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E High-resolution wind power time series are needed across all energy applications.
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Data Needs for Power System Models and Forecasts

High-resolution wind power time series are needed across all energy applications.

Almost all applications require or benefit from generator/plant-level time series.
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High-resolution wind power time series are needed across all energy applications.
Almost all applications require or benefit from generator/plant-level time series.
High temporal resolution is especially crucial to characterize hourly and intra-hourly uncertainty.

) Nt oW . - )
Production Hourly Plant-level ° o ’ i, o W%
Cost Model i G 1. <Y -“F'%"S%*‘%;“

L L8 Lo SRty /"P;;NNS VA AoNewYork
Optimal Power | 1-minute Plant-level v, 0® o, ® A,W?A.,&g
o S ®
FIOW o i . ' - @ C @)RGINIA | ©
Imbalance 1-minute Plant-level ‘ o o Bilee N\
Reserves IFORNIA £ . ( 7 \ A TENNESSEE Keouri
. . .Baker S .. | ARKANSAS &~
Operational 5-minute, Plant-level * e |
ARIZON ) MISSISSIPPI Jacksgnville
Forecasts Hourly @
o g&iad.Juérez LOUISIANA TP
S2S Forecasts | Hourly Plant-level, g 6k
Balancing- R Ry L
level o Mexic e



— ;{ Data Needs for Power System Models and Forecasts

Northwest

NATIONAL LABORATORY

High-resolution wind power time series are needed across all energy applications.
Almost all applications require or benefit from generator/plant-level time series.
High temporal resolution is especially crucial to characterize hourly and intra-hourly uncertainty.
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* Open-source benchmark datasets have been accumulated through the IEA
Wind Task 36:

* RE-Europe (2012 — 2014):
v Nodal-aggregated capacities (uniform and proportional to wind energy potential), hourly
v Single power curve
v Not created for specific plant-level characteristics nor anticipated installations

= NREL WIND Toolkit (2004 — 2007):
v' 2km gridded (126,000 U.S. sites), 5-10 min
v' Composite power curves created for 3 onshore average wind speed classes, 1 offshore class
v Not created for specific plant-level characteristics nor anticipated installations

https://mww.ie awindforecasting .dk/work-packages/workpackage-2/task-2-3
RE-Europe: https://doi.org/10.1038/sdata.2017.175
WIND Toolkit: https://www.nrel.gov/docs/fyl40sti/61714.pdf



https://www.ieawindforecasting.dk/work-packages/workpackage-2/task-2-3
https://doi.org/10.1038/sdata.2017.175
https://www.nrel.gov/docs/fy14osti/61714.pdf
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» Plant-specific turbine characteristics:

= Existing U.S. Energy Information Administration (EIA) recorded
power plants — 9 default power curves + 1 actual power curve

* Hourly meteorology from:

* 5-minute meteorology from:

F Y
Resolution

reV
2km 5 min power

[ *

Fine WTK-LED
2km 5 min wind
Reinit. monthly

no nudging

Super Resolved ERAS
2km 5 min wind

Original Wind Toolkit
2km 5 min 2007 - 2013

1 Gen WTK
1 hr 2004 -
2006

Super resolveé ———5 HRRR
Convert to powelr ———— 3 km 1 hr 2014 - 2020

ERAS
30km 1 hour 1940-present
Baseline reanalysis

i iNREL
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= Planned on-shore, off-shore power plants — 9 default power curves

U.S. National Intra-Hour Wind Power Database

Wwind Speed Class

Wind Al |A2 | A3 Actual

Technology

Class Bl |B2 |B3 + | Power
l C1l C2 C3 Curve

= ERA5 (2000 — 2020), 1st Generation NREL WIND Toolkit (2004 — 2006), HRRR (2014 — 2020)

= ERADS Super-resolved (2km), 2" Generation NREL WIND Toolkit, 3rd Generation NREL WIND Toolkit
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Welcome to wind-turbine-models.com

Manufacturer Turbines Marketplace Models

® P A g

* EIA

Plant

U.S. Wind Turbine Database

Database Release: April, 2022
Data Source:
Map Interface:

The provides onshore & offshore wind
turbine locations in the United States,
corresponding fadility information, and turbine
technical specifications.

The USWTDB contalns turblnes wit

a total rated capacity of 134,261 MW

(zoom Into an area to calculate reglonal statistics)

When zoomed out, display turbine data as:
Density Heatmap (@  Point Locations

Relative density of turbines

https://eerscmap.usgs.gov/uswtdb/

Collector

 EIA
« USGS
) e USGS
e Turbine
Turbine model
data
sheets
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EIA Plant Code

Plant name

Location:

» Street address

« County

 Lat./Long.

Technology (Prime Mover)

« Offshore Wind (WS)

* Onshore Wind (WT)

Capacity

« Nameplate capacity
(MW)

 Nameplate power factor

« Summer capacity (MW)

» Winter capacity (MW)

* Minimum load (MW)

Operational status

 Status changes

Grid voltage

EIA Generator ID

Lat./Long. of collector/
PCC

Technology (Prime Mover)

» Offshore Wind (WS)

* Onshore Wind (WT)

Capacity

* Nameplate capacity
(MW)

« Summer capacity (MW)

« Winter capacity (MW)

Number of turbines

EIA Predominant Turbine
Manufacturer

EIA Predominant Turbine
Model Number

EIA Design Wind Speed
(mph)
EIA Wind Quality Class

EIA Turbine Hub Height
(Feet)

Operational status
 Status changes

/

USGS Turbine ID
USGS Project name
Lat./Long. of turbine
Turbine Manufacturer
Turbine Model

Rated capacity (MW)
Hub Height (m)

Rotor Diameter (m)
Swept area (M"2)
Number of blades

Total Height (m)

Cut-in wind speed (m/s)
Rated wind speed (m/s)
Cut-out wind speed (m/s)
Wind Class (IEC)

Power Curve (kw) (fora
range of 0-25 m/s)
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Palouse wind plant example

EIA 860 Plant Table data

2019 Form EIA-860 Data - Schedule 2, 'Plant Data’

Utility Plant|Plant Street NERC < %
Utility ID|Name Code|Name Address |City State Zip County Latitude| Longitude| Region
Novatus, 1171 Baird R \pid
60453 |Energy gJPalouse  |Road Oakesdale| WA 99170 |Whitman 47.15587 , oo
d Nanaimoo Su?rey
Victoriao
Seattle
O
FERC FERC Exempt |[Transmis |Transmis| s jlacorna
FERC FERC Small Exempt | Wholesal |sion or sion or |Di o
FERC |Cogenera| Small Power |Wholesal e Distributi | Distributi Olyie Yakima
Cogenera tion Power | Producer e Generator|on on S M A (NDTRN
Sector tion Docket |Producer| Docket |Generator| Docket [System System | ( RESERVATION
Sector Name Status | Number | Status | Number | Status | Number |Owner Owner ID \ )
Portland "
IPP Non- Avista <
2 CHP N N Y 12-45 |Corp 20169 - i Salem
Lincoln Cityo [o)
Newporto Cor\(/)allis
Eugene Bend
OREGON

WASHINGTON

vl C IV, OUS0O0% /U
Project Name: Palouse
Year Online: 2012

Rated Capacity: 1.8 MW
Hub Height: 80 m

Rotor Diameter: 100.00 m
Total Height: 130.10 m
Turbine Manufacturer: Vestas
Turbine Model: V100-1.8
Attribute Confidence: High
Location Confidence: High
Latitude: 47.136894
Longitude: -117.282288

®0

BL/
- I
' ! RESI
\Kootenai
National Eorest
. Flathe
Nationallf
Spo , ELATHEAD
. RESERVATIO
MissoL
O
NEZ PERCE
RESERVATIGON
Wallowa-Whitman Salmon-C
NationallForest National F
Boise ID
(o]

RO,
+ Nampa
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2019 Form EIA-860 Data - Schedule 3, 'Generator Data' (Operable Units Only)

may be specified as multiple generators.

Can
Bypass
Heat
Recovery
Steam | Nameplate| Nameplat| Summer Winter
Utility Plant|Plant Generator| Technolo | Prime Duct |Generator| Capacity| e Power| Capacity| Capacity
Utility ID|Name Code[Name State County ID gy Mover Unit Code Ownership | Burners ? (MW) Factor (MW) (MW)
Onshore
Novatus Wind
60453 |Energy 57530|Palouse WA W hitman 1 Turbine WT S X X 105.3 105.3 105.3
Associate
d with
Uprate or | Month Year Combine Turbines
Derate |Uprate or | Uprate or Synchron d Heat Topping Solid Fuel| Carbon or
Minimum|Complete| Derate Derate ized to Planned | Planned and or Gasificati | Capture | Hydrokin
Load| d During |Complete | Complete Transmis |Operating|Operating | Retireme | Retireme | Power Sector Bottomin | Energy on Technolo etic Multiple
(MW)| Year d d Status |sion Grid | Month Year nt Month | nt Year | System Name Sector g Source 1 | System? gy? Buoys Fuels?
IPP Non-
0.0 N OP X 12 2012 N CHP 2 X WND N N N

* This table contains fields for any type of generating asset — the Wind Table
contains additional fields specific to wind generating assets

* The plant is listed as a single “generator” of 58 turbines. Some wind plants
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Palouse wind plant example
EIA 860 Wind Table data

2019 Form EIA-860 Data - Schedule 3, 'Wind Technology Data' (Operable Units Only)

Utility Plant|Plant Generator Technolo
Utility ID|Name Code|Name State |County ID Status gy Prime Mover |Sector Name| Sector
r Onshore
Novatus Wind IPP Non-

60453 |Energy 57530|Palouse WA W hitman 1 OP Turbine WT CHP 2

Predominant Design Turbine

Nameplate| Summer Winter Number|Predominant |Turbine Wind| Wind Hub

Capacity| Capacity| Capacity|Operating |Operating of|Turbine Model Speed| Quality Height

(MW) (MW) (MW)| Month Year Turbines|Manufacturer |Number (mph)| Class (Feet)

105.3 105.3 105.3 12 2012 58|Vestas 17.0 3 262.0

 Information for each turbine is not given, only characteristics of the
predominant turbine type
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- “"0sed for Turbine Layout (The creation of this database was jointly funded by the U.S. Department of Energy (DOE) Wind Energy
Technologies Office (WETO) via the Lawrence Berkeley National Laboratory (LBNL) Electricity Markets and Policy Group, the U.S.
Geological Survey (USGS) Energy Resources Program, and the American Clean Power Association (ACP).

./ LISCOVEry - Innovatl.. ges Join conversation

- x
sQ Turbine ID: 3045190

Project Name: Palouse

Year Online: 2012

Rated Capacity: 1.8 MW
Balder Hub Helght: 80 m

Rotor Dilameter: 100.00 m

Total Heilght: 130.10 m
L Turbine Manufacturer: Vestas
Turbine Model: V100-1.8

uswtdb

Attribute Confidence: High
® Location Confidence: High
== o Latitude: 47.162193

Longitude: -117.328789

® 5

Thornton
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 Used for Wind Turbine Power Curve

‘;ind-turbine-mode\s.com Search
O
[

Marketplace Manufacturer Turbines Models Service Pictures More

Vestas V100-1.8

Pictures Datasheet Power curve Marketplace Spare parts Service Models

v Power data
1 8 MW . - X Pictures
p) H X Models

Pictures

There are no pictures stored

Datasheet
Power
Rated power: 1,800.0 kW
Flexible power ratings:
Cut-in wind speed 3.0m/s
Rated wind speed 120 mis

Q

Login

Power curve
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EIA860m: Monthly MWh

EIA930: Hourly MW produced at the
produced at the power plant

balancing authority

|
|
i
|
Power Plant i
|
|
|
|
|

Bonneville Power Administration (BPAT) electricity generation by

. BPA 2022 energy source 9/30/2022 — 10/18/2022, Pacific Time
60 3,000

- “ || || || || “ “ “ | ‘ ‘ ‘ -
20 1,000
0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[ Syﬂth etiC [ E|A860m D iﬁerent . 30-:;1! 2022 10 Octl. 2022 17 Ocl. 2022
L aggregaton m»™
BPA, CAISO: 5 minute system production ggljevgls EIA930: Hourly MW produced at the

at the balancing authority

BPA Balancing Authority Load & Total VER, Hydro, Fossil/Biomass, and Nuclear Generation, Last 7 days
130ct2022 - 200ct2022 (last updated 190ct2022 11:00:31)

balancing authority, only one power plant

AVA July 2018

@
S
——

Generation (MW)
=23
o

AVA 2018
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i
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* Meteorology

= ERAS hourly
= Super-resolved* to 5 min, 2km

« Power plant characteristics inventory
= Number of turbines

= Predominant turbine manufacturer ;

= (Power curve — wind-turbine-models.com) TN
= Hub height, rotor diameter, rated wind speed g , o
= Plant layout ) B | e h

¥
© 2021 Mapbes © OpenSirectMan ~

° Plant_/region'level hiStoricaI prOdUCtiOn fOr Va-"dati()n https://windeurope.org/iHtelligence-platform/.iniera(;\tivéldata-and:maps/

= ENTSOE-€,
v 30min, hourly, since 2011

v Inconsistent availability

= Open source wind/wind-power datasets (Effenberger 2022):

v For use in comparison against forecasts
v" Inconsistent availability

*Super-resolution developed at NREL:
https://doi.org/10.1073/pnas.1918964117

ENTSOE-e: https://transparency.entsoe.eu

Effenberger 2022: https://doi.org/10.1002/we.2766
17
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Thank you
allison.m.campbell@pnnl.
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