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Introduction e
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* Life cycle impacts to be considered for several LEANWIND
innovations, including;:

— foundation design
— vessel design
— novel O&M methods
* |nitial analysis focusses on a foundation design
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Scenarios
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- Water depth Distance to port Foundation type

~ Gravity Base
3 ~ West Gabbard 35m 30km _
7y XL Monopile
N _ Gravity Base
i ~ Moray Firth 50m 100km

n Jacket

Rest of life cycle consistent with foundation type

* 4 initial scenarios were selected
* Water depths are defined by available data for given foundations

* Analysis includes entire support system (foundation, transition piece
and scour protection)

 Assume 8MW offshore turbine (Vestas V164-8) - impacts of turbine
are NOT included
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Full life cycle R
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IVIateri_aI
« Materials & Manufacture | \\\ ‘ﬁ Extraction
_ Landfill %
— Mass-based analysis ‘Ii@r_j
— Welding, rolling etc. f ‘
* |nstallation Decommlssmnlng .
% Processing
— Sea vessels & Recychng T
— Preparation of sea bed 1‘
 QOperations & Maintenance ‘
— Mostly by sea vessel Operation & ﬂM_j'f‘f“iture
.. : Maintenance lan— o
* Decommissioning & Disposal W
— Similar to installation v ‘
— Recycling credit not considered Installation




Analysis

SimaPro v8

Ecoinvent database

ReCiPe Midpoint
LCIA method

ip
‘GB foundation
35m +TP

1.28E7 kg COZ eq

4. 4366 kg CO2 eq|

1p
GB foundation
35m

[ TrosEe ] |
Reinforcing stesl
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(RN
2.:et=_akgcozeq!

—

3.39ES kg 6.87ES kg
Reinforcing stesl Reinforcing stesl
{RER}| preduction {ReW}| production|
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ip ip
GE-DEM GB dizposal
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COMCRETE GB Sea vesseHDEM GB with recycling
MASS UNITS of steel
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[ 3Bz ma | [T83ET tem [ ] 5 B5E6 kg
Concrete, high Transport, freight, Municipal solid
| exacting inland waterways, waste (waste
[111 LTI
1.54E6 kg COZ eqll] E.EEEE\ICQCO’ZEQ!I 4.45E8 kg COZ eq

[[75Es k] |
Stesl, unalloyed
{GLOY market for

LITTTLLT
1.68EEI€QCOZeq_!

IEBEE
Steel, low-alloy=d
{GLOY market for
INEARAENEN
1.02E5 kg CO2 =qp

3.63E3 m3

1.78E8 ky COZ =ql|

B.9ET thm
Transport, freight,
inland waterway's,
2 83E6 ky COZ =q

B.21EE ky
Steal,
{ROWH steel

1.42E8 kg CO2 iy

24385 ky
Steal,
{RoW} steel

6.85E5 ky CO2 =4

REEE
‘Cement, Fortland
TR0V market fior]

[T
13588 ky COZ =gl

[ [5.5E5kg |
Fig iron {GLO}|
market for | Alloc

INEARRNEN
2,085 kg COZ el

production | Alloc

2 0386 kg COZ eq

9.5E5 kg
Fig ifon {GLOY

waste {RoW}|

8 T4EG kg
Municipal sofid

4.45E8 kg CO2 o9

Climate change impact
greater than 5% of the
total for gravity base
foundation



Site 1 Results

Climate change

Ozone depletion

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Human toxicity
Photochemical oxidant formation
Particulate matter formation
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

lonising radiation
Agricultural land occupation
Urban land occupation
Natural land transformation
Water depletion

Metal depletion

Fossil depletion

0%

100%

200%

300%

Performance of XL monopile in comparison to
gravity base across all categories
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m GB foundation 35m +TP
» XL monopile 35m + TP

00+30°0
G0-30°G -

$0-30°L -
$0-3G°L -
$0-30°C -
$0-45°C -

Normalised comparison



Site 2 Results

Climate change

Ozone depletion

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Human toxicity
Photochemical oxidant formation
Particulate matter formation
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

lonising radiation
Agricultural land occupation
Urban land occupation
Natural land transformation
Water depletion

Metal depletion

Fossil depletion

0%

200%

Performance of jacket in comparison to gravity

base across all categories

lean



Site 2 Results

Climate change

Ozone depletion

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Human toxicity
Photochemical oxidant formation
Particulate matter formation
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

lonising radiation
Agricultural land occupation
Urban land occupation
Natural land transformation
Water depletion

Metal depletion

Fossil depletion

Climate change

Ozone depletion

Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Human toxicity
Photochemical oxidant formation
Particulate matter formation
Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

Natural land transformation

Water depletion 1

Metal depletion

Fossil depletion

200%

Performance of jacket in comparison to gravity

base across all categories

lean

m GB foundation 50m +TP
m Jacket 50m + TP

00+30°0
G0-30°G -

$0-30°L -
P0-34G°L -
#0-30°C -
P0-45°C -
$0-30°C -

Normalised comparison



Selected Impact Categories S

Climate change Marine ecotoxicity

Jacket 50 _ I Jacket 50 -|
oo | oo [
< < I
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Conclusions
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» Steel foundations (XL monopile and Jacket) perform
better than gravity base foundations in most categories.

* Further investigation is required to identify the significant
Impacts of gravity base foundations at disposal stage.

* These results are not necessarily based on the
foundation designs being considered in LEANWIND -
more definitive conclusions will be possible when input
data is refined.
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