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Weather Modeling is Integration Study

Standard
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" A state—of-the-art wind-integration study
typically devotes a significant effort to obtaining
wind data that are derived from Ilarge-scale
meteorological modeling that can re—-create the
weather corresponding to the year(s) of load data
used.”
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J.C. Smith et al., “Utility Wind Integration and Operating

Impact State of the Art”, IEEE Transactions on Power Systems
— Special Section on Wind Energy, 2007.
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Wind Integration Studies are performed
BEFORE the projects are built and
often BEFORE any wind data is
collected.

Large Scale Wind Integration Studies
typically consider many GigaWatts of
potential wind energy installation.
Even if observations are available,
they are not at every potential
project location.

Wind Integration Studies often
extrapolate from existing patterns of
load, therefore they require wind
energy data that are coincident
(overlap in time) with the load data.

It is extremely important to
adequately model and capture the
effect of geographic diversity on wind
farm behaviour at short and long time-—
sc%%E%Jﬁlo minutes to seasonal).
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Simulate the energy output of hundreds of projects .

R0 LB A ORI H A P4

Every ten minutes .
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For a specific set of years in the past .

RS R e

Spread out over a large region .
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And provide forecasts too!
ST

Observational data, by themselves, are not sufficient to

satisfy this request.
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The Importance of Weather Modeling

weather at another sits.
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Meteorological  processe —

causing the wind at the
project site and the long—
term reference location
can be quite different!
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Weather Simulation for short—term variability
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April 2010 hourly wind variability across U.S.A.
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Weather Simulation for long—term variability
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Departures from Normal (2010):

Red is Higher, Blue is Lower
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Q1 Wind Speed Variance from Average

Departure from normal [percent)
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Short—term variability informs
integration costs in regulation and
load following

time frames. What does a ramp look
like from one project, ten projects,
100 projects?

Longer term variability quantifies
the vATué""6f the energy resource.

Q2 Wind Speed Variance from Average
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Is it windy, and where, during a
drought?
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Weather Modeling Framework
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Can this approach be used in
China®
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&f 5km Wind Map at 80m
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Case Study: NREL WEST STUDY M. FEEW BHAEREVELL
OBJECTIVES = PR EET S H i

1) Create a 4D meteorological data set 1) FR7IR A 2 [E R R i A4 S S A 4R
that covers the entire western United

States at: N s .
200 FL (24E) 7= W) oy e e

* multiple heights above the ground ) Eﬁﬁgﬂﬁﬁﬁ%§4\ﬁﬁﬁi(léﬁ?
(1D), o SMFERELOZ PR (148)
Sl w152

* a spatial resolution of 2km (2D),

* every ten minutes for a period of 3
years (1D)

- The order of these (D’ s) matter. 9) AN B A 2 2 [ T AR B YR S 5

2) Provide this entire data set to NREL. 3) fighs/i/s i, Imt30, 00047 &
(¥ RBE R AR (REA b 30MWIF 25 0) , Al i AT

43 fEIT R, XLk A7 Y
3) Estimate 900 GW of potential wind QO0GWHITAE MFETF Atk X Ee A2 5 Pl

energy output from this
meteorological data set by modelling

30,000 locations each with a " L
nameplate capacity of 30 MW. This 4) R SR PGS S T A RIS 5

includes forecasts too!
5) AL AT B G, IXAE o] A 3D SR
4) Provide this entire data set to NREL.

5) Bujld an interface so that users can 3TIER
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Creating the WWSIS Dataset
EITWWSISEiE &

* The final WWSIS wind dataset was a large dataset to
create (and post—process)

RABIMKWWSISREESE R B AR (F/aHAE) .

e Total area was over 1.2 million
grid points.
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REPS
e Fach grid point had a three year,

ten—minute time series equal to
157,680 data points.
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e Fach time series was comprised of
21 modeled variables.
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Creating the WWSIS Dataset EILWWSISEURESE

* The following data was o DU AR SR
developed for each grid point:

10m, 20m, 50m, 100mA1200m ) R AT X
e Wind speed and direction at 10 m, ﬁﬂm i oH wf mffg KA

20 m, 50 m, 100 m, and 200 m

FE 35 HE 22 0m, 2m, 20mA150mAb (135

e Temperature at Om, 2 m, 20 m
and 50 m above the surface

e Specific humidity at 2 m above ° BB 2mAL I
the surface

* Pressure at the surface o HLR K T

e Precipitation at the surface o HLERPFEKE

* Downwelling radiation (longwave H 2R R S
(i?“qmihortwave) at the surface (ﬁﬁ*nﬁy&)w 3TIER




Creating the WWSIS Dataset

integration
synthetic wind

e To perform the
study,

projects had to be developed.

e The first task was to
identify which sites were
most practical;

* Selection of Pre-
Existing/Pre—Proposed Sites

o Proximity to Transmission (in
study area)

* Load Correlation (# sites per
state from NREL)

* Wind Power Density (# sites
per state from NREL)

¢ Qver 32, 000 possible
locations were selected.
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3TIER NREL Wind Integration Study

Ry

3TIER NREL X\ HL3: AHWF5Y

http://www.nrel.gov/wind/integrationdatasets/western/data.html
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I[SSUES: How much
. 2/ DHIEHKZ?

variable=windspeed_100m

frame 1/6

displayed range: 0.247671 t/ 31.30/8 (0.2:'7671 to 31.9(78 st n'vn)
Current: (i=290, j=40) 12.4688 (x=290, y=40)

“ A« m » lzl Edit ? Delay: I opts

3gauss InvP  InvC

Quit -1

MX2 Linear Axes Range Repl Print

[ 15
Var: latitude longitude mask times

elevation

winddirection_2 windspeed_som winddirection_5 [OUEVINIRDN] &

winddirection_1 windspeed_200r winddirection_2 windspeed_S001

winddirection_5 temperature_Om temperature_2m temperature_20|

i
temperature_ 501 specifichumidity pressure_ Om  longwavedown_ " . .

shortwavedown, precipitation_0n

Dim: Name: Min: Current: Masc: Units:

Scan: time 0 0 3
¥Y: south_north 0 Y- 299

X west_east 0 X 298

5.1 TBytes per year:

15.3 TBytes total
DOWNLOAD IT ALL in 283 DAYS
(5Mbps) AND

store it on a US$20k High
Capagity, RAID Storage system

windspeed_10m winddirection_1 windspeed_20m -

data is too much?

A
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Validation (Nevada)
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Validation (Colorado)
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Observations can be used to improve results
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— MOS-corrected, r2 = 0.92
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» Weather Modeling provides only weather data
RABBAN S PR S s

» These data still need to be converted to power to
estimate project output.

RN T e e D2 Ja A REAl 50 H Dt o
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Simulation of
Synthetic Projects

* The other process is  SCORE L SCORE. (S SR 7
(Statistical Correction to Output ¢ T w2 A
ST RGED

ﬁ

GAEMHMBE

from a Record Extension).

* Why is SCORE required? Modeled — * M1t
wind speeds are often too =

2 it BESCORE? BRAVL [ X T8 £
I E

persistent
. : o T 2 Tl 3 v 1) T R
e Simple upscaling of jﬁﬁﬁjﬂﬂ‘ ) S R (ST L
manufacturer’ s rating curves EH;}%J;? 1:%*”‘&%%’\&%?{%
} N o

does not model farm-wide
smoothing relationships.

o X370 FEUE TR 22 RS

e “Farm-wide” rating‘ curves are R i 26 0 KR th B i, 369
developed from empirical data B KU 4145 L 4 R 1 2 R
for an entire farm and are HLA o 1 52

subject to farm specifics such
as project size and turbine

layout. o U ¥ N ThA 2 AR e R

. Wll’ld speed to power conversion 21 &or 3TIER
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Simulation of Synthetic Projects
ZeEmB{BEERE

* The relationship between wind speed and power output is not
fully deterministic

RGHERN Ly A48 HH 22 1) AN S i g PR R &R
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Wind Speed [m/s]
Simulation of AT HE
Synthetic Projects
e How does SCORE work? e SCOREZZ#N{a] T4E/Y?
* Accurately modeling an o HAN(EN) KA BHREREE
individual turbine (or string FEMNAH I REAN X,

of turbines) will result in a
more accurate representation of
the entire wind farm.

e SCORE is based on empirical « SCORE 77 ¥ & & T XUIH 21| T % fn
experience with wind speed to W2, 5HH T R R
power output - related directly & 2% 18] R ~) RN HEAH oG,

to the size of the grid spacing
used in the mesoscale model.

+ However, it is important to note - B, M‘zﬁ‘%%w%i‘SCORE%
that SCORE is designed to operate i i i L7 N B ey o =
in a probabilistic manner and so WA RS E N2 HiEiTas T
it may not be right at any given e ANITEHf. sz e T4t
moment. Instead it is designed to . w
provide statistically correct data. S NIRTE C

23
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I Cbserved Power

I F ted Power from Cbserved Wind
I R ated Power from Modelled Wind
N SCORE-lite Power

Count of Events in Histogram Bins

-95-90 -85-80-75-70-65-60-55-50 -45-40-35-30 -25-20-15-10 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Histogram bins (for changes = +/~10% of maximum capacity)
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Conclusions
it

* Getting good information is key to understanding and
operating a power system - and weather—driven
renewables can only be understood by understanding the
weather.

AT IERIHIE & B AT ISAT L) RGEHI R T, FUA B R4 RE L
RIS R A R

e It 1is possible to produce accurate forecasts or
backcasts anywhere in the world, wusing a numerical
weather prediction model.

A I R PR R w ] LAty P s w3 th A e 35 R

 Care must be taken in validating the weather data as
well as in converting the weather data to synthetic
project output.
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Can this approach be used in
China®
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& Skm Wind Map at 80m
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