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Preface
The Indian government’s 100 GW solar target for 2022, aided by rapidly falling
costs and signing of the COP21 agreement, has provided a huge growth boost
to the sector. We expect India to add new solar capacity of 5.5 GW in 2016,
registering growth of 175% over 2015. Pace of new capacity addition is bound to
accelerate even further in the coming years.

Indian solar market is
growing rapidly but there
are no specific design or
performance standards
in place

As the sector grows, project developers, contractors and equipment suppliers
are under an increasing amount of pricing pressure because of the extremely
competitive nature of the market. The resultant price pressure is leading to
aggressive cost cutting combined, in many instances, with poor design and
equipment selection. There is ample anecdotal evidence that many projects
are performing poorly and affecting financial returns for the investors. This
is a worrisome situation because stories of poor operating experience can
turn away new entrants and investors, in turn, jeopardising long-term growth
outlook of the sector.
Poor quality issues are further exacerbated by the extremely fragmented
nature of the sector. There are no entry barriers and multiple business models
abound unlike in other energy or industrial sectors. The entry of first time
project developers, small investors and/or consumers interested in selfgeneration raises the challenge of educating the market and ensuring high
performance standards in a rapidly evolving market.

BOS components
account for a tiny part
of total project capital
expenditure but their
poor performance
causes disproportionate
decline in overall
project performance

In our view, huge amount of work needs to be done to mitigate these problems
– ranging from skilling initiatives to customer education to specifying and
enforcing tighter technical standards. India Solar Excellence is a new series
of reports from BRIDGE TO INDIA to partly help address this challenge. In
this series, we propose to take one project component at a time and examine
relevant cost, quality and performance issues in detail. Modules and inverters
together constitute up to 75% of total project cost but because of their usually
standard specifications and concentrated supplier base, there is relatively
little scope to add value in these areas. We therefore focus our attention on
smaller components, typically classified as ‘balance of systems’ or BOS and
including items such as cables, connectors, junction boxes, circuit breakers
and mounting structures, which together account for about 10% of total
project cost. Most of these components are non-standard with a very wide
range of specifications available. Individually, each of these components
accounts for a tiny part of the total cost but their poor performance can cause a
disproportionate decline in project performance.
In our first report of the series, we look at DC cables. DC cable design did not
receive due attention in the early part of solar market development in India
and continues to be a problem even now. Many solar projects are believed to
suffer performance issues on DC side, attributable largely to poor design and
selection of DC cables.
We hope that you will find this report useful and welcome all feedback.
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Executive Summary
This report examines issues related to price, quality and performance of DC
cables in solar projects in India.
DC cables are used predominantly in solar projects and hence, issues around
their usage are still not understood very well unlike AC cables, which are used
extensively across the power sector. Moreover, intense commercial pressure is
forcing project developers and contractors to reduce capital cost resulting in
selection of inferior products and/or sub-optimal design.

DC cables constitute only
around 2% of total solar
project cost but can have
a significant impact on
the power output with
poor design and/ or
cable selection leading
to material safety and
performance issues

Increased pressure on
input prices in light of
the increased market
competition has also
triggered a debate on the
use of copper vis-à-vis
aluminium in DC cables

DC cables are used to interconnect modules and to connect modules to
combiner boxes to inverters. These cables constitute only around 2% of total
solar project cost but can have a significant impact on the power output with
poor design and/ or cable selection leading to material safety and performance
issues. This has been borne out by on-the-ground experience involving fires
in DC cables or significant underperformance of solar plants, which has been
attributed to DC cable related issues. Experts believe that power output loss in
DC cables can be as high as 15%. Challenges in DC cable design and selection
arise mainly from the following:
a. Drop in voltage from module to inverter, which is a measure to ascertain
power loss in DC cables, can be minimised in multiple ways but most of
the times with offsetting implications on project cost, design and 		
performance;
b. It is very difficult to isolate and quantify the effect of DC cables in 		
voltage drop;
c. The quality of DC cables pre-connected to modules can be hard to 		
ascertain;
d. There are multiple and evolving technical standards used internationally
with significant variations between them. Moreover, there is no agreement
in the industry for an India specific standard;
Good cable design – optimal cable sizing and specifications, routing and
length – can improve solar plant performance substantially and there has been
significant learning in the industry in the last few years. For example, average
length of string and main DC cables used in a typical solar project in India has
come down from 15 km/MW and 3-4 km/MW in 2011 to about 8 km/MW and 2
km/MW respectively. Similarly, operating voltage for DC systems has gone up
from 600V to 1,000V and is likely to go further up to 1,500 V in the near future.
However, caution has to be exercised while selecting one of these measures
to reduce voltage drop as there may be offsetting impacts associated with the
same.
Increased pressure on input prices in light of the increased market competition
has also triggered a debate on the use of copper vis-à-vis aluminium in
DC cables. While copper remains the preferred choice in string DC cables
due to the metal’s high flexibility, aluminium is being used increasingly for
main DC cables, primarily because of its cheaper cost, across most major
markets including the US, India and China. All the leading Indian DC cable
manufacturers including Siechem, Polycab, Havels, Apar Industries and KEI
produce both copper and aluminium cables, whereas international players like
Leoni and Lapp produce only copper cables.
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Our key conclusions from this study are that DC cable selection and design is
an ongoing area of research. Related issues are still not understood very well
and both technical standards and operating experience continue to evolve.
Project developers and contractors need to move away from short-term cost
considerations and instead focus on minimising levellized cost of power after
considering full life-time performance and safety aspects.
Moreover, as India marches towards its ambitious goal of 100 GW by 2022 and
spends billions setting up new solar capacity and the associated infrastructure,
both the government and private sector need to make more efforts to ensure
highest possible returns from these investments. In the context of DC cables,
that means conducting detailed studies to improving understanding of DC cable
design and operational issues – for example, establishing the choice of optimal
material for cable use (copper vs aluminium), identifying a set of technical
standards most suited for Indian operating conditions and setting up more
technical training and quality testing infrastructure across India.

© BRIDGE TO INDIA, 2016

3

1. Cable use in solar PV plants
Cable use in solar PV plants can be segmented as follows:

1.1 DC cables

DC cables connect modules to inverters and are further segmented into
two types:
• String DC cables: These cables are used to interconnect solar modules
and to connect modules with string combiner boxes or array combiner
boxes. Cables for interconnecting modules come pre-connected with
modules, whereas the cables required to interconnect strings and to
connect with combiner boxes are procured separately. String DC cables
carry current of only around 10 Ampere (A) and a small cross section
(2.5 sq mm to 10 sq mm) is sufficient for this purpose.
• Main DC cables: These cables are used to connect array combiner boxes
with inverters. These cables carry higher current of around 200-600 A in
utility scale projects and require larger cross section (95 sq mm to
400 sq mm).
DC Cables, except for those pre-connected with modules, account for only
around 2% of solar project cost, but can have a significant impact on the power
output. Improper design and/ or poor cable selection can lead to safety hazard,
reduced power output and other performance issues (please see chapter 2 for
some case studies).

Figure 1: Break up of cost for string and main DC cables1

---------1 Industry interviews. The share could change depending on the length, cross section and conductor
used for string DC and main DC cables.
© BRIDGE TO INDIA, 2016
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Figure 2: Different types of cables in a solar PV project

1.2 LT and HT cables
LT cables are AC cables with higher voltage rated capacity. These cable are
used to connect inverters to transformer and transformer to the on-site
substation. At present, cables of 1,000 V rating are typically used for this
purpose but the trend is now shifting towards use of 1,500 V cables.
HT cables are used for power transmission at high voltage from on-site
substation to transmission grid substation. Depending on the project capacity,
voltage rating of these cables can range from 11,000 V to 33,000V.
LT and HT cables are widely used in the power sector including both
conventional and renewable energy power generation plants. However, DC
cables are used primarily in solar projects.

© BRIDGE TO INDIA, 2016
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2. Case studies
DC cables are expected to last the entire solar project life of 25 years. However,
several projects have faced operating issues in the early years because of poor
cable design and/or use of substandard cables. In this section, we look at two
real life case studies illustrating these problems.

Case study 1
10 MW solar project in Rajasthan, operating for two years
The generation of this plant was around 15% lower than other solar plants
operating in nearby regions. After an extensive review, the project developer
replaced 4 sq mm string DC cables with 6 sq mm cables. The 300 sq mm
aluminium main DC cables were also replaced by 400 sq mm aluminium
cables.
Power generation in the plant increased by around 10% after replacement
of cables.

Case study 2
5 MW solar project in Rajasthan, operating for around four years
Main DC cables caught fire after two years of operation. The reason for fire
was ascertained to be hot spot creation at one of the bending points. The
project developer subsequently replaced all main DC cables resulting in total
project downtime of 6 days and extra cost of around
M 1 million/MW.
Financial loss resulting from plant downtime and replacement cost was
estimated to be more than the total DC cable cost incurred during project
installation.

© BRIDGE TO INDIA, 2016
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3. DC cable design and selection
Experts believe that power output loss in DC cables can be as high as 15% but
it is time consuming and arduous to empirically isolate and quantify the role of
DC cables in poor performance. Further, higher voltage drop typically leads to
heating up of cables and fire accidents.
Power loss in DC cables is measured in terms of voltage drop from module
to inverter. As current in the cables remains the same, voltage drop implies
proportionate loss of power. By way of an example, for a 1 MW plant, voltage
drop of 5% means total loss of 50 kW of power.

3.1 Approaches to minimize voltage drop
Voltage drop is one of the critical parameters for design and selection of DC
cables. For a DC cable offering resistance of R Ohms (Ω) and carrying current
of I Ampere (A), voltage drop V in volts is calculated as:
V = IR
A good cable design is expected to minimize the voltage drop by employing the
following approaches.

Figure 3: Approaches for limiting voltage drop
a. Using larger sized cable

b. Reducing cable length

© BRIDGE TO INDIA, 2016
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c. Increasing operating voltage

3.1.1. Using larger cross section cables
Resistance of a conductor is inversely proportional to the cross section. Cables
with larger conductor cross section cost more but offer lower resistance. For
example, a 2.5 sq mm cable has 60% higher resistance and a 6 sq mm cable
has 50% lower resistance vis-à-vis a 4 sq mm cable.

Figure 4: Correlation of cable cross section and resistance for string
DC cables2

Similarly, for main DC cables, 150 sq mm cable has 35% lower resistance
than a 95 sq mm cable. 400 sq mm cable has 75% lower resistance than a
95 sq mm cable.

---------2 EN50618 standard
© BRIDGE TO INDIA, 2016

8

Figure 5: Correlation of cable cross section and resistance for main
DC cables

3.1.2. Reducing cable length
Total resistance of a cable is directly proportional to the length of the cable.
Reducing length through design optimisation is key to limiting the voltage drop.
But cable length is subject to plant layout and there are sometimes other site
specific limitations also in limiting cable length.
In 2011-12, a typical solar project used around 15 km/MW of string DC cables
and 3-4 km/MW of main DC cables. This has now reduced to between 7-11
km/MW of string DC cables and 1.5-2.5 km/MW of main DC cables effectively
reducing voltage drop by around 33% in string DC cables and 30-60% in main
DC cables.
A common solution for reducing overall DC cable length is the use of ‘Y
Connectors’ to combine two strings and create a single output of double rating.
This requires cable of larger cross section for carrying the larger capacity but
halves the length used resulting in reduction on voltage drop offsetting a part
of reduced losses in DC side. However, increasing the number of crimp points
or termination points leads to likely voltage drop. The design with usage of Y
connectors should therefore seek an overall reduction in voltage drop.
Another solution for reducing cable length is use of string inverters instead
of central inverters. String inverters are used in place of combiner boxes and
reduce the length of DC cables required. However, they require an increase in
the length of LT cables potentially increasing the losses in the AC side. Further,
the total capital cost of project could increase as string inverters are expensive
vis-à-vis central inverters.

3.1.3. Increasing operating voltage
Voltage drop in percentage terms can be reduced by increasing the operating
voltage. Until 2014, the most prevalent DC operating voltage was 600 V. But
1,000 V systems have become common now reducing losses by 40% in main DC
cables. The US market is already using 1,500 V systems, reducing voltage drop
by a further third. The higher cost and poor availability of compatible modules
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and other BOS components is a challenge in the near future but most industry
players believe that Indian solar market would also move to 1,500 V in the near
future.

Figure 6: Market sentiment for use of 1,500 V systems3

Most commonly available modules and other BOS equipment in Indian market
are rated at 1,000 V. For making a shift to 1,500 V, an entire ecosystem needs to
be created.
As DC cables operate at relatively low voltage levels resulting in high loss of
energy, design optimisation is crucial. Final design should aim for minimizing
the cost of solar power generation without compromising on safety and quality.

3.2 Practical issues during plant operation
Actual voltage drop during operations could be significantly different from
what has been calculated during design stages. Some of the practical issues in
measuring and limiting voltage drop are given below:
a. Issues with voltage drop measurement
Measurement of actual voltage drop is very difficult. Theoretical voltage
drop is calculated using cable specification sheets but actual ambient
conditions including temperature, humidity and air quality are often vastly
different. Voltage drop at inverter can be caused by lower power 		
generation from modules and/or faulty interconnections. Significant effort
is required to isolate and quantify the role of cables in voltage drop.
b. Poor quality of existing cable pre-connected to modules
Though developer and EPC players take adequate consideration for 		
module quality and additional DC cables, there are limited means to
ascertain quality of cables pre-connected with modules. Further, it is
almost impossible to replace pre-connected cables. Pre-connected cables
account for 12% of total module failures in Europe.

---------3 Based on a survey conducted by BRIDGE TO INDIA for project developers, EPC players and inverter
suppliers in India. A total of 18 responses were received.
© BRIDGE TO INDIA, 2016
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Figure 7: Reasons for module failure4

c.

Use of poor quality copper
Use of high purity virgin copper is preferred for DC cables. However,
inferior products are commonly supplied in the market. It is very difficult
for developers and EPC players to ascertain purity levels.

3.3 Laying cables
It is common industry practice to lay DC cables via underground conduits to
protect them from rodents and enhancing regular cleaning activities. However,
high temperature in underground conditions causes derating of cables. If the
cables are left exposed in the air, 360˚ air flow around the cable helps in better
heat dissipation. On the other hand, if cables are placed on surface or inside
the conduit, air flow is restricted resulting in excessive heating of cables. This
reduces the current carrying capacity of the cables.

Figure 8: Maximum current carrying capacity of DC cable

---------4 IEA, “Review of Failures of Photovoltaic Modules”, This was estimated through field study module
failures of 21 manufactures installed in the field for 8 years.
www.iea-pvps.org/index.php?id=275&eID=dam_frontend_push&docID=2064
© BRIDGE TO INDIA, 2016
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3.4 Copper vs aluminium
There is intense debate in the industry regarding which material is better for
main DC cables – copper or aluminium? Copper has a proven track record
in DC cables over 10 years but aluminium is yet to prove its robustness.
There hasn’t been any extensive technical study comparing the conductors
and people base their arguments based on a mix of assumptions and actual
operating experience.

Copper has a proven
track record in DC
cables over 10 years but
aluminium is yet to prove
its robustness

Copper, by virtue of being a flexible metal, can be drawn easily to produce
smaller or larger cross section DC cables. In contrast, production of smaller
cross section aluminium cables requires intensive care because of the metal’s
lower elasticity. This implies an increase in production costs. Further, smaller
cross section aluminium cables are prone to developing cracks.

3.4.1 Technical standards and performance
All industry standards prescribe copper and restrict use of aluminium for
string DC cables as these cables require high flexibility for interconnection.
Additionally, as string DC cables are usually exposed to atmosphere without
much structural support, they require higher bending capability. On the other
hand, main DC cables are used with fixed installation methods and do not
experience frequent flexing or torsion forces after installation. UL and IEC
standards permit use of aluminium for main DC cables, whereas TUV and EN
standards specify use of copper for main DC cables as well (please see chapter
4 for more details on standards). Public sector tenders are usually nonprescriptive in this regard.

Figure 9: Estimated market share of copper and aluminum in DC
cables in India by May 20165 (by MW)

Common arguments in favour of and against aluminium are:
For
• Aluminium is widely used in AC cables, which have a life of over 35 years
and have been in wide operation throughout the world.
• Most inverters use copper at termination end of cables but the bimetal
effect can be easily mitigated by use of bimetal lugs. Moreover, several
inverter manufacturers are adapting their products for using aluminium at
termination end.
---------5 Industry interviews conducted by BRIDGE TO INDIA; Data for commissioned projects up to 		
May 2016
© BRIDGE TO INDIA, 2016
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•

Voltage drop in aluminium cables can be lowered to the same level as that
of copper cables through appropriate design.

Against
• In AC cables, flow of current is usually continuous, whereby the cable
reaches steady state with minimal thermal stress. Operation in a solar
plant is discontinuous because of ever changing irradiation. Cables heat
up and cool down depending on when power is being produced. Thermal
stress created in this cycle is critical for aluminium cables as thermal
conductivity of aluminium is 46%6 lower than copper. Some experts
therefore believe that aluminium cables may not last for 25 years and
would require replacement at between 12-18 years. This implies that life
cycle cost of aluminium cables could be higher than that of copper cables.
• Aluminium cables have higher probability of falling prey to ‘Cold Flow’
effect. As the metal contracts and expands frequently due to heating
and cooling, there is a gap formation at the termination point or crimp
point increasing the risk of fire. Regular checking of such crimp points
increases maintenance costs.
• Despite use of bimetal lugs at inverter end, hot spot could be created at
the termination point.

3.4.2 Cost differential
Aluminium has 50% higher resistivity in comparison to copper. As a result,
aluminium cables must be of at least double cross section vis-a-vis a copper
cables. Despite using higher volume of material, aluminium cables are priced
up to 60% lower than copper cables in India because of lower material cost.
Until about 2012, copper was the primary choice for main DC cables in Indian
market. Since then, the industry preference has shifted significantly towards
aluminium because of its lower cost. The share of copper in main DC cables is
expected to reduce further due to increasing cost pressure.
This trend of growing aluminium usage for main DC cable is prevalent in
all major markets including US and China, where aluminium retains cost
advantage. Australia, on the other hand, still prefers copper for main DC cables
due to easy and cost effective supply. The Japanese market also prefers copper
despite higher prices.

---------6 Thermal conductivity of Aluminum is 205 W/m/K, whereas it is 385 W/m/K for Copper –
Source: http://hyperphysics.phy-astr.gsu.edu/hbase/tables/thrcn.html
© BRIDGE TO INDIA, 2016
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3.5 Operating challenges and solutions
DC cables have to endure harsh conditions in India as they have to withstand
high temperatures, ultra violet (UV) radiation, atmospheric ozone and fire risk.

3.5.1 High temperature
Sustained exposure to high temperature causes thermal ageing of DC cables.
Relationship between temperature and thermal ageing of polymer coated DC
cables is defined as per Arrhenius law – which says that thermal ageing rate
doubles for every 10˚C increase in temperature.
Operating temperature of DC cables is typically less than 90˚C. All technical
standards specify testing of cables at 120˚C and require the cables to sustain
for 20,000 hours, equivalent to 160,000 hours at 90˚C s per Arrhenius law.
Therefore, cables conforming to these standards should be guaranteed to last
for 25 years at 12 hours a day.

3.5.2 UV radiation
UV radiation in sunlight gets absorbed in the conductor leading to cable
breakdown. But there is no known physical or chemical test for measuring the
life of DC cables under UV exposure. DC cables are coated with polymer coating
(polyethylene or polyolefin) mixed with about 2.5% finely dispersed carbon
black to reflect UV radiation. Such cables have been used for over four decades
in outdoor use in the communication sector in Europe. It seems plausible to
assume that these cables can sustain UV radiation during plant life of 25 years.

3.5.3 Fire
There are many fire risks at a solar plant and DC cables are required to be
flame retardant. Low smoke, halogen free insulation is preferred for DC cables.
Halogen free compounds are filled with inorganic mineral flame retardant
additives. But these additives are prone to absorbing moisture and can’t
sustain humid environment for long term.
Updated standards recommend inserting a separator between insulation and
sheath for increasing flame retardant capability without increasing moisture
absorption.

Figure 10: Structure of DC cable for making it flame retardant7

---------7 “Standardization of PV Wires and cables 2001 – 2014”, Faruk Yeginsoy
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3.5.4 Ozone
Absorption of ozone results in degradation of DC cables. To ensue durability
of DC cables over a period of 25 years, EN standards recommend that cables
be tested with ozone concentration of 200-250 parts per million at 40˚C for 72
hours. If the cables can sustain this concentration of ozone without rupture, it
is assumed that the cables would last for a period of 25 years.

3.5.5 Water
Cross-linking of polymer coating material enhances the ability of the cable
to withstand exposure to rains and waterlogging. Amongst the techniques
available, electron-beam crosslinking is the most efficient and most widely
used10. Under this process, the energy from the electrons creates active sites
on the polymer chains which subsequently crosslinks and forms a chain
making it hard for material to melt and flow.

---------10		 Huber and Suhner, “Electron-beam crosslinking technology”,
		http://elteccable.be/uploads/Electron-beam-crosslinking-technology.pdf
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4. Technical standards
Globally there are three recognized standards for use of DC cables – European
(EN), Underwriters Laboratory (UL) of USA and TUV of Germany. The fourth
standard, IEC, is currently a work in progress document.

4.1 UL standards
UL is an independent safety science company based in USA. It published
the first edition of DC cable standards in 2005, which was named UL4703.
Subsequently UL has amended the standards from time to time. UL standards
are the most stringent for DC cables globally.
UL standards require DC cables to be rated at 2,000 V, the highest among all
standards. They allow use of halogenated compounds for making the cables
flame retardant even at higher voltage. Other salient features of the UL
standards for DC cables are:
a. Heat protection: DC cables need to withstand 20,000 hours at 1200C with
maximum elongation-at-break8 of 50%. This is 40% higher than 		
the minimum requirement of 13,687 hours, as per Arrhenius law, for
Indian conditions.
b. UV and ozone protection: DC cables are required to be UV protected and
ozone resistant.
c. Conductor material: UL standards allow conductor material to comply with
Class 2 effectively permitting the use of aluminium for main DC cables
with fixed installation. But the standards require flexible cables for string
DC cables

4.2 EN standards
These standards, published in 2014 and named EN50618, are relatively less
rigorous than UL4703. The standards require cables to be able to operate
at 1,500 V and specify that the DC cables must be low smoke, halogen free
and must have cross linked insulation and sheath. Unlike UL standards, EN
standards require cable to comply with Class 5 i.e. the cables must be flexible.
Thus, aluminium by virtue of being a relatively rigid metal doesn’t qualify,
effectively meaning that EN standards mandate use of copper cables only.

4.3 TUV standards
TUV Rheinland, Germany introduced dedicated standards for DC cables in 2004
under the name 2Pfg1169:2004. As per these standards, solar plants required
rubber insulated DC cables with rated voltage of up to 750 V. However, high
temperature coupled with ozone resulted in failure and breakage of DC cables.
The standards were updated in 2007 (2Pfg1169/08.2007), which required the
cables to be rated at 1,000 V. TUV2Pfg1169/08.2007 are relatively less stringent
than the EN standards but are the most popular standards used for current
projects in India.

---------8 Exposure to high temperature results in reduction of density of sheath eventually leading to
breakdown. Capability of a material to resist change in density without crack formation. 		
Technically, this is defined as elongation-at-break which is the ratio between changed length
and initial length after breakdown
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A newer version, TUV 2Pfg1990/05.2012 was published in 2012, which requires
cables to be rated at 1,500 V. This standard requires the cables not only to be
halogen free but also pass fire protection test as per the UL standard without
any use of halogenated compound.

4.4 IEC standards
IEC standards for DC cables are currently a work in progress. IEC published
a draft paper in 2013 named IEC62930. The draft standards are very similar
to EN50618. The key difference is that IEC allows usage of class 2 material,
i.e. aluminium for fixed installation. This implies that aluminium can be used
for main DC cables, but not for string DC cables, as these cables requires
flexibility.

4.5 Comparison of various standards
The key differences between various standards is predominantly in the use of
conductor material for use in main DC cable and halogen content.

Table 1: Comparison between various standards
Standards

Material for Material
string DC
for main
cable
DC cable

Rated
voltage

Halogen
content for
insulation

Minimum
thickness of
sheath and
insulation

Hot set test
temperature

UL standards
(UL4703)

Copper

Copper or
Aluminium

2,000 V

Halogenated
compounds
are permitted

1 mm each

Temperature
not mentioned

EN standards
(EN50618)

Copper

Copper

1,500 V

Halogen free

Sheath:
0.8 mm
Insulation:
0.7mm

250˚C

TUV standards
(2Pfg1169/08.2007)

Copper

Copper

1,000 V

Halogen free

0.5 mm each

200˚C

TUV standards
(2Pfg1990/05.2012)

Copper

Copper

1,500 V

Halogen free

Sheath:
0.8 mm
Insulation:
0.7mm

250˚C

IEC standards
(IEC62930)

Copper

Copper or
Aluminium

1,500 V

Halogen free

4.6 Standards used in India
There are no specific Indian standards for DC cables and almost all tenders
and private projects follow one or more of the aforementioned standards.
Public sector organizations such as National Thermal Power Corporation
(NTPC) and Neyveli Lignite set detailed requirements for DC cables for their
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own projects, typically setting benchmark for the entire sector:
a. Voltage drop limit
Neyveli Lignite has mandated limiting aggregated voltage drop to 1%.
NTPC has mandated limiting maximum voltage drop to 1% in string DC
cables and 1.5% in main DC cables. These are very stringent standards as
national electric code of USA limits the aggregate voltage drop to 5%9.
b. String DC cables standards
Neyveli Lignite has mandated compliance with TUV2Pfg1169/08.2007.
NTPC used to follow TUV2Pfg1169/08.2007 or EN 50618, but has recently
mandated only EN50618. This shift is primarily for want of higher 		
thickness of insulation and sheath to cope with tougher operating 		
conditions on site.
c. Main DC cables standards
Both NTPC and Neyveli Lignite demand 1,500 V DC cables and allow the
use of both copper and aluminium as conductor.
Government tenders for private developers usually mandate only safety
related requirements for DC cables with no specific standard requirement. We
found that the private developers and EPC players predominantly follow TUV’s
2Pfg1169/08.2007 standards for string DC cables. However, with NTPC moving
to EN50618 standards, the market is soon expected to follow the lead. For
main DC cables, most project developers and EPC players tend to follow the
requirement as per NTPC’s EPC tenders.

---------9 NEC 2011, Article 310.15(A)(1), and Article 215.2 (A)(4)
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6. Leading players
There are several DC cable manufacturers and suppliers operating in the
Indian market estimated to be worth M5 billion per annum and growing at over
100% annually. International players include the leading German supplier Lapp
Cables and Switzerland based Leoni Cables. Among Indian players, Siechem,
Polycab, Havels, Apar industries and KEI are the leading players. Most of
the DC cable manufacturers have been operating in the cable industry for a
long period of time and DC cables represents a small share of their overall
business. Leoni and Lapp produce only copper cables whereas Indian players
produce both copper and aluminium cables.
Siechem has an early mover advantage in India and is the leading supplier of
string DC cables. Lapp, Leoni and Apar are other major suppliers for string
DC cables. The four companies are believed to have combined market share of
over 75%. Other key suppliers are Polycab, Ravin and RR Kabel.
Indian players dominate the main DC cable market in India with Polycab being
the leader. Polycab, Havels and KEI account for over 70% market share. Other
key suppliers include Siechem, Shilpi Cables and Gupta Power.
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7. Conclusion
DC cables represent only 2% of overall capital cost of a solar project but suboptimal selection and/or design can lead to much greater opportunity loss
over the years through loss of output, higher operating costs and risk of fire
accidents etc.
There are multiple options available to project developers and contractors
for DC cables by way of choices in – conductor (copper or aluminium),
specifications (different sizes, voltage levels, insulation), standards (EN, UL,
TUV) and layout combinations. Due care needs to be given to cable section,
specifications and layout bearing in mind project specific factors including site
layout, ambient conditions and other equipment selection. Key overall objective
should be to minimise levellized cost of power rather than to reduce upfront
capital cost of the project. This change in mind-set together with improved
technical and operating awareness is critical to successful long-term operating
performance and maximising financial returns from the project.
Very importantly, it is clear that DC cable design and performance related
issues are still not fully understood. As India marches towards its ambitious
goal of 100 GW by 2022 and spends billions setting up new solar capacity and
the associated infrastructure, both the government and private sector should
make more efforts to:
a. Conducting detailed studies to establish the choice of optimal material for
cable use (copper vs aluminium) as well as improving understanding of
other design and operational issues;
b. Agreeing a set of technical standards suited specifically for Indian 		
operating conditions; and
c. Setting up more technical training and quality testing infrastructure
across India.
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