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Setting the Stage

Historically, project yields
haven’t met expectations

bias of = 8-10%

Recent studies give reason
to believe that the industry is
getting better:

bias = 0-2%



WSP Validation Results

Compare pre-construction
P50 to actual yields

Actual production is
unadjusted (includes
curtailment)



Pre-Construction Validation Results

78 Wind Farm Years
Mean = 96.2%
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Pre-Construction Validation Results

Predicted:
Mean = 100%

f \ / Stdev = 10.7%

Actual:
Mean =96.2%
Stdev = 10.5%
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Pre-Construction Validation Results

Average for reports >=2007
generated after
2006 is 99.2% m < 2007
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Notable Challenges and Sources of Improvement

Wind flow modeling
Wake modeling

Turbine performance
Availability

budget constraints Eg
turbing performance ;5 shear profile

Sibe specafic uncertamby

regresentatwe met data

aaaaaaa

B ~Wwake modelingestimating Iusses

wind flow models

E

operator performance
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Production Assessment

Increasingly, assessments performed
based on facility production data

Several sources of uncertainty go away
(or diminish significantly) once
production data is available:

Wind flow modeling
Wake losses
Turbine performance
Availability




Production Assessment

Do production assessments validate?

Is a significant decrease in uncertainty
warranted (relative to pre-cons)?

Can the validation of production
assessments help us with pre-
construction resource assessment?

What does “representative data” mean
In the context of production
assessments?

pmWSP



Validation of Production Assessments

Validate projects assessed
using production data e

For WSP projects: l ‘ L Eaaky ‘N’I |
Actual = 99.8% of P50 e

Gactual =5.71%
O-predicted =9.2%
n=12

Need to look at
more data...
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Validation of Production Assessments

- Use monthly production data from EIA

- Generate long-term predictions for each project using reanalysis
data

- Base prediction on 1 year of data, validate with remainder
- Exclude commissioning period
- Exclude projects with changes in nameplate capacity

- Exclude projects of less than 10 MW

pmWSP
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Validation of Production Assessments
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Validation of Production Assessments
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Validation of Production Assessments
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Inter-Annual Variability of the Resource
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Inter-Annual Variability of Actual Production
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Observations

- Do production assessments validate?
— For WSP portfolio, so far they have
— Using a coarse monthly methodology, we see a bias...

- Is a significant decrease in uncertainty warranted (relative to pre-
cons)?

- Yes, but...

- What does “representative data” mean in the context of production
assessments?

— Production data either needs to have representative performance
“baked in”

- ...0r need to back out observed losses and apply those that are
representative (availability, turbine performance, curtailment, wake...)

— More easily accomplished when the production data has good temporal
resolution and accurate / clear flags
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Observations

- Can the validation of production assessments help us with pre-
construction resource assessment?

— Significant inter-annual variability not attributable to the resource

— Wind resource assessment reports often assign around 4% to IAV of wind
speed

— Results imply that for many projects this may be a bit high (assuming a
conversion factor of around 1.5x to 2.0x for wind speed)

— However, this may help compensate for the underestimation of the 1AV of
actual production:

e Curtailment

 Long-term trends e.g. decreasing production due to wake effects of
neighboring projects

* JAV of icing losses
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Closing Remarks

Ultimately WRA results are
an important input into
estimates of profitability

This poses a challenge for
validation of results based on
production since projects
may be compensated by
other means e.qg.

turbine performance
curtailment




