iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

The Value of Wind and Solar Power
Forecasting Improvements

Carlo Brancucci

June 20th, 2017
UVIG Forecasting Workshop, Atlanta

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



Available online at www.sciencedirect.com
C®Mk ScienceDirect SOLAR
ENERGY

www.elsevier.com/locate/solener

ELSEVIER Solar Energy 129 (2016) 192-203

The value of day-ahead solar power forecasting improvement

Carlo Brancucci Martinez-Anido “, Benjamin Botor®, Anthony R. Florita“,
Caroline Draxl®, Siyuan Lu”, Hendrik F. Hamann ", Bri-Mathias Hodge **

* National Renewable Energy Laboratory, Golden, CO 80401, USA
b IBM TJ Waison Research Center, Yorktown Heights, NY 10598, USA

“This article investigates the value of solar power forecasting improvements, both in
terms of variable electricity generation costs and its impact on bulk power system
operations. The study is performed by simulating the operation of the ISO-NE power
system under a range of scenarios with varying solar power penetrations and solar

power forecasting improvements.”
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Generation Cost ($M)
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DA Solar Power Forecasts derived from a state-of- 6.

the-art numerical weather prediction model, the il sopad
Weather Research and Forecasting (WRF) Model i
developed by NCAR.
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Generation

Solar Penetration (%) 4.5 I 9.0 | 13.5 I 18.0
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Fig. 9. Impact of 50% uniform solar power forecasting improvement on
gas & o1l GT & IC electricity generation.
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Solar Power Curtailment

Impact of solar power forecasting improvement on solar power

curtailment.
Impact (% change) Solar penetration (%)
Forecast improvement (%) 9.0 13.5 18.0
25 -23 —1.2 —1.5
5 —4.0 —2.3 —2.7
75 —5.2 —3.5 —3.5
100 —54 —4.2 —3.8
Ramping
Solar Penetration (%) 4.5 9.0 [3.5 [8.0
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Gas & O1l ST (% change) 0.9)-3.2}-2.6|-2.8}-2.4}-3.3)-5.7}-7.7}- 3.9]-8.5|-11.7}-14.2}-3.1|-7.7|-11.8
Gas & O1l GT & 1C(% change) [F0.2}-0.9)-1.1]-1.0}-2.4}-3.5]-3.5}-4.3}-1.6]-3.5] -4.6 | -5.7 }-2.9|-5.3] -6.9

Start & Shutdown Costs
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Over Forecasting

Generation
Technology
B Solar Curtailment
Solar
. |Gas&Oil GT&IC
B Gas&Oil ST
Bl Gas CC
Hydro
Bl coal
B Biomass
B Nuclear

Generation (GW)

NATIONAL RENEWABLE ENERGY LABORATORY



Under Forecasting
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Cost Savings

30-

Solar Power
Penetration Level

> 18
= 135
2> 9
> 45

N
o
1

Annual Generation Cost Savings ($M)
o

=
2
oS
Sc10-
sci
& -% Solar Power
25 Penetration Level
o c
og > 18
x— ‘)( = o
oS3
o £2 > 13.5
1 1 1 I I o ﬂ.
0 25 50 75 100 S5 i °
Solar Power Forecast Uniform Improvement (%) o35 0.5- > 45
TN '
2%
f=
<c
=)
1
[
o

0.0- Y
0 25 50 75 100
Solar Power Forecast Uniform Improvement (%)

NATIONAL RENEWABLE ENERGY LABORATORY



Conclusions

e Electricity generation from the fast reacting and lower efficiency
power plants, such as gas and oil GT and IC, was reduced when solar
power forecasts were improved.

 Ramping of all generators, start and shutdown costs, and solar power
curtailment also decreased with solar power forecasting improvements.

e All these impacts led to a reduction in overall operational electricity
generation costs in the system that translates into an annual economic
value of improving solar power forecasting.

 The marginal value of solar power forecasting improvement increased
with solar power penetration, while it decreased with additional
improvement levels.
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GENERATION MIXES BY ENERGY FOR BASE CASE SCENARIOS

WIND PENETRATION LEVELS IN 15 WIND FORECAST

Generation Mix CAISO ISO-NE MISO IMPROVEMENT SCENARIOS
Wind (%) 7.8 1.8 7 Scenario # 1 2 3 4 5
Hydro (%) 6.9 6.7 - Wind (%) 587 1048 1375 15.16 1846
Solar (%) | 6.9 0.3 - Scenario # 6 7 8 9 10
Geothermal (%) 26 - - Wind (%)  21.77 2346 27.69 31.86  33.53
Eli'“ai’g%)m 5363-; 3%54 ]23‘63 Scenario# 11 12 13 14 15
atura as (il . . .
i . 35 . . . 51.
Conl (%) 00 e 635 Wind (%)  37.3 41.68 4333  47.66 1.64
Nuclear (%) 9.7 34 13.9
0il (%) 2.0 5.3 .
Pumped Storage (%) - 1.3 -
Total (%) 100 100 100
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2 cal-time Acutal Wind Power
DA 0% Improv.(State-of-the-art)

- e DA 20% Improv.

3 DA 40% Improv.

= - = =DA 60% Improv.

:; 1000 DA 80% Improv. ]

5

[,

]

=

g 500

Z | % T\

]

0 | | | | | | | |
0 20 40 60 80 100 120 140 160

Hour

Fig. 5. Example of the day-ahead wind power forecasting improvements.
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Production Cost Savings

THE REAL-TIME GENERATION COST REDUCTIONS (% OF TOTAL PRODUCTION
CosTs) WITH DIFFERENT WIND FORECAST IMPROVEMENT AND WIND
PENETRATION LEVELS

Wind Forecast Improvement (%)

Scenario 20 40 60 80 100

CAISO #2 030 080 0359 075 063
#6 043 095 1.62 215 209
#9 1.11 1.55 2798 383 420
#14 140 306 387 498 5384

ISO-NE #2 0.05 017 010 0.11 0.11
#6 0.02 006 015 023 040

#10 035 043 047 055 068

#15 050  1.15 1.65 225 225

MISO #2 012  0.17 040  0.61 0.73
#0 031 0.72 1.08 1.37 1.69
#10  0.35 1.26 1.61 219 267
#15 094 197 286 330 433
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Energy Storage & Forecasting lmprovements

ANNUAL LOAD FROM PUMPED-STORAGE RESOURCE
FOR ALL ISO-NE CASES (GWH)

Wind Forecast Improvement (%)

COMPARE THE COST SAVINGS WITH AND WITHOUT PUMPED-STORAGES FOR

Seenario 0204060 B0 100 ISO-NE SCENARIO #3 AND #14 CASES

#1 192.1 177.3 195.5 177.6 168.4 173.1

#2 2456 2345 229 2225 2126 209.1 Wind Forecast Improvement (%)
#3 2003 2069 2535 2408 2402 2364

#4 2827 2915 2778 2626 2702 254 Scenario 0 40 60 80 100
#5 336.2 3446 336.7 307 308.1 316.7

#6 3944 3953 3917 3798 3692 3598 #3 With PS 0.09 001 006 013 014
#7 599.8 423.6 410.9 407.7 401.1 395.8 Without PS 0.13 0.44 0.44 0.36 1.00
#38 502.8 487.6 483.9 466.3 465.3 459.7 #14 With PS 0.50 1.15 1.65 295 2.5
#9 574.8 565.5 553 548.1 536.1 531.2 Without PS 09 1.6 225 256 3.3R
#10 4239 5904 S588.7 576.5 567.9 562.4

#11 660.8 6514 643.5 638.4 630.9 628.2

#12 7278 7203  T139 7106 7022 7013

#13 7494 741.5 738.5 732 T23.8 T21.8

#14 799.1 790.1 T81.1 T80.1 775 T74.5

#15 835.5 829.5 8243 819.3 8154 808.6
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Day-Ahead (DA) vs. 4-Hour-Ahead.(4HA)
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Fig. 10. Cost comparisons in three independent system operators in Scenario #10 ($M).
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Conclusions

e The value of wind power forecasting improvements depends on the
generation mix, existence of energy storage, and wind penetration.

e Start and shutdown costs of conventional generations, and wind
power curtailment decrease with wind power forecasting improvements.

* Wind power forecasting improvements have a positive impact on
power system’s reliability.

* Wind power forecasting improvements at different market operation
timescales will have different impacts on power system operations.
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Thank you very much!

Questions?

carlo.brancuccimartinez-anido@nrel.gov

www.nrel.gov
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