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Abstra,ct 
Submarine, power cable.s are spe,cialise,d power cables 

that are used to transport electric curre1nt at hig1h 
voltage below the surface of water. hough these 
cables have bee1n in u.se since the early 1800s, their 
use was primarily limited to tr.ansmitting electricity 

from conventional sour,ces such as coal plants, either 

between countries or out to islands or oil platforms. 

Rising energy prices and concerns about climate 
cha,nge in the mid-2000s brought about a force,d 
d,evelopment of deep-water renewal e,nergy sources 
(such as wind, wa1ve, tide,, etc ) which in turn renewed 

t 1he interest in submarine power cables as there was 

a need to transmit the generated power to land from 
out-in-the-ocean r,enewal energy installatíons. 

Though there are severa! issues (.such as complex and 
unclear regulations, few consulting firms to conduct 
sea floor surveys and availability of ,cable-laying 

ships) th,at could impede the growth of submarine 
power cables, under-construction an,d f 1uture projects 
due to the increasing demand far renewal energy 
from offshore energy sources are ensuring that the 

necessary expansion, diversification, development 

and us.,e of the.se cables cannot be stopped. 

This paper aims to p,rovide an insight into submarine 

power cable while differentiating it from a power 
cablle used on land. The 1market drivers that support 

development of this technology aind opportunities 
and challenges thiat lndi,a offers to th1s industry are 

discussed. 
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1,. lntroduction 

Th,e modern system of underwater cab,les (also called 
submarine cables) has its roots in the telegraph. With 
tím1e, the telephone cable.s and eventually the fibre~ 
optic cables, on which the Internet relies upan}' joined 
these undersea telegraph cables on the ocean1 floor. 
Acco,rdingly, the associated t,echnical dev,elopments 
have taken the cables thraugh three distinct eras: 
telegraphy with s1ngl,e-conductor copper wires, 
beginni · g in the 1850s; telephony by me,ans of coaxial 
cables with repea ers, beginning in the 1950s; a d 
data transmis,sion through optical fibres,. be,ginning in 

the 1980s. 

Unlike the telecommunication subma ine cables, t e 
submarine power cables have had a mod1est history 
where their use began ''out of necessity'' to provide 

power connection to isolated offshore. facilities 
such as lighthou.ses, i.nfirmary ships, etc. Later, the 
power su1pply o,f near-shore islands lbecame t ,he rnain 
objective. lod,ay, the submarine power cables are 

used to connect is,lands clase to the mainland with the 

mainlland power grid t,o incre,ase power availability and 
replace island-statíon.,ed, ine,fficient p,ower genera ·ng 
diesel gene,rators. ow·ng to their geograp:hical 

ch,a acter, sorne countries, such as Norway, the 
Philippines and Japan have had a l1ong tradition of 
install'ing submarine power cables be .ween their 

numerous isla1nds. 

The, main difference b,etween the su1bmarine cabl,es 
used far telecommunication and t 1hose used for 
power is the amoun.t of copper. While the power 



cables carry a lot of copper, little copper is used in the 
telecommunication cablles. With the, advent of optic 
ftbre the nee,d for copper in telecommunication ca bies 
has been do,ne away ·with entirely, whíle the subma,rine 
power cables co1n1tin11ue to use copper ar aluminium for 

their core. The submarine power cables vary widely 

i1n size, gov,erned by the route length, voltage a.nd 
current th,ey need to carry and can be anything from 
701mm to, exceeding, 210mm in diameter while, the 
t:elecommunication submari e cables are typically 
between 20mm and 50mm. 

Tilt 1954, submarine power ,cabl.es p,rimarily 
transmitted Altern,ating Current (AC). l1n 1954 the 
world's first submarine Direct Current (DC) carrying 
c.able u1sing HVDC technol,ogy, named,, ,Gotland 1, wa,s 
installed. This was 98km long from 1Gotland lsland 
(located 90kms east of Swedish mainland and 130 
kms from Latvia) to the Swedish Mainland aind had a 
capacity of 20MW. This changed the thinking of the 

world about· submar1ne electricity transmission .. lt has 
become possible now to c1onnect to other countries 
overseas that were 'p,reviously thought unreachable .. 
Further, events su.ch a,s rising energy price.s and 
conce,rns ab,out climate chang,e in the mid-2000s 
helped th,e development of deep-water renewal 
energy sources (such as wind, wav,e, tide, etc .. ), which 
in return brought focus on the submarin,e power cable.s 
far transmitting the g,enerated powe,r from these out
in-the-ocean installations. 

Rising intere.st in deep-water ren1ewal ener,gy and 

trans-national sharing of surplus ,capacities has shown 

the tremendous potential 1of t 1he submarine power 
cable ind.ustry and that "they ,cannot be ígnore·d". 

Keeping in mind this importance, the paper aims t,o 
províde an insight into a SlJbmarine power cable whíle 
·differentiating it from a power cab:le used on land. 
The market 1drivers that support developme,nt of this 
technology and opportuniti,es and challenges that 
India offers to th1 is in,dustry are discu.ssed. 

2. Power Cable,s 

A power cable is an assembly consistin,g of on,e or more 
power cores with individual or commo1n screen and 

sheath, assembly fttting.s, and covered by a common 

protection. Fundamental!¼ a, powe,r cable 1 whether to 
be used on land or underwate,r, neces.sarily requir,es 
a co1nd1 uctor and an insulator to perform its defined 
task of trans 1missíon of electricity. The remaining 
components (sheath, screen and armour) are purpose 
base·d components which aire provid,ed to fulfil 
purpo.ses such as wat.er blocking, armouring against 
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mechanical damage, additional mecha.nica1I strength, 
good abr.asion, c1orrosio,n resistance and high reliability 
while having minimum environmental impact. 

The, type of current to b,e transmitted has an in1fluence 
on the voltage use·d, the c.apacity and the maximum 
length of the line a1nd the intermediate elec ric 
equipment used. Two types of currents, are considered 
as industry standa rds .. These being the Alternating 
Current (AC) th1at flows in one directio for half a 
period and far the next half switches direction and 
is producedl by most of the power plants ac.ross th,e 
world as three-phase AC. The second type is th,e Direct 
Current (DC) which always flows ¡·n the same direction 
and is produce·d by batteries, solar cells and fuel celts. 
DC produced in ph·otovoltaic pane:ls (and parks) is 

convert·ed into AC befare being fe,d into th,e grid. 

Usually1 the transmission of electrica1I energy is done 
by AC networks at a · igh voltage. · hese networks 
are, reliabl ,e and design1ed resp,ecting safety and 
human/ industrial need,s. However, t 10 enha 'nce power 
transmission, reduce costs and losses, while b,eing 
envir,onmental friendly, the High Voltage Direct Current 
(HVDC) technology was develo1p,ed .. · his tec!h,nology 

started to be used in power transmission at the end 
of the .19 th century but only a few lines and facilities 
were built, many of them experimental. The tr,end 
contínued into, the 20th century b1ut only in the '70s 
they gained momentum and became commerciatly 

attractive. Today the HVDC technology is mostly used 

in pow1er transmission ove·r long distances ín averhead 
lines, in submarine power cables and to connect 
separated powe,r systems. Sin 1ce the HVDC systems 
need to interact with AC networks, at least two 
converter stations, AC to DC and DC to AC, ,are needed 

in the network al1 ong wíth the DC ,cable link. The late 
development of this technology is primarily ,due to 
the need of reliable and economic p,ower electronic 
devices that could work with h1igh voltages 

'Thoug:h AC is the most economical systerm being a 
cheaper technology, it is limited by the distance over 
which it ,can be used. AC cables are ''three-phase'' 
cables, ,andi are laid eithe·r as a b·undle, in a thre,e, core 
formation (three conductors), or as three s,eparate 

cables to carry the samie power: 

For longe,r dista:nces the HVDC te,chnology needs to 
be u1sed. 1HVDC cables require less material since they 

ne,ed only one power li1ne to transport electricity. T1hese 

1 Produced by placing a coil. of w ire into a revolving magnetic field. lf one 
coi l is used, a single-phase AC is produced whi le by using three co·ls, a 
t ree-phase AC is produced 



cables consist of o,ne primary conductor by which the 

currenit is transmitted and1 a return path represented 
by another conductor ar vía seawater using an anode/ 
ca1thod,1e arrangeme,nt. The configuration of the, HVDC 
cables is of two types, dependent on the DC system 

and is seen in Table 1. 

Table-1: Types of configuration- HVDC cables 

Co,nfig1uration 
Arrangement 

Diagramm.atic 
type arrangement 

Two sepa ate single- o o core cables 
Bi-polar 

Bundled two single-
CX) 

1 

core cables 

Single-core cable with o metallic return 

Mono-polar wo sin,gle-core cable 
1 

o o with metallic return 

Conce,ntric ca ,ble 1(@ 

3. Structure of a Power Cable 

The structure of a power cable must ens,ure a high 
efficiency in ele,ctrica 1I tra1nsmission, a good insulation 
,and magnetic shieldiing a long wit.h a strong mechanical 

resistance. This struct,ure may differ in m,aterials 
and l,ayout depending on the manufacturer and 

environmental conditions lbut n,ec.essari ly includes a set 

of layers arou1 nd the conductor to ensure the physical 

insu lation, impermeability, m,echan ical strength, 
flexibility and electrica l and magnetic shielding .. The 
main constituents of a power cab le, a.s see,n in Figure 

1, are d1iscussed in the succeed in.g paragraphs. 

The starting point of any cable is the conductor (,ar 
the core). 'The conductor is usually made of stranded 

copper ar aluminium (to reduce weight and cost). 

CONOUCfD st'RFFN 
~ ~UCIM 

r . :=----- Cross lm HWC ~r 
Clt MM'S irn~ ¡:µpe,· 

-- FHSU 1 

• SDIEEN 
Sc:fflli-cmdua~ 

Figure-1: Cross section of a submarine cable assembly 

(source: DNV GL, 21014 [1]) 

lnsuilator 

he conductors must be insu lated against any externa ! 

con1tact for t 1he who,le length of the cab le,. lt is the 

insulation that dis ·nguíshes between various types 
of cab les. · his insulation can be made from a v,ariety 

of dlelectric mat,eria ls of which the three main types 

that are widely used are díscussed below with Table 
2 showing the types of insulations used far varjous 

Eiuropean projects. 

Self-contained Fluid-fil led (SCFF). SCFF cables 
require th,e use of pressurized insulating fluid 

within the conductor and insu lation. They ar,e 

used for very high voltages, usua:lly up to 500 kV. 

They are su ited far cond itions where there are 
no hydraulic limitations and for sh,ort 1distances. 
-heir diameter spans between 110 mm and 

1.60 mm and their weight is 40-80 kg/m while 
the conductor size is up to 3000 mm2• Although 
SCFF cables are very r1e,liable, very few cab le, 
manufacturers ar 1e capabl,e of supplying them. 

Maintenance of the fluid pressurizing system is 

relatively expensive and there are risks of fluid 

leaks into the environment. These have the 

following variations 

• SCFF/SCOF (self-contained fiuid-fi l,ed / self
contained oil-filled). 

• IHPFF/HPOF (high-pre,ssure fluid-filled / high
pressure oi l-fil led). 

• HPGF (lhigh-pressure gas filled) and GC (gas 

compressi,on). 

P.aper insulated1 (lap'p,ed ins.ulated) or Mass,
impregnated cab les are the most used since they 
hav1e proved to be highly reliabl ,e far more than 40 
years since they are in use. They are used up to 500 
lkV and operate up to a maximum temper,ature o.f 
55 ºC, with newer types operatting safely at 85ºC 

and a voltage up1 to 600 kV. The con 1d e or size 

is up to 2500 mm 2 while the externa ! diameter 

spans between 1.10 mm a,nd 140 'mm wit·h a 

weight of 30-60 kg/mJ which ma~es this cable 
lighter in comparison with the SCFF. These have 
the following variations: 

• MI (mass-impre,gna1ted) or PI C (p,aper
insu lated lead-c1overed) ca,bles that have 
mass impregnated paper with high-viscosíty 

insulating coimp1ound. 

• PPLP (paper polypropylene la,minate). 

Extruded cables are us,e,d far voltages up to 300 



kV. They are associat1ed with Voltage Source 
Converters (VSC}, which permit to reverse power 

flow without reversing the palaríty and increasing 
the maximum transmissible power to 800 MW. 
H:owever uneven distribution of charges inside, 
the insulatí,on can cause localiz.ed high stre.ss 

causing accelerated ageing of the insula _·on. 

heir low weight 0 1f 20-35 kg/m and diameter of 
90 mm to 120 mm, make th 1em very competitive. 
The following va1riatio,ns exist for these ypes of 

cables: 

• EP . (ethylene propylene rubber). 

• PE {polyethylene). 

. , XLPE (cross-linked polyethylene) which 
consists of a n,etwork molecular structure 
suited far high temperatures. 

Scree,n 

In high voltage cables, especially those un,derground, 

the cable is shi 1elded, ar screened, with an earth 
condu,ctor. lf s,omeone was to cut/ damage th1rough 
the cable, it will gen,erally conne,ct the conduc ·ve 

inner core directly with the prot1ective screen around 
the outsi 1d1e caus,ing t .he fuse to blow at the feeding 
station rather than travelling up through the digger 
and killing hím. 

Tabl1 e-2· lnsulation types- European projects 

Cu1rrent 
Max. Voltage Typical insulation 

Type 

< 36 kV Extruded (XL.PE, E1PR) 

1 >36 kV to 170 
PE, EPR) Extruded (X AC kV 

>1.70 kV t,o 
Extruded (X PE) 

<550 kV 

< 320 kv Extruded 
DC 

< 600 kV Mass impregnated 

She,,ath 

Around the insulatio·n is placed a meta1I sh 1eath that 
prevents moisture ingress and corrosion and provid 1es 
mechanical strength to the cable. Far submarine power 
cabll1e,s various water-blocking agents suc ·. as swelling 
powder, sw1elling yarns, hydrophobic campounds ar 
gels are used. hey are inserted between he wire 

la1yers to achieve water tightness. The sheath along 
with the metallic screen and armour wires (when 
available) carríes a fault current. 

Armo1ur 

A layer of armouring is provided to increase the cable's 
tensile strength and allow it to better support its own 
weight during insta.llation .. This is usually a layer of flat 
or round galvanised steel wires wound helically around 
the cable in a single ar a double [ayer. Thís armouring 

adds to the w 1eight an,d reduces the fle·xibility. he 

most common wire for armouring is galvanized steel 
wire, but, 1copper, brass1 bronze and aluminíum wires 
,are also used. 

Oute·r sheath / serving 

A r,adial water ,barrier in the form of a metallic sheath 
usually of aluminium lamínate (far shorter medíum
volta,ge cables) or l,ead (far submarine power ca bles) 
is applied in unifo,rm thickness between 2 mm and 
S mm. The l,ead may be alloyed with an ·mony, ·n, 

copper, cal1cium, cadmium, tellurium and others. The 
lea,d sheath is vulnerable to mechanical damage and 
ne,eds to1 be p,rote1ct1ed by additional layers usually of 
plastic over-sheath. 

Optic fibr,e 

Modern three-core power cables carry op ·cail fibres 

far da a transmission or temperature measurement, 
in addition to the electrical conductors. 

4.. Comp,aring Power Cable:s On Land And 
Underwater 

Like, any other power cable, a submarine pow1er 
cable too transports electric current. How,ever unlike 
a land power 1cable, the submarine power cable is 
used underwater and hence he name "s b-marine''. 
lt is this requirement to function underwater tha1t 
makies the submarine pow,er cable uniq1ue and largely 
differer1t from the land power cable. 

Both the land power cables and th 1e subm,arine 
power cables have the required metal conductíng 
core surro,unded by insulation and screens. Since 
the submarine ¡power cable,s need to addres,s various 
physic,al, environmental and installation challenges, 
they have addi ·anal components th,at provide water 

blockin,g, armo ring against rnechanical damage, 

additional rnecha1nical strength, good abrasion 
and corrosion resistance and h.igh reliability while 
having minimum envir1onmental impact. Th 1e ar 1eas of 
difference between them are shown in Figure 2 ,and 
discussed in Table 3. 



Conductor 
Conductor Sueen 

lns , lation 

lnsulation Sueen 

She th 

Bedding 

Servín 
~ 

Land Cabl.e Su:bmarlne table 

Figure-2:, Comparison of land and submarine single-core 

cable (source: modified from Balanuye et al.[2]) 

5,. Alterna1ting or Direct. Current 

Since AC t echnol,ogy is a more econ.omica l te,chnology 
but cannot be used for dista1nces longer than 
approxirmately 80kms due t ,o the ,ca ble capaciti es 
absorbing the available usable electricity, HVDC 
technology was develope,d as an alternative. lt is thus 
essential that both AC and DC cables ,are looked at 
when discussing sub1marine cabl 1es,. The AC cable, so 
used is usuailly a 3-core cable (see Figure 3) whil,e the 
DC. cable used is a single core cable (see in Figure 4). 

To see how th,ese calbles com,pare, consider the 
requirements far a 550 MW subsea connection over 
a distance of 75 km. Far a conventional AC scheme 
on land, three single-core 220 kV XLPE cables would 

Table-3: Comparison of ,elem 1ents- Land cables and Submarine cables 

Property Land Application Submarine Application 

Conductor Majority use aluminium Majoríty use copper1 

Aluminium for deeper wat,ers 
Copper for shallower waters 
Usually thinner than the landr cables of equal capacity 
Superconduc ·ng materia Is (carbon nano-tu bes) being 

researched 

lnsulation Oil impregnat,ed paper and polymeric materials 

Screen 1 Two sheets of screens present. 
Both ma,de of semiconductors .. 

• Between conductor and insulation 
to equalise electric field. 

• lmmediately outside the insulation 
to seal off the electric field from 
leaking to outside of the cable 

Sheath (w,ater Layers made of l,ead alloy, aluminium, ayers made 1of lead alloy, aluminium, copper and polymeric 
barrier) copper and polyrneric material. material. 

Basic water barri er layers in,stalled inside the sheath. 
Wire Armour Not present or light Layer layers of metallic tapes ' • • or or an corros1ve w1res 

(typically galvani1 sed steel wires) to withsta 1nd the mecha ical 
forces. 

Outer Sheath Formed • bitumen1 bonded polypropylene us,ng yarn. 
lm,proves corrosion resistaince to sea water 
Fricative su rface hel ps in cable handling 

Length Typically single land cables • Three-core cables can be in sections of 80 km core are 1 n 
lengths of around 1 km 

AC Thre,e single core cables Three core 

P rotecti,o n Adequate but lesser than submaríne Better protected 
cables 

Main ena ·ce Expensive, but cheaper th,an submarine Defect ídentification and fixing cost is sometimes 5-10 times 
cost & time cables • more expens1ve, 

Outage Shorter as deifect identification and Longer 
rectification is faster 

' 

Design No two projects are identical. 
Each has to, be designed to fulfil its own purpose, taking into 
account transmissio'n distance, water depth, sea currents, 
risks of damage, ,etc. 



be re,quired with a copper conductor cross-section of 

1600 mm2 and copper wire tensil 1e armour. The weight 

of the three c,ables would be 3 x 60 kg/m = 180 kg/m 
However, an -VDC would re,quire only two 150 kV 

cables with a copper C10 1nductor cros.s-section of 1400 
mm2 and steel wire tensile armour. The weight of the 
two cables is 2 x 32 kg/m1 = 64 kg/m, or around one

third ofthe AC scheme. Thfs weightsaving r,educes both 
th,e cable cost and installation cost, while the shorter 
total cable length reduces the factory pro,duction time 

scales. [3] 

Figure-3,: 3-!Phase AC Submarine Power Cable (source,: 
modified from Nexans)1 

The following are, th 1e advantages and disa1dvantages 
of using a single core cable· as co1mpared to a 3-core, 
cable,. 

Advantages 
• Lighter weight. 

• Smaller diameter, hence smaller laying and 
repair ship a1cceptable. 

• Longer lengths on d1 rums possible 

• Fewer joints at factory and on site 

,. Higher current rating. 

,. Vol·tage rating up to 500 kV. 

• Reduced repair costs and spares as al( three 
phases need1 to be repaired after a fault for a 
3-phase cable. 

• Lower material costs for each cable,. 

• Lower stability in high water currents. 

• Cannot inclu,de optio1nal fibre optics. 

Disadvantages 
,. Higher ext,ernal magnietic field. 

• L1ower corro.sion resistance. 

• Higher sheath/ shield current and volt,ages. 
,. H igher a rmo 1u r losses. 

Figure-4: Ca-Axial HVDC Submarine Power Cab1 le (so,urce: 

Nexans) 

6. Economic Comparison - Hvdc And Hvac. Cab1les 

In arder to underta1ke an economic comparison of 
systems supported by the two techn,ologies, one 

would need to consider the associated lifetime costs. 
As on land, the HVDC technology becomes cheaper 

only overa longer tra1nsmission distance primarily due 

to the associated hig 1h investmen1t costs and low losses 
for an Hv·oc technology. A general co,st comparison 

b,etween the two technologies shows that this break

even happens ata distance which is usually 800 km far 
land cables and between O and 80 k.m far submarine 

,cabl 1es [4] as seen in Figure 5. For submarine cables 
this dístance depends on various, factors, as discussed 

in section 9, and an a11nalysis must be made far each 

individual case. 

Figure-5: Compara ·ve HVAC and HVDC costs (source: 
Electrical engineering portal [5]) 



7. Market Drivers 

At the mo,ment there are almost 8000 km of HVDC 
subma rine power c.ables in the world. More than 70% 
of these cables, b1oth in term.s of number and length 
are loc.ate 1d in Europe connectin.g coun.tries separated 
by sma I to m1edium width watier bo,die,s. Majority of 
these submarin e power cables ha1ve a length of less 
t han 300 km. 
The demand for HVDC. transmission is increasing 
rapidly. In the last 40 years, HVDC transmission links 
with a ·total capaci,ty of 100 GW (equivalent to the 

capacity of 100 large power p,lants) were instal led. 
Another 250 GW will be adde,d in this, de,cade alone 
[6]. Sorne broad highlights of these cables are: 

• The longest HVAC submarine cable, is 104 km, 

insta lled from 1lsle of Man to1 mainla.nd England in 

1'999/2000. 

,. The longest HVDC subm,arine cable is 580 km 
installed between Norway and the Netherlands 
in 2008. 

• The highest voltage (S001kV) and larg1est conductor 
(3000 mm2) in a submarine cab le was installed off 

Japan in 1998. 

• The farthest offshore wind farm i's 90 km off 
Borkum, Germany and was set up in, 2011 .. 

• --he largest offshore wind farm is of 300 MW 
1capacity in Englan 1d, insta1lled in 2010. 

• he first pow,er-from-shore 'Dynamic AC cab,le 
for Floating Platform of capacity O MW at Gji0a1 
Platform, Norway insta lled in 2,010. 

The submarine ca1bles have p,otential far a variety of 
purpo,se.s as: 

• lsland connection. lntegrated ,grid.s that can 
com.pensate far regional fluctuations in the 
production or consumption of electricity like that 
far the Western Link (England-Scotland),, lnelfe 
(France-Spain) and BritNed (U K-Netherlands) 

• 'Power supply for areas in W'hich no new power 
plant is to be built (often via nnes running through 
wa.ter) such as Mallorca and San Francisco 

• Prevent fault passing. Back-t,o-back links1 which1 
connect two AC grids and serve as a "firewall" to 
prevent faults from passing into the neighbouring 
grid as seen in Georgia - Tu1rkey, New York- N:ew 
Jersey links. 

• Power to offshore instal lations. As is seen in the 
case of Gj0a Platform, Norway. 

• Power fro1m wind farms. As seen in various wind 
farms in Europe providing the back bone far the 
' 'European Super Grid' 

811 Manuf,act,urers 

There are many companie,s prod.ucing power cables 
in t 'he worl ,d b,ut only a few o,f them have exp,erience 
ín manufacturin,g submarine power ca1bles fo1r :long 
distan ces and high capa 1city. Key vendors in this market 
are Sumitomo Electric Industries, NKT Group ,(ABB 
dis,investe,d i1nto N1 KT}, Genera l Cable Te,chno logies 
(A Prysmia,n Group Company), Prys1mian Group 
and Nexans who ma1n1ufacture mo.st of the, existing 
submarine power cables in the world. The last three 
have theír own special iz,ed vessels that allow them to 

install the cabl.ies at s1ea. Other prominent vendors in 
the market include Belden, Hangzhou Cabl,e, Henigtong 
Marine Cab 1le System, KEI l1 ndustries, LS Cable & 
System, S,outhwire, and Z 1 1 lechnologies. 

• Prysmian is an lt,aly-based multina,tional company 
headquartered in Milan. lts main factory Arco 
Felice is located in Na ples, ltaly. lt holds the 1'Giulio 
Verne'' vesset which was, spec.i al ly built and 
equ ipped far laying power cables at sea. 

• Nexans is a French cable manufacture company 
h,eadquartered in Paris. The submarine power 
cable factory is locat,ed in Halden, Norway. Nexans 
l1ays down the cables at sea with its p,urpose-buillt 
vessel 11Skage rak1

' . 

• Zl f Te,chno logies. The Z Group entered the 
ffeld of optical fibre communi,cation in the early 
19190s. They are active in the development, 
design, production, supply and insta llation of wi·de 

application ran,ges in telecom, power, renewable 
energy and oil & g.as. 

• Genera1I Cables (A Prysmian Group Company). 
The Genera l Cable1s subsidiary Norddeutsche 
Seekabelwerke GmbH (N'SW), has been 
manufacturing submarine cab les s,ince 1899. 
Today, it is one of the world's leading brands of 
submarine power and telecommunication cable 
systems. 

,. Sumitomo Electric Industries. The J-Power 
Systems (JPS) Corporation of th,e Sumitomo 
Electric group was established in 200,1 and is 
capable of providing comprehensive services from 

production to insta llatíon of submarine cab les and 
contributes to power tran1smiss i,on infrastructure 
devel,opmen in Japan and throughout the w,orld. 

• NKT Group. As part of the strategic partnership, 
ABB and NKT Cables worke,d toge her till 2016, 
befare ABB disinvested. The proven capability 
to d,esign and insta l:I the ideal cable syst1em for a 
wide vari,ety of applica:tions, taking into, account 



production costs, installatio,n costs, power losses 
and operatíona1I costs of ABB has been inherited 
by NKT. 

9. Chal;lenges In Manufacturing Submarine 
Power Cables 

The market tor submarine power cables is small and 
the industry is ,a highly specialized industry with the 
t,echnology and kno,w-how in the hand of only a f;ew 
players. Like any industry, the submarine power cable 

in,dustry to,o has its own share of both manufacturing 
and maintenance challenges. 

The biggest challenge to this industry is regulatory 
(adhering to hi,gh sea regulations, national and 

r1egional regulatioris, cable protection com.mittee 
r,egulaüons,, enviro1nment,al regulati 1ons etc.) and 

financia! {investment towards route survey, design, 
manufa1 cture and then l,aying is high, which may not lbe 
made available by the customer upfront, necessitating 
loa ns and investment of own funds). 

The other bi,ggest challenge is the d,esign of the cab,le 
itself.. S,ince, no two power submarine cable projects 

are identical, these cables cannot be ma.nufactured 
and sto1cked Each project ne,eds to be designed 

individually to account far the transmission distance 
(to define n1umb,er of joints), bottom to1pogr,aphy (that 

will define t.he length of the cable and the armour 
required to prot1e,ct the cable), water depth (gíves a 

design pr,essure to withstand and hence defines the 
mate,rial to be used fo,r thie cable sheathing and the 

connector c,asíng), sea currents (gives the mechanical 
s,tresses and ma1no,euvres the cable will have to 
withstand, which d1efines the quality of the sheath to 
be uised), risks of damage etc .. which in return requires 

'custom built' cable for each project. lf the cable 
eros.ses an u ·. dersea gas pipeline, suitable protection 
needs to be provided over that regi1on. Simil,arly, if 

the risk of cabl 1e damage during use is la1rge (due to 
tidal currents and ocean bottom topography) a double 

armour cable may need to be provide,d which would 
make the cable difficult t,o bend and handle whíle 
necessita1ting shorter lengths far handling and he,nce 
larger number of joints. lt is necessary to mention 

that the cable needs to be invariably designed to b,e 

handled by the 1existing cable laying ships. A new and 
innovative design may result in the need of ,a new 
cable llaying ship which may be cost prohibitive. 

Further, t 1here are only a handful of comp,anie,s 
1 wi who have the capability and the expertise 

1 11 J r , 1 1 y · hese cables. According to 

Bloomb 1erg New Energy 1Fi inan 1ce report2 the three 
estalbllishe,d players ABB, Prysmian an,d Ne,xans can 
manufacture a mere 800 km 10,f HVAC cables per 
year. s,o to mee,t the increasing 1d 1emands, either n,ew 
companies will have to st 1ep in or these companies 
have to incre,ase their manufacturing: capabilities. 

From a1 maintenance point of view, submarine cables 
do get damaged (dueto fishing, anchor droppíng, and 
natural disasters) and are relativelly difficu'.lt t ,o repair 
as isol,ation of defect tak 1es time. Once the defect is 
identified, a dedicated cable repair ship does the 

repair with the e·ntire activity taking clase to 15-20 
days at times, weathe,r withstanding. 

10. Opportunities For S'ubm.arine Power Cables 
In India 

The potential of submarine power cables from the 
ln 1dian context líes in the fteld of conne,cting islands, 

power from offshore win,d farms and providing power 
to offshore installatio1ns. In th1is regard we discu,ss 

wa1ys to address the po,wer supply requirem 1ents of 
Andaman and Nicobar isla1nds, Lakshadweep islands, 
support sr·i Lanka to meet its power requirements, 
tap the growing offshore wind power industry in 
India and provide onshore power to the o,ffshore rigs. 

Each of these have been discussed ·n the succeeding 
par,agraphs. 

Andaman ond Nicobar lslands 

The peak l,o,ad of electriclty in the, Andaman and 

Nicobar islands is about 58 MW {FY16) which is met 
through cumulative Generation Capacity of around 
109.45 MW in the vari,o,us lslands of A&.N. Out of the 
total generating capacity, the Diesel based generation 
is around 99 .. 2 M'W, Hy1dro ba:sed generation ís around 
S .. ·25 MW and Solar PV genera!tion is about 5,.0 'MWp. 
The island.s use about 2s,o kilo litres, of diesel every 
day far power ,alone. This power gen,eration and 
distribution sy.stem is served by standalone systems 
and each island has its own genierati ,on & distribution 
system. This ensures 92.4% of the population to get 
power supply 24 hours while 2% populati,on gets it for 
5-16 hours a day [8]. 

These islands h.ave a considerable potential for power 
genera ·on, through Renewable Sourc,e of Energy 
such as wind, ocean, tidal, bio-mass whi,ch ar1e yet 
to be harness,e1d. Lack of a grid in the islands, larg,e 

dependence on fossil fuels for power generation and 
non-utilisation of renewal ,energy resources present a 

2 Bloomberg New Energy Finance-Offshore wind market outlook- Hl 2011 
- 24 May 2011. 



market far the use, of submarine power cables. 

.Laksh.adweep /stands 

The power suppli,ed in Lakshadweep is through diesel 
,generating sets,. These sets are of various. capacities 
ranging from 24 to 400 KW. The p,ower generating 
systems in a.11 the lslands are s.tand-alone system.s. 
T'here ís no inter-island connection in the supply grid. 

The isl,and has ach:ieved 100% electrification with 
supply available, round the clock. How,ever t lhe source 

of su1pply is limited to diesel g,enerators using 66, lakh 
litres of HSD oíl ¡per annum brought from the mainland 
[9]. 

Sím ilar to th1e A&N islands, these islands too present a 
possible market for the submarine power cab,les .. 

The India - Sri Lanka HVDC ,Grid lnterconnecti'on 

This grid ínterconnecti,on is a proposed pr1oject to· link 
the national grids of India and Sri anka. The project 
involves the construction of a HVDC connection 
between Madurai and Anuradhapura in central sr·i 
Lanka, through the Palk Strait .. The liin.k would measure 
285 kms in length, includ,ing 501 kms of submarine 

cables. ,contemplated ín 1'970} it is to be implement1ed 

by the Power Grid 1Corporation of India Limited and the 
Ceylon Electricity Board. As of February 2016, ·· h1e pre

feasibility studies on the project have be,en complet,ed. 

Offshore Wind P,ower 

India has the fourth largest installed wind power 
capacity in the world [10] with the wind power being 
the cheapest en.ergy resource in India. However 
the generating wi 1nd farms are all land based. Th,e 

government plans to have clase to 200 GW capacity 
of offsh1ore wind power in place by 2022. This presents 
a majar 01 pp,ortunity for the use of submarine, p,ower 

cables in the country in th 1e immediate future. 

Power to Offshore Oll 

lndi.a has 34 offshore rig.s which are situated 
at an average distance of 180 km from the mainland. 
These rígs need hundreds of MW of power1 depending 
on the equipme,nt available, to meet their interna! 

requirements. Presently they meet their requirements 

by using Gas Turbines and Diesel generators, w.hich use 
fuel while being energ·y inefficient and e.n.viro'nmentally 
unfriendly. To overcome these issues these offshore 
platforms can be provided power from ,o,nsho,re usíng 
submarine power cable as has bee,n demonstrated 
.around the wo,rld. 

1 

11. Challenges For Su,bmarine Power Cable:s In 
1lndia 

Whlle there are opportunities1 th,ere are also 
challenges that n,eed to be overcome to encash on the 
available opportunities. These include: 

Associated cost of offshore wind power 

The capital cost of offshore wind power projects is very 

high as compar1ed to onshore wind power projects 
with the average ,capital cost of 2006 in Europe, being 
around 2.1 milli,on € per MW at 37 .5 per cent capac·ty 
utilisation factors (CUF). 

Economi,es of .sea/e 

Larger volumies of necessity, standardisation and 
p,ossibility of adoption of technologfes would provide 
e,conomies of scale to the industry, thus reducing cost 

and encouraging investment .. However the delay in 

execution of the Indo-Sri Lanka H1 VDC connectivity 
c.onceived in 197,0 does not send encouraging s,ignals 
to the industry. 

Clearances Required 

- he, necessary cl,earances essential to undertake the 
offshore wind farming are large and sometime difficult 
and time consuming which do,es not at time enco,urage 

the inv,olvement of business houses. 

Data far site í,dentification of offshore wínd power 

The data requir,ed (wind resource map, and the 
bathymetry data) far the ca.lculation of offshore wind 
potential and identification of suitable sites is not 

available far lndian regions which make identifying the 
potential sites far offshore wind farm1ing difficult. 

12. Conclusion 

This article provides an insight into, a submarine 

power cable while differentiating it from a land power 
cable. The market drive·rs that support develo,pment ,of 
this tec.hnology and the opportunities and challenge 
that India offe,rs to th,is industry have bee,n discussed. 

Tho·u.gh excessive details into the submarine 
power cable technology have not been discussed, an 

effort has been made to· ensure that the r,ea,der is not 
left looking for answe,rs in understanding the sp,ecial 
features of a submarine power c.a;bles. 

8 
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Synopsis 

Submarine pow1er cables are sp,e,cialised power cables 
that are u.sed to tra nsport electric cu rr,ent at high 
volt,age below the surface of the water: 1·hough these 
cables have been in use since t 1he early 18,QOs, th1eir 
use was primari y limited to transmittin1g electricity 
from conventional sources such as coal plants, either 
between1 c,ountries or out to islands or oil platforms. 
Rising energy prices and concerns a1bout climate 
change in the mid-2000s brought about a fo· ced 
development of deep-water renewal 1energy sour1ces 
(such as wind, wave, tide, etc.) which in turn ren ,ewed 
the interest in submarine p,ower cable,s as th 1ere was 
a need to transmit the generated power to land from 
out-in-the-ocean renewal e,nergy insta,llations. 

Though there are several issues (such as complex and 
unclear regulations, few consulting firms to conduct 
sea floor surveys and av.ailability of cable-laying 
ships) that could impede the growth of submarine 
power cables, u1nder-construction and future projects 
due to the increasing demand for renewa I energy 
from offshore energ,y sources are ensuring that the 
necessary expansion, d1versification, development 
and use of th,ese cables cannot be stopped. 

This present paper aims to provide an insight int,o a 
subma,r·ne power cable while differentiatlng it from 
a power cable use.d on land. The mairk1et drivers 
that support development of this technology and 
opportunitíes and challenges that India offers to this 
industry are discussed. 

Key Words: Submarine power cables, Power cables1 

undersea cables, underwater cables, renewal energy. 
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