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@ UWIG Introduction

Utility Wind IETJ fl\

Integration Group

+ Traditional markets designed for traditional generation
vt RS R AL S i i
+ Additional considerations for variable generation
XF T Bl R T AN RE Y A 5%
— Increased variability and uncertainty
TG B I I AT AN E
— Need for additional reserve capacity
it AR 25 A
— Dispatch with marginal price of zero
€ Sulun gl
— Profit motive to operate with negative LMP
AT T AT A bR A Y IK B R 3R
+ Develop insights into future needs based on present experience

BT HErIaR, W T IRARR K
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@ UwiG ISOs/RTOs in North America

iieraton 6ravp AGFRINL HEL ] TR GRS 1oy A1 X ey rEL AL AR
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FT/Rfa%r4  Alberta Electric RUEET
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Sample of Current US Market Design

@ ”WIG and Operation with Variable Resources

¢

vaiwns S [ A P AR T B S S 1T 4
Common characteristics of regional o DX IR AL [RIRFAIE
markets Nl e
— Sub-hourly energy markets MR R 2 T
— Co-optimized ancillary service ‘ . .
marhats v — KFS, AT R G
. : U4k
— Large systems with aggregation
benefits for generation and load + PIM
PIM — ATV 55 134N M R Ry
— Operates in 13 states and DC X
— 163,000 MW generating capacity — RHEZE163,000 MW
— DA and RT energy and AS markets — HETR S REE T . R A%
and capacity market . nETY
— Centralized wind power forecast _ A R L T 2 T
— Negative price offers allowed L RVHE AR R
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Sample of Current US Market Design
and Operation with Variable Resources

5% [ =12 sl REVR 1 T 7 B v 5 is 47 % 451

+ ISO-NE
— DA and RT LMP energy markets

— A/S market and 3 yr forward
capacity market

— Peak load 28,000 MW

— 150 MW wind currently on-line
+ NYISO

— DA and RT markets

— A/S and capacity markets

— 33,000 MW peak load

— Centralized wind forecast

ISO-NE

—  HATAISZ Y SR A (LMP
) BEET

— ABNIRS T A3EIE A E T

— AT 28,000 MW

—  HETRHE I A 150MW

NYISO

— HETA S2r T

— BN S T A R TT

— EEA4133,000 MW

— AR TR
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Sample of Current US Market Design
and Operation with Variable Resources

5% [ =i B sl REVR 1 T S B v s 47 =

+ ERCOT
— 63,000 MW peak load
— 9,000 MW of wind capacity
— Evolving LMP market design
— A/S Markets
— Ramp rate limitations

+ CAISO
— DA and RT LMP based markets
— A/S markets
— Wind forecasted hour ahead
— 3,000 MW of wind

+ ERCOT
— AEAA763,000 MW
— XHZE 9,000 MW
— S A B AN T R
— RS T
€357 2 R 761
+ CAISO
— LT HFIA S s B E A
(FH T3
— WRE T
— /NI R T
— MHEAE3,000 MW
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Sample of Current US Market Design

@ UWIG and Operation with Variable Resources

mtooton 6o < E A HT SR BN REVR I T I R TE s AT &1

PIM: PIM:
Day-ahead transmission security and reserve H B 22 4 F0 4% B 7840 SR
adequacy assessments. N EHEr A
Not currently used as input into day-ahead markets. AR TR AR A
Evaluating levels of generation committed in the day- o RS A7 e, PPl AT T A I ALK
ahead market compared to forecasted load. S IR HE TN 5 S P 22 HEFT I P AR 45 4
Real-time wind forecast integrated into real-time .
. . Midwest ISO:
commitment and dispatch. N -
Midwest ISO Tl HE T FEME
Reliability unit commitment. i HL P BT
Transmission outage coordination. W24

Transmission security.
Peak load analysis and potential impact of wind ramps

vy A 7 A7 0 BT A XL FEL T B 6 o WAL P A 5 )

on flowgates. ERCOT:
ERCOT F1 I ML 22 HE R A 4B 1L 8 0% ) T
80% exceedance forecast used for day-ahead T WA A, R 2

commitment planning.

Amount of installed capacity considered for acquiring
regulation reserves.

Wind and load forecast error considered for procuring
non-spinning reserves.

N T HE AR S AR, 5 25 8 XRE AN S fif
IR 2 o
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Sample of Current US Market Design

@ ”WIG and Operation with Variable Resources

+ PIM:
— Plants must be able to accept electronic basepoint signals
HLJ 2R RENS H L 1k S T

— During constrained operations, PJM will redispatch all resources on a
cost-effective basis according to each resource’s bid curve

HISATRZ PRI, PIME AR 2 2R RN Sat il 2. AL BRI i
HEHEXS T AR T P
— Will send a desired MW basepoint to plants
[ HL ) A 3K P s EE MW 145 5
* any curtailments should be achieved within 15 minutes or PJM must
be notified

AT IR ZRAE 1550 B N SEDL, A5 U6 200 5 SNPIML .
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Sample of Current US Market Design

@ UWIG and Operation with Variable Resources

e roup S A 2 I B AEVR 1) T I i vk L 3a 47 22401
» NYISO

> Plants must be able to accept electronic basepoint signals
HL i e g R T RS S

> During constrained operations, wind plants must follow the re-dispatch
signal and meet the basepoint output limit within 5 minutes

ISR RIS, KR IR RS S, JFAES 7 Ph N IE Rk
s A EH PR AR

o Penalties for non-compliance equal to MW above basepoint multiplied
by the regulation clearing price

R T G B AE T AR S MW DL IR 25 HAN A%
o 3% error 1s allowed

FOVF3% iR 7%
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Sample of Current US Market Design

@ UWIG and Operation with Variable Resources

+ Bi-lateral markets o XA T

— stand-alone balancing areas I .

— tend to saturate with renewables - LT b
sooner — AR REU AN AR TR

— stand-alone provider tends to have a TN - .
smaller pool of dispatchable - ?@L?ikﬂiﬂé?ﬂtﬁﬁ Eﬂ; Eﬁﬁ‘jﬁﬁ Iﬁi
resources available to manage the g?ﬁﬁﬂéﬁﬁfﬁi AEVE R N\t
renewable integration ITE P,

o ted by hourly scheduling — RN G AR

— may not make full use of load - ﬂﬁg“&ﬁ?ﬁﬁ\ﬂﬁﬁ RO CIVE/S TS
response to provide ancillary HEA IR SS -
services
increasing efforts to develop wind = MO 3o IR ] e

- PSR UL FR AN B

integration charges which are
allocated to the renewable provider.

Beijing, China Dec 2010 -- 12




6

Design Considerations for Operation with
”WIG High Share of Renewables
mearationGrowp 15 17 LUAF 1] - AE BEYSIE AT T 3 Wb IR 35

+ Energy Market Prices and Price Volatility with « & ] FRA2 e U 1 GES T 3440 k& A4
Renewable Energy 5

When renewable energy generation is high
and loads are low, energy prices can go
low or negative

Negative prices serve to establish a
measure of the opportunity cost associated
with a lack of dispatch flexibility

If prices become too depressed, to the
point that average prices do not cover the
variable operating costs of the generator,
these resources will exit the market,
jeopardizing resource adequacy and
reliability

Conventional energy resources with
sufficient flexibility are likely to be
profitable and to contribute significantly to
the ability to reliably integrate high levels
of renewable resource

MW Bl

R N =Y R E S ]
PRI, RESROT R B
R HEN TH

T R T B A
T e S I RGPS Z AR
FIAL2 A o

IR MRS RAG, AR TR
P Jovkihiai IR ) i AR I8 AT B
A, XL R PR R H T,
RORFE S RETR e A BEAT AT FE 1

HLA7 25 R 1 R AR
R Be R, A BT
P RS T B A AT A
DIFIA o
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G uwiG

A Day in the Life of West Texas
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Design Considerations cont.

B RS RS R R (8

¢

Role of Capacity Markets - How to Keep
Conventional Generators in the Market

— An energy-only market, or energy plus
ancillary services market, can lead to
stable long-term prices and the ability
of generators to recover fixed costs
and provide sufficient capacity for
adequate reliability

— Growing body of evidence that a well
designed forward capacity market
operating in a parallel and coordinated
fashion with an energy market can
lead to a more stable market operation
and reliable system operation in the
long term

— The jury is still out on this issue

¢

AR AR —n T sy i

3 L

- F—REMTY, BOERENEINAH
W25 s, 0 HEOR S
TIYIREE A A HLAT LA 2 o FL T
SEMAIREST S IF N PRIE AT 5
ERITE PN AINESS = ¢

— BRI RIEE R, Kz
K&, —ADREHA T A
Hl L RET I, T
gﬁ%%@ﬁ%%%ﬁ\ﬂﬁ

— AERXA A EIE A SRR

o
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Design Considerations cont.

B S ISR R (20

¢

Role of Ancillary Service Markets —
Do We Have What It Takes?

— An A/S similar to but slower than
supplemental operating reserve may
be required with high renewable
penetration

— A/S procurement should vary by
season and time of day to match wind
output patterns and minimize cost

— Allow wind power plants to
participate in providing A/S
» They can provide spinning reserve and
regulating reserve
» During certain times it may be
economic for wind plants to provide
these services even if with holding
energy to do so

¢

Gl B AR 55 T (KA E I — A 1 5 4

B 7RSO AIOE ?

— AlBhARSS H MEEAT s IR, H
b, SRS a FEREE A
EEA 5 e P AT RE G 2

— GBI AR 55 1) e SR % B AN B

AR, T2 5 KL KT
HUCAL, S BURA LML

- RFNHIS S 5 R BIIR S .

» WL ] AR R HY R 7
#H

» AEFLEREE N, H AR

FEMLIX LR 55 ] R 22 5F I
BRI 7 2R B LR AR
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@ UWIG HornsRevWind Plant Operation
9 wiywns  Horns Rev X\ L7 iz 4715
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GyUwIG  Design Considerations cont
Duwis? St MR EMEE (L)

+ Co-optimization of Energy and Ancillary o BRI SEEEITE I UL
Service Markets — What’s It All About Y N
— Co-optimization works by having AR AL B o s
generators submit offers to supply PHROLAL Tk S i pLEE A

T3 BE LTS LA 25 19 R 4 B

energy and each of the ancillary services %

— Co-optimization assigns and prices

— P IRARAL [ B B B ML 2

energy and ancillary services HErh [ B B 46 T4
simultaneous in dispatch or unit A E
commitment ‘ .
— WTEER AR B (i
— Resources that need advanced SR R RS . SR )
commitment such as some forms of AT R, %
storage, demand response, or resources e VE ] DL S S5 EEPAL .

with operating restrictions could be  NYISOEE 0 i B

assigned outside of the co-optimization. THed, WUH T 26 T4t s
— NYISO recently changed its market rules FIhE R A S0 2 5 B AL A e
to exempt storage that is supplying HENBEVETT I 103X — P .

regulation from having to be co-

optimized into the energy market
Beijing, China Dec 2010 -- 18




@ UwiG Design Considerations cont.
Dol Wi EOEE (4

+ Overcoming Current Market Design Deficiencies - What Role Should Price
Responsive Load and Demand Response Markets Play
S T T 39 VAR AN AR A i 32 2R 7 g R 5 S i 1 7 3 1 i 2
2t

— Demand response for peak reduction, ancillary service supply, and
simply as price responsive load is a growing but underutilized resource
I OF ) gt oy 4t ) Al 55 1612 LA A i Jo2 7R 5 Ao ) e SR 1. T
IEAE A S AH T R 78 70 A1 O B35

— Create rules and infrastructure that encourage and facilitate the
participation of price-responsive demand and storage resources in the
market and consider their specific characteristics
B A Bl SR B, LAGEIE RIS it i . 21 7 e R e
Z 52Nk, % B T EA TR MR L
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@ UwIG Design Considerations cont.
Dol wibmEEEOEE (4

+ Role of Wind Forecasting in Markets
DTS AE T b 4

— Using the wind power forecasts in the day-ahead market would
generally produce a more efficient result

A8 R T 350 N X T 2 000 e g 45 21 5040 A 30 45 R

— With the current process, prices would eventually incentivize wind
generators to participate in the day-ahead market, with virtual trading
following.

LM H AT IE S, AP IR I A R XL S 5 2 H i
Yy, HEAUAZ Zy BRER o

— Likely that market operators will need to seek increased unit commit
and de-commit authority in the future

F%%ﬁ%ﬁ,ﬁ%@ﬁkﬁ%ﬁ%%%*%mmﬁﬁﬁﬂ@ﬁ
R o
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@ UWIG  DPesign Considerations cont.
D i, W IR (4

Incentivizing Flexibility in Organized — + JJhTind 200 Rtk FRE
Markets: How Much is There and How AT, dner SZER .

Do We Access It
A 5y VG M B
— Current generally sufficient level of B Bﬁﬁ?ﬁ%ﬁ@%f;%%@ég

flexibility will be challenged as variable 115 Bk b
generation saturation increases W b

— The threshold can be estimated as — Jlad H a1 AL 48
roughly correlated to the “traditional” AR AR T LUORH 1t 0P it LK R
variability inherent in the diurnal supply
pattern. AN TN 2%

— Flexibility challenges may lead - %g r%%%?g%%ﬁg?ﬁﬁ
stakeholders to establish minimum " ﬁﬁgiﬁ PRE R TR
aggregate flexibility measures and °
requirements — XL B T AR A B

— These steps will help manage costs and 150 3B 1 T v TRk R P A A
reliability as the percentage of variable FATHEPE,

generation increases

Beijing, China Dec 2010 -- 21

@ UWIG Design Considerations cont.
Dot QAN THENHE (4

+ New Market Products and Changes Required
o Pt BT AT AR A

— Ramping - if the ramping capacity of the marginal generators is
insufficient, there is likely a need to create a new ramping product

— Sl R HL P TC I A B A AL, AR AT RE 5 25 AR e
GV

— An additional reserve service, similar to supplemental operating
reserve but slower and cheaper, may be required if the energy market
alone cannot accommodate the large but infrequent drops in generation
expected
IR M A B TeiE N R AR . HAR S WL ks, U
Al REATEE SN IIRSS . & HIIRSS 55 B hnis A7 4% ISR ARL,
(EPRY EPOIEN LN P K
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Design Considerations cont.
Guwig  °°
2 A Sa i ) AN FS N E S )

+ Energy Storage: How Do Markets o fERE: MW SR EANE, b
Access the Value and How Do Owners AT B A
Maximize It
— The economic incentive provided to B @’}J’ ! %EEM éé{ji?%}l@%ﬁ)ﬁ)}
energy storage through price arbitrage, in fisfie, KA, ATEEA )
large amounts, could help y SEIBTAE T RS 2
» smooth out the price duration curve
in wholesale markets » AEZR G g G A oy S B AL A A1
GET

» provide additional capacity at system
peaks » SRR GBI

» increase the system load factor
—  AEE AR AR B R 55 T 32 1

— In wholesale markets with capacity and g o v N
ancillary service market constructs, %ﬁg% ;;;E gﬁ ggﬁzili PAUR 550
energy storage may also be able to " He IR PRSI -
capture cash flows from: e

» Provision of reliability value

» SIS K

» Provision of ancillary services

Beijing, China Dec 2010 -- 23

Design Considerations cont.
Guwig "¢
9 oo VI IE IR (50)

+  Seams Issues: How Important Are They and o PEEEN B AR EELEE, RATIRE

What Can We Do About Them AR
— Seams between energy markets can be s \ PRIV NE
mitigated or eliminated through - %jj —Fﬁi?J l Eq BEH%I% E ’}E'{)i:a LLid
» consolidation of balancing areas I BL Ry A i Bl i R -
» implementing procedures to share » P X A T
zeserve,s Iy schoduli » 2 LI St 20 3%
» dynamically scheduling energy e N s
between balancing areas » PRI R ) FL T B R
— Interregional transmission planning — EIPC 8t WECCHE H i X 4[] 4%
cooinaion 2 proposed by EIPC o AL, W72
N 2N I—] ™, AY 3 ka Al
associated with multiple independent E\;ﬂ‘t‘u HUEARSCHIACEEAN L
planning authorities > o
—  Cost allocation for transmission facilities — BN PN BRI IR ) A i 1)
that span multiple states or regions A3 T 1 A i e 174 1)
remains an unresolved question g
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@ UWIG  DPesign Considerations cont.
D i, W IR (4

+  Will Current Congestion Management Techniques o Rk KE 0] AR ANR, 24
Be Adequate for a High Renewables Future BT BHZE45 PRI A S A F 2

— Transmission currently a limiting factor in N "
y 2 YR AR T A R

development of renewable generation. ST ~ P A
Transmission is required to: PSR, i RGN RER:
» deliver renewable generation to load » '{%ﬂﬁ%ﬁﬁﬂ?ﬁ FAL 11 B B
centers 1% A A s 1l
» allow system balancing across large » OV X IR KX IR IE A
regions to reduce the need for ancillary AT AT, LA 6N
services within the hour ISF PN 4 B IR 25 R A K o
— Analysis of transmission capacity TR B RN, %
improvements should account for the needs 4 HH S ey ’
of: Bt HX]L)FEE\W:{Q
» renewable generation, » AIEREIR
» flexible generation and other » R BAHAL Bh R,
complementary technologies required to H T RET R 4ERr RS0 4
cost-effectively maintain system 43
reliability | W ABET (LMP) BRI
— LMP generally considered most efficient S 2 AT b L 2 45 T f B A 2%
means of managing transmission congestion i
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Design Considerations cont.
Guwig "¢
9 oo VI IE IR (50)

+ System evolution considering needs of renewable o EETHARETERNREGKE

energy — HWEW AR, LR R

— Need to embrace technological changes and . PO o N
think more flexibly about various aspects of A R T IR AT 7T

markets and operations

— Demand traditionally considered inflexible, — JEHE N AEGER) g T R A B AT
but with Smart Grid technologies paired with FiEM . (BRI AL
transparent prices from markets, demand can M TH 3735 B A IR, e
respond to price KBS XS FLA AR LR g B o

— “co-optimization” of energy and ancillary IEVIN S AR Ak
service markets which can be done faster and B Eﬁ%ﬁfﬁmﬁﬁﬁﬁxﬂ‘ﬁ ﬁ” ' He
better with continued computing advances, {’?f Eﬁ‘ﬂ?}/ﬁ%ﬂ?% il TJJ\U%@ETJC
blended with variable resource forecasting, Hb@g{E1TT€FE‘H%\ Biiﬁ o T
can provide a probabilistic SCUC of DAl 55 ) H s D F TN AR &5
resources day-ahead and intra-day that can » e Ls th FIE I H R R H N
help minimize schedule deviations in real- BLIRPLAA A (SCUC) , H
time Bl F- 52 g /MG 2 HE R R i

— Technological advances can help integrate

_ NSB A 38 BhY
variable resources into the well understood ?27'(?/]1:&// ﬁfjj $5Ei ﬁ i
and established principles of markets and KJJ\ IR T RS AT I A HE
operations e
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Wind Generation Contribution

@ uwiG to Resource Adequacy
Intogration Group 7 R T Be i 78 2 1 (1) o ek

+  LOLE analysis of the Eastern Interconnection with o RBFFURS KR AR 2R ELIE R G DA K

wind generation and the transmission overlays as o v 9 7 i DX ) T ALOLE 23 B R W
developed in this study show the Effective Load HLIRA 2 B g Ak 30 ) (ELCC) a3
Carrying Capability of the wind generation to range B LA [124.1%-32.8% 2 [H] o

from 24.1% to 32.8% of the rated installed capacity.

+ The transmission overlays increase the ELCC of
wind generation anywhere from a few to almost 10
percentage points (e.g. 18% to 28%).

¢+ The ELCC of Wind can vary greatly geographically o KU PIELCC 2[R M HE A7 B A R =24

o BB R E SR X BERELCC,
AR/ B 5310% (HL3n 18% to 28%)

depending on which historical load and wind profiles IRRHIASAY, B e THEI0 S T W
are being studied. Inter-annual variations were W b R R KB . AR AR A E
observed; however, these variations were much 17T WREL, (H R Mo AR A, B8 /N T2 R
smaller than had been observed in previous studies WEFCH IS . (WiMinnesota 2006)

(e.g. Minnesota 2006).

¢+  The LOLE analysis performed for this study shows N i
that the existing transmission network in the Eastern o AWESPTIILOLE 73R, AP I

o

Interconnection contributes roughly 50,000 MW of ZRGEH ILAT 1 % L O TR 150,000
capacity benefits. With the transmission overlays MW AR G 75 AT 4 KL
developed for the wind scenarios in this study, the SRR N SR YE N, AR
benefit is increased by up to 8500 MW. 44 8500 MW o
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Transmission Overlay Effects on Wind

@)(_)‘) UwiG Generation Capacity Value
Utility Wind I===3 Dl =M= = = /,
integration Group i FEL 7B i XN XU 2 B T A 52 i)

+ Opverlay increases capacity value
of wind generation by a few to
almost 10%

o UL 2 X A A R 5] -

15 B MR /NS In 2432 10% o ; s overay

30

+ Some inter-annual variability,
although smaller than observed
in some previous studies

o AHAE ERFERBEL, HEE
NI RIS BT I R KA o

+ Difference between ELCC with ]
overlay and 20% is conventional 10 4
generation that could be deferred ]

g Existing

20

15 ]

(% of aggregate nameplate rating)

Wind Generation Capacity Value

Scenario 1 Scenario2 Scenario3 Scenariod

= 2004 Profile o 2005 Profile = 2006 Profile
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EWITS Variability With Aggregation Level
G uwia sty 1KCF F IIEWITS L)

Utility Wind
Integration Group

Mormalized 10 Min. Variability for 5 Regional Groups

0.07
0.06
£
g " 500 MW
% 0.04
2 003 e 5000 MW
£ -
E i 15000 MW
o 0000 M
o — 85000 MW
} 0.2 (1.4 .6 0.5 1

Production Level On Nameplate

@ UWIG Additional Transmission Benefits
-) Utility Wind 4] ok b 25
Integration Group %)\&I\ E]/(J &HU EEA )Qﬁﬂ]l

+ Long-distance transmission overlays o KEFEHIEE X JUHZEHVDO)

(especially HVDC) can HEM
— Make regional markets larger and X .
° ¢ — BT B

more competitive

— Aggregate variable generation across
large regions — AE SRS F ISR Bl
i)rzli;(jdaer(llclllary services where they R SR

— Increase capacity value of variable — BN AL A R E SR,
generation

— Increase the robustness of the system - BSRARGI G

— Potentially increase the utilization of _ TR N LRI AT R SR
the underlying AC system %,

Beijing, China Dec 2010 -- 30




@ UwiG Conclusions

Utility Wind Qﬂ:
Integration Group i =

+ Evolutionary market design changes will o R RH R BT AR

assist in integrating large amounts of N KR WU B v] FR A e U5 H
variable renewables in the future: W
— Larger balancing areas — EE R X
— Sub-hourly energy markets — B ETT
— Flexible generation \
s - FMR
— Price responsive load
. , . — A e Y 2R A A
— Centralized wind forecasting
: : o RNARES T
— A few new ancillary services
—1kby, 1] (1 4
— Transmission is essential - LS B O
— i A
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(@ UwiIG For More Information
\J it
fﬂi{ggéﬁciﬁdsmup E % /flil I
¢ Visit www.uwig.org
¢+ Email info@uwig.ore
+ Phone
— Charlie Smith 252-715-0796
— Sandy Smith 865-218-4600
+ Mail
Utility Wind Integration Group
PO Box 2787
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