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Or OVer 4 century
Ft‘ll't'll"il.‘.'lt IEinsmission
systems have been based
mainly on overhead trans-
mission lines (OHL)L The
main reason for this has
been the cost advantage
when compared to high-
voltage underground trans-
Mission

Recent studies suggest the

cost premium of under-

ground transmission is in

the mnge of 5—15 times the

traditional overhead trans-

mission alternative. But this

comparison is already dat-

ed. Two main Bictors are

affecting the paradigm:

® Environmental restrictions are in-
creasing the costs and implementa-

ton ume for overhead transmission.

® Technological development signifi-
cantly reduces the cost of uncer-
Erodl nd transmission.

Consequences of environmental
restrictions

There are several reasons why under-
ground HVDC cables have a better
environmental profile than overhead
HVAC lines.

Land use
An HVDC cable uses significantly

less land than an overhead HVAC line.

The right-of-way for a 400kV OHL
can be a 60 m wide strip B where
ni buildings/ high trees are allowed
whereas an underground DC cable
needs at most a 4m wide inspection
road on top of it, For AC OHL the
amount of land required for a 400km
transmission is 2,400 hectares

(1 hectare = 10,000 m?). However
only 160 hectares are required for
DO cable (< 6 percent)

Audible noise

Restrictions on land use stretch be-
yond the immediate right-of-way,
Audible noise from trnsmission line
corona — miost noticeable when con-
ductors are wet in foggy weather con-
ditions — might restrict buildings close
toy OHL. The width of this “noise cor-
riclor” depends on local noise ordi-
nance as well as on the design and
voltage of the line, Nose objections
from neighbors make it more difficul

B Land use companson for HVDC Light® and AC OHL transmission

oc D wnderground night of way,
b &m mspection road

AC right of way B0m
AC noise clearance 100 m {commercial)
AC noise clearance 200m [residantial)

AC EMF clearance 360m [school)

to abtain permits. An underground DO
cible maurally has no audible noise
CMISSion.

EMF

Magnetic and clecrrical fields can also
restrict the use of land close 1o an
OHL. In several countries a precau-
tiomary policy vis-i-vis magnetic felds
is in force, The Swedish National
Electrical Safety Board and the Dutch
Ministry of Housing and Environment

B Effect of proximity of overboad line on
property values {in Fanland)

Property devaluation (%)
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XA Comparnison of matenal usage

Material oG AC
underground OHL

Alurminiurm 33 kg 2.1 kg

Coppeas 1.4 kg

PVC 23 kg

PEX B.1 kg

Steal 100.0 kg

Cerarnics 0.3 kg

Concrate AT6.3 ky

Total 13.1 kg 478.8 kg

hoth suggest a 0.4 pT safety
level for 50 He magnetic
fields from trnsmission
lines. This level corresponds
ter field levels normally en-
countered in city environ-
ments today, In contrast to
an AC line, the field for a
D cable is static (non-radi-
ant), Applving the same pre-
cautionary policy as for AC
would not call for the provi-
sion of any “EMF corridor”
around an underground DEC
cable. The field immediately
abowve the cable is Gar less
than the eanl's nitural mag-
netic ficld
Right-of-way as a loss of CO, sink
Growing forests are considered €O,
sinks because trees convert carbon
dioxide from the atmosphere into car-
bon stored in the form of wood and
organic soil matter. A forest can ab-
sarh 9.2 tons of CO, per hectare per
year, Building a 400 km, 400kY over-
head trunsmission line throwgh an
area that is 75 percent forest repre-
sents i loss of a carbon sink of
16,780 tons of COy per vear

HVDC Light® technology
was introduced in 1997
with a small test installa-
tion of 3 MW. Since then,
both cables and convert-
ers have progressed
dramatically in both size
and performance.

Matanial use

The material intensity of an AC OHL
is higher than a DC cable. The stansn-
cal material use per meter of transmis-
sion is compared in TN

Using lifecycle assessment (LEA) 1o
analyze the “cradle to grave” material
impact, the DC cable has an environ-
mental impact of 4.3 kg of CO,-
equivalents per meter and the AC
OHL has an impact of 365.akg of
COequivalents per meter. In other
words, the material used in the DC
cable has only 17.6 percent the envi-
ronmental impact of the AC OHL



v trol power Mow and voliage B, HVIX the development of extroded caliles
Several studies have shown that prop can be very effective in damping for HVDC. The extruded cable has
erty values are reduced close 1o OHI power oscillations, as well as avoiding some significant advantages over ta
For example, a study carried our in ar limiting cascading system distur ditional mass impregnated cables. [t
the United kingdom showed the value  bances, pariicolarly when connecting ® |5 completely oil free
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leowver than comparable propenics Light® convenor is excellent an gener handling cduring installation
A Finnish study shoowed thar the re ALNE Or COnsSumIng reactive power B Has very simple prefabricited
duction s proportional o the distince jraints
froom the line B Technical characteristics of
underground transmission system
vssuming that every S00m along the When planning traditional overbead
HH) ke Tioee there is transmission hnes, i is beter 1o
B O propeny 500m from the OHL choose high voltige lines for trans-
twith 85 percent value reduction) mission over large distances because
& Two properties 1000m from the not only can ransmission capacity be
OHL (w ith 4 T ent value redu morensed ot losses are also reduced
Hon Howevier, or AU transmission in
B Three propetties 2000m from the underground cables the situation is
OHL twith 2 percent value reduc- somew it different, 1 the valtage is
tiond increased, the reactive power absorp

tion of the cable increases so that s

If an AVOeTag ::II|||'-|_'II'. s owvaloed at technical maxommum |r.'|1'_:1]| s reduced
S 1500000, the reduction in properts rther than increased. The laws af

value along the 40 ke OFL then physics in this case then work agains
amounts 1o s stageering 25 million, long AC ransmssion. Today's experd

ence of cable transmission sugpests a
58 maximum fransmission distince of
When HYVIDC Light II||I.|I.':I_:_'r-:l|!|'|i| about G0km lor a 345kV AC uncler
transmission is used inside an ground cable
AC-gridd, the tmnsmission system cian

e ciperated in o more optinul way Heasons why Under'

feading to loawer electrical losses The

losses in the HVIMS line are equivalent grDUﬂd HVDC CEDIES

oy the loss redoction of the AC grid hau’e a better E‘ﬂ"u"lrﬂnmen-
+ the HVI line s consicercd o .

e Fass tal profile than overhead =~ 8 oo improves e
ransmit clectricity “without” losses : :

e more efficient operaton of o HVAC |1HEE [nCIUde |aﬂd Bus voltage Maxirmurm vollage

transmisson sysiem with HVDC can use. aUdIb|E ﬂDiSE. EME
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oWt M s

L}
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For example, an a 350 MW mnsmis- HVDC Light®, a new transmission )
sion C50 percent utilization) there ar system designed for underground ' . . .
no HVDE [osses whereas HVAC losses transmission tirme
amount o5 percent, This means the This technology is based on some Ke
COpIC TR O has 76650 MWH more elec COMmMpOancnts
tricity 1o sell each vear with an HVID 8 Extruded cable technology B HVDC Light® product matrbe
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& Contraol and protection technology Avalla Available 2004
The overall electrical losses!' can be Availat
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emitted per yvear stress on the cables than conventional LS L b
HYDC converters and this has enabled 1000 A 1500 A
Powar systam iblity #+ B0 RY B0 WA IBO MW 280 MW
HVIIC systems can never become Fooincte o 150KV ITOMW 3S0MW 500 MY
owverloaded, and they offer additional ising e OECD average of 600 kg COMWh or oo WY ZSONW TOOMW 1000 MW

benefits through their ability 1o con electriaity



Vollage source converters also show

significant advantazes over mraditional

HVID converters such os

& Dramancally smaller size. Typically
they are half the height and theis
toatprint is 25 poercem smiller

B SUperior vi -Ir..-._-r el reactive [RLEAV S
omtrol reduces the risk ol black

s

B They act as

dlisturbances and bBlock the cascad

Firewall™ lor network
Ing Irl[l‘- that occur in AC svslems

B They can operate in very weak ne
works and do not require network
revinforoements

B They reduce down time alter outipes
with their “black stan |_-|:-.||'-:||I-.

Mew high-speed control and prote

tion technology makes it |-.||-.-.|:.'||| i3

fully utilize the inherent bBenelits of

the voltage source converers

Technical development of
HVDC Light® systems
HW

duced o the market in 1997 with a

Light technology was imtro

small test installation of 3 MW, Since

then, both cables and converters have

progressed demmanically in both sige
and performance. Today the Eirgest
SYRLLIT IN service s g 450 MW svsiem

cperating at £ 150KV, A 350 MW sys

lem is currently under construction

The converter design has Deen retined
by the adoption of new swils hirg
sohemes that reduce the number of
components and cut the convertet

leassees by G0 pereent

In contrast o tradition:a] HVIIC, an
VI Laghin

farrzesd and makes greater use of semi

il

svstem s highly

conductors, The product matrix
shown i B highliehis avallable mod

ules

Increased environmental
pressure on overhead
transmission lines is both
raising total costs and
iIncreasing the risk for
substantial project delays.

Cable installation techniques
A crucial element in underground

tinsmission is the cable msallaton
technigque. In the Murravlink project

Bund O

cesstul installition was implemented

i Adestral i A Very s
using maodified pipeline installaion
couipment. Up o 3km of cable was
successiully installed per day, The

totul cost of laving the 170km cable
svstem amounted to the very meason
able sum of about AUS 10 million

(570 million), HVIX

have relatively low weight Covpioally

Light cables

10 ke 'm), making its installation sim
tlar o that of fibre-optic cables: the

equipiment used for trrenching and the

Footnote

depth at whach the cables are laidd §s
gomparable i1 o 1L.5m below the

surkace )
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