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After the turbine comes down:
what happens to Its
components and materials

As the first generation of utility-scale wind farms reaches the end of its design
life, the industry faces a question it has long deferred: what happens to a
turbine once it is on the ground? The answer is more encouraging than the
headlines suggest, but some of the hardest problems remain unsolved.
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Wind energy has long focused on taller towers,
longer blades and bigger nameplate ratings.
Now, attention is shifting to what happens
when turbines come down. Turbines installed
in the late 1990s and 2000s are reaching the
end of their design lives of 20 to 25 years, and
many more are being retired early through
repowering, where older machines are
replaced by fewer, larger and more productive
units on the same site.

Decommissioning is no longer an exception. It
is becoming a routine phase of the asset life
cycle, producing a growing flow of steel,
concrete, copper, composites and electronics
that must go somewhere. How that material is
handled will shape both the economics of
repowering and the credibility of wind as a
genuinely sustainable technology.

The volume of material to come
Estimates vary, but the direction does not.
European industry bodies project tens of
thousands of tons of blade material coming

out of service each year this decade, rising
sharply through the 2030s. In the United
States, thousands of turbines from the
early-2000s build-out are entering the
decommissioning and repowering window.
One widely cited academic study puts
cumulative global blade waste at more than 40
million tons by 2050.

Blades, however, are only part of the picture.
By weight, a typical onshore turbine is
overwhelmingly steel and concrete. The
often-quoted industry figure is that 85 to 90
percent of a turbine’s mass can already be
recycled through established routes. Thatis a
strong starting point. The remaining share,
mostly blades, is where the real difficulty lies.

Anatomy of a retired turbine

A wind turbine is not one waste stream but
several. The tower is largely structural steel.
The foundation is reinforced concrete and
rebar. The nacelle houses cast iron, steel,
copper and aluminium in the mainframe,
gearbox, generator and cabling, while
direct-drive designs add rare-earth permanent
magnets. The blades are glass or carbon fibre
bound in thermoset resin, with balsa or foam
cores, adhesives and metal root inserts.

Add transformers, converters, control
electronics and several hundred litres of oils
and coolants, and the result is a varied
material inventory with very different
end-of-life prospects.

Metals have established markets, concrete
has lower-value outlets, and composites
remain challenging.

Reuse first: the second-life market

Recycling should not be the first answer. The
waste hierarchy puts reuse ahead of it, and
wind has a real, if uneven, market for
second-life equipment.

Whole turbines removed during repowering
often still have years of productive life left.
Refurbished machines find buyers in
community projects, behind-the-meter
installations and markets where capital is
tight. Component reuse is often more
valuable still.

Gearboxes, generators, main bearings, yaw
drives and converters feed the spare-parts
market for fleets still operating, particularly
discontinued models whose original
manufacturer support has ended.

The constraints are practical. Buyers need
maintenance histories that are often incomplete
for older assets. Refurbished equipment rarely
carries the assurances lenders and insurers
expect, and older machines may not meet
current grid codes. Above all, acomponent
damaged during dismantling is simply scrap:
value is preserved or destroyed in the field.

Blades have their own repurposing niche,
appearing as pedestrian bridges, bicycle
shelters, playground structures and noise
barriers. These projects are good
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demonstrations, but they absorb only a small
fraction of the volume coming out of service.

Recycling the majority: metals and concrete

Most of a turbine re-enters the economy with
little difficulty. Steel is the backbone of the
story. Tower sections are cut to sizes mills can
accept and melted down, oftenin electric arc
furnaces that run largely on scrap. Cast iron
from hubs and mainframes follows the same
path, and copper from cabling and generator
windings is among the most valuable
materials onsite.

Scrap value can offset a meaningful share of
decommissioning cost, though never
reliably, because prices move with global
commodity markets.

Concrete foundations are a different matter. A
single onshore foundation can contain
hundreds of cubic metres of reinforced
concrete. Permits typically require removal to
a set depth below grade so the land can return
to agriculture or other use. The removed
concrete is crushed into aggregate for road
base and fill, and the rebar is recycled.

Deeper portions are often left in place where
regulations allow.

A word of caution: recyclable is not the same
as recycled. Whether material actually reaches
amill depends on distance to processors,
contamination, market prices and how
carefully materials are segregated onsite.
Good recovery rates are earned in the field,
not assumed on paper.

The blade problem

Blades are built to survive decades of fatigue
loading, lightning, ice and ultraviolet exposure.
The properties that make them durable are
exactly what make them hard to take apart.
Thermoset resins cure irreversibly and cannot
be melted and remoulded like metals. Bonded
cores, adhesives and coatings resist
separation, and sheer size compounds the
problem: onshore blades now commonly
exceed 60 m and offshore blades 100 m.

Several recycling routes exist, at very different
levels of maturity. Cement kiln co-processing
is the most established at commercial level.
Shredded blade material replaces part of the
mineral feed and fuel in cement production,
with the glass contributing minerals and the
resin providing energy. Critics call it
downcycling, but it diverts material from
landfill and can reduce clinker emissions.

Mechanical recycling grinds blades into filler or
short fibres for panels, decking and concrete
reinforcement, but the outputs are low value
and depend on steady buyers.

Thermal processes such as pyrolysis recover
fibres, though recovered glass fibre loses much
ofits strength; the economics work better for
carbon fibre. Chemical routes such as solvolysis
recover cleaner fibres and sometimes resin, but
remain largely at pilot stage.
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Manufacturers have also demonstrated blades
built with recyclable resin systems. However,
today'’s blades may operate until the late
2040s, leaving legacy fleets needing solutions
now. Meanwhile, landfill remains the fallback in
parts of North America, while several
European countries have banned or restricted
it. The regulatory direction is clear, even if the
pace varies.

Where the biggest challenges remain

The biggest challenges are often commercial,
logistical and regulatory.

Economics comes first. In many markets,
recycling a blade still costs more than
landfilling it, and contracts often leave unclear
who absorbs the difference.

Decommissioning bonds set years ago were
frequently based on optimistic scrap
assumptions and can fall well short of real costs.

Logistics follow closely. Wind farms are
remote; processing capacity is not. Moving
blade sections hundreds of kilometres can
cost more than processing them, with
heavy-haul transport, permits and routing
adding complexity at every step.

Market pullis the third gap. Recovered
composite material only has value if someone
buys the product made from it. Without
reliable offtake, capacity struggles to attract
investment, and without capacity, offtakers
cannot rely on supply.

Beyond these sit rare-earth magnets whose
recovery infrastructure is stillimmature, older
blades whose exact composition is unknown
or proprietary, and a patchwork of rules on
landfill, foundation removal and waste
classification that varies between countries,
states and even counties.

Offshore adds marine operations, weather
windows and debate over whether
foundations and cables should be removed at
all. Underpinning everything is safety: work
at height, heavy lifts, stored energy and
hazardous fluids. No recycling target justifies
cutting corners.

What would make a difference?

None of these challenges are insurmountable,
but progress depends on many parts of the
value chain working together.
Decommissioning plans and financial
assurance should be realistic from the
permitting stage and revisited as markets
change. Designing for disassembly, with
recyclable resins and standard material
documentation, would make tomorrow’s
turbines far easier to recover.

Policy clarity matters too. Consistent
definitions of recycling, clear landfill rules and
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incentives for recycled content would give
investors the confidence to build processing
capacity. Procurement standards that accept
recycled composite products would
strengthen demand, and regional processing
hubs near concentrations of ageing wind

capacity would cut transport costs.

Finally, owners who treat decommissioning as
a skilled discipline, engaging experienced
specialists early and valuing careful
dismantling, consistently recover more value
and send less to landfill.

Closing the loop

When a turbine comes down, its story is not
over. Most of its mass already flows back into

the economy through proven channels, and
refurbished parts extend the life of equipment
that still has value to give. The unfinished
business is concentrated in blades, a handful
of speciality materials and the commercial
frameworks that decide whether good
options are actually used.

Wind energy built its reputation on clean
generation. Now, it has an opportunity to prove
it can be clean at the end of life, too. Having
learned to build large numbers of turbines, it is
now learning to dismantle them in large
numbers, and doing that responsibly matters
as much as anything that came before.
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