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* A wind integration study typically identifies the operational and reliability
issues from increasing levels of wind penetration
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» Usually multiple scenarios of base, 10%, 20%, 30%
WS R T 2 F007 3T, WRKE AR 510%, 20%, 30%.
* Identify changes in production costs from higher levels of wind penetration
ST BT XU H T 9 2 B B 0T B A7 AR AL
* Identify changes in requirements for reserves over multiple time frames
SITRAE 22 I8 TA) RUE T RGP & A B A1k .

* Consider whether existing generating resources (i.e., coal, natural gas,
hydro) can accommodate higher levels of wind generation
SIMTIAE R (IR . RARARIK D) RGN E Z (A
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Generally Have Multiple Parts
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* Production cost modeling (for hourly simulations of power flows, costs and
dispatch)
A AR AR CFH T HATWI S AR BE /N A LD

 Statistical analysis (for determining hourly deviations in net load from
adding wind, and for determining sub-hourly changes)
gt oyt CH 3 ACRBLES N J5 S5 R0 R /NI i 22, 8 /N INE A AR A o

* Capacity value and reliability analysis 78 & (5 AR S0 0

* Load flow analysis ¥t #r

e Transmission planning and siting s kI bt

* A Technical Review Committee that is comprised of grid operators,
government energy officials, renewable energy companies, renewable
energy experts and/or consultants
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Typical Wind
Integration Study :'
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Source: Eastern Wind Integration & Transmission Study - Study Overview
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* Study time-consuming and labor-intensive  fff 5t 75 L3 A K & i R A0 T4
» Typical study time 1 year, and can take longer
— R BT FUIN T R 14F, BRI [A]
* Need single organization to lead and take responsibility
LB A R A TS, TR H A5t
» With help from other organizations and from Technical Review Committee
7 B A R AR B2 o i)
* Consider who does the work 2 [ #ESR AR FHAH AT 5% T A

» Could be done in-house but hard to juggle wind integration study with other
responsibilities
HARTT DA TE s, (AR M5 FLAAH DG T IR Iy 22 5 7 Je KU I I RIF5
> Work typically is outsourced to multiple consultants
R AR &t 2 M in, .
« Power systems consultant Hi Jj & 45 i 1]
« Transmission/load flows consultant %y F, /3] 37 i 7]
« Wind resource and forecasting consultant X\ % Y A1 F5 i n]
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 Different natural gas and coal prices As[&] ) KRR FIRE R 4%

« Different fuel mixes  RFEPARRIALE T F

* Higher or lower projected electricity demand i s A% A% o 75k
* More demand response 5 £ [ sk i

» Plug-in electric vehicles  Ef= 5%

 Different turndown capabilities for coal units JkHIHLZH KA IR 7 RE
 Differing levels of hydro flexibility 7K A [FRIFE R () R 35 2%

* Varying accuracy levels of wind power forecast KIS [ 5 K F
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* Projected future fuel costs for natural gas and coal
RRFIR TR R I Pt A

* Expected future load growth
TITH R AR A7 A 1

* Projected future transmission grid
TR PR A A i P, o 25 4y

* Projected generating capacity additions
TV AR B 14 P B

* Whether to include S/ton carbon dioxide adder or not
Fe 1 7 AR S M AL B S T/l AU B AE B
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Data Needs— ——= :
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* Multiple years (usually three) of time-synchronized wind and load data to
capture inter-annual variability of load and wind
LA GEE =50 A [R5 i KO A7 28005, T s A0 XUHSL PR 22 AR AR AL A

¢ Use Numerical Weather Prediction models to recreate historical weather
data
12 FHBUE RS PR B B g g s RS 8
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* Sub-hourly load and generation data (minute-by-minute, 10-minute) for
analysis of interesting periods (high wind, high load, high wind/low load,
etc.)

/NI N R AR RO R (B2 Bl 10 080, FH DO SR RN BOHEAT 20 A G R
B0 =R C TN =D R A AR G D

* Load forecasts for multiple years
ZAE A T

* This step always takes the longest, and wind integration studies cannot
proceed without data

AP BRANRK, SRR M EERT .
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Wind Forecasts
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* Techniques for simulating wind power forecasts not well developed

R IRBAUTARIEAT 52— 2D R AR i o

* Two basic methods

DAy 22T P o o B A v
» Impose random error on top of wind generation profiles
FERT) L Zerh & AL e 22

» Match up with another wind forecast (covering same time frame)
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Transmission
ERAS

* Need current and projected load flows for planned scenarios

EEXSTHRIAOBT ST 5, 24 17 AR ) 2R SO

* Also need to decide whether to do detailed transmission study for low-
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voltage and high-voltage transmission levels, or do high-voltage schematic

and assume low-voltage issues away
5 HEYRTE A7 B0 AR FEL L M e PR P A5 A% i R G MR A A LT 9T, 3 LB 0 e F
FEL P 17T AN 2% R AT R P A R LY
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Wind In
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* In general, defined as the increased system costs imposed by higher levels
of wind generation, but different viewpoints on how to calculate wind
integration costs
— R UL, RUHL I I AR i A DAL RH, I D9 2 3 0 P 5 LAS R B R A, (RAE T
A FEL D8 S A P ) 8 A A AN [T R
Two common methods:  PiFli W52
» Flat block, where a power system with wind is compared to a system with an
energy-equivalent flat block, and the cost difference is the integration cost
[ E AL (Flat Block) , HRBCE ML HL ) R G5 ANE KUHE R 55300 ) RGEH)
» System, focusing on wind’s impact on commitment and dispatch and wind’s net
value from fuel savings and reduced wholesale prices
REGJ7E (System) , MR T RN FEHLLHERN Y BE (R0 . DL R AE 55 20 k)
B B s J7 ThI I (A JE
Newer, but still relatively untested, is using an “ideal wind block” (perfectly
forecasted) instead of a flat block
SR RITV, HMARLNNR, A AKX BRI (DEMNIEE AR
A e A (flat block)
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Study Assumptions and Results

MR B E R

* Inputs, assumptions, data should be public and transparent
AN BSOS N 2o A T B .
e Study results should also be made public
WETEs Rt NV iz A FF 1
* Non-disclosure agreements may be required to get access to sensitive data

AR LU I T R 7 B AT (R DML
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* Wind integration studies are a useful means of studying the potential
market and reliability impacts of higher levels of wind generation
JRCHE I PR IE A2 A 5 KA IR g A v R 8 7 1T S R R Sk s i () — R B B Bt

* These studies are time- and data-intensive and typically involve meso-scale
modeling, load flow modeling, production cost model, and statistical
analysis
XUEHPT T SRR AN, HAEH W &b R, MR, A A R 5t
oA,

* A Technical Review Committee can be very helpful, if not essential, in
helping design the study, to provide critical review, and to build
stakeholder support and confidence in the study results
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