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Utility Data Control Center
=

Billing

Enterprise Service Bus

AMI Head End System Ul

Analytics & Distribution Device Security Mgmt
Operations Monitoring Management Server

Application Server

Communication Server
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FRCC - Florida Reliability Coordinating Council ~ SERC - SERC Reliability Corporation

MRO - Midwest Reliability Organization SPP - Southwest Power Pool
NPCC - Northeast Power Coordinating Council TRE - Texas Reliability Entity
RFC - ReliabilityFirst Corporation WECC - Western Electricity Coordinating Council
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AL %k : 2012 NERC Surveys

P £ LR AMI 2 e Bl 4-14 #7577 P &g 5 21 WECC-
TRE 2 FRCC % # % #2012 & ch AMI &1t & £ 45 % $-:¢ P WECC
bt e i 42% 7 B 4-15 87 & 2 2 ER AMI 2 ikt &£ 578 2010

E8.7%% 2012 #1122.9% > & & p ikt £ 14% o
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@2006 Survey W2008 Survey 02010 Survey ®2012 Survey
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2008 Survey 3.7% 2.1% 9.0% 5.8% 5.8% 51%  10.4% 1.6% 0.0% 0.3%
2010 Survey  15.3%  14.1%  13.4% 8.9% 8.0% 6.7% 5.0% 2.1% 1.2% 0.7%
2012 Survey  14.6%  424%  386%  152%  22.0%  104% = 32.5% 0.2% 0.0% 5.3%
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Bl 4-16 £ 7 & B EK AMI RLn

7R kiR - Smart Metering Projects Map - Created and updated regularly under the auspices

of the SRSM smart metering project being run by the Energy Retail Association in the UK
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System Integration)
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Grid of the Past Grid of the Future

* Regulated Markets + Market Competition

* Central Stations * Distributed Generation
* High Environmental Emissions + Clean Energy

* Flat Prices + Dynamic Prices

* Passive Demand * Active Demand
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Source: Adapted from
GE PSEC Power System Course
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Kinetic Mechanical Electrical
Energy Energy Energy
Rotor Gearbox Generator +
45 - 52% 95 -97% Power Converter
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B 2E Tower @ L35 R 2 8452 v i & st

<4 Pitching : 2 & Y ¥0h & B 13 & 4

&
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£rd % Yo Brake @ oridr] e s N R

Rotor
35 metric tons
77 meters diameter
e \
\ Nacelle

52 metric tons

B Tower

120+ metric tons
60 to 100 meters

Automobile
(for scale)

B 4-20 B ¥ PrE

T kR GE F A

Control Coupling
Cooler Obstruction

lights
Casing \

Generator

Oil cooler

Gearbox

Pitch drive

Hub

Ground frame Nose

cone

Noise decoupling Yaw drives . .
Rotor shaft  Main bearing

B 4-21 kb ¥ 45(Nacelle) 7+ &, B

T kR GE F A
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bS8 4] 0 e i S Yawing 4B 4-22 fror 0 i L e ds
b dadh o SHA R B b G 0 2 b H T

Anemometer focility
Anemometer

~3

S8 _\Wind vane

Yaw drive

Slewing rim

Wind vane —— Control —* Yaw drives
10 min-average Rotor is turned into
of wind speed the wind

Bl 4-22 b 45 i ] s 4

T kR GE F A

I I ¥ R VAN S~
® Typel & # ;% g & %% 7 ¥ (Squirrel-cage induction
generator): }t A4 d BEodhied R EE T B RE SR R
FapLs FRLPITFRENGEITE FR5H
AR R R o RFIGEFER G Y b
R E RER R EF 2 LR TR

JEE G MBI R EE A RTE BT

=1
N
vy
0.
E\

6”‘34

PR ERT I PR bR A

Ja
9
=M
w}
IR

FIR > Ao 4-23 P1o o
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Plant
Feeders

generator

PF control
— capacitors
—- capacitors

B 4-23 ELE VR RE T

T %R GE 1 ki

Type2 # % 3+ T VR B % T 1% (Wound rotor

induction generator with variable rotor resistance) : * %

3 % d Tpyel & it

-

m

& > 4oF) 4-24 SrF o

ko

Rk B S A TEY

i

Plant
Feeders

generator

Slip power

as heat loss —)

Bl 4-24 7 45 7

| PF control
~~~ capacitors

LR N/ TG S

T %R GE 1 ki

Typed F4 ;' 7 ¥ p &% 7 1 (doubly-fed induction

AR g T
L b S IR
Vo EA TR

SR K T

F)i% B He K Kk
Fd R TR AI TS
TR F A F AR
NS AR R )
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Wt DHIRRR 2 LEAE R RES 0 & 2

A jn 33t (4o R 4-25)

Plant
Feadars
genemior
a de

partial power

Bl 4-25 A4S T R L T
TR %R : GE 1 b &
® Typed  # B & v % F # % T # (Full converter
interface) : # TP E T B EHI* FHIERE Hik o 5
FRUEH T R AT A D R O K ] ]

PR TR ARG %359 SVC-STATCOM » #

Plant

Feaders
ae de
generator o = o
de ac

Bl 4-26 2B 7 HERHF LTI

FH %R GE 1 gk &
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452 b 4 it » § e PR

T AR 4 BT el BRG] EF R RERSD e
LR L R BRI R s e A R
EEA At W R R RS~ MR (Ride-Through)
A (P AR AN A (R AR )RS R o s AT

P2 % >R (4o W) 4-27) -

s o
c [
@ Q
£ 5
¢ >
_— 2
S <
o
v
@ Higher functionality is required for:
2 a) Bigger farms
g b) Weaker systems
] c) Grids with higher wind penetration
5 o
> 8 VoItVAR Active P
o ctive Power
m ; LVRT
Protection Control Control
Application Characteristics
Single WTGs Large Farms Multiple Farms
Low Penetration High Penetration

B 4-27 b FARHE RE F 20
TR KR GE ¢ ki &

# ¢ LVRT(Low Voltage Ride-Through) » &g § i suif 2 $f
ERTBRTEEF A HAL TR A, EHET A 2 % TR
Bk AL AR R E 2 a4 o IRA R BRI FE T REA ZVRT(Zero
Voltage Ride-Through)z_ ic 4 & & > fj‘u GE =P h %85

= » 8 ZVRT g & 200ms » 4§ 4-28 #77
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GE's Standard WindRIDE-THRU Offerings

120

100

80

o i

' /
. LVRT /

Voltage at Point of
Interconnection (Percent)

20 y
2\RT
0 %
40 00\ 10 20 30 40 50 60
200 ms

Time (seconds)

B 4-28 GE h # LVRT 7+ & B
FH &R GE 2 itk

LVRT(Low Voltage Ride-Through)ig gt 5 :
Mook kTR
WO T R s s g o

L B E AR B - R W

PN

B R SR

IR T T R

%5094 4 1T5 FIRAF BB 2 2 iE 0 doB] 4-29 ~ 4-30 #7 T o
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Frequency decline is 0.125hz/sec.

_______ On Nov 4, 2006, decline rate in T
Germany was 0.15hz/sec : ]
:lﬁsft::fiv """
i Frequency; /’ v G i
Ve 5 s s s e s
-\_l /_/ g '\" I_)' I
N 10% Power A 4% Frequency
L Increase i Reduction (2.4 Hz Af)
S f/ 3 VRS i |
R Bl e s e e
By ¥ - ; -~ Power
Bl 4-29 h #3587 10% 1 4
T kR GE F A
/H_H'_“'V*—H_'\'“g.
iR e Power =

~ 2% Frequency |
Increase
(1.2 Hz Af)

e e e Tl

'15 s!lll:.livl

i Feqlency

B 4-30 B #5575 50% ) 4
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ﬂ} TN R 4 e (DFIG) @ Flaxh w4 T
R HIRBEA S B R RRE o R LA B

TR DT 0 R T SR 5 0 B & 4o 4-31~4-33

T

¥

| 41 & &_local mode & &_inter area mode - ¥ & *

=1y

Li—
AR 4 PBeRBarhF TR J Bl 4-33 FHFMRE 4 4B
pd 37 %2 west area mode £ 4k > wrdkt B A SR AT 4 K

N

£ T3k % (stabilizer) -

West Area EastArea
1

G3 og8f T S RN SRS E— P ]

O O WinaTumstsww
O L 1@ | Synchgen: ™~ JSsoww |
Gx : : : : : :

Load 1 Load 2

082 i Y et e ....... _
+15|]MW : :

Conventional Generator I : ; ;
06 oo g T g [EETTR ; ....... 4

f [Hz]

| |-4@0ﬁmgm;”@;wgm;: :
L} fj O el Nasomw

G4

©e

T

Load 1 Load 2

Wind Tarbine Generator 01 009 008 007 006 0065 004 003 002

G [ssc'1]

Bl 4-31 h # 15 % vS 3 % % INTER AREA MODE * #RAf & 1 fi

TR kiR D GE k&
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G2 is Synchronous Generator

Bl 4-32 I % 7 % %2 LOCAL MODE * =47 3

FAL kR D GE A

121 East AreaLocalMode

1_15-; ................ 450?‘M .......... ..........

f [Hz]

11

150MW ]

-1.4 1.2 -1 -0.8

c [sec'1]

G2is WTG

-0.6 04

Bl 4-33 b 4 8 % LOCAL MODE # #&4f &
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453 X BRET ARG A

AHBRFTALA A FR e B RN AL T RAL < B
it £ 7 % Yu(Photovoltaic Energy System) ; &% jT = 5 £ i 1 fade
FRPHE BES B #F T k5 (Concentrating Solar Power »
CSP)ex B (T A S BaFrBEBXT {42200
FF T ERE o d BT 2L ERMER (blher ) WS E E FE
ST A RS o d R T WA s mF UL TS
g EREPIFAL(I-F 4-34 ~ 4-35) o B E < BB T kB
Fl* F st E s J1* XEREEL G FOF LRI - BAAY
ol ERER LS ABRANEY AT TR BERRRX B
REtm ER P od ERERRILL S B it S e o Bl g
Rt (¥ LETERE) wet b T KA AL T4 (4

] 4-36 ~ 4-37) -
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FH kR D GE ¥ Fit i

1. Cell 2. Stringing

4. Module 3. Layup, Lamination, Framing

FH KR D GE ¥ Fit i
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B 4-36 ¥t o BHEER

FAL kR D GE A

CSP is a utility scale technology

o

- Solar Steam
\ Generator

Thermal
Energy
Storage
Solar Collector Field
25
A
Solar Collector Field can be:
- Parabolic Trough - Linear Fresnel
- Power Tower - Dish Engine

B 4-37 ERNSABRET AR

T kR GE F A
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THA TR A AT R R AP AR i AE
*PAE NAL R LA o DEBEAFAHPE LT
THAAER S Bhek AL EMY B2 Page o FeT LA P
Ae NALER - § B RRpr . X ded P AL ST F &

» 2

TR

N
N

N 42 fagenpd 25 GREF L pogLTp L
Fo N PASERRs o @ R b e 2Pkl e s
PRERRA K TT A Bk SR A LT E TR

I o
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I RYPREARRER

5-1 Beacon Power # #&% it B

Hphgn 21 TR WL KREY 5 - BHEEIFTH
(Motor generator) » v & FFEZZ T T AN EE > AT ReD
BRETT o T B U BB e o S B B Bea (PR )0 il
LTI TG T DB FTBNER

%(%&@%}&)ﬁﬂ%@%T%*%} PR R AR (B ) #
i Tav e v REREN RGBT (H 90%) Mg S A
FOg i R ‘?/iﬂ%]ﬂ'.é‘é S 7S IR S SR R e A T iy
PAF AR TE N T REN IR &) S AR

PE R T e ) 2. Stephentown 0 3 15 & i ERRE K H 2

=

W ek M IFEEFE B 51917 > Er - Rk g 7 &1
KW 305 & 31 B # e 100kW > © § £ Eehiesh » B 328 A 5 1

20MW %% 3 2 BIBR K E/Y > 1 & % 00Kk BT % o ] 5-2
g
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2005-2007

2000

Gen | Gen 2 Gen 3 Gen 4 Stephentown, NY
Telecom Telecom Grid Grid Grid-connected 20MW
2kWh! kW SkWh/2kW 4kWh/1 5SkwW 25kWh/100kwW frequency regulation plant

N o .
5500,000 operating 3 million Gen 4 operating hours
hours in Telecom 2005-2006 2008-2010
applications
Beacon 100kWV demos in NY & CA ISO-NE Pilot Program — 3 MW

Bl 5-1 & #ikan X % 5 B

T kR : http://www.beaconpower.com/

1 .J i
If | | ‘

i -] " 4l
=3 | . i 1 III
=L e ‘l - /". |g
L v 4 ‘:

] 5-2 BEACON POWER ¢ #5 i4 ic Rufie 7t & &2
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2 Hwe BT
B GE Durathon % /» %% 1 & : Schenectady , New York
WMGE k # %% B : Schenectady , New York
BGE >z % ¢ < (Global Research Center
Headquarters) : Niskayuna, New York
+ # 2 7 (General Electric Company)p 1878 # d & b 4
(Thomas A. Edison)g| =14k » ¢ i E#HL > s € hxg 5

Bl @ s RE S PHE RS SRR FR R F

R R ARE EB RS RPN AR 0 IR AR 4 A B IR e
peo @ Gt R f TR OEEL % 0 GE § H 7 ELIAT
FEHEN FREILF IR P HAHTBREE(RE-F 5B
RREKF A28 =L F A1)
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