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@ UWIG 1ISOs/RTOs in North America
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@ UWIG Assumptions : Power System Model for 2024
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+ Loads escalated to 2024 based on regional ~ «  FEX IS 3Eat L, F0M202445 1K) G dmy 7K F-
+ 2018 power flow case, expanded to 2024 o 018N 2, HEM2024 09 5 0

+ Key assumptions \ .
— Per previous studies o BRI
— Uniform structure assumed for 5 — SERTHIAES

market footprints
No carbon tax or cap & trade as
baseline
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Wind Plant Modeling Approach:
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@ UWIG ScenarioDevelopmentand Siting
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+ Four Different Scenarios

o TIMARES

— Three 20% and one 30%
wind scenarios

=R 5 20%F 0 —AN X H
30%

E

» Local resources with lower
capacity factor onshore wind

and offshore

A SMBEYR, R EAE b
PR B RBUEAK

» High capacity factor wind
development in the Midwest
with larger transmission
component
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+ All of four scenarios require a lot of
wind and transmission!

VU i S5 BOR KB X BE R B FELRE T

Scenario 3 Wind Plant Siting
BER= Mzt

Beijing, China Dec 2010



Scenario 4 - 30%

@ UWIG “Aggressive On- and Off-Shore”
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Eastern Wind Integration and

@ UWIG Transmission Study (EWITS) Scenarios
megration 6o A% 0 A FELEE N 5 a1 FEAF X (EWITS) [ 55

140000

120000

100000 -

80000 -

60000 -

CMIND - BTyt

Instdled Capadty (MW)

40000 -~

20000

2 o
S S

& d &
mReference Sp ol  Region X4

W Scenario 1 41

" Scenario 2 }E1g2

W Scenario 3 {153

W Scenario 4 f£3%4 lina Dec 2010 --



EFWITSH

EWITS Wind Penetrations by Scenario
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S 120% 7
Integration Group EIScenario 1
— BScenario 2 =
[CJScenario 3
[ISce nario 4
80% -
60% -
40% - — — _
~ J
20% -
0% Total
M IS O+MA PP SPP PJIM ISONE NYISO TVASUB SERCNI Ota.
Footprint
[OScenario 1 39.9% 102.9% 7.8% 5.9% 11.5% 12% 0.4% 20.3%
[Scenario 2 29.1% 98.2% 11.1% 23.4% 24.6% 1.2% 2.0% 20.4%
[IScenario 3 18.0% 59.3% 25.6% 41.8% 38.0% 1.2% 3.7% 20.8%
[IScenario 4 40.0% 106.2% 30.5% 41.3% 37.5% 1.2% 4.1% 30.7%
Region
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What's Different about Planning
@ UWIG Transmission for Wind Energy
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+ Planning for energy resource different o BEYE YRR RIASN AT R E A YR

from planning for capacity resource — look RI-ZHE 8760/ N

at 8760 hours N e e e
+ Expect shift in time of peak period of ¢ \;fj;%%%g\{i%x% mi’ﬁﬁ % H(?L g

transmission loading to shoulder periods - TS AT - i W B ()60%

60% Ofpéak loafi | | o FRAR AT AN B AR R FLUE LS 0
+ New contingencies likely around times of ) 0] B & A 10T 1 9 e =

minimum load and minimum conventional N o

generation o PUATRTENE T -NERCAR#fE
+ Perform reliability transmission design- o AT IREIEMEFSY, EA/STE

NERC criteria k(B R, KRG IisiT4 . )
+ Perform wind integration study to Ui S O

determine A/S requirements (ramping, . o

operating reserves, extreme events) ¢ L/OLFj HELCCTH 5T ek e # 1]
+ LOLE and ELCC calculations are likely to HEL o

modify the reserve margins
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Full Constrained Case
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Transmission Concepts, not “Plans”
G vwia 1, not”
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+ Looks at the end of a planning horizon, rather than the
beginning
F IR TR R R, AN 2 s 3 .

+ Significant additional analysis needed to engineer details

of plan
i e EE 7 BT AR ) TR T
— AC analysis
ACH T
— Stability and dynamics
Fase MR BN ST
— Further operational assessment
BE—2B s T PG
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Overlays for 4 Scenarios
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G uwie

Integration Group

The conceptual transmission overlays
consist of multiple 800kV HVDC and EHV
AC lines; regional AC upgrades also needed

Similar levels of new transmission are
needed across the 4 scenarios; some
transmission elements are common to all
overlays

The modeling indicates that a fair amount of
wind can be accommodated provided that
adequate transmission is available.

Transmission provides capacity benefits in
its own right, and enhances the reliability
contribution of wind generation by a
measureable and significant amount.

The EHV DC transmission in overlays could
provide other operational and reliability
benefits not evaluated here

Transmission Requirements
Utility Wind iﬁ‘ﬁ E
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Evaluating Operating Impacts
VPAIEAT R

+ Based on chronological production simulations
(PROMOD)

— Hourly granularity
— Mimic market operation

» Day-ahead commitment to forecast load
and forecast wind generation

» Re-dispatch to actual load and actual
wind
» Carry additional regulation and other

reserves to address increased variability
and uncertainty due to wind generation

+ Analyzing impacts within the hour
— Use high-resolution wind and load data

— Apply mathematical and statistical
techniques to estimate incremental
requirements
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Wind Integration Costs
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@G Total Scenario Cost
D WG HA
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UWIG Results —Reserve Requirements
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¢

Wind variability (as function of generation level and scenario) use to calculate incremental
regulation amount
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Results is a profile that varies hourly with the amount of wind generation
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MISO MAPP SPP PIM NYISO 1SO-NE VA SERC
 Load Only 885 43 514 1055 217 202 365 741
M Actual Wind 51| 4,424 1,020 6,308 1,994 618 399 420 816
M Actual Wind 52 3,245 835 6,176 2,359 1,118 1,046 418 955
® Actual Wind 53| 2,419 503 3,695 4,463 1,614 1,789 418 955
= Actual Wind 54 4,423 1,038 6,487 5,410 1,614 1,789 418 955
Region
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Wind Generation Impact on Reserves
G uwig \
9 P 5 FEL S 2 FH R 5 Wi

+ Operational assumptions for 2024 played — +  XJ20244F Fr i ) ia 4 TR AR FRAR 4%
important role in reducing reserve FH 75 =K 75 A 1R R

requirements
. 23 i 2T tif 7 2 o
+ The geographic size of the market areas i Eﬁ%imiﬁg \jU?ﬂEMf@'}E i
. . AR 15 e A% PR TR A YA 2 T i 31
assumed in the study allows substantial S REVEAE S [ 25 g
benefits of geographic diversity to be AL e
realized. o EI DI TSI AR 2 1 St
+ The pooling of larger amounts of load and M AT A BT, [RIRE AE A S
discrete generating resources via regional 2 FEPE A AL
markets also realizes the benefits of

o BN Y RESRTIT Sy, IR0 H

5990 4 DR A0 P 28 5 1) 7 3%
+  With sub-hourly energy markets, changes i#_??%l\g RS2 5T A

in load and wind that can be forecasted
over a short interval are compensated for a
Very economic manner.

diversity.
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Utility Wind
Integration Group

EWITS Variability With Aggregation Level
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Utility Wind
Integration Group
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¢ Possible reasons for curtailment:
I8 T KR A e S A
Transmission congestion
v R RH 2
Minimum generation
/)
Ramp/reserve limitations
€5z 2%/ 2% FH PR Al
¢ SPP curtailment high in all but S3
bR T IEEE3, 3
KEFN
“Local Wind” S3 has lowest
curtailment across footprint

“HMRRE” 53, HA
SERE- s 2N

Curtailment causes explored in
sensitivity cases
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Wind Curtailment (%)

A EEIM

Curtailment by Scenario and Region

X 155 175 K B

14.00%
B Reference
— B Scenario 1
12.00% W Scenario 2
— OScenario 3
OScenario 4
10.00% —
8.00% -
6.00% -
4.00% -
2.00% |
0.00% .
MISO/MAPP SPP PIJM ISONE NYISO SERCNI TVASUB  Total Footprint
W Reference 1.87% 1.80% 1.98% 1.25% 1.48% 1.06% 1.93% 1.73%
O Scenario 1 4.51% 11.57% 3.07% 0.02% 3.63% 0.07% 8.37% 7.02%
B Scenario 2 2.69% 12.64% 1.73% 0.56% 10.25% 7.84% 4.34% 6.79%
O Scenario 3 2.41% 2.70% 1.81% 7.67% 9.43% 0.47% 0.32% 3.39%
O Scenario 4 8.69% 12.46% 8.37% 11.45% 9.56% 6.91% 9.53% 9.77%
Region
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Wind with Transmission Can Reduce Other Generation Builds
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Utility Wind
Integration Group

What system operational impacts and costs are imposed by
wind generation variability and uncertainty? With large
balancing areas and comprehensive markets, the costs of
integration for all scenarios is less than $10/MWH of
wind, or less than $0.002/kWH of load.

What are the benefits from long distance transmission that
accesses multiple wind resources that are geographically
diverse? The study results show that long-distance (and
high capacity) transmission can assist smaller balancing
areas with wind integration, allowing penetrations
otherwise not feasible.

What are the benefits from long distance transmission that
move large quantities of remote wind energy to urban
markets? The cost of transmission can be overcome by
the higher quality of wind resources in remote areas.
Transmission has other value for the robustness of the
system that were not evaluated in this study.

How do remote wind resources compare to local wind
resources? In the Eastern Interconnection, the NREL
meso-scale data shows that the higher quality winds in
the Great Plains have capacity factors 6 top 7% higher
than on-shore wind resources close to the high-load
density urban centers in the east. Off-shore plants have
capacity factors on par with Great Plains resources but
cost of energy is higher due to higher capital costs.

In Summary...
e

ICHEL T8 Bl P RN AR 5 P At ok T R LS R 418 AT
SRR ? BT R K YE R B 7 4 X 3l 0
LAY, MARBETREBEARAKTXER
$10/MWH , f&TF 41757 #1$0.002/KWH &

ARG Eor A 2 WBHR O RATZ
HE R AT AFAL? BFTERR I, KR
B (KER) W% B/ B XA
EZNE, RHERPIXNBRFEDNER; HFRA
20 B2 PR U AN RTAT B o

SR TG B U 3 BB X 1 B PHLIE A B
A1 4 BAL? Rz M X B8 7 B AR P
B2 A2 T DU A RN R
PEHIA — AR, ZEER AR

52 XCAE R AT G, (g 3 X XU RE WS UE AT 4]
A EEERHEBRAZ T, NRELHFRES
R, HRIBEER SR B LT X EEHE
th, KPR EERERNBHREERTERH
6~7%. B ELREZHEEESRPFEHAYHRER
¥, BhTFHEMBREAER, HEHEEH
RSB
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Continued...

G uwie

Utility Wind

Integration Group

How much does geographical diversity help reduce
system variability and uncertainty? Quite
substantially.

What is the role and value of wind forecasting? With
significant wind generation, forecasting will play a
key role in keeping energy markets efficient and
reducing the amount of reserves carried while
maintaining system security.

What benefit does balancing area cooperation or
consolidation bring to wind variability and uncertainty
management? This and other recent studies
reinforce the concept that large operating areas - in
terms of load, generating units, and geography —
combined with adequate transmission, are the most
effective measures for managing wind generation.

How does wind generation capacity value affect
reliability? Wind generation can contribute to
system adequacy, and transmission can enhance that
contribution.
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RERF ALK TR, B RSERE
IR FTE A
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System Planning and Operation
Recommendations

negrtion 6rou RGN AIZAT HIEE R

Perform detailed wind integration
studies

Deploy more flexible generation
and load technologies

Improve wind plant output
forecasting tools

Improve grid codes and wind
plant models

Aggregate wind plant output over
large regions

Improve balancing area
cooperation and ACE sharing
Recognize wind contributions to
capacity value

Create ongoing forums to share
operating experience

BEAT VRGN 1) X F A AT

P L B Ay SR 1) R FL RN A7 A R
Sk AL H g P T

TEEE I IR X H, ) A 2

R IX 3k Bl A 1) JRGH T v H
TR A0 DX 38 A 5 X 3
7 (ACE) 3L

R iff IR\ HEL O 25 0 1 PR T iR
2SR S, S FIsAT
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-) Utility Wind
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Develop adequate transmission
capacity — can’t meet RPS goals
without it

Comprehensive regional planning
processes

Reassessment of transmission cost
allocation

— Customers in remote regions
can’t afford it

— load pays in the end

More certainty of transmission cost
recovery

More robust and flexible “smart”
grid to enable participation of load
and PHEV

UWIG Transmission Planning Recommendations

B E
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i FEL AR P [ AL DA 2504 B 22 7
et

oL e PR
SR, A7 IR 2 P
ERF LS,

Beijing, China Dec 2010 --

28



@ Uwig  National Transmission Policy

Utility Wind % I‘& CATAIN
Integration Group i % IJ EEIL /I‘Q

AN T 0T B A BOR S -

+ National policy debate stimulated by two

<&

activities: IR T LA RN C
— Success of Texas CREZ process CREZ) [ Iha .
CREZ — —COMPETITIVE o
RENEWABLE ENERGY ZONES - E %_ H = A, . GRS XA /2% é’j‘
. iy BAT BRI, AR TIIERSE
— Growing recognition that RPS goals W] AR AR AT B A

cannot be met without significant RPS: Renewable Portfolio Standard

transmission build-out o RN
. L . o KEZWEGLEFRT T =R
+  Three major transmission bills proposed in US W=

Senate last year. o -
n o WESAMIE, BHAG =K L

+ All different, but all have three common
elements: .S AN R iR Al
— Interconnection-wide transmission o N e
e — Dl oy B RV AR g3
planning EI:X&
— High voltage backbone with broad cost . B
allocation —  BUNSCHRFIEHE AL
— Federal backstop siting authority o KR UL H ) B
+ Growing recognition of critical need for

transmission
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Utility Wind
Integration Group

Market Operation and
Transmission Policy Recommendations

1 W WSSl

KT T s A F SR ) Y

¢

¢

Develop well-functioning day-ahead,
hour-ahead, and real-time energy and
price responsive load markets and
expand access to those markets
Adopt market rules and tariff
provisions that are more appropriate
to weather-driven resources

— Elimination of imbalance

— Sub-hourly scheduling is critical
Make better use of physically (in
contrast with contractually) available
transmission capacity
Eliminate pancaked rates

L4

HRIIFeVE R IR ET S /NS A EA
NS B R BEIR A R i N A7 Ay T
Yy, PR IEN
K H B IS H RS AR BE YR P
11T 30 RN A% L
— HUHEAN T Ab 3]
— /PN HLUERI 2R O B
BB 4 R F O B ] R s N =
(HERPAHRT N .
M % Pancaked rates

(Pancaked rates: an artificial barrier to
efficient trading because they add a charge
every time a transaction can be seen to cross
a corporate boundary. )
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@ UwIG and the conclusion is..

/gg;% mgdGroup g:l:l': —E//E\; 7\% T
+ There are no fundamental o AAELEATAN A [ 35 A i
technical barriers and the cost 1s R H20% R E3E A
moderate for the integration of 24 AT,
20% wind energy into the a =

electrical system, but ... e

o AATHEHI R LI ISFE I 7

+ It will not be achieved with

He 1 S17 5
business as usual Ml AR ARSI
o There needs to be a continuing ¢ A I SEIX— HPx, ﬁ_'%%ﬁé
evolution of transmission RS AN W kb 56 55 Y H )
planning and system operation v RBIBATAE IV AT

policy and market development Y PAR Al
for this to be achieved.
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@ UwIG For More Information
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Utility Wind H %,f: %
Integration Group E» =

Visit : www.uwig.org

Email: info@uwig.org

Phone:
— Charlie Smith 252-715-0796
— Sandy Smith 865-218-4600
Mail :
Utility Wind Integration Group
PO Box 2787
Reston, VA 20195 USA
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