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Y —2 : UVIG 2016 Forecast Workshop
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Spin Reserves = 70% confidence interval RDDRDICEREICED D,

Non-spin Reserves = 95% confidence interval
Considering the cost of holding and deploying reserves, this study assumes: BICERT DU EDHBHRMSEP—Hi

Non-spin_reserve_cost/MW = 2* spin_reserve_cost/MW RERELEHTESDT,. TNIEFRIN
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k . 150.54
Baseline Reserves ; e

1.00
184.62 29.01 168.39

0.04 0.01 0.04)

0-23 DA Spin 0-23 DA Non-spin 24-47 DA Spin 24-47 Non-spin 860.02 1736.00 313.16 2728.00
Reserves (MW) Reserves (MW) Reserves (MW) Reserves (MW) 9891 111.97 2224 98.56
227.75 448.25 222.57 383.46 b 2 003 0.01 002
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17.58 1636 31.02 16.93 16.61

X nifc 0.00 0.00 0.00 0.00
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Net Cumulative Energy (GWh)
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2) Hair Cutting (Fifl%scale-
downd %), With similar downside risk exposure, the P70 forecast netted 20.5 GWh
more energy scheduled into the day-ahead market over 6 months

3 ) 53\ H 5 f'd: (W H% lc *U ﬁﬁ EJLH\E f‘d: %{E Y — X : Eric Grimit, UVIG 2017 Forecast Workshop
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Eric Grimit, Vaisala& W\ ) FRIR V& —H S DR ER
F <4 Providing Uncertainty Information to End Users in the Electric Sector
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Hour Ahead Ramp Exceedance Forecast
[— |
s =

£

n 0 03 4 5 0 0 4
= A 2

= Is the risk of a significant down Comparing Risk Tolerances

ramp event next hour larger I
g Examples of User-Specificity: Which kind of user are you?
than your tolerance for it?  Gonsider hypothatical foracast Usars &, B,and C.

« 319% for -15 MW or more » Each aime to schedule maximal fiem wind anargy capacity | hour ahoad and must protect against missod down ramp oven
* 16% for -30 MW or more
= 5% for -60 MW or more
* 1% for -90 MW or more

Exceedence

i
[at least % Nameplate Capacityl protabilities
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Energy Production [Mw]
Bt dovngad

6% Increase

WV WAz 0w e w0 = Answer depends on the user
or situation:

= cost of missed event
iy bl e iRl ity = tolerance for false alarm

—recast Creatien

$65K / month *
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Y — X : Eric Grimit, UVIG 2017 Forecast Workshop
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Forecast Harizan: Month and Year
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An example figure from our seasonal forecasting product that includes an operational reforecast to

2016 sat climatalogy or "normal” for each manth and the expacted variation arcund normal based on the
el histeric record (yellow bars) and the future climate state (blue bars).
AN e Boxplots used to convey summary statistics and possible extremes.
¥ =2 : Eric Grimit, UVIG 2017 Forecast Workshop Y =2 : Eric Grimit, UVIG 2017 Forecast Workshop
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Corinna Mohrlen, WEPROG: &5 FBIRV 4 —(XIEA Wind Task 36 THERFROD=—X,
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Example: what s
forecast is off ?

Example having uncertainty a
intervals at hand!
iea win

Example: what do '

E |
forecast is off ? Fintd] o

forecast
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1 oo 1200
™ 7 Bk " 0 9 1000
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g N 5 +, : f
Y — X : Corinna Mohrlen, UVIG 2017 Forecast Works#-op I

Y — X : Corinna Mohrlen, UVIG 2
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Extreme Net Load Variability: P/DOWN in 1 HR

Renewable Watch - Oahu ~ Jun 1 AparcK 200 MW
N Dawn and Up Ramp
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KEY ATTRIBUTES OF PROBABILISTIC FORECASTS

« Reliability: agreement
between forecasted probability
and frequency of observed
oulcomes

. Slharpnlass: the amg.lntof
FARBEENE [P
sas0iExT i
| ‘ r BIORBEDN oo
e %EE?E@'O probability distributions amang

Y — 2 : John Zack, UVIG 2017 Forecast Workshop g'mmﬂ? S‘;ﬁﬂ:::s (eg.
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John Zack, AWS truepower — Tehachapi (Calif.) & J] Fif |z o4& L CTEHIZBT LTz, State-of- art
J_UJ% B AT LDBBNIEEI P >TZDVATALATEIYVWTR WISV TFR) 25
pheE ﬁﬁ%mUﬁAtoEb??ﬁﬁmt?%@ﬁ&ébﬁ@?fn—%ﬁw%uk%ﬁwo

¢ 2.5-year project supported by the
California Energy Commission (CEC) and a
Electric Power Research Institute (EPRI)
— Original CEC funding for 2 years
— Extended by EPRI [
— 2015-2017
= Tehachapi Wind Resource Area (TWRA) K
—  >3000 MW wind capacity (2319 MW in project) I
—  Concentrated, highly correlated production
Complex terrain
Often driven by small-scale weather features
—  Data sparse area on the feature-scale
* Multi-faceted approach to improve 0-
12 hr power production forecast
performance with focus on ramps un can we

= 1-yr evaluation period to assess
integrated results of project (Oct 2015 —
Sept 2016)
Y —2X : John Zack, UVIG 2017 Forecast Workshop
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e
8 N PN & = 1] Tehachy s Power Gun Porscaits * Each successive group
: Time with on of Sets of Predictors includes all of the
Oct 2015 -Sept 2016 predictors from the

? &

B Non Project Offsite B Wind Farm Data previous group plus the
L e ®peristence predictors from that group
* Gather more local 3-D atl ta for input into the * Same set of predictors for

forecast system all look-ahead periods

+ BUT design the data gatherin} e data that has 2
g the most value for the forecast * GBM model trained
* PROJECT: Deployed network of & d on separately for each look-

observation targeting analysis

Seatscy | Stataocs

ahead period

Results are for forecast

intervals for which all data

was available - 32.4% of

the possible intervals in the

12-month period

* NWP + MOS method yields
average MAE ~8% over 0-15
hour period

Y —2X : John Zack, UVIG 201, Workshop

Y —2X : John Zack, UVIG 2017 Forecast Workshop
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* Use advanced Machine Learmng (ML} methods for * b-g dala }]Zj(ﬁ\\‘—ﬁ’;f}]% 75\‘\5 *gﬂﬁj? SS %Eff 7& *l_] }Eﬁ 3' )

* PROJECT: Applied ad d several hi g for 5 ?_ 9 E*UFEO ;j\; I':Oﬁ_.SItej__o_ @ :E)*UFHO

time series prediction with onsite and offsite data

&=y
Y =X : John Zack, UVIG 2017 Forecast Workshop
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Market Comparison - Incremental Value

Wind Forecast Improvement Over Time Methodology

1

i I . * Model rules that directly impact power producers’ revenue Country/ | Market Foreciel Pa\u’\l"_alue REmenslaius {detn’c
:é | i DAY ANEAD: 20% 3 10% MAE « Ignore: Market Type . :-Iatto 1 ( i,-{ 10::13 1
¥ . HOUR AHEAD: 12% < 7% MAE G ks oday oday -1.0 %pt lyr)
: , = Transmission rights
= e o s g WE'VE COME A LONG WAY BUT. = Curtailment / Set points {and make whole payments) RT 10.5% 0977 79,794
o I ESEEN] 114 i 1 t113 i " . . . % :
} o | STy R Roms o i
. " . f,
g " PROVIDE ADDITIONAL VALUE? : ::':;' 9"“"5';’5"::"1‘1: 2 m‘:'.:::a;n::es RT 105% 0964 123,339
; = A set of synthatic forecasts with incremental improvements
i DAY AHEAD: 15% -3 5% MAE * Real price/charge data (DA, RT, imbalance) Denmark DA 10.1% 0873 34,290
= i koot Lisadoas * Assume participation in the market closest to real- Sweden DA B4% 0.981 2]
* In some cases, that is the day-ahead market (e.g., PJM) RT 6.6% 1,00015 17,050

150: S-min)
e the samé

* In others, that is the intra-hour market (
* Assume that the offer schedule/(g
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3-hour-ahead Forecast
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PEnCy responsive reserves

f inartia is onll

L
B0
a0 ~ Ens: responsive capacity is available to cover actual inartla conditions
wt p .
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