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Draft Agenda from TCEQ

1) Introduction — David Greer, TCEQ External Relations Division
* S.B. 1290 Overview
* Requirements of Study
* Plan for submitting Legislative report

2) Study Plan Review — Michael H. Young and Team — University of
Texas at Austin, Bureau of Economic Geology

3) Questions and Feedback
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Study Plan Review

1) Introduction — David Greer, TCEQ External Relations Division
* S.B. 1290 Overview
* Requirements of Study
* Plan for submitting Legislative report

2) Study Plan Review — Michael H. Young and Team — University of
Texas at Austin, Bureau of Economic Geology

3) Questions and Feedback
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Study Plan Review

* SB 1290, under Section 2 (a), “The commission shall conduct a study
on the current and potential effects of the installation, operation,
removal, and disposal of solar, wind turbine, and energy storage
equipment on the environment and watersheds.”

* As described in the Scope of Work to TCEQ, the Bureau will
investigate end-of-life alternatives that include:
(a) Landfill disposal
(b) Recycling of components
(c) Repurposing or reusing wind, solar and battery technologies.
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T
How Are We Thinking About This?

* Focus on SB 1290 is on the installation, operation, removal and
disposal of wind turbines, solar panels and energy storage equipment

* Installation and operation of these technologies is relatively known through
many years of experience and study. These can be incorporated herein

* Restoration of land to mitigate impacts from removal of wind equipment is
covered by HB 2845, signed in 2019

* Restoration of land to mitigate impacts from removal of solar PV and energy
storage equipment is not currently studied. Land impacts from other industrial
processes could be used as examples

* Disposal of equipment needs to be studied; to be broken down into landfilling,
recycling, and repurposing, inside and outside of Texas
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Schematic of Options
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Task Description

* Task 1 - Investigate practices for end-of-life alternatives

* Task 2 - Conduct environmental LCA for each life cycle stage relevant
for each technology, and assess relative sensitivity of impacts
associated with these alternatives and their locations in Texas
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Task 1 Description — Investigate Practices

Identify key stakeholders

Literature Review Reeycling facilities, waste Site visits & case studies
management companies,
7 experts' insight Visit facilities, review existing
Gather reports, existing reports, collect data on efficiency,
studies and best practices environmental impact, associated
’ ‘ costs and operational challenges
Technology Assessment
Evaluate technologies used
in landfill disposal,
recycling, reuse,
repurposimg
based on

Life cycle assessment
'
Analyze findings
!

Decision making &

strategy development
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Task 2 Description — Life-Cycle Assessment

Life cycle assessment (LCA) necessitates a systematic process that
includes:

data collection;

inventory analysis;

impact assessment;

result interpretation, and uncertainty analysis.
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What is a Life-Cycle Assessment?

* Definition —
* Decision support tool for assessing environmental aspects associated
with a product over its life cycle
* History —
* First discussion of LCA’s dates back to 1970’s-1980’s, used mostly for
consumer products
* International standards organizations have been involved in since mid-
90’s
* LCA now commonly used in analyzing aspects of energy systems, but
they still focus on limited aspects of the supply chain



Steps Used in Life Cycle Assessment
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of Results
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Adapted from Jordaan,
2021; and ISO, 2006

\9)



T
System Boundaries Used in LCA

Sourcing Processing Manufacturing Operations End-of-Life
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System Boundaries Used in Task 2 — Gate-to-Cradle
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Example of System Boundary: Wind Turbine
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Example of System Boundary: Wind Turbine
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Commonly Used Recycling Methods for Wind Equipment
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Intercomparison of Wind Recycling Techniques

Simple and mature technology
No change in chemical properties of EoL turbines for direct use
High strength and good mechanical performances of recovered fiber

. . Shredding, crushing and The incision is smooth, and the outline is clear
Mechanical Recycling millin
g Due to the concave structure and various thickness of blade, the cutting is non- uniform

High energy consumption
Lot of dust and noise in the cutting process

Noise emission and low economic benefit

Polymer composites can be converted into valuable fuels, chemicals, and fibers
Recovering WTBs with a high yield of glass fiber
Promising option for recycling of WTB as it retain the tensile strength of fiber
. Require lesser energy
Pyrolysis
No complex pretreatments
(pyrolysis, fluidized-bed

pyrolysis, microwave-pyrolysis) High pyrolysis temperatures may damage fiber, making replacement difficult

Mechanical characteristics of glass fiber may undergo a substantial decrease
Thermal Recycling q Elevated emissions

Combustion —>» Asignificant quantity of heat and fiber may be produced from polymer composites.

Recovered fibers maintain 85% — 99% of their initial strength

Solvolysis avoids full fiber breakdown in composites, and moderate conditions increase fiber strength
retention

Recovery rate of GF is around 90% by this process

Chemical Recycling Solvolysis
Greater environmental risk than mechanical and thermal recycling

Complex and expensive
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End-of-Life Processes of Solar Modules

End of Life Solar
Modules
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* Peer Reviewed Published Reports

Methods — Data Collection and Model

Peer Reviewed Research Papers

* Expert Consultation — Wind, Solar, Battery

]

Model Platform - OpenLCA

Databases — Ecoinvent
(commercially available), DOE
National Labs, and others
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The open source Life'Cyele and Sustaimability, Assessmentsoftware

OpenlCA isiISO compliant

Free. Rich. Powerful. Reliable.

Download openLCA

https://www.openlca.org/ :




Some of the Impact Categories Considered in LCA (18 total)
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Locations of Facilities in Texas — Distances Matter
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Anticipated Results and Timeline

* By adopting this systematic approach, we can obtain a thorough
understanding of the end-of-life options for each technology listed in

SB 1290.

e Options will be described and results will be provided in a draft
technical report to TCEQ on August 30, 2024.

* Final report to be submitted on November 1, 2024
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How Can Stakeholders Help?

* Not all data and information are found in publicly available sources

* Information available by stakeholders and industry that would inform
out study is extremely important and provide a better study
outcome

* |f data and information are available and sharable, we would
appreciate meeting and discussing!
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Questions or feedback?

Contacts:
Michael Young, michael.young@beg.utexas.edu
Shweta Singh, shweta.singh@beg.utexas.edu
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