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ROI delivered by software for wind farm condition
monitoring and predictive maintenance

Predictive maintenance software is a specialist tool that provides significant value and cost saving to wind farm
owners and operators. The return on investment (ROI) delivered by predictive maintenance software is complex
and has multiple aspects, for example depending on whether the wind farm is under warranty or post-warranty.
This technical paper describes some of the main concepts behind the ROI and benefits delivered, with particular
focus on vibration condition monitoring.

The business case basics

Software for wind farm condition monitoring and predictive maintenance typically provides several sources of
ROI, including:

« Reduced staff costs; efficiency savings
The ability to monitor more turbines with
fewer staff.

« Improved fault detection rates
An improved ability to better detect drivetrain
faults means fewer catastrophic gearbox failures,
reduced repair/refurbishment costs and reduced
downtime.

« Improved fault detection lead times
Detecting faults months before a failure means
that crane operations, up-tower repairs and Vibration monitoring using Fleet Monitor software
major component replacement/refurbishment
operations can be planned well in advance
Combining crane operations on multiple turbines
delivers huge cost savings.

In addition to these quantitative benefits, better condition monitoring software also provides many qualitative
and strategic benefits — some examples are addressed in subsequent sections below.

Most pre-packaged CMS software is not fit for purpose

Condition monitoring systems (CMS) are generally shipped with software for vibration monitoring, but this
software is often not fit for purpose. Many software tools are weak at detecting main bearing and planet bearing
faults due to the signal processing methods and sampling parameters selected, even though the CMS hardware
may be perfectly capable of acquiring good quality data.

Monitoring a large number of wind turbines consisting of various OEMs and gearbox types requires specialist
workflow in the software — for example, the ability to quickly and clearly see the alarm status for all assets,
then being able to drill down into individual trends and issues. Wading through many pages of graphs is
simply not scalable. Additionally, pre-packaged CMS software normally does not include good tools for tracking,
commenting on and sharing alarms between teams of engineers — essential for any business with distributed
assets and staff.



ROI model structure

A complex financial model was constructed using real world data, including failure rates derived from condition
monitoring, engineering analysis and due diligence on 1000s of wind turbines globally. Financial data derived from
these projects was used to construct typical O&M costs for a ‘representative’ onshore wind farm. For offshore
wind, the business case for condition monitoring and predictive maintenance software stacks up even more
strongly. The ROl model structure is shown below.
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ROI model structure

Higher detection rates + longer lead times = money saved

When discussing ROl in condition monitoring, CMS vendors generally compare wind farms with CMS to those
with no CMS. It is easy to show the benefits of CMS in this way and, understandably, many owners and operators
have retro-fitted CMS on the back of these justifications.

The business case for software is more complex, because we must look at the benefit of CMS with "basic’
pre-packaged software vs. the same CMS used
with more technically advanced software such as

Romax InSight's Fleet Monitor™ Detailed analysis using this model shows that Fleet

Monitor™ delivers a compelling return on investment.

) ) ) For a typical onshore fleet with 200 turbines:
The ROI case for Fleet Monitor™ is very compelling.

Breaking down the, it is possible to see where
this cost saving comes from. In relative terms,
the biggest difference is in staff costs. Using
conventional software, it is not uncommon to need
a full time monitoring engineer to keep track of
all the problems in a fleet of this size. Using Fleet
Monitor, one person can easily monitor 1000s of
turbines, which can be made up of multiple gearbox
types, multiple turbine OEMs and multiple types of
CMS hardware. In fact, the reduction in staff cost
more than outweighs the additional investment in 80%
the Fleet Monitor software licence for a typical fleet
of 200 turbines, as shown in the graph opposite.
This raises the question: why would an operator 20%
not select the cheaper option?
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Fleet Monitor offers increased fault detection rates and lead times compared with basic pre-packaged CMS
software, delivering some significant impacts:

 Firstly, a significant reduction in downtime due to drivetrain failures because more faults are detected
before the turbine is stopped due to a failure — particularly for the main bearing and planetary stage
where other CMS software is notoriously weak at detecting faults. Repairs are scheduled well in advance
and the turbine keeps running up to the repair date.

« Crane costs are reduced due to the longer lead
time and higher detection rate offered by Fleet Relative comparison of costs: basic pre-packaged CMS
Monitor — again, particularly for the main bearing software vs. Fleet Monitor
and planetary stage. A longer lead time means Parts and labour cost due o I EEEE—
multiple drivetrain repair events are combined drivetrain
using a single crane call-out.
Crane cost due to drivetrain e
* Avery small reduction in parts and labour
costs relating to the drivetrain. This reduction
is less significant because often CMS does not
negate the fact that a faulty component still
needs replacing or refurbishing, even when the
fault is successfully detected by CMS. A small cost
reduction comes from cases where a gearbox
replacement is avoided and a less costly uptower W Basic pre-packaged CMS software
repair takes place.
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A question of strategy — outsource monitoring vs. ‘self-perform’

‘Self-performing’ monitoring is not a simple task — It means employing and retaining skilled monitoring engineers
(there are not many around!); setting up a suitable monitoring facility; maintaining software tools; managing IT
connections, data storage and security. A number of large energy utilities have already gone down this route,
but numerous other operators are yet to take the plunge — despite many having internal strategies to insource
monitoring over the medium/long term.

Self-performing monitoring fits well with a strategy to self-
perform O&M, or with a hybrid approach to O&M using a
mixture of vendors, in house capability and ISPs. Whatever
their model, many operators today prefer to outsource
condition monitoring, with a long term view to bringing
the monitoring function in house. This approach works well,
but if you are in this position some important factors need
to be taken into account:

« Can your condition monitoring service vendor
provide technology and software training?

* How many monitoring engineers will you need to
employ? The use of multiple types of CMS hardware Outsource monitoring Self-perform monitoring
and software will have a strong influence on this.

W Outsource costs M Software costs B Staff costs

«  When you start to self-perform monitoring, will
you get software with alarms and thresholds already set up? Will the entire history of the wind farm(s) be
accessible within the software?

Moving from outsourcing to self-performing monitoring can offer a big cost saving. Analysis of a typical fleet of 200
wind turbines indicates that the cost of self-performing monitoring using Fleet Monitor software is approximately
40% cheaper than outsourcing to a third party vendor. This is one of the reasons why so many operators have an
internal strategy to monitor their own assets, even if they are not ready to do so today.




‘Shadow monitoring’ during the warranty period

Monitoring a wind farm that is under warranty, in parallel with the OEM, is often referred to as ‘'shadow monitoring’.
Shadow monitoring can be outsourced to a third party or performed in-house. Either way, gathering data during
the warranty period has some huge benefits:

»  Gathering and analysing data from the commissioning date up the end of warranty helps greatly with
warranty claims. If there is compelling evidence that a fault is developing, backed up by inspection, then
this makes for a very strong claim.

«  Most CMS products do not save all the historical data — data is often deleted or ‘decimated’ as time
progresses. Shadow monitoring allows the owner to save all historical data for future use and future
warranty claims.

« Shadow monitoring provides transparency into maintenance events that take place during the warranty
period — transparency that may not be forthcoming from the OEM.

« Shadow monitoring enables the end of warranty process to be streamlined. Shadow monitoring
provides an accurate punch list of items requiring inv estigation, meaning inspections are targeted and
more efficient. It also enables the owner to reduce the number of inspections, based on faults detected
during the monitoring process.

A good example to demonstrate the value of shadow monitoring is a faulty planet bearing, detected near to the
end of warranty. Planet bearings are difficult to inspect due to the number of bearings and the fact that many
parts are not visible without rotating the main shaft and re-inspecting the bearings multiple times. Without
monitoring, a cursory inspection of the planet bearings might not reveal a fault. However, if shadow monitoring
indicates a planet bearing fault (e.g. an axial crack, which is generally not easy to spot during inspection) then
the engineers or technicians will spend extra time on that bearing and ensure that the main shaft is rotated in
order to inspect all portions of the bearing. If this results in a successful warranty claim, then the wind farm owner
could save the cost of an entire gearbox replacement — a huge cost saving and good justification for a relatively
small investment in shadow monitoring.

Conclusions

The return on investment provided by software for condition monitoring and predictive maintenance is complex
and touches on many factors. There are strong financial reasons to upgrade from basic software that comes
pre-packaged with CMS hardware to a more technically advanced tool such as Romax InSight's Fleet Monitor™,
as described in this paper. Similarly, moving from outsourced to in-house monitoring, or employing shadow
monitoring during the warranty period both provide a good return on investment along with strong engineering
and strategic benefits.

Overall, there is no ‘one size fits all’ solution to suit all wind farm owners and operators. Condition monitoring
software, monitoring services and technical training can be pieced together to suit the needs of any user and
help them to meet their long term goals.
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