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Presentation Overview

• Wind Energy in Ireland 1990-
2038

• Wind Farm Life Cycle
• End-of-life Turbine Blades
• Transdisciplinary Methods
• The Re-Wind Project
• Blade Repurposing
• Greenway Opportunities
• Integrated Assessments: 

How Sustainable is 
Repurposing?
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Re-Wind Catalog Modeling and Graphics: 
Asha McDonald, Chloe Kiernicki, Mehmet 
Bermek, Zoe Zhang, Alex Poff, Sakshi 
Kakkad, Emily Lau, Franco  Arias, Russell 
Gentry.



Wind Energy in Ireland
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• Wind Energy capacity in 
Ireland:
– 153 MW in 2001
– 5,576 MW in 2020
– 9958 MW by 2030

• Wind turbine typical design 
life is 20 years

• Wind turbine 
decommissioning will 
accelerate in the next five 
years

Lower image: decommissioning, energyfacts.eu



Wind farm lifecycle
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Wind farm end of life decision 
factors
When does a wind plant 
reach end of life?
• End of design life
• Expiration of planning 

permission
• Market reforms
• Expiration of subsidies
• Operating costs: wear, 

fatigue, failures, 
outages, repairs

• Obsolescence
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What happens next?
• Decommission
• Repower
• (continue operation)

Altamont Pass, USA.
Image: Noah Berger, National Geographic
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End of life wind turbine blades: 
a circular economy challenge

• Wind turbine blades are primarily 
composed of non-biodegradable 
GFRP composite materials

• Annual global blade waste is 
expected to reach 40 million tonnes 
by 2050

• Current solutions: incinerate, 
stockpile, landfill, grind for 
aggregates 

• Can feasible repurposing options be 
found?

Cut GFRP composite waste
Image: BRIO project 
Credit: Elhuyar Fundazioa
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Turbine decommissioning & the 
mounting blade ‘waste’ issue

Approximately 2,323 
turbines to be 
decommissioned in Ireland 
by 2038

Landfill will soon no 
longer be an option for 
end-of-life blades in 
Ireland
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turbines decommissioned by 2038

Emma Delaney, QUB



Complex challenges require transdisciplinary 
approaches

• Re-Wind adopts a transdisciplinary approach to 
determine environmentally, socially and 
economically sustainable repurposing options for 
blades

• Academic Investigators (UCC)

– Dr. Paul Leahy, Wind Energy Engineering, 

– Dr. Niall Dunphy, Cleaner Production Promotion Unit

– Dr. Ger Mullally, Sociology

• Disciplines: Architecture, Structural 
Engineering, Sociology, Energy Engineering, 
Business Model Discovery, Geographical 
Information Science

Postdocs & PhDs
Dr Peter Deeney (Finance), 
Angela Nagle (Environmental), 
Fergal Gough (Social/Community), 
Heloisa Lemmertz (Circular Business Models)
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Composite wind turbine blade 
waste: what to do?

• Wind turbine blades primarily 
composed of non-biodegradable 
GFRP composites

• Current solutions: incinerate, 
stockpile, landfill, grind for 
aggregates 

• Highly engineered, unique 
structural properties

• Can technically, economically, 
environmentally & socially 
feasible repurposing options be 
found?
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Cut GFRP composite waste Image: BRIO project 
Elhuyar Fundazioa

Waste 
Hierarchy: 

US EPA
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Volumes of plastic and composite waste is a global environmental problem
Image: Korle Lagoon,  Accra, Ghana
https://www.abc.net.au/news/2021-08-12/fast-fashion-turning-parts-ghana-into-
toxic-landfill/100358702
August 12th 2021



Supported by InvestNI/Department for the 
Economy (DFE), Grant USI-116; by Science 

Foundation Ireland, Grant 16/US/3334; and by 
the U.S. National Science Foundation under 

grants numbers 1701413 and 1701694, under 
the project “Re-Wind”.

Re-Wind, 2020. 

Wind Thrust 

Mechanical Thrust 

Design Thrust

Geographical Information 
Science (GIS) Thrust
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Re-Wind: Driving 
Innovation in the 
Re-Use of 
Decommissioned 
Wind Turbine 
Blades

Re-Wind Project (2017-2021) Partners: UCC, QUB, Georgia Tech, City University of New York
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Re-Wind:
Wind Energy / Circular Economy thrust  

• The Re-Wind UCC team is 
focussed on:
– Environmental sustainability
– Social acceptability
– Sustainable business models

• for second (& third) life 
applications for decommissioned 
wind turbine blades

• Complex, multifactorial 
problem…
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Blade Repurposing: 
Methodology
More than 50 blade repurposing concepts identified initially

Design Office exercise (Winter 2019, Belfast)

The success of reuse cases depends on technical 
feasibility, location & social, environmental and economic
sustainability

A transdisciplinary approach has developed tools to assess 
all of these:

• All-Ireland blade geodatabase

• 3-D LiDAR scanning

• Blade geometry reconstruction software

• Structural analysis & testing methods

• Community engagement methodology

• Lifecycle analysis (LCA)

• Robust set of internationally-deployable success 
indicators : environmental, social and economic

13

Image: 
notechmagazine.com
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GIS Dashboard & Database

Tool allows database to be queried by: location, turbine type, blade 
dimensions, projected decommissioning date (Re-Wind, QUB Team)
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Material Locations

15

Highest 
density of 
turbines 

Highest 
density of 
repurposing 
material

Delaney et al. 2020; Re-Wind, 2020. https://www.re-wind.info/ 

Delaney et al. 2020
www.re-wind.info/
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Image: notechmagazine.com

Bank et al., 
Recycling 2018

Blade repurposing use cases

Power distribution poles, 
Re-Wind Georgia Tech
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QUB LiDAR scanning of Nordex N29 
Blades at Everun Ltd, Belfast



Growth of Greenways in Ireland

• Greenways are a means of  
repurposing disused or 
underused transportation 
infrastructure for sustainable 
transport

• Co-benefits in rural 
development, tourism and public 
health

• 240 km of greenways in RoI by 
2022

• Further 800 km proposed
• In NI there are 1,000 km of 

former transport routes suitable 
for greenways

18

Map by Riddlinrussell - boards.ie [google maps]
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Youghal-Midleton Greenway, Cork
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• 23 km route under development by Cork County Council 
• Funded by the Project Ireland 2040 initiative. 
• Expected completion 2022, sections will open earlier 
• The Youghal-Midleton Greenway route was surveyed for potential blade 

bridge crossings, April 2020

(Emma Delaney, Re-Wind QUB)
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• Blades transported Belfast to Cork

• Lower 2/3 blade replaces steel girders made with partially recycled material

• Top 1/3 blade sent to landfill

• Blades coated in epoxy protective layer

• End of Life Plan: Co-processing of GFRP girders, recycling of hardware

BladeBridge 
LCA Boundary Setting & Assumptions

20

Wooden decking material, abutments, and maintenance schedule assumed equal to bridge 
made with steel girders

Functional Unit: Disposition of 4500 kg blade waste over 60 years (Cradle to Grave)

Presented by Angie Nagle, 
ReComp 25th November 2020
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• Blade bridge environmentally preferable to alternative end-of-life treatments: 
co-processing or landfill (baseline, not shown)

• Impacts calculated using Life Cycle Analysis (LCA) by Angie Nagle

Blade bridge : 
environmental assessment

Method: IMPACT 2002+ V2.15 / IMPACT 2002+ / Normalisation
Comparing 1 p 'Bridge Superstructure Only' with 1 p 'Co-Process (4.5 tonnes)';

Human health Ecosystem quality Climate change Resources
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Sustainable Business Models
• Future repurposing must be sustainable in 

terms of social, environmental and 
economic aspects

• Inclusive configuration of stakeholder in 
which different needs and interests are 
reflected

• Consideration of different types of value 
flows – not just focused on monetary 
outcomes

• Importance of engaging communities 
where blades are located and likely to be 
reused or recycled

• There is a possible role for so-called social 
business models

• Repurposing scores well on integrated 
metrics compared to “conventional” end-
of-life disposal

ReWind Project - EI/IStructE 07.12.2021 22



• We can address several societal challenges 
through greenway blade bridges: circular 
economy/ resource reuse, decarbonising 
transport, healthy lifestyles, sustainable rural 
development

• Technical feasibility of repurposing blades as 
infrastructure is being demonstrated

• Detailed life cycle analysis shows 
environmental benefits:
– Repurposing blades as bridges is superior to 

cement kiln co-processing or landfilling the 
blades

• A huge opportunity exists for repurposed 
bridges and other artefacts on the growing 
greenway network in Ireland and beyond

Greenway Blade Bridge: Initial Conclusions
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Re-Wind Fall 2021 Design Catalogue

• Blade Bridge
• Blade Pole
• Blade Barrier
• Bicycle Shelters

• https://www.re-
wind.info/update/2021/11/11/re-wind-
publishes-its-fall-2021-design-catalog
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Re-Wind Fall 2021 Design Catalogue
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Re-Wind Fall 2021 Design Catalogue

• Blade Bridge
• Blade Pole
• Blade Barrier
• Bicycle Shelters

• https://www.re-
wind.info/update/2021/11/11/re-wind-
publishes-its-fall-2021-design-catalog

ReWind Project - EI/IStructE 07.12.2021 26



Re-Wind Fall 2021 Design Catalogue

• Blade Bridge
• Blade Pole
• Blade Barrier
• Bicycle Shelters

• https://www.re-
wind.info/update/2021/11/11/re-wind-
publishes-its-fall-2021-design-catalog
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Acknowledgements to Re-Wind network team at University 
College Cork, Queens University Belfast, and Georgia Tech and 
Munster Technological University. Blade donation: Everun Ltd.
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www.re-wind.info
paul.leahy@ucc.ie
twitter.com/ReWindUCC

Re-Wind UCC co-PIs:
Ger Mullally, 
Niall Dunphy, 
Paul Leahy

Speaker 2: Kieran Ruane, MTU: 
Blade Bridge
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What is needed for Engineering Analyses
1. External geometry – Airfoil shapes along the length, prebend and twist 

along the length.
2. Internal geometry – location and thickness of spar caps, webs, and shell 

sandwich panels along the length.  
3. Material types (e.g., glass, polyester, epoxy) and laminates (or sandwich 

laminates) for spar cap, shell and webs, Mass (or volume fractions) of 
fiber and resin in the laminates in the spar cap, shell and webs, Fabric 
types used (e.g., +-45, mats, UD)

4. Strength and stiffness in the longitudinal and transverse directions and 
shear strength and stiffness of the spar cap, shell and web  laminates; of 
the spar cap, shell and web laminates.  Bearing strength for connections. 
As-received properties and estimate of residual related to virgin.

5. Global blade structural properties along the length EIx, EIy, GJ, kAG
(where x and y and the chord axis and its perpendicular through the 
centroid of the cross-section. Principal axes and shear centre.)



2017

https://eucia.eu/userfiles/files/Eucia_Pros
pect%20for%20New%20Guidance%20in%2
0the%20Design%20of%20FRP%20Structur
es_web2.pdf

2017

2016

https://www.ciria.org/ItemDetail?iPr
oductCode=C779F&Category=FREEP
UBS

https://eucia.eu/userfiles/files/Eucia_Prospect%20for%20New%20Guidance%20in%20the%20Design%20of%20FRP%20Structures_web2.pdf
https://www.ciria.org/ItemDetail?iProductCode=C779F&Category=FREEPUBS
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Conceptual Design

Ms. Zoe Zhang, GT



Conceptual Design

Ms. Zoe Zhang, GT



Conceptual Design

Ms. Zoe Zhang, GT



Conceptual Design



Windblade Alignment

Complexity of Geometry must be accounted for in actual designs:
Pitch of blades, straightness of blades, spacing between blades

Ms. Zoe Zhang, GT
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Sourcing Blades – Laser Scanning
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Working with the N29 Blades – MTU Structures Laboratory



25

Working with the N29 Blades – MTU Structures Laboratory
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Working with the N29 Blades – Scanning & Measuring



Working with the N29 Blades – Scanning and Measuring



Static loads Connections
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GFRP burn-out

N29 Testing and Investigating
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Connection Tests (3 No.)

• M12 Grade 8.8 Bolts

• M12 Grade 8.8 BlindBolts

• 12 dia Threaded Bar



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)
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N29 Testing and Investigating – GFRP Burnout & LS-DYNA FEA (GT)



N29 Testing and Investigating – GFRP Burnout & LS-DYNA FEA (GT)

Dr. Russell Gentry, GT



Blade Bridge – Design Development
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Blade Bridge – Design Development



46

Blade Bridge – Design Development



Blade Bridge – Design Development
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Blade Bridge – Construction Sequence
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Blade Bridge – Construction Sequence
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Blade Bridge – Construction Sequence
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Blade Bridge – Construction Sequence
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Blade Bridge – Construction Sequence
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Blade Bridge – Construction Sequence
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Blade Bridge – Fabrication Stage – AR Brownlow Ltd. Carrigaline
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Blade Bridge – Fabrication Stage – AR Brownlow Ltd. Carrigaline
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Blade Bridge – Fabrication Stage – AR Brownlow Ltd. Carrigaline
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Blade Bridge – Fabrication Stage – AR Brownlow Ltd. Carrigaline
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Blade Bridge – Fabrication Stage – AR Brownlow Ltd. Carrigaline
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Blade Bridge – Programme

Complete Fabrication:  December 2021

Galvanising:  January 2022

Yard Assembly and Load Testing: January 2022

Deployment:  January 2022
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