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Words: Stacey Rivers, Chief Innovation Officer, BladeBUG

As wind energy becomes critical national
infrastructure, the industry can no longer rely on
legacy inspection methods. Robotics and advanced
non-destructive testing are emerging as essential
tools for protecting asset reliability, reducing
operational risk and extending turbine life at scale.

The global energy system has entered a new
era, shaped not only by technology but by
geopolitics. Recent instability in the Middle
East has reinforced a stark reality: fossil fuel
supply can be disrupted almost overnight
through conflict, trade restrictions or
political intervention.

Wind tells a different story. It is
inexhaustible, borderless and cannot be
embargoed or switched off by decree.

As a result, wind energy is no longer simply
advancing as a renewable technology
sector; it is becoming a cornerstone of
long-term energy resilience and national
infrastructure strategy.

That shift changes everything. Turbines are
getting larger, fleets are expanding faster and
operational lives are being extended well
beyond original expectations. Investors,
utilities and governments now expect
predictable long-term performance from
assets valuedin the billions.

Wind is no longer an emerging technology
story; it is critical infrastructure and while
generation capability has evolved rapidly, the
methods used to inspect, maintain and
protect these assets have not kept pace.

Reliability is no longer just an operational
concern. It underpins revenue certainty,
insurance confidence, contractual
performance, investor trust and,
ultimately, the licence to operate. Failure
prevention has moved beyond the
maintenance department and firmly into
the boardroom.

The structural risk the industry cannot see

Operators today manage assets ofimmense
scale in some of the harshest environments
on earth. Offshore turbines now feature
blades exceeding 100 metres, towers rising
above 150 metres and operating lives
measured in decades.

These are among the most advanced composite
structures ever deployed at an industrial scale.
Yet many continue to be maintained using
inspection models designed for a previous
generation, such as visual surveys, rope access
campaigns and reactive intervention once
deterioration becomes visible.

Visual inspection remains essential for
identifying erosion, lightning strike damage,
cracking and coating degradation; however,
many defects carrying the greatest structural
consequence begin beneath the surface.

Delaminations, bond line failures, fibre
wrinkles, laminate voids, manufacturing
anomalies, moisture ingress and fatigue
driven degradation can develop long before
visible symptoms appear.

By the time external indicators emerge,
repair cost, downtime and operational risk
have often increased sharply. In some cases,
the consequence is catastrophic failure,
prolonged outage or fleet-wide remediation
campaigns.

This is the defining asymmetry of modern
wind energy: world class generation assets
are still too often protected using inspection
strategies that no longer match their
engineering complexity.
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Engineering discipline still comes first

Experienced inspection professionals
understand a simple truth: non-destructive
testing is not a magic wand and technology
alone does not replace engineering discipline.

Effective inspection still depends on the
fundamentals: qualified personnel, robust
procedures, correct method selection,
calibration integrity and rigorous execution.

The lesson for the wind industry is therefore
not to chase novelty, but to combine proven
engineering principles with more capable
deployment models.

The challenge is not simply identifying
defects. It is doing so consistently, repeatedly
and economically across increasingly large
fleets operating under real-world conditions.

This is where robotics becomes genuinely
transformative, not as a replacement for
expertise, but as an enabler of safer access,
repeatable deployment, positional
consistency and higher-quality data capture.

Access is becoming the bottleneck

Blade growth has fundamentally changed the
economics and logistics of inspection.
Accessing large blade surfaces safely and
efficiently requires specialist personnel,
offshore coordination, weather windows and
significant downtime planning.

As turbines continue to scale upward,
conventional access methods become
increasingly difficult to deploy at the fleet
level. At the same time, the industry faces a
growing shortage of experienced rope-access
and specialist inspection technicians.

The sector is therefore confronting two
realities simultaneously: assets are increasing
in size, complexity and number, while skilled
inspection resources remain finite.

Robotic systems offer a practical route
towards closing that gap. They improve
access consistency, reduce dependence on
scarce specialist labour for routine
deployment and support more frequent,

standardised inspection campaigns.
Importantly, they also reduce technician
exposure to high-risk environments while
enabling inspections to be carried out with
greater repeatability and positional accuracy.

There is no single inspection solution

There is no universal inspection technique
capable of solving every structural challenge
within a wind turbine.

Different materials, geometries, defect types
and inspection objectives require different
approaches. The future, therefore, does not
belong to any single NDT method, but to
modular inspection ecosystems capable of
deploying multiple techniques depending on
the application.

Ultrasonic testing can assess laminate
integrity. Phased array ultrasonics can
provide enhanced bond-line imaging.
Thermography can help identify moisture
ingress or bonding anomalies. Eddy current
testing supports crack detection in
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conductive components, while laser scanning
contributes to geometry measurement, wear
analysis and digital modelling. Each
technique delivers only part of the picture;
combined intelligently, they create a far more
powerful integrity strategy than any
standalone inspection method.

The industry is shifting toward integrated
capability

The wind sector is now entering a new phase
of asset integrity management. Operators
increasingly require more frequent,
higher-quality inspection campaigns as
fleets mature and performance expectations
rise. While many inspections still rely heavily
on manual access methods, the accelerating
adoption of robotics, advanced NDT and
digital integrity systems signals a broader
transition toward smarter and more scalable
maintenance strategies.

Robotic systems are already being deployed
for blade cleaning, lightning protection system
verification and leading-edge repair.
Drone-based inspection and analytics
continue to evolve rapidly, while internal blade
inspection techniques are gaining increasing
traction across the sector.

At the same time, the market is moving
beyond isolated technologies toward
integrated operational capability and bringing
together robotics, inspection technologies
and asset integrity expertise into unified
deployment models.

The latest strategic partnership between
BladeBUG and Nexxis reflects this wider
industry direction: a move away from
innovation in isolation toward deployment-
ready capability at scale.

Blade inspection remains one of the most
technically demanding challenges in the
sector. Blade geometry changes
continuously, access is constrained,
environmental conditions are dynamic and
positional accuracy is critical. Addressing
those challenges across global fleets
requires far more than standalone tools. It
demands integrated systems engineered for
reliable, repeatable deploymentin
operational environments.

Why combined capability changes the market

For owners, operators, OEMs and service
providers, the significance lies not in robotics
alone, but in the combination of access,
inspection capability, deployment experience
and engineering interpretation.

The industry does not need more isolated
tools. It needs integrated systems capable of
operating reliably across blades, towers and
structural assets while producing inspection
data thatis accurate, repeatable and
meaningful to asset integrity decisions.

Combining robotic access with advanced NDT
capability changes the inspection model. It
enables difficult areas to be reached more
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consistently, reduces technician exposure,
improves positional accuracy and supports
repeatable inspection campaigns across
multiple assets and sites.

Just asimportantly, it creates a bridge
between field execution and engineering
decision-making. Data collected consistently
can be compared over time, linked to repair
history and used to understand defect growth,
fleet-wide trends and life-extension risk.

This is increasingly important as operators
seek greater control over asset integrity.
Many are looking to reduce reliance on
reactive mobilisation cycles and move toward
more planned, data-led maintenance
strategies.

Flexible deployment models, including owned,
leased or rented robotic systems, can help
accelerate that transition by making advanced
inspection capability part of everyday
operational workflows rather than specialist

intervention. For the wider industry, combined
capability means faster deployment, better
data, reduced operational risk and a clearer
route from inspection activity to engineering
intelligence.

Turning inspection data into engineering
intelligence

One of the industry's most persistent
weaknesses remains fragmented asset history.
Manufacturing records, transport reports,
commissioning notes, inspection data and
repair histories often exist across disconnected
systems with limited traceability.

When an anomaly appears years later,
operators may have no reliable baseline.

Was the defect present during manufacture?
Did it emerge during transport, installation
or operation? Has it remained stable or
accelerated materially over time? Without
structured data continuity, those questions
become difficult and expensive to answer.
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This is where robotic inspection integrated
with digital asset systems can fundamentally
reshape integrity management. A continuous
digital record, effectively a ‘blade passport/,
allows assets to be tracked throughout
manufacture, transport, installation,
operation, repair and life extension.

Inspection then evolves from a periodic
maintenance activity into a source of
engineering intelligence supporting trend
analysis, growth monitoring, repair verification
and more informed life-extension decisions.

The cost of delay is rising

The defining question for the industry is no
longer whether these technologies are
viable, but how quickly they will be adopted
operationally. The capabilities already exist.
Performance continues to improve and
deployment models are becoming
increasingly practical as adoption grows.

The cost of delay, however, is cumulative.
O&M expenditure rises as hidden defects
escalate into major repairs, downtime
extends, safety exposure increases where
technicians remain in high-risk
environments, insurers apply greater
scrutiny where asset condition lacks
certainty and operators are forced into
life-extension or repowering decisions
using incomplete information.

Most critically, avoidable loss of generation
places additional strain on energy systems
already under pressure to deliver resilience
and energy security.

From innovation programme to operational
standard

The next phase of wind energy will not be
defined by turbine size alone. It will be defined
by those who prevent failure, maximise
availability and protect asset value over
decades of operation.

Inspection quality is no longer a support
function. It is now a direct driver of reliability,
safety and financial performance. Wind energy
cannot afford an avoidable failure.

The industry must now move robotics and
advanced NDT beyond innovation ambition
and into operational standards, embedding
them into maintenance strategy,
procurement frameworks and long-term
asset planning.

The priority should not be technology hype,
but measurable outcomes: repeatable
deployment, high-fidelity data, reduced
operational risk and scalable integrity
management capable of evolving alongside the
assets themselves.

The transition is already underway. The
question is no longer whether it will happen,
but who will lead it and how long the industry
is willing to absorb the cost, risk and
consequences of avoidable failure.
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