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Key Points From US Studies

oS P
= [E A 97 2

> Grids can accommodate > EEHTLLUFT%%%%

high levels of wind and Be 5K PHBE X L2
solar generation with: )\7J<—
— Large operating systems, — RBBIT RS, P X BY
balancing areas or markets ik
— State-of-art forecasting — ORI R
— Flexible generation, demand — BAVEREE. FHaRm R LKA
response and pricing strategies VARG
that encourage both — R
— New operating strategies — PR
— Adequate transmission — ESRMPEYE . K S B

— Integrated planning for R
demand-side resources,
generation and transmission



Key Pomts From US Studies
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> Plug-in electric vehicles > R ENREEFR

and demand response can i . ] DA B 35 XU RE -
help integrate wind ~ S R A 3 )
— Night charging of PHEVs hfﬁfﬁlm?ﬁ% I} 6] 5
coincides with high levels JRRE e U Y Y B
of wind production - ﬁﬁ;kn[ﬁlr“akﬁﬁﬂ 7K~ 1
— Demand response increases JIN Bk A e
or decreases loads > E[EH 2z 4
according to wind levels UM . R
» Beyond US BERE, BEAEE
— High wind penetration in [ o

Spain, Germany, Denmark
without smart grids



Eastern Wind Integration and Transmission Study
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» Evaluate operating impacts and ~ » /7K $1]20244F X 8E 520%
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» Four scenarios analyzed

N P
1. High capacity factor (CF) > ot 1 TR 5

wind, mostly in Midwest L EnER T KEe, FEAET
2. Move some wind projects R ‘
east, add off-shore wind 2. KL REIUH R K, BN
= g o

3. More wind near eastern load \
centers, more off-shore 3. TE R0 A ART A O B A 15 hm XL

ok N A,

4. Increase to 30% wind, a lot e 8% i e M e -

of off-shore wind 4. N E30% X EE, RZEE
mﬁ%o



Eastern Scenario 1: High CF, On-shore Wind
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Plant Size and Location
Scenario 1 (MW)

© 800 to 1,440  (80)

500to 800 (82)
©300t0 500 (152)
> 150t 300 (79)
= 100to 150 (82)




Eastern Scenario 2: Some Off-shore Wind

RiTE 2. —YeE 2 KB

an

Thae T 3
3 s 3 { )
C ] L
y b T a
1" b W J
Plant Size and Location ’
Scenario 2 (MW)
© 800 to 1,440 (85)
500 to 8OO (71) _

= 300to 500 (138)
o150 to 300 (24)
2100 to 150 (137)

See maps of other scenarios in “Extra Slides”
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Transmission Overlay for Scenario 2
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Eastern Study Conclusions
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» 30% wind is technically > B K P R HL PR 2%,
feasible with significant 30% X BEEHE AR 2l
transmission expansion T

— Includes high-voltage DC and o -
extra high-voltage AC lines - }%gﬁgﬁ/ﬂbiﬂhﬁgx
VILEL o

» Wind integration cost: $5/MWh . .
— With large balancing areas and > RHIFFPRAS: $5/58 FL

well-developed markets in
> Large operating areas (loads, - H5RPFEXMEIER T

generating units and geography) > B Xk HEE R

and adequate transmission are P
the most effective measures for [f it 2 9 KisT X

managing wind generation W (e R HLACTE
PR AR 45 11
FLHE /T o 9




Annualized Cost Summary (M$ 2024)

Total Annual Costs by Scenario

21 5 A AR

300,000

\

250,000

270,678

217,947

198,174

239,351
221,502

200,000

150,000

100,000

50,000

Transmission is a
significant but relatively
small part of total costs in
all scenarios?E it A 14 N s
, T E ISR L — Ay,
BAE LA I AR X A
NI B

B Wind Capital Cost

ONew Generation Capitial Cost
OTransmission Cost

Ml Integration Cost

B Wind Operational Cost

O Production cost

Reference Scenario 1

Scenario 2 Scenario 3
Scenario

Scenario 4

Note: Reference case is wind acquired under existing Renewable
Portfolio Standards.
R
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Eastern Study Conclusions
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> Transmission has many benefits > #iH G 21T 4ib:

— Reduces wind variability impacts — g RUBE AN FERE 14 1 52 M)
— Reduces wind integration costs — P KEE RS A
— Increases grid reliability — M %H—fﬁiﬁ
— Uses generating sources efficiently — AR KRR
> Adjusted production cost (APC) > VARSI A P AT 23R B
savings indicate potential T FEL B A T
budgets for transmission - B T RAREG S H LR
— Represents difference between I DX 731
unconstrained & constrained cases
B 20244EhR 20240 2024Uk 5/ AR He
SCENARIO R Omn SRR | S n A Rz R A 4
. oot - _— - 1 23, 437 28, 648 1.22
- 20:320 22:"94 1.09 2 20, 320 22, 194 1.09
: e o e 3 17, 567 13, 095 0.75
B/C = Benefit/cost; in this case, APC savings in 4 23, 758 18, 676 0.79
2024 divided by transmission cost in 2024 A, 25 A A 202448 R )2 77 ik A 24 .

B L2024 5E i H A



Western Wind and Solar Integration Wind and Solar
Integration Study
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> Analyze operating and > HTIERN2017E X EE 5
cost impacts of meeting KFHEBE 5 GeVE A H A =
35% of energy use in 2017 BWIX—HirHEE S
from wind and solar* FS AR 5 ]

> Five Western states > PUHR TN

> Not a transmission study > A2 A5

b || VPOTRERS
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cHf ORtatOr
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*70% concentrating solar power (6 hours thermal *T0% 56K FHRE (678 & H0

storage) and 30% distributed photovoltaics F130% 73 A1 sORBH R HL 12



Wester

/

dy Scenarios

» Geographic locations tested:
=In Area — Each state meets its
target with in-state resources
*Mega Project — Concentrate
projects in best resource areas
for economic efficiency
=Local Priority — Balance of
In-state and best resource areas
»Four wind/solar levels tested

Case
Mame

In Footprint Energy Penetration

Rest of WECC

Wind + Solar

Wind

Solar

Wind

Solar

10%

11%

10%

1%

10%

1%

20%

23%

20%

3%

10%

1%

20020%

23%

20%

3%

20%

3%

30%

5%

30%

3%

20%

3%

Note: In footprint = Five WestConnect states;
WECC = Western Interconnection

T

> PR Eﬁi@fih%

ft/zEW B P AR I A B Ik )
H Btz

= A H-HTEFHEFERE,
Tt H 45 A a4 TR X8

o LKL IER-E TIN5 B BT
TR X 3k

> D AN KRR FH BE 250

RH | EETMARIEHB
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Rk R KB R PN
VERL: 7H IS L =78 5 R AN
WECC=1b 3 74 1 K HL Y
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Waesterr
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» b-state area can integrate 30%
wind plus 5% solar assuming:

Balancing Area cooperation to
reduce net load variability

Sub-hourly generation
scheduling

Greater transmission utilization
Coordinated generation dispatch

Best wind/solar forecasts for unit
commitment and operations

More dispatchable generation
and demand response

Some additional operating
reserves

Study Conclusions
Feskit
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Western Study Conclusions
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» 5-state area already has
enough reserves to cover
variability 95% of the time

— Displacement of fossil-fuel
resources frees up reserves

» Energy storage not needed
— Dispatched generation cheaper

» 30% wind scenarios yield
$20 billion in savings/year*

» QOperating savings similar
across resource locations

*Equates to $80/MWh of wind or solar produced. Study
only analyzed operating costs, not capital costs.

H AW

> T EEL R LA b X PR
fiti g5 O 4 2 PLNA95%
fif 1) Y AN Fa g P
AR R R
> AN ERRIR GG &
R A
> 30% X\ BE 1Y) 2515 =
fﬁf“?m@%m

> S REN BB ETNY
FHALL

*HH 2T XUBE BOK B BE$80/K FLIY
RN TIZE A, AGPrEARA. 15




Regional Transmission Planning
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> Long-term transmission > 3K L% HL I B FE T )
plans for 3 interconnections . T 2 W L 2B SR S A R

» ldentify transmission needs L
and model scenarios to: _ AEEM R E SR
— Reliably serve demand — RN A EKR
— Meet public policy directives — B/MERAR SRS RN
— Minimize cost and > AN FZFAHEESE
i tal impact ) - -
erVITonmEnTal Impas B, L S A
» Involve states, stakeholders SRHY S
— Improve plans, gain support 3% EESK
for transmission siting & costs ” %%ﬁ;ﬁ%;ﬁﬁj@@@'—?
H Hlﬁ‘/\

» Includes efficiency, demand

response and renewables y



Renewable Energy Zones
A A R X 45

> Western Interconnection > bR P EE O HL M
= Map of zones with large, high- o KCH B A SR X
quality renewable resources Hh B
= Resource supply curves by zone w4 X R YR AL N 2
= Model estimates cost to deliver o FH AR A5 0 & X JEIE I 3|
resources in zones to load centers g RO Y 2
» Next steps in Western US > 1F 25 [E P52 TSR 155
= Identify grid co. preferred zones b
= Coordinate procurement from = B A FL I A T =R X
zones by multiple grid co. o WL AN A S A T 7R & X
= Reach agreement on trans-state 35 1) R
lines—cost and siting. o B I L 0 5 LA
» Work starting in Eastern US PN

FAEREARERESIIHE 1w



For More Information

» Eastern Wind Integration and Transmission Study:
» Western Wind and Solar Integration Study:

» Western Interconnection Transmission Planning:

» Western Renewable Energy Zones Initiative:
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http://www.nrel.gov/ewits�
http://www.nrel.gov/wind/systemsintegration/wwsis.html�
http://www.wecc.biz/Planning/TransmissionExpansion/RTEP/Pages/default.aspx�
http://www.wecc.biz/Planning/TransmissionExpansion/RTEP/Pages/default.aspx�
http://www.westgov.org/index.php?option=com_content&view=article&id=219&Itemid=81�
http://www.westgov.org/index.php?option=com_content&view=article&id=219&Itemid=81�
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The Power of Aggregation and Geographic Diversity
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Flexibility Supply Curve
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High
Cost
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Sources of Flexibility g
Source: National Renewable Energy Laboratory 21
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Eastern Scenario 3: Local + More Off-shore Wind
b3 Y+ £ 5 X AR

Plant Size and Location
Scenario 3 (MW)

© 800 to 1,440 (113)

500to 800 (42)
> 300to 500 (104)
= 150to 300 (97)
» 100to 150 (210)
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Eastern Scenario 4: 30% Wind, Much Off-shore
KBS 4. 30% X AE, ZHEE
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Plant Size and Location i

Scenario 4 (MW)

2 800 to 1,440 (161)

500to 800 (92)
> 300to 500 (160)
+160to 300 (119)
» 100to 150 (210)
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Western Study: Wind Forecasting Is Important
PHERAIETC: ) TR B 2
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10% Wind  20% Wind ﬂsdlz::i- 0% Wind 10% Wind 20 Ve Wind 2$f$ 30% Wind

»Using day-ahead wind forecasts > NNLAHH G K BT — R ST
for unit commitment saves $12 to T, REJK LB 1 2$12 #$20 .
$20 per MWh >N R IR HERR s, BIREL

> Could save another $1 to $2 per AT DA T 2981 31$2.
MWh if forecasts were perfect

Note: SOA = State-of-art wind forecast VEE: SOA= Eid AR Tl



Large Balancing Areas Minimize Variability
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#
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~ Net load variability > O RE PEBE A KA
Increases with increasing 75 2 A A T R A
penetration of wind. > g A 2 FE 1 W] DL AT
> Geographic diversity FRAFSEERTRN.

mitigates this increase.

Note: WECC = Western Interconnection;
Footprint = Five WestConnect states
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Consolidating Reserves Could Save $2B/yr
B A& ] IR 4182012/ 4E
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-
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» Shows potential savings in Western
Interconnection operating costs in

> IR IXN106 (/LT

the 10% case (10% wind/1% solar) RS D, o T
by consolidating the number of 163 P K FE N 10% 22451
balancing areas from 106 (left) to 5 (10% X 1% KFHEE) 18%E %
(right) RENEETL

» Savings estimated at about $2 > ALK ZRERT T 49$ 2017

billion per year
26
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Circle size indicates total resource potential; solid portion
indicates amount procured. Map by Black & Veatch, based on
modeling by USDOE Lawrence Berkeley National Laboratory.
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Transmission and Least-Cost
Resources in Western
Renewable Energy Zones to
Meet a Potential 33%
Renewables Target in 2029
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Resource Hubs
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- Wind % Wind
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- Geothermal @ Geothermal
Hub Size Guide New Transmission

(TWhiyr) Capacity (GW)
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Lisa Schwartz
Senior Associate
541-967-3077

RAP is committed to fostering regulatory policies for the electric
Industry that encourage economic efficiency, protect environmental
quality, assure system reliability, and allocate system benefits fairly to all
customers.
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