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1 Greenhouse Gas Assessment Methodology

1.

This appendix presents the methodology for the Greenhouse Gas (GHG) assessment in
support of Volume 2, Chapter 18: Climate Change, including further context on the climate
change benefits of offshore wind and GHG sources for offshore wind farms. This appendix
contains an overview of the activity data, emission factors and assumptions to calculate GHG
emissions from the Project. The GHG assessment has been undertaken in accordance with
the Institute of Environmental Management & Assessment (IEMA) Guide: Assessing
Greenhouse Gas Emission and Evaluating their Significance (IEMA, 2022). The Carbon Trust
guidance, Offshore Wind Industry Product Carbon Footprinting Guidance (Carbon Trust,
2024a) has also been considered for the GHG assessment.

2 Climate Change Benefits of Offshore Wind

2.

2.1

Emissions from electricity generation in the UK have reduced by 49.5% since 1990, the
majority of which has occurred within the last decade (CCC, 2024). This reflects the
transition from coal to gas and low-carbon generation, of which the renewables and offshore
wind sector have been a key player. To enable further reductions in emissions from
electricity generation, an increase in the role of renewables, along with other supply and
demand-side responses are required.

The UK Government has also set out its intention to decarbonise all sectors of the UK
economy, including the power sector, within the Clean Growth Strategy (BEIS, 2017).
Reaffirmation of this ambition was provided as a commitment within the Offshore Wind
Sector Deal (BEIS, 2019), which reinforces the UK Government’s aims to advance offshore
wind generation as an integral part of a future low-cost, low-carbon and flexible grid system.
Considering recent progress, the commitment to 30 GW offshore wind capacity within the
Offshore Wind Sector Deal has been superseded by a 40 GW by 2030 target, as set out in the
Ten Point Plan for a Green Industrial Revolution (HM Government, 2020) and the Net Zero
Strategy: Build Back Greener (HM Government, 2021b). The UK Government has since
increased its offshore wind capacity target to 50 GW by 2030 in the British Energy Strategy
(HM Government, 2022).

The Offshore Wind Policy Statement (Scottish Government, 2020a) and the Sectoral Marine
Plan for Offshore Wind Energy (Scottish Government, 2020b) include a target to deliver up
to 11 GW of offshore wind capacity by 2030 to support Scotland’s commitment to net zero
by 2045. According to the Scottish Energy Statistics Hub, Scotland’s operational offshore
wind capacity measures around 2.9 GW in November 2023, with an additional 9.8 GW in
planning, awaiting construction or under construction (Scottish Government, 2024).

GHG Emissions Sources for Offshore Wind Farms

The construction, operation, maintenance, repowering, and decommissioning of offshore
wind farm projects entail the release of GHG emissions from:

. embodied carbon and GHGs from the Project. These are the emissions caused by the
extraction and refinement of raw materials and their manufacture into the
commodities and products that make up the components of the wind turbines (and
their associated physical infrastructure), cables, etc.; and
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. carbon and other GHG emissions arising from the combustion of fuel and energy
used over a Project’s lifetime. Emissions in this assessment are associated with
marine vessels, vehicles, helicopters, and plant and equipment.

The release of emissions from these sources are small in comparison to emissions from the
generation of energy from fossil fuel sources, therefore the emissions saved during the
generation of electricity from offshore wind (when compared to fossil fuel sources) outweigh
those released from the activities listed above.

There are inherent uncertainties associated with carrying out GHG footprint assessments for
offshore wind farm projects such as the level of embodied carbon in materials being
dependent on the specific manufacturer/supplier, and emissions from operating plant and
equipment can be difficult to predict and may vary over time. However, the approach to
determine emissions from individual source groups is well defined and is adopted in this
assessment. The assumptions and limitations of the approach to calculating GHG emissions
in the assessment are detailed in Section 18.7.3 of Volume 2, Chapter 18: Climate Change.

A report published by the University of Edinburgh in 2015 (Thomson and Harrison, 2015)
examined the lifecycle costs and GHG emissions associated with offshore wind farm projects,
comparing data gleaned from the analysis of some 18 studies carried out over the period
2009 to 2013 (Thomson and Harrison, 2015). This report provides useful context for the
Project’s GHG assessment and benchmark figures used to verify the assessment outcomes.
Whilst it is acknowledged that there have been advancements in the offshore wind sector
since the study was conducted, the figures and findings remain relevant and provide useful
context for the GHG assessment.

Table 2-1 provides a summary of the percentage of the total GHG emissions associated with
the different phases of an offshore wind farm development as provided within Thomson and
Harrison (2015).

Table 2-1 Summary of Offshore Wind Farm GHG emissions (Thomson and Harrison, 2015)

Phase % of total GHG emissions
Construction 78.4
Operation and Maintenance 20.4
Decommissioning 1.2

10.

The report highlights that the greatest proportion of emissions is associated with the
manufacture and installation of the wind farm components. Decommissioning accounts for
the smallest proportion, only 1.2%, of total life cycle GHG emissions. A more detailed
breakdown of emissions is given in Thomson and Harrison (2015) for an offshore wind farm
with steel foundations. This is reproduced in Figure 2-1.
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Figure 2-1 Summary of Offshore Wind Farm GHG emissions (Thomson and Harrison, 2015)
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11.

12.

13.

2.2

14.

15.

16.

Of the components or phases shown Figure 2-1, GHG emissions associated with foundation
fabrication and installation accounts for the largest proportion of emissions (34.7%),
followed by manufacture and installation of the turbines (23.8%) and the cables and
transformers (19.8%).

GHG emissions from shipping movements during maintenance operations over the
operational lifetime of the example wind farm contributed 14.3%. This value may appear to
be unexpectedly high, but the vessel movements contribution is associated with an assumed
20-year operational lifespan of the wind farms considered in the studies. Emissions derived
from spare parts (3.7%), helicopter movements (2.4%) and dismantling and disposal (1.2%)
are all small in comparison. The operation and maintenance phase of the Project is
anticipated to be 35 years and is therefore longer than the wind farms considered in these
studies.

A report by Catapult (Spyroudi, 2021) investigated the carbon and GHG implications of end-
of-use management after decommissioning, as well as some context to carbon Life Cycle
Analysis (LCA) of offshore wind farms. Within the studies, turbines were predicted to
contribute to 50% of the total GHG footprint of materials used in wind farm components.
The Catapult report references the National Renewable Energy Laboratory (NREL) report
(NREL, 2015) which states that wind turbines are predominantly made of steel (71-79% of
total turbine mass), fiberglass, resin or plastic (11-16%), iron or cast iron (5-17%), copper
(1%) and aluminium (0-2%). The Catapult report (Spyroudi, 2021) advises that recycling can
save on average, at least 35% of CO,e per kWh of generation from assets in an offshore wind
farm (operating 6 MW and 10 MW turbines), as opposed to new manufacturing of
components.

GHG Intensity of Offshore Wind Farm Energy

In a report investigating carbon emissions of wind power (Thomson and Harrison 2015), the
GHG emissions intensity (expressed as grams (g) of COe per kilowatt-hour (kWh) of
electricity generated) of electricity from 18 technical studies was analysed. These were
found to vary quite widely, between approximately 5 and 33 g CO,e per kWh. There was no
clear relationship between the metrics for either turbine rating (in MW) or capacity factor.

A further study in 2012 (Dolan and Heath 2012), amassed the results of over 200 studies of
carbon emissions from wind power and attempted to harmonise the results to use only the
most robust and reliable data and to aligh methodological inconsistences. The harmonised
results of this study revealed that the range in GHG emissions per kWh of electricity
generated varied between approximately 7 and 23 g COe per kWh, with a mean value of
around 12 g CO,e per kWh.

It is noted that these studies were published in 2012 and 2015, and it is acknowledged that
there have subsequently been significant advances in the technology, infrastructure and
components used for offshore wind farms. Therefore, additional published sources are
reviewed to evaluate the average GHG intensity of energy produced offshore wind farms,
and these are presented in Table 2-2. As shown, the range of energy intensities for offshore
wind farms across the range of studies is 7.8 to 25.5 g CO,e per kWh.
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Table 2-2 Review of Average Carbon Emission per kWh

Wind Earm sizes Energy intensity (gCO.e per Source
kWh)

Chen et al. (2011), referenced
12x5Mw 32 in Bhandari et al. (2020)

IEA World Energy Outlook
N/A 6 (2012), referenced in Siemens

Gamesa (n.d.) and @rsted

(2021)

Arvesen and Hertwich (2012),
100 x 2.5 MW 13.7 referenced in Bhandari et al.

(2020)

Bonou et al. (2016),
80 x4 MW 10.9* referenced in Bhandari et al.

(2020)

Bonou et al. (2016),
100 x 6 MW 7.8* referenced in Bhandari et al.

(2020)

" Yang et al. (2018), referenced

28x3.6 MW 255 in Bhandari et al. (2020)
*Offshore wind farm studies published from 2016 onwards

17. While the assessment is not a detailed LCA, the assessment adopts a precautionary approach
and is robust and appropriate for the purposes of an EIA. A full LCA has not been undertaken
because it is not possible to fully define the supply chain for the Project at this stage, and
some information will be refined as the design progresses. Therefore, assumptions and
simplifications to the methodology are made in certain areas and a precautionary approach
is adopted for the assessment to allow for this. These assumptions and simplifications are
referred to in Section 18.7.4 of Volume 2, Chapter 18: Climate Change and the maximum
design scenario set out in Section 18.10 of Volume 2, Chapter 18: Climate Change.

3 Methodology

18. The GHG assessment is based on the maximum design scenario detailed in Section 18.10 of
Volume 2, Chapter 18: Climate Change. The scope of this document includes the
methodology used to calculate the following emissions sources attributed to the Carbon
Trust’s lifecycle modules which are detailed in Table 3-1. The methodology for deriving the
avoided emissions (module D2) used in the GHG assessment is detailed in the, GHG
emissions from the ‘Do Nothing’ scenario, outlined in Section 18.7.1 of the Volume 2,
Chapter 18: Climate Change

Table 3-1 GHG Assessment Emission Sources and Lifecycle Modules

Lifecycle module

Emissions source

Al - A3 (embodied carbon)

Embodied carbon in materials

AO (pre-construction)
A4 (transport to site)

Marine vessels, road vehicles

A5 (construction)

Helicopters, plant and equipment

B3 — B4 (repair and replacement)

Embodied carbon in materials in spare parts
Marine vessels, vehicles, and helicopter use

C1 - C5 (Decommissioning)

End-of-Life activities

Buchan Offshore Wind
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3.1

19.

20.

3.1.1

21.

22.

Embodied Emissions in Materials

The GHG assessment includes calculation of embodied carbon in materials used for the
Project. This includes the quantification of emissions from ‘Cradle-to-factory gate’, a term
which includes the extraction, manufacture and production of materials to the point at
which they leave the site of the final processing location. Emissions associated with the
delivery of materials to the study area are quantified separately, either from the use of
marine vessels, as detailed in Section 3.1.2, or road vehicles which are outside of the scope
of this assessment.

GHG emissions were calculated from quantities or volumes of known materials that would be
used in construction, including the following infrastructure:

. Wind Turbine Generators (WTG) and associated supporting structures, including
floating foundations;

° offshore mooring systems and anchors;
. Offshore Inter-array Cables (IAC);

° Offshore Substation Platforms (OSPs) and associated supporting structures,
foundations and scour protection;

° offshore export cables;
. offshore interconnector cables;
. Offshore Intermediate Reactive Compensation (IRC);
. onshore substation;
° onshore cables;
. onshore buildings; and
° onshore material import.
Construction (Modules A1l to A3)

To provide a precautionary assessment, it is assumed that there will be no reduction in the
emission intensity during abstraction and manufacturing of materials up until and during the
construction phase of the Project. This is considered to be a conservative approach, as the
earliest year of construction of the Project is anticipated to be 2030, where the emissions
intensity of some sectors such as transport and industry are likely to have reduced. The
maximum quantities of each type of construction material to be used on site were obtained
from the Applicant, and the relevant emission factors sourced from the Inventory of Carbon
and Energy (ICE) database (Circular Economy, 2024), where possible. The ICE database
provides a comprehensive database of emission factors for embodied carbon in materials
that are commonly used in the UK following the cradle-to-factory gate approach. Alternative
sources for emission factors are used for more specific components of offshore wind farms
and are detailed in Table 3-2.

Precautionary assumptions have been adopted with respect to material quantities to be
used for each component of the Project; these include contingencies allowing for the worst-
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case scenario (e.g., maximum number of wind turbines) of the Maximum Design Scenario to
be considered. It has also been assumed that virgin materials will be used for the Project,
such as steel, whereas it is likely that recycled materials will be utilised for some
components.

23. The preferred option for the offshore WTG floating foundations is the BW Ideol floating
foundation (DampingPool®). The BW Ideol floating foundation is a patented design
developed by BW Ideol, a partner in the Applicant’s joint venture consortium, and is
anticipated to be used for the Proposed Offshore Development and is therefore considered
in the GHG assessment. The options for the foundations of the OSP and IRC include driven
piles or suction piles. It is assumed that suction pile foundations are considered to be the
worst case scenario based on the foundation footprint and material requirement for scour
protection.

24, The Cradle-to-factory gate emissions factors used in the GHG assessment for embodied
emissions in construction materials are presented in Table 3-2.
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Table 3-2 Emission Factors for Embodied GHGs in Materials

Material Emission factor (kg | Source Notes
COze.kg?, unless
otherwise stated)

Copper 3.81 N/A

Concrete (average) 0.10 Assumed virgin copper

Rock or gravel 0.079 Stone (general)

Steel (average) 2.34 Average of embodied
COze steel values

ICE Database, v4.0 provided in ICE
December 2024 database
Polyethylene 2.54 . General Type
— (Circular Ecology) —

Lead (Virgin) 3.37 Assumed virgin lead

Subbase 0.01 Aggregates and sand,
general UK, mixture of
land won, marine,
secondary and
recycled, bulk, loose

Cement Bound Sand 0.06 Cement Stabilised Soil
5%

Polyethylene 2.35

terephthalate (PET) €Oz only.

Armouring (cable) 1.46 N/A

Polypropylene yarn 3.69 C0, only.

(cable) .

- Cableizer (n.d.)

Semi-conductor 1.49 N/A

(proxy) (cable)

Crosslinked 1.93

polyethylene (XLPE) N/A

(cable)

Siemens Gamesa 14
MW Wind Turbine
Generator full asset

7,2725,720 (as
kgCOe/unit)

Proxy EF Database
extracted from the
Carbon Trust OSW-

Emission factor
considers CO,e per
unit WTG which

production - includes nacelle and
Footprinting-Tool internals, blades, hub
(Carbon Trust, 2024b) ’ ’ !
and rotor system
3.1.2 Operation (Modules B3 and B4)
25. The material quantities associated with spare parts required for repair and replacement

during the Project's operational lifetime are currently unknown and have therefore been

estimated based on information from existing literature. As detailed in Section 2.1, in research
published by the University of Edinburgh in 2015 (Thomson and Harrison, 2015), spare parts
contributed 3.7% of total emissions from construction, and operation and maintenance of an

offshore wind farm. Therefore, embodied emissions from spare parts during the Project's
operational and maintenance phase were estimated to be as 3.7% of the total emissions from

the Project.
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3.2
3.2.1

26.

27.

28.

29.

Marine Vessels

Activity Data

Marine vessels will be used to bring materials and components to the Proposed Offshore
Development Site, install infrastructure (wind turbines, OSPs, foundations and cables), and
provide crew accommodation and support during construction, commissioning, and
operation and maintenance.

In both the construction and operation phases of the Proposed Offshore Development, two
vessel operating modes are considered in the GHG assessment:

° In transit to / from site; and
. Undertaking activities on-site.

Emissions from these two modes are split by lifecycle module during construction (A4 —
Transport to construction site and A5 — Construction respectively) but have been reported
together for the operation and maintenance phase (as lifecycle modules B2-B4 —
Maintenance, Repair and Replacement).

Indicative activity data for vessels, including movements and operational days during both
the construction and operation and maintenance phases have been provided by the
Applicant for use in the assessment and are outlined in Table 3-3 and Table 3-4 respectively.

Buchan Offshore Wind Appendix 18.1 Greenhouse Gas Assessment Methodology
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Table 3-3 Number of Vessel Movements During Construction

Lifecycle Package Activity Vessel Indicative Indicative
module Operational | Maximum
days number of
return trips
AO (pre- Seabed Unexploded ordnance (UXO) and .
construction) Preparation Boulder Survey & ID Multipurpose Survey Vessel 280 40
Multipurpose Vessel with Remotely
UXO Removal (Offshore) Operated Vehicle (ROV) 210 30
UXO Removal (Nearshore) Multicat 140 10
Boulder Clearance Multipurpose Vessel with ROV 480 69
Guard Vessels Guard Vessel 280 80
Rock Placement Rock Dump Vessel 100 20
A4 (Transport to | Floating Hull Mooring Line Pre-Installation Anchor Handling Vessel 576 96
it — - .
ite) Mooring Line Pre-Installation Multipurpose Vessel 450 65
A5 Support
(Construction) Offshore Tug Vessel 64 256
. . . Anchor Handling Vessel 64 128
(F;gv\;?)g-?;sh&:f :’r:gizu;:;ne Multipurpose Vessel with ROV 730 53
P SOV or Accommodation Vessel 730 105
Crew Transfer Vessel (CTV)/Daughter craft | 720 206
Offshore . . Transport Vessel (e.g. Barge) 9 3
Substation and Pile Transportation Ocean Going Tug 9 9
IRC Semisubmersible Crane Vessel or Heavy 5 5
Pile Installation Lift Vessel (HLV)
Multipurpose Vessel (Support Operations) | 2 2
. Transport Vessel (e.g. Barge) 3 3
Jacket T tat
acket Transportation Ocean Going Tug 3 9
Jacket Installation Semisubmersible Crane Vessel or HLV 3 3
Multipurpose Vessel with ROV 3 3
Semisubmersible Crane Vessel 2 2
Topsides Installati d Hook
opsides Instafiation and Hookup Transport Vessel (e.g. Barge) 2 2
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Lifecycle Package Activity Vessel Indicative Indicative
module Operational | Maximum
days number of
return trips
Ocean Going Tug 2 6
Ne)Y 2 2
Topsides Commissioning SOV / Accommodation Vessel 330 48
Semisubmersible Crane Vessel 1 1
Transport Vessel (e.g. Barge) 1 1
IRC Installation and Hookup Ocean Going Tug 1 3
Sov 1 1
SOV or Accommodation Vessel 120 18
Export Cable Pre Lay Grapnel Run (PLGR) Multicat 30 5
Cable Lay Vessel 180 13
Multipurpose Vessel with ROV 180 13
Jack Up Vessel (JUV) (Nearshore) 360 26
Export Cable Lay Support Vessel 360 52
Rock Dump Vessel 100 10
SOV 180 13
Export Cable Burial Cable Burial Vessel 180 7
IAC PLGR Multicat 30 5
Cable Lay Vessel 150 11
IAC Cable Lay Multipurpose Vessel with ROV 150 11
. Cable Burial Vessel 180 13
IAC Cable Burial Rock Dump Vessel 80 8
SOV or Accommodation Vessel 750 108
IAC Hook-Up CTV/Daughter Craft 750 215
WTG Transport of WTG Main Components Transport Vessel 64 16
(Tower)
Transport of WTG Main Components Transport Vessel 64 16

(Blades)
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Lifecycle Package Activity Vessel Indicative Indicative
module Operational | Maximum
days number of
return trips
Transport of WTG Main Components Transport Vessel 64 3
(Nacelle)
Transport of WTG Main Components Transport Vessel 64 3
(Platforms)
Offshore Commissioning SOV or Accommodation Vessel 750 108
CTV/Daughter Craft 750 215
Miscellaneous General Support, Pre-Construction Multipurpose Vessel 180 13
Survey
General Support, As-Built Survey Multipurpose Vessel 140 10
Guard Vessels Guard Vessel 60 360
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Table 3-4 Number of Vessel Movements During Operation and Maintenance

Lifecycle module Package Activity Vessel Operational Maximum number
days of return trips
B2-B4 (operation and | Operation and | Cable Repair / Replacement Cable Install Vessel 2 2
maintenance) maintenance SOV 2 2
Inspections and Surveys ROV/  Autonomous  Surface 195 )8
Vehicle (ASV) Survey Vessel
Scour / Cable Protection | Rock Placement Vessel 14 1
Repair
Planned Maintenance | SOV 210 30
Campaigns CTV/Daughter Craft 210 60
Major Component | Semisubmersible Crane Vessel 2 2
Replacement In-Situ Transport Vessel (e.g. Barge) 2 2
Ocean Going Tugs 2 6
Anchor/Mooring Line | Anchor Handling Vessels 4 4
Repair/Replacement Anchor Handling Vessels 1 1
Ocean Going Tugs 1 2
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30.

3.2.2

31.

32.

33.

34.

For the purposes of the assessment, it is anticipated that the origin port would be Methil,
Fife, which is the port furthest from the Proposed Offshore Development Site being
considered for the Project, and is situated an approximately 290 km from the Proposed
Offshore Development Site.

Vessel Emissions Calculations

The methodology to calculate emissions from vessels is based on best practice guidance
documents, including the United States Environmental Protection Agency’s (US EPA) ‘Port
Emissions Inventory Guidance: Methodologies for Estimating Port-Related and Goods
Movement Mobile Source Emissions’ (2022) and the Global Maritime Energy Efficiency
Partnerships Project’s (GIoMEEP) ‘Port Emissions Toolkit’ (GloMEEP, 2018).

Emissions from marine vessels associated with the Project were quantified based upon an
estimation of fuel consumption, estimated from the activity data presented in Section 3.2.1
Emission factors for Marine Gas Qil (MGO), in kg CO.e per kWh are obtained from the
Department for Energy Security and Net Zero (DESNZ) (DESNZ, 2024b), which was assumed
to be the most common fuel used during the construction, and operational and maintenance
phases. The shipping sector is expected to decarbonise over the lifespan of the Project,
although projections for the speed and the extent to which this will take place are difficult to
predict. It is therefore assumed that marine vessels continued to use MGO during the
construction and operation and maintenance phases of the Project. This approach is
precautionary and likely to result in an overestimation of emissions.

Vessel emissions were calculated in accordance with the following formula:
Eeransic = ((A *PE % LEyyop) + (A xAE * LEyy)) *EF

Where:

A —

PE — Propulsion engine size (kW)

AE — Auxiliary engine (kW)

LFprop — Load Factors for propulsion engines
LFq.ux— Load Factors, for auxiliary engines
EF — Emission Factor (tonnes CO.e/kWh)

Vessel engine sizes were obtained from public vessel specification sheets, where available.
Propulsion engine sizes were assumed to include the main engine and thrusters. However,
auxiliary engine sizes tend to be undisclosed. Therefore, they were estimated based on the
total installed power, less the propulsion engine size, or calculated using a ratio provided in
US EPA’s report on vessel emissions (US EPA, 2009). The majority of vessels included in the
GHG assessment could be categorised as bulk carriers, whose auxiliary to propulsion ratio is
estimated at 0.222. For vessels without total installed power specified and whose type falls
outside of the US EPA’s ratio table, an indicative estimate of 10% of the propulsion engine
size was assumed for the auxiliary engine (US EPA, 2009).
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35. Vessels have various operating modes such as cruising, manoeuvring and hotelling, which
affect how much work is being done by the propulsion and auxiliary engines. In emission
calculations, this is captured by the load factor, which represents the percentage of a
vessel’s maximum engine load while undertaking a specific activity. A vessel’s engines are
rarely operated at 100% or more of its maximum load due to fuel consumption costs,
efficiency and engine maintenance requirements, therefore most vessel operators limit their
engine load to around 83% or less (GIoMEEP, 2018).

36. Emissions were calculated separately for two different modes of activity, in transit and whilst
situated on site for offshore construction purposes, due to different engine load factors for
vessels during these periods. The activity hours for each transit were calculated by dividing
the total distance covered by the average transit speed. The number of days each vessel
spent on site was provided by the Applicant.

37. During transit, load factors will be higher for propulsion than auxiliary engines, and vice
versa for offshore construction activities. Load factors used in the vessel emission
calculations are detailed in Table 3-5.

Table 3-5 Load factors assumed for the Project

Engine Type Activity Load factor Data Source Assumptions
In transit Assumed
. Vessels assumed
(construction, and based on ) .
. 0.75 . to be in cruising
operation and typical  load
. mode.
maintenance) factors
Vessels assumed
to bein
manoeuvring
Propulsion mode as worst
engine Offshore case scenario.
& . 0.31 (tugs)
construction and GloMEEP
. 0.38 (work boats
operation and . (2018) All vessels
] and miscellaneous)
maintenance assumed to be
work boats and
miscellaneous,
with the
exception of tugs.
In transit Vessels assumed
(Construction and to be in cruising
. 0.17
Operation and mode.
maintenance) All vessels
Auxiliary engine US EPA (2009
y eng ( ) assumed to be
Offshore bulk carriers, tugs
construction, and 0.26 or miscellaneous
operation and ' vessels.
maintenance
3.3 Helicopters
38. Helicopter movements associated with the construction, and operation and maintenance

phases of the Project will result in the release of GHG emissions. Emissions from these two
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39.

40.

phases align with the lifecycle modules A4 (Transport to construction site) and A5
(Construction) during the construction phase lifecycle modules B2-B4 (Maintenance, Repair
and Replacement) during the operational and maintenance phase.

It is feasible that technicians will be transported to turbines using helicopters during the
commissioning of the Project. Helicopters will also be used to transport personnel to site to
undertake maintenance tasks during the operation and maintenance phase. The volume of
GHG emissions from helicopters use during the construction, operation and maintenance
phases are calculated by determining the expected fuel consumption using trip data.

The indicative number of helicopter journey during the construction and operation and
maintenance phase, including the applicable lifecycle modules are outlined in Table 3-6.

Table 3-6 Construction and Operation and Maintenance Phase Helicopter Movements

Phase Activity Indicative annual maximum
number of return trips
. Topside Commissioning 94

Construct A4, A5

onstruction (A4, AS) IRC Commissioning 34
Operation and maintenance Planned Maintenance 210
(B2 —B4) Campaigns

41. The total distance travelled by helicopter is determined by multiplying the number of trips

42.

34

43.

44,

34.1

45.

Buchan Offshore Wind
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by the maximum trip distance. The maximum helicopter trip distance is 300 km, an
assumption based on the approximate distance from Aberdeen airport to the Array Area.

The type of helicopter assumed for the assessment is the Sikorski S-92, which has a fuel
consumption rate of 540 kg/h, and cruise speed of 280 km/h. Emission factors for aviation
turbine fuel (or jet fuel), in COe/tonnes fuel, are obtained from the DESNZ (DESNZ, 2024).

Road Vehicles

Road vehicle movements associated with the construction and operation and maintenance
of the Project will result in the release of GHG emissions. GHG emissions from road vehicles
are calculated from the total km travelled by Heavy Goods Vehicles (HGVs), Abnormal
Indivisible Loads and personnel (staff) transport associated with the Project.

The indicative total number of HGV and light vehicle movements were provided by the
Project team. To calculate the total distance travelled by road vehicles, HGV's are assumed
to travel 50 km per movement (100 km as a two-way movement), and light vehicles (cars)
are assumed to travel 10 km per movement (20 km as a two-way movement). This
assumption is derived from previous project experience in the industry. The data used to
calculate emissions from construction road vehicles is shown in Table 3-7Error! Reference
source not found..

Construction (Module A4)

The indicative number of maximum construction road vehicle movements used to calculate
the GHG emissions is provided in Table 3-7.
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Table 3-7 Construction Phase Vehicle Movements

Vehicle Type Indicative total Indicative total Total distance
movements (one- movements (two-way)! | travelled (km)?2
way)

Cars or light vehicles | 64,309 128,618 1,286,180

HGVs 301,894 603,788 30,189,400

! The total movements (two ways) are calculated by multiplying the total movements (one-way)

by two.

2 The total distance is calculated by multiplying the total movements (two-way) by the light
vehicle and HGV distance per movement, 10 km and 20 km respectively

46.

47.

Emission factors for each vehicle type considered in the assessment are obtained from
DESNZ (2024b), in kg CO.e per km travelled. For a conservative evaluation, it is assumed that
there will be no improvements in fuel efficiency or reductions in emissions for each
transport mode over the assessment period.

The forecasted fleet composition for 2030, which is the indicative first year of construction
(i.e., the proportion of diesel, petrol, and electric cars) has been obtained from the
Department for Transport (DfT) WebTAG data 1.24 (DfT, 2024) to calculate a representative
emission factor for cars or light vehicles. The fleet composition used in the assessment and
emission factors associated with each vehicle type are provided in Table 3-8.

Table 3-8 Calculation of construction phase emission factor for cars or light vehicles in the GHG

assessment

e | Pt composion o 20| (e Sspiattie [ e

of in the

construction Diesel Petrol Electric Diesel Petrol Electric* (alf;essment
CO.e/km)

2030 42% 22% 36% 0.17 0.16 0.13 0.14

*Assumed to be plug-in hybrid electric vehicle, as battery electric vehicle has 0 CO.e emissions in
the 2024 DESNZ dataset

48.

3.4.2

49.

Buchan Offshore Wind
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It is assumed that all HGVs used for the Project would be diesel powered. The emission
factor for HGV movements (50% laden) is obtained from DESNZ (2024) and is 0.82 kg CO.e
per km. Inthe absence of suitable empirical data, it is assumed that the fleet composition
of HGVs will not change over the temporal scope of the GHG assessment to provide a
precautionary approach.

Operation (Module B2 to B4)

During the operation and maintenance phase of the Project, traffic movements will be limited
to those generated by routine operations, periodic inspections, and maintenance at the
Landfall Area, Onshore Cable Circuits, and Onshore Substation. The frequency of visits to the
Landfall Area is unknown at this stage, and it is anticipated that only the Onshore Cable Circuits
will be inspected annually. Assuming that each cable joint bay (146 in total) along the Onshore
Cable Route (including the Landfall Area to Onshore Substation (138 cable joint bays) and
Onshore Substation to Grid Connection cable routes (eight cable joint bays)) will be inspected,
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there will be 146 visits and 292 movements (two-way) annually. This results in 10,220
movements (two-way) by light vehicles for the Onshore Cable Circuits over the 35-year
operational lifetime of the Project.

50. The frequency of visits to the Onshore Substation is not certain at this stage. However, it is
precautionarily assumed that there could be up to four visits to the Onshore Substation each
month by light vehicles, resulting in 96 movements (two-way) each year, and 3,360
movements (two-way) during the Project's lifetime.

51. Therefore, a total of 13,580 movements (two-way) are anticipated over the lifetime of the
Project. Each traffic movement (two-way) is assumed to be 20 km, resulting in a total distance
of 271,600 km over the lifetime of the Project.

52. The forecasted fleet composition for 2035, which is the indicative first year of full operation
(i.e., the proportion of diesel, petrol, and electric cars) has been obtained from the DfT
WebTAG data 1.24 (DfT, 2024) to calculate a representative operational phase emission
factor for cars or light vehicles. The fleet composition used in the assessment and emission
factors associated with each vehicle type are provided in Table 3-9.

Table 3-9 Calculation of operational phase emission factor for cars or light vehicles in the GHG
assessment

Assumed e Vehicle emission factor (kg Emission
earliest year Fleet composition (DfT, 2024) CO,e/km) (DESNZ, 2024) factor used
of in the
construction | _. . . . assessment
Diesel Petrol Electric Diesel Petrol Electric* (kg

COze/km)
2035 13% 34% 54% 0.17 0.16 0.13 0.13
*Assumed to be plug-in hybrid electric vehicle, as battery electric vehicle has 0 CO.e emissions in
the 2024 DESNZ dataset

3.5 Plant and Equipment
3.5.1 Construction (Module A5)
53. GHG emissions have been calculated from fuel consumption associated with the use of plant

and equipment for the Project.

54, The plant and equipment required for each activity during the construction phase of the
Project was not fully known at the time of assessment. An indicative list of plant and
equipment for each phase of construction, based on previous project experience, was
provided by the Applicant. The Applicant also provided indicative durations of each phase of
construction for the Proposed Onshore Development as shown in Table 3-10.

55. The following assumptions have been adopted to calculate GHG emissions form the use of
plant and equipment:

. all plant and equipment are assumed to be utilised on site for 12 hours per day to
provide a conservative assessment. This was based on the likely working hours for the
Project, which are 7am to 7pm from Monday to Friday;
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. each plant and equipment has an engine load factor of 75%;

. on-time factors for all the plant and equipment were assumed to be 0.75;

. engine specifications for each plant and equipment provided by the Applicant were

obtained from publicly available sources;

. only fuel-consuming plant and equipment are considered in the GHG assessment; and

. the plant and equipment operate using diesel (gas oil) as fuel, which has an emission

factor of 0.257 kgCO,e/kWh (DESNZ 2024b).

Table 3-10: Proposed Onshore Development Activity Indicative Working Days

Project component Activity Indicative Number of working days
Mobilisation & Compound 80

Project setup Creation
Surveys & Gl works 120
Corridor Preliminary Works 180
Trench Construction 160

Landfall Area to Fowlie -

. . Crossings 160

cable installation - —
Cable Installation and Jointing 150
Corridor Reinstatement 200
Corridor Preliminary Works 60
Trench Construction 60

Fowlie to Peterhead -

. . Crossings 40

cable installation - —
Cable Installation and Jointing 45
Corridor Reinstatement 60

Electrical Works Grid Connection 25
Substation excavation 330
Substation general civils 120

Substation Substation base 180
Substation fitout 160
Substation commissioning 45
Offshore HDD 120

Landfall Area Cable pulling & jointing 120
Compound reinstatement 120

56. Further details for each type of plant and equipment that could be used, and the indicative

total number of working hours are provided in Table 3-11.

Table 3-11: Plant and Equipment Required for the Proposed Onshore Development

Type of Plant and Equipment Assumed Engine Size (kW) Indicative total Operating
Hours

Tracked Dozer 161 60,750

Tracked Excavator 204 45,450

HGV/Tippler 32.4 57,870

Dumper Truck 231 48,690

Roller Machines 142 34,470

Low Loader Vehicle/Trailer 211 39,330

Buchan Offshore Wind
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Type of Plant and Equipment Assumed Engine Size (kW) Indicative total Operating
Hours
Telehandler 107 23,805
Compact Track Loaders (e.g. 13,770
55

Bobcat)
Hiab Machine 205 7,515
Crane 132 13,860
Mobile Elevated Working 18.5 12,150
Platforms (MEWP) )
Forklift 28 16,695
Tractor and trailer 211 32,895
Generators 110 29,880
Compressors 104 13,500
Winch 19.1 6,660
Concrete Mixer 216 6,660
Coring equipment 96 2,160
Horizontal Directional Drilling 500 4,038
(HDD) Sites: HDD Rig unit
HDD — Water pump 1.7 4,038
HDD — Slurry pump 16 4,038
HDD — Generator 110 4,038

3.6 End-of-Life

3.6.1 Decommissioning (Modules C1 to C5)

57. Details surrounding decommissioning activities and downstream end-of-life processes are not

yet known at this stage of the Project. Therefore, emissions from decommissioning are derived
from previous studies (Thomson and Harrison, 2015), where it is established that this phase
would contribute approximately 1.2% of the carbon footprint.

Buchan Offshore Wind Appendix 18.1 Greenhouse Gas Assessment Methodology
Environmental Impact Assessment Report Page 20



4 References

Arvesen, A., Hertwich, E. G. (2012). Corrigendum: Environmental implications of large-scale adoption
of wind power: a scenario-based life cycle assessment. Environmental Research Letters. 7(3),
p.039501.

Bhandari, R., Kumar, B., Mayer. F, (2020). Life cycle greenhouse gas emission from wind farms in
reference to turbine sizes and capacity factors, Journal of Cleaner Production, Volume 277, 123385

BEIS (2017). The Clean Growth Strategy : Leading the way to a low carbon future. Available online at:
https://assets.publishing.service.gov.uk/media/5ad5f11ded915d32a3a70c03/clean-growth-strategy-
correction-april-2018.pdf (Accessed November 2024)

BEIS (2019). Industrial Strategy: Offshore Wind Sector Deal. Available online at:
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
(Accessed November 2024)

Bonou, A, Laurent, A., Olsen, S. |. (2016). Life cycle assessment of onshore and offshore wind energy-
from theory to application. Applied Energy, Volume 180, pp. 327-337.

Cableizer (n.d.). Embodied energy and carbon. Available online at:
https://www.cableizer.com/documentation/EEC/. (Accessed November 2024)

Chen, G. Q., Yang, Q., Zhai, Y. H. (2011). Renewability of wind power in China: A case study of
nonrenewable energy cost and greenhouse gas emission by a plant in Guangxi. Renewable and
Sustainable Energy Review, Volume 15, Issue 5, pp. 2322-2329.

Circular Ecology (2024). Inventory of Carbon & Energy (ICE) Database, Version 4.

Climate Change Committee (CCC) (2024). Progress in reducing emission 2024 Report to Parliament.
Available online at: https://www.theccc.org.uk/wp-content/uploads/2024/07/Progress-in-reducing-
emissions-2024-Report-to-Parliament-Web.pdf (Accessed November 2024)

DESNEZ (2024). Greenhouse gas reporting: conversion factors 2024. Available online at:
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2024
(Accessed November 2024)

DESNZ (2024a). Digest of United Kingdom Energy Statistics, 2023. Available online at:
https://www.gov.uk/government/statistics/electricity-chapter-5-digest-of-united-kingdom-energy-
statistics-dukes (Accessed November 2024)

DESNZ (2024b). Greenhouse gas reporting: conversion factors 2024. Available online at:
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2024
(Accessed November 2024)

Dft (2024). TAG Data Book, Table A1.3.9. November 2024 v1.24. Available online at:
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.u
k%2Fmedia%2F67350f5e54652d03d51610db%2Ftag-data-book-v1.24-nov-2024-
v1.0.xIsm&wdOrigin=BROWSELINK (Accessed February 2025)

Dolan, S. L., & Heath, G. A. (2012). Life cycle greenhouse gas emissions of utility-scale wind power:
systematic review and harmonization. Journal of Industrial Ecology, 16, $136-5154.

Buchan Offshore Wind Appendix 18.1 Greenhouse Gas Assessment Methodology
Environmental Impact Assessment Report Page 21


https://assets.publishing.service.gov.uk/media/5ad5f11ded915d32a3a70c03/clean-growth-strategy-correction-april-2018.pdf
https://assets.publishing.service.gov.uk/media/5ad5f11ded915d32a3a70c03/clean-growth-strategy-correction-april-2018.pdf
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
https://www.cableizer.com/documentation/EEC/
https://www.theccc.org.uk/wp-content/uploads/2024/07/Progress-in-reducing-emissions-2024-Report-to-Parliament-Web.pdf
https://www.theccc.org.uk/wp-content/uploads/2024/07/Progress-in-reducing-emissions-2024-Report-to-Parliament-Web.pdf
https://www.gov.uk/government/statistics/electricity-chapter-5-digest-of-united-kingdom-energy-statistics-dukes
https://www.gov.uk/government/statistics/electricity-chapter-5-digest-of-united-kingdom-energy-statistics-dukes
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2024
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fmedia%2F67350f5e54652d03d51610db%2Ftag-data-book-v1.24-nov-2024-v1.0.xlsm&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fmedia%2F67350f5e54652d03d51610db%2Ftag-data-book-v1.24-nov-2024-v1.0.xlsm&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fmedia%2F67350f5e54652d03d51610db%2Ftag-data-book-v1.24-nov-2024-v1.0.xlsm&wdOrigin=BROWSELINK

HM Government (2020). Ten Point Plan for a Green Industrial Revolution. Available online at:
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
(Accessed November 2024)

IEMA (2022). EIA Guide to: Assessing GHG Emissions and Evaluating their Significance. Institute of
Environmental Management and Assessment. Available online at:
https://www.iema.net/media/xmgpoopk/2022 iema_greenhouse gas guidance eia.pdf (Accessed
November 2024).

HM Government (2021). Net Zero Strategy: Build Back Greener. Available online at:
https://assets.publishing.service.gov.uk/media/6424b2d760a35e000c0cb135/carbon-budget-
delivery-plan.pdf (Accessed November 2024)

HM Government (2022). British Energy Security Strategy. Available online at:
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-
security-strategy#firenewables (Accessed November 2024)

Circular Economy (2024). Circular Economy (Inventory of Carbon & Energy) Database, Version 4.0.
Available online at: Embodied Carbon Footprint Database - Circular Ecology (Accessed February
2025)

GIoMEEP (2018). Port Emissions Toolkit: Guide No.1 Assessment of Port Emissions.

NREL (2015). 2015 Cost of Wind Energy Review. Available online at:
https://www.nrel.gov/docs/fy170sti/66861.pdf (Accessed November 2024)

Scottish Government (2020a). Offshore wind policy statement. Available online at:
https://www.gov.scot/publications/offshore-wind-policy-statement/ (Accessed November 2024)

Scottish Government (2020b). Sectoral Marine Plan for Offshore Wind Energy. Available online at:
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-
plan/2020/10/sectoral-marine-plan-offshore-wind-energy/documents/sectoral-marine-plan-
offshore-wind-energy/sectoral-marine-plan-offshore-wind-energy/govscot%3Adocument/sectoral-
marine-plan-offshore-wind-energy.pdf (Accessed November 2024)

Scottish Government (2024). Scottish Energy Statistics Hub. Available online at:
https://scotland.shinyapps.io/sg-scottish-energy-
statistics/?Section=RenLowCarbon&Subsection=RenElec&Chart=RenElecSources (Accessed
November 2024)

Siemens Gamesa (n.d.). Environmental Product Declaration SG 8.0-167 DD. Available online at:
https://www.siemensgamesa.com/global/en/home.htmi#:~:text=Environmental%20Product%20Dec
laration%20SG%208.0-
167%20DD%20Assessing%20the,power%20plant%20The%20environmental%20impact%200f%20wi
nd%20power (Accessed November 2024)

Spyroudi, A. (2021). Carbon footprint of offshore wind farm components. Available online at:
https://ore.catapult.org.uk/wp-content/uploads/2021/04/Carbon-footprint-of-offshore-wind-farm-
components FINAL AS-3.pdf. (Accessed November 2024)

The Carbon Trust (2024a). Offshore Wind Industry Product Carbon Footprinting Guidance. Available
online at:https://www.carbontrust.com/our-work-and-impact/guides-reports-and-
tools/standardising-offshore-wind-carbon-footprinting (Accessed November 2024).

Buchan Offshore Wind Appendix 18.1 Greenhouse Gas Assessment Methodology
Environmental Impact Assessment Report Page 22


https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
https://www.iema.net/media/xmgpoopk/2022_iema_greenhouse_gas_guidance_eia.pdf
https://assets.publishing.service.gov.uk/media/6424b2d760a35e000c0cb135/carbon-budget-delivery-plan.pdf
https://assets.publishing.service.gov.uk/media/6424b2d760a35e000c0cb135/carbon-budget-delivery-plan.pdf
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-security-strategy#renewables
https://www.gov.uk/government/publications/british-energy-security-strategy/british-energy-security-strategy#renewables
https://circularecology.com/embodied-carbon-footprint-database.html
https://www.nrel.gov/docs/fy17osti/66861.pdf
https://www.gov.scot/publications/offshore-wind-policy-statement/
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2020/10/sectoral-marine-plan-offshore-wind-energy/documents/sectoral-marine-plan-offshore-wind-energy/sectoral-marine-plan-offshore-wind-energy/govscot%3Adocument/sectoral-marine-plan-offshore-wind-energy.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2020/10/sectoral-marine-plan-offshore-wind-energy/documents/sectoral-marine-plan-offshore-wind-energy/sectoral-marine-plan-offshore-wind-energy/govscot%3Adocument/sectoral-marine-plan-offshore-wind-energy.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2020/10/sectoral-marine-plan-offshore-wind-energy/documents/sectoral-marine-plan-offshore-wind-energy/sectoral-marine-plan-offshore-wind-energy/govscot%3Adocument/sectoral-marine-plan-offshore-wind-energy.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2020/10/sectoral-marine-plan-offshore-wind-energy/documents/sectoral-marine-plan-offshore-wind-energy/sectoral-marine-plan-offshore-wind-energy/govscot%3Adocument/sectoral-marine-plan-offshore-wind-energy.pdf
https://scotland.shinyapps.io/sg-scottish-energy-statistics/?Section=RenLowCarbon&Subsection=RenElec&Chart=RenElecSources
https://scotland.shinyapps.io/sg-scottish-energy-statistics/?Section=RenLowCarbon&Subsection=RenElec&Chart=RenElecSources
https://www.siemensgamesa.com/global/en/home.html#:~:text=Environmental%20Product%20Declaration%20SG%208.0-167%20DD%20Assessing%20the,power%20plant%20The%20environmental%20impact%20of%20wind%20power
https://www.siemensgamesa.com/global/en/home.html#:~:text=Environmental%20Product%20Declaration%20SG%208.0-167%20DD%20Assessing%20the,power%20plant%20The%20environmental%20impact%20of%20wind%20power
https://www.siemensgamesa.com/global/en/home.html#:~:text=Environmental%20Product%20Declaration%20SG%208.0-167%20DD%20Assessing%20the,power%20plant%20The%20environmental%20impact%20of%20wind%20power
https://www.siemensgamesa.com/global/en/home.html#:~:text=Environmental%20Product%20Declaration%20SG%208.0-167%20DD%20Assessing%20the,power%20plant%20The%20environmental%20impact%20of%20wind%20power
https://ore.catapult.org.uk/wp-content/uploads/2021/04/Carbon-footprint-of-offshore-wind-farm-components_FINAL_AS-3.pdf
https://ore.catapult.org.uk/wp-content/uploads/2021/04/Carbon-footprint-of-offshore-wind-farm-components_FINAL_AS-3.pdf
https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/standardising-offshore-wind-carbon-footprinting
https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/standardising-offshore-wind-carbon-footprinting

The Carbon Trust (2024b). Offshore Wind Industry Product Carbon Footprinting Tool. Available online
at: OSW-Footprinting-Tool.xIsm (Accessed November 2024)

Thomson, R. C., Harrison, G. P. (2015). Life Cycle Costs and Carbon Emissions of Offshore Wind
Power.

US EPA (2009). Current Methodologies in Preparing Mobile Source Port-Related Emission Inventories:
Final Report.

US EPA (2022). Port Emissions Inventory Guidance: Methodologies for Estimating Port-Related and
Goods Movement Mobile Source Emissions.

Yang, J., Chang, Y., Zhang, L., Hao, Y., Yan, Q., & Wang, C. (2018). The life-cycle energy and
environmental emissions of a typical offshore wind farm in China. Journal of Cleaner Production, 180,
316-324.

Buchan Offshore Wind Appendix 18.1 Greenhouse Gas Assessment Methodology
Environmental Impact Assessment Report Page 23


https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fctprodstorageaccountp.blob.core.windows.net%2Fprod-drupal-files%2Fdocuments%2Fresource%2Fpublic%2FOSW-Footprinting-Tool.xlsm&wdOrigin=BROWSELINK

