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6000 M
W

 U
H

V
D

C
 S

ystem
 and 

S
taged Im

plem
entation
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M
ain D

ata of 6000 U
H

V
D

C
 S

ystem

3228
3362

M
V

A
r

Q
dc

C
onverter

reactive
pow

er

279
304

M
V

A
S

Transform
er

rating
(1p2w

)

158
172

kV
U

secn
Transform

er
sec. voltage

0.096
0.104

pu
dxtot

Total. rel. voltage
drop

0.004
0.004

pu
drn

R
el. resistive

voltage
drop

0.10
0.10

pu
dxn

R
el. ind. voltage

drop

0.20
0.20

pu
uk

Transform
er

im
pedance

22.1
23.2

deg
u

O
verlap

17
---

deg
gam

m
a

E
xtinction

angle 

----
15

deg
alfa

Firing
angle

2
2

N
o. of 12p bridges

/ pole 

±
732

±
800

kV
U

dn
D

C
 voltage

3750
A

Idn
D

C
 current

6000
M

W
P

dn
D

C
 pow

er

Inverter
R

ectifier



�
�
�
��
�
�
�
���
�
��
�
��
�
�

S
taged D

evelopm
ent of H

V
D

C
 S

ystem
s

R
easons for S

tage W
ise D

evelopm
ent of H

V
D

C
 S

ystem
s

�
G

radually increase of pow
er dem

and
�

A
dding of new

 pow
er generations in steps

�
O

ptim
ized tim

e period of investm
ents

P
rovisions at P

lanning S
tage

�
R

eservation of space for expansion in station layout
�

Final current ratings for  series connected equipm
ent

�
Final voltage rating for  D

C
 sw

itchyard equipm
ent

�
Flexibility of control and protection concept

�
C

onsideration in O
H

L design 

�
�
�
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�
�
�
���
�
��
�
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S
taged D

evelopm
ent of H

V
D

C
 S

ystem
s

�
�

�
�

�
�

�
�

S
tage-I

M
onopole

S
tage-II 

B
ipole

S
tage-III 

Tw
o B

ipoles

�
�

�
�

�
�

�
�

�
�

�
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S
eries and P

arallel C
onverter G

roups

D
C

 
Filter

D
C

 
Filter

A
C

 
Filter

D
C

 
Filter

D
C

 
Filter

A
C

 
Filter

S
eries C

onnection
P

arallel C
onnection

A
 tw

elve 
pulse 
valve 
group

�
�
�
��
�
�
�
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�
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�
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P
ow

er E
vacuation from

 H
ydropow

er S
tations in N

orth 
E

ast of India
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A
lternative I, S

tage I

H
ighlights

•
B

uild a ±400 kV
 bipole that can 

deliver 3000 M
W

 continuously
•

H
ighly reliable technology

�
�
�
��
�
�
�
���
�
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�
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�
!

A
lternative 2, S

tage II

�
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�
�
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�

�
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�
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H
ighlights

•
A

dd identical series groups and 
operate both stage-I and stage-II 
groups at ±400 kV

 to get ±800 
kV

•
O

n 
outage 

of 
any 

group, 
the 

rem
aining 

one in the pole 
can 

operate at
±400 kV

 to reduce 
the im

pact of outage
•

S
ym

m
etrical 

configuration; 
less 

com
plexity 

e.g. 
due 

to 
uneven 

sizing of blocks
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A
lternative-II, S

tage-I 

H
ighlights

•
B

uild 
a 

800 
kV

 
bipole 

to 
deliver 3000 / 4000 M

W
•

R
educed losses

•
B

eneficial especially if line is 
rated for 800 kV

 in stage-I
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A
lternative-II, S

tage-II

H
ighlights

•
A

dd a second parallel 800 kV
 block 

in stage-II
•

A
voids m

ultiple series groups
•

P
arallel groups are generally easier 

to control
•

P
ossibility for expansion into m

ulti-
term

inal 
system

 
w

ith 
different 

converter locations 
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A
lternative-III, S

tage-I 

H
ighlights

•
600-750 kV

 to be 
adapted to length of line

•
G

reater flexibility in 
deciding rating of bipole. 
U

p to 4000 M
W

 capacity 
possible.
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A
lternative-III, S

tage-II H
ighlights

•
A

 
separate 

and 
possibly 

identical 
bipole added

•
R

atings of both stage-I and stage-II 
can 

be 
optim

ized 
according 

to 
ultim

ate requirem
ents

•
N

o uncertainties on account of lack 
of experience / R

&
D

 of 800 kV
 D

C
•

V
ery 

high 
reliability 

and 
outage 

w
ithstand capacity

•
S

im
pler controls, no com

plicated dc 
sw

itching arrangem
ent

•
E

ase 
of 

upgradation, 
greater 

flexibility
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C
om

parison of S
eries and P

arallel G
roups (S

tage I)

S
tation C

osts [%
]

Losses E
valuation 

[M
io $]

B
ipole

Line Losses 
[M

W
] 

P
ole O

utage [M
W

]

C
urrent [A

]

P
ow

er [M
W

]

S
tage 1 [kV

]
S

tage 2 [kV
]

173
150

144
125

115
100

142
250

99
250

62
250

285
500

198
500

125
500

2250
2250

1875
1875

1500
1500

2810
3750

2344
3750

1875
3750

4500
4500

3750
3750

3000
3000

800
600 + 
200

800
500 + 
300

800
400 + 
400

P
arallel

S
eries

P
arallel

S
eries

P
arallel

S
eries

Loss evaluation: 2 cent / kW
h, 5000 hr/a, 5 years for stage I

�
0.02 x 5000 x 5 = 500 U

S
$ / kW

P
arallel G

roups is attractive for staged im
plem

entation�
�
�
��
�
�
�
���
�
��
�
��
�
�
 

Tw
o bipole

system
s vs. single bipole

system
s 

�
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A
davantages:

�
supplying m

ore load centers
�

Less im
pact on the A

C
 system

 in case of bipole
load rejection

�
better w

ith respect to the reliability and security considerations 
�

Loosing one pole has less im
pact on ac system

 due to inherent 
overload capability in the rem

aining poles
�

transform
er rating m

ay allow
 one 12 pulse converter per pole 

�
C

om
pacter station layout and dc overhead line construction

D
isadvantages:

�
M

ore overhead line corridors needed 
�

P
ossibly m

ore investm
ents in converter stations
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C
onclusion

U
H

V
D

C
 S

ystem
 is ideally suitable for staged 

im
plem

entation. S
eries converter groups, parallel 

converter groups and separate bipole
schem

es are all 
feasible options for evacuation of large pow

er over 
long distance.

Final selection shall base on overall evaluation taking  
line length, pow

er rating and tim
e period betw

een 
stages into account. 


