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A Team Effort =
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Forecasts

Applying Them in Theory and Practice

By Sue Ellen Haupt, Mayte Garcia Casado,
Michael Davidson, Jan Dobschinski, Pengwei Du,
Matthias Lange, Timothy Miller, Corinna Méhrlen,
Amber Motley, Rui Pestana, and John Zack

and supply. Electrical load depends critically on weather
because so much electri used for heating and cooling.
to its efficicnt and economical operation. Cli cal fore-  As more rencwable en is deployed. it becomes increas-
casts of metcorological variables are used for lo
ning, capturing changing freques
as cold and hot periods, and ide: S jons fo for planning unit commitmeats. C
deploying new resources. Planm fi hours, short-term nowcasts aid in the real
tenance relies on s

rward in time in numerical weather pre-
diction (NWP) models. The weather is both variable and
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We wish to predict specific events

8/03/09 771mw up-ramp from 20:10 - 22:10 followed by a 738mw down-ramp from 22:40 - 00:50

800 MW increase then decrease over 4 hrs!
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Why 1s Atmospheric Flow
Subject to Uncertainy?

Ed
Lorenz

Nonlinearity
Sensitivity to initial
conditions

Chaos— There are
limits to predictability
Think In terms of
attractors & manifolds
Requires probabillistic
forecasts



Ensembles & :
Uncertainty Quantification

 Account for
uncertainties due to
Imperfect initial
conditions and model
formulation
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 Produce more
accurate predictions
than any single model
realization

* Provide flow-
dependent uncertainty B

i Forecast time
estimates




Different Methods of Making
’ Probabilistic Forecasts

1) Statistical Methods of Probabilistic Forecasts

NWP
Deterministic
Model

2) Statistically Based Scenarios

Spatiotemporal

NWP
Deterministic
Model

Multiple NWP Model
Parameterizations
(Multischeme,
Multimodel)

Postprocessing

A

Statistical
Dependence
Structure

3) Physically Based Ensemble Forecasts

Power
Conversion
Model

Initial or
Boundary
Condition

Perturbations

|

Postprocessing

4) Perturbation-Based Ensemble Forecasts

Power
Conversion
Model

1

1
1
1

Scenarios,
Quantiles,
Intervals

Physical Ensemble
Scenarios, Quantiles,
Intervals, Extremes

Physical Ensemble

Scenarios, Qualtiles,
Intervals, Extremes
for Target Horizon




Ensemble vs. Statististic (one case)

Germany

— Measurement
—— Delivery
=== 15% quantile
-== 85% quantile
[ Spread

N '\

12:00 00:00 12:00 00:00
2016-01-15 2016-01-16 2016-01-16 2016-01-17

Time (UTC)

figure 2. A comparison of uncertainty information between a statistical approach
based on a single NWP (blue dashed lines) and spread (deviation) of multiple NWP
forecasts (orange shading). (Source: Energy & meteo systems.)




Short Range Ensemble Forecast System
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How do we determine a Good Match?

Since probabilistic, need to evaluate based on large
number of forecasts

Ideal
Rank Histo- =
grams i | |I |
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Too wide Toa nam ow

TGES Disparsion Diagran ke TC track

The Brier Score

* Mean square error of a probability forecast
l n
BS =— (fr — X )2
02

where  #nis the number of forecasts

0.0

RMSE, Sandard Deiadon (k)
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f;is the forecast prob on occasion i

x;is the observation (0 or 1) on
occasion i

Continuous Ranked Probability Score

Forecast PDFs and Observation Forecast and Observed CDFs

* Weights larger errors more than smaller ones
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~ How do we improve the Match?

obs

Forecast
PDF

Forecast PDF
OAEAOG calibration
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Probability
Probability

00D )

Wind Speed Wind Speed

» Centered (the right answer)

» Sharp (narrow range)

* Reliable (quantile predicted
matches quantile observed
averaged over time)



Example Calibration

Binned Variance Relation for 10m_AGL_U Example Calibration
30hr lead . Feb 54 forecasts .
I Techniques

Linear Variance Calibration
Ensemble Kalman Filter
Quantile Regression
Bayesian Model Averaging
Kernal Density Methods
Analogue Method

Many others, including

logistic regression,
nonhomogeneous Gaussian
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Linear Variance Calibration
Kolczynskiet al. (2009, MWR)).




Using Probabilistic
Forecasts
Topics In Paper

Used as Input for Grid Security P 201 200l 206 e 207
Calculations (German TSOSs) e ona Lo Posc s
'lgur 3. A forecast of vertical grid load (solid black line)

Used to Fine-Tune Unit Commitment §4 :*:j;_i‘; ”.r'z.:ﬁﬁzln“ e ”d_.-_f__'.-.f_;i_“
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Capturing Extreme Conditions
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Forecasting for Extreme Events, such g
High-speed Shutdown Risk (Ireland)

TSO Use (RecElectricaz Spain)




summary

U The atmosphere is inherently Chaotic

U Ensemble prediction embraces and
guantifies the uncertainty, producing
i Better mean forecasts
i Estimates of uncertainty

U The ensemble should be calibrated

U Research Is showing
i Better ways of creating ensembles

i Better ways of blending ensemble
Information via postprocessing

fig e 12. Ag ]I n the REE s T[ roba l[

(i Such probabilistic forecasts can enhance deC|S|on maklng



‘Z’SP Southwest

Power Pool

MAINTAINING
AWARENESS OF
UNCERTAINTY

OCTOBER 2019 ESIG WEBINAR
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SPP0OS FOCUS

* Ensure adequate capacity in realtime to
manage longer-term uncertainties

* Load forecasts
* Variable resource forecasts
» Resource capacity plans

3PP



LOAD FORECAST ERROR
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WIND & SOLAR FORECAST ERROR

Wind+Solar Error (MW}
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EXAMPLE HIGH RISK SCENARIO REPORT

* 1, 4, & 8 Hour Horizons (assessing potential
errors and available resources over each
horizon)

 Flags potential capacity deficiencies over the
next 7 days triggering further investigation

« URT Capacity Margin = Available Capacity +
RampableHeadroomd Wind Error 0 Load
Error 0 Resource Error

3PP



EXAMPLE HIGH RISK SCENARIO REPORT

Capacity Margin (Initial

Un-utilized capacity in each
Assessment)

horizon

Uncertainty Capacity Margin:
Value Thu, Nov-08-201 riI Nov-09-2018 Sat, Nov-17 2018 Sun, Nov-11-2018 Mon, Nov-12-2018 Tue, Nov-13-2018 Wed, Nov-14-2018 Alert Threshold

URT Cap. Margin 2197 2564 3327 3001 103 1368 2000

Rampable HR 1945 0 214 586 959 0 70 77

Capacity 2864 3908 5548 5460 4849 3117 4390 77

Wind Error 976 1373 1386 1084 1081 1202 1280 7

Load Error 1016 1035 1035 1016 1016 1035 1035 77

Resource Exror 619 777 777 619 619 777 777 ”m
Market Interval | 11/08/2018 18:00 |11/09/2018 06:00 018 07:00  11/11/2018 06:00 | 11/12/2018 18:00 1 11/13/2018 06:00 | 11/14/2018 06:00

Combined Net Load Error

3PP



UNCERTAINTY CAPACITY MARGIN

Day of
Hour
October
11, 2019

Hour of
Hour
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50.00%

8,856
8,344
9,625
9,628

10,337

10,425

11,042

11,376

12,425

12,453

13,598

13,021

12,011
9,741
9,042
9,922

11,133

15,075

60.00%

8,659
8,075
9,342
9,331
9,990
10,042
10,618
10,978
12,022
12,032
13,158
12,563
11,565
9,366
8,686
9,543
10,732
14,602

70.00%

8,456
7,834
9,064
9,014
9,681
9,710
10,277
10,621
11,656
11,649
12,754
12,152
11,142
8,992
8318
9,177
10,318
14,137

75.00%

8,338
7,701
8,916
8,861
9,494
9,527

10,086

10,430

11,465

11,441

12,538

11,905

10,892
8,769
8,114
8,977

10,139

13,925

80.00%

8,216
7,565
8,748
8,664
9,294
9,312
9,872
10,216
11,233
11,203
12,285
11,646
10,654
8,527
7,897
8,757
9,894
13,671

Pvalue

85.00%

8,063
7,375
8,538
8,452
9,060
9,076
9,617
9,941
10,943
10,954
12,018
11,368
10,389
8,290
7,664
8,515
9,625
13,370

90.00%

7,872
7,127
8,272
8,113
8,735
8,733
9,265
9,573
10,540
10,549
11,617
10,982
9,970
7,969
7,323
8,224
9,335
13,046

95.00%

7,567
6,741
7,775
7,555
8,176
8,155
8,720
9,004
9,956
9,943
11,005
10,412
9,461
7,392
6,846
7,757
8,843
12,459

m rign
B Severe

97.50% 99.00%
7,248 6,899
6,347 5,917
7,314 6,744
7,029 6,157
7,576 6,691
7,564 6,837
8,146 7,318
8,406 7,410
9,403 8,305
9,315 8,344
10,401 9,404
9,923 8,972
8,960 8,413
6,928 6,259
6,341 5,671
7,222 6,496
8,364 7,655
11,967 11,249

99.50%

6,554
5,557
6,183
5,734
6,184
6,409
6,784
6,779
7,553
7,514
8,519
8,193
7,671
5,730
5,195
6,060
7,362
10,896

3PP



CAPACITY VS. UNCERTAINTY
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(@® Exclude Reliability Status
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50.00%
I 60.00%
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M 75.00%
Il 30.00%
M 85.00%
" 90.00%
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INTEGRATE

PROBABILISTIC

INFORMATIOMNTOGRID
.. OPERATIONS
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Pengwei Du
ERCOT
10/22/2019



|What is ERCOT?

The Texas Legislature
restructured the Texas electric
market in 1999 and assigned \
ERCOT four primary
responsibilities:

Interconnection

des portions of East Texas
d the Panhandle region

« System Reliability ~ westeln
- | Interconnection
° CO mpetltlve Wh OIeS aI e Includes E 'jnjmd

Far Wes Xas

Market

« Open Accessto
Transmission

« Competitive Retail Market Interconnection

ERCOT is a nonprofit organization and regulated by the Public Utility Commission of Texas,
with oversight by the Texas Legislature.

ERCOT is not a market participant and does not own generation or transmission/distribution
wires.

ercot>

PUBLIC



| Current Records

Peak Demand Record: 74,666 megawatts (MW)*
1 August 12, 2019, 4-5 p.m.

Weekend Peak Demand Record: 71,915 MW*
1 Sunday, August 11, 2019, 5-6 p.m.

Winter Peak Demand Record: 65,915 MW
1 Jan. 17, 2018, 7-8 a.m.

Wind Generation Records (instantaneous)

1 Output: 19,672 MW
— Jan. 21, 2019, 7:19 p.m.

1 Penetration (load served): 56.16%

— January 19, 2019, 3:10 a.m.
— Total MW Served by Wind = 17,406 MW

*New records are preliminary, subjectto change in final settlement

Recent Monthly Peak Demand Records

2019
» March: 60,756 MW (March 5, 7-8 a.m.)

* August: 74,666 MW (Aug. 12, 4-5 p.m.)*
* September: 68,817 MW (Sept. 6, 4-5 p.m.)*

2018
« January: 65,915 MW (Jan. 17, 7-8 a.m.)

« May: 67,265 MW (May 29, 4-5 p.m.)
 June: 69,123 MW (June 27, 4-5 p.m.)

o July: 73,473 MW (July 19, 4-5 p.m.)

* November: 56,317 MW (Nov. 14, 7-8 a.m.)

2017
* April: 53,486 MW (April 28, 4-5 p.m.)
* October: 62,333 MW (Oct. 9, 4-5 p.m.)

ercot>

PUBLIC



|The ERCOT Region

PUBLIC

Theinterconnected
electrical systemserving
most of Texas, with
limited external
connections

* 90% of Texas electric
load: 75% of Texas land

« Morethan 46,500 miles
of transmission lines

* 600+ generation units

Western

Interconnection
Includes El Paso and
Far West Texas

Eastern

Interconnection
Includes portions of East Texas
and the Panhandle region

220 MW with SPP
600 MW with SPP
ERCOT connections to other grids
are limited to ~1250 MW of direct
current (DC) ties, which allow U
control over flow of electricity atEagle Pass

100 MW with CFE
atLaredo 300 MW with CFE at McAllen

ERCOT
Interconnection

ercot>



I Changing Resource Capacity Mix

Solar Other ) Solar Other
0.0% 1.0% Wind 2.0% 1%

5.0%

Nuclear
8.0%

Late 1990s

Gas CT/IC
7.0%

Gas Steam
52.0%

Gas Steam
12.0%

ercot>

ERCOT Public



I Utility Scale Solar Generation Capacity 1T July 2019

ERCOT Solar Installations by Year B Cumulative MW Instalied [l Cumulative Planned (Signed Interconnection

(through July 31, 2019) Agreement with Financial Security) . IA Signed - No Financial Security

2012 I 82 MW

2013 I 121 MW

2014 . 193 MW
2015 - 288 MW
2018 Future outcoTes uncertain
4 N\

2019 1,873 MW 1,324 MW 3,197 MW

2021 1,873 MW 5,430 MW ERCZRNEN 10,847 MW

0 MW 1,000 MW 2,000 MW 3,000 MW 4,000 MW 8,000 MW

—— ercot>
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IWind Generation Capacity T July 2019

ERCOT Wind Installations by Year [ cumulative mw instaliea [ §umei2tve Planned (Signed [nterconnection  ugga signed - No Financial Security
(through July 31, 2019) Agreement with Financial Security)

2012 10,407 MW

» Steady growth continues, with some spikes.

2013 11,065 MW » Largestannual increase: 3,294 MW in 2015
(A close second: 3,220 MW in 2008)
2014 12,470 MW * Incentives, uncertainty and other factors affect

construction decisions and schedules.
* Not all planned projects will get built.

15,764 MW . . .
2019 » Texas continues to lead U.S. in wind capacity.

2016 17,604 MW

2017 20,682 MW

Future outcomes uncertain

2018 21,751 MW A
4 111 MW A
2020 22,051 MW 10,422 MW Xy AN 8 34,845 MW
2021 22,051 MW 11,273 MW AN\ 36 665 MW
10,000 MW 15,000 MW 20,000 MW 25,000 MW 30,000 MW 35,000 MW

—— ercot>
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|Wind Forecasting at ERCOT

WIND FORECAST
SERVICE

WIND GENERATION
RESOURCE (WGR)

* ERCOT Control Room
can select “active
forecast” for every
hour and every 5-min.

 Two Forecast Service
Providers each provide:

* Asset Registration
Information

* Outage/De-rate

» Hourly Forecast for
Schedule

each WGR for each
hour of next week,
updated hourly

* Hourly Forecast
Used in all Look
Ahead Studies (ex.

P RGeS S Outage Coordination,

Reliability Unit
* Intra-hour Forecast for -
next 2-hr, at 5-min gomglt?ent, Next
resolution, updated ay Study)
every 15-min * Intra-hour Forecast
To be used in Real
* Extreme Event Time Dispatch
Forecasts and
Probabilistic Forecasts, * Extreme Event
used for risk Foreca_s_ts _and
assessment Probabilistic
Forecasts, used for
risk assessment
k J energy&meteo —@ D\ J
T T systems

-

* WGR Operators can reduce the Current Operating Plan (COP) High Sustained Limit (HSL) to reflect

D\ operating condition changes.
—— ercot=
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|Timelines of Wind Forecast

Jun 18
Both Wind
Forecast
Providers
2015 integrated
Extended Wind into
Forecast duration ERCOT
to 168-hr Systems
2012 . 2016 .
Wind Installed Numerical Weather
_ 2009 Capacity Model updated.
Wlnd.Forecast Surpassed 10 GW Improved performance
Serwce Start by >20%
(Single Vendor) I
2010 2011 2012 2013 2014 2015 2016 2017 018
2009 2019
Nov 17
Second Wind
Forecast Provider
Contracted
(Performance
based

Payment Structure)

ercot>

PUBLIC



|Wind Forecast Errors (Day-Ahead)

PUBLIC

DAY AHEAD WIND FORECAST PERFORMANCE
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|Wind Forecast Errors (Hour-Ahead)

HOUR AHEAD WIND FORECAST PERFORMANCE
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|PVGR Forecast Errors (Day-Ahead)

PUBLIC

MAPE)

0
(=]
X

Mean Absolute Percentage Error (

DAY AHEAD PVGR FORECAST PERFORMANCE
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|PVGR Forecast Errors (Hour-Ahead)

HOUR AHEAD PVGR FORECAST PERFORMANCE

PUBLIC

Mean Absolute Percentage Error (MAPE)

9.00%

8.00% -

7.00% -

6.00% -

5.00% -

4.00% -

3.00% -

2.00% -

1.00% -

0.00% -

-~
it a\
[¥]
u A : 2018
u
- .t g—— |
/ ....---f/"—-—-’ —
, S - 2017
L4 ~e, u
N
2019 N
JAN FEB MAR APR MAY JUN JUL AUG SEP ocCT NOV DEC
—a=-2017 -4-2018 =--2019

ercot>




|Anci|lary Services | Regulation Service

« SCED sends dispatch instruction
every 5 minutes.

« LFC sends Regulation signals to
generation resources every 4
second service to move up or
down to maintain frequency at
nominal.

ercot>
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I Ancillary Services T Non-Spinning Reserve Service (NSRS)

* Non-spinning Reserve Service

— 30 minute product that can be provided by unloaded capacity,
offline Generators, and Load Resources

— Wind power and load forecast error is one of the inputs used for
calculating the requirement for this service

— The net forecast error uncertainty that NSRS will be used to
mitigate will depend on the risk of net load ramp.

— During higher net load ramp risk hours, we procure NSRS to cover
up to 95" percentile of net forecast uncertainty.

— During low net load ramp risk hours, we may only procure NSRS
to cover 70" percentile of net forecast uncertainty.

ercot>

PUBLIC



|Integrating and Managing Renewables

« With increasing integration of renewables, large variations in renewable
generation are possible to occur more frequently.

« It is essential to monitor and identify durations when large variations in
renewable generation are expected and take actions that preposition the rest of
ERCOT’s generation fleet in order to maintain reliable grid operations.

— Adding a new desk in the Control Room to provide increased situational awareness to
renewables [2016]
» Created displays to identify incorrect information telemetered for renewables and mitigate these.

» Developed capability to monitor inertia and sufficiency of procured Responsive Reserve requirements in Real
Time and Day Ahead.

« Built tools for assessing adequacy of available generation capacity and Non Spin reserves for serving variability
expected in net load near Real Time.

ercot>

PUBLIC



|Capacity Availability Tool

Capacity Availablity Tool (CAT)

Show Actuals: f§ Use Available Gen: [f§

Wind: 1h - 3h Percentile: m 4h - 6h Percentile:

( Display 1 ] Display 2 ] Display 3 .

Use STWPF: [N

Use LFUC: b

Load: 1h - 3h Percentile: [{3 4h - 6h Percentile: [

Chart
al 8- HAT-I 21 EH DS O

|DHR5D|tems ANEEEEEEEEENEENEENNENENEEER
D Time Schos RegUp  NonSpin  ActivelF jcie'l  LoadUC(%) LoadUC(MW) AcivelFwihLFUC ~COPWind WindForecast ActualWinda WindUC(%) Wind UC (M) =

H-2 51372019 800.00 AM 2840 43 2065] 2489 3969131 0 0 29681317 8544299 g2706%8; 8137778 0 0.00%
T BI85 89600 A i 30857 AT doRB €8 i b 43885 68 838 83719758, 8749088 b 0003
00 5875018 100000 A e 30857 HEE, AT 1 i b AT 8T 188 883 03 BE31 30w b b0
HOT siepois Tos00AM Ol s 72 s s 0.0226 973721 4405372 Be1 302 §782 401 b odaresas KL
WOz sisnois 20000RM UL 515 L1721 R VT R PTT 0.0269 1135571 aseisT BE1ASe 8950 558 8 26238 3ee e
it 873018 1:90:00 Bi R (721 B 6513 i35 83 4765584 88574 5 i3 AT SasTEn
it 1873018 3196/00 Bi o B LE72d M 7 R 7 158438 8385 89553 5133358 857688 KR L
O 51873018 3/96/00 Pi 85IUAS AT gD D 0aRs A3 1733 645 A§iET ST 804 §353 304 §oia06e09 3639913
FiOE 5873018 4:96/00 Pi NE T m T g s 66383 1853 848 A8 EE 34 104 5351 83 8508 35785
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Capacity Availability Tool

Capacity Availability Tool

50k
48k

46k

Th day, May 9, 10:00 1
e Neq. Online Room

cewan s ‘ Available Gen with Wind Uncertainty
Online Room: 2240 ‘
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Operational Tool to Monitor Ramp for Next 1-hour

Intra-Hour Capacity Availability Tool
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Solar Uncertainty Management and Mitigation for Exceptional
Reliability in Grid Operations (SUMMER-GO)

« SUMMER-GO will bring probabilistic solar forecasts into ERCOT'’s real-time
operation environment through automated reserve and dispatch tools that
increase economic efficiency and improve system reliability.

« ERCOT s partnering with NREL, UT Dallas and Maxar for this 3-year project
(2018-2020) funded by the Department of Energy
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ENERGY SYSTEMS
INTEGRATION GROUP

Energy Systems Integration Groupis a non-profit educational
association that provides workshops, resources and education
on the evolving electricity and energy systems.

ESIG supports engineers, researchers, technologists, policymakers

and the public with the transformation of energy systems in a way
that is economic, reliable, sustainable, thoughtful and collaborative.


https://twitter.com/EnergySystemsIG
https://www.facebook.com/EnergySystemsIG/
https://www.linkedin.com/company/10488472/

