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Session 1: Meteorology, Climate and the Electric Sector

-.@a
UVIG

Session 2: Where Is the Value in Improved Forecasts

Session 3: Global VG Forecasting, Market Implementation and
Operation, and R&D Experience with a Focus on Uncertainty

Session 4: Forecasting Benchmarking, Trials and Evaluations

Session 5: Distributed PV Forecasting and M
are We Going?

ntegration: Where

Session 6: What's New Under the Sun? olar Eclipse

Session 7: Renewable Energy, radin and the

Role of Forecasting
Session 8: Changing Marl Economics and asting

arlie Smith, UVI

)
BT AR

AIST UVIG2017(6 8 KE-7+5> Tutorialzs = « FBRID A FEERM

STEM PLANNING

AND OPERA UVIG

June 20-22, 20
Renaissance Atla
Atlanta, GA

jdtown Hotel

Tutorial

Chair - Part 1: Sue Ha
Forecasts

CAR: Background, Methods and Meaning of Uncertainty

Sue Haupt, NCAR:
Forecasting

Matt Wandishin, NOAA: Extracting Uncertainty Information from Probabilistic
Forecasts

Eric Grimit, Vaisala: Providing Uncertainty Information to End Users in the Electric
Sector

Erik Ela, EPRI Open Discussion

verview of Techniques and Issues Associated with Probabilistic

EummmssA EERITESSRFIT




AIST UVIG2017(6 B XE-7hr>24) Tutoriali&E: FRIDAHEEM

UVIG FORECASTING WORKSHOP AND TUTORIAL Vi

~ (’-\,
APPLYING METEOROLOGY IN POWER SYSTEM PLANNING 9)
AND OPERATIONS UVIG
June 20-22, 2017
Renaissance Atlanta Midtown Hotel
Atlanta, GA

Tutorial

Chair - Part 2: Bob Zavadil, Enernex: Applications a of Uncertainty Forecasts
Corinna Mohrlen, WEPROG

Nick Steffan, ERCOT: Recent ERCOT Developm
Forecasts to System Operations
John Zack, AWS/Truepower: Applicatio Jncertal me Net
Load Prediction at HECO Bruce
Tsuchida, Brattle: Applications of
Frank Puyleart, BPA: Use of U
Operations

Applications of Uncertainty

ainty Forecasts to Extreme Net
ty Forecasts in Decision Makin

BT ¥ SRR

F[ZDOE UNSHOT INI IVE Sola yrecasting 2
m

&« FEENAE | https)//enen e/sunshot/funding-opportunity-announcemen

a®u 0

iy.gov Offices  National Labs

EFFICIENCY RENEWAEBLES TRANSPORTATION

Func ¢ Oppc. cunity Announcement:
Solar Forecasting 2

Hom! B e Opportunity Announcement: Solar Forecasting 2

Subprogram: Systems Integration
Funding Number: DE-FOA-0001649
Funding Amount: $10 million

5| A : https://energy.gov/eere/sunshot/funding-opportunity-announcement-solar-forecasting-2
*Topic Area 1 :develop a test framework to benchmark solar irradiance and solar power
forecasting models.
*Topic Area 2:develop irradiance forecasts that significantly improve on existing capabilities
of irradiance forecasting

*Topic Area 3 :integrate solar power forecasts with utility management systems.
EumzmEEA R TS S TP




AIST UVIG2017(6 B XE-7k>24) TutorialigE: FRIDAAHEEM

UVIG Tutorial on Integration of Uncertainty
Forecasts into the Power System Operations

Part 1 Background, Methods, a’nd
Mean ng of Uncertainty Forecasts

.v’
f

J |

Overview of Techniques = nd ES

Associated with Probabilitstic Forecastin
- | /
|
, |

Sur .«en Haupt

Nationa! gr for Atmospheric Research
Rese Applications L ahoratory

A 4 en Haupt & (NCAR) kL2 it
A N 4
T T ILFi T RIAHESE

Ensembles &ERNEE
'ncertainty uantlflcatlon

Account for 4
uncertaintics due to
imperfect initial
conditions « model
formulation

Irradiance Forecast

Produc

accurate predictions
than any single model
realization

Provide flow-
dependent uncertainty
estimates

Forecast time

Dr. Sue Ellen HauptEK (NCAR) kU2
EummmssA EERITESSRFIT
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~How Many Members are Needed?

Dependence of LVC R? on Ensemble Size for Weibull Climatology
1.00 -
0.98 -
0.96 -
0.94 -
0.92 -
090
0.88
0.86 7
0.84 —
0.82

0.80
500

Ensemble Size

Good spread-error correle nly with ve arge ensembles (ordz
Frc zynski ¢ 011, MWR)).

- \4 en Haupt & (NCAR) & Y24

iSRS RS
ToY T FEi s T RIS

W do we improve the Match?

obs ‘

Forecast

“orecast PDI’ PDF

calibration

o

| y

. Speed Wind Speed

Probability
Probability

« Centered (the right answer)

« Sharp (narrow range)

» Reliable (quantile predicted
matches quantile observed

averaged over time
Dr. Sue Ellen HauptEK (NCAR) kU2

EummmssA EERITESSRFIT




AIST ToHB T ILFTHRETRIHEEMS

~ Summary

» The atmosphere is inherently Chaotic

» Ensemble prediction embraces and —
quantifies the uncertainty, producing . =T
—ll

» Better mean forecasts
» Estimates of uncertainty

» The ensemble should be calibraied

»Research is showing
> Better ways of creating ensembles
> Better ways of blendin semble
information via postprocessing
» Such probabilistic forccasts can enhance decision-making
v Dr. Sue Elle

auptX (NCAR) KUIR{E

BT AR

FRAEHROAERCEI 7Y — AR

v 4 (’

iea wind

day-ahead intra-day ancillary reserve

marke market services market
63 25 29
7-- 22 9-—5
5 35
i - “o - oa
price taker price maker
78 (80) 22 (20)
i va.‘
Type of single multiple “H_’
forecast forecast forecasts |
percent [%] 36 (37) 68 3
—
L
Knowledge of
Ensemble Use EPS work after
Forecasting Knowledge Forecasts OPR rules
percent [%] 71 21 38

> BTAEFE EAFRD=—INE, 7o) —H—EX~DFIAL,
> FUYUTIILFRICOVTHBEL TIEH>TH(TED . FIAIK2EZ,

Eummms A TR T &M ZAT Dr. Corinna Mohrlen 5 (WEPROG) 124t




201748A21H.20245F4A8H XKETHOBHENDES|

7

August 21, 2017, Total E

o
Mexica

ory of the 2017 and 2024 Total Sola psess

Figure 1.1: Solar Map—Projected

017
inal_4-25-17.pdf

5| : A Wide-Area Perspective on the August £ Tota clipse White Pape
http://www.nerc.com/pa/RAPA/ra/Reliability%20A e ODL/Solar_Eclipse_20

BT AR

AIST E:20174E8H821H TICKBEILAHNDEE

&EQC— =clips . and Eclipse Bands

REL f CORPORATI

mal irradiance by annual average
of transmission photovoltaic generators

. U.S. Map showing direc

(Wh/m?/e eclipse bands and loca
0.80 & .

0.85 o

0.90 +

0.95 %

Electric Generation
by Net Summer Capacity (MW)

Maximum Fraction of Eclipse Obscuration

Solar Direct Normal Irradiance

by Annual Average (Wh/m2/day) ® 10w2Hs
@ 5010
[ 2999 and Below [ 6000 to 6999 O 005105

313000103999 [ 7000 to 7900
14000104999 [ 8000 to 8900
1 5000 to 5999
> RE-EESIEAS. PYORTFL v LA E L Hhis RELIABILITY | ACCOUNTABILITY
> BROZETH LOPVEENET S HENGFROOERVDE
mussmzaA BRI SIRZAR Nicole Segal G(NERC)&hfzfk




KE:201748H21H BRICEZIBIFHNOHE

S e e e e e e =
NERC

e SO SRR |
NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

August 21, 2017 Solar Eclipse
UVIG Workshop Presentation Session #6

Nicole Segal, PhD
Reliability Assessments Department
June 21, 2017

> UVIG2017TIlZ. “BEBG& 20ty avic

R ATRZE R Nicole Segal FG(NERC)JL 0zl

ROACH TO ASSESS\THEINPACT:
AR E E MODULE

Atmos. Chem, Phys., 16,3 Atmospheric
www.atmos-chem-phy

» WRF Solar Eclipse Module developed by
by Alex Montones at University of Barcelona
x:mxtmr(@ﬁ?(?ﬂﬁ}ﬂm and Physics ryg

e < o Documented in Journal of
Atmospheric Chemistry and Physics

ot escieist solar eclipses predietion in * 24 hr WRF forecasts initialized at 1200
e UTC (5 AM PDT) on day of the eclipse

o Weather from Aug 21 in 5 prior yrs

"Depariment of Astionony and Metcorology, University of
IMESO Inc., Tray, USA

Carnespe - Alex Montomés

i gty o Initialized from GFS analysis
g : . o BCs from GFS forecast

it o « Solar Irradiance and winds extracted from
e WREF forecast for each utility-scale wind/

resource assessment and forecasting applications. The sig- %0 % under cloudless skics. Lower agreement between mod-
nificant impuct of the recent partial and total soler celipses  cled and E di ity
that eccurred in the USA (23 Ociober 2014) and Burcpe  because ihy
(20 March 2015) on solar power gencration have provided  for o bette
i e

solar generation resource

o Statistical power curve for each
facility used to estimate production

e effect of clouds is nt included in the
 analysis of the eclipse outcomes. Finally, an in-
- ki i

@ AWS T R U E pOW E R UL and the UL logo are trademarks of UL LLC & 2017. Proprietary & Confidential. 3

John Zack K (AWS Truepower) & Uizt
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3. Integrating Load and VDER into Grid Tools

= g -

= Geographic displays
= Link System Impact
with Weather
Features
| = Post Event analysis &
Reviews with Ops
increase awareness

.....

v _ v Hawaiian Electric

&9 9 wouiElectric

e Hawal'l Electric Light

John Zack Truepower) KV i/t
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 TIRINWENIVZIAUVAERBALISHKLU—=—Y3VIIL—A
Rgﬁifr)bd)mﬁ'xﬂ%é? (2 /2 b — Y OBICKEEY

R -

<HARPS ACCEPT> f <HARPS Foreca
HARPSEHZHETIL, BEERETIL, = EOOHSERE - TRAIDT —
MmIZETIL, DEBTETILEHRAISHTE, SHIE AINR—=REAIN—=T AR
EDBR UICBEDOIFZE/E L AL DEIEF 728 ﬁ’*ﬁ =,

S HFAATETIRINENDYZIaL—Y3 Y

<HARPS Datédbase> B e
occTonee@WUEPX(T | BNIN B —

T P\/%J\ - L NEL A N g N
= " <HARPS Q4 =
T —SN V) | rmaoiEAss

Geamer | Bk INOKE (ReEs k) RE

euniwatt: BIE%EF ERFfEF —EX
A 4

' Contactus | D HEEMER

Technologies Resources News Company

nft —

Intraday s ‘nrecasts with HourCast

ined through the treatment of real time satellite images coming from several geostationary
ble for any site on the planet. Reuniwatt's forecasting method is based on the clouds’
en recognised by solar experts as the most efficient on the market.

Intraday solar forecasts 3
satellites. The forecasts arg
motion vector. This method

5| F : http://reuniwatt.com/en/intraday-solar-forecasts/
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May 17 (Renewables Now) - Reuniwatt, a French firm
specilising in solar forecasting, and meteocontrol
GmbH will partner for real-time and intraday forecasts
in Asia, the “largest global expanding market in the
solar industry™.

Germany-based meteocontrol said today that under
the partnership it will rely on Reuniwatt’s real-time
estimations, or "nowcasts”, and intraday forecasts for
the Asian portfolio. The French company’s method for
providing the service is based on “the most
performing” technigues to convert satellite images
into solar irradiance maps.

mad Taslim Razin.
Commeons, Attribution-

“We are absolutely convinced that meteocontroje
owners and we are very DFOLICI {o accompan
adventure,” Nicolas Schmutz, CEO and fo

China, India and Japan together have
capacity, while the world has a bit g
: . Systems smaller tig

W of utility-scale 5O
00 GW in total, =
are not in that calculation

China’s Shunfeng Internatig nergy (HKG:1165), or SFCE, in 2014 acquired
meteocontrol. The latter itoring solutions and suppert in planning,
implementation and of Enagement

5|F: https://renewab ontrol-team-up-for-nowcastssférecasts-in-asia-569031/

TS S BRFLAR

@aist.go.jp

I
B
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AIST

€« C | @& FEENRa hittps//www.u

Q& x O
v ( JOIN )( LOGIN )
- h/
‘) wsroom  Resources  Events  About ship  Scholarships  Contact Q, Search this website ..

UVIG

2017 Forecasting Workshop

( {RETURN TO RESOURCE LIBRARY ) DOWNLOAD NOW ~

ARFEETHENLIZUVIG2017 (B LUV ZENLRIDOEH) (FWEBKYA 2 O—FAEE
5| A : https://www.uvig.org/resources/2017-forecasting-workshop/
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0, 000
=0, 000
A0,000
; 20,000 e [0 3F Sy
= Solar edipse
Difaronce
F0,000
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e
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8
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Figure 1.2: Comparison of expected infee
conditions with a

> BN TIX2015E3 820
> ' A3500 kWD
> REEALEDRY ]

5| : A Wide-Area Perspective on the August £ Tota clipse White Pap
http://www.nerc.com/pa/RAPA/ra/Reliability%20A e ODL/Solar_Eclipse_2 inal_4-25-17 .pdf

out sola

NICHRICKHSPVOH AZEE
A ERMEICELSEN

BT AR

FAIFROCFERL “ET LT

6 se dustry a

iea wind
Ques ere separated into 2 ca ies:
General ter to identify
— the type of 15
— the size of thé isation Get a broad

— the span of the ess processes

overview of
state-of-the-art

barriers

— the possible exig

use of forecasting

Forecasting & uncertainty to identify: and uncertainty

— the forecasting products used today in the power

— the knowledge & awareness of probabilistic

market
products

— the challenges that hinder the

implementation of new products

> BIZFANBREZH T T TEL ERICED XSG —2TESFESH,
> PRIT—2ZFES5AINOEBAETL. SEORELRDBEDF,. HEWAELSELE,

Eummms A TR T &M ZAT Dr. Corinna Mohrlen 5 (WEPROG) 124t




AIST

Components of Forecasting Improvement Effort

1. Gather More Data: Deploy targeted network of 6 sensors based
on observation targeting analysis
2. Optimize NWP Configuration:

3. Improve NWP Data Assimilation of Local Area Data: Implement

4. Apply Latest Machine Learning (ML) Tools P MOS:

5. Improve Time Series Prediction fogf3 hr
information in off-site data (prog
off-site sensors) through apg

sor
of latest M

D211 AWS Truepower, LLC

John Zack Truepower) KV i/t

BT AR

BOF! Dperational Forecast System (real time) sl

EBOFS Baseline Operational Forecast System (real-time) Project
— ingy clata ’ 2 [
IOFS = Im tion Forecast System (retrospective) ingests i | Subsystems
project oS modeling system improvements 30 Oltialization i o
MAM = North Eoscale (NOAA) T el 1 = X H ST >
RAP = Rapid Ref S gl s
HRRR = High Reso Refresh (NOAA) [ “Project )] . Project ) ( Project )
\ Sensor [ \ Sensor | \ Sensor |
\ Data | \ Data | \ Data /
v ¥ ¥ ¥
Baseline Baseline Improved
WRF WRF WRF
System System System | |Time-lagged
St ol i el Spatial
o |Statistics and
P H A Feature |:
- : ) Detection & | :
Advanced Advanced | : | Advanced Ad ed Ad ed Tracking |:
NOAA MOS MOs MOS MOS MOs i
Models —_— i i

Optimized Ensemble | | Wind Power
Algorithm Forecast
’ a
» Generate forecasts from three versions of the system over a one-year evaluation period
* Evaluate the differences in performance among the forecasts produced by each version

.,- AWS Truepower

John Zack K (AWS Truepower) & Uizt
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AIST w5 D2 FIFHR (Solar Integration Workshop)

< C @ solarintegrationworkshop.org w O

7" Solar Integration Workshop 2425 October 2017

International Workshop onntegration | Berlin, Germany
of Solar Power into Power Systems B : -

with $pecial Topic STORAGE

Home Workshop gram Fees & Registration Submissions Venue & Accomodation Sponsors Contact

Welcome to Berlin! News

> Solar & Wind Dinner

The Tth International Weorkshop on the Integration of Solar Power into Power Systems will be held in Berlin/Germany,
24 to 25 October 2017 and Is an essential part of the Berlin Weorkshop Week.

Praliminary Workshop Program
published now!

. . . > Registrati w open!
Participants from power system operators, transmission and distribution grid operators, solar inverter manuf; Registration now open

and research instil and consulting companies will convene in Berlin for the Tih Solar Integr; > Berlin Workshop Week 2017

Special Topic STORAGE
Downloads

Cne speclal focus of the Solar Integration Workshop will be storage Integration. Many reng
and wind energy produce variable power. Storage systems provide a way lo level out U

demand. Thus, electricity production need not be drastically scaled up and down g

ion from the cc i of generalors plus storage facilities is main constant level. Stora,

systems constanily grow In thelr usabllity, efficlency and number of use cagg nough reasen fo discuss the & Call for Papers Flyer

development in storage integration in detail and dedicate this year's spg Crage.

5|1 FH : http://solarintegratio shop.org/

PN {E. 2017 : R 1E#R : 6th SO egrati =i EEB
B -TRILEF—ERFIESM Vol. 13

AIST BN DFEFRIFHR(

C' @ windintegrationworkshop.org

e

16 d Integratiu:: wurkshop 25-27 October 2017

Interr, Workshop on Large-Scale Integratit
of Wina into Power Systems as well as on
Transmis. tworks for Offshore Wind Powe’

Workshop Fees & Re, Submissions Venue & Accomodation Sponsors Contact

Welcome to Berlin! News

> Wind Tutorial

The 16th International Warkshop on Integration of Wind Power into Power Systems as well as on Transmission
Metworks for Offshore VWl Powe Pe held in BerlinfGermany, from 25 to 27 October 2017 and is an essential

part of the Berlin Wy

> Preliminary Workshop Program
available now!

> Registration now open!

Participants from power syS ooerators, transmission and distribution grid operators, wind turbine manufacturers, > Partner Events 2017

universities and research institutes, and consulting companies will convene in Berlin for the 16th Wind Intagration Workshop.
2 Best Papers 2016

One special focus of this year's Wind Integration Workshop will be ancillary services: one of today's most significant

questions when it comes to the integration of wind power into power systems and also one of the most sought-after topics at Downloads
last year's workshop. That's why this year's Wind Tutorial on 24 October 2017 will be dedicated to a related topic: Ancillary
Services and Wind Power Plants — Status and Experiences. Preliminary Workshop

(& Proaram (Undated 20

51 A : http://windintegrationworkshop.org/

ZH 5. 2017 : 2R 1E#R : 15th Wind Integration Workshop #%& . ERFRHREEB
(BT HILE—ERFIEE) Vol. 137 (2017) No. 6 P NL6_3
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