IINREL |40

NATIONAL RENEWABLE ENERGY LABORATORY 1977 - 2017

Overview of Wind and Solar Power
Forecasting

Vahan Gevorgian , NREL

Workshop on Current practices in Wind and Solar forecasting
January 22-23, 2018
Chennai, India

MREL is a national laboratory of the U.5. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



National Renewable Energy Laboratory (NREL)

Siemens 'QQS'MW-dynamomete[; BN R AR
2iYY : 5 MW dynamometer,

Research Turbines
2 x 650 kW Alstom
3 MW

.

NS AN
AAAAL A

NATIONAL RENEWABLE ENERGY LABORATORY




Changing Flexibility Resources Landscape

'l RELATIVE ECONOMICS OF INTEGRATION OPTIONS
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Challenges of Forecasting Variable and Uncertain Generation

Wind power
oo Solar PV Power

7 days in July 2014, only 14-hr window shown for each day
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« How can wind and solar forecasting improve power system
operation by reducing integration cost of renewables?

 How to produce reliable and accurate forecasts at different
time horizons?

 How to integrate resource forecasting system into power
system operation and decision making?
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U.S. Annual and Cumulative Wind Power Capacity Growt

Additional 136.8 GW in the queues in 5 years
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American Wind Energy Association | U.S.Wind Industry First Quarter 2017 Market Report | AWEA Public Version
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U.S. PV Installation Forecast, 2010-2022
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Source: GTHM Research
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U.S. Wind Installation and Generation by ISO

Bonneville Pawer Administration MISO

Record Wind Outputz 4,512 MW 2/22/2013 Record Wind Output: 11,835 MW on 1/8/2015
Parcent of Genaration: 40.9% on %/30/2014 Percent. of Demanc: 25% on 11/23/2012
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. MNew England

4 {ISO-NE)

214 MW

Mew York IS0 I
(NYISO) i
1,731 MW

Califemia
IS

o
(CAISO)
741 MW

Electric Reliakbil
Council of Texas [ERCE

12,470 MW

PJM

Record Wind Output: 5,467 MW on 11/3/2014
Percant of Demand: 7.1% on 47/2013

CAISD

Record Wind Output: 4,768 MW on 411272014
Percent of Generation: 17.5% on &/7/2013

ERCOT EPP

Record Wind Owtput: 7,625 MW on 1/7£2015
Percent of Demand: 33.4% on 4/&/2013

Record Wind Output: 10,957 MW on 12/25/2014
Percert of Dernand: 39.79% on 3/31/2014

Source: AWEA
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“Flexibility” Can Help Address the Grid Integration Challenge
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What Services Can a Forecast Provide?

* Economic benefits through: * Potentially impacting all timescales:

Improved unit commitment

— Day-ahead forecasts for most thermal
units

— 4-hour-ahead forecasts for combined
cycle natural gas plants

System Load (MW)

Reduced re-dispatch costs T o Day ()

— Less “mileage” on operating units M/ e : —-/F"\:
seronds o minutes minubes to hours day
— Less starting of gas turbines and other
fa st acting unitS Regulation Load Following Scheduling

Reduced reserve levels
— Regulation reserve

— Flexible/load following reserve N\W\

Decreased curtailment of RE generation o

Days
Unit Commitment
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What Impacts the Magnitude of Forecast Errors

'Forecast errors are affected by the forecast time-horizon, local |
| geographic conditions, geographic diversity and data quality

* Forecasts become less accurate for longer look-ahead time
horizons

* Local conditions affect RE forecasts differently

o Wind: Hills and trees reshape wind speeds and directions

— Complex topography increases wind forecast errors

o Solar: Clouds cause variability and uncertainty in real-time solar irradiance

— Cloudless areas typically have lower forecast errors
* Geographic diversity of RE resources reduces errors

* Data quality can greatly improve forecast accuracy

Courtesy B. O’Neill, NREL
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Why are Forecast Errors Important?
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Solar Power Forecasting

 Solar forecasting is about
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Resource Forecast Value Chain

Adapted for Energy. Original from leff Lazo, NCAR
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Pretty Good Lots Of Room For Improvement

J

Variable RE and load forecasts provide enormous return on
iInvestment

But value chain is not being fully utilized, especially for variable
RE

* More value can be extracted if there is more focus on the
elements to the right

— These convert data into actions and outcomes

Courtesy B. O’Neill, NREL
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Wind Forecasting Role in Market Operations

Generation

Regulation,
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market clearing
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congestion management  NWP models
fe"h;:’e”':,']’;%t FeSEYe Mainly NWP with
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market trading,
congestion management

systematic biases

Long term

Week(s), Seasonal,
1 year or more

Resource planning,
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Courtesy B. O’Neill, NREL

Statistical methods
include:

» Persistence

* Neural networks
* Dynamic neural

networks
* Analog
ensembles
e Spatial
correlation
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How are Wind and Solar Forecasts used in Operation?

Alberta Electric System Wind

Operator

Arizona Public Service Wind X

Bonneville Power Wind X

Administration (BPA)

California Independent Wind and solar

System Operator (CAISO)

Glacier Wind Wind X

Idaho Power Wind X

Northwestern Energy Wind

Sacramento Municipal Utility | Solar

District*

Southern California Edison® Wind* and solar x>

Turlock*** Wind

Xcel Energy Wind and solar X
Also parficipants in the CAISO's Participating Intermittent Resource Program Source:

For hydro only, not natural gas

Uses forecast for trading, optimization, marketing, and compliance with BPA scheduling directives

Source: Porter and Rogers, 2012.
Survey of Variable Generation
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Average Total Regulation for 6 Dispatch/Lead
Schedules by Aggegation (Dispatch interval -
Forecast lead time)
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Courtesy M. Milligan, NREL
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Example of certified power curve for

Equivalent Wind Plant Power Curve

Accurate equivalent plant power curve is

a single wind turbine generator extremely important for calculating

Fower (kW)
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power output from wind speed forecasts

200 Ao
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Diversities of wind speeds exist in
large wind power plats

Many wind generators spread over
plant footprint (sometimes at
different elevation)

Equivalent output of the plant is 0 20 40 60 80 100
influenced by many parameters Turbine Number
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Incorrect Equivalencing Results in Power Forecast Errol

* No single wind speed can adequately represent the
wind conditions across the entire wind plant

e Many wind speed values are required to characterize
the plant operation.

e Depending on how the wind speed values are
obtained, using them to characterize the plant
operation can result in large uncertainty.

Number of

available turbines
Single turbine l

P
i Incorrect Incorrect Impacts on
—-m*» equivalent ——» wind power ——— dispatch and unit
T plant power forecast commitment

'

Forecasted average
plant wind speed
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Example: 300 MW plant

PROBABILITY DENSITY

e 100 x Vestas V90 3 MW wind turbines

/

Average plant wind

__speed from forecast
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Equivalent Wind Plant Power Curve

e Example - 300 MW plant, 100 x V903 MW wind turbines

Periods of low wind: Periods of high wind: Periods of very high wind:
Forecast is less than actual Forecast is more than actual Forecast is less than actual
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Thank you!

www.nrel.gov
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