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But first,

The status and future of renewables in the Southwest

unstack Renewables by Type i
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SVERI
Southwest Variable Energy Resource Initiative
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Southwest Variable Energy Resource Initiative ¢ University of Arizona Renewable Energy Network e org
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SVERI Public Access Data Portal Change theme
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Dispatchable vs. Variable MST
Renewables
Solar The Renewables and Load graph shows the total SVERI Load, the total SVERI renewable generation, and the Net Load after es. The Net Load after Renewables is the load that
must be met using conventional resources such as coal, gas, and nuclear or by importing energy from other regions of the terconnection. Net Load after Renewables is
Wind calculated by subtracting the total renewable generation from the total load.

Rooftop Solar Tip: hover your pointer over one of the lines on the graph to get its value at that point in time.

_ Next: Variable Energy Resources (VERs) and Load
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TEP’s Solar Power Variability
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(Part of) The Solution:
UA renewable power forecasts

How can forecasts help utilities keep energy costs low and maintain
grid reliability?

 Improve energy market trading strategies

* Schedule more efficient generators (e.g. combined cycle vs.
combustion turbine)

 Reduce costs associated with generator starts

 Defer maintenance associated with excessive generator set point
seeking

 Optimize the use of battery storage

UA is providing TEP and APS with forecasts as we speak
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UA Forecasting Website for TEP + APS

N THE UNIVERSITY OF ARIZONA.
Toggle 1 day / 3 day view Home Help

Aggregate plots EMS data csv files

Irradiance sensors Rooftop PV Environmental data Maps Other resources
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Different forecasting methods work
better at different time scales

Minutes Hours Days Seasons Years

lansor Network
Satellite Imagery

Numerical Weather Models

E ﬁ 3 Climate Models
®

ARIZONA



Numerical Weather Prediction at UA

Christopher Marks, Creative Commons

Model highlights WREF configuration details:
— 5.4 km outer domain, 1.8 km inner domain ;R;t?in 5 mom. or SBUYLIN
— Initialized on the 6Z and 12Z GFS and NAM '

* Bougeault-Lacarre or ACM2
— Many days include 127 RAP initialization (esp. in summer) Noah LSM

Local challenges include:

— Mountains + moisture + heating = monsoon storms
— Unreliable initialization data from Mexico

— Extreme planetary boundary layer heights

— Rapidly changing land/surface characteristics

1.8 km resolution, 3 minute outputs of:
— GHI, DNI, 10 m wind, 80 m wind, temp
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Wind forecasting: UA vs. TEP vendor
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UA-WRF Wind Power Forecast
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- fX mae

UA-WRF Wind Power Curve

Hourly average wind power vs. hourly average forecast wind speed
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April 2014 UA-WRF GHI
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July 2014 UA-WRF GHI
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—weers Wind Errors 6Z UA-WRF
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UA GHI (W/m*2)

UA-WRF vs. NCEP HRRR Tucson GHI
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UA GHI (W/m*2)

UA-WRF vs. NCEP HRRR Tucson GHI
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UA-WRF vs. NCEP HRRR Tucson GHI

— HRRR vs. UA. 2014-10-01 to 2014-12-31
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HRRR UA day 1 UA day 2 UA day 3 Clear sky

Not a fair comparison because NCEP HRRR does not use the correct egn. of time
So, we subtracted 15 minutes from HRRR time for approximate correction for these months

First HRRR point also discarded

Oct-Dec average of the daily average of 15 minute or 1 hour MAEs



UA-WRF vs. NCEP HRRR Tucson GHI

o HRRR vs. UA. 2014-10-01 to 2014-12-31
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I 1h
120
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g g 3
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HRRR UA day 1 UA day 2 UA day 3 Clear sky

Limit analysis to large (MAE > 60) errors.

Eliminates clear days.

Helps HRRR, relatively, since it is much worse than UA on clear days.
UA day 3 still outperforming NCEP HRRR



Satellite Imagery

Animation available at:
http://forecasting.uaren.org

GOES
1 km visible

fIS_20140821_1530




Satellite Derived Solar Irradiance

GHI 08-21-2014 1545 UTC W m™

Animation available at:
http://forecasting.uaren.org
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Satellite Derived Solar Irradiance

MODIS onboard Aqua UASIBS

07-01-2014 21:23:46 UTC 3 07-01-2014 2130 UTC
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DSSR (GHI) is produced from Goddard Space Flight Center Radiative Transfer Model with
MODIS L2 data.



DSSR (W m?)

DSSR (W m?)

Satellite Derived Solar Irradiance
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Estimated DSSR (W m?) Estimated DSSR (W m?)

Estimated DSSR (W m?)
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Instantaneous sat. estimated vs. observed irradiance at
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Sensor network forecast

Partnered with local PV installer Technicians for
t . bijtenuey Sustainability to obtain access to real-time (5 min
M AL latency) data feeds of residential PV systems.
— Tortolita ro ey
“ Homebuilt irradiance sensors will cell modems
e ”E A%é‘;;;‘ ' (see A. Lorenzo, AMS 2015).
Sagtlaro Fo "
National Park Tanque Network of rooftop solar data and irradiance
*SO,, ] sensors provides most accurate 30 minute
Tucson forecasts.

- 7 ~\
Estates (5)

alencia A
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International
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N R X
04 Utility scale PV &

DG PV "
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Irradiance sensor
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Sensor network forecast

1400 Time-series of sensors 19 and 31

Sensor 31
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Sensor network forecast

1400I , - - .
— Measurement
Animation available at: Persistence
http://forecasting.uaren.org — Network
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Sensor network error statistics
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RMSE on May 19, 2014
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Sensor network error statistics

How much of the improvement over persistence is due to our fancy algorithm and
how much is due to simple aspects such as averaging over space and/or time?

180 Spatially-averaged persistence 180 Time-averaged persistence
160 — 160 B e
140 / —— 140 / e ———
“E 120 Jg 120
5_, 100 clearsky 5 100 clearsky
(LH 80 — instantaneous persistence % 80 —— instantaneous persistence
E 60 2 sensor spatial avg. persistence E 60 S min. avg. persistence
40 4 sensor spatial avg. persistence 40 30 min. avg. persistence
—— full spatial avg. persistence ——— spatial avg. persistence
20 —— network 20 —— network
0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Forecast horizon (min) Forecast horizon (min)

Depends on the day and the forecast horizon, but most of the improvement can
usually be achieved by just averaging irradiance over space and/or time.
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UA forecasting summary
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SVERI Internal Website

N THE UNIVERSITY OF ARIZONA

SVERI Internal Secure Access Data Portal v0.3

Date Selection

Select thedaterange:

Start: 2014-04-14

End:  2014-04-16

Dashboard
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Ramp (dMW in 60min)

2000

1500

1000

500

-500

-1000

-1500

-2000
6000

8000

Ramps vs. Load

10000 12000 14000 16000 18000
Load

20000

Load Ramp
VERs Ramp

22000

24000



5.4 vs. 1.8 km wind forecasts

12 m/s Macho Springs Wind

- 54Kkm —— 18km
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5.4 vs. 1.8 km wind forecasts

Western Wind




