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Figure 1 (a) 2024 new capacity (GW); (b) future development forecast of wind power installed capacity (source: GWEC)
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Table 1 Application effect of mechanically recycled blades in concrete
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Figure 3 Performance characterization of different fiber-reinforced concrete materials. (a) Relationship between GF content and apparent density’
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(b) relationship between GF size and apparent density under different contents!'™; (c) comparison of compressive strength of fibers with different

particle sizes'?; (d) comparison of compressive strength of reinforced materials with different contents

REBCRL IR 24, Eah, i MR, HEALRREE . )
Bf . VR BERE R AL B ARG 2 B, T R B
firad B b (A R, iRk bR e,

BRitz Ab, KUz e bR A A D B AR
SO, 7K YA i AR T A T AR IR SRR vk AT L
AR B ALY, (HATREXS K Y L RE S

.

L4 AR

e B AGE i A~ R KL 7 rh AR i
ES 3y TNTTE SEA R LR S N St 04l D 1

1786

[15]

SRR . B, TSRS SIAER, BIRHMES T
R JRIRR, Hr LA A AR U i 58, o B AeR
SR EERIREETE. Lige AL SR IR - PR sk
N, E120°CH JE T ALFIGERPH H, A IR i 38 R
98.5%, BYLFHREIREA92%, VI MA R B FIRRAY
/5, AIEMRISIRLL L, FFE 510 kg2 8. Zhang®s
O35k s LA R R R e v M A R CR F B &
W), 7£35°C. pH 7.0/ RIS T, 12 h Al [Ef#30%
(IR R IR, B SRR A, (R v 3 2ot [ 2 1k
HARFE M 200, HIEZWRi5Yy, WA Kisg . (kG
FEM /NI Sy 5. AR AR IR0 S80S HEREXT



ISk

SK(CO,. CHE ) TURS

q 100 p

BEENER KB4

Bl 4RI T B RISCT 2 e Rt o3 R e )

Figure 4 Schematic diagram of pyrolysis recovery process and product characteristics analysis for retired wind turbine blades!
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Table 2 Core parameters and performance comparison of various technologies
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Over the past two decades, the global wind power industry has experienced unprecedented growth to meet the urgent
demand for low-carbon energy, but this rapid expansion has also paved the way for an imminent large-scale
decommissioning wave of wind turbines. Among the key challenges posed by decommissioning, the recycling of
composite wind turbine blades—typically composed of glass fiber reinforced plastic (GFRP) and thermosetting resins—
has emerged as a critical bottleneck that threatens to undermine the industry’s long-term sustainability. To address this
pressing issue, this study conducts a comprehensive investigation into the technical status, environmental risks, and
industrialization pathways of decommissioned wind turbine blade recycling, adopting an integrated research methodology
that combines policy document analysis, laboratory-based technical performance evaluation, and quantitative economic
feasibility assessment. The research highlights urgency with data: as of 2024, China’s cumulative wind turbine composite
components (blades over 60%) exceed 6.2 million tons; annual decommissioning will surge from ~150000 tons in 2028 to
over 500000 tons by 2035. A key constraint is that 80% of blade materials are thermosetting composites—highly stable and
degradation-resistant, making traditional recycling inefficient. It then evaluates three mainstream technologies: mechanical
crushing, the most mature method, processes blades into recycled fiber powders for building templates or aggregates but
has 80% fiber strength loss and transportation costs over 30% of total expenses; pyrolysis generates toxic by-products,
reduces glass fiber strength by 40%—-60%, and emits much CO,; chemical recycling (solvent-based depolymerization)
retains 90% fiber strength but faces high costs—over 50 million CNY for medium-plant equipment and 5000 CNY/ton
processing. In addition to technical and economic analysis, the study conducts an environmental risk assessment that
identifies three primary hazards: improper disposal of pyrolysis by-products, which can leach toxic substances into soil and
groundwater; unregulated incineration of blade scraps, which releases harmful gases such as dioxins and particulate matter;
and unclassified landfilling of intact blades, which occupies permanent land resources and may cause long-term
environmental pollution. The research also identifies key industrialization barriers through stakeholder interviews and
policy reviews: a minimum annual collection volume of 5000 tons is required to reach the break-even point for any
recycling technology, but most provinces in China will fail to meet this threshold before 2028 due to scattered
decommissioning sites; unclear ownership of decommissioned blades delays centralized collection; and the lack of
dedicated waste classification codes for composite blades leads to inconsistent disposal practices across regions. The
research concludes that the decommissioned wind turbine blade recycling industry is still in its infancy, with significant
imbalances among technical maturity, economic viability, and environmental sustainability. To address these challenges, it
proposes a three-dimensional promotion system: in the short term, prioritize the application of mechanical crushing
technology in regions with high decommissioning density to quickly reduce landfill pressure; in the medium term,
accelerate R&D on dynamic covalent bond resin materials that enable easier recycling of composite blades; formulate
mandatory national technical standards for blade recycling and issue dedicated waste codes to standardize disposal
processes; and build regional recycling hubs that integrate collection, preprocessing, and recycling to minimize
transportation costs. These targeted measures not only provide a systematic solution for achieving low-carbon and high-
value recycling of decommissioned wind turbine blades but also offer a reference framework for other countries facing
similar sustainability challenges in the wind power industry.

retired wind turbine blades, recycling technologies, secondary pollution, resource utilization
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