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Sustainability In
Wind Energy

Lena Kitzing, DTU Wind Energy

DTU Wind Energy 1



DTU Wind Energy

=
—
—

I

How sustainable IS
Wind Energy?

“Best In class”

How sustainable can it be?
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SUSTAINABILITY

W

SUBSTANTIALLY DO NO SIGNIFICANT
CONTRIBUTE HARM (DNSH)

Climate change
mitigation

Climate change
adaptation

Sustainable use and protection
of water and marine resources

BIOSPHERE

16 e Y B
s e

Transition to a circular
economy

Pollution prevention

and control

Protection and restoration of
&/ biodiversity and ecosystems

Source: https://www.stockholmresilience.org/research/research-
news/2016-06-14-how-food-connects-all-the-sdgs.html Published 22 June 2020: Regulation (EU) 2020/852 (Taxonomy) Source: TEG (2020)
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TOTAL ENVIRONMENTAL IMPACT (weighted scoring)
67-77
~ 70% Materials
5-8% Manufacturing
8-10% Installation
1-2% Operations
5% Dismantling
up to -20% End of Life
21-23
1-13
= I
Hard coal Natural gas Muclear* Hydro
UNECE, 2021, link
* large uncertainty due to big ranges estimated by experts — here only the global average estimated by UNECE is shown for simplicity — actual impact may be higher Bonou et al.. 2016. link
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= TOTAL ENVIRONMENTAL IMPACT

Climate Change

Human Health Ozone depletion
Sound; visual impacts

Human toxicity Neighbour perceptions; inclusions

lonising radiation

Natural
Environment

— Ecotoxicity Birds and bats collisions
Acidification

Eutrophication

Natural
Resources

Ecosystems

Land use

Resource depletion

Simplified from Bonou et al., 2016, link
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LAND USE (over whole supply chain)
Ranges for different technologies and countries

3-38 8-42
1-40
0.7-7.0
. 0.5-1.0 0.6-1.5
|
Hard coal Matural gas MNuclear® Hydro Wind

* large uncertainty due to big ranges estimated by experts — here only the global average estimated by UNECE is shown for simplicity — actual impact may be higher
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LIFECYCLE GHG EMISSIONS, gCO, eq. per kWh

149-1095

m Off. Sub/n
B Hub

@ Cables on.
M Cables off.
@ Generator
@ Nacelle

[ Blades

92-513 | e ———

B Power Unit
| Tr/er Unit
W Tower

6-147

7-82

9-6 - 7-23

Hard coal®™ Natural gas™ MNuclear® Hydro PV Wind

Market | Plant Turbine Climate Change EPBT .
* large uncertainty due to big ranges estimated by experts — here only the global average estimated by UNECE is shown - ‘dometer UNECE, 2021, link
** lower range includes estimates for possibilities with carbon capture and storage (not largely implemented technology) enshore

Bonou et al., 2016, link
offshore
[ o6 | 6oasa | 78 | 10 | .
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100
gCO,/kWh

“Designing for sustainability”
e.g. green steel

gCO,/kWh :

gCO,/kWh

v

2022 2050
OFFSHORE WIND

CURRENT LIFECYCLE EMISSIONS ELIGIBILITY CRITERION FOR EU TAXONOMY
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88 O/ Blades —
O the Achilles heel

of wind energy
sustalnablllty’>

SHARE OF RECYCLABILITY OF AMODERN
WIND TURBINE *

Y sr" )

*e.g. V162-6.2 MW™  see link
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== A WHOLE LOT CAN BE DONE ABOUT IT...

Wind Turbine

New Pilot Project to Develop UK's First
Blade Recycling Plant

R&D

20: {jana Buljan
ber 18, 2021, by Adrijana
i offshore Wind and Sco e
d turbine blade recycling plant, after sec

aunch a pilot project to

i I
i archers is set to
ttish rese ap 1.3 million grant from

A consortium led by Aker
+~alop the UK's first win

“w Government’s innovation agency.
@Drsted commits to sustainable recycling of
wind turbine blades

03.06.2021 08:00

@rsted commits to either reuse, recycle, or recover dll of the wind turbine

blades in its global portfolio of onshore and offshore wind farms upon
decommissioning.

investors and sharehotders

Vestas Leads Proj
ectt i .
Recyclable Ject to Make Wind Turbine Blades Fully

R&D

May‘T 7,2021, by Adnan Durakovic
Danish wind turbine manufact

recyclable,

LM Wind Power Targets Zero Waste
Turbine Blades by 2030

23,2021, by Adnan Durakovic
DTU Wind Energy

urer Vestas is leadj
Ng a new initiative zjmi
alming to make bj
ades fully
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Sustainability of Wind Energy
“Best in class”

...and more can be done

Recyclability >> minimise impacts

Increase durability, reparability,
reusability, repurposing options

...but also: maximise benefits
(environmental & social)
Reduce use of resources in project development and

Reduce use of hazardous substances technology innovation
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Contribution (%) of ‘Materials’ to life cycle impacts and relative contribution of
components
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Market

Plant Turbine
name | (MW-rotor
diameter)

Climate Change
g COz-eq/kWh

EPBT
(months)

onshore

G2 2.3-108 6.0

6.2

D3 3.2-113 5.0

52

offshore

G4 4.0-130 10.9

111

D6 6.0-154 7.8
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Bonou et al., 2016, link







