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* The pooling of load, wind, and solar power into a larger balancing area results
in less per-unit variability because of the diversity of load, wind and solar.
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+ Consolidating balancing areas and sharing the variability of the wind and load
forecast errors across a broader region provides a natural aggregation impact.

EIPETIX AT R X 10 XU B A s BN R 22, 277 28 B ARG RN
+ Aggregation reduces the per-unit variability of the net load that must be met
by the conventional generation fleet.
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A larger balancing area increases access to a broader resource mix, therefore
increasing ramping capability.
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+ The ramping capability of multiple balancing areas is the sum of the
ramping capability of each balancing area. Therefore, the need for
ramping increases less than linearly, while the ramping capability
increases linearly.
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 Because wind and solar increase net-load variability, the benefits of
balancing area consolidation/coordination increase with wind and
solar penetration = however, there are strong benefits to
consolidation/coordination even in the absence of wind and solar.

IR 9 GRE AT K BH BE XSG I3 A e s 1, 4T IX & I/ D0 A AT KRR X e A
i@?ﬁ#lﬂéﬁﬂﬁxﬁﬁﬁﬁﬂ HEAN XURE T I [ AL, 1187 [X & 5/ B RS A B 1R

Exeter Associates



- There are two means of consolidating balancing areas: ¥ & -/ [X &
PR TVE

Physical consolidation, where the number of balancing areas are reduced
and day-ahead scheduling, unit commitment, or ancillary services are
partly or fully combined and provided across the consolidated footprint.
KRG I: PEXEERED, Herx stk JIAA S RBIAk S &8 7Bk
EEHEIF, FFANBNEIHFXESRAIRS
Virtual consolidation, whereby balancing areas are not consolidated but
certain functions are shared across multiple balancing areas, such as area

control errors or energy imbalances. E{\&If: P X &G E&IF, He
—WIRE RSP X IR, FlhnE B X s ] R 22 B BE R A .

- This presentation summarizes three recent cost and benefit studies
related to balancing area consolidation/coordination conducted by
the Midwest ISO, the Western Electric Coordinating Committee
(WECC), the National Renewable Energy Laboratory (NREL) and the
Southwest Power Pool . ix M5 845 T &l = A0 TP XA I8/ Ph i 1Rk
AW ST . ol P EMAL R GUEE T (MISO). PUHEiH /g P2 2
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« MISO is a regional transmission organization (RTO) that encompasses all or
most of North Dakota, South Dakota, Nebraska, Minnesota, lowa, Wisconsin,
[llinois, Indiana, Michigan and parts of Montana, Missouri, Kentucky and
Ohio. MISO& — X s A2 (RTO) , BRI SveE a4 oRE 710
Bt . FEIARME . TR, BB IR M . KBTI L BT R E M . AR
M BN BRI, CARER R KEM . o BN H AR Z AN

« MISO annually evaluates the benefits of being a regional RTO as compared to
multiple individual balancing authorities. Below are MISO’s DRAFT
estimates for 2o011: MISO R PP [X 5k H 20 Z3AH X T 22 A4S B A LA B 3 Ak
LLUF 72 & B 2004 VPG 45 5«

Between $199 and $219 million annually in benefits from improved commitment and
dispatch. &4 K L2 20 A FE B RE 77 K1.99-2.1014 38 TE I 28

A reduction in regulation from 1,126 MW to 396 MW, resulting in $176 to $195 million in
annual benefits. TP ML,126 MW [£ 2 3906 MW, FIX 81.76-1.95145 TC

A reduction in spinning reserves from 1,143 MW to 932.9 MW, amounting to $51 to $56

million in annual benefits. eFE 2% FH 1,143 MW [ 2 932.9 MW, Il i 5100-5600 /7 3%

Jh

A reduction in planning reserve margins from 17.4% to 12.06%, resulting in annual benefits
Exetdr@tween.$785 and $942 million. T4 Ma7.4% 2] 12.06%, T 7.85-9.42443% 7T,



* The Western Wind and Solar Integration Study, produced by GE Energy and
NREL in 2010, compared variability within individual states with the

WestConnect footprint and WECC level, for three levels of variable generation
penetration.

74 28 XU LK SH BEFE I 75 (GEREJRAINREL, 2010) , XfEE T fEWestConnect £
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Found that the variability for small areas increases significantly as renewable
penetration increases, while there is only a slight increase in variability with
increased renewables penetrations when balancing areas are aggregated.
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* The Western Wind and Solar Integration Study also found cost savings
resulted from balancing area consolidation, because reserves can be pooled
instead of acquired on an individual balancing area basis.  HIiHF 5014 & B
X &I A A, BoyE B LA — D HZR RS IR R, 1A AR EE A
IINTHTIX

Results show $2 billion ($1.7 billion in 2009) savings in WECC operating costs, in
their case with 10% wind penetration. SRR IHIE10% R B LLE T, WECCIEE
JRAST] i 20103670 (20095 F 174436 70)

Significant savings accrued from sharing reserves over larger regions, irrespective of

the amount of renewable energy on the grid. 758 KX Z&H, d&rfbligRksE -
- Evetar ArkBiciaf5qlE I o5 oh - Hi A8 BU A 2 48



* The proposed WECC Efficient Dispatch Toolkit would create a voluntary
Western Energy Imbalance Market and a Congestion Re-Dispatch Service, and
is currently being studied by WECC.  Frigil &0 E T RE, AE#ET—H
FE A B0 7 1 L e SR AT T 4 DA AR AR FE AR 95 . WECCIEAEXS BT et 7

 This presentation focuses on the proposed WECC Energy Imbalance Market.
A E EHWECCHBERATTTI

* The proposed Energy Imbalance Market would essentially create a virtual
balancing area across the Western Interconnection, excluding Alberta and the
area served by the California Independent System Operator, as both already
have energy markets. FIT PR AH R BE SR AT T 4 A o S — A R AL AR S L T LK
FL [ B~ X, ANELFE R A B A 2 228 IR Je WA ST R giia S 7 e B S5 X,
RIXLEH X O A HEETT .

* The proposed Energy Imbalance Market would not result in regional unit
commitment, and local balancing areas would still procure regulation.  Fr#2

W) B RE R T T I A ZOR AR X ST B N LA &, P8 X7 R 7 220 SR 5 B

 Benefits would be greater if regional unit commitment and regulation
procurement were also included.  # G35 X 383 il N AL ZH 20 & AN 5 B0 K,
A it U 2 BE K

Exeter Associates 8



* Opverall regulation requirements are still expected to decline because
of the setting of energy imbalances region-wide, instead of by
balancing area. i FHLAEJRAMT X I2TE [ UK, BRSP4 XA R 1 SRR oK

* The proposed Energy Imbalance Market would aggregate the
variability of generation and load over many balancing areas, lowering
the amount of load-following reserves needed. PV HERE R AT T
P 2 A1 X R R AN G e AR BEAT NG, AT ko2 P 75 S ) 7 A BRI
HE.

* The proposed Energy Imbalance Market would also allow market
participants to use the lowest cost generation to balance loads and

generation across multiple balancing areas.  $E U HE KA T I AT
CIME T %2 5 & 596 FH 2 4-~F 17 X H i s R Rl As B SIZ B A7 fap A1 ER, 7P 16
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« A WECC cost-benefit analysis projected $141 million in total savings
from the Energy Imbalance Market for 202o0. WECCHA 7 70 B
o, B AR T, 20205 A SEIL4110 3 TR AR T

$10 million is from EIM-wide procurement of reserves
H 100073 70K H EIME R A 2% FH BRI 3K
$90 million is from a reduction in the amount of reserves that are needed.
9000 /30K H £ F B i K& H D
$42 million is from greater dispatch efficiencies.
4200 /1R T0K B MR 1 5 .

* Because participation in WECC'’s proposed Energy Imbalance Market
is voluntary, projected benefits are contingent on which balancing
areas participate. HT#RIHWECCH LM T2 BRS5M, Frfbitm
W aR RESEILZ D, BT X Z 51O
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» Removing balancing areas in the Pacific Northwest and British Columbia,
as well as the Western Area Power Administration, reduces projected 2020

savings to $54 million.  WIRABIE IR EERINE R FIAFIBIEHE L

WA, VLAV IRETEX, 2020 M THEAT 20K %2 5400 13K 70,

» Adding greater coordination with the California Independent System
Operator, which has its own balancmg market, would increase projected

benefits to $182 million.  WREESH A O HHeF 41 17 37 1 I A48 JE Ik
SMHENRREBERAEZ A, DU S8 In#1.82103F T,

Projected reduction of 1,000 MW in reserves needed to manage wind
and solar variability, with an estimated implicit unit value of reserve
savings of $10-11/MWh. & 3 X REAK FH BE BB A 28 F B2 I R R Tt ]
/> 1000 MW, FBALTTE ALY 10-1 5£I6/MWh,
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* In a separate study, NREL found a reduction in ramping requirements with
WECC’s proposed Energy Imbalance Market of about 260 MW.

F—MFH, NRELAKIAI R R /12 i (WECC) #2131 FE BE R AT T
0] LAY/ 260 MW I T8I 25 5K

Jik /D &S 75K (MWihr)
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« NREL also found that spilled energy (i.e., renewable energy curtailment) is
higher in instances of low balancing area coordination.

NRELWFFUH I, AEPREBARRI T IX N, FEEIR S (Flnss s K.
 Balancing area coordination for economic dispatch alone (but not for unit
commitment) will significantly reduce the amount of spilled energy,
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Balancing area impact on WECC-US spilled energy
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: eragé Reserve Values Decrease by 51-5 Ide Energy Imbalance
Market, and by Smaller Amounts for Regional Imbalance Markets

NREL: A PG BRF BE R IR0 198 ARD51-54%, XiEkEmiath 508 R D

FHFER (MW)

*  BAU is Business as Usual; Footprint is West-Wide and Regional is three separate

regional energy imbalance markets. ~ BAUN Rl 5, & (Footprint) & K 7 H
X, Xig(Regional) /2 =7 ()X I GERAT TS (EIMD

Reserve Requirement Comparisons for Footprint EIM, Regional EIM
Total, and BAU (Average, Max, and Min)
16000 = 2 N AW =N v R 114
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0 - Total

Footprint 1198 269 1938 4105

Regional 1547 1320 2840 5807

BauU 2440 2096 4192 8729
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¢ The Southwest Power Pool (SPP) is a RTO in South Central U. S. that
encompasses parts or all of Arkansas, Kansas, Louisiana, Mississippi, Missouri,
Nebraska, New Mexico, Oklahoma and Texas. g H /7% (SPP) £Z%[H
A X EG AL (RTO) , GHEE B AR S . $EH. &5 M
A PPN EL. Eor R, NATRETIN. FrEvuEr. B R S, S TEEM
 Unlike other RTOs, SPP does not have a day-ahead market or an
ancillary services market. ANFFHAR X B, SPPcA Hulh
Yyl SRS i 3
SPP does administer a voluntary energy imbalance market, upon which
the WECC Energy Imbalance Market proposal is based. SPP E i —

N E B HRERMTTY, WECCHL BRI A2 st 25 T SPPRE .
 SPP is transitioning to a central day-ahead market by 2014 and

commissioned a cost-benefit study in 2009. SPP 1E [f]—> g H Fi
AR (2014501 , T2 B AE20095 M T AU 78 537 .
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* The SPP’s cost-benefit study assessed the benefits and costs of moving from the SPP
bilateral market to one of five scenarios.  SPP AW i bff 7T M EL 1 MSPPXUA i 37 5%

AR B DA R A S AT &
Day-Ahead Market with Unit Commitment (2009-2016)
ﬁ%éﬂéﬁ/ﬁ\ﬁ@ HAT Y% 2009-2016
Day-Ahead Market with Unit Commitment and Ancillary Services Market (2011-2016)
ﬁ%éﬂéﬂé\ﬁﬁﬁﬁﬁﬁ%% HH % 2011-2016
Day-ahead Market with Unit Commitment 2009, 2010, and All Inclusive 2011-2016

BHLAHAE T H FT i 2009-2010, B & A kS 1 H AT Z2011-2016

Ancillagzj Service Market 200)39—10) and All Inclusive 2011-2016

R 55 i ¥2009-10 ,  H & FTA RS 1T 3%2011-2016

Ancillary Service Market Addition Only (2009-2016)
PRI B % 175720092016

Gross Benefits Total $679 $889 $1,050 $975 $706
million million million million million

SPP and Market Participant $278 $258 $308 $278 $128
Implementation Costs Total million million million million million

SPP Net Benefits Total $400 $632 $742 $697 $578

Exeter Associates million million million million million



 The study found that costs of changing to a central day-ahead market
could be 90% higher and benefits 9o% lower, and there still would be
positive net benefits.
W, BN R H AT, AR SEm90%, INamiioo%, (HAIRE
A1
+ Combining the day-ahead and ancillary services markets has more
favorable cost-benefit impact, more so than implementing each
market separately.
R H AT A A B AR 55 i i 4 &k, BEA S BB A e BOR, sk
Jit A T A7 UL B K
» If market implementation is phased in, the biggest benefit is moving
to a day-ahead market first.
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* The Eastern Wind Integration and Transmission Study, prepared by EnerNex
Corporation for NREL in 2010, assumed a high level of coordination between

the multiple RTOs and does not directly evaluate the benefit of that
coordination, but notes the following benefits in the Eastern Interconnection

from larger balancing authorities: 5 BB XU HE I B il i 78, |
EnerNex#EH YNREL T-2010F ¢ i, B2 A X delifan FELAL 2R 2 Ta) = 2 i
ZH AR Bl B U R, (B PPAL 1 RSP X BE 45 2R B0 LI PR X i SR
P EHE

Geographic diversity substantially helps to reduce system variability and

uncertainty. Hin 3 22 R4 3 2 el D 2R 0w AR AN i A

« Small balancing areas can be significantly challenged by large amounts

of wind generation. IR HL I DRE 45 /N F- 187 X iy KRBl OR A B Pk Ak

Large operating areas in terms of load, generating units, and geography
(when combined with adequate transmission) are the most effective
measures for managing wind generation. EATIHAE E 2 M. KH
PIAAH R EAR (BA LBRmEEET) KRKIEEX, Rk XA I M k) &
Exeter Ass%aﬁ‘s&& E/(J }%E{ﬁ 2 18



Balancing area consolidation/coordination, either physically or virtually,
has been found from these studies to be positive from a cost-benefit
perspective.
XTI, P X TR SEAR & IR AL & I /PR, MRS i o A R T
AFRRAE
Balancing area consolidation reduces the variability of load, wind and solar
and increases access to more generating resources for balancing variability.
P47 X A I R A i ter . XUREATR BH BE B 3)), ] DR A B8 22 O L BE R R -1
#7224 o
Fewer reserves are required with balancing area consolidation, sometimes
significantly so.
P X S I S D, A R AR R
Ramping of net load is reduced under balancing area consolidation.

T IX G IFHOLT, 15 A TES R D
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* Curtailment of renewable energy generation is reduced if balancing
areas are consolidated.
-7 X A I rT PAYs /> AT FE AR BEYR 5 R
* All of these factors make it easier to integrate larger amounts of wind
and solar with larger balancing areas, whether accomplished
physically or virtually, though balancing area consolidation/
coordination is found to have positive net benefits without
consideration of wind and solar
TSR G IFEEI &, XL R AR5 T X B A 5 N KR
E@%&ﬁg@iﬁ HAE: RIEEAZ B EEFRKFHRETE O &, P X & I/ i [F] R
HA#
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* Map of the reduced BA
structure considered for this
study.
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