
OPEN QUESTIONS BEFORE WE CAN MAKE REAL IMPACT
KOEN HERMANS, TNO WIND ENERGY



TNO Wind, no drone experts

Home of ~60 WE researchers (TNO in total 3650) 

IO&M research team

WHAT AM I DOING HERE?
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How can we make the most impact with remote inspection and maintenance?

WHAT AM I DOING HERE?

Impact

Improving 
Uptime 

Safety

Reduce CO2

Predict future 
maintenance

Lack of 
skilled 
people



YESTERDAY’S STATE OF THE ART



CURRENT STATE OF THE ART
Typical tasks: 

1. Visual inspection

2. NDT inspection

3. Lightning receptor measurement

4. Cleaning

5. Coating repair

6. Repair of structural defect

Need physical contact



TOMORROW’S STATE OF THE ART

Autonomous surface vessel



Digital wind farm

Embedded sensors

Condition monitoring

Digital twin

Extrapolate findings throughout the fleet
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ACTIVITIES TNO



Digital wind farm

Remove technical barriers (tele-operation, cyber security, fast networks)
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Digital wind farm
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ACTIVITIES TNO

OWF O&M 

control centre

5G



Digital wind farm

Remove technical barriers (tele-operation, cyber security, fast networks)

10

ACTIVITIES TNO

OWF O&M 

control centre

5G



Digital wind farm

Remove technical barriers (tele-operation, cyber security, fast networks)

Develop tools to optimize maintenance strategy

What resources do I need for an ultimate uptime?

What costs are associated? 

When to go and inspect?
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ACTIVITIES TNO



THE SOFTWARE LANDSCAPE
UNIFIED WIND FARM SIMULATION ENVIRONMENT (UWISE)

O&M Planner
[long term O&M 

strategies]

Despatch
[daily O&M scheduling 

and optimisation]

Back-end
One standard simulation 

engine.

Additional parts needed for 

managing multiple 

simulations and 

optimisation.

Front-end
Simple, easy to use, 

professionally programmed

Wind Farm PlanningWind Farm Operations

Operate
[degradation 

modelling, digital twin]

Install

UWiSE – A discrete event simulation engine

Weather Optimisation

UWiSE

Operation 

“Debugger”

Available

Developing

Planned

Operations logic

Annual 

Maintenance

Risk Database

Decommission
[+end of life strategies]

Idea

https://uwise.tno.nl/


Simulate failures and the appropriate response

Scenario’s

Define assets & resources: Number of vessels, technicians etc

Results

Maintenance costs / Operational Expenditure (OPEX)

Expected wind farm availability 
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LONG TERM O&M STRATEGY
O&M PLANNER



First: design it out
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HOW TO ACHIEVE HANDS-OFF MAINTENANCE?

Remote visual inspection Remote manipulationEnhance the information of technicians



Autonomy vs tele-operation

Contextual awareness, localization at an enormous white-ish blade

Balancing (sensor/actuator) payload

Docking station, wireless charging, battery life

Turbines aware of their robotic inspectors

Low-latency, secure data transfer

Transformation of sensor readings / visual inspection data to remaining lifetime

SOME TECHNICAL CHALLENGES ON THE ROADMAP



THANKS FOR YOUR TIME
LET’S SOLVE THESE CHALLENGES TOGETHER


