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https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
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What is needed for Engineering Analyses

1.

External geometry — Airfoil shapes along the length, prebend and twist
along the length.

. Internal geometry — location and thickness of spar caps, webs, and shell

sandwich panels along the length.

. 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 [aminates in the spar cap, shell and webs, Fabric
types used (e.g., +-45, mats, UD)

. 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.

. Global blade structural properties along the length El,, El,, GJ, kAG P
(where x and y and the chord axis and its perpendicular through the [ re-wino )

centroid of the cross-section. Principal axes and shear centre.)



JRC SCIENCE FOR POLICY REPORT

PROSPECT FOR NEW GUIDANCE IN
THE DESIGN OF FRP

Support to the implementation, harmonization
and further development of the Eurocodes
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Context

Span ~ 5.0

Width ~ 3-4m
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Context - Original Plan
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Conceptual Design

Ms. Zoe Zhang, GT



Windblade Alighment
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Ms. Zoe Zhang, GT

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



Sourcing Blades - Laser Scanning
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Working with the N29 Blades - MTU Structures Laboratory
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Working with the N29 Blades - MTU Structures Laboratory
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Working with the N29 Blades - Scanning & Measuring
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N29 Testing and Investigating

Static loads

Connections

GFRP burn-out
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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.)
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12 dia Threaded Bar
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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)

Part and Material Identification

Part 1 —Shell Part 4 —Spar cap from 7m to 8m

Part 3 —Webs Part 7 —Spar cap from 8m to 9m
Part 5 —Spar cap from 9m to 10m
Part 6 —Spar cap from 10m to 11m

Dr. Russell Gentry, GT



Blade Bridge - Design Development




Blade Bridge - Design Development
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Blade Bridge - Design Development
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Blade Bridge - Fabrication Stage - AR Brownlow Ltd. Carrigaline
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Blade Bridge - Fabrication Stage - AR Brownlow Ltd. Carrigaline




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

Finishing Works: February to July 2022
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Life Cycle Sustainability Assessment of a
Pedestrian Bridge Made from Repurposed
Wind Turbine Blades (BladeBridge)

Presenter: Angela J. Nagle —
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Wind Blade Waste Problem & Opportunity
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Re-Wind Network
Catalog Fall 2021

m GFRP

® Resin & Adhesive

m Core

Metals

"
‘/’
N O
ol t") (aa]
(= [
ol N ol

Decommission Year

vy
o~
=]

ol

2026 —
2027 _

2032

2034

2035
2036 I

2037

2038

2039 I ——

60,000

50,000

40,000

30,000

20,000

10,000

Cumulative blade material (tonnes)



Double Opportunity & 2-sided Customer Base

Few sustainable and EU Green Deal
acceptable End-of-Life
options exist for
discarded GFRP blade

pushing Ireland to
focus on sustainable
procurement, SDG

material 12, and SDG 17

Green Tenders

An Action Plan on Green Public Procurement

Considering the €1 million/day pledged
for pedestrian infrastructure, a huge
opportunity exists in Ireland to
repurpose wind blades into publicly
procured cycleway bridges




Blade Bridge: from Concept to Installation
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https://www.youtube.com/watch?v=8bmWAX_6uAY

Demonstrating BladeBridge Technical Feasibility

K. Ruane et al., (2022) “Experimental Investigation of an FRP Wind Turbine Blade for use as a Bridge Girder”

The Institution of

Structural=ngineers

s + Membership +  Training and development +  Become a Structural Engineer +  Get Involved +  Shop

Structural analysis and design with decommissioned wind turbine blades Date published Price
Author: Lawrence Bank and Kieran Ruane 4 January 2022 Free

“:“”



https://www.istructe.org/resources/training/structural-analysis-and-design-with-decommissioned/
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/static1.squarespace.com/static/5b324c409772ae52fecb6698/t/61f2b6e556f1120d6823ac32/1643296486664/TRB+2022+BladeBridge+Paper+July+28%2C+2021.pdf

Life Cycle Sustainability Assessment (LCSA)

Can BladeBridge offer overall gains in sustainability?

Environment Society Economy
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Results Step 1: Environmental (Life Cycle Assessment)

25 Blade Bridge showed a 14%
lower overall environmental
& impact as compared to a
conventional steel bridge, and
e 17% lower CO? due, to steel
~ pes substitution & reduced
1. - . 0.7029 7 .
maintenance.
0.5 -
The functional unit was ‘A 22m? pedestrian
bridge with emergency vehicle load capacity
0. - of 12 tonnes, over 60 years.’
2nd Blade Bridge Blade Bridge Conventional Bridge
® Human health  m Ecosystem quality Climate change Resources (Assessment followed 1SO 21931-2:2019.

SimaPro LCA software was used with
IMPACT2002+ impact assessment)

IMPACT2002+ single score impact assessment Humbert, S., De Schryver, A., Bengoa, X., Margni, M., Jolliet, O., 2014. IMPACT 2002+: User Guide. https://doi.org/10.1007/BF02978505

Using ISO 21931-2:2019 ISO, 2019. ISO 21931-2:2019(en), Sustainability in buildings and civil engineering works — Framework for methods of assessment of the environmental, social and economic
performance of construction works as a basis for sustainability assessment — Part 2: Civil engine.



Results Step 2: Social (social-Life Cycle Assessment)

Can BladeBridge improve Irish performance on socially aligned SDGS?
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17 PARTNERSHIPS
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B 50G achieved

Challenges remain

wb Decreasing =9 Stagnating Moderately improving 1‘ On track or maintaining SDG achievement @ Information unavailable
12.7 Promote public procurement practices that are sustainable,
RESPONSIE {7 PremeRsies
CONSUMPTIC in accordance with national policies & priorities FORTHE GOALS
AND PRODUCTIC

Result: +1 ‘BladeBridges include circular material use and

&

reduced environmental impacts, which is beyond current

compliance for public procurement.’

Ideal Performance. Best in class

Beyond Compliance

Compliant with local and international laws
and/or basic societal expectations

Slightly below compliance level

Starkly below compliance level

17.14 Enhance policy coherence for sustainable development

Result: +2 BladeBridge allows renewable energy to become
cleaner and more circular, thereby improving SDG 7 while

preventing a negative knock-on effect on SDG 12.



Results Step 3: Cost (Life Cycle Costing)

Design of the 1st BladeBridge was more expensive than a

conventional bridge due to the extensive blade testing & design work.
2d + BladeBridges are expected to be only slightly more expensive

W Conventional Bridge

Blade Bridge Manufacturing of the 1st BladeBridge was cheaper

due to the substitution of the steel girder and some

handrail material. 2" + BladeBridges are expected to
be cheaper still due to streamlining the design

Cost

2nd Blade Bridge

Installation (margin) included the abutment cradle installation,
which was the only additional item to a conventional installation

Maintenance estimates indicate less lifetime costs due to

reduced maintenance for the girder.
Design

Manufacturing Installation (Margin) Maintenance

The first BladeBridge was more expensive than a conventional bridge. However, 24 and subsequent Bridges
made from the same blade type are expected to have a 10% less overall lifetime cost than a conventional
bridge due to steel substitution & reduced maintenance.



Conclusions

* The BladeBridge can support Green Procurement efforts, offering
circular material use and quantified environmental impacts

* Blade Bridge can help decouple renewable energy generation from the
production of waste

* The BladeBridge can be made at equivalent cost to a conventional bridge

Product

> @93 > worth

making

Environmental Social Business Viability
Assessment Assessment Assessment



Next Steps
NEW

New Frontiers Incubation program September 2022 to FRONTIERS
work on commercialisation of BladeBridge. This includes:  teRoreeTrerrentors

* Interviewing of County Council/TIl employees overseeing development of greenways
* BladeBridge environmental impact quantification for use in GPP efforts

e Determining value to wind farm owners in repurposing unwanted blades
 Commencing Tll Technical Approval Process on BladeBridge

Please get in touch if you are interested in this effort. Thank you!

AngelalaneNagle@umail.ucc.ie
Kieran.Ruane@mtu.ie

Paul.leahy@ucc.ie
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