Availability trends observed at operational wind farms
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Abstract Over the past decade Garrad Hassan (GH) has assessed the performance of more than
15,000 MW of operating wind farms; approximately 15 % of the total worldwide installed capacity.
Based on this experience, GH has compiled a database consisting of over 850 wind farm years of
availability statistics. High level distributions of average wind farm availability figures are presented,
along with trends and plots showing how wind farm availability changes over time. The tendency of
wind farm availability to ‘ramps-up’ over time as teething issues are resolved is highlighted. An insight
is given on how wind farms perform as they reach maturity. Commentary is provided on how the
presented results can be used to understand the risks associated with availability at all stages of wind
farm development from conception to financing and into operation.
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Background
B

Over the past decade Garrad Hassan (GH) has assessed the performance of more than 15,000 MW of operating
wind farms; approximately 15 % of the total worldwide installed capacity. Based on this experience GH has
conducted a high level investigation into how operational wind farms have performed in terms of availability
amongst many other factors.
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In addition to information available from the turbine manufacturers on the availability of their turbines GH has
gathered together further information on the performance of wind farms in the course of analysis work on behalf
of owners and lenders.
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The information presented in this paper is for more than 250 wind farms across Europe, US and Asia with
duration of operation ranging from 1 year up to 12 years. The resulting database consists of over 850 wind farm
years of availability statistics. All of the major European and US manufacturers are represented in the database.
The availability data is wind farm ‘system availability’ and includes downtime associated with the electrical
connection system and the grid. Therefore, this availability measure will always result in availability levels less
than turbine availability alone.
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Results
g R

The database of availability statistics is presented from two different perspectives in Figure 1.1 and Figure 1.2.
Figure 1.1 presents the distribution of average annual wind farm availability figures. The average annual
availability is shown on the x-axis and the percentage of wind farm years in the database is shown on the y-axis.
It is clear that the majority of wind farms operate at an annual availability level of between 97% and 99%. Very
few wind farms operate at less than 95% availability. There are some outliers but generally the data confirms
that most projects operate with availability levels similar to that assumed for a typical wind farm in GH energy
assessment work and generally used in financial modelling.
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Figure 1.2 presents the availability versus the years of wind farm operation. The individual solid points show the
average availability for all wind farms in the database for each month since commissioning. The open points
show the number of wind farms in the database that make up the individual monthly availability figures. Also
shown, as solid lines, are the quarterly and annual moving average availability. It can clearly be seen that the
availability of the wind farms ‘ramps up’ over time as teething issues are resolved. On average the wind farms
show availability of approximately 93% in the first quarter of operation rising to close to 97% from the end of
the second year. Beyond the end of the second year the availability remains broadly constant at between 97%
and 98% as far as the end of year 10. The increased volatility between year 8 and 10 is due to the reducing
number of wind farms in the database.
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Figure 1.2

Availability versus time trend — shown monthly, quarterly and annual




Conclusion and discussion
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When investing in a modern wind farm development it is generally considered appropriate to expect 97 %
availability averaged over the life-time of the project, typically 20 years. The results of this study provide
confidence that, as wind farms reach maturity and teething issues are resolved, it is reasonable to expect on
average 97 % availability.
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It can be expected that from year to year availability will vary above and below 97 %. The distribution of annual
availability demonstrates that the number of occurrences of annual availability levels less than 80% on a modern
wind farm is relatively low. Such low system availability may be caused by external factors for instance utility
enforced downtime as well as turbine issues such as large component serial defects including gearboxes and
blades.
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Minimising the risk of low grid availability may be possible through the signing of a ‘take or pay’ grid
connection agreement. This is where the utility company pays compensation when the grid is not available to
export production.
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Minimising the turbine availability risk is possible through procurement of a turbine availability warranty
associated with an operation and maintenance agreement. This is typical in the first years of operation of the
project. Some manufacturers will provide longer term agreements, up to 12 years.
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Availability risks associated with environmental conditions should also be considered on a regional or
individual wind farm basis. For instance icing can impact the ability of the turbines to operate efficiently as well
as causing accessibility problems. At high wind speed sites, repairs to components such as blades can be delayed
causing turbine downtime to be high. It is very important to establish the impact of environmental conditions as
this type of down-time is often a risk taken by the wind farm owner.
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Increasingly it is industry practice for the turbine manufacturer to negotiate an allowance of between 48 and 90
hours a year for ‘routine maintenance’ of the turbines. This includes such activities as oil changes, greasing and
bolt tightening. Time taken carrying out these activities up to the allowance limit does not count against
availability. The impact of this allowance on the availability should be fully understood.
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The risk of lost production and hence lost revenue as a result of low availability should be clearly understood. In
Europe and North America this is typically done through an independent technical due diligence assessment
prior to investment or purchase.
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There are few modern wind farms that have operated in excess of 10 years and therefore no strong conclusions
are drawn for availability beyond this. However, it is considered prudent to allocate increased operation and
maintenance budgets after operational year 10 and again after operational year 15 to minimise the impact of
increased probability of component failure as the end of the turbine design life is approached.
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With respect to the relatively young but fast growing Chinese wind energy market, Garrad Hassan is aware that
there have been issues with respect to low availability levels achieved at some wind farms in China. However, it
is reasonable to assume that if operation and maintenance practices are adopted in a similar manner as
implemented in the mature markets of Europe, then similar levels of availability as presented in this paper can
be achieved.
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The conclusions drawn from reviewing the trends presented in this paper are to be taken in the context of the
wind farm data included in the database. The following points are to be considered:
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= The statistics are collected from a geographically diverse population of wind farms and therefore the
equivalent trends may vary from region to region.
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= The database contains statistics from all turbine manufacturers and turbine types for which data were
obtained. Some turbine types may be considered ‘unproven’.
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= The database has a high proportion of availability statistics for the previous generation of sub-1MW
turbines. Indeed the majority of wind farms included that have operated for over 5 years are sub-1IMW
turbines.
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= The smallest turbine size represented in the database is rated at 300 kW, the largest is rated at SMW.
No weighting is applied for turbine size.
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=  The wind farm sizes vary from only a few turbines to wind farms consisting of over 100 turbines. No
weighting is applied for wind farm size.
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A significant proportion of the availability figures are reported directly from the manufacturers’ or
owners’ operational reports. Some manufacturers’ availability figures may have allowances included
for maintenance time in which case the ‘real’ availability figures, that reflect the real periods of turbine
down-time may actually be slightly lower.
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For wind farms where only turbine availability has been provided a further adjustment factor of 99.5%
has been applied to convert the manufacturer’s availability to estimated wind farm ‘system’ availability.
Actually be slightly lower.
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