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Transmission %iH,

Integrating new generation is not only
an issue for wind resources. Large
coal and nuclear generation have
integration costs, too

Proactive transmission planning on
large-scale clearly necessary

— The wind resource is distant from load
in China and U.S.

— 1/3 of wind capacity installed in China
is reportedly not grid-connected, but
this is temporary condition

— 10+ GW/yr additions require planning

Transmission expansion may support
other generation, but dispatch and
curtailment policies are needed to
deliver emissions reductions

The US has much to learn from China
about how to plan and build
transmission for wind
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Wind Forecasting Critical
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Consider establishing a central wind
forecasting system that would cover
the entire country (or, at least multiple
provinces)

Will need multiple time levels of wind
forecasts (e.g., hourly, day-ahead,
week-ahead and month-ahead)

Will likely need ramp forecasts as well

(more difficult to do and should be in
addition to regular wind forecast)

Consider using an ensemble of
multiple wind forecasts

— Some wind forecasts more tuned to
certain wind patterns than others

— Increase in accuracy may offset
higher costs
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Grid Codes and Other Items
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Strong and continually updated
grid code will encourage
advanced wind turbines

— Can provide reactive power or
frequency reserves

— Can ride through low-voltage
faults or other grid events

— Newer wind turbines can also
contribute to system inertia
None of this is free and will not

be part of standard wind
turbine installations unless
required, through grid code, or
encouraged through extra
payments
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Grid Codes and Other Items
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e Larger regional operations e« ERE KXEBEENIEZELT,

will smooth wind output
and make accessing
needed balancing
flexibility resources easier

 Encourage geographic
diversification of wind
power

— Will make operational
ISSues easier

— Smooth wind output
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Flexible Generation / Ancillary
Services RIFHI K EBRIE / FEIIR S

High levels of wind generation will o« KHEKEBERBEEEFTELZHRIE
require more flexible generation / REEIEAEBIRS, tHAAR

ancillary services, primarily load R e

following

Revise existing payment o BEOTEMRBEKZAATR, &
mechanisms for conventional I RIE R

generation to encourage flexible

generation

Consider providing incentives (such ) ﬁggggiggﬁﬁ gg’i;ﬁﬁ
as higher payment) for generators ﬁ;ﬁ%{#gﬁ TS )

that can operate at lower levels,
start up quickly, or respond quickly

to operator signals o EBERMINIEREEH, BEXE

Consider increasing non-spinning R

reserves to track wind ramps
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FERC has a pending investigation \ sm s
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on these issues



Consider a Wind Integration Study
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International studies show e EHIFHRER, XEIHFRIHEA RN
integration is not difficult or , REHBAE
costly

« Grid companies have data to - HNATHEFERHREENLE

perform study

International expertise is . B EEIRE AR
available
-« BERWIEHER R

Data needs are immense
— Time-synchronized hourly

generation and load data — BY 1] [ 2B B4/ K R E AR
— Meso-scale wind data for high T EHE
penetration wind scenarios - ‘ o
— Wind energy forecasts N Nﬂ:%m% B, RETRE
— Periods of sub-hourly generation mﬁﬁﬁﬁ
and load data to analyze _ JINGES £ ,
“interesting periods” (i.e., high ﬁ; J H:‘[‘Zi %}%E‘ﬁﬂﬁ\ﬁfﬁﬁ
wind/low load, low wind/high load, i “HBRAG” , WRR

etc.) R S e BRAR XU 5 D



Demand Response and PHEVs
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« Demand response could help  « FERMNABITHRIE L X HH,

integrate higher levels of wind BBk BA BB RS

generation at a lower cost than R A A

adding new generation or — YRR ES KL B3R 5]
ancillary services BENERAE R, XPEMR
— Particularly true for extreme —4RE0] BB KR A& JLAN /N

wind events that may happen
for only a few hours per year

 Introduction of Plug-In Electric  ° 51 I B R A B TR

Vehicles can also help with PEZ XE
high levels of wind power — BRNBEES I EEKR R
— PHEV charging at night B, NS R EF=E SR
coincides with timing of higher BWY&

levels of wind production



System Benefits of Fast Regulation
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MW of Regulation Displaced by 1 MW Fast Response Resource
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Comparative Effectiveness of Regulation Resources
W BRI AR EE
Study by: Pacific Northwest National Laboratories
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System Benefits of Fast Regulation

MW of Regulation Displaced by 1 MW Flywheel Regulation
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Thank you
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