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Example Site Overview

CURRENT FORES
WEAN HEGHT {m



Post-construction vs. Pre-construction

Cumulative Net Production (GWh)

=-Actual Production (July 2008 - June 2009) =#=Predicted Production (July 2008 - June 2009)
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Energy Yield Error
» E = Post Construction Energy Yield

* E, = Pre-construction Energy Yield
* OE = Energy Yield Error

Power Curve Error

» OP = Error due to turbine not performing
as expected in standard inflow.

Wind Flow Errors
*0S = Topo Model (speed up) Error

*0W = Wake Model Error
*0SW = Non-linear topo/wake error

Non Standard Inflow Errors

*0T| = Turbulence Inflow Error
*0a = Shear Inflow Error



E = P +58)+ W +ST1+a)+ BW +...

Decompose component errors as follows:

0Si = Random error to wind flow model
&S =8, +8,

0Sg = Bias error due to wind flow model

_ o0Tl, = Change in available energy due to Tl
STI =oT1, + 0TI

O0Tlz = Change in turbine efficiency due to Tl

o0a, = Change in available energy due to a
oo =0, + 00 AT >

0az = Change in turbine efficiency due to a



Power Curve Error

Measured Power Curve
corrected to site air density = 1.2kg/m*3 6 P

—

Error bars represent
Power standard deviation

“—Warranted Curve
=—Measured Curve

AEP > 100%

Windspeed (m/s)




Example Speed Up Random Error from Met Mast Data
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Example Speed Up Bias Error from Met Mast Data
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No Bias
s for (a) a site in France with 8 masts and (b) a site in Sweden with 10 masts.




OTl =0Tl +oTl. oo =0, + oo

» Turbine power curves are typically measured in ‘standard inflow’ conditions e.g.
T1=10-12% and a = 0.15 - 0.2.

 What happens if Tl = 18% and a = 0.45?

*The above terms will manifest as a change in the turbine power curve, for two
possible reasons?

« 0TI, and d0a, describe change in available/apparent energy e.g. Albers
method for effect of 10minute averaging of non-linear power curve.

0Tl and dag describe possible change in efficiency (aerodynamic,
mechanical or electrical) in non-standard inflow.



Tl, Power Curve Correction: Numerical Study

Non-standard Tl correction: impact on yield for different mean wind speeds
and turbulence intensities...

Turbulence Intensity
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55 2% 2% 2% 2% 1% 1% 1% 1% O
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© g0 1% 1% 1% 1% 1% 1% 1% 1% 1% Oa 0% Oa 0% Oa -1% 1%
8 g5 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0% Ofa 0% Oa 0% Oa
(/Q)- 70 % 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
-g 7.5 D% 0% Oa 0% Ofa 0% O 1% 1% 1% 1% 1% 1% 1% 1% 1%
.§ gqn D% 03 Ofa 0% Oa 0% O%a O%a 1% 1% ﬁﬁ 1% 1% 1% 2% 2%
cC g5 1% 0% Oa 0% Ofa 0% O O 1% 1% 1% 1% 1% 2% 2% 2%
8 gp ~1% -1% Oa 0% Ofa 0% O%a O%a 1% 1% 1% 1% 2% 2% 2% 2%
E g5 1% -1% Oa 0% Oa 0% O O 1% 1% 1% 1% 2% 2% 2%
10.0 1% -1% Oa 0% Oa 0% O%a O%a 1% 1% 1% 1% 2% 2% 2%
105 1% -1% Ofa 0% Ofa 0% O O 1% 1% 1% 1% 2% 2% 2%
11.0 1% -1% Oa 0% O%a 0% O%a O%a 1% 1% w 1% 2% 2% 2% 2%,

1-2% predicted underperformance at high Tl and high mean wind speed.
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* Hypothesis: non-standard inflow is associated with regions of large topo and
wake model errors.

« Consequence: non-standard wind flow errors correlate with topo and wake
errors.

Turbine A: low topo error, low
D 0
wake error and standard inflow.

/ \
| \
: L~
Wind ; SN
\ ! !
\ LT
= = *i \ , Turbine B: larger topo error, larger
A ‘..’ wake error and larger non-standard
B inflow error.

* Real world situations allow errors to add coherently i.e. ‘bad’ turbines
can be ‘really bad’ turbines.
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Example Site Individual Turbine Performance - Speed Up Bias Error?
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Example Site Individual Turbine Performance - Increase roughness & CFD?

@ RES Wind Flow ACFD
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T7 = 25% underproduction

Predicted Terrain Effect on Energy (%)
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Effect of non-standard inflow?

ower Performance Tt\erine T3
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y=1.6431x+0.2374
R*=0.8182

T7 = 25% underproduction

Increasing Shear (and turbulence)

Predicted Shear
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Effect of non-standard inflow? (It seems not!)

10-min Data 10-min Data
10-min Data Mean 10-min Data Mean
10-min Model Mean 10-min Model Mean
Warranted == Warranted

15 15

wind Speed (mis) wind Speed (mis)
MITE = Model-based Indicator of Turbine Efficien MAD i iati MITE = Model-based Indicator of Turbine Effici
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Why does T7 underperform?
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S

T7 has =25% underproduction, could this be explained by wakes?

6W The predicted wake loss is = 10%, could the wake model
error really explain 25% underperformance?

6SW Is there a non-linear interaction of the wake and terrain that
could be captured by a CFD model?
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More work needed!
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Directional Power Ratio: T7 vs. T3

| .
a
=
(=]
[«
o
—
S——
——
| .
a
=
(=]
[«
o
l_
=
a
=
(=]
[«
=
=

Largest error in Easterly
winds, upwind trees?

Direction at T3

- CFD Predicted Power Ratio —4—Baseline Predicted Power Ratio —4—5cada Power Ratio
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Non-Neutral Flow Modelling: Coupled Mesoscale and CFD

Coupled Mesoscale-CFD models help understand impact of

stability effects.
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OF = OB+ &5 +&fi\/ + oK +&§+68f'\>/v .

For this particular site:

Power performance errors (0P, 0Tl and 0a) don’t appear significant.
Speed Up error important, but probably doesn’t explain everything.
Wake model errors need further investigation.

Possibly other sources of error not identified.

Relatively low lower tip hub height (24m) may make this site more
sensitive to model errors.

Other sites with different atmospheric conditions and turbine types are likely to

be different! Care must be taken to how °‘lessons learnt’ are applied to pre-

construction estimates.
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