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As the wind industry advances, a surprising reality emerges: most wind farms 
still operate without advanced continuous monitoring systems. Despite rapid 
technological progress, the sector is grappling with how to bridge the gap 
between cutting-edge tools and their practical implementation. This article 
explores the growing case for these systems, highlighting how innovations in 
monitoring, AI and data integration are reshaping wind operations, improving 
efficiency, reducing costs and extending asset life.

Beyond OEM maintenance: the 
growing case for continuous 
monitoring in wind operations
Words: Allen Hall, Founder and CEO of Weather Guard Lightning Tech
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I watched in astonishment as a single hand 

rose among hundreds at February’s Wind 

Energy O&M Australia event. My seemingly 

straightforward question to the packed 

auditorium, ‘Who implements continuous 

monitoring systems at their wind farms?’ had 

revealed a striking reality about our industry. 

That lone raised hand told a story more 

powerful than any market analysis: despite 

rapid technological advancement, most wind 

farms still operate without sophisticated 

monitoring systems.

This hesitancy makes some sense in Australia, 

where wind sites typically operate under 

full-service agreements (FSAs) with OEMs. 

But it reflects a broader global challenge: how 

do we bridge the gap between available 

technology and practical implementation?

The past year has given me a front row seat to 

this disconnect. Touring wind farms across the 

US Midwest, I’ve walked turbine yards with 

blade techs who could predict failures by 

sound alone, talked shop with operators 

juggling maintenance schedules, and debated 

monitoring strategies with engineers seeking 

better solutions. Their unanimous message? 

Component issues don’t discriminate by 

turbine make or model, and they’re becoming 

increasingly complex and costly to address.

The evolution of monitoring

What’s fascinating about modern CMS 

solutions is how far they’ve evolved beyond 

basic SCADA integration. Today’s technology 

offers insights that would have seemed like 

science fiction just a decade ago.

Think about drivetrain vibration monitoring. 

We’re not just talking about basic 

accelerometers anymore; these sophisticated 

systems detect subtle changes in bearing and 

gearbox performance that even experienced 

technicians might miss. Imagine catching a 

developing bearing issue months before it 

would appear in routine inspections.

Electrical Signature Analysis (ESA) represents 

another breakthrough in monitoring 

technology. Systems like EMPATH from 

MotorDoc, LLC act as sophisticated 

diagnostic tools, analyzing electrical 

signatures to detect issues throughout the 

turbine’s power train. By monitoring voltage 

and current patterns, ESA can identify 

problems in components from the 

transformer to the blade tips, all without 

installing additional sensors on rotating 

equipment. This non-invasive approach 

proves particularly valuable for offshore 

installations where physical access comes at  

a premium.

Blade monitoring has undergone an equally 

impressive transformation. The latest 

acoustic monitoring systems act like 

sophisticated stethoscopes, listening for the 

subtle sounds of delamination or bonding 

failures. But that’s just the beginning. 

New inertial measurement units (IMUs) track 

blade dynamics in real-time, while fiber optic 

sensors embedded within the blade structure 

itself provide continuous data on strain, 

temperature, and curvature. Using fiber Bragg 

grating (FBG) technology, these sensors give 

us unprecedented insight into blade health.

Meanwhile, oil analysis has evolved into 

something akin to real-time blood testing for 

gearboxes. Modern systems don’t just count 

particles, they assess oil quality, detect 

contamination, and identify early warning 

signs of failures. Each system provides valuable 

data, but the real magic happens when they 

work together, creating a comprehensive 

picture of turbine health that far exceeds what 

any single inspection could reveal.

AI: the game changer

If monitoring systems are the nervous system 

of modern wind farms, artificial intelligence 

has become the brain. Today’s AI systems 

transform mountains of raw sensor data into 

clear, actionable maintenance insights. They 

spot patterns human observers might miss, 

correlating seemingly unrelated data points to 

predict potential failures before they occur.

What makes this particularly powerful is the 

system’s ability to learn and adapt. Every data 

point, every maintenance action, and every 

confirmed prediction makes the system 

smarter. Unlike traditional threshold-based 

monitoring, AI systems can identify subtle 
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changes in normal operating patterns that 

might indicate future problems.

Making data work

The promise of AI-driven monitoring comes 

with a challenge: data integration. Modern 

wind farms generate terabytes of data across 

multiple platforms: SCADA systems, condition 

monitoring, maintenance records, and 

weather data. Getting these systems to 

communicate effectively requires careful 

planning and robust data architecture.

The key lies in standardization. Leading 

operators are implementing data lakes that 

can handle multiple input formats while 

maintaining data integrity. These systems 

normalize incoming data, making it possible 

to correlate information across different 

monitoring platforms. For example, 

combining vibration data with historical 

weather patterns can reveal how 

environmental conditions impact component 

wear, insights that might be missed when 

analyzing each data stream separately.

The business case

Numbers tell the story when it comes to asset 

transactions and life extension decisions. 

Historical CMS data has become a crucial 

factor in valuations, often influencing prices by 

5 to 15%. For life extension evaluations, this 

data provides concrete evidence of asset 

health, helping operators secure better terms 

with both management and insurers.

The cost-benefit equation is equally 

compelling. While initial investment varies, 

from $2,000 for basic systems to $30,000 for 

comprehensive solutions on 2 to 3 MW 

turbines, the return on investment typically 

comes within two years. Operators 

consistently report 20 to 30% reduction in 

unplanned maintenance costs; 15 to 25% 

decrease in downtime through optimized 

scheduling; 10 to 15% improvement in 

maintenance efficiency; and a significant 

reduction in catastrophic failure risk.

Insurance providers have taken notice, 

increasingly offering premium reductions for 

properly monitored assets.

The long game: life extension

Life extension decisions represent perhaps 

the most compelling argument for 

comprehensive monitoring. As the first 

generation of wind farms approaches 

end-of-design life, operators face crucial 

decisions about continued operation. CMS 

data provides the detailed operational history 

needed to evaluate remaining useful life 

accurately.

This becomes particularly valuable when 

considering partial repowering options. 

Understanding the true condition of major 

components, from foundations to gearboxes, 

helps operators optimize their investment 

strategies. Do you replace the entire drivetrain 

or just specific components?  

Can blade life be extended with targeted 

upgrades? Historical monitoring data helps 

answer these questions confidently.

Shadow monitoring: trust but verify

Perhaps the most intriguing trend is the rise of 

shadow monitoring, where asset owners 

implement parallel monitoring systems to 

independently verify OEM maintenance 

effectiveness. This approach serves multiple 

critical functions.

First, it provides independent verification 

between scheduled OEM inspections. When 

issues arise, historical monitoring data helps 

establish a timeline and progression, 

invaluable information for warranty claims and 

maintenance planning.

Second, it enables owners to evaluate 

maintenance program effectiveness 

objectively. By tracking component health 

trends over time, they can assess whether 

current practices truly match their site’s 

specific needs and conditions. This data often 

becomes crucial in negotiating service 

agreement adjustments.

Finally, shadow monitoring ensures continuity 

through maintenance contract transitions. 

Whether switching providers or moving to 

self-perform maintenance, comprehensive 

historical data helps maintain consistent 

asset care.

Implementation: starting smart

For operators considering CMS 

implementation, starting with a pilot program 

often makes sense. By choosing a subset of 

turbines, perhaps those with known issues or 

nearing major service intervals, and 

implementing comprehensive monitoring, 

teams can develop expertise with the 

technology while demonstrating value on a 

smaller scale.

Key considerations for pilot programs include 

selecting appropriate monitoring 

technologies for your specific challenges; 

establishing clear baseline performance 

metrics; developing data analysis protocols; 

training maintenance teams to use new tools 

effectively; and creating clear procedures for 

acting on monitoring insights.

Success with a pilot program builds 

confidence for wider implementation while 

providing valuable learning opportunities for 

the organization.

Looking ahead

As wind turbines push engineering boundaries 

with increasing size and complexity, 

comprehensive monitoring isn’t just 

beneficial, it’s becoming essential. The future 

lies in intelligent integration, where traditional 

maintenance approaches work in harmony 

with modern monitoring tools.

That single raised hand in Australia reminds  

us that our industry still has room to grow.  

But the question is no longer whether to 

implement continuous monitoring systems, 

it’s how best to integrate them into existing 

operations. Success requires careful planning 

and implementation, but the potential 

benefits, reduced maintenance costs, 

improved reliability, and enhanced asset value, 

make a compelling investment case.

After all, it’s not just surveillance technology. 

It’s about transforming how we manage and 

maintain the assets that power our renewable 

energy future.
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