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Agenda 2

US Western Wind/Solar Integration Study

X EFAEBME/ KA A BFH MR
— Study Goal #tRB#r

— Scenarios HAE

— Key Findings X8R
GE’s China Integration Work

GETE H [EIRYF M T1E
— Inner Mongolia Wind Study  RAEHEX B R
— Wind Modeling for Simulations X\ B {FEZ=
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Western Wind and Solar Integratlon Study (WWSIS)
EEAENEBFKAE A B IR (WWSIS)

“To help multiple utilities in the western U.S. understand the costs and
operating impacts of the variability and uncertainty of wind and solar
power on their grids and potential mitigation options for these impacts.”

“ J3 17118 3= E P AR B W FE W B XU BB FA SR BY & T A0 E 14 SR BY B'
FIEITRM, IR XL B ERERRAE.

Can we Integrate 35% wind
and solar in the West?

T AT e 9% 7£ Fa 7R+ M 35%HY
XU F0 R FHAERS ?

700 NN The information about WWSIS in this document is from the report of “Western Wind and
) imagination at work Solar Integration Study”

ASRYPA LM I SIS RRBRE— « (£E) EHREMLKIRFR" . o



Study Focus ffRE 5

What is the operating impact of up to 35% renewable energy
penetration and how can this be accommodated?

e :)_ZV'i%tl:EL_EUSS%ET XEMEITESEMN? WAEZant

How does geographic diversity help to mitigate variability?
IR R EFIUNATERS T4

How do local resources compare to remote, higher quality resources
delivered by long distance transmission?

GnART A 1R I B BRI T DU B R I RE R R i

Can balancing area cooperation mitigate variability?
XX & U+ e BE R AR % T %AD 7
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4/



Study Focus ffRE 5

 How should reserve requirements be modified to account for the
variability in wind and solar?

SNAIZ IE & A & K SR D X BB AN AR R 2 2 14 7

 What is the impact of integrating wind and solar forecasting into grid
operations?

XURE AR AT ZR FU 3t B8 I E A TR 2 Ml 2+ A ?

 How can hydro generation help with integration of renewables?
7K B AR AT S B AT A5 A REGR I 2

 What is renewables capacity value?
AREERNEERES DY

imagination at work
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Wind Data X £{1E

e 3TIER Group: 10 minute wind B
power output for 2004, 2005,
and 2006 for 960 GW of wind
sites in WECC (32000 sites of
30MW)

3TIERAT]: 20044, 20054
FN20064E, WECC (EEFERE
h&EZ HRIXEIE (960GW,
320001 30MWXLEE1%) &104

WA gt

* Hourly day-ahead power
output forecasts

= TR N I S b
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Scenarios 7 &

Name WestConnect Rest of WECC
AT PO EREE P WECCE & &R 4%
Wind Solar Wind Solar
HKLE X PFH&E B K PFH&E
10% 10% 1% 10% 1%
20% 20% 3% 10% 1%
20/20% 20% 3% 20% 3%
30% 30% 5% 20% 3%

Penetration levels are by energy, not capacity
BRHERE MARRIE=E
« 70% concentrating solar plant with storage; 30% PV solar
T0% A A, 30%AHNKER
* Modeled WECC power system for the year 2017
2017/K FEERYEE AR R ) RFIRE
« 3 years of data 2004, 2005, 2006

imagination at work 2004\ 2005\ 2006:\'\2355'5?‘];&*&



6ut of
Footprint
45450

7,500

@ Wind (MW)
Q Solar (MW)

Scenarios &
-30% Wind/ 5% Solar Scenarios 30% X\ H., 5% K[HEE A& H

In-Area Scenario

| 2340

900C00

1,600 MW

Mega-Project Scenario

@ Wind (MW)
@ Solar (MW)

In-Area - each state meets target from
sources within that state

X3 A - R B FIRIF R FMNEE BER

Mega Project - concentrated projects in
best resource areas

BATIRE-ERZRRIFRIMXERF R

Local Priority - Balance of best
resource and In-Area sites

EaBI 7E— X 33 A R 37 F0 25 1R = &= 3t [X BY T4



Analytical Methods 91777 7%

o Statistical Analysis : Quantify the impact renewables’ of variability on system
operation performance

FZitoth: ENTHEERENZ THXE N RRIEITEIR M
— Multiple time frames (annual, seasonal, daily, hourly, 10-minute)
ZERR (F, Z, B, /B, 1055

— Load following, regulation, unit commitment
ERER, BB, HlLAFINAXK
— Forecast errors

T iR 2=

imagination at work
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Analytical Methods 91777 7%

* Production simulation analysis: quantify the impact of

F RS EX T

— Maneuverable generation online
SRR

— Changes of dispatch of conventional generation
EAEIFEEAERNTL

— Changes in emissions
& SHER Y 1k

— Changes of cost grid operation
B IZTT AR ABY L

— Changes in hydro, and other resources
JKEBFAE A BRI T L

imagination at work
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Analytical Methods 91777 7%

* Quasi-steady simulation analysis: minute-to-minute time frame performance
ERSHES: SR IEeE

» Reliability analysis: LOLE, capacity value
gt HEE, 5=

imagination at work
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How Does the System Operate With 35% Wind and Solar?

SB3B%X BFANIBRE A B RARFZWMAEIT?

* The operator formerly managed to
load (dispatch the generation to
meet the load)

R, SEEWEET 0N GRS
AL E 517

« But now has to manage the net
load

BERMAEMNEE SN

* Wind adds the variability of the net
load

MU IE AR T i G2 far BB B 1

60000 -
50000
40000

E 30000

20000 < mpVv
CSP

10000 ¥ Wind

® Net Load

11-Jul 12-Jul 13-Jul 14-Jul 15-Jul 16-Jul

imagination at work

Net Load |= Load —Wind-Solar
e/ =X E-XFHEA B
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Study Footprint 2006 Net Load Duration - in Area Scenario
XF2006 £F i3 § 17 B BFF 52— L0t iy %

60000

Scenario |Max L-W-S —— Study_Area Baseline
| Baseline | 507 M) | ——Study_Area L-W-S (10%)
50000 & 10% T I T N S
' 0%, 52 762 M — Study_Area L-W-S (20%)
| 0% | 4997amn| | ——Study_Area L-W-S (30%)
40000 +- NN R
S ‘ | | |
= | | | |
E 30000 + o —~ e e : — S
@ Min load 22169 MW | ‘ |
® 20000 1 R T~ fffffffff —
3 | Below existing : ‘ 1
- min load ~57% of ‘ ‘
— | year, for 30%
10000 - - scenario | |
| Scenario |Min L-W- S
e Haseline | Z04BINMNY)
0- 3 3 0% | 14515 MW
| | | 20% 6,995 My
3 ETE I
'10000 I I I I I I I |

0 10% 20% 30% 40% 50% 60% 70%  80% 90% 100%
Deciles of Year

w “ Eﬂ‘lE—'J (~$‘|‘%‘&ﬁ‘) 13/



How Does the System Operate With 35% Wind and Solar?
2B 3UXEFKHBEAR B ARG UAIZIT?

50000

40000

§ 30000

20000 ™

10000

0+

Mid-July
+ H 4]

" lLoad

"pV
“CSP
= Wind

® Net Load

11-Jul 12-Jul 13-Jul 14-Jul 15-Jul 16-Jul

Mid-April
I A & A

40000

35000

30000

25000
= 20000
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15000
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Mid-April shows the challenges of operating the grid with 35% wind and solar.

4R RAIRYLE SRR AA = B 35U X FN K FHAERY R B E T Bk ik -

magination atwork 1 NIS Was the worst week of the 3 years studied.
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Operations During July and April
+ AFME A RIELT
No Wind/Solar 35% Wind/Solar
FoXUE /K FHEE & H, 35% X8,/ K PHBE A& B

¥ Hydro ¥ Pumped Storage Hydro B Gas Turbine
" Combined Cycle ®Solar PV © Bolar CEP
= 5team Coal B Nuclear

) ) A8=duil Hadud 12-dul 13=Jul 1d=ul 15=Jul 18=ul
10-Jul 1-dul 12-dul 13-Jul 14-Jul 15-Jul 16-Jul

50,000
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40,000

30,000
30,000
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@ 10-Apr 11-Apr 12-Apr 13-Apr 14-Apr 15-Apr 16-Apr i P i P R é A
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Key Findings
s 2 &I

It Is operationally feasible for WestConnect to accommodate
30% wind and 5% solar IF:

iR T &4, TOERELM R FEIE 4930%89 X\ BB F15%HY K BH BE =2
AJ{THY

» Substantially increase balancing area cooperation or consolidation, real or
virtual

o F RIBEXEERESESREF, A2 SERIEERIRY

* Increase the use of intra-hour scheduling of generation and interchanges
fnsaF| & RS e TR B/ N R E

» Increase utilization of transmission
8 fin%a 8. /Y ) A &R

« Enable coordinated commitment and economic dispatch of generation over
wider regions

6 IR EN L REF AT RNBAS

16/



Use forecasts in operations

BT HRE R T

* Increase flexibility of dispatchable generation
BinA B AAER R A

« Commit additional operating reserves as appropriate
BESECEINIIZEITER

 Implement/expand demand response programs
SLEN/4 R 7 oK M o KL X

* Require wind to provide down reserves

EOKKERHE T HEA

imagination at work
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Summary of Key Findings

Kﬁk7%l§|\2ﬂ:

Ilmll

 What are the biggest changes that make this possible?

Al RERV R R ETA?
— Extensive balancing area cooperation
KEEE AR EE
— Sub-hourly economic dispatch

INFTREZFFRAE
 What are the benefits?

Bl ?

— Reductions of 40% in fuel/emissions costs
WD A0%H AR/ R SHERUR AR

— Reductions of 25-45% CQO2
R 25%-45% B — S AL AR HERL

imagination at work
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Summary of Key Findings
Kﬁk7<l|_,\2ﬂ:

 What factors have a large impact on the operation
economics of integrating wind/solar?

BNR 2/ A PRBE 4 BB IR B A e ?

Use of forecasts in operations

IE 1T H i aY 5z A
— Flexibility in the dispatchable fleet

SROAERMRENE
— Wind/solar penetrations in the rest of WECC

WECCH & it X B8 XL K2/ A BH 8E Ffr & LL 151
— Different transmission/geographic scenarios do NOT have much impact

TR/ IR T R 8 HE R
Do we need long distance interstate transmission?

= T 22 M PR IB) K BB B A EE 7

— We can start integrating lower penetrations of wind/solar before long distance
transmission is commissioned

mgmm LI REES M ARIRANZ AT, AT AT AT WA bL 5B XU / K PR AE

Ilmll
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Summary of Key Findings
Kﬁk7<l|_,\2ﬂ:

 \What often is wind curtailed?

PR 25 /D XU ?

— On the order of 1% or less of total wind energy
RKLAARKTFXEEZS=HI1%

« Do we need more reserves or storage?

A FEES R FHSEMERE?

— Load is always met but there are contingency reserve shortfalls that need to be
addressed

RS EA R, BERENEENI XS & HRE
— Demand response is a more cost-effective option than increasing operating reserves
Tifar i KM h 2 — A~ PEIEIIE 1T & A E X B A

Ilmll
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Summary of Key Findings
Kﬁk7<l|_,\2ﬂ:

— Reserve requirement for variability (load following) increases but the system
naturally provides these increased reserves so more reserves is not needed

R BRI FAEK (RERED BT, ERRFAUBITRMAZEMNER,
FTUARFZ M

Additional storage is not justified based on price arbitrage value alone.
RETFMBREFENZTII RS ER

— Increase the flexibility of dispatchable generation where appropriate could be an
option
NS & XA A E AR R IEER A B ATIEE

 What capacity value do wind and solar provide?
XEFKPHEXBRETEEFZ DY

— Wind 10-15%, PV 25-30%, CSP 90-95%
KB 10-15%, ¥{Kk25-30%, 1E4HFE90-95%

Ilmll
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Impact of Uncertainty/Variability on Operations
X R GBI TR E /K SRR

* The net load variability increase with higher wind and solar penetration;
however, the overall increase is not dramatic.

F LR e R E X B K PRRER B LL BBy A S TIEM, ERS2RLLAME

* the number and size of extreme deltas at the footprint level (30%) is much
more impressive than the increase in overall sigma.

EEERXE (30%) WiEzittaldeltald (EE) ZELbiEmayRksigmald
(2Ff) PBEME

imagination at work
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Impact of Uncertainty/Variability on Operations

X RGBT E L/ K B TR 220

* Increasing the flexibility of dispatchable generation can be a measure to
mitigate variability of the net load

IBINALAEHE R R BT R BE 2R

— Shorter start time; faster ramp (up/down) rates

HRIE R ENESE); AriRiE) _E/E T BT &

Deeper turndown

N SR BB YF T R

RIS
— Cycling (lower start/stop costs)
BN (BT
Sigma (o) of Net Max. Negative Net Max. Positive Net| No. Deltas > a %
Scenario Load Deltas Load Delta Load Delta 3" (load o) Increase with
(MW/hr) (MWihr) (MW/hr) (-I+) Wind & Solar
Baseline 1,429 4282 3,793 0/0 —
10% LP Scenario 1414 4,195 4178 0/0 -1.0%
20% LP Scenario 1437 4,359 4777 112 0.6%
30% LP Scenario 1,523 -4 931 5,644 3728 6.6%

imagin
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Alternatives to Mitigate Extreme Forecast
Errors and Contingency Reserve Shortfalls

B AR MR PR TR 1R ZE F0 2K 2 5 F R ER

« Severe under-forecasts can lead to curtailment or spilling of wind/solar
il Ed b SR B/ KRR BRD A

» Severe over-forecasts can result in inadequate contingency reserves Wind and
solar double the variability reserve requirement (load following).

—'ﬁéﬂ'])%ﬁ%%%ﬁ%%%ﬁﬁﬁ‘ﬁﬁﬂ, X EEFIKPHEER RANER A ERFKR (G
R R

» Increase spinning reserves 24/7 (8760 hours of the year)
RS & 24/7 (—&F#%8760/\EHH)

Add storage like pumped hydro or compressed air energy storage
IEANANik E RE S A [ da = S aE

imagination at work
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Alternatives to Mitigate Extreme Forecast
Errors and Contingency Reserve Shortfalls

R INER BR 5 iR 2= F0 2K 2 25 RN

|

* We only have shortfalls for 89 hours of the year (1%), so these options can be

expensive

HAT—FE R B8/ NATHIEREN (1%) , FRLUEMEIIMIZ S ZFRAEARE

 Demand response (paying loads
to turn off) was found to be
effective and was less
expensive

TR (BfAE) EHMME
% il
» Adding additional quick-start fast

ramp rate peaking generation
where needed can be an option

IR R B 5 IGANEN S R BE IR IR
B E A RIR T AT I IR

imagination at work

Cost Increases ($M)
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o HY

O Increased Cost of discounting forecast ($M)

B Reduced Contingency Reserve Shortfalls (GWh}
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25%

- [+ (] B [4)] [=;]
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Reduced Contingency Reserve
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o
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Do We Need More Storage?
BAFEE X HIERENS?

Storage was evaluated storage for price

arbitrage, nor for ancillary services

(reliability, regulation, etc)

fERERT EMEMBER, MASHENIRS
(]S, BIEH)

Wind and solar increased use of existing

pumped hydro storage (PHS) slightly, but

not to a point where more storage would be

needed.

1 10 X\ B2 R0 K PR BE AT 1) F B 2 B de vk B

Bk, MAEEHINE S HIiEEE. 4000

We decreased pumping costs to increase

use of PHS but overall production costs

increased.

AR FhoK B B AR T E AR E B9 R A &,
XIESFERAIE.

imagination at work
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Doe We Need I\/Iore Long Distance Interstate
Transmission?

AL EEF TR B3 Y B (8] 46y B8 AL 2

 Absolutely need some intra-state transmission *
to bring resources to load

45450

‘ wy
TR A AR R RR R AR EK o UL e L @

* Very little operational difference between the 3 | .T:ﬂ%
geographic scenarios \é.m

: — /= 4 - Az | ooaMw
X34 R 45 IR AT R RN ©°
: 5 NM

@ Wind (MW) : 2000 |
@ Solar (MW)

imagination at work
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Doe We Need More Long Distance Interstate
Transmission?

F A4 T B2 5B 1K 2R 5 R N B (8] i FE S 2

Wind/solar displace other generation,
freeing transmission capacity. If this new
capacity can be used for wind/solar, then
less new transmission is needed.

RE/KBRAES AR T A iR, BRTE
HAE. MBEXEFNARATEOREA ™ S5
PHEE, R BT A EE. N £

_ @0 b
We can start integrating up to 20% \Um
wind/3% solar before interstate
transmission is commissioned, assuming
better utilization of existing transmission @ Wind (MW)
@ Solar (MW)

BuFEHF BB EMRE, EINPRELSE
RIERET, AR AT M 20%H X B F13%

i (\ BH ﬁE o
@ imagination at work

28/



Wind X B: 10-15%
PV Jt{K: 25-30%
CSP with storage = fi#BERIE St BBIRE: 90-95%

Peak load hour
54000 - | = | —
+— Load D a—
45000 - 1l apy | B 2500
—— CSPws

36000 - : 2000 &
5 27000 - . 1500 T
i 1 m
i 2
-9 BOOO A | 1000 w

9000 + 500
D E D D - T U
0 4 8 12 16 20 24 0 4
Hour of Day

Hour of Day

imagination at work
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This Is but One Piece of the Puzzle
XH Bk HE

Integration Study ,
\Hourly production model Transmission Planning
Operational Feasibility N-1 contingency
Variable Cost Security

Capacity Value gl FE AL X

F MR -1 £y

\ N A AR A =<

BITRAM
FEIF:S
BE

‘.v
Dynamic Studies AEAELYEE

Frequency Response Voltage
SR Line losses

ES v Reactive power

3
%
5 Einl

T
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foic. | pmun Jo))

AR A FEL 22 AN 58 14 FE A
AP
Feasibility Study on Large-scale Wind Power

Connecting

into WestIlnner Mongolia Power GridWind

o (] B8 F) B S0 B e



‘{9" 2 1 FRYSME B

— Background and objectives

" REAHSHENBEESAARAMEEE, B R A bOE A T R R Ky,
ol [ B 5 fE AH AT WSS . Wind is non-dispatchable and good resources are usually located

where the grid is relatively weak

= R HEE AR T B AT 0 E P {4l R P A0 R T L O ) RS AT 4 RIS, 4 TR
B 1) B A AR 8 AR R A R BUE BE A R AR R I, 1 A R R A S T R T

Ll Bz, HIFMES BT = ETERm, ERERMEFHA. If the
impact of wind generation on the grid is not studied and necessary mitigations are not
prepared during the planning period, there could be severe operational problems and

economic loss when the wind generation is in operation.

W NP ey PR R R T AT RS, A AU R ] S R R AT U, R
e E LR AL PR B i AT A T, BRRIFEAT R, e AR S L R A R
BRIt EHKIE. The study will explore how to accommodate the targeted wind

generation and propose necessary mitigation and recommendation for the coordination of
wind and grid planning.

o [ FR 1 S



&= wme 2 HFYEAI Cooperation Mechanism & e

= AR IR A L SE AT HERF SR Y, AR B (GRED AT
wHl WERGSREEMERA R EL 7 IS mEfL.

" WELHRN GRBED AMTEAR. ARGEEEH G RS a7 ikt
T Bt e e P R A R AR

= fE R R A AR IE T B B AR, A RAGE)V ARRMEEFIES
» FLFEIFEATIH AR R R R A N S R al 1T PR 5D .

Inner Mongolia LuNeng Renewable Energy Company provided the wind data;

Inner Mongolia Power Grid provided the grid data.

CEPRI performed the study and GE provided expert guidance and support.
CEPRI and GE jointly prepared the final report.

o (] AR f ) S B e
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Overview of the WIM grid and planed wind generation

Bl 1. AZE T FEEHLX L 20105 L&)
SMKV Power Grid of WIM in 2010

FEMEZEE Total wind capacity: 61 50MW
BIEEConventional generation: 32428MwW
ER AR Max. Load: 10500MW
A IMEMax, exporting: 4500MW

¥
24 .

= REC X mungE
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& 3 PN R R (. —
L2 | e

msisengentpe Overview of the WIM grid and planed wind generation

2015500k V2 7 HL P 25 R B
S00KY Power Grid of WINM in 2015

FlERFEEE & Total wind « 22,3900W
EHEEEE Conventional generation: 53,178 My

B ffay, Load: 235000W
B SMEMax, exporting: 11000k

LR
SISMW | 5: Bl

, WP ER
_ 1980MW
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4. EBMREARF G o

Main contents -

AR IR ERL 1 A F pA) 55 vy B IR 1 0 S 5

Impact of wind power on peak-load regulation of WIM power system.

- JJ 5 Hlt'|“"~ ok BHLEE o 2 04, A BRI S HLAL BT & FEARIAR /).
lM H R 'ufr rJI:__"."Hf-E.fr“'.rf.‘fJ B, Joidaimae M llh,u A T i Jlf
.'l i lt'. o R0, iR ;L',".r'._-" £l. Most of the generation in WIM is coal-fired

generation and 1ts flexible capability 1s linuted for high wind penetration

- A LA AR A LT ;r““= HLAL R e e 7B AT, e ol Ak
P B AA fr . AU B, RUER H s in . The peakmg capamhr}- 15
even less in Winter because part of the coal fired generation has to provide
heat (less mumimum operation level)

- 5 0 R A T 24 DAL, ) () G B IR 352 Limited down-ramp

capac:ltj.- 15 the major constrain to accommodate wind in WIM
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' Main contents

1 KA B PR PR 2 o oL P R ) 2

Impact of wind power on peak-load regulation of WIN power systern.

mmemm = A RELHE FAEHE e B 40 REOhE EREE
Arcommadahle The oretical Curtailment of Accommadahle The oretical Curtailment of
4500 wind cutput wrind pow er wind output G000 wind output wind power wind output
4000 } B .\1 : 060 o
5.1 S — —1 "7 d j "“-"“"",__-'.r" i
3000 el "',‘;"' ey 'i 3 4000 ] b i
s ] I |
25 ' I 3000 p ¥
20040 | i T
1500 \ J P00 wmwm T
1004 i won s
500 = ik :
i i i ——
ERE2R 35338228258 ¢%2 3 " ERIZTEEEEZEEEIRE L
= ammoe e = 33435253522 3 A4 I
201016 20103511

o ZFEHSCEVEAGESNE S, TLEMERETIFE R, BoR) R EH
AE A2, FRHAEHRF .

+ Power balancing capability 15 mnsufficient due to the operation of CHP plants with
limit operation range, which will lead to large curtailment of wind power.
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— Main contents -

2. A H PEEATX RGeS R R

Impact of wind power on voltage and power flow of WIM power system

- BRI AU S N T A S, RN s A A T L M Ay, MR
W e ke e, FLER 2 D e HP o048 28 . Most planned wind generation is
located 1n weak gnid and far away from load centers.

- KRR H 78NN, TR AR, iR KR, FEUX R
P B (b ety s i XL EL A TR RGN, AL i e L 4
AR EUC IR FEN . B e F KR flE . Voltage is a problem during

high and low wind output.

- KRR S, L o] R i E P B o A AT TR s R ST 1]
o PRI R AR IR i ) SR SR A S L A AT oty R
CEEL 0B, o 5 R A

Load flow analysis 1s needed for necessary mifigations to address voltage
problem.

o (] B2 A ) S0l 5 e



. & 4, EBWARAE (56 R

oo NED®

el et Main concerned contents

WL I R IZAT 5 i) R G A e sE 11

Transient stability analysis with the grid connection of wind power

fad

- AL ET AR AN ) T e, L H i e R A S
AT ﬂ,'JJJ LR D AL HL R i BE

b

- SRS ME VT, I K H ?:: LD RE B A

HH A W TR B e R R T R s A

Wind generation has different transient stability characteristics. It needs to
analyze the impact of the planned wind generation on the transient stability
of WIM and propose mitigating measures if necessary.

o [ F8 5fy B Sl v e il.-
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- “g 5. B4 Conclusions

S, P Baa

20154 A3 [ R HL ML 755 R AS [ A1 T 1 IRUFR 6374 3 207 TR B 3

Equivalent cut-off hours with different planning capacity of wind power and exporting
power in 2015
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1A, e, 1 o Tie-line power flow is different in peak iy e AR AR T
: : Tie-line power flow is fixed
Planning capacity and wvalley time period
(MW
4000-2000MW 5500-11000MW S000MW 11000MW

10000MW o8 80 2 0
11000MW 131 110 6 0
12090MW 169 144 18 4
13000MW 204 173 31 10
14000MW 243 207 53 20
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Wlth recommended gnid reinforcement, the system load flow and voltage can meet
the requirement with the planned wind capacity

o Ul IR g 2 A LI P A L e e A TR B RIS, RS RENS HE ST
Aol A MOpInIyRELETy HMIZTT. Lf a three-phase short-circuit fault
happens at any transmission lines and all wind turbines operate in full capacity, the
system can keep transiently stable. and all wind turbines can maintain operating.

o YA A HIM AT & — G i P AL Bk N, REUhRe iR S
o, LY BEYERY R MIZ 1T . When any conventional generator trips, the
system can remain transiently stable, and all wind farms can maintain operating.

o KHLHI |"~*J.L_“H J L, Sy ok h T ik SEC I AL v 1* ELBUE R AL
Im A HEEE S i EE I el iat,  LAERRE AL b rE g0 i o AL RE B SR . Some
harmonic components exceed the specified limat. It's Suggeated to perform
harmonic test to further evaluate 1ts impact on the power quality of WIM grid.
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o fnsEEA M Grid reinforcement

o IBIMAGEVEIFRE S CRRBIFFMEE S, FIZEIHKE
AE B un AR AR R )
Increase the maneuver capability of the system (quick
start/stop and fast ramp rate, pumped storage and gas
turbine generation as needed)

o FREMXHEINFEFMFEXI{E Wind forecasting

» iE= X B/ X B HBTE S EE
Requirement for the controllability of wind turbines

o HIZR3Z¥F Supporting policies
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GE Energy
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Development of Wind k.
Turbine-Generator Models f
Power System Simulations
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imagination at work
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Wind Model D_evelo oment for Simulations
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e Itis required by most grid codes globally
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* Generator models are necessary for power system studies (feasibility
study, grid planning)
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« The characteristics of wind turbine generators are very different from
conventional synchronous generators
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« As wind generation grows big, it becomes critical to understand its
Impact on power grids
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imagination at work
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Wind Model Development for Simulations
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« The need to have models to represent wind generation for power
system simulations are urgent in China

ERE, ZRTHENRGEHERNERRKENRE

« GE worked W|th CEPRI to develop wind models (doubly fed WTGs
and full conversion generators) in the power system simulation
program PSD-BPA

GESHhEB N#FMERSIEER N RR{TEIZFPSD-BPARF AKX

FEARE (B4R R LEFN B R A2 )

e These wind models dp\/plnnpd in PSD-BPA was validated throt gh a

WA W W1 Wi 11 W w1

series of benchmark simulations against GE’s PSLF
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imagination at work
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imagination at work
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