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Undetected blade faults are costing the wind 
industry billions each year. For turbine operators, 
the difference between early detection and delayed 
intervention can mean the difference between a 
$30,000 repair and a $500,000 replacement. As 
turbines grow larger and more expensive, a deeper 
understanding of blade behaviour is becoming 
critical to overall turbine profitability.
Detection timing determines turbine 
profitability
When faults are caught early, repairs can 
often be completed up-tower as part of 
planned maintenance campaigns at a 90% 
saving. Left unchecked, the same fault can 
force emergency crane mobilisation and 
reactive repair. Equipment, crews and 
replacement components must then be 
mobilised quickly and at significant cost, 
while turbines may remain shut down for 
weeks or longer, with lost energy 
production quickly reaching hundreds of 
thousands of dollars.

Fast-developing blade failures are costing the 
wind industry billions each year, not because 
the defects themselves are fundamentally 
different, but because they are discovered 
too late.

Global installed wind capacity now exceeds 
1,100 GW. Blades are more complex than at 
any point in the industry’s history. As fleets 
expand, so does financial exposure.

The billion-dollar 
blade opportunity: 
how blade behaviour 
determines turbine 
profitability
Words: Bill Slatter, Director of Blade Products, ONYX Insight

Across global fleets, structural failures often 
begin as defects that are technically and 
economically manageable. When identified 
early, many can be stabilised up-tower for 
tens of thousands of dollars. When 
progression goes unnoticed, the same crack 
can require blade lowering or full replacement 
at several times that cost.

In financial terms, the difference is stark. An 
up-tower structural repair may cost in the 
region of $30,000 to $50,000. A full blade 
replacement can range from $300,000 to 
$500,000 once logistics and downtime are 
considered. In extreme cases involving blade 
loss or turbine collapse, exposure can exceed 
$3 to $5 million.

If even a small percentage of the world’s 
installed turbines require avoidable blade 
replacement each year, the aggregate 
financial impact quickly reaches billions. This 
estimate excludes lost production, insurance 
implications and reputational exposure 
following high-profile blade incidents.
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The industry is not simply paying for blade 
defects. It is paying for delayed intervention 
and reactive O&M.

However, detection alone is only part of the 
story. Understanding how blades behave in 
real operating conditions and identifying the 
events that trigger damage is becoming 
central to optimising long-term reliability and 
reducing maintenance costs across fleets.

Understanding blade failure modes
Blade failure modes vary depending on where 
damage occurs within the blade structure. For 
maintenance planning, they can be broadly 
grouped into three zones that differ in 
detectability, development speed and 
economic impact. See figure 1 below.
Zone 1: Root connection failures
Failures occur at the blade root interface and 
pitch bearing connection, where structural 
degradation can ultimately result in blade 
separation.

• Typically develop over 6 to 12 months, but 
consequences can be severe

• Internal inspections are labour-intensive, 
and by the time damage becomes visible 
externally, repair costs are often already 
escalating

• Continuous monitoring provides strong 
value, detecting structural changes before 
OEM safety limits are reached

Zone 2: Internal structural failures
This is the economically critical zone, covering 
cracks and bond-line failures within load-
bearing sections of the blade.

• Can develop rapidly within weeks or months

• Cracks often become visible only at a late 
stage

• Continuous monitoring helps detect early 
progression while up-tower repair remains 
possible

Zone 3: Surface damage
This zone includes leading edge erosion, 
trailing edge delamination and surface 
cracking near the blade tip.

• Typically develop over 12 months or longer

• Drone inspections are highly effective at 
detecting these issues

Viewed through this framework, the greatest 
financial exposure sits within fast-developing 
structural failures that evolve between 
scheduled inspections.

Aligning detection strategy with blade risk
No single method can detect every blade 
failure mode. See figure 2 on next page.

Drone inspections provide efficient fleet-wide 
coverage, while crawlers and rope-access 
inspections allow deeper investigation of 

specific turbines. However, these methods 
provide only a snapshot of blade condition.

Structural faults that develop shortly after an 
inspection may progress for months before 
they are reassessed. During this time, cracks 
can grow beyond the point where up-tower 
repair remains viable.

Continuous monitoring technologies help 
close this timing gap, particularly for 
fast-developing failures within Zones 1 and 2.

This early insight changes the economics of 
blade maintenance. When damage is detected 
soon enough, operators retain the option of 
performing up-tower repair rather than blade 
replacement.

Earlier detection is only the starting point of 
a much larger opportunity. As monitoring 
systems collect more operational data, they 
begin to reveal how blades behave in real 
conditions and which events trigger 
structural damage.

The changing economics of blade risk
The financial stakes associated with delayed 
detection are increasing.

Larger blades mean higher replacement and 
transport costs. Higher rated capacities 
increase daily revenue exposure per turbine. 
Offshore assets introduce additional 
complexity through vessel availability 
constraints and weather-dependent downtime.

At the same time, global technician demand 
continues to grow. Workforce projections 
indicate that hundreds of thousands of 
additional skilled personnel will be required 
over the coming decade. Inspection resources 
are already under pressure as fleets expand.

When shutdown decisions are driven by 
uncertainty rather than confirmed structural 
condition, exposure multiplies rapidly. For a 
mid-sized onshore wind farm, lost production 

Figure 1
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Method Best for Zones Covered Fleet-Wide Coverage Continuous 
Monitoring

Drones

Scheduled sweeps 
supporting campaign 

planning
3 Yes No – point in time

Crawlers

Detailed inspection of 
specific turbines 2 No No – point in time

Visual Inspections

Aligning repair 
and maintenance 

campaigns
1, 2, 3 No No – point in time

 CMS

Early detection of fast-
developing failures 1, 2 Yes Yes

can reach approximately $100,000 per day, 
depending on capacity and power pricing. 
Offshore exposure can be considerably higher.

Under these circumstances, uncertainty itself 
carries significant cost. Precautionary 
shutdowns across multiple turbines may be 
implemented when structural integrity cannot 
be confidently assessed.

Once damage is detected early, the next step 
is understanding why it occurred.

A physics-first understanding of blade 
behaviour, supported by continuous 
high-quality operational data, allows 
operators to identify the events and loading 
conditions that lead to structural damage.

Over time, this insight enables operators not 
only to repair faults sooner, but also to refine 
operating strategies so that similar damaging 
events are less likely to occur again.

Capturing the blade opportunity through 
earlier intervention
Blade damage is an inherent part of operating 
large composite structures in demanding wind 
conditions. The objective is not to eliminate 
faults entirely, but to detect them early enough 
to keep intervention controlled and affordable.

Early detection preserves the option of 
up-tower repair. Late detection often 
removes it.

Across global fleets, even modest reductions 
in avoidable blade replacement can unlock 
substantial portfolio-level value.

Modern blade monitoring technologies are 
increasingly deployed to close this 
detectability gap in the most economically 
sensitive zones.

For fast-developing structural failures within 
the load-bearing sections of the blade, ONYX 
Insight’s ecoBLADE platform provides 
continuous monitoring of blade behaviour 
across the fleet. 

By analysing vibration signatures and 
structural response, ecoBLADE identifies 
early signs of damage while also revealing the 
operational events that contribute to it. 

This insight allows operators to intervene 
early enough to enable up-tower repair while 
also building a deeper understanding of how 
blades respond to real operating conditions. 
ecoBLADE detects structural faults before 
they spread, reducing the risk of severe blade 
damage and catastrophic blade loss.

For risks associated with the blade root 
connection, ecoPITCH provides targeted 
monitoring of root interface integrity. This 
failure mode can become visible through 
external inspection, but typically only at a late 
stage, when low-cost intervention options 
have already narrowed. 

ecoPITCH, now deployed across more than 
3,000 turbines globally, provides high-
resolution insight into root condition, enabling 
operators to detect degradation early and 
prevent blade separation.

Together, ecoBLADE and ecoPITCH provide 
complementary monitoring of blade 
structure and root interface. By detecting 
faults early, preventing catastrophic blade 
failures and building a deeper understanding 
of blade behaviour, these technologies allow 
operators to protect today’s repair budgets 
while optimising fleet performance over the 
long term.

In an industry requiring significant capital 
investment, detection timing directly 
influences turbine profitability.
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