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“"Wind and solar make up almost 50% of world electricity in 2050 - ‘50 by 50’ -

and help put the power sector on track for 2 degrees to at least 2030.”
Bloomberg NEF New Energy Outlook 2019 https://about.bnef.com/new-energy-outlook/
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BT
US renewable energy transition to Solar + wind + storage developers
move faster than anticipated by 2022: '‘searing up' as hybrid projects edge to
FERC report
o market

Dive Brief: A "wave" of new projects is coming to use wind, solar, and battery storage in

ways that will stabilize grids, increase efficiencies and lower power costs.
e By June 2022, the pace of U.S. renewables growth is going to
surpass fossil fuel growth by a significantly greater margin than
what FERC had anticipated as recently as April, according to the

commission's May 2019 Energy Infrastructure Update, released
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Friday.
e The renewable energy-focused SUN DAY Campaign said new [EIEF
renewable energy capacity would grow more than 10% by 2022 PNM proposes gas, solar+storage mix

while fossil fuel capacity would only increase about 1%,

compared to the April forecast of a 5% net increase. The fossil as CheapeSt Optlon to replace San

fuel dip will be largely driven by the more than 4.6 GW of coal Juan coal plant
forecast for retirement, according to FERC's May update.

e While SUN DAY's analysis asserts that FERC "drastically revised"
its 3-year forecast, "the generation additions/retirements section
of the monthly report is NOT a forecast or prediction of

Commission expectations," FERC media relations director Mary
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Background: Solar Variability

Power from solar plants can be highly
variable due to clouds

Variable Power Output of a 28 MW PV Power Plant
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Background: Solar Variability

Variable Power Output of a 28 MW PV Power Plant
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Background: Solar Variability

A 20 MW ramp is about equivalent to the
demand of 10,000 homes

Variable Power Output of a 28 MW PV Power Plant Large Solar Power Ramps
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Background: Solar Variability

Variable Power Output of a 28 MW PV Power Plant
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Output from a gas turbine can be ramped
quickly. Helps backup solar

Power Output of a Gas Turbine
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Variable Power Output of a 28 MW PV Power Plant
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Background: Solar Variability

Utilities are accustomed to controlling and
scheduling their generators from a control
room
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Background: Solar Variability

Clouds/weather control the output of solar Utilities are accustomed to controlling and
power plants scheduling their generators from a control

room




Background: Solar Variability

Forecasts allow Utilities to schedule other resources (batteries, market purchases,
gas turbines, etc.) during expected drops in solar power.

Current day solar power forecast

f

-- Data
Forecast

Power

Time



N

Mojave K 4
National 3
Preserve

0

oshua Tree
ational Park

w

Henderson

>

wie |

a !
Mexicali &

UA Operational Forecasting Partners

APS

G
ab
Nationk/ Forest °Flfigstaff i .
Wlnglow 40}
Sedgn Holtz)rook
Y oCottogvood
Wé Pr —
tiona est N
ARIONA Show Loweo (
i ﬁ Pinetopiakeside\ >4
Tonto National
Forest
=
\
S8
e Cabeza %
Reserva 0 Nationa
la Biosfera lld/lfe
El Pinacate y CTHEQ
Gran...

Puerto Pefiasco
o]

bllupe @
Tucugncariw
20 404
aolvsa W
Cic‘)’viﬂ
‘CibOIa \ l Portales
National Forest NEW M X 1cOo ta |
I
Kracsonn 22 |
ila Nationa ‘
GOLCSt Ruidoso Rosgvell
Truth or
Consequences
l i ~ Artesia
Silver Gity Ii\)@ = 2 HOEDS
25/
Lordsburg \ 7 LasG Carlsbad
I
- %
El'Paso
Mon
Pecos 120/

Agua Prieta

Y N

@ \m
Van Horn ===



erational Forecasting for Utilities

B THE UNIVERSITY OF ARIZONA.,
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Renewable Power Forecasting

Solar Forecast Arbiter
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Weather Forecasting with WRF

WRF: Weather Research and

Forecasting
Open-source mesoscale
numerical weather model

Run by many groups: NOAA,

universities, etc.

UA HAS runs WRF ~10 times

daily
NOAA NWP model (GFS,

NAM, RAP) output for initial

and boundary conditions

V' N

Outer domain: 5.4 km,
western CONUS

Inner domain: 1.8 km,
Arizona and New Mexico
High resolution captures
more topography
http://www.atmo.arizon
a.edu/?section=weather
&id=wrf


http://www.atmo.arizona.edu/?section=weather&id=wrf
http://www.atmo.arizona.edu/?section=weather&id=wrf
http://www.atmo.arizona.edu/?section=weather&id=wrf

ADVI: Arizona gridded Data VIsualization

UA HAS WRF 2m Temperature (°F) from 2019-07-02 GFS 06Z valid at 2019-07-02 16:30 MST

e Interactive Bokeh
visualizations of
forecasts from
WRF

e Helpful for model
configuration and
development

' forecasting.energy.arizona.edu/advi


https://forecasting.energy.arizona.edu/advi

ARTSy: Arizona Rainfall Tracking System

MRMS Precipitation (inches) 2019-03-12 00Z through 2019-03-13 00Z

e Bokeh
visualization of
MRMS
precipitation
estimates

e Used to verify
WRF
precipitation
forecasts

ttp://mims.ncep.noaa.govidata. Map tiles from Stamen Design. Plot generated with Bokeh by A. Lorenzo, W. Holmgren, M. Leuthold, UA HAS

ﬁ forecasting.energy.arizona.edu/artsy
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nabu: renewable forecast generation with Dask

Processes weather forecasts from WRF into wind and solar
power forecasts

Strategically utilizes Dask.delayed to parallelize operations
Used for both production forecasts and research into
improved forecasting methods

In production, the distributed scheduler is used to run on
multiple worker nodes

Generates new forecasts for each utility every 5 minutes

A
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Forecasts for all Utility renewable power plants




Forecasts for all Utility renewable power plants

Determine the locations to make forecasts
for and the parameters of each forecast
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Forecast for single power plant

Compute power
forecasts with pvlib

Combine forecasts
from different
models and at

| multiple time
horizons

Get weather
forecasts for
power plant
locations
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Compute short term
persistence forecasts
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final power
forecast to be
aggregated and
saved




def compute_forecast_future(
name, unified_index, lat, lon, elev, db, table,
wrf_vars, wrf_to_use, peak_power, units, *,
delayed_config=None, config, #**kwargs):

raw_wrf = delayed(wrf.get_sensor_wrf_forecasts)( e Goalisto keep processing
lat, lon, wrf_vars, wrf_to_use, . .
config=delayed_config) as a simple set of functions

clearsky = delayed(clearsky_profile)(
nam? 13‘(,1 103, eliy,)raw_wrf, unified_index, db, e Instead of using
config=delayed_config

clearsky_fx = delayed(time.interpolate_to)( Dask.Array/DataFrame, we
clearsky, unified_index, config=delayed_config) ; ;

wrf_power = delayed(convert_weather_to_power_pvlib)( wrap functions in
name, lat, lon, elev, raw_wrf, unified_index, DaSk.delaYEd for |azy,
config=delayed_config) . .

persistence_fx = delayed( para”ellzed evaluathn

persistence.compute_clearsky_persistence) (
name, db, table, clearsky, unified_index,
‘solarpower', units, config=delayed_config)
ensemble = delayed(base.ensemble_forecasts) (

wrf_power, unified_index=unified_index, dask
persistence_fx=persistence_fx, ] ’
smooth_pts=config.solarpower.ensemble_smooth_pts, Simple delayed Production
config=delayed_config) functions for - forecasts

combined = delayed(base.combine_forecast_dataframes) (
wrf_power, ensemble, clearsky_fx, persistence_fx)

scaled = delayed(base.scale_forecasts)(
name, db, peak_power, combined, unified_index,
config=delayed_config)

return scaled

research

A



def compute_forecast_future(
name, unified_index, lat, lon, elev, db, table,
wrf_vars, wrf_to_use, peak_power, units, *,
delayed_config=None, config, #**kwargs):

raw_wrf = delayed(wrf.get_sensor_wrf_forecasts)( e Goalisto keep processing
lat, lon, wrf_vars, wrf_to_use, . .
config=delayed_config) as a simple set of functions

clearsky = delayed(clearsky_profile) (
nam? 13‘(,1 103, eliy,)raw_wrf, unified_index, db, e Instead of using
config=delayed_config

clearsky_fx = delayed(time.interpolate_to)( Dask.Array/DataFrame, we
clearsky, unified_index, config=delayed_config) ; ;

wrf_power = delayed(convert_weather_to_power_pvlib)( wrap functions in
name, lat, lon, elev, raw_wrf, unified_index, DaSk.delaYEd for |azy,
config=delayed_config) . .

Dersistence.fx = delayed( parallelized evaluation

persistence.compute_clearsky_persistence) (
name, db, table, clearsky, unified_index,
‘solarpower', units, config=delayed_config)
ensemble = delayed(base.ensemble_forecasts) (

wrf_power, unified_index=unified_index, dask
persistence_fx=persistence_fx, ] ’
smooth_pts=config.solarpower.ensemble_smooth_pts, Simple delayed Production
config=delayed_config) functions for - forecasts

combined = delayed(base.combine_forecast_dataframes) (
wrf_power, ensemble, clearsky_fx, persistence_fx)

scaled = delayed(base.scale_forecasts)(
name, db, peak_power, combined, unified_index,
config=delayed_config)

return scaled

research

A



def compute_forecast_future(

name, unified_index, lat, lon, elev, db, table,
wrf_vars, wrf_to_use, peak_power, units, *,
delayed_config=None, config, **kwargs):
raw_wrf = delayed(wrf.get_sensor_wrf_forecasts)(
lat, lon, wrf_vars, wrf_to_use,
config=delayed_config)
clearsky = delayed(clearsky_profile)(
name, lat, lon, elev, raw_wrf, unified_index, db,
config=delayed_config)
clearsky_fx = delayed(time.interpolate_to)(
clearsky, unified_index, config=delayed_config)
wrf_power = delayed(convert_weather_to_power_pvlib)(
name, lat, lon, elev, raw_wrf, unified_index,
config=delayed_config)
persistence_fx = delayed(
persistence.compute_clearsky_persistence) (
name, db, table, clearsky, unified_index,
‘solarpower', units, config=delayed_config)
ensemble = delayed(base.ensemble_forecasts)(
wrf_power, unified_index=unified_index,
persistence_fx=persistence_fx,
smooth_pts=config.solarpower.ensemble_smooth_pts,
config=delayed_config)
combined = delayed(base.combine_forecast_dataframes)(
wrf_power, ensemble, clearsky_fx, persistence_fx)
scaled = delayed(base.scale_forecasts) (
name, db, peak_power, combined, unified_index,
config=delayed_config)
return scaled

Y. N

Dask optimizes the task
graph to avoid duplicate
computations and to order
the computations

Saving the Dask graph along
with python/Docker versions
provide some provenance for
the computation

Utilize other Dask integrations
(e.g. dask- jobqueue) to run
many hindcasts in parallel for
research



Performance evaluation with the Dask Profiler

e Tasks graphs are
collected, optimized and
sent to a distributed
scheduler

e Workers runin a
Kubernetes cluster

e Adjust function scope to
avoid excessive IO as
tasks compute
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UA Renewable Power Forecasts
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ELECTRIC POWER
RESEARCH INSTITUTE

Sandia
= National
SO|aI‘ FOI‘ecaSt Al‘blter A , Laboratories
Sharply
T avoin Lrocused =20

« Open-source framework for solar forecast evaluations that are
impartial, repeatable, and auditable.

« $1M in funding from the Department of Energy Solar Forecasting 2
program

« Allows forecasters to compare their forecasts against a set of
benchmarks, and allows utilities to compare many forecasts

« Ultimately lowers cost of solar power

« https://solarforecastarbiter.org

« https://github.com/solararbiter

« https://dashboard.solarforecastarbiter.org

PV N


https://solarforecastarbiter.org
https://github.com/solararbiter
https://dashboard.solarforecastarbiter.org

Thank you!

Bakeh /7/ DASK

matpl:tlib pandas

Yit =BTy + i + €

’ ' xarray

forecasting.energy.arizona.edu github.com/uarenforecasting
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