impacted upon and the magnitude of the effect predicted,
in line with the relevant methodology.
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Assessing Significance

Throughout the AEE, a distinction has been made between the term ‘impact’ and 'effect’. The Act
refers to the requirement to report the significance of "effects". An impact is defined as the likely
change to the characteristics/nature of the receiving environment as a result of the Proposed
Project (e.g., noise from a launch), whereas the 'effect’ relates to the significance of the impact (e.g.,
a significant residual noise effect on residential properties). These terms have been adopted
throughout this AEE Report to present a consistent approach to the assessment and evaluation of
effects and their significance.

To determine whether the potential effects of the Proposed Project are likely to be ‘significant’ a
number of criteria are used. Criteria vary between topics but generally include:

international, national, and local designations or standards;
relationship with planning policy and guidance;

sensitivity of the receiving environment;

magnitude of impact;

reversibility and duration of the effect; and,
inter-relationship between effects.

Effects that are considered to be significant prior to mitigation but following the implementation of
best practice are identified within this AEE Report. The significance attributed to the resultant effect
is informed by an exercise of professional judgement in relation to the sensitivity of the affected
receptor(s) and the nature, duration, frequency, and magnitude of the predicted changes/impacts.
For example, a major adverse change/impact on a feature or site of low importance will have an
effect of lesser significance than the same impact on a feature or site of high importance.

Table 3.1 is used as a guide to the relationship between the sensitivity of the identified receptor
and the anticipated magnitude of an impact/change. Professional judgement is however equally
important in establishing the suitability of this guiding ‘formula’ to the assessment of the
significance of each individual effect.

Table 3.1 Inter-Relationship between Magnitude of Impact and Sensitivity of Receptor

Sensitivity of Receptor / Receiving Environment to change

High Maior Moderate to Minor to Minor to
J Major Moderate Negligible

~

=

% X ]

g Moderate to Moderate Minor Negligible
= Major

o r

() Low Minor to . Negligible to -
E - Moderate Minor Minor Negligible
c ]

& Negligible Minor to - - -
s Negligible Negligible Negligible Negligible

The following terms are used in this AEE Report to determine the level of effects predicted to occur:

significant beneficial or adverse effect — where the Proposed Project would result in
a significant improvement (or deterioration) to the existing environment;

moderate beneficial or adverse effect — where the Proposed Project would result in
a noticeable improvement (or deterioration) to the existing environment;
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minor beneficial or adverse effect — where the Proposed Project would result in a
small improvement (or deterioration) to the existing environment; and,

negligible effect — where the Proposed Project would result in no discernible
improvement (or deterioration) to the existing environment.

Using professional judgement and with reference to the Guidelines for Environmental Impact
Assessment (IEMA, 2006), the majority of the assessments within this AEE Report consider effect
levels of moderate or major to result in significant effects, and effect levels of minor or negligible
to be non-significant. If there are deviations from this, these are clearly stated within the individual
technical chapters.

Summary tables that outline the predicted pre-mitigation effects associated with an environmental
issue, the mitigation measures proposed to address those, and the subsequent residual effect
significance are provided in Chapter 8.

Assessment of Cumulative Effects
Cumulative effects can be either inter-project or intra-project effects.

Inter-project cumulative effects are those where an environmental topic/receptor is affected by
impacts from more than one project at the same time and the impacts act together.

Due to the location of SaxaVord Spaceport, from where the Proposed Project will operate, on the
north coast of Unst; for all but one of the technical disciplines assessed there are no potential inter-
project cumulative effects other than those from other SaxaVord Spaceport based launch operators
as there are no other existing or proposed developments in the EZI. The exception to this is the
marine and transboundary assessment (Chapter 6) wherein the EZI extends across a large area and
therefore the Proposed Project has the potential to interact with offshore wind, marine renewables,
oil and gas, other Scottish spaceports and subsea cable developments.

The potential for inter-project cumulative effects from separate launch operators within the
envelope of the SaxaVord Spaceport Operations and environmental budget is considered at length
in SaxaVord Spaceport AEE V3 (reference SR-APP-001019); the conclusion of which is “that there
are no significant operational effects of concern from the [SaxaVord Spaceport] Proposed Project
[i.e., launching of sub-orbital, sounding rockets and small satellites into either polar or sun-
synchronous, low-earth orbits... by multiple launch service providers using a range of different
launch vehicle types... up to 30 m in height] and that the proposed activities will comply with
statutory requirements and environmental policy objectives.”

Intra-project cumulative effects are those where an environmental topic/receptor is affected by
more than one impact from the same Proposed Project and the impacts act together.

Given that between environmental topics there is little overlap (for example, simultaneously
occurring air quality and climate effects on a receptor have no combined cumulative effect together)
and because only one launch will occur at any given time and launches of the SR75 Launch Vehicle
will be phased with time enough for the EZI to return fully to the baseline state, for all but one of
the technical disciplines assessed there are no potential intra-project cumulative effects. The
exception to this is the marine and transboundary assessment (Chapter 6) wherein the potential
additive effects of multiple launches have been assessed through time.

Within this AEE Report, therefore, cumulative effects for each technical discipline are covered as
required on a chapter-by-chapter basis.

Assessing Mitigation Measures

As required, the AEE presents a description of the measures proposed to avoid, reduce and, if
possible, offset significant adverse effects. Wherever reasonably practicable, mitigation measures
have been proposed for each significant environmental effect predicted, taking various forms
including:
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changes to Proposed Project design;
physical measures applied; and,
measures to control particular aspects of the operation of the Proposed Project.

Where none of the above have been deemed practicable, the Proposed Project design includes
measures to offset any significant adverse effects.

Monitoring measures may also be proposed, where appropriate, to examine the mitigation
measures to ensure that they have the desired outcomes.

The Applicant is committed to implementing all mitigation measures and monitoring requirements
identified in this AEE Report.

Review of the AEE

Following submission of the AEE, the regulator will review the document to satisfy itself that the
Applicant’s assessment is sufficiently robust and provides adequate protection of the environment.

As part of the review, the regulator will take into account comments received from the public or
other organisations throughout the consultation process. The regulator can then:

Determine that the environmental effects as set out in the AEE are acceptable and
continue with its assessment of the licence application;

Request that the applicant revisits some areas of the AEE and then resubmit it;

Determine whether to impose licence conditions.
Post Licence

The Applicant will be responsible for required monitoring of environmental effects across the EZI
throughout operation of the Proposed Project.

Assumptions, Limitations and Uncertainty

The AEE process is designed to enable informed decision-making based on the best available
information about the environmental implications of a Proposed Project. However, it is
acknowledged there will always be some uncertainty inherent in the scale and nature of the
predicted environmental effects as a result of the level of detailed information available at the time
of assessment, the potential for minor alterations to the Proposed Project following completion of
the AEE Report and/or the limitations of the prediction processes.

Several assumptions have been made during the AEE process and are described below:

The principal land uses adjacent to the Proposed Project will remain unchanged for
the duration of the Proposed Project.

Information provided by third parties, including publicly available information and
databases, is correct at the time of submission.

Specific assumptions may also be made with regard to the individual technical disciplines. As
applicable, these are detailed within each chapter.

Any limitations to the AEE are summarised in each technical chapter, where relevant, together with
the means proposed to mitigate these.
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3.84
3.85

The AEE Report is comprised of four volumes:

Volume | — Non-Technical Summary;
Volume Il — Main AEE Report;
Volume Il - Drawings; and

Volume IV - Technical Appendices.

As suggested in the guidance document (CAA et.al. 2021), the AEE Report includes:

a Non-Technical Summary (AEE Report Volume I);

an Introduction (AEE Report Volume Il, Chapter 1);

a description of the Proposed Project (AEE Report Volume Il, Chapter 2);
detail on the scope of the Assessment (this Chapter)

a description of the environmental baseline conditions, EZI, assessment methodology
and conclusions on likely significant effects, including cumulative effects, of the
Proposed Project on the environment (AEE Report Volume Il, Chapters 4 to 7); and

a description of the features of the Proposed Project and any measures envisaged to
avoid, prevent, or reduce and, if possible, offset likely significant adverse effects (AEE
Report Volume Il, Chapters 4 to 7 and summarised in Chapter 8).

References are included within each Chapter in Volume II.
Volume Il contains the associated drawings that inform the AEE Report.

Volume IV contains relevant supporting reports and information for each of the technical disciplines
prepared to inform the AEE chapters in Volume Il of the AEE Report.
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Air Quality

Introduction

This chapter considers the potential effects of the Proposed Project on local air quality. The element
of the Proposed Project with the potential to affect local air quality and cause effects at receptors
relevant for human health is the combustion emissions from launches of SR75 Launch Vehicles.

It is anticipated that launches will take place from Launch Pad 2 within the SaxaVord Spaceport;
however, it is also possible that the first launches may take place from Launch Pad 3. Both Launch
Pads have been considered and it has been concluded that Launch Pad 2 should the limiting case
scenario for assessment given that it lies closer to both human and ecological receptors. As such,
for the purposes of this assessment, it has been assumed that launches will take place from Launch
Pad 2.

The specification of the SR75 Launch Vehicle is within that of the limiting case representative launch
vehicle (RepLV) considered for SaxaVord Spaceport and, in fact, aligns closely with the Small Mass
Emission Launch Vehicle - the least significant of the launch vehicles considered within the SaxaVord
Spaceport AEE V3 (reference SR-APP-001019). As such, it is considered highly unlikely that the
Proposed Project will produce significant air quality effects. However, it is noted that the fuel type
for the Proposed Project (paraffin and liquid oxygen — LOx - hybrid) is distinct from that assessed in
the Spaceport AEE and as such, even though emissions are likely to be insignificant, an air quality
impact assessment (AQIA) specific to the Proposed Project has been undertaken.

The pollutants considered in this assessment are carbon monoxide (CO) emissions from SR75
launches from Launch Pad 2 at a rate of one per year for 30 years.

This chapter does not assess the potential for emissions from traffic or point sources associated
with operation of the Proposed Project to cause effects at ecological sites and receptors relevant
for human health as these emissions per launch event were adequately assessed in the SaxaVord
AEE and concluded to have negligible impact. As there is no material change between the Proposed
Project and the scenario assessed for SaxaVord, these elements are not considered further in this
AEE.

There are no airborne pollutants associated with launch activities considered likely to have any
significant adverse effects on important local ecology.

Legislation, Policy and Guidelines

Space Industry Act

The Space Industry Act (2018) regulates all spaceflight activities carried out in the United Kingdom,
and associated activities. The Act requires any person or organisation to obtain the relevant licence
to:

launch a launch vehicle from the UK;

return a launch vehicle launched elsewhere than the UK to the UK landmass or the
UK’s territorial waters;

operate a satellite from the UK;
conduct sub-orbital activities from the UK;
operate a spaceport in the UK; or

provide range control services from the UK.
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4.2.6

4.2.7

As the Applicant wishes to launch a Launch Vehicle from the UK, they are required to apply for a
launch operator licence and submit an AEE.

Space Industry Regulations 2021

The Space Industry Regulations 2021 (the Regulations) set out in more detail the requirements for
each licence, the Regulators Licensing Rules, which specify what information the UK Civil Aviation
Authority (CAA), the regulator, requires in support of an application.

Air Quality Legislation
European Legislation

The EU has published a Directive on Ambient Air Quality Assessment and Management which came
into force in September 1996 (Directive 96/62/EC). This Directive is intended as a strategic
framework for tackling air quality consistently, through setting European wide air quality limit
values in a series of daughter directives, superseding and extending existing European legislation.
The first four daughter directives were placed into national legislation. A new EU air quality directive
(Directive 2008/50/EC) came into force in June 2008 and was transposed into The Air Quality
Standards Regulations in England, Wales, Scotland and Northern Ireland in June 2010 (H.M
Government, 2010). The Directive merged the four daughter directives and one Council decision
into a single directive on air quality.

National Legislation

The Environment Act 1995 (H.M. Government, 1995) required the preparation of a National Air
Quality Strategy (NAQS) setting air quality standards and objectives for specified pollutants and
outlining measures to be taken by local authorities through the system of Local Air Quality
Management (LAQM) and by others to work in pursuit of the achievement of these objectives. The
NAQS was published in 1997 and subsequently reviewed and revised in 2000, and an addendum to
the Strategy published in 2002. An updated UK Strategy was published in July 2007; (Defra, 2007)
and in Scotland is now superseded by the second Cleaner Air For Scotland 2 (CAFS) Strategy (Scottish
Government, 2021).

The objectives which are relevant to local air quality management have been set into Regulations
namely Air Quality (Scotland) Regulations 2000, Air Quality (Scotland) Amendment Regulations
2002 and Air Quality (Scotland) Amendment Regulations 2016 (Scottish Government, 2016).

The air quality standards (AQSs) are set for the purpose of protecting human health, vegetation and
ecosystems from certain harmful atmospheric pollutants. The Scottish AQSs take account of the EU
limit values and are either effectively identical, or more stringent. The AQSs applicable to the
pollutants considered in this assessment are shown in Table 4.1.

Table 4.1 Air Quality Standard Relevant for the Assessment

Pollutant Air Quality Standard

Concentration (ug/md) Averaging Period

For the Protection of Human Health (Scotland)

co 10 mg/m?® Running 8-hour mean
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Guidance

Guidance to the regulator on environmental objectives relating to the exercise of its functions
under the Space Industry Act 2018

The Department for Transport issued its document ‘Guidance to the regulator on environmental
objectives relating to the exercise of its function under the Space Industry Act 2018’ in 2021
(Department for Transport, 2021), clarifying the government’s environmental objectives relating to
spaceflight and associated activities in the UK:

The environmental objectives for spaceflight are to:

Minimise emissions contributing to climate change resulting from spaceflight
activities

Protect human health and the environment from the impacts of emissions on local air
quality arising from spaceflight activities

Protect people and wildlife from the impacts of noise from spaceflight activities
Protect the marine environment from the impact of spaceflight activities.

Guidance for the Assessment of Environmental Effects

The CAA (July 2021) Guidance for the Assessment of Environmental Effects document explains the
process for completing an assessment of environmental effects as part of a licence application
under the Space Industry Act.

The AEE Guidance requires that potential direct and indirect significant effects of proposed
spaceflight activities on environmental features, including air quality, are considered. The guidance
further requires that:

Specific potential effects are identified and, where possible, quantified.

The focus of the AEE should be on significant effects arising from the proposed
activities.

Applicants for a spaceport licence set an environmental budget, comprising a
maximum number of launches per launch vehicle type which can take place over the
course of a year that can be carried out in an environmentally sustainable manner,
taking into account the cumulative effect of all launches.

The AEE must address a range of environmental topics, including air quality.
Air Quality Guidance
The assessment also uses the guidance documents listed below:
The Technical Guidance LAQM.TG(22) for Local Air Quality Management, (Defra, 2022);

The Environmental Protection UK (EPUK) and Institute of Air Quality Management
(IAQM), Land-Use and Development Control: Planning for Air Quality (Moorcroft and
Barrowcliffe et al, 2017);

Civil Aviation Authority (CAA) Airspace Change guidance CAP 1616 (CAA,, 2020).

Consultation

Extensive statutory consultation on air quality was carried out during preparation and
determination of the planning application for the SaxaVord Spaceport, where the Proposed Project
will be operated. No additional consultation was undertaken for this AQIA.
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Assessment Methodology and Significance Criteria

Scope of the Assessment
The scope of the assessment included the following:

identification of the environmental zone of influence (EZI) — equivalent to the study
area - and air quality sensitive receptors;

collection of baseline CO concentrations at the Proposed Project;

collection of emissions data from the launch of an SR75 Launch Vehicle from the
Applicant;

development of a representative scenarios from Launch Pad 2 only;

development of a time-dependant puff model of a jet release with specified duration
using the advanced dispersion model ADMS 6 (CERC, 2024) in a range of
meteorological conditions and wind directions;

development of a time-integrated dose model to predict total concentration at the
closest residential receptor during the lifetime of the puff release in each scenario
using ADMS 6 in a range of meteorological conditions and wind directions;

conversion of dose concentrations to 8-hour running mean concentrations and
comparison with the AQS for CO;

preparation of contour maps and results tables demonstrating the puff
concentration at one-minute intervals after launch for the worst-case meteorological
condition;

specification of mitigation measures required where necessary; and
residual summary of effects.

Effects Scoped Out of the Assessment

There are no airborne pollutants associated with launch events considered likely to have any
significant adverse effects on ecological receptors therefore, the effect of emissions from launch
events on ecological sites has not been considered further in the assessment.

Environmental Zone of Influence

Maps and aerial images of the Proposed Project and the surrounding area have informed the
selection of an appropriate air quality study area which is included within the SR75 environmental
zone of influence (EZI) for the assessment.

The closest air quality sensitive receptors in each direction from Launch Pad 2 were identified, and
a study area up to 4 km from the launch position was defined to track the puff release until CO
concentrations returned to ambient background levels under a range of meteorological conditions.
The closest occupied sensitive receptor is Banks Cottage at Norwick which is 2077 m from Launch
Pad 2. This is shown as R1 alongside the wider EZI on Drawing 4.1 in Volume llI.

Method of Assessment

Launch Event Emissions

The emission rate of exhaust gases from the SR75 Launch Vehicle will vary and decrease with height
during the launch event. However, exhaust gases have been modelled as a short-term puff release
from ground level at Launch Pad 2 for the duration it takes the launch vehicle to reach an altitude
of 1000 ft, the height within which an assessment of effects of an airspace change is required by the
CAA (CAA,, 2020). The time for an SR75 Launch Vehicle to reach an altitude of 1000 ftis 1.7 seconds.
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This is considered to simulate the maximum potential impact of launch event exhaust gas emissions
at identified receptors.

The puff model in ADMS 6 (CERC, 2024) enables releases of up to one-hour duration to be modelled
and concentrations at chosen downwind distances to be predicted at different timesteps (seconds
after the start of the emission). It is therefore possible to track the concentration at any point during
the whole lifetime of that puff release, for any given meteorological condition, and calculate the
total “dose” at each location i.e., the total concentration that a person would be exposed to if they
stayed at the same location for the whole time the puff passed overhead. When considering the
potential exposure for a human receptor during a launch event, the total dose concentration is the
most appropriate for further comparison with health based AQSs.

Launch trajectories will be in a northerly direction over the sea. They will not occur simultaneously
with any other launch events or from any other Launch Pad.

The Launch Vehicles propellant will be a mixture of solid paraffin and LOx. The majority of emissions
from combustion of this propellant are water vapour (H20) and carbon dioxide (CO,) alongside much
smaller quantities of carbon monoxide (CO).

The only pollutant that requires assessment with respect to air quality for potential effects on
human health is CO.

Launch event greenhouse gas emissions (including CO,) are quantified and climate impact assessed
in Chapter 5.

The assessment is included in detail in Volume IV, Appendix 4.1.
Assessment Criteria

The change in pollutant concentrations with respect to baseline concentrations has been described
at identified sensitive receptors. The absolute magnitude of pollutant concentrations in the “with
Proposed Project” scenario is calculated and is used to consider the risk of the relevant AQS for CO
being exceeded.

The IAQM has published recommendations for describing the magnitude of impacts and
determining the significance of such impacts at individual receptors (Moorcroft & Barrowcliffe et
al., 2017). The impact descriptors are summarised in Table 4.2 below. A change of less than 0.5 %
of the AQS is described as Negligible.

Table 4.2 — Impact Magnitude Descriptors for Individual Receptors

Long Term Average % Change in concentration relative to AQS
Concentration at
Receptor
75 % or less of AQAL negligible negligible slight moderate
76-94 % of AQAL negligible slight moderate moderate
95-102 % of AQAL slight moderate moderate substantial
103-109 % of AQAL moderate moderate substantial substantial
110 % or more of AQAL moderate substantial substantial substantial

Overall Assessment of Significance

The reported magnitude impacts for each receptor are considered for the Proposed Project in
overall terms. In addition, the potential for the Proposed Project to contribute to or hinder the
successful implementation of policies and strategies for the management of local air quality have
been considered. The descriptors used to characterise the overall significance of effects at sensitive
receptors are summarised in Table 4.3.
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Table 4.3 - Descriptors used for the Overall Assessment of Significance at Sensitive Receptors

Effect Descriptor Significance

A significant effect that is likely to be a material consideration in its

Major own right.

A significant effect that may be a material consideration in
Moderate combination with other significant effects but is unlikely to be a
material consideration in its own right.

Minor An effect that is not significant but that may be of local concern.

Negligible An effect that is not significant change.

Assessment of Residual Effect

An assessment of predicted significant residual effects, taking account of committed mitigation
measures, is presented in Section 4.11

Baseline Conditions

Due to the remote location of the Proposed Project, the low baseline traffic movements and a lack
of industrial activity in the surrounding area, it was agreed with Shetland Islands Council during the
AEE application for SaxaVord Spaceport, that no ambient baseline air quality monitoring was
necessary. Background concentrations of CO were taken from Defra LAQM background maps (Defra,
2024). The maximum 2024 annual background concentration of CO in the study area is predicted to
be 0.051 milligrams per cubic metre (mg/md).

Receptors Brought Forward for Assessment

The receptor brought forward for assessment is:

Banks Cottage-The closest residential receptor to Launch Pad 2, located 2,077 m to
the west south-west (R1 on Drawing 4.1);

Potential Effects

The assessment of the potential effects of emission from launch events in Volume IV Appendix 4.1
predicted ambient CO concentrations at R1 at one-minute intervals after release. The maximum
period when the ambient CO concentration was predicted to be detectible above background levels
(a minimum increase of 0.001 mg/m?3, i.e. 2% of the background level of 0.051 mg/m3) at receptor
R1 was 25 minutes in Stability Class A conditions using UK average wind speeds.

Using the Unst average wind speeds, the maximum period when the CO concentration was
predicted to be detectible above background at receptor R1 was three minutes in Stability Classes
FandG.

The maximum predicted dose with UK average wind speeds was at R1 was 8.17 mg.s/m?3 CO over
three minutes (Stability C).

The maximum predicted dose with Unst average wind speeds was at R1 was 8.82 mg.s/m? CO over
two minutes (Stability C).
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Considering both sets of meteorological conditions, the maximum predicted dose at R1 over the
lifetime of the jet release of equivalent to 7.1-7.6 parts per million (ppm) over 2-3 minutes. There
are no health effects due to this level of exposure to CO over periods of 2-3 minutes (Goldstein,
2008).

The maximum predicted 8-hour concentration at R1 was 0.051 mg/m?3, 0.51 % of the AQS, when
modelled using UK and Unst average wind speeds and wind directions of 45°, 70° and 90°. These
wind directions only occur on Unst for a maximum of 17 % of the time.

The assessment demonstrated that there is no predicted risk of exceedance of the 8-hour AQS for
CO at any sensitive receptor in the vicinity of the Proposed Project, irrespective of the prevailing
weather conditions during launch events.

The effect of SR75 Launch Vehicle launch event emissions on all identified receptors is concluded to
be negligible - no likely significant effect.

Cumulative Assessment

Cumulative effects can be either inter-project or intra-project effects.

Inter-project cumulative effects are those where an environmental topic/receptor is affected by
impacts from more than one project at the same time and the impacts act together.

Due to the location of the Proposed Project on the north coast of Unst, the most northerly of the
Shetland Islands, it is considered that there are no potential inter-project cumulative effects as there
are no other existing or proposed developments in the study area for air quality.

Intra-project cumulative effects are those where an environmental topic/receptor is affected by
more than one impact from the same Proposed Project and the impacts act together. Given that
only one launch will occur within any 24-hour period and the ambient air quality within the study
area will be able to return fully to its baseline state between launches, it is considered that there is
no potential for air quality additive or intra-project cumulative effects.

Residual Effects

The residual effects on air quality from the Proposed Project are concluded to be negligible - no
likely significant effect.

Summary

An assessment of the potential effects of emissions from the Proposed Project on local air quality
has been undertaken.

SR75 Launch Vehicle emissions are predicted to have no perceptible impact at any identified
receptors under prevailing wind directions. The maximum predicted impact at a sensitive receptor
is predicted to occur with north-easterly to easterly winds which combined occur typically for less
than 17 % of the year. The maximum predicted 8-hour concentration of CO at the identified
receptor R1 is <1 % of the AQS.

The effect of SR75 Launch Vehicle launch event emissions on all identified receptors is concluded to
be negligible - no likely significant effect.
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Climate Change

Introduction

This chapter evaluates the potential impact of the launch of the Hylmpulse SR75 Launch Vehicle
(the “Proposed Project™) on climate change due to its greenhouse gas emissions (GHG), as well as
assessing the vulnerability of the Proposed Project to climate change and the need for adaptation
measures where relevant.

The Proposed Project will have an impact on climate change due to GHG emissions resulting from
transportation and fuel consumption. A reasonable worst-case scenario for carbon emissions
associated with the Proposed Project has been quantified as part of a GHG assessment.

Following the identification of potential effects, suitable mitigation measures have been proposed,
and an assessment of residual effects on environmental receptors sensitive to climate change has
been undertaken.

Legislation, Policy and Guidelines

Space Industry Act

The Space Industry Act (2018) regulates all spaceflight activities carried out in the United Kingdom,
and associated activities. The Act requires any person or organisation to obtain the relevant licence
to:

launch a launch vehicle from the UK;

return a launch vehicle launched elsewhere than the UK to the UK landmass or the
UK’s territorial waters;

operate a satellite from the UK;

conduct sub-orbital activities from the UK;
operate a spaceport in the UK; or

provide range control services from the UK.

As the Applicant wishes to become a spaceflight operator and launch SR75 Launch Vehicles from
the UK, they are required to apply for a launch operator licence, and as part of this application,
submit an AEE of the proposed project.

Space Industry Regulations 2021

The Space Industry Regulations 2021 (the Regulations) set out in more detail the requirements for
each licence the Regulators Licensing rules, which specify what information the UK Civil Aviation
Authority (CAA), the regulator, requires in support of an application.

Additional Legislation

Relevant legislation and guidance documents have been reviewed as part of this climate change
assessment. Of particular relevance are:

The Climate Change (Scotland) Act 2009 which required ministers to establish
Scotland’s programme for climate change adaptation (Scottish Government, 2009);

The Paris Agreement 2015 which sets a target for net zero global carbon emissions in
the second half of the 215 century to limit the global temperature increase to less
than 2°C above pre-industrial levels. A key aim of this agreement is to strengthen
national responses to combat climate change and adapt to its effects. The Paris
Agreement was ratified by the UK in 2016 (UNFCCC, 2015);
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Climate Change (Emissions Reduction Targets) (Scotland) Act 2019 which sets
Scottish targets for the reduction of GHG emissions to deliver on the Paris
Agreement, and makes provision about advice, plans and reports in relation to those
targets. The Act sets an interim 56 % reduction target for 2020 and a Net Zero target
for 2045 (Scottish Government, 2019); and,

Scottish Government Climate Change Plan (CCP) (2018-2032) which is a roadmap for
Scotland to transition to a low carbon economy. The plan sets out how Scotland will
reduce emissions by 66 % over the period to 2032 (Scottish Government, 2018).

Planning Policy
The following policies have been taken into consideration:

Scottish Government Climate Change Plan (CCP) (2018-2032) sets out how Scotland
will continue to improve resilience to climate change and reduce emissions over the
period to 2032 (Scottish Government, 2018);

Shetland Islands Council Carbon Management Plan 2015-2020 (still extant) outlines a
five-year implementation plan for achieving its desired carbon emissions reduction
target of 42 % by 2020 (SIC, 2015); and

Shetland Islands Local Development Plan 2014 policies GP1 (Sustainable
Development) and GP2 (General Requirements for All Development).

Guidance

The following best practice guidance for assessing climate change effects has been taken into
account:

Guidance for the Assessment of Environmental Effects (CAA, 2021);

2015 IEMA guidance on Climate Resilience and Adaptation in EIA (amended in 2020)
provides a framework for the effective consideration of climate change resilience
and adaptation through EIA procedures. It includes case studies of EIAs which have
considered climate adaptation and resilience issues, reflecting legislative
developments and evolving practice (IEMA, 2015);

Guidance to the Regulator on Environmental Objectives relating to the exercise of its
functions under the Space Industry Act 2018 (Department for Transport, 2021); and

Climate Change Allowance for Flood Risk Assessment in Land Use Planning
(SEPA,2022).

Considerations noted in the DfT guidance for the regulator

The Department for Transport issued ‘Guidance to the regulator on environmental objectives
relating to the exercise of its function under the Space Industry Act 2018’ in 2021, clarifying the
government’s environmental objectives relating to spaceflight and associated activities in the UK.

The guidance notes several subject areas which are recommended for consideration by the
regulator when assessing AEE reports. The CAA has not yet provided detailed guidance on the exact
treatment of these areas; but for completeness, the provisional approaches taken in this AEE are
summarised below.

Alternative Fuels

Calculated emissions per launch of the Hylmpulse SR75 Launch Vehicle in this AEE assume that solid
paraffin hydrocarbon is the fuel of choice with liquid oxygen (LOx) acting as the oxidant. Greenhouse
gas emissions per launch using other liquid or solid hydrocarbon fuels will be of a similar magnitude
and other primary fossil hydrocarbon fuels would produce a similar quantity of GHGs.
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Hylmpulse is using a solid paraffin grain as fuel instead as part of their proprietary propulsion
technology.

Hylmpulse is committed to the research and development of non-fossil paraffin fuel synthesis, but
this process is currently in early development and no firm dates for commercial production are yet
known.

The only potentially non-fossil derived fuel currently used in the space industry is liquid hydrogen.
This fuel is not suited to smaller launch vehicles such as the SR75 due to the extra weight and
complexity involved with cryogenic storage.

Efficiency savings

There are not expected to be material opportunities for fuel savings (and hence GHG reductions)
on a per-launch basis as fuel is inherently optimised to allow maximum payload per launch plus
contingency. Incremental gains in efficiency through design iterations and use of more lightweight
materials may be possible as the relevant technologies develop but the savings per launch will be
negligibly small.

Ozone depletion

Stratospheric ozone depletion by the reaction with Launch Vehicle exhaust compounds is reported
to be related to the action of black carbon caused by the incomplete combustion of hydrocarbons.
Black carbon increases radiative forcing in the stratosphere, which leads in turn to warming in that
atmospheric layer and an increase in the rate of reactions which contribute to ozone depletion.

This issue is most effectively mitigated in practice by optimising fuel mixing ratios during
combustion; the desired outcome is for the maximum calorific value to be extracted from the fuel
rather than wastage from incomplete combustion and black carbon formation.

The most effective mitigation against black carbon will be the sectoral transition to carbon-free
fuels which will be supported but not specifically pursued by Hylmpulse Whilst it is possible that
emissions from non-carbon fuels such as hydrogen will also lead to the formation of ozone-
depleting chemical species, they are likely to be more reactive than black carbon and hence possess
a shorter atmospheric residence time.

Meteorology

Local meteorological conditions are not considered a relevant consideration in the context of the
climate effects of the Proposed Project but are considered by the air quality assessment (Chapter 4)
in terms of their influence on dispersion of potential air pollutants formed by combustion.

Offsetting

Offsetting is not currently under consideration as a mitigation strategy. The Proposed Project has
no scope for direct offsetting as it is a transient activity with no physical footprint where land use
change could be explored. The purchase of third-party carbon credits is hot currently considered to
offer a guarantee of genuine savings through atmospheric removal of GHGs.

Other considerations

No other ancillary fuels or ignition compounds are present on the SR75 LV to further contribute to
GHG emissions.

Assessment Methodology and Significance Criteria

The following assessments have been undertaken as part of this chapter:

a GHG assessment to evaluate the potential effects of the Proposed Project on
climate change;
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an assessment of potentially significant climate change variables on the Proposed
Project; and,

an assessment of the residual effects on environmental receptors sensitive to
climate change.
Environmental Zone of Influence

The scope of the GHG assessment includes operational emissions of the Proposed Project which are
predominated by emissions from launches.

The Environmental Zone of Influence (EZI) for the assessment of the potential adverse climate
change effects on the Proposed Project is restricted to the Proposed Project boundary and the
transport network utilised for the transport of materials and personnel.

Desk Study

An assessment has been undertaken of current and future climate trends in the EZI, including mean
air temperature, wind speed and precipitation rate. The following sources were used to characterise
existing or future baseline conditions:

Met Office UK Climate Averages (Met Office, 2020a);
UKCP18 Climate Projections (Met Office, 2020b); and,

UK local authority and regional carbon dioxide emissions national statistics (BEIS,
2019).

Assessment of Potential Effect Significance

For the purposes of this chapter, two assessments of potential effect significance have been carried
out, a GHG assessment to evaluate the potential effects of the Proposed Project on climate change
and an assessment of potentially significant climate change impacts on the Proposed Project, both
at the time of the first launch and at the further future years covered by the climatic modelling
considered.

The sensitivity of the receptor has been evaluated, along with the significance of effect and the
magnitude of the impact, based on the subjective judgement of the assessor. The terminology used
has been defined below.

Sensitivity

An evaluation of the sensitivity of the Proposed Project in terms of climate change and the
sensitivity of the global atmospheric environment as the receiving body for GHG emissions, was
undertaken using the following terminology:

High Sensitivity - Absolutely reliant on specific climate/global atmospheric conditions
prevailing.

Medium Sensitivity - Affected by changes in climate/global atmospheric conditions
but not dependent on specific conditions.

Low Sensitivity - Hardly influenced by climate/global atmospheric conditions at all.

Magnitude of impact

The magnitude of the impacts on baseline conditions has been assessed, and the following
terminology has been used to define magnitude:

High - A fundamental change (positive or negative) to the baseline condition of the
receptor, leading to total loss or major alteration of character. An impact on regional
GHG emissions which causes a large net increase;
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Medium - A material change (positive or negative) leading to partial loss or alteration
of character. An impact on regional GHG emissions which causes an appreciable net
increase;

Low - A slight, detectable, alteration of the baseline condition which may be positive
or negative. An impact on regional GHG emissions which causes a measurable net
increase;

Negligible - A barely distinguishable change from baseline conditions. Changes in
GHG emissions so low as to not be practically measurable.

Significance of effect

Based on the sensitivity of receptors and magnitude of impact, the significance of effect has been
professionally evaluated. Under environmental impact assessment legislation, major and moderate
impacts are to be considered as significant:

Major - A significant effect that is likely to be a material consideration in its own
right. GHG emissions which represent a major proportion of regional totals;

Moderate - A significant effect that may be a material consideration in combination
with other significant effects but is unlikely to be a material consideration in its own
right. GHG emissions which represent a recognisable change in regional totals;

Minor - An effect that is not significant but may be of local concern. GHG emissions
which though measurable do not materially affect regional totals; and

Negligible - An effect that would result in no change to the existing environment.
Requirements for Mitigation

Standard mitigation measures must be implemented to lessen the impact of potentially significant
climate effects on the Proposed Project, these have been outlined in Section 5.7.

IEMA best practice guidance considers all GHG emissions to be significant due to their contribution
towards climate change; however, to assign any GHG emissions which are additive to the prevailing
baseline as being of major significance is to ignore local context, which is why the magnitude and
significance descriptors above have been developed.

To mitigate against potential significant effects, a baseline carbon footprint is calculated and then
used as a basis to reduce emissions.

Limitations to Assessment

The principal sources of uncertainty are:

Natural climate variability resulting from natural external influences on climate or
changes in the energy received from the sun;

Climate models represent an incomplete understanding of Earth system processes;
and,

Uncertainty in future GHG emission trends in transport vectors associated with the
Proposed Project.
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5.4 Baseline Conditions

Current Baseline — Climatic Conditions

5.4.1 Alocal climate baseline is provided by Met Office Historic Climate Data which presents a set of 20-
year averages, covering the period 1981-2010 for a range of parameters. Some baseline data cover
amore recent period but are not comparable with the climate change scenario models used in this
assessment.

5.4.2  The nearest meteorological Met Office data station to the site is Baltasound No. 2, which is located
approximately 8 km to the south-west (60.749, -0.854). The data available for the Baltasound No. 2
data station comprises a representative baseline for the Proposed Project due to its close proximity,
comparable altitude of 15 m above mean sea level, and the similar maritime setting on the east
coast of Unst, Northern Shetland. The data is presented in Error! Reference source not found. and
summarised below:

The Baltasound No. 2 data station recorded an average annual maximum
temperature of 10.2°C, 0.5°C lower than the average annual minimum temperature
for Scotland.

The average annual minimum temperature of 5.4°C was 1.2°C warmer than the
average annual minimum temperature for Scotland (4.2°C).

An annual average of 1,108.1 mm of rain was recorded by the Baltasound No. 2 data
station. This is significantly less than the average annual rainfall for Scotland
between 1981-2010 which stands at 1,570.9 mm.

The monthly mean wind speed at 10 m in Unst is 13.4 knots, with the highest
average wind speed recorded in the month of January, an average of 16.7 knots.

Table 5.1 — Climate averages 1981-2010 recorded by Baltasound No. 2 Station

Maximum Minimum Days of Rainfall Days of Monthly
temperature | temperature | air frost (mm) rainfall mean
§9) (°C) (days) 21 mm wind
(CEVD) speed at
10m
(knots)
January 6.4 2 7.8 123 22 16.7
February 6 13 7.7 95.7 175 15.7
March 7.1 2.1 6.3 107.4 20.1 15.3
April 8.9 3.7 35 64.7 13.7 13.1
May 11 5.6 0.5 52.3 11.8 114
June 131 8 0 56.6 11 10.9
July 15 10.2 0 59.9 12 10.3
August 15.2 104 0 82.1 134 105
September 134 8.8 0.1 96 16.7 12.6
October 10.7 6.5 0.5 122.6 20.6 144
November 8.2 3.8 3.6 128 20.5 15
December 6.8 2.1 7.8 119.8 20.7 145
Annual 10.2 5.4 37.7 1108.1 200 134
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Current baseline — GHG emissions

Local and regional CO, emissions data tables published by the UK Government contain historic
emissions data for the period 2005 - 2022 for all UK local authorities and councils; these are the
current data following the latest update in June 2024. The total emissions and emissions per capita
in the Shetland Islands for the last ten years are reproduced in Table 5.2 and include all fossil fuel
and land use / land use change factor (LULUCF) related GHG emissions. Between 2013 and 2022,
CO- emissions per capita in the Shetland Islands have decreased reasonably consistently though
2020 was an outlier due to the COVID-19 pandemic and saw much lower than usual transport
emissions for Shetland.

Table 5.2 — Shetland Islands Local Authority CO, emissions estimate 2013-2022 (kilotonnes CO,)

Kilotonnes CO, Population (‘000s) Per Capita Emissions
(tonnes)
2013 623.4 232 26.9
2014 611.6 23.2 26.3
2015 604.7 232 26.0
2016 587.7 23.2 25.3
2017 578.9 231 25.0
2018 573.2 23.0 24.9
2019 568.3 23.0 24.7
2020 550.4 229 24.0
2021 558.8 22.9 24.4
2022 556.0 23.0 24.2

Future Baseline

Climate projections for the periods 2020-2048 and 2050-2078 have been analysed to account for
changing conditions over the proposed 50-year maximum design life of the built assets at the
Proposed Project.

Representative Concentration Pathway 8.5 (RCP8.5) was utilised to capture the worst-case scenario
future trends. RCP8.5 represents a pathway in which global population doubles to 12 billion,
technology development and Gross Domestic Product (GDP) growth is slow, and high fossil fuel
consumption is sustained. This scenario assumes a culmination in radiative forcing levels of 8.5
W/m? by 2100.

The climate variables considered relevant to this assessment are mean air temperature, maximum
air temperature, wind speed and precipitation.

The future baseline data is presented as a series of 12 thumbnail maps each representing a
“member”. Each member represents a plausible future climate scenario, with the ensemble
members differing due to natural climate variability and uncertainty in global model physics. The
12 members therefore display the range of uncertainty in climate projections.
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In general, the trends become more pronounced over time with more extreme trends arising by the
late 2070s.

Mean air temperature

An increase in mean air temperature in Unst is expected in the 21% century. For the period 2020 -
2048, the annual mean air temperature at Unst is projected to be 1°C -2°C higher than the 1981-
2010 average. This rises to 2-3°C above baseline levels for the 2050 - 2078 timescale, according to
75 % of member scenarios.

Anidentical trend is predicted for the maximum air temperature anomaly. However, there is greater
uncertainty in predictions for the annual average minimum air temperature anomaly, this variable
is projected to rise by between 1°C - 4°C above baseline levels under the RCP8.5 scenario.

The baseline maximum temperature recorded at Baltasound, Unst is 15.2°C for the month of August
(see Table 5.1), and the highest temperature ever recorded by this weather station is 25°C in July
1958. The average maximum temperature in Unst over the baseline period is significantly lower
than the UK average maximum temperature of 19.4°C for the month of July. As such, despite the
projected warming, temperatures in Unst will remain comparatively low.

Wind speed

In all member scenarios covering the 2020-2048 and 2050-78 periods, the annual average wind
speed is predicted to be between 0-0.5 m/s lower than the 1981-2010 baseline levels. This minor
decrease in wind speed applies to all seasons.

The baseline monthly mean wind speed at 10 m in Unst is 13.4 knots (6.9 m/s), which is higher
than the UK average. Therefore, average wind speed in Unst will remain comparatively high,
despite the projected reduction.

Precipitation Rate

A slight increase in the annual average precipitation rate is expected over the climatic modelling
period. Throughout both the 2020 - 2048 and 2050 - 2078 periods, two thirds of member
scenarios predict a 0-10 % increase in the annual average precipitation rate in Unst compared to
baseline levels.

Seasonal variation is predicted, with summer months expected to experience a slight decrease in
the average precipitation rate, whilst winter months will see an increase.

Receptors Brought Forward for Assessment

The sensitive receptors in the instance of this climate change assessment are the SR75 Launch
Vehicles, attendant vehicles and personnel for the Proposed Project itself. In terms of climate
vulnerability and the global atmospheric environment as the receiving body for GHG emissions. No
individual receptors have been selected for assessment.

Standard Mitigation

A range of standard mitigation measures will be implemented to lessen the impact of potentially
significant climate effects on the Proposed Project:

Lamba Ness has localised areas at risk from pluvial surface water flooding, meaning
the site is vulnerable to heavy rainfall. Within the SaxaVord Spaceport site there are
small unnamed natural streams and watercourses, and drainage ditches have been
cut in the flatter areas to aid drainage into these natural streams. A comprehensive
drainage system will be implemented by SaxaVord Spaceport at the site, and this will
act to mitigate flood risk during operation of the Proposed Project. Drainage works
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will be the responsibility of SaxaVord Spaceport, but the Applicant will adhere to any
associated management/operational plans required by SaxaVord Spaceport.

Proposed Project activities will be suspended during extreme weather events to
mitigate against health and safety risks for site personnel and potential damage to
structures and equipment.

To mitigate against potential significant effects caused by the Proposed Project, the following
measures will be applied to reduce resulting GHG emissions:

Iterative increases in energy efficiency as data is collected from launches and used to
inform the Launch Vehicle design process; and

Surface and marine vehicle transport will similarly decarbonise over the later 2020s
and 2030s reducing GHG emissions from these sources.

Potential Effects

Influence of the Proposed Project on Climate Change

An assessment of the likely GHG emissions resulting from the Proposed Project has been
undertaken in accordance with the methodology specified in Section 5.4.

A number of input parameters were required in order to quantify the carbon footprint, these are
specified in Table 5.3.

A full overview of the emissions factors and calculation data is provided in Appendix 5.1 in
Volume IV.

Table 5.3 — GHG Assessment Boundaries

Source of GHG
Emissions

Emissions Factor
Source

Input Data

Description

Transport Distance travelled UK Government GHG GHG emissions from
by Heavy Goods Conversion Factors for | vehicles transporting
Vehicle (HGV) and | Company Reporting Launch Vehicles and fuel
ferry to site
Launches Mass of fuel UK Government GHG GHG emissions resulting
consumed Conversion Factors for | from fuel consumption
Company Reporting during launches

The transportation of payloads to the SaxaVord Spaceport has been excluded from the

assessment due to high levels of uncertainty around their source destinations. It can be assumed

that this contribution would be very small for domestically produced payload items.

The emissions associated with a single launch of the SR75 Launch Vehicle have been calculated and

can be simply factored to represent the emissions from multiple launches.

Table 5.4 — GHG Emission Sources

Source of GHG Emissions GHG Emissions (tCO2€)

Launch 1.4
Transport of SR75 Launch Vehicle and 38
dedicated launch equipment '

Total 5.2
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The major contributor to GHG emissions will be from the transportation of the SR75 Launch Vehicles
to the launch site. The Launch Vehicle (LV) and all dedicated launch equipment and fuel will be
packaged for delivery in Neuenstadt, Germany. Emissions from the transportation of the SR75
Launch Vehicle, fuel and equipment will require two shipping containers loaded onto articulated
lorries, travelling the distance from the works at Neuenstadt by road to the nearest suitable port at
Hamburg, with onward transport assumed by small container vessel to Aberdeen. A combination of
ferry and road transport is assumed to deliver the loads from Aberdeen to Lerwick and thence
across Shetland to SaxaVord Spaceport.

A single road tanker of liquid oxygen originating from Bridge of Don near Aberdeen has been
assumed. In reality far less than a tankerload will be required by each SR75 launch so this element
is an overestimate.

Emissions from the launch vehicle are a smaller proportion of the overall total GHG emissions than
the transportation. The majority will in fact arise in Germany from road transportation.

Distance and emission factor assumptions are presented in Appendix 5.1.

GHG emissions are assessed as a low impact given that they are too large to be considered negligible
but do not represent a significant proportion of regional emissions. As such they are considered to
represent no likely significant effect.

The effects of the GHG emissions caused by the Proposed Project are theoretically reversible as
natural processes and emerging technologies such as Direct Air Capture can fix atmospheric carbon
dioxide on a temporary or permanent basis. However, the Precautionary Principle suggests that
these removal vectors should not be assumed and that the effects be considered permanent.

Vulnerability of the Proposed Project to Climate Change
High wind speeds

Damage to the SR75 Launch Vehicle may occur as a result of high wind loading. Launches may be
delayed due to the suspension of ferry routes and flights. The Proposed Project is considered
moderately sensitive to the effects of high wind speeds.

Met Office climate models anticipate that there will be a barely distinguishable change from
baseline wind speed conditions between 2020 - 2078.

The annual average wind speed is predicted to be between 0-0.5 ms* lower than the 1981 - 2010
baseline levels. This minor decrease in wind speed can be considered a negligible impact of climate
change. Although climate change is likely to result in a negligible decrease in wind speed for the
northern Shetland Islands, extreme wind events will remain a risk to the Proposed Project site as
the baseline annual mean wind speed for Unst is amongst the highest in the UK at 13.4 knots.
Consequently, wind speed can be considered to pose a moderate adverse effect to the Proposed
Project.

To mitigate against launch failure during extreme wind conditions, the weather needs to be closely
monitored in the days preceding a launch and the launch delayed if wind speeds are deemed high
enough to potentially cause damage to the SR75 Launch Vehicle, payload or on-site structures.
Furthermore, to minimise the effect that transport route suspensions may have on launches, goods
and services will be sourced as close to the Proposed Project site as practicable. Future versions of
the SR75 will feature guidance systems and Thrust Vectoring Control to compensate for sudden
changes in wind speed and direction during both launch and flight. Following the implementation
of these mitigation measures, the effect of strong winds on the Proposed Project can be considered
minor adverse with no likely significant effect.
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Heavy precipitation

5.7.16 Extreme rainfall events could cause pluvial surface water flooding which may impact upon
operation of the Proposed Project. On-site roads and off-site access routes may experience erosion
through scour caused by surface water flooding events. This may result in access restrictions for
equipment and staff critical to the launch. In addition, electrical equipment may fail due to water
ingress. Due to the potential for delay to launches, the receptors are deemed to be moderately
sensitive to heavy rainfall.

5.7.17 Aslight increase in the annual average precipitation rate is expected from first launch until the late
2070s. Throughout both the 2020-2048 and 2050- 2078 periods, two thirds of scenarios predict a
0-10 % increase in the annual average precipitation rate in Unst, compared to baseline levels. The
projected slight increase in precipitation can be considered a minor adverse impact of climate
change due to the low magnitude of change above baseline levels.

5.7.18 Due to the above factors, prior to the implementation of mitigation, pluvial flooding caused by
heavy rainfall has the potential to have a moderate adverse impact on the Proposed Project.

5.7.19 SEPA’s Climate Change Allowance for Flood Risk Assessment in Land Use Planning guidance advises
that a 40 % increase in rainwater drainage provision be applied to activities taking place in Shetland.

5.7.20 A drainage strategy and system has been designed by SaxaVord Spaceport to mitigate against
localised surface water pooling and flooding, and the implementation of this strategy will reduce
the potential effect of heavy rainfall on the operation of the Proposed Project to minor adverse with
no likely significant effect.

High temperatures

5.7.21 High temperatures may result in heatwaves and droughts, which could cause personnel welfare
impacts (for example, heat stress), damage to machinery through overheating, and an increased
risk of fire.

5.7.22 Throughout the climatic modelling window examined at the Proposed Project site, an increase in
mean air temperature in northern Shetland is predicted. For the period 2020-2048, the annual mean
air temperature in Unst is projected to be 1-2°C higher than the 1981-2010 average. This rises to 2-
3°C above baseline levels for the 2050-2078 timescale, according to 75 % of member scenarios.

5.7.23 Based on Met Office climate data from 1981 - 2001, temperatures in Unst are consistently low; the
baseline maximum temperature is 15.2°C for August, compared to an average of 19.1°C across the
UK. Furthermore, extreme hot weather events occur infrequently and are of a low magnitude; the
hottest temperature ever recorded at Baltasound was 25°C in July 1958. The predicted trend
towards rising temperatures may increase the frequency of heatwaves and droughts in Unst.
However, extreme temperatures are unlikely to be of a high enough magnitude to have a significant
impact on the Proposed Project site, so this constitutes a minor climate change impact.

5.7.24 Considering the sensitivity of the receptor of human health and the potential for the magnitude of
impact to rise throughout the design life of the Proposed Project, high temperatures have the
potential to have a minor effect.

5.7.25 Appropriate standard mitigation measures will be applied in the event of high temperature
conditions. Personnel will be provided with appropriate personal protective equipment (PPE) to
mitigate against the health and safety risks posed by heat and the availability of drinking water
confirmed. Following the implementation of these measures, heat will pose a negligible risk to the
Proposed Project and therefore result in no likely significant effect.

5.8 Residual Effects

5.8.1  No significant residual effects have been identified following the implementation of mitigation
measures.
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5.9 Cumulative Assessment

5.9.1 The climate resilience risks identified are limited in their spatial extent to the Proposed Project and
therefore no cumulative effect with other committed launch projects is considered in this climate
change impact assessment.

5.10 Summary

5.10.1 An assessment of the potential effects of GHG emissions associated with the Proposed Project on
climate change has been undertaken.

5.10.2 The assessment considered emissions arising from the operation of the Proposed Project including
transportation and combustion of SR75 Launch Vehicle hybrid engine.

5.10.3 A climate resilience assessment has been carried out to assess the vulnerability of the Proposed
Project to climate change.

5.10.4 The assessment evaluated the impact of climatic variables such as wind speed, precipitation and
temperature on sensitive receptors associated with the Proposed Project.

5.10.5 The climate baseline has been characterised using Met Office climate data for the period 1981-2010.

5.10.6 GHG emissions in the context of overall annual emissions by the Shetland Islands are considered of
minor significance.

5.10.7 Mitigation measures including the development of low carbon kerosene substitutes and the
continued decarbonisation of passenger and freight transport will contribute to reducing GHG
emissions.

5.10.8 Climate resilience impacts on the Proposed Project associated with high temperatures are
considered to be of negligible significance.

5.10.9 High wind speeds are predicted to have an effect of minor significance on the Proposed Project.
5.10.10 The effects of heavy precipitation on the Proposed Project are considered to be minor.

5.10.11 Standard mitigation has been considered in the inference of effect significance. Committed
mitigation measures include suspending activities during extreme weather events and providing
personnel with appropriate Personal Protective Equipment (PPE).

Aurora | Hylmpulse SR75 SaxaVord AEE V2 | 2025-04-25 5-12



'I' Hylmpulse
f 4

5.11 References

BEIS. (2019). BEIS UK Local authority and regional carbon dioxide emissions national statistics: 2005-
2017. Retrieved from https://www.gov.uk/government/collections/uk-local-authority-and-regional-
carbon-dioxide-emissions-national-statistics

BEIS. (2020). BEIS Greenhouse Gas Reporting: Conversion Factors 2020. Retrieved from
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2020

CIBSE. (2008). Chartered Institute of Building Services Engineers TM46 Energy Benchmarks.
Retrieved from https://www.cibse.org/Knowledge/knowledge-
items/detail?id=a0g20000008I7evAAC

Department for Transport . (2021). Guidance to the regulator on environmental objectives relating
to the exercise of its function under the Space Industry Act 2018.

European Parliament. (2011). The EIA Directive 2011/92/EU3. Retrieved from
https://ec.europa.eu/environment/eia/eia-legalcontext.htm

European Parliament. (2014). The EIA Directive 2014/52/EU. Retrieved from
https://ec.europa.eu/environment/eia/eia-legalcontext.htm

IEMA. (2015). Institute of Environmental Management and Assessment Guidance on Climate
Resilience and Adaptation in EIA. Retrieved from https://www.iema.net/resources/

Met Office. (2020a). Meteorological Office UK Climate Averages. Retrieved from
https://www.metoffice.gov.uk/research/climate/maps-and-data/uk-climate-averages

Met Office. (2020b). Meteorological Officd UKCP18 Climate Projections. Retrieved from
https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/index

Scottish Government. (2009). Climate Change (Scotland) Act 2009. Retrieved from
https://www.lwgislation.gov.uk/asp/2009/12/contents

Scottish Government. (2017). The Town and Country Planning (Environmental Impact Assessment)
Regulations 2017. Retrieved from https://www.legislation.gov.uk/ssi/2017/102/contents/made

Scottish Government. (2017). Town and Country Planning (Environmental Impact Assessment)
(Scotland) Regulations 2017 (as amended) .

Scottish Government. (2018). Climate Change Plan 2018-2032. Retrieved from
https://www.gov.scot/publications/scottish-governments-climate-change-plan-third-report-
proposals-policies-2018-9781788516488/

Scottish Government. (2019). Climate Change (Emissions Reduction Targets) (Scotland) Act 2019.
Retrieved from https://www.legislation.gov.uk/asp/2019/15/enacted

SIC. (2015). Shetlands Islands Council Carbon Management Plan 2015-2020. Retrieved from
https://www.shetland.gov.uk/coins//viewDoc.asp?c=e%97%9Dd%90Iz%8E

UNFCCC. (2015). United Nations Framework Convention on Climate Change Paris Agreement.
Retrieved from
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement
pdf

Uni. Bath. (2011). University of Bath Sustainable Energy Research Team Inventory of Carbon and
Energy. Retrieved from
http://wiki.bath.ac.uk/display/ICE/Home+Page;jsessionid=2358DA949145979F0F8865783188344D

Aurora | Hylmpulse SR75 SaxaVord AEE V2 | 2025-04-25











































































































































































» Hylmpulse auron\gﬂn

CHAPTER 7  ACCIDENTS AND DISASTERS
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Accidents and Disasters

Introduction

This chapter considers the potential for the Proposed Project (preparation and launch of the
Hylmpulse SR75 Launch Vehicle) to cause major accidents or be affected by natural disasters, in
both cases focussing on where harm to the environment as a consequence could reasonably occur.

The assessment is intended to inform management and mitigation of risks to the environment. It
does not assess the probability of any major accident or disaster.

The chapter considers environmental hazards inherent to the Proposed Project, the receptor groups
likely to be affected in the event of an accident event, and the potential severity of the impact. The
management of these risks by design or further mitigation is discussed.

The chapter considers significant effects from major accidents and natural disasters, it does not
represent an exhaustive treatment of every possible risk of environmental damage. “Major” is in
this context defined as having the potential to cause permanent or long-term damage to a receptor,
including loss of life or permanent destruction of habitat. Environmental hazards have been
identified in collaboration with the Applicant’s operations team and through co-operation with
SaxaVord Spaceport.

The SR75 is assumed to be launched from Launch Pad 2 at SaxaVord Spaceport. Any difference in
environmental risks and impacts from subsequent relocation to another Launch Pad will be minimal.

Legislation, Policy & Guidelines

Legislation

The treatment of major accidents and disasters within an AEE is a requirement since the Space
Industry Regulations 2021 (Government, 2021) came into force. Guidance document ‘Guidance for
the Assessment of Environmental Effects’ (CAA, 2021) states in paragraph 4.65:

‘The AEE must include a description of the environmental effects of reasonable worst-case scenarios
from accidents and disasters which could occur during, or as a result of, the proposed activities.
These must include as a minimum:

Possible off-nominal launch scenarios, account for where these occur (for example, on the launch
pad)

Fuel and hazardous material storage and handling (for example, failure of containment).’

The Proposed Project will be a workplace and The Health and Safety at Work Act (1974) (UK
Government, 1974) and Management of Health and Safety at Work Regulations (1999) (UK
Government, 1999) will apply. The Act’s position on controlling risks, as interpreted by the Health
and Safety Executive, to a level “As Low as Reasonably Practical” (ALARP) informs the approach to
mitigation in the AEE Report context.

The Control of Major Accident Hazards Regulations (2015) (COMAH) (UK Government, 2015) and
the Town and Country Planning (Hazardous Substances)(Scotland) Regulations 2015 (Scottish
Government, 2017) will not apply to the Proposed Project as the thresholds for storage of the
relevant hazardous materials (liquid oxygen and paraffin fuel) will not be exceeded.!

! The lower tier COMAH threshold is 2500 tonnes for alternative fuels serving the same purpose to petroleum in Schedule
1 Part 2 Section 34(e) of the COMAH Regulations.
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Guidance

Specific guidance for the production of Accidents chapters for AEE is currently limited and therefore
reference has been made to examples of current practice shared by the Institute of Environmental
Management and Assessment (IEMA, 2020).

The Health and Safety Laboratory (HSL) has produced the guidance document “Spaceports —
Keeping People Safe” (Health and Safety Laboratory, 2018) on behalf of the Civil Aviation Authority
and the UK Space Agency. This assessment recognises this guidance and sets out a list of potential
hazard areas to examine the potential environmental effects as the guidance suggests. The HSL
guidance then recommends a tiered risk assessment process tailored more towards the protection
of occupational groups, and as such diverges from the AEE process. This element of the risk
assessment is therefore included separately in the Spaceport licence application safety case.

Assessment Methodology and Significance Criteria

Under the guidance and regulations accompanying the Space Industry Act 2018, a safety case and
guantitative operational risk assessments are required to be produced by the Applicant for approval
by the regulator. This assessment for AEE does not replace these requirements but rather separately
considers reasonably realistic accident and disaster events in the context of their environmental
consequences. It would be unrealistic to exclude workers and nearby residents as receptor groups
from this assessment however, since any environmental changes would affect these groups as well
as potentially wildlife and habitat sites.

A list of potential major accident and disaster events has been drafted on the basis of the Proposed
Project’s potential vulnerabilities and a range of reasonably plausible accident scenarios.

Events which could potentially meet the definition were considered in terms of the nature of the
potential environmental effects, the potential severity and significance of the effect and the
requirements for mitigation.

The meaning of “major” should be understood in the context of the Proposed Project. The “major”
events assessed are expected to represent the potential events with the highest severity before,
during and after the launch of the Hylmpulse SR75 Launch Vehicle. These “major” events would not
necessarily be considered as such in the context of a much larger aerodrome or a facility which
stored or used flammable materials in far greater quantities such as a petrochemical refinery.

For context, a single launch of the SR75 Launch Vehicle per year is proposed by Hylmpulse.
Environmental Zone of Influence

A one-kilometre buffer area around Launch Pad 2 has been considered for the potential effects of
loss of containment and combustion events because effects meeting the definition of a major
accident or disaster would be unlikely beyond this distance. Aeronautical events are treated in
terms of a ground strike on Unst or a water strike downrange, beyond the stated one-kilometre
buffer.

Assessment of Significance

Potential effect significance must be understood in the context of major accidents and disasters.
These are inherently rare events, and it is entirely plausible that no major accident or disaster befalls
any launch event. Even if such an event took place, it is also plausible that there might be no effects
beyond the immediate vicinity of the Proposed Project and within the boundary of the SaxaVord
Spaceport.
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The terminology used in the assessment, to be consistent with other Chapters of the AEE Report
and, notwithstanding the caveat in the above paragraph, are as follows:

Sensitivity — all potential human, wildlife and habitat receptors are assumed highly
sensitive on a precautionary basis;

Magnitude of impact —The usual terminology for the significance of effect is
irrelevant in this case as only events with potential for high impacts (loss of life or
permanent damage to habitats) are considered; and,

Significance of effect — Although receptors are assumed to all be of high sensitivity
and impacts inherently large and adverse, the significance will still vary depending on
the nature of the effect, particularly in terms of duration and reversibility. For
instance, a catastrophic release of a toxic fluid could have a major effect on a human
receptor, with the potential for fatality, but a minor effect on a habitat which could
readily regenerate following brief exposure. The scale of significance used, in
descending order, is major, moderate, minor and negligible, with major and
moderate being considered as significant effects in terms of AEE.

Requirement for Mitigation

Mitigation of the risk of significant adverse environmental effects is generally embedded in the
design of the Proposed Project as influenced by iterative hazard identification exercises.

Assessment of Residual Effect Significance

The residual effects are intended to be the management of the risk of a major accident or disaster
to a level that is As Low as Reasonably Practical (ALARP), noting that this AEE Report represents a
high-level assessment of such risks, with further assessment undertaken elsewhere in the Launch
Operator Licence application.

Limitations to Assessment

The assessment is qualitative. It includes no probabilistic treatment of risk, simply identifying
plausible major accident and disaster events and commenting on their potential severity and the
outline approach to mitigation. It purposely considers environmental effects as its focus, and where
effects on human health are noted, it is not intended to substitute for current and future safety
case development.

Baseline Conditions

Baseline conditions are assumed to be routine launch vehicle operations at the SaxaVord Spaceport
Launch Pad 2, rather than any physical description.

Receptors Brought Forward for Assessment

The following receptors have been brought forward for assessment:

Habitats within a one-kilometre radius of the launch site were reviewed. Norwick
Site of Special Scientific Interest (SSSI) is a geological designation and not considered
sensitive. Norwick Meadows SSSI is a habitat designation for its sand dunes and
valley fen which support several plant species of national and international interest.

Wildlife receptors: The immediate vicinity of the Proposed Project will continue to be
populated by species identified in SaxaVord Spaceport AEE V3. These have been
treated generically as residents of, or visitors to, the vicinity of the Proposed Project.

Human receptors: The nearest inhabited receptor points outside of the spaceport
boundary are Banks Cottage and the village of Norwick, though both are
considerably over one kilometre from the Proposed Project i.e., Launch Pad 2.
Employees and contractors working on the Proposed Project will therefore be the
nearest human receptors considered.
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Standard Mitigation

Standard mitigation measures have been informed by the safety case and risk assessment work
undertaken as part of the application for launch operator licence. Standard mitigation will include
the following:

Development of the Hylmpulse Safety Operations Manual (document reference to
be advised to the CAA once finalised);

Compliance with SaxaVord Spaceport procedures including Launch Site Safety User’s
Manual (SAXA-GRP-OPS-SSUM-001), Emergency Response Plan and Operational
Environmental Management Plan. Third-party documents are reviewed against
Hylmpulse documents to identify and resolve any incompatibility before launch
campaigns begin.

Establishment and maintenance of an appropriate exclusion when required;

Minimal storage of reagents on site in favour of ”just-in-time” delivery for any given
launch campaign with bulk storage off-site (which will be managed by SaxaVord
Spaceport as part of their service offering); and

Oxidant transfer and storage on hardstanding with integral containment (i.e. a sump
of sufficient volume to hold a spillage indefinitely or until volatilisation occurs).

Potential Effects

Major accident and disaster events which were screened out of assessment are shown in Table 7.1,
along with reasons for no further consideration. They are generally natural disasters and extreme
weather events with no serious risk of occurrence.

Table 7.1 — Effects Screened Out

Event ‘ Reason for screening out

Tectonic activity British Geological Survey records show no recorded earthquake
above 4 local magnitude (“light”) within 50 km of Unst since records
began. (British Geological Survey, 2020).

Extreme temperature Highly unlikely under the most pessimistic climate change scenarios
given Unst’s latitude (see Chapter 5)

Extreme storm Launches with the potential to be compromised by extreme weather
conditions would be postponed until a storm event had passed.

Storm surge (inundation) | Elevation makes inundation highly unlikely. No accounts of storm

surge at the Proposed Project launch site.

Climate-related risks are discussed in more detail in Chapter 5 of this AEE Report.

Events taken forward for assessment are summarised in Table 7.2. The events have been grouped
into failure of oxygen containment, ignition of fuel and off-nominal launch scenarios. The nature of
the hazards is discussed in the following sections.

The SR75 requires a maximum of approximately 460 kilograms of paraffin-based fuel and 1,090 kg
of liquid oxygen (LOx) as primary fuel and oxidant. The fuel is a waxy solid which is pre-installed
aboard the LV. Small quantities of other gases (nitrogen and helium) are used on board the LV but
do not present a major accident hazard and are not considered further.
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Failure of liquid oxygen containment

Liquid oxygen will be tankered to the launch site on a just-in-time basis, in quantities required for a
given campaign vehicle as per other materials.

The SR75 Launch Vehicle requires an inventory of 1,090 kg of liquid oxygen. The approximate
density of liquid oxygen is ~1.14kg/I hence the volume required for a launch event is ~960 litres.

Following any loss of containment these fluids would rapidly boil off to atmosphere, but in the
seconds following the loss may cause cold stress on infrastructure, liquid and vapour burns, and in
the case of oxygen, changes to combustibility of nearby fuels.

Ignition of hazardous materials

The SR75’s paraffin-based fuel is the only material likely to be used in anything approaching bulk
guantities by the Proposed Project (460 kg per launch), although the material is not flammable
without the presence of external ignition and an oxidizer to sustain combustion. The fuel is
delivered already integrated into the SR75’s booster. It should also be borne in mind that the SR75
is a small launch vehicle relative to other expected users of the spaceport.

Several Material Data Safety Sheets (MSDS) for paraffin wax fuel have been consulted and none
publish a lower explosive limit for the vapour; possibly this has not been empirically measures or
experimentation would return a wide range of values since paraffin wax is a mixture of long-chain
aliphatic compounds.

The combustion kinetics of solid paraffin fuel rely on a spray of oxidant to form small droplets of
melted paraffin wax which are then combusted. In the absence of this intentional acceleration of
combustion in case of an accidental ignition, the fuel gradually burns in situ until extinguished or
entirely combusted. The rate of formation of the vapour cloud necessary for a deflagration will be
much slower than would be the case with a liquid fuel.

Uncontrolled combustion of paraffin fuel during launch vehicle delivery or preparation is not
considered as the fuel is integrated into the LV and would require a deliberate there is ignition
source to initiate any combustion.. The paraffin fuel has a zero TNT equivalent for the reasons
discussed.

The Net Equivalent Weight (of TNT) used by Hylmpulse in their casualty and injury area calculations
is estimated as 20kg for the SR75; this is due to the presence of pressurised helium tanks rather
than combustible material. The calculation is made according to the FAA Flight Safety Handbook
and CAA Guidelines.

Off-nominal Launch Scenarios

Any deflagration following ignition of propellant during active application of liquid oxygen during a
launch failure would potentially create a short-lived initial fireball extending only single metres from
the pad, with the residual propellant rapidly burning off in a matter of seconds as soon as losing
contact with the oxidiser.

Relatively little empirical data on the environmental effects of directly comparable catastrophic
losses of a launch vehicle exist. Research by NASA summarising all available historic data for the
accidental and planned test destruction of hydrocarbon-propelled launch vehicles suggests that the
initial overpressure wave, which approximately corresponds to the deflagration radius (fireball)
decays within tens of metres of the point of ignition (Blackwood, 2015). The deflagration radius of
liquid propellant LV based on liquid carbons is a worst-case scenario under the limiting case of the
spaceport AEE and far greater than would reasonably be expected from the SR75’s hybrid
propulsion technology.
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In addition, the small size and low fuel payload of the SR75 means that the possible overpressure
wave and deflagration radius will be correspondingly smaller than the historic NASA observations.
The observations were made of kerosene-based launch vehicle incidents carrying fuel with a much
higher vapour pressure than paraffin wax.

The deflagration radius is not therefore expected to extend beyond the boundary of the Proposed
Project and the duration of any subsequent fuel burn-off would be minimal in the open air.

The working expectation is that the risk of ignition of peat will be low following contact with burning
paraffin. Some of the peat substrate closest to the launch sites has been removed for use in off-
spaceport peatland improvement projects. A peat fire would in any case not be allowed to persist
and would be extinguished by the spaceport and municipal fire services.

The loss of all or part of the SR75 Launch Vehicle to the marine environment are considered in
Chapter 6 — Marine and Transboundary Effects of this AEE Report.

The loss of all or part of the SR75 Launch Vehicle to the terrestrial environment on Unst are not
considered significant. Uncombusted paraffin will not require any particular handling measures
other than gloves if manually recovered from the ground. Liquid oxygen would be expected to
rapidly volatilise leaving no permanent change to the area affected. Any launch vehicle debris itself
would be recovered if considered safe and practicable to do so by SaxaVord Spaceport and the
emergency services.
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‘ Receptors ’ Potential Consequences

Significance

Mitigation

Failure of containment — liquid
Liquid oxygen (LOx) | Hu, W, Cryogenic injury and damage to receptors in close Minor (Not | Maintenance regime for storage, transfer and
Hab proximity to release before rapid evaporation takes place. | Significant) | containment equipment under responsibility of
Temporarily enhanced potential for fire and explosion SaxaVord Spaceport. Applicant to comply with all
during evaporation — oxygen enriched atmosphere. SaxaVord Spaceport operational procedures and
controls. Loading operations of LOX into SR75 are
performed remotely by the Hylmpulse personnel.
Ignition of bulk quantities
Paraffin-based fuel | Hu, W It is unlikely that fires could affect human and wildlife Minor (Not | Fire risk assessment to inform safe working practices
receptors within the site boundary, with off-site effects | Significant) | around flammable materials under responsibility of
even less likely. Could cause a short-term episode of high SaxaVord Spaceport. Applicant to comply with all
air pollutant concentrations near the launch pad and SaxaVord Spaceport operational procedures and
immediate downwind locations. controls.
Aeronautical events
SR75 Launch Hu, W, Damage to receptors through impact and loss of Minor All launch trajectories are to the north and have
Vehicle crash — Hab propellant containment, and potential ignition of (Not minimal land overflight. Areas around Launch Pad 2 are
ground strike propellant vapour and flammable substrate (peat) can | Significant) not peat rich and some peat has been removed.
exist but are unlikely. Propellants and oxidants would rapidly volatilise.
Combustion of paraffin stops as soon as LOx is
removed.
SR75 Launch W, Hab Damage to receptors through impact and loss of | Minor (Not | Marine environment (Chapter 6) concludes this is not
Vehicle crash — propellant containment. Significant) | significant. Propellant load will be fully or partially

water strike.

combusted.
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Additional Mitigation

Other than where fluid containment and transfer arrangements are required to limit releases to the
environment (noted in Table 7.2 and included within the design as standard mitigation), there are
not considered to be further significant environmental risks which require additional mitigation
measures. No additional mitigation beyond the measures identified in Section 7.6 are considered
necessary.

Inherent safe operating practices are required under CAA licensing requirements. The prevention
and mitigation of other accidents and disasters without significant environmental effects will be
managed through parallel risk and hazard management processes i.e., the Hylmpulse SR75 Launch
Operations Safety Case.

Residual Effects

Residual effects are not relevant to the discussion of significant environmental effects of major
accidents and disasters as the effectiveness of the proposed mitigation cannot be absolutely
guaranteed as these are low-frequency random events.

Cumulative Assessment

Cumulative effects can be either inter-project or intra-project effects.

Intra-project risks on site will be managed in accordance with CAA licensing requirements and
mitigated by use of Exclusion Zones. There are no intra-project cumulative effects that have the
potential to result in significant effects and so no intra-project cumulative assessment is required.

Inter-project cumulative effects are those where an environmental topic/receptor is affected by
impacts from more than one project at the same time and the impacts act together. Due to the
location of the Proposed Project on the north coast of Unst, the most northerly of the Shetland
Islands, and the expected launch cadence of once per year, it is considered that there are no
potential inter-project cumulative effects as there are no other existing or proposed developments
nearby of relevance. Shetland Islands Council was contacted during the planning application stage
of the SaxaVord Spaceport and confirmed that there are no committed development or
infrastructure projects on the Island which should be considered in the assessment.

Summary

This chapter considers the potential for activities at the Proposed Project to cause major accidents
or be affected by natural disasters, in both cases, focussing on where harm to the environment as
a consequence could reasonably occur. The assessment is quantitative for the context of an AEE
Report and does not examine the probabilities of major accident events and disasters occurring.

A list of potential events was drawn up based on the Proposed Project activities.

Natural disasters including flooding and tectonic activity are considered highly unlikely given the
location of the Proposed Project. Extreme weather effects have been addressed in the Climate
Change Chapter 5 of this AEE Report and it is considered that the proposed infrastructure design
provides sufficient resilience to the effects of extreme weather events over the design life of the
Proposed Project.

Accident events were subcategorised into failure of containment of liquid oxygen, and off-nominal
launch scenarios. The effects on generic on-site human and wildlife receptors and off-site
designated habitat sites were considered for each of these events.
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Failures of containment were generally considered to be of minor significance and largely restricted
to the areas immediately within the vicinity of the release point, given the quantities in use and the
rapid expected evaporation of the liquid oxygen. Mitigation will be through adherence to the
Applicant’'s own and SaxaVord Spaceport management procedures, robust containment and
restrictions on the quantities stored at the Proposed Project site.

Again, noting the environmental context, ignition events are considered to be major with potential
for significant effects inasmuch as damage to health or loss of life to human and wildlife receptors
would be possible if in close proximity to the event. In the unlikely event that ignition of paraffin
fuel occurred, the deflagration radius would be relatively small (likely within the spaceport
boundary) and the fuel load may simply burn in situ until exhausted. Any such blaze would be
limited in duration by the small (460 kg) quantities used by any SR75 LV. Mitigation will be through
the restriction of ignition sources from flammable materials through standard operating practices.
Uncontrolled ignition events during launches are assumed to be managed through the Hylmpulse
SR75 Launch Vehicle design process and integrity checks.

Off-nominal launch scenarios are considered to be of major significance should a ground strike take
place, with potential for severe damage to human, wildlife and habitat receptors from impact and
subsequent ignition of remaining propellant. Mitigation is inherent to the remote, northerly
location of the Proposed Project, lack of receptors and exclusively northward launch trajectories to
be used. Water strikes were considered of minor significance; wildlife and marine habitat receptors
effects are discussed in the Marine Effects Chapter (Chapter 6) of this AEE Report and not
considered significant.
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8.1

8.11

8.2

8.2.1

Ssummary of Environmental Effects

Introduction

The Summary of Environmental Effects provides a summary of effects of the Proposed Project,
mitigation measures and the residual effects anticipated after mitigation measures have been
applied.

Summary of Environmental Effects

Pre-mitigation and residual environmental effects are summarised in Table 8.1. The table provides
a concise reference to each of the pre-mitigation and residual environmental effects identified in
the technical sections of the AEE Report as well as a cross reference to the relevant mitigation
measures identified.
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Table 8.1 Summary of Pre-mitigation and Residual Environmental Effects

Description of Effect Pre-mitigation Effect Residual Effect

Mitigation Measure(s)

Magnitude Beneficial/ Significance Magnitude Beneficial/ Significance
Adverse Adverse
Air Quality
Effects at sensitive human receptors from launch Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
event emissions effect effect
Climate Change
GHG emissions arising from operation. Minor Adverse No likely significant | None proposed Minor Adverse No likely significant
effect effect

Damage to launch vehicle, pay load and lightning Moderate Adverse Potential significant | Applicant to suspend launch activities in high winds. Future Minor Adverse No likely significant
tower and delay of launches due to high wind speeds. effect versions of the SR75 will feature guidance systems and Thrust effect

Vectoring Control to compensate for sudden changes in wind

speed and direction during both launch and flight
Suspension of ferry routes and flights due to high wind | Minor Adverse No likely significant | Applicant to source materials in Shetland or as close to the Negligible Adverse No likely significant
speeds will limit access to the Proposed Project for effect Proposed Project as possible, where applicable. effect
launch cycle personnel and goods.
Heavy precipitation resulting in flooding and erosion Moderate Adverse Potential significant | SaxaVord Spaceport to maintain drainage system; ditches cut by | Minor Adverse No likely significant
of access roads and limiting access for launch cycle effect spaceport operator in the flatter areas to aid drainage into effect
vehicles. natural streams. Applicant to comply with any relevant

operational procedures required to implement and maintain

drainage.
Water ingress causing failure of electrical equipment Moderate Adverse Potential significant | SaxaVord Spaceport to maintain drainage system; ditches cut by | Minor Adverse No likely significant
(e.g., generators and deluge pumps) effect spaceport operator in the flatter areas to aid drainage into effect

natural streams. Applicant to comply with any relevant

operational procedures required to implement and maintain

drainage.
High temperatures causing site personnel welfare Minor Adverse No likely significant | Applicant to implement health and safety procedures e.g., Negligible Adverse No likely significant
impacts such as heat stress effect provision of appropriate PPE. effect
Overheating of equipment and potential fire due to Minor Adverse No likely significant | Deluge pumps to be designed and installed by SaxaVord Negligible Adverse No likely significant
high temperatures. effect Spaceport. Deluge system to maintained by the Applicant and effect

SaxaVord Spaceport.
Marine and Transboundary Effects
Effects on Water and Sediment Quality, and Ecological | Negligible Adverse No likely significant | None proposed Negligible Adverse No likely significant
Receptors from Fuel/Propellent Spillage. effect effect
Effects on Water and Sediment Quality, and Ecological | Minor Adverse No likely significant | None proposed Minor Adverse No likely significant
Receptors from Metal Corrosion and Toxic effect effect
Contamination.
Effects on Water and Sediment Quality and Ecological | Minor Adverse No likely significant | None proposed Minor Adverse No likely significant
Receptors from Returning Components and effect effect
Microplastics (Including Ingestion).
Smothering of Marine Organisms, Habitat Alteration Minor Adverse No likely significant | None proposed Minor Adverse No likely significant

(Including Reef Effects) and Habitat Loss via
Deposition of Material on the Seabed.

effect

effect
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Residual Effect
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Description of Effect

Pre-mitigation Effect Mitigation Measure(s)

Magnitude Beneficial/ Significance Magnitude Beneficial/ Significance
Adverse Adverse

Direct Strike. Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
effect effect

Acoustic Disturbance (including Underwater Noise) Negligible n/a No likely significant | None proposed Negligible n/a No likely significant

from the Impact of the Jettisoned Objects Hitting the effect effect

Sea Surface.

Thermal Effects of Jettisoned Objects. Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
effect effect

Visual Disturbance. Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
effect effect

Displacement of Fish. Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
effect effect

Damage to Human Infrastructure (Subsea Minor Adverse No likely significant | None proposed Minor Adverse No likely significant

Cables/Pipelines). effect effect

Interference with Military Exercise Areas Negligible n/a No likely significant | None proposed Negligible n/a No likely significant
effect effect

Impacts to Vessel Navigation Including Floating Negligible n/a No likely significant | None proposed Negligible n/a No likely significant

Returned Components, Changes to Topography and effect effect

Re-routing of Vessel Traffic.

Damage to Marine Archaeology/Shipwrecks. Minor Adverse No likely significant | None proposed Minor Adverse No likely significant
effect effect

Accidental Aeronautical Events — Failure During Flight | Minor Adverse No likely significant | None proposed Minor Adverse No likely significant
effect effect

Accidents

This subject has not been assessed in a manner comparable with other environmental aspects as it considers scenarios which are both theoretical and extreme rather than reasonably expected occurrences. Only the accidents and disaster

scenarios considered likely to cause major adverse effects were considered, as is inherent to the scope of the chapter. The pre-mitigation effects are generally major, adverse and significant . Residual effects may remain similarly significant

but this would be predicated on the combined failure of design, operational and physical mitigation measures.
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8.3
8.3.1
8.4

8.4.1

8.5

8.5.1

Significant Residual Effects
Post mitigation, there are no remaining potentially significant residual effects.
Monitoring

There are no adverse significant residual effects and therefore no monitoring is required as a result
of this AEE.

Conclusion

The conclusion of this AEE is that there are no significant operational effects of concern from the
Proposed Project and that the proposed activities will comply with statutory requirements and
environmental policy objectives. As described in each of the technical chapters, this takes into
consideration international, national and local legislation and objectives.
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	5.8 Residual Effects
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