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It's All About Dealing
@ HVWIIUG with Variability and Uncertainty
Integration Group %ﬂ:ﬂﬁﬂ’ﬁ‘ﬁﬂ] Z::m ﬁ‘lﬁ

+ Variability o AIARPE

— Load varies by seconds, minutes, hours, _ )y VAN S
by day type, and with weather 5%%%3;%?*% : %ﬁ:)}%%%%t
— Supply resources may not be available or N N . -
limited in capacity due to partial outages - f‘ %\ %g %@%"ﬂ oI s
— Prices for power purchases or sales A
exhibit fluctuations — RS AR RS
+  Uncertainty o REgEhE
— Operational plans are made on basis of — NI, el
best available forecasts of needs; some - %ﬂiﬁ% mfﬂﬁ%%%@gﬂi%éﬂm
error is inherent ATV R R e AN P S o
- Supg)lg. lsjde(reSOIifcehaV}zll)ilable with some LN AR S T Sy
probability (usually hig o
+ Key questions © REMA
— How does wind generation affect existing - % Eﬁﬁ 4 L 52 i A () AR RIAS
variability and uncertainty oS
—  What are the costs associated with the —  HIXEAAA G A AL 2 D 2
changes st
— What does the future hold

Beijing, China Dec 2010 -- 3

G vwig Flexibility Supply Curve
2 T ML R fh4s

Study needed to determine shape of Flexibility
High Supply Curve and Quantify Costs

Cost R E T U E R GEM i 2 TR B AL LA
T AN

Low
Cost

(%S

Sources of Flexibility e {4 Bt J5
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G vwie Time Scales of Interest
> T BB TR )RR

System Load (MW)
RELHHH(MW)
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Time (hour of day)
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FrHLEHE
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seconds to minutes
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Interestingly — Generators Do Not Appear
@ ”WIG To Command A Premium For Sub-Hourly Response

tegraton Group & EHLBCAT DR 2 I /IN I 4 e R 45 K U

ISO Day-Ahead Hour-Ahead 5-Minute Average Within-Hour
mhRgmsy  S/MWH $/MWH $/MWH 5-Minute Range
EER E T AN 55 $/MWH
NYI1SO $67.70 $64.93 $63.31 $91.18
ISO-NE  $81.38 $80.76 $81.22 $24.40 ShAAE A
CAISO $69.78 $68.32 $59.87
ERCOT! $71.69 $40.00
MISO $49.99 $48.62 $48.71 $67.75

'ERCOT currently operate a 15 minute sub-hourly market rather than a 5 minute market.

ERCOT HHIBATHIR 15 R K/ TG, TIARSD P& .

¢ Average day-ahead, hour-ahead, and 5-minute ¢ Rt DERTRES SRR LT RA
prices are nearly equal Gl
~  5-minute price is often slightly lower T RSB EI MR RS
" No premium for flexible generation KT IRAE R BB KD

& NI BRSSP RO R BT B AR K
T AR EPME AN RS S AR/
A1

¢ Within hour 5-minute price range is very large
~ Marginal generators receive a strong
signal to move within the hour

Source: Brendan Kirby, UWIG 2009 Spring Workshop
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Variability is Expensive: Regulation

@ UWIG Is The Most Expensive Ancillary Service

2002 2003 2004 2005 2006 2007 2008
Annual Average $/MW-hr
California (Reg =up + dn)
@4y Regulation 26.9 35.5 28.7 35.2 38.5 26.1 33.4

#4%H Spin 4.3 6.4 7.9 9.9 8.4 45 6.0
T4 H Non-Spin 1.8 3.6 4.7 3.2 25 2.8 1.3
##%  Replacement 0.90 2.9 2.5 1.9 15 2.0 1.4
ERCOT (Reg=up + dn)
WHHA  Regulation 16.9 22.6 38.6 25.2 21.4 43.1
W R Responsive 7.3 8.3 16.6 14.6 12.6 27.2
K& Non-Spin 3.2 1.9 6.1 4.2 3.0 4.4
New York
WA Regulation  18.6 28.3 22.6 39.6 55.7 56.3 59.5
#ER Spin 3.0 4.3 2.4 7.6 8.4 6.8 10.1
TE&H Non Spin 15 1.0 0.3 15 23 2.7 3.1
30434 30 Minute 1.2 1.0 0.3 0.4 0.6 0.9 1.1
New England (Reg +’mileage”)
WA Regulation 54.64 30.22 22.26 12.65 13.75
&R Spin 0.27 0.41 1.67
&M 10 Minute 0.13 0.34 1.21
30554 30 Minute 0.01 0.09 0.06

Source: Brendan Kirby, UWIG 2009 Spring Workshop
Beijing, China Dec 2010 -- 7

Eastern Wind Integration and

@ UwiG Transmission Study (EWITS) Scenarios
\‘J),ﬁii’;’faﬂ’éﬂ"m REFREZEANSRWEMF (EWITS) TR
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@ UwiG WWSIS Scenario Overview
\")) ingasion Broup WWSIS 5 1% ',

® 2017 Study Year W58 K PAE 52017

2004, 2005, 2006 Load Shapes Escalated to H12004, 2005, 200611 5 fif i ZHEN20174F (1)
2017 Bitar 7K1

° PN ST Bl s ST/ N
Wind and Solar Penetration Levels (% Energy) PAREAT KB RERE A KT (% RENR)

In Footprint Rest of WECC

Wind Qg8 SolarXPHEE | WindXlgg¢  SolarAXPHAEE
10% 1% 10% 1%
20% 3% 10% 1%
20% 3% 20% 3%
30% 5% 20% 3%
Solar Mix * AMIREHLE T

> 70% Concentrating Solar Plant with > A e RGN 70% 5 HOKBH fi Ha il
Storage (CSP w/S) (CSP w/S)
» 30% Photo-voltaic (PV) > 30%J6Hk (PV)
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WWSIS Capital Costs:

@ UWIG Wind, Solar, Transmission
rﬁggégﬂ%mup WWSIS ﬁ‘&ﬁkjg: mﬁg\ j{BHﬁE\ z'_lﬁiEE

N % R TS %@%i %S g
HE RN ARPARE Tran?mﬂeésion Wind Cost SolarhCost Transmission Total Cost Delta
Scenario  Wind MW Solar MW (GW-mi) ($B) ($B) Cost ($B) ($B) ($B)

In-Area 29,940 5,800 0 59.9 23.2 0.0 83.1
Local-Priority 26,760 5,800 2,100 53.5 23.2 3.4 80.1 -30
Mega-Project 24,030 5,700 6,900 48.1 22.8 11.0 81.9 -12

RETRETF

AR IETT R

RSP S

Out of Footprint
45,450
7,500

Out of Footprint
45,450

x 345

345KV | 2
PN
o
o o
[=X=]

Wind MW
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In-Area Scenario Local-Priority Scenario Mega-Project Scenario
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WWSIS Study Area Monthly Energy from Wind and Solar for 2004 — 2006
(30% In Area Scenario)

2004 - 20064 WWSISHF R X 4 H RS FKFHRE R L 1 (KRB FE: 30%)

Study Area Total Monthly Wind and Solar Energy for 2004 - 2006
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MW

MW

Dispatch During a Tame Week (July) & FKIEE (TH)
No wind & X, 10% wind 10%X\ &k

70,000 70,000

60,000 60,000

50,000 50,000

40,000 40,000
g
30,000 30,000
20,000 M Nuclear [ Steam Coal @ Wind 20,000
@ Solar CSP w/ Storage O Solar PV B Combined Cycle
10,000 B Gas Turbine O Pumped Storage Hydro B Hydro 10,000

0
MONJUL 10  TUEJUL 11 WEDJUL 12 THUJUL 13 FRIJUL 14 SATJUL 15 SUNJUL 16

0
MONJUL 10 TUEJUL11 WEDJUL12 THUJUL 13 FRIJUL 14 SATJUL15 SUNJUL 16

20% wind 20%X.gE 30% wind 30% X HE

70,000 70,000

60,000 60,000

50,000

50,000

40,000 40,000

MwW

30,000 30,000

20,000

20,000

10,000 10,000

0 0
MON JUL 10 TUEJUL 11 WED JUL 12 THUJUL 13 FRIJUL 14 SATJUL 15 SUNJUL 16 MONJUL10 TUEJUL11 WEDJUL12 THUJUL13  FRIJUL14  SATJUL15  SUNJUL 16

— -y g — e — - — - — - —




MW

MW

Dispatch During the Worst Week (April) FE&ZERWEE 48)
Nowind ZJEX
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Increased Balancing Cost

38 h0 F TR e Rl A
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Forecasting and Balancing Markets

@ uwia Reduce Impacts
integtaion Group AT I T 7 T AR ) SR e ARG 5 i

54 I 1404k 5
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Different Forecasts

@ HW{G for Different Time Periods
measion soup 153 7S ] B 1] JR R SR P S [ T 05 ¥

+ Situational awareness forecast: used o ABEEDTIIN . B Tw RA

for severe weather events (real-time) SN

+ Hour ahead forecast: uses rapid o /NSRRI ) P b 5
update cycle to produce 10 min , HLRT 46/ 1043 R
forecasts 4-6 hrs ahead, updated every YN

hour
N ﬁﬁﬁﬁiﬂ!ﬂ: PEA2-4 RBEAT /NS
T, BR12/NEEE R, A

+ Day ahead forecast: Hourly forecasts
2-4 days ahead, updated every 12

: G 4 701
hours, uses national weather service SRR 3¢ gt
models o TN RS A
+ Nodal forecast: hourly forecast of &Eﬁﬁgﬁﬁﬁj‘{)ﬂﬂ ,» LLEEAT
transmission system nodal injections o L L 7 L
for managing transmission c.ongestlon o RETUIT S ARG A
+ Different performance metrics for ¥

different forecasts

Beijing, China Dec 2010 -- 16




How Good is the Forecast?
G uwig ‘
ttionl Bl AR

+ Wind plant output can be forecast within some margin of error, and forecasts are
getting better

o U7 E H BEAE — B DR ZE e N TR, I H AR S ek i
Forecast Error TAMiR £

Single Plant®. /MR Large Region K [X 1,

Hour Ahead /BT

Energy (% actual) 10-15% 6-11%
KB (5 LhR K R HAE)

Capacity (% rated) 4-6% 3-6%
K (5HE A EKIHE)

Day Ahead HEf

Hourly Energy(% Actual) 25-30% 15-18%
TR R (5L R R HE)

Hourly Capacity (% Rated) 10-12% 6-8%

H/NRFE ) (BUAE A R EUAE)

Beijing, China Dec 2010 -- 17

@ UWIG ERCOT Wind Generation—Feb. 26,2008
ERCOTX /] & Fi—2008.2.26

I—Updated Resource Plan for Wind (') ——2-2508 80% of Wind MW Forecast RT Wind Qutput

2500

SEHH TRV HL H AR

SE PR HE )

1600 -
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(MIN)E S 2 < BE
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2008.2.25 80% X EEFM

0 - =
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Affa) Time Source: ERCOT
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G uwia

utility Wind

What If the Wind Stops Blowing

Everywhere at the Same Time?

Integration Group ﬁu%ﬁ?ﬁf@lz%—‘t ﬁﬁﬁzum@Tﬁfgé\j}

+ Meso-scale wind forecasting
techniques provide the answer

+ Significant benefit to geographical
dispersion

— Dispersion provides smoothing in
the long term

— Aggregation provides smoothing in
the short term

+ Extensive modeling studies have
shown no credible single
contingency leading to simultaneous
loss of capacity in a broad
geographical region

¢

HRUE R R TN SR BES 45
SIS

ijﬁi%ﬁﬂﬁ ER o A RATIR K

— PO A B AE I ) JUEEVE
WS BT AE T -

- %%ﬁ%@%@ﬁ%ﬁ 18] A 8T 1

KGR FER WA AT
%FL%EE&%?&&?(IZ@N@@ [ i
Ao
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@ UwiG The Power of Aggregation

e LR
Integration Group
TONE T TONIT
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Utility Wind
Integration Group

What To Do When the Wind Doesn't Blow
AN R B4 TR

+ Good question!

+ Must deal with energy resource in a
capacity world

+ Dealt with through probabilistic
reliability methods used to calculate
Effective Load Carrying Capability
(ELCC)

+ Contribution may be large (40%) or
small (<5%)

+ Once the ELCC is determined, get
on with the job of designing a
reliable system

+ And that means adding more

U i
T2 B A

R o

A T A T kAT A B
, TR T EA R
i A # 58 1 (ELCC).

TR E ] BEIR K (40%), thrlfE
TR/N5%)

—HELCCHfi2 7, Ba)amtnl

DLt — Nl SE RS,

flexible capacity in the future!

XA ARG I I BE 2 1) 2R

Beijing, China Dec 2010 -- 21

©)

An Energy Resource
in a Capacity World
AW T R RE

uwia

Utility Wind
Integration Group

ELCC as % Rated Capacity
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utility Wind

Integration Group

What About Energy Storage?

o

e i HE

+ Valuable component of a power
system, can provide many benefits

+ Greatest value when operated for
benefit of entire system, not
dedicated to a single resource

+ One of many sources of flexibility
available to the system

+ Expensive, and benefits accrue to
different parties, i.e. generation
owner, trans. system operator,
power marketer

+ Seldom sufficient value in revenue

stream for any single party to justify

the investment

+ Integration studies do not show need
for storage at 20% wind except

possibly on small, isolated systems

<&
/|

iz
o Xf ?Eﬁﬂ/\éﬂmﬂég

o JEMAE Wi@ﬁ

Bl ) R TS, B

e 7

R Ao e

LT S A
i

E3
%

“H‘@ﬁ iy

DAV o

- LU LESZea
S PREE N

§

bt % EE)— K HL, oA 3
VAR SR

%MW 3SR PEY

A NI 2
g, A fe L D00 A B

HE;O
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Q Value of Electrical Storage Wind
O T et e

Utility Wind

Integration Group

¢+ “Medium run” ~ 80% Incumbent Generation

247 R ~80% LAl TFHLIE AT

“EP:Q

($/kW- storage)

(M) S FR 3R
Value of Storage

High Diversity Wind Data
Source: LBNL
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G uwia

Won't Too Much Wind Power

Cause the System to Collapse?

integfation Group TZHRNERESFERTH R

¢

Often comes up as a question after a
system disturbance resulting in a
blackout

Related questions about system
stability are driving world-wide
wind turbine and wind plant model
development and verification efforts
(IEEE, UWIG, WECC,
manufacturers, TSOs, utilities)

Detailed simulations of DFIGs
shows that wind plants can actually
aid system stability by providing
LVRT and dynamic var support to
reduce voltage excursions and
dampen swings

¢

(e Al 2 B
BT R
R TF RS Uk TAF (T
UWIG. WECC, fhli&ri. i
IS E R A ]

).
AU LA P20
i R%%Tu@ﬁﬁ
iMﬁ%m%£M% @o@

<
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@ UWIG System Stability Case Study

D i 2 g5 5 M ) R R A S

¢

Wind integration and interconnection
study conducted by GE for NYISO,
supported by NYSERDA

Looked at impacts of 3,300 MW of
wind generation on 33,000 MW peak
load system (10%)

Stability case study investigated
differences in behavior with 3,300
MW of wind plant with generic
doubly fed induction machines,
distributed throughout the state,
replacing 3,300 MW of conventional
plant

¢

YENYSERDAWSZEF T, GEN
NYISOHEAT KU HE T 9 Rl LI
Fo

I HT3300MW XL HL X 33000MW
e A7 AmT R G ) S

Fae =) o ikt 7 H
3300MW XU HE HUAR3300M W 5 1
HLJR I IR R GURF A AN
3BT R FH 58 XUt XL BT 2.
2 R H3300MW XL HL 4
BT 2N PN
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(Solid:Wind, Dot:No Wind)
11 Marcy 345kV Bus Voltage (pu)

G uwia

utility Wind
Integration Group

Impact of Wind Generation on
System Dynamic
Performance

LI 2R SR Bl AR Y S
¢ Fault at Marcy 345 kV bus
AL E . Marcy345kVEEZE
¢ Severe contingency for overall system
stability
P AN RGO RE M i

4000

Without Wind IC R H,

soo0 ~ Total East Interface Flow (MW)
BARIAIBTER | without wind | R

0.9

¢ Simulation assumes vector-controlled
wind turbines

D7 BB E KR BLZE R o< B4 o]
¢ Wind generation improves post-fault
response of interconnected power grid 3000

JRCRELFRE vy 1 LI HEL ) (18 s i 2

an
He

0 1 2 3 4

Time (seconds)
peijiy, unn UG RNYSERDA

Conclusions from a Recent

@ UwiG GE Case Study
togeaton Gronp GEIL HAZR B B HE 418

¢ WECC 20% Electricity from  « WECC 20% ., J35K F XU L)

Wind Scenario ES
— Systems with high wind X FEL I 7 5 B
: iy - — LT R A S R R A
penetration can exhibit superior S P R R
frequency performance AR R RE T
— Presently available wind plant — HurmH E‘J}XL H.17 %ﬁiﬂ?ﬁﬁﬁﬁ
controls can contribute positively AT 2358 R G A A E 1

to system frequency performance

— S R ST Al e

— “It is possible for systems with T 2 R s M A 25 R o
wind generation to experience T
degraded frequency performance” — T XSRS SRR S
— “Statements that wind generation SEPEAR ZE R ULV AN IR 7

necessarily results in degraded
frequency performance are
incorrect”
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Turbine Technology Advances
Reduce Impacts

o3t B R AL BOR Be e > AN 5 i

For Improved Grid Operations

T MizeT
HISC AD I TH g

SCADA Control Functions

Active gower control

LA i 7= 175

Gradient power control

Db B Az Ak 2

niribution] 6]

e

“Cver tequancy”

‘ b

Delta power control

Frequency control 44
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G uwiG

Utility Wind
Integration Group

Wind Plant Control Capability

::R7E

7 Il HE T

Under-Frequency Droop Response

AR WA

90% Wind Capacity

Settings:

4% Droop

4% Frequency Stej
@0.125Hz2/sec =

RBAEI0% :

—FﬁA% ':.. - - - - [T
A K 4% 0.125Hz/sec -
10% Increase in Farm Watts with 4% Under-
fPquency.

B0

9 )

SN B 10903

Voltage Regulation
BREARBIIRENNR
,‘H‘%%L‘Z\zﬁﬁq Compensation mclualng

charging is required
T -

........

= =20 km

CVENY ]

Actual measurements from a

Voltage at Po1

windtanm Voltage

Windfarm Control Minimizes Grid Voltage

162MW wind farm o n vy 1, ek 35 B S HE

Source: GE Energy

Fluctuations With Varying Wind Conditions
B RrL3grEs ] A R XU AR Ak S B L A e

g 5l MY J-- 30
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utility Wind
Integration Group

National Transmission Policy

R 2% ) L BUR

National policy debate stimulated by two
activities:
— Success of Texas CREZ process
— COMPETITIVE RENEWABLE
ENERGY ZONES (CREZ)

— Growing recognition that RPS goals
cannot be met without significant
transmission build-out

Three major transmission bills proposed in US
Senate last year.

All different, but all have three common
elements:

— Interconnection-wide transmission
planning

— High voltage backbone with broad cost
allocation

— Federal backstop siting authority

Growing recognition of critical need for
transmission

*

PR T T B W BEE T8 :

— v SE PR i AR RETER X (
CREZ) [MRIatr

— HSRBEE R ANTRRE], WERARE
i AR B Y, B4
eI 5¢ AT P RO AU H AR

KHEZ WL ER T T =D E A5
PES

KBS A, EHA =S A

S (P RS T ERg ]
- %%Eiﬁﬁ%ﬂa?_?\ R A7)

—  BUFSCFRFIREHERAL
AT et LA D) SR AR AR
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G uwia

Utility Wind
Integration Group

NERC IVGTF Report Recommendations
NERC IVGTF # & H B & 1Y

¢

Broad based industry effort with
participation of utilities, ISOs, turbine
manufacturers, project developers,
research organizations, consultants,
trade associations

Requested by OC/PC in recognition of
the increasing large role wind power
will play

Chaired by Warren Frost, AESO with
NERC staff support provided by Mark
Lauby

Just released report, which will lead to a
review and likely update of NERC
standards

¢

¢

DAEHL AR MO RGEE R X
PLBE RS JH AR WFFEHLAY
AT AT SR IR B
PADSE SR

OC/PCHEESR I\ AT R HLR B A 44 ik
o EE L A

H AESOJWarren Frost $H/F 3
, HiMark Lauby $#2fItsNREC A 1 3¢
FFo

IR A AT R 5 o SRS NERC
YHE PR EE T o A R T
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G uwie The Big Enchiladas
D, KNBEEEH

Dynamic models - EhAEH
Grid codes = FER SN
Probabilistic planning - HER
Incorporating need for flexibility in - LT G&THR R YME R
G&T planning
- JREE ST BN ZEPHEV) AT SR
PHEV and DSM as sources of ,’é’g %(gng)“%J j} g{% ] «J@E ikl
flexibility )
UM P 6 BE
Need for forecasting TR 22
: Rl X 5k
Large balancing areas
S PRI ) T
Faster markets
T R LB A

Remove barriers to transmission

Beijing, China Dec 2010 -- 33

@UWIG and the conclusion is..

Utility Wind Y/ 'i//lf\; 7~El'l3

Integration Group

+ There are no fundamental technical o NFELEEAFARERS, H20%
barriers and the cost is moderate for () XL 32 A HE, ) R 45 i A
the integration of 20% wind energy W, (AR

into the electrical system, but ...

o ABEBRUMEIRAE LB R AL

o T IIIE—HAF, HEA
+ There needs to be a continuing %%%fiﬁﬁ %f)@iﬁﬂf‘%?ﬁ@ﬁ
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system operation policy and market
development for this to be achieved.

+ It will not be achieved with business
as usual
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Visit Y5 10):  www.uwig.org
Email H§#f: info@uwig.org
Phone Hi14:

— Charlie Smith 252-261-2346
— Bob Zavadil 865-218-4600

¢ Mail Hbtk:
Utility Wind Integration Group
PO Box 2787
Reston, VA 20195 USA

<

<

Beijing, China Dec 2010 -- 36




