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Enabling Renewable
Energy and Enhancing
Power Quality on the

Utility Feeder Line Applications

B4 £37% 4 5%t D-VAR STATCOM % D-VAR VVO 7= & Bl

+ 1A 2A
. -
ON Lf current out
Source % L C AC
MM 1
1B return current
_{
) ON

return current

Source M AC
current out
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PWM - Pulse Width Modulation

1

AR HAPER E T R B

Voltage

DC-bus
Voltage
Control

Reactive
Power
Control

Time

fp—

=
Ta J \

Z AP EE H P RS R

i

I

Iqref

5

J

7

= ~ AMSC D-VAR STATCOM % & % & * {35

(-) frei & &

—

T N
Switching frequency is about 4 kHz
7SN EX 24
B6 "4 K AEDE

Pole
+ i ’J bJ Inductors +

Dynamic Brake Xfmer
Resistor (DBR) g oc A
el o Y

=
- ~
Va Vb Ve
Dynamic Brake -
IGBT H :| .j 'J
Dynamic Brak¢ ~ DC Bus PM2000 Inverter AC Voltage

(0B) 1 i il

qus a bl ‘c
(" pdises Yy Y Y h (
&
abe PLL
dq
VDCref
+

Inverter Current
Control

AMSC D-VAR STATCOM 3% 3+ 5 4MVA ¥ 2= 4 3¢ e (4o 8)
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wdrdl? <R €3 A #4141 (Master Control Enclosure, MCE ) » ¢ %
Tl Es s w3 AL 2 DLGR G EE - 8T B2k B85 4oRl 10

o
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B8 AMSC D-VAR STATCOM A &-

Dynamic Reactive Current
3.0 Per Unit Rated MVA Current / “Overload” as a Function of
Rating \ / Duration
Reactive
Power
1.0 Per Uni
Rating
Continuous Reactive Current —l-
0
0 1.0 2.0 3.0 co

Time (Seconds)

B9 AMSC D-VAR STATCOM @3?\ i 5y A
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Media converter and
Internet switches

Touch Screen Computer

Push Buttons and
Indicator Lights

Test Switches

B110 MCE -4 1%
(=) & 405

B 11 5 AMSC # i D-VAR STATCOM =t ¢ B K 5ii ¥ 6] -
MCE % 5 # {% % %> £ B BUS TR % F 3> #3328 400t » /o fu g #
5% TEEIBEM AL %L D-VARSTATCOM: 2 % (F40) B2
A3 IV ah %5 -

B RHEa ERE PR THZ- o HERNY aitde R
A(SA) 22022 Eed T RS ARG FTFLEALF R
146% > Fl4k T R B33 FLIREEA o JRM 2% T 4 F EH T e R
LT RPBEE R ot d BEFAS AT R OEFRE SR TR
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Transmission

Voltage Monitoring

’ EEE D-VAR Connection Transformer
~ Disconnect Switch

. Breaker

. Switch

Power Transformer
HV-MV

s Medium Voltage

Monitoring

Step-Up XFMR

D-VAR®
| sTatcom

Current & Voltage

WTGs

Capacitor r Bank
Reactors

Typical AMSC Scope & T e

External VAR Control and Monitoring

®l11 kb #4852 D-VAR STATCOM # |
Bl 12 2 ;2" 2#75 £ I; (Tasmania) =k T 3 % so 5 5 2
Hep 56 b 4 HFT ;ﬁ-d 54 22 e 110kV RELG T Jﬁ;?] &
%t o D-VAR STATCOM % %54 % #3502 0% 33kV "o b » & i %

L
1. 8MVAR D-VAR STATCOM

2. 20MVAR § 7% B%&

3. FHAB
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N 110 Bus kV - POI
40+ km
.cT :
\V 110 KV Bus — Requlation Bus i
PT
. Circuit Breaker
I:‘ Capacitor Switch
N\ Disconnect Switch
33 kV - Collector Bus <
Wind Farm §T
33 kV Feeder
System

Swv

i H

D-VAR : !
10MVAR | 10 MVAR |
High Pass } Filter Bank

Synchronousg \y/AR ! Fiter Bank:

i1

, 10MVAR 10 MVAR
“Condenser 8 MVAR Filter 'Eisnif'“e’ Ba"kg Contralir Condenser VAR
; s i :
MVAR Control AMSC/ Communication
16MVAR D-VAR STATCOM

Master Control
Enclosure

— ¢
| MCE le
Monitoring
40 MVAR of Cap Banks
T H : 5LH M E

B]12 ;% Tasmania k

F
% (Longlsland ) %@ %

T egHE

S A
FEAEFRA T ERRED

7+ * AMSC D-VAR STATCOM 2 -
B 6190 225 %R 4 20~30

£ R R BT R 2

FlE F A :
5 @ % & (Long Island Power
T :b#2% D-VAR

:

Authority, LIPA

STATCOM - 3H-Pe ¥ 4-@ 13~ 16
R RACE -

R T EY 8MVAR 57 STATCOM »
% % o o LIPA

Vb s BRRPET 2K
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D-VAR® . PME 3 Phase
2]

: System Unit No.: IR
Amsc Voltage: 480/VAC Delta

Power Connection Diagram
=

. Current Rating Each Side: 2400 A
 Frequency: 50 or 60 Hz Ty
<. Temperature : -50°C to +50° C
| Reactive Power: + Il MVAR
 Enclosure Type: IP34, NEMA 3R
1 Gross Weight: 5900 kg, 13,000 LBs
Serial No.: _
Mfg. Date:

|
i
E Manufactured in: Devens, MA 01434
l
|

240 'tBC1
VAC \18c2

USA

: See Owner's
)4 Manual

B116 LIPA *t & & 2. % 7 3= § D-VAR STATCOM
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Yoo dh # AR MR ehA 405N i R - 45 0 AMSC #- STATCOM -] 4]
Lkt e 8 s g RER %% (AMSCD-VAR VVO STATCOM ) »
boB 17 4% ER H B2E%=4 VWO 58 > d 3 S H s
333kVAR &% IMVAR = 48 VVO - @ B] 18 £_%& AMSC & 4 % 4
#1 R dp#ETIMVAR B 4p VVO 2 H p30E] » 3 & £ 5 B 8h4eT o
1. #{ENS e m

2. TR/E R FE

w
g

HAp = Ap ™

4, ETEHELREBEIT HE 11kV~13.8kV ¢ & 55

5. AS5Eh %~ AEEEEE IPOS Riflr T AEFT R
i

VVO Itk ML H PR B > FH LKA R gRFERT > 7

TARFOBHBEM RS VVO i R B VVO 224 &30

&=
3
o
L
R

W
%,
R1E
=
129
&=
)

A BEFM RACB) 190 12 F] VVO p 3R3 ~
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D l (23) I = Partly Cloudy Days:

““7 50+ events per day
Loads Loads DG
QD
(customers) (customers) (PV)
,,,,,,, 15kV Feeder
@ O ] ¥ \ I
Subs(aho‘n 5 >
[ D-VAR Ll
L wo (PV)
| stepvR ||[ DVARWO ||| switched caps |
Response . . :
(typ. time) 1 min. Continuous 5 min.
Daily operations <30 NO .practlcal 4-6
limit (typ) limit
Reverse power “« TR Robust Can’t reduce
conditions Sensitive g voltage

B19 VVO 2 H e T RAFF2 AREFRILFIFER
(=) &* § 6
LANRBEEFF RenT 4 ZFRF > 7 d VVO £ g
B P M Volt/Var 4% F » @ 2258 T 47 %3k STATCOM %+ 8 i 3
Bz Al o e g R Az R I Z R o8] 20 #1oT o
Bl 21 TRAEE P (wBE) XTI Ft g

Bt R R g BB EE MBI L 0 YV BRE ZEEP
S EFERER IR 2% 0 e T BE AR VVO kP & F2 s
TS Sl Az RE o
(2) 2 F 3R

F % 5B VVO % 3% F| =3 g+ &7 North Attleboro » %3¢ 2

2MW = Bk 7 ~ IMW REae 5 3L2 IMVAR 0 VVO » IH-K B R 7
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4o B] 22~F] 24 #1o1 o

Minimal LTC tap changes Eliminate power quality violations Utility
with fast STATCOM control with fast STATCOM control +A80% Customers
( ] Solar Real Power Change
MONNAN, ¢
4% +A5% =A% J N D,
VARS VARS ( - )
Uiy (Leading) L WO  Solar  Net (Lagging) : PV Solar Facility :
Substation Feeder Impedance : :
I |
: Low Voltage Bus :
| |
| |
ast Feeder Fast Volt/Var : :
Var Control Control : :
l |
B20 HipEE 32 AMEX VVO 7 & B
Other utility
customers 1300 kVAR
~0 kVAR (lagging)
T — — Medium Voltage Feeder
l 1300 kVAR e o o s e i e ~
eadin / i
Other utity (I -9_)‘ _____ ! Facility with motors :
customers £ 3 ! 1 !
i E ! Motor bus i
D-VARWVO STATCOM provides ! ! i 3 D !
the fast rg_active power response : | : !
and precision control to compensate : | : ]
motor start problems [ ) i !

W21l & LRLE AR VVO T & H
AEFEFF FERTE—RRE ¥ 22 (National Grid) ——

% H o GEa ok BALY 1L peak shaving T £ P & @ VVO R

&=
oo

HiTh VOI/VAR p #3413 » e L F R T REHIRF 2L 4
REERTY a2 E c VVO ¢ 58 B 25 hir
AREBrRFR e Pg T oo Ty g0 a2 5 (L e
Eﬁﬁf}ﬂg%&g%?gaﬁ—k E

BHEPRAREBYISEE - HEE 3 5 €8 93380 VVOS
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EARG ST AR NRAFTRLFA ¢ 27 AET

| 4

RETART AR AT 5 4 B TR AMSC 2 2 - FitdhdomaE
PR TR A S TR R I Y ARt s 2 R G M
AMSCD-VARVVO 2 OpenDSS #-3] » 143 4e £ 4 o 5 % £

FiRAREERTREF A -

B22 B & 4 = & >* North Attleboro & ¥ % 3~
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Bl24 B 75 4 2 7> North Attleboro 2 % % 3%
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# ~ AMSC D-VAR VVO £ #3

AMSC D-VAR VVO ##H58 4 5 0 R Z #4858 (Volt/VAR
control mode ) ~ & # = +]4#5¢ (reactive power control mode ) ~ # Fli7
#1#-7% (power factor control mode ) ™ % & ¥ 2 ®#4]H5% (reactive
demand mode ) °
(- ) RLEHHEs

K2 Fed s # 2 35 428 (dynamic voltage regulation ) e AMSC
D-VAR VVO 1243 T 2741 (droop control ) # 4% » ik R AF A T &R 7
3 BEd d o & AMSCD-VARVVO 77 dipdld s » ¢ R ps
R A BN LA 1 © R AT ik

@ ¥ -%;q TR BRI Y 5 o) 26 ¢ gk T_iE (set point) o 3
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aL# 11 % 3 SCADA (supervisory control and data acquisition » F #2$¢

g:ki’_p_ L& \/La) xE‘.f‘r_f i;—‘?ﬁ'o

A
Capacitive

. Set point

.
»

Feeder Voltage

~

Inductive

Y

B126 AMSC D-VAR VVO & £ ##443¢

B Hr 418050 &£ % k1 AMSC D-VAR VVO B §vag 4 232
T b et o b #2415 ¢ 0 AMSC D-VAR VVO ¢ #] % tap
line } ehE /B > sz BT INEDS [ UEFTEFTRET D
FK L 4ol 27 ¢ HK LE 0 K LET 15 SCADA £ 7 iE 4 {

T BIT AR PHEAIH AR & p % - B % line post sensor °

She

(=) # FlidlHs
# FlF#Hc:8 ¢ AMSC D-VAR VVO ¢ p &34 ooz i@
B T - BRE S Rk frdgm T 0l R R T
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4B 280 % T_Em ¥ 15 SCADA i 7% 28 { #7018 1% st T340

S ZE PG - B Inagnt R ® (current transformer » CT) ©

A
Capacitive
Set point
< >
Feeder Voltage
Inductive
A J

®27 AMSC D-VAR VVO s # #41#5¢

A
Capacitive

>
Feeder Real Power

Set pc‘;ih‘nt
Inductive

\

F128 AMSC D-VAR VVO # Flgr 4 #5
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¥ R EEAIEGGE ST AT 7 E . (capacitorsbank ) # 7% 4 &

S f 5 BB T « AMSCD-VARVVO ¢ F%p & s fchg

=

#E o B R BT 2 Y FR s bol 29 ¢

~

HR 0

[k
Ex

W AET 11156 SCADA i€ (7 g L 47 - o § & EHIC

=

Frm BN apin o REFARS B PFA ZE line post

S€NnSsor °

A
Capacitive
Set point
< >
Feeder Voltage
Inductive
A J

B129 AMSC D-VARVVO A& # 2 £ £ 4] # 5
= ~ AMSC D-VAR VVO i * 4 i
COE £ Vi
AMSC # %7 — #iE* AMSC D-VAR VVO &4 #c3 ii iRt

ARTBG S DBEF DRG] LB EHY - FHR BT AT
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SHRE o AcB 307 0 B Y % B RERAEE (regulators )
¥ J B Z %3 3 T 4% (hydro synchronous generators ) » ¥z ¢ B1%
% b 4 2 71 (windinduction generators ) » 4 BIi: 5 T 970 § 4

F‘H@F‘ =3 AMSC D-VAR VVO mL Fi‘* = [hadl ’%_ °

5m

B30 AMSC D-VAR VVO & * 7 ]2 4 5 F] 5

JeREF P IEAM DI FER o 2R T3 02 o d %@é\;&gré\g{;\ i
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e v

FAL

\_
il

NP E DRSS e A1IFR S E5 3 BT
BRAFRE > T 5 BhiE ?mﬂi‘zlfﬁmgﬁz?ﬂ?l‘*@@m‘ri’l ) BB AR
Y # 7 & (reconductoring) > 2 7 2 & A E o

BXb6|? AMSCaE:x &t e B i B % 2 AMSC D-VAR

lﬁ

4 32
VVO: P #RE8 5 %5 2 BRAFE B %~ 55 (tap) a9 5~ BT R
# 4 (voltage profile) T i ~ #-T B *T4| & 0.9583 | 1.06 & = ~
B iGN hF ket R AT RERE T EN R B HTFER
FaAk o
(=) 2T DTRBH

FAMIFL & AAGYR ;‘)ﬁrﬁ]ﬂz L0 ehpE i (T AL
R E) BRTR G EF IR (G2 R T naUt et )
bod feit T 4o 31 4T 0 AR 8 2L AU BT RANE
A (REGA) 2 & (boost) 3] 1.04 & % » &+ 45 22 gug BT R
BHEEB(REGB) £ x 2 R 1.04 4 % > i 4ot » BRTREF
BEHLH 4o @ TR DGR LA RIZ] > Tt 5 A A R T R AR T
0.9583 # =11 ™ » H 3 |7 #4437 090 £ = > 4o 32 #7570 & d WA

FAES 4 T B (undervoltage) 7% & o
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1.16

1.14 ® VA (VPU)
11(2) REG A boosting| |REG B boosting * VB (VPU)
1:08 Taps: (8,7,10) Taps: (16,13,16) * VC (VPU)
5 1.06
a.
< 1.04
£ 1.02 Acceptable
o
> 1.00 Voltage
0.98

0.96
0.94
0.92

0.90
0.00 20.00 40.00 60.00 80.00  100.00

Distance from Substation (km)

®131 AMSCD-VARVVO & * § b2 & 7 1 B i #

.Y
Low Voltage QRN o A
Violations TEGOTH L
(<95.83%) L 9 ;ﬁf‘;

£

Mo

-

®32 AMSC D-VAR VVO & % F ]2 T REE
31



(E)ERTHTREBH

FASE O PSR (B | e 20%:3 ) 2 A A R R
mob e (0T A ) AT B IS s AT
7 A Rag e e (reverse power) RS 0 € T F R v Peid
2 he@] 33 5 o d R BRBEE A (REGA) a4 35 ']
REPREER X045 2L A BT RAEE B (REGB) " R
(buck) ] 1.04 1% = {5 > @MT BT AF L7 B FRFIPN > 445
LB ARE TS TRAFEL A O BT AR TR
A2 1064 = > 3 3257 #7115 % » 4B 34 #7157 > % d WA H_
A g 4 ER (overvoltage ) % & o

1.16
1.14
1.12
1.10
1.08
1.06
1.04
1.02 | Acceptable

1.00 ' REG A locked REG B bucking Voltage

0.98 | Taps: (0,0,0) Taps: (-13,-12,-12)
0.96 -

0.94
0.92

0.90
0.00 20.00 40.00 60.00 80.00 100.00

Distance from Substation (km)

® VA (VPU)
® VB (VPU)
» VC (VPU)

==

Voltage (PU)

B33 AMSC D-VARVVO & * §F bz ' T ch g B L #
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High Voltage
Violations
(>106%)

B34 AMSC D-VAR VVO & * §F (]2 ﬁﬁf‘"’ R T B

() f2ic %

AEBENY 5 BAT RGBS AN ABR S BmE S
7 AMSCD-VARVVO > B30 ¥ + T g ¢ e~ SE_VVOA {r
VVOB: #r rﬁ e == 4] (droop control ) & s ¢ s VVOA & VVO
B 7 % (deadband) 3% % & 1.01 3| 1.02 1% % > & VVOA 4l 5 i
<0 AT R 0.99 1% = e 1.04 ’f%’fﬂ?éi']&*ﬁ%lﬂﬁ v 4@l 35 7
5@ VVO B el | AT R 098 1 «fr 1.05 k= A &

% 2 o 36 477 -
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: ﬁﬁﬁ\ﬁ

A=

-20

Readive Power (%)

-70

-120

90 91 92 93 94 95 96 97 98 99 101 103 105 107 109
Voitage (%)

B35 AMSC D-VAR VVO i * §F ]2. VVO A e7F d-f 4] d 4

Readtive Power (%)

-?0-----\

-120

90 91 92 93 94 95 96 97 98 99 101 103 105 107 109
Voitage (%)

B136 AMSC D-VAR VVO i& * 9 #]2. VVO B e7F dgr 4] ¢ &R
d 3% AMSC D-VAR VVO ¥ 12 #-% L8k T Bz o p &
B> VVOA fv VVOB &~ %] &+ 535 2 2 rfr = £ 40 2 2 il (742
BoRETRAFZB AL TV UG 2k RAGREAB TR 4o F
37 #77% 0 & @ % B R B X REHE ] 4o 38 47T 5 AT A B AMSC
D-VAR VVO 7 M) 2 4058 i hig o i inid & B2 4ol 39 41
o0 R R AR 0 Ao 40 7T
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1.16

1.14
1.12 . - * VB (PU)
REG A boosting | |REG B boosting

Taps: (4,4,6) Taps: (12,11,15)

e VA (PU)

1.10
1.08
1.06
1.04
1.02
1.00
0.98
0.96
0.94
0.92
0.90

e VC (PU)

Voltage (PU)

. Acceptab
Voltage

iy
-

VVO boosting | | VVO B boosting
(1122 kVAR) (985 kVAR)

0.00 20.00 40.00 60.00 80.00 100.00

Distance from Substation (km)

—

R137 AMSCD-VARVVO & * F b2 £ 4 chq B i # icd 77

Low Voltage
Violations
(<95.83%)

®138 AMSCD-VARVVO & * F bz £ 4T ch it B F B2 77
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1.16
1.14

VB (PU
112 TREG A bucking | |REG B bucking * VB(PU)

1}1)2 Taps: (-5,-5,-5) | |Taps: (-1,0,-1) e VC (PU)

1.06
1.04
1.02
1.00
0.98
0.96 -

0-94 T\W0 bucking | [VVO B bucking
092111021 kVAR) | |(-1023 KVAR)

0.90
0.00 20.00 40.00 60.00 80.00 100.00

Distance from Substation (km)

e VA (PU)

" Acceptable
Voltage

Voltage (PU)

B39 AMSC D-VAR VVO i& * § bz g™ hT B K # e )

T 2

High Voltage . 1 T‘I
Violations %
(>106%)
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N S NEPSI 2 @ 3+ 3

NEPSI (Northeast Power Systems ) = 2= = 3t 1995 & » 91 i
NG N Ro AR R 3 g

1. ¢ R#9 B4 (2.4kV~38kV) 200kV VIL MAX

2. TIWTARFE

3. WikipikE

4, T IHT A TIRE

THEHRS FEDE? o deFHE AR T AE R
EFCERAS FRoAFEAY SR FPERHRA S
FlZBRtE S EEPERETA A7 (5 DR KR T L
FHERRETA STIAMT A KA
(- )NEPSI % b4 3 ——= 3| &7 Bk ipkt B

NEPSI % Toquepala Mine ##- > =" Moquegua Peru » % %7 &
B4 E - @A EiE 23MVAR » &% 46MVAR » 4o 41 0 o4
HBEAL Y “*?%*%Jﬁﬁ?“rlzfv\m’*/ﬁ» » NEPSI e iR+ A &
FEA N RIRBE MR R N g B
2R FHpAE BY A EF FRILEFLA BN oE R

Florm (4oF 42)

37



Bl41 Toquepala Mine Jg i

EEERY

P I
Gowp |7 |1 | soumon
SWITCH | ' 1 SWITCH
A
- HIGH-PASS
(1) RESISTCR
w%‘%

CUSTOMER
SOURCE

r——7-1

HARMONIC
FILTER
REACTORS

AUX
CAPACITOR

1
LIMITING
FUSES

CAPACTTOR

CONNECTED
WYE-UNGROUNDED

— —
~4- ~F-
} : ROLLOUT } } ROLLOUT
I )| e | )‘ BREAKER
cr
HARMONIC 1 orce HARMONIC
FILER ' herens FILTER
REACTORS REACTORS
QURRENT CURRENT
£ umrmne HE| ummne
FUSES, FUSES
T CAPACITOR T CAPACITOR
CONNECTED CONNECTED
WYE-UNGROUNDED WYE-UNGROUNDED

RESISTOR.

HIGH-PASS H§ HAMONIC  jagr-pass

r——7—1

RESISTCR.

CURRENT

#% LIMITING
FUSES:
CAPACITOR

CURRENT
FUSES

ROLLOUT
BREAKER

HARMONIC
FILTER
REACTORS

LIMITING

345KV

F-03: BRANCH 1
58564 KVAR
"C-HIGH PASS'

F- Oﬁ BRANCH 2
889 KV,

AR
'NOTCH'

F-0D7: BRANCH 3
57¥3 KVAR

'HIGH PASS’

T CAPACITOR
‘COMNECTED CmNECFED
WYE-UNGROUNDED WYE-UNGROI

F-11: BRANCH 4 F-23: BRANCH 5

2851 KVAR 2832 KVAR
HIGH PASS' 'HIGH PASS'

(= ) NEPSI % &4

NEPSI 7

STATCOM » % £ +

BIL > 4- ] 43

STATCOM =73

n

=
I

Bl42 Toquepala Mine /it B ¥ 5§

2T E R

1

U
_
—_

=2

%

i+ Cape Scott b 3> i

e

FE

— UL} B

il

= :—'r _ﬁ
QLT R ,%\

38

=3t hy £

)
—

Vg

LEREE ]

UNDED

T A AT R

TEVARER B

ﬁﬁg?]:'! J

# o

bR S

18MVAR > @t 7 & 34.5kV, 7 78 7 & 5 150kV
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W43 Cape Scott » e % 2 * 2T % §

(=) NEPSI 1 fx 8

k=g NEPSI &7 4 0 Rm i Spa Rt g et & » 3 @

N

HIZE - RRBE B2 oHBM NZRIZEMCHEMN -TF
ETRECGAPHM2ETRMALEZ R RAERE > ¥
NEPSI % 81 74 € & % 304 2% T 4k iR & B8 (7 RS i3 4o W)
44~] 50 -
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1 ~AMSCR$HT X
AMSC R et 2 ME > W RFETHFO27 FVYHFL 0
FRAERETHOWUE 1 ko $2 AMSC 2 7 £ ¥4 17 F o it
B K om TR o
(-)RsL ey
Az X E 4y (Superconductors) 7 ZRIE~B L iR E ~ B L&
BFER il R adR iR (902000 )BT IR R S
B30 FE I AREFTHT N T ENBIFR € BE T
sk enw g > 29 R L 388 (high temperature superconductor ,HTS )
HALe 2v 1986 EALFE I > ST R R g A AT o R S
LN 90 RO A R S
() #82 BRTIBLA 5
BRELEEMTE Y 3 0T @ﬁﬁjfg"%ﬁ"?uﬁ*, I
345KV 7 4 T HINF A (4B 48)> & 8 7 10 & bgfRid-g Frod 'k

Mo TR A Y R E AL T Mg S

¢

1. #®a= 2% (& 4p 4000A)
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5. TR ToE R

6. BT A T Hw

One MV HTS Cable can replace:

® Many conventional underground circuits
® Overhead transmission line

Photo courtesy Consolidated Edison

HTS Cables Offer New Options to Siting Power Lines

Bl48 B 8L EHTHANFER
I Fhimaad*2 >0 (340 AC~ % DC &

He DC) RIsg* B> A8 4 28 3 a R * 3 B4 AC &

HVDC 2z % i2 » &3> ¥z 4p AC3E - 5 " 0 B %
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HTS Cable System Designs

| Naval / Industrial Applicationsl

l Electric Utility Applications '
3Phase AC,  SPPaseAG  Lync or 3 Phase AC,
Low Voltage c o All phases in
AC/DC/Degaussing o one cryogenic HEPEHLE
phases Phases/Poles
envelope

3 phase AC

2 poIe DC 1 pole DC

HV
B49 AMSC B B L H 87 FR G
(z)BBXEMIFRY 20
1. AEP/Bixby Cable System
22006 EiEE R E R R BREEM-PTRBRTE kS

H24 5 13.8KV,60MVA » 330 40 S R T 55 4 s F A5 4 2
B ho§] 50 -

]

2. Long Island Power Authority Cable

32008 2 E o AR R RFREEMITGE L L
Ppwe FER ALY EAEG T @%J R FARR S 138kV F
@31%1 S5TAMW > HF B v p e AT HER > WP T4 T?-?ﬂi%lﬁ‘é 4

o PZEZREFRE2OVPEEETY Ao SI~BS2 -
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AEP/Bixby Cable Syshem

* Energized in August 2006

* World’s first HTS tri-axial
voltage cable system in the
grid i '

* Rated 13.8kV, 60MVA, o
averages 70-80% of rated __ﬁ“:‘ﬂ_“ A
MVA

* Experienced over 40
through faults with no
adverse effects

* Long term, uneventful operation proven

F150 AEP/Bixby # 8 L H47 & 4 5

Long Island Power Authority Cable

* Energized in April 2008

* World’s first HTS transmission
voltage cable system in the grid

* Longest, most powerful
superconductor cable in
the world

* Able to carry 574 MW of
power in a four-foot-wide
right of way

* Landmark cable installation proving _

high power, transmission level ’; él%eerriccgrqductor* ...L.!EMA...,

applications [

mAIR LIQUIDEW Ne Xans

Over 15 years of superconductor cable experience

B151 Long Island Power Authority Cable /i %
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Superconductor Example:
138 kV, 575MW Capacity amsc

T * Self contained thermal
envelope
% No thermal de-
5 rating
~% * Minimal magnetic field
% No parallel line
; de-rating
*1 e [ower Impedance
8 Y longer practical
distance

g‘

Simplify placement and offer new options to line siting

®52 Long Island Power Authority Cable % % /i %

46



