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ABBREVIATIONS
AC

Alternating Current

BSH

German Federal Maritime and
Hydrographic Agency

CTV

Crew Transfer Vessel

DD

Direct Drive

EoI

Expression of Interest

EPC

Engineering, Procurement, and
Construction

GBS

Gravity based Structure

HLV

Heavy Lift Vessel

HSE

Health, Safety & Environment

HVAC

High Voltage Alternating Current

HVDC

High Voltage Direct Current

IAC

Inner Array Cabling

LAT

Lowest astronomical tide

MNRE

Ministry of New and Renewable
Energies

MoU

Memorandum of Understanding

MP

Monopile

MSL

Mean sea level

MW

Megawatt

NIWE

National Institute for Wind Energy

O&M

Operation & Maintenance

OEM

Original Equipment Manufacturer

OSS/OSP Offshore substation/ Offshore
substation platform
OWF

Offshore wind farm

RNA

Rotor Nacelle Assembly

ROV

Remotely operated vehicle

SECI

Solar Energy Corporation of India Ltd.

T&I

Transport & Installation

TP

Transition piece

WTG

Wind Turbine Generator

XLPE

Cross-linked Polyethylene

1. Introduction
This paper aims at informing EU businesses in the
offshore wind sector about the supply chain for a
potential offshore wind sector in India. In particular,
technical solutions from EU businesses could be
instrumental in establishing the first projects, and an
expanding offshore wind sector in India could present
key opportunities for these businesses. This
document seeks to strengthen the dialogue between
both European and Indian businesses and help EU
companies expand and diversify into the Indian
market, and add to the basis of EU-wide advocacy
efforts by EU member states, EU business
organisations and businesses, to contribute towards
the removal of trade barriers and to identify
regulatory and economic trends with a focus on the
needs of EU SMEs.
It is hoped that this study can contribute to the
development of technical and business solutions, that
would support development of the industry from the
first tender of 1 GW, to 5 GW by 2022, and 30 GW by
2030. The scale and speed of such pipeline is immense

in size and ambition, and such a project pipeline has
great potential to attract the needed investments,
economies of scale and supply chain development
necessary for competitive prices. In the development
of an Indian offshore wind industry, it is expected that
early developers will use to a large extent the existing
offshore wind supply chains built over the course of
the last two decades during Europe’s offshore wind
buildout. This extensive global supply chain to meet
EU demand has developed gradually over that time
period to develop the 22 GW1, which is substantially
less than the current Indian ambitions discussed here.
Thus, it is envisioned that a high degree of localization
and further development of the supply chain will
occur in India, supported by both international
players from mature markets partnering with Indian
businesses and transfer knowledge.
This study aims to highlight gaps, and to clarify the
supply chain and infrastructure required for efficient
(and cost effective) offshore wind operations.

1 WindEurope
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2. Current Offshore Market State in India
India has one of the fastest growing economies in the
world and, in order to meet with rising energy needs,
new generation capacity must be implemented on a
regular basis. India has been very successful in
shepherding renewable energy into its energy mix,
and today over 35 GW of onshore wind power
contributes to the Indian energy supply system. This
number is rapidly rising, and 60 GW is targeted to be
installed in India by 2022.
In Europe, offshore and onshore wind both are
important contributors to the regional sustainable
energy mix. The total offshore wind farm installed
capacity has now surpassed 20 GW and numbers are
continuously rising, with more countries such as
China, USA and Taiwan also developing and installing
offshore wind farms. The last twenty years have seen
tremendous investments by European governments
and private industry in order to develop the needed
infrastructure and supply chains to support the
build-out of the first 20 GW of offshore wind. This has
resulted in a truly global industry and supply chain,
bringing along with it tremendous economies of scale
and learnings that have seen prices plummet2.
In contrast to this, India has recently published its EoI3
for the first 1 GW of offshore wind farm in India
(Gujarat) in mid-2018, and MNRE has made an
announcement4 of ambitious offshore wind
deployment goals to develop 30 GW by 2030 in Indian
waters. Development on this scale will require
European developers and suppliers seek to export
their successes to India, however, they will initially
face some development and supply chain challenges.
Project developers will first need to align with new
business partners, face new and untested permitting
and approval schemes5 that may add delays and
increased uncertainty to their projects, making the
overall costs higher at the start. However, the scale of
India's ambitions, will attract mature developers who
will gradually be able to translate their lessons
learned in the design, manufacture, installation and
O&M of offshore wind farms, leading to lower prices

over the medium term.
India already has a robust and mature onshore wind
industry and has learned the lessons of how to
incorporate a significant share of renewable energy
into its national energy mix. With over 34 GW of
installed onshore wind energy capacity, India ranks as
the fourth-largest producer of wind power
worldwide. With a potential total of further 70 GW6 of
offshore wind energy capacity, the country has the
potential to develop another thriving renewable
industry offshore. In 2013 the FOWIND7 project,
initiated by a consortium led by the Global Wind
Energy Council (GWEC), and the FOWPI pilot8
identified several main development areas along the
west coast and southern tip of India with a special
focus along the coasts of Tamil Nadu and Gujarat.
These areas represent the lowest hanging fruit for
offshore wind development in India currently.
The government of India has appointed the Ministry
of New and Renewable Energy (MNRE) as the nodal
ministry for use of offshore areas within the Exclusive
Economic Zone (EEZ) and the National Institute of
Wind Energy (NIWE9) as the nodal agency in charge of
facilitating all clearances and approvals from various
regulatory agencies for the realization of offshore
wind energy projects10. In 2015 the state-owned Solar
Energy Corporation of India (SECI) has further more
been appointed to expand its role beyond solar
energy in order to also cover contracts for other
renewables including offshore wind energy projects .
In the same year, the MNRE drafted the general
outline of the development of offshore wind energy
within the National Wind Energy Policy 2015 (Offshore
Wind Policy) paving the way for the future
development of the offshore wind industry.
In mid-2018 the Ministry of New and Renewable
Energy (MNRE) issued an Expression of Interest (EoI)
for the development of the first 1000 MW offshore
wind farm in Gujarat which attracted the interest of
several major international bidders. In alignment with

2 Offshore wind power price plunges by a third in a year
3 Indias largest offshore wind energy tender - 34 companies participate in EoI
4 mnre.gov.in/wind/offshore-wind/
5 Ørsted faces delays across US offshore wind portfolio
6 India identifies offshore wind energy potential of 70 GW along its coasts
7 Facilitating Offshore Wind in India
8 First Offshore Wind Project in India
9 niwe.res.in
10 Indias SECI plans geothermal offshore wind & tidal debuts
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the EoI, SECI11 signed an agreement with the
government of Gujarat to hold the auction for this first
major 1GW project. MNRE alsoset ambitious national
targets for the further deployment of 5 GW by 2022
and up to 30 GW by 2030. There is currently some
uncertainty if the country may achieve these goals as
the tender for the first 1GW initially scheduled for
2019, has been delayed12. But NIWE has stated that
the government is still aligning on regulatory,
environmental and logistic issues and has highlighted
the importance of kick-starting the industry in a
systematic and meticulous manner to ensure the
success of the offshore industry. This approach makes
sense, as only a well-structured regulatory framework
will provide the required long-term security to attract
foreign and local investment required to build up a
strong and sustainable supply chain.

As the Indian electricity prices for onshore wind and
solar power are amongst the world's cheapest, the
country doesn't seem to be in a rush to develop
offshore wind energy. But keeping in mind the large
Indian coastline, the potential to become an
important regional player in the area of offshore wind,
the ambitious targets set by the Government of India
for Renewable Energy for 2022 and 2030 and the
competitive prices in Europe, it is certainly a
potentially important addition to the energy mix. This
sentiment is also reflected in the high interest shown
by all global major players to the first EoI. Accordingly,
the upcoming market would present an excellent
opportunity for both European and local Indian
service providers to not only tap into but jointly
develop the necessary supply chain.

11 India plans first ever 1 gigawatt offshore wind tender for Gujarat
12 India to miss 2022 offshore wind target says top official
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3. Supply Chain Status-quo and Outlook
Spurring the growth of an offshore wind industry will require mobilization and re-orientation of the
local supply chain to support the market. This is accomplished by laying the governmental and
policy support structures that are needed to generate international and domestic investment in
India. In the short term (0-5 years), India will face some challenges in developing a local offshore
wind industry and supply chain, and cooperation with foreign, in particular European, companies,
will likely be required.As the country gains experience with the development process and more
operational wind farms come on line, this will spur new areas of growth in the local supply chain.
Coupled with political support and targeted incentives for continued development, this will help
bring more of the economic value chain to India over the longer term (5-10+ years).

3.1 Outlook for the domestic market
India faces a number of challenges in setting up a new
offshore wind industry; however, the opportunities
are great as well.

3.1.1 Challenges
Project pipeline and approval process
The largest obstacle to building a strong, local supply
chain is the development and firm commitments to a
pipeline of offshore wind projects in India. Currently, a
large onshore wind industry has developed in the
country, representing over 35 GW of installed
capacity13, and there is a strong domestic supply chain
related for these activities. Offshore wind farm
development is a notoriously difficult logistics
exercise, and the larger the pipeline, the more sense it
makes to source as much as possible locally.
There are good signs that some fundamentals for a
pipeline strategy are in place, e.g., India has
developed a national policy14 in 2015, which details
the objectives, scope, and elements of the envisioned
offshore wind development in India, as well as
outlining in broad terms the ministerial and other
approvals necessary. The first projects (~5 GW) in the
pipeline are likely to come from foreign developers,
who, like the Indian state and national governments,
will have little real-world experience with the Indian
approval process for offshore wind farms. Developing
a body of knowledge that documents and
disseminates the details of the approvals process,
rulemaking and its implementation to the wider
offshore wind community is a key activity that should

be actively undertaken by the government of India.
This should address the essential elements of offshore
wind development, including:
 Resource assessment and bathymetric studies
 Environmental Impact Assessments (EIAs) and
related studies
 Detailed studies and surveys
 Leasing and seabed arrangement
 Statutory clearances and NOCs
 Grid connections and power evacuation
 Technology
 Incentives
 Security of installations
 Financing and Insurance
This type of industry outreach has been performed by
other countries, which are at similar developmental
stages of their offshore wind programs. E.g. the
Federal Maritime and Hydrographic Agency (BSH) in
Germany, who have developed easy to navigate,
online, stakeholder engagement and knowledge
repositories to help developers as they navigate the
approvals process15. A clear roadmap and rulemaking
process attract developer attention and are a key step
in developing a pipeline of projects necessary for
supply chain development. Process uncertainty is
priced into these projects as a risk, and an unclear
process will result in more expensive wind power
from Indian auctions.
In Germany, for instance, the BSH oversees offshore
wind energy development, building up a program to

13 Indian Wind Turbine Manufacturers Association: Indian Wind Energy
14 National Offshore Wind Energy Policy
15 BSH Offshore
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test and monitor wind turbines and offshore
structures since 1997. Germany's offshore wind
ambitions were recently raised to 20 GW by 203016,
showing that building a sustainable offshore program
and pipeline at a national level can take some time. As
India looks to expand its offshore ambitions, it will
benefit from an experienced European based supply
chain, however, this is not a replacement for
regulatory action and policy development in order to
achieve sustainable results. India has already begun
this process, with its first offshore wind policy enacted
in October, 201517. A clear roadmap and support are
now necessary to provide certainty to long-lead
offshore wind projects, where long-term plans and
investments in activities are essential. A strong
roadmap should contain policies, targets, and local
actions needed to enable industry growth. It should
inform the development of regulatory and support
mechanisms for the industry.
Support mechanisms
A clear policy road map and development process will
help give certainty to projects and attract foreign
offshore wind developers to participate. These
experienced developers, who can draw from
successful projects in European and other countries,
will be key to developing the first 5 GW of projects.
India has had much success in creating and nurturing
its onshore wind energy industry and repurposing the
same toolbox for offshore wind is likely to help spur
development. Specific mechanisms employed can
vary, but India has used renewable purchase
obligations18, which could be used in order to obligate
DISCOMS in India to purchase offshore wind power,
along with feed-in-tariffs, favourable tax rates19 or
interest rate rebates20 to help support renewable
energy projects. In addition, India can also encourage
the use of corporate Power Purchase Agreements
(PPAs), as India is home to a number of global
corporations. Currently 17% of all renewable energy
sourced by RE10021 members in India is sourced
through PPAs, and 60 percent of companies
headquartered in India are actively sourcing
renewable energy22 (Figure 1).
Figure 1: Indian companies have a large appetite for
renewable energy. Source: IRENA 2018

Logistics and Infrastructure
While India has long had a domestic wind turbine
manufacturing industry, it has seen the growth in
exports of Indian technology stagnate, even as the
industry has tripled in size. There are perhaps many
reasons for this, however, the Indian wind industry has
stated logistics costs in India add 15 % to costs of their
technology23 and that the cost of investing in India is
high due to interest rate costs. These constraints have
hampered the export market, but as offshore wind
logistics are even more complex than those for
onshore wind, this could also affect the rollout of
offshore wind in India. Vessel logistics are an
important aspect of transport and installation
activities, as many components simply cannot be
transported any other way due to the size and scale of
modern offshore wind farms and support structures.
Vessel use often needs to be scheduled far in advance
because of global demand for jack-ups and other
specialized vessels.

3.1.2 Opportunities
Jobs
Building a multi-GW offshore wind pipeline requires a
large pool of labour needed to support the
development, construction and operations of
offshore wind farms. As of 2018, the achievement of
an installed capacity of 8 GW has provided
employment to 20.000 people in the german offshore
wind sector alone24. Together with the second largest
European offshore wind industry in the UK, which
presents a similar size in installed capacity, the
offshore wind industry has nurtured the creation of
50.000 jobs25. Operations and maintenance alone,

16 Germany Raises 2030 Offshore Wind Target to 20 GW
17 National Offshore Wind Energy Policy
18 RPO Order June 14, 2018
19 Ministry moots zero-rate under GST for renewables
20 Policy of the Repowering of Wind Projects
21 RE100
22 Analysis of the Potential for Corporate Power Purchasing Agreements for Renewable Energy Production in Denmark
23 www.indianwindpower.com/pdf/Hindu_Business_Line_Delhi_13th_July16.pdf
24 German-offshore-wind-power-output-business-and-perspectives
25 IRENA_offshore_wind_note_G7_2018
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which accounts for approximately 35% of the total
costs related to an offshore wind farm, is a long-term
generator of both localized and steady jobs. Building
a pool of skilled white-collar talent, in addition to
skilled labour such as welders, riggers, inspectors and
mariners, will also be needed to support the
long-term sector development in India and related
activities ranging from port upgrades and
environmental assessments to the fabrication and
maintenance of engineering of infrastructure.
The benefit of fast-tracked local employment can be
strengthened through national content requirements,
which will create additional jobs, particularly in
manufacturing. However, these requirements should
be carefully weighed against the willingness of the
electricity off-taker to pay for cost mark-ups and risks
due to non-organic local supply chain development.
However, while initial projects will require imported
labour, experience suggests that building a strong
pipeline of projects will see tremendous job growth
opportunities. As offshore wind farms are designed
for an operational life of 25+ years, there is an
opportunity for developing a dedicated workforce in
order to maintain these assets. Experience from the
UK suggests that although offshore wind is only
about 30% of the total wind power capacity, it
accounts for over half of wind industry jobs.
Manufacturing
In terms of local supply chain build up, it can only be
expected that a local supply chain will progressively
emerge as result of investments that are made as the
market matures and a multi-GW pipeline
consolidates. The offshore wind sector will benefit
from the Indian offshore oil & gas industry, which has
evolved to handle the entire EPC value chain of large
projects. Companies such as Larsen and Toubro, OHCS
India, and Param Offshore Services have participated
in various development and redevelopments of the
Mumbai High oil field and have experience in offshore
construction and logistics that is directly translatable
to offshore wind activity. This also applies to Indian
players with vast experience in the maritime
infrastructure sector like the ALAR group, who have
followed the developments in offshore wind in India
closely and are willing to translate their maritime
know-how to the offshore wind sector. While
experience from other countries shows that building
local manufacturing capacities takes time and lowest
costs of energy are driven by allowing the market to

freely meet the pipeline demand based on both local
and global supply chains, there is tremendous
opportunity for Indian companies to capture
manufacturing
and
general
supply
chain
opportunities in a number of key areas. These areas
are broadly outlined in Figure 2.
Figure 2 Cumulative manufacturing opportunities

0-5
GW

5-15
GW

30+
GW

•
•
•
•
•

Secondary steel items
Crew transfer vessel(s)
Tower platform assembly
Onshore infrastructure
Permitting and transmission

•
•
•
•
•
•
•

Steel production
Wind turbine towers
Transition pieces
Jacket and monopile foundations
Topside
SOVs and OSVs
WTG Blades

•
•
•
•
•

Electrical cables and components
Full WTG supply
Wind turbine installation vessels
Jackup vessels
All offshore wind sector components available
in India and potentially also available for export

that will be presented to Indian business as the
committed pipeline of offshore projects evolves
Research and Development
Energy research, development and deployment will
be needed to help enable the buildout of offshore
wind in India and can help enable the goals of
governmental policies. There are opportunities for
Indian universities and business to join forces
together with international developers to make the
“Make in India” manufacturing initiative a reality. This
will include studies and research on how to attract
global companies to produce advanced technologies
in India, strengthening innovation, workforce
development, and combining India’s offshore wind
buildout with other developments in energy
technology in general. Combining offshore wind with
battery storage, hydrogen production, and energy
islands are progressing internationally, and these and
other solutions will need to be explored for India as
well.
Vessels
India has local vessel/barge owners in and around
Mumbai262728, which currently support offshore oil and
gas EPC companies. There are currently no specific

26 The Greatship Group
27 SEAMEC
28 The Shipping Corporation of India
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offshore wind vendors as of now, so this offers
potential for European vessel suppliers to service the
Indian market with specialized solutions for offshore
wind in the short term, but with long term
opportunities for local companies to begin
manufacturing vessels. For example, Ørsted Taiwan
invested in one service operation vessel (SOV) to
service approx. 1.8 GW of wind farms. This was
provided as a joint venture between a local Taiwanese
and Japanese firm29. In the long-term and in order to
facilitate "Make-in India" other European shipbuilders
like DAMEN, Royal IHC, Ulstein etc. could also
collaborate with Indian public and private sector
shipyards like CSL, GSL or L&T for shipbuilding.
Accordingly, this suggests a huge opportunity for
Indian shipyards for expansion and collaboration in
the near and long-term.

3.2 Outlook for European companies
3.2.1 Challenges
Many of the challenges faced by European companies
entering the offshore wind industry in India overlap
with those of domestic build-out challenges
(Section3.1.1), however while entering the
country,European developers setting up their first
projects will potentially face many issues, which will
trickle down as general risk to smaller enterprises.
Business and Government Culture
While large global organizations are already
established in India, many SMEs new to the market
will likely face a more unfamiliar business culture. This
can include simply starting a local business, an act
which can be costly for smaller enterprises to navigate
and take up to a month to complete30. In addition,
navigating how to do necessities such as permitting,
import/export, getting electricity, and paying taxes
can be challenging for smaller organizations to
navigate.
Long-term certainty
Indian states can set power prices, and many are
expecting low prices for renewable energy since the
transition to an auction-based system for renewable
energy contracts. Offshore wind will initially be less
competitive than onshore sources, and states may
seek to renegotiate prices after the fact. They may
seek to delay payments, and curtail power output,
even though renewable energy is given a “must-run”
status. Large companies tasked with building wind
farms will face these issues, along with transmission
system struggling to cope with the buildout of
onshore wind power. While many of these risks will be
shouldered by larger developers and utilities

developing the projects, the uncertainty in policy will
be felt in the form of financial pressure by smaller
firms as project delays mount. This may present too
high a risk for small to medium enterprises to navigate
successfully on their own.

3.2.2 Opportunities
Knowledge Transfer
In general, India offers huge potential for growth for
European companies, however, to operate
sustainably, finding a viable business model over the
long-run will be critical. Finding this model will rely on
effective knowledge transfer, because the larger the
development pipeline becomes, the more localization
will occur in the supply chain, e.g.,Figure 3.
For the first development phase 0-5 GW, EU
businesses will be needed to support every aspect of
engineering and development as the offshore wind
industry takes root.
During the transition phase of 5-15 GW and beyond,
EU businesses will still have opportunities, however
the opportunities will narrow for those not localized
with branches or partners in India. This will see more
and more manufacturing taking place in India,
however, European engineering design knowledge is
not likely to be easily replaced, nor is their extensive
O&M knowledge built over the last twenty years. With
a full pipeline of 30 GW, European companies are
likely to see many other opportunities disappear to
local actors, and will need to firmly establish
themselves either physically, or via subsidiaries and
partnerships in India. The possibilities and
expectations for joint ventures were confirmed in
India in outreach performed for this report, where it
was noted that joint ventures with developers can be
used to split onshore and offshore project
development scopes and reduce project risk.

0-5
GW

• Engineering, design and manufacturing and installation
WTGs (nacelles, hubs, blades, mechanincal equipment)
Support structure (towers, transition pieces, foundations)
Offshore and onshore electrical equipment and infrastructure
(cables, subsations, switchgear, converters, etc.)
• Transport and Installation vessel design and manufacturing
• Training and engineering consulting
• Joint venture partnerships and investment opportunities
• Research and development partnerships

5-15
GW

• Engineering design
WTGs
Support structures
Offshore electrical equipment (cables, substations)
Transport and Installation vessels
• Training and engineering consultingO&M support and training
• O&M support and asset management support
• Joint ventures and investment opportunities

30+
GW

• Engineering design of
WTGs
Support structures
Offshore electrical equipment (cables, substations)
• Joint ventures and investment opportunities

29 Ørsted signs long-term vessel contract for Greater Changhua offshore wind farms, enabling construction of first Taiwan-flagged service operation vessel
30 Top 10 challenges of doing business in India
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4. Offshore Wind Supply Chain Analysis
Building an offshore wind farm is a major endeavour and the supply chain required to deliver the
material and workforce for such task is immense. The procurement list for an offshore wind farm is
extensive, making use of both, elements from the onshore and the marine industry. It applies highly
specialized technologies like underwater high voltage cablings, as well as simpler engineering
elements such as concrete structures and steel frames. As shown in Figure 4 below, the supply chain
contains components for the wind turbine itself like the generator, control systems, blades or main
bearings to items for marine foundations like scour protection, navigation lights, marine coatings or
vessel docking interfaces as well as electrical equipment for high and low voltage application.
Describing each of these elements in detail is beyond the scope of this study, rather a description of
the supply chain is presented, which has been condensed to the main CAPEX driving elements of a
typical offshore wind project. These have been further split into five main categories that are
considered key elements of an offshore wind farm. The development of such a vast local supply
chain is a long-term effort and will occur simultaneously with skill building, and knowledge transfer
over many years. Accordingly, the supply chain items described in Figure 4 will gradually migrate to
India over time, increasing in scope as the Indian offshore wind industry expands.

4.1 Supply Chain Categories

Figure 4: Breakdown of undiscounted and operational
costs of a typical offshore wind farm. These are based
on a 500 MW wind farm using 6 MW turbines and
jacket foundations using a combination of real project
and modelled data. In some cases, percentages have
been rounded. Source: BVG 2014Figure 4: Breakdown
of undiscounted and operational costs of a typical
offshore wind farm. These are based on a 500 MW
wind farm using 6MW turbines and jacket
foundations using a combination of real project and
modelled data. In some cases, percentages have been
rounded. Source: BVG 2014
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The following section explores the key elements and
components required for developing a future
offshore industry in India. Each category of the
needed supply chain is presented, along with some
key subcomponents and their relevant international
and local providers are listed. In addition, the current
market state-of-play is described along with expected
upcoming developments. While project development
tasks and survey activities are paramount for
establishing a robust wind farm design and realizing a
low LCOE, DEVEX costs account for around 2% of the
total project costs as shown in Figure 4. Hence,
capturing most of the project value in India relies on
capturing other aspects of the project, e.g.,
manufacturing and installation. Developing the
Indian supply chain must therefore consider the
breakdown of CAPEX costs: WTGs (26%), Balance of
plant (20% including foundations and infrastructure),
as well Installation & commissioning tasks (14%) and
O&M Services (40%).
The following 5 major component categories have
been identified and examined in this study:
›

Wind Turbines

›

Offshore Foundations

›

Electrical Infrastructure

›

Installation Vessels and Ports

›

O&M Services and Equipment
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4.2 Wind Turbines
At the beginning of the development of the global
offshore market, the industry applied onshore wind
turbines adapted for the marine environment. Since
then, the offshore wind industry has advanced
significantly and developed into an independent
sector that is developing and implementing fast
evolving technologies. Modern turbines are
specifically designed for the offshore environment
and would not be feasible for installation in onshore
wind farms. Offshore turbines are now engineered to
cope with the harsh marine environment, including
strong wave loads, corrosive salt-water, and are
increasingly being adapted to withstand typhoon
conditions. Wind farms are built for reliability for
lifetime of 25+ years, and new operation and
maintenance concepts are being explored and
designed in order to reduce maintenance costs and
improve reliability over the life of the project. In recent
years offshore wind turbines have dramatically
increased in size and the trend is expected to
continue (Figure 6).

Figure 6: Evolution of wind turbine size. Source:
Bloomberg NEF 31
Initially driven by significantly higher investment
costs and followed by recent market consolidation
developments in the last four years, the number of
original equipment manufacturers (OEMs) for
offshore turbines is considerably smaller than the
amount of onshore wind turbine suppliers. Currently
three major western players dominate the global
market: The Danish-Japanese joint venture of MHI and
Vestas (MVOW), the German-Spanish group
SiemensGamesa (SGRE) and American supplier GE
Renewable Energy. Within the Chinese offshore sector, the
four major suppliers are Goldwind, SEwind, MingYang
and Envision, jointly controlling over 90% of the
Chinese market.

However, these Asian companies have not
established significant market shares outside of China
and SGRE and MVOW are expected to control around
60% of the global market share by 202332. Table 1
below lists the three main manufacturers supplying
the global offshore market, includingthe current
turbine types and their size and capacity as well as the
types announced to be available in the near future.
Manufacturer

WT type

Capacity

Rotor size Availability

SGRE33

SG 14.0-222 DD
SG 10.0-193 DD
SG 8.0-167 DD

14 MW
10 MW
8 MW

222 m
193 m
167 m

2024
2022
2019

MHI/Vestas34

V174-9.5 MW
V164-10 MW

9.5 MW 174 m
10 MW 164 m

2021
2019

GE35

Haliade-X

12 MW

2021

220 m

Table 1: Overview of current and future offshore wind
turbine models
While none of the aforementioned offshore wind
turbines have yet been manufactured or installed in
India, the country has already built a strong
production market for onshore wind turbines with
almost 90% of the supply chain being available in the
country36. And while it has recently shown a
slowdown in national development of the onshore
wind market,India still remains the fourth largest
producer of onshore wind, and under the right export
incentives, could even have the potential to emerge
as an important exporting nation due to the
competitive
production
cost
and
strong
37
engineering . All three leading offshore OEMs (ref.
Table 1) have established manufacturing facilities in
the country for their onshore wind turbine portfolio.
In July 2019 Vestas announced38 the establishment of
a new nacelle and hub assembly factory strategically
placed in Chennai (Tamil Nadu) expected to be
operational by end of 2020 while GE has set up a
manufacturing facility in Vadodara39 for its acquired
blade supplier and current blade manufacturing
leader LM Windpower.
However, while the production for onshore wind
turbinesis already well established in the country, it is

31 Evolution-of-wind-turbine-size-and-power-output-from-Bloomberg-New-Energy-Finance
32 Top 5 turbine OEMs to rule two thirds of global market by 2020
33 www.siemensgamesa.com/products-and-services/offshore
34 www.mhivestasoffshore.com
35 GE - Haliade X
36 India a future wind power center
37 Wind industry wants government to raise discount on export duty
38 Vestas to open new manufacturing facility in India
39 www.ge.com/renewableenergy/about-us/locations
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not straight forward to apply these manufacturing
facilities for offshore purposes. As shown in Figure 7
below, several of these are completely located inland,
like Vestas blade manufacturing locations in
Ahmedabad (90 km off the coast) or LM Blade
manufacturing in Vadodara and Chandapura (90 km
and 120 km off the coast respectively).
Suzlon’s manufacturingis already located closer to
sea, with production sites in Phandubidri and
Pondicherri,but the development of offshore WTG,
blade and nacelle manufacturing in India will most
likely require the establishment of new coastal
facilities specifically close to the waterfront, as the
large components can hardly be transported overland
from a cost and logistical point of view.While OEMs
are fully in charge of design, the actual supply and
assembly of the whole wind turbine is done by
numerous sub-suppliers who integrate the different
components locally into a complete system.
A further challenge for the advent of the Indian
offshore turbine supply is the fact that current
generation offshore WTGs are designed for high
average, high extreme wind speed regimes. However,
India presents wind regimes with low avererage
winds coupled with high extreme wind speeds (e.g.
Gujarat). The alignment on low wind speed turbines is
also visible on onshore turbine types currenty
available in India (ref. Table 2: Main turbine suppliers
present in India and wind turbine models available in
India), with small generators and medium sized
blades. The combination of general operation during
low average winds coupled with a design capable of
withstanding harsh extreme events is not a product
that exists in the market yet and is only slowly

materializing in new markets like Japan. Developing
such low wind speed offshore wind turbines, which
can also withstand typhoons will be connected with
higher initial prices and investment in technology
R&D.
On the other hand, this could also be seen as an be an
opportunity for India. India has world class R&D
capacity onshore from european manufacturers that
can be repurposed40. Furthermore, offshore locations
like those found in Tamil Nadu, do present higher
average wind speeds for which the current turbine
designs can be applied.

Manufacturer

WT type

Capacity

Rotor size

GE41

GE 1.5-77
GE 1.6-82.5
GE 2.7-132

1.5 MW
1.6 MW
2.7 MW

77 m
82.5 m
132 m

Vestas42

V110-2.0
V120-2.2

2.0 MW 110 m
2.2 MW 120 m

Suzlon43

S111-2.1
S128-2.8

2.1 MW 111 m
2.8 MW 128 m

Inox44

DF-93.3
DF-113

2.0 MW
2.0 MW

SGRE45

SG-2.1-114
SG-2.2-120

2.1 MW 114 m
2.2 MW 120 m

Envision46

EN 131-2.5

2.5 MW 131 m

93.3 m
113 m

40 Senvion to sell India wind energy operations
41 www.ge.com/in/wind-energy/wind-turbines-in-india
42 www.vestas.in
43 Suzlon installs and commissions S128 - Indias largest WTG
44 www.inoxwind.com
45 www.siemensgamesa.com/siemens gamesa in India
46 envision energy commissions 2 wind projects in gujarat
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Over the years, turbine blades have been mainly
produced from glass fiber-reinforced polyester or
epoxy. Newer materials like carbon fiber have been
considered for production due to their high rigidity
and strength as well as lower weight. But since the
material is expensive and difficult to work with its use
has been mainly restricted to the supporting
laminates.

Figure 8: LM Windpower's 107 m long blade is the
longest deployed to date. Source: GE Renewable
Energy
Figure 7: Manufacturing locations of the main onshore
OEMs. Many of these are located inland, e.g. LM
Windpower in Vadodara (near Ahmedabad) &
Dabaspet (near Bengaluru). Others are located near
the coast but not directly at the waterfront.

4.2.1 Blades
One of the main components of a wind turbine is the
rotor and more specifically its blades. These dictate
the energy capture, transforming the energy inherent
in the windflow into rotational torque, which is
subsequently converted to electrical power by means
of a generator.
In recent years, the offshore wind market has seen an
astonishing increase in blade span. While in 2017 a 5
MW turbine presented blade lengths of around 60-70
m and had rotor diameters of approx. 130 m, modern
turbine models have increased their blade lengths up
to 80 meters and recently LM Windpower announced
the delivery of the largest blade deployed to date with
a length of 107 m47. GE has finalized the installation of
these blades on its Haliade-X prototype, which has
recently been erected on a test site in the port of
Rotterdam. The huge blade size not only requires
highest technical design and fabrication capabilities,
but it also imposes constraints for transportation and
installation.
47 107-meters-worlds-largest-wind-turbine-blade
48 www.lmwindpower.com/LM announces second blade factory in india
49 Suzlon shareholders approve debt restructuring deal
50 www.bruck-forgings.com
51 www.euskalforging.com
52 www.fonderiavigevanese.it
53 www.siempelkamp-giesserei.com
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While SGRE and MVOW have established in-house
capabilities, GE has purchased the blade
manufacturing capacities through its acquisition of
LM Windpower. In India, LM has established
production sites in Vadodra48 (Gujarat), Dabaspet
(Karnataka) and Taluka-Halol (ref. Figure 7). Wind
turbine supplier Suzlon has established numerous
blade facilities across the country (Daman,
Pondicherry, Dhule, Bhuj and Padubri Udupi),
however, it has only focused on supply for the
onshore market. While the company has considered
the option of developing production facilities for
offshore wind in the past if a sufficiently strong
pipeline is established, the current debt burden on
the company49 makes it highly uncertain when Suzlon
could drive towards such an investment. As
mentioned in section 4.2, the biggest challenge is the
requirement of establishing new manufacturing
facilities near the waterfront.

4.2.2 Castings and Forgings
Major wind turbine components such as the rotor
hub, nacelle, gearbox and bearing housing require
large steel castings, while gear wheels, bearing rings,
bearings, shafts and tower flanges require steel
forgings. Only a limited numberof European foundries
can cope with the required size to cast these
components. Examples of established suppliers are
Brueck50,
Euskal51,
Fonderia
Vigevanese52,
Siempelkamp53, Torgelow and VTC.
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However, several Indian companies already present
the potential to move into the sector. suppliers. In
India, Bharat Forge54 , L&T Special Steel55, Kalzani
Forge56 , SE Forge57 are some examples of the several
companies that already present potential to support
the offshore steel production.

Figure 9: The massive rotor hub and nacelle of a Vestas
164-9.5 MW being lifted to a vessel. Source:
ogpnetwork.com

4.2.3 Drive
generators)

train

(gearboxes

and

When the long blades of an offshore wind turbine
transform the kinetic energy of the wind into
rotational movement, they create a huge amount of
torque on the main shaft of the drive train. The
gearbox is then in charge of converting this high
torque into lower torqued, high-speed shaft that
drives the generator. Given the logistical challenges
and high costs of maintenance and repair at sea,
offshore gearboxes are expected to be highly robust
and reliable and are one of the most mechanically
advanced components of a wind turbine.
Compared to the 3-speed gearbox variants
commonly found in the onshore wind industry,
offshore wind turbines have turned into mid-speed
and direct drive options, a trend that is likely to
continue. Most recently, also digital hydraulic drive
train options are being tested. The electric generator
concludes the energy conversion by transforming the
mechanical energy into electrical energy, which is
subsequently discharged to the grid. In the offshore
wind industry gearless direct drive (DD) solutions and
drivetrains consisting of gearboxes with permanent
magnet generators (PMG) have proven to be the most
cost effective and technically reliable option.As a
result of the different technical approaches to drive
train solutions, this component has become

increasingly product specific, leading to implications
for the availability of supply as the establishment of a
new supplier for such subcomponent is connected
with a major lead time. As the size of future
generation gearboxes and mid speed or direct drive
generators continues to increase, coastal sites located
in close proximity to the nacelle assembly facilities
will be preferred.
Suppliers like Winergy, Bosch Rexroth and ZF Wind
currently serve the European market and out of the
three, Winergy already has a dedicated facility in
Chennai58 while ZF Wind has its regional headquarter
of ZF located in Pune59. It must be noted however, that
currently MVOW is the only manufacturer that applies
a gearbox for their turbines and therefore the
potential for European gearbox suppliers in India may
remain limited.
The picture may be different for providers of
generators and transformers like ABB60 who have
already long been present in India61 with a
manufacturing facility in Vadodara whichcould also
start serving the offshore market.

Figure 10: The gearless nacelle of the GE Haliade X
rolling out in France. The ring-shaped generator
visible between nacelle and hub almost reaches 10 m
in diameter. Source: GE62

4.2.4 Towers
The towers for offshore wind turbines are very similar
in composition as those for onshore sites. Unlike
onshore foundations that can be produced from
concrete, they are exclusively made out of rolled steel
tubes, which are flanged and bolted together in
sections. Due to theharsh environment, the towers
also have higher quality requirements (e.g.
anti-corrosion coating) than towers for onshore wind

54 www.bharatforge.com
55 www.ltshf.com
56 www.kalyaniforge.co.in
57 www.seforge.com
58 www.winergy-group.com
59 www.zf.com/india
60 www.abb.com
61 www.abb.com/india
62 GE eyes US for future offshore wind turbine factory
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turbines. Accordingly, potential suppliers must
undergo a higher qualification process during
selection by turbine OEMs. Similar to the blades, the
towers for offshore wind turbines have very specific
logistical requirements. For example, the wider base
diameter of the towers might easily exceed the traffic
underpass requirements.turbine types as the V1648.0MW from Vestas uses a tower base diameter of 6.5
m. The manufacturing facilities are therefore
expected to be located near the coast and in close
proximity to the projects in order to tackle logistical
constraints.
As turbine sizes continue to increase, the increase in
wind farm size has not translated proportionally into
an increase in tower demand.For example,
underconsideration of a 12 MW turbine, a 1000 MW
wind farm installation will require 83 towers instead of
the required 160 towers for the earlier 6 MW turbine
versions. This might pose a challenge for developing
an offshore tower facility without a sufficiently vast
pipeline, as these usually require a minimum demand
of 100-200 towers per year. Accordingly, tower
suppliers should expect to supply two or more
turbine manufacturers to confidently support the
investments they will need to make. The high
transferability of offshore turbine manufacturing
however, might mitigate this risk and new coastal
facilities could also serve onshore wind tower
demand.
European tower suppliers like Welcon63 or Titan Wind
Energy64 (Europe), but also Chinese suppliers like CS
Wind65 or Titan Wind (Asia) will probably not find
much potential to make new business in tower
production, as this is a rather low tech component
with low added value and where manufacture has
locally matured. The offshore production might well
be served by current onshore tower manufacturers
like Windar66 and DN Wind67, who could expand in
order to also serve the offshore market.

4.3 Offshore Foundations
The foundations on which offshore wind turbines are
installed have historically been fixed to the seabed.
Recent years have also seen the development of
floating foundations however the technology is still
on early-development stage and only a few pilot
projects have been deployed worldwide on this basis.
Within the group of fixed foundations, three main

types can be distinguished. Gravity based concrete
foundations for shallow waters, steel monopiles for
water depths of 20 m-50 m and steel jackets for
deeper sites up to 60 m. Given the lower cost, simple
design and favourable seabed conditions, the vast
majority of the installed European offshore wind
projects have been relying on steel monopiles, largely
followed by gravity-based foundations. Only a minor
share of projects has been built on jackets, howeveran
emerging interest has been observed, mainly due to
an increasing number of projects with larger water
depths and turbine sizes. The choice of foundation is
closely linked to the site properties (i.e. water depths,
type of seabed and wave loading) as well as the
turbine size, but the local fabrication and installation
capabilities also play an important role.

4.3.1 Gravity
foundations

based

concrete

Gravity based foundations (GBS) are large reinforced
concrete structures that do not require to be piled to
the ground due to their major footprint (>30m) and a
weight exceeding 3000 tons. They are the preferred
foundation on shallow, calm waters and well
sedimented seabed and have therefore mainly been
installed in the Baltic Sea (e.g. at Kårehamn in
Sweden). New hybrid concrete-steel designs are
being developed in order to also make GBS
foundations applicable in harsher and deeper
environments, however none of these has been
applied yet at full scale in commercial projects.
GBS do not require piling and are especially
applicable on sites with rock-headed seabed and from
a commercial point of view, these structures benefit
from a low dependency of steel price volatility. Their
installation on exposed, deeper waters like the North
Sea is however difficult. Two designs can be
differentiated based on their installation procedure.
The first are non-buoyant foundations, which allow
the pre-installation of the turbine on top of the
foundation at the quayside, subsequently
transporting the whole setupto site by means of a
heavy lift crane vessel. The second alternative are
buoyant designs, that are towed to the site and then
ballasted in order to sink them to the sea floor. BAM68
and Van Oord69 is one supplier currently working on
such floating concepts, while Boskalis70, GBF(a
consortium of Ramboll and Freysinet) pursue the
non-buoyant approach. In India, some ports like

63 www.welcon.dk
64 www.titan-wind.com
65 www.cswind.com
67 www.windar-renovables.com/India
68 www.dnwind.in
69 www.baminfra.nl/projecten/gravity base foundation for blyth
70 www.vanoord.com/news gravity based structure placed at sakhalin-1 project
71 boskalis.com
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Kattupalli already present the appropriate
infrastructure to manufacture this kind of large-scale
reinforced concrete structures, which could serve
hard seabed conditions as those found in Tamil Nadu
for instance. However, storage of GBS foundations will
likely require upgraded bearing capacity at Indian
ports, as these are likely to exceed current limits.

At the present, the largest XL monopiles being
designed in the EU will not immediately be able to be
provided by Indian suppliers, however major
fabricators in India like Essar Projects75 or Larsen and
Toubro76 may well be prepared to roll steel in these
large diameters and thicknesses in the midterm
future. In order to boost local content, especially at
the initial development stage of the Indian wind
industry, focusing on a more conservative approach
with smaller turbines in shallow waters will be the
most reasonable short-term approach.

Figure 11: Gravity based foundations ready for delivery
for the Thornton Bank wind farm. Source: COWI.

4.3.2 Monopiles
Monopiles are large tubular steel structures, which are
currently up to 80m length. They consist of tubular
sections rolled out of steel plate and then welded
together. Once transported to site, the monopiles are
driven into the seabed with large hammers or drills
and in most cases subsequently topped by a
steel-based transition piece (TP), which is then
mounted on top of it and grouted or bolted into
position. The TP then serves as a link between the
monopile and the wind turbine, also acting as level for
the tower and providing all necessary access features.
In the industry monopiles have long proven
themselves as the most cost-effective solution for
offshore wind and the technology is tried and tested
for turbine sizes up to 8 MW and water depths of up to
40 m. Monopiles have also evolved drastically over
last 5 years. In 2012 a diameter of 6 m was considered
the maximum, which increased to 9 m by 2015. In
recent years however, the industry has pushed this
boundary even further and now diameters of up to 11
m with a thickness of 150 mm and achieving total
weights of up to 2000 tons have been possible. Major
dutch player SIF71 has been able to provide these
capabilities since 2017 and in 2019 also German
manufacturer Steelwind Nordenham72 finalized the
supply of 40 monopiles with this diameter for the
Taiwanese Offshore wind farm Yunlin. Further
established market suppliers are Bladt73 , EEW SPC74
and Bilfinger (now part of the VTC Group).

Figure 12: XL Monopiles being lifted to a vessel.
Courtesy: Steelwind Nordenham

4.3.3 Jackets
The most common option for a non-monopile steel
foundation is the three- or four-legged steel "Jacket", a
cross-braced, welded structure using steel tubes,
where each leg is fixed to the bottom using steel piles
typically 2 - 3 m in diameter. This tried and tested type
of foundation is similar to the steel foundation
structures used in the offshore oil & gas industry andis
commonly used for water depths exceeding the limits
of applicability for monopiles.Jackets have been
applied on numerous European offshore wind
projects including Thornton Bank, Wikinger, Nordsee
Ost, Baltic 2 and East Anglia1 and are planned on
further sites like Scottish Near Na Gaoithe.
Some well-established suppliers include OWEC Tower,
German supplier EEW77, Danish Bladt, Spanish
Navantia78, Dutch company SIF and Belgium supplier
Smulders79. Indian yards have already manufactured
offshore platforms for the Oil and Gas industry and
Larsen Toubro has two large fabrication facilities in

71 sif-group.com/en/wind/foundations
72 steelwind-nordenham.de
73 www.bladt.dk/offshore-foundations
74 eew-group.com/locations
75 www.essar.com
76 www.larsentoubro.com
77 eew-group.com/industries/offshore-wind
78 www.navantia.es/wind-power/
79 www.smulders.com
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India – Hazira, near Surat on the West Coast of India
and Kattupalli, near Chennai on the East Coast of
India. The market could also be interesting forIndian
shipyards like Cochin and Bharati Defense and
Infrastructure Ltd.80 (formerly Bharati Shipyard) and
for EPC contractors like Essar Projects81 .International
jacket and large steel suppliers with sale subsidiaries
in India like EEW or Mumbai based Larsen & Toubro82
could also gradually expand into the offshore market.
In the same manner as for offshore wind turbine
towers, companies with shipbuilding or offshore oil
platform experience may have an opportunity to
participate in this emerging market. However, they
need to take into account that while the production of
jackets for O&G focuses on few but expensive units,
the supply for offshore wind concentrates on large
production volume at low cost. Therefore, their
manufacturing facilities will require a high level of
standardization and process optimization. In addition,
fabrication yards are increasingly turning towards
automation to execute projects leaner and quicker.
From an economic point of view, potential domestic
suppliers will need to diversify the major investment
risk to enter the offshore wind market by relying on
other similar markets (O&G or onshore wind) and
gradually ramp up their capacity. If the risk of
investment can be tackled, these companies can find
a favourable short-term opportunity by combining
their marine-specific expertise with the logistical
advantage of a domestic supply.

Figure 13: Jackets being towed to site. Source: COWI

4.4 Electrical Infrastructure
Apart from the foundations, the second major
category addressing the balance of plant is the supply
of the electrical infrastructure, in order to discharge
the generated electrical power from the offshore
80 www.bdil.co.in
81 www.essar.com
82 www.larsentoubro.com
83 www.jdrcables.com
84 www.prysmiangroup.com
85 www.nexans.com
86 www.nkt.com
87 www.polycab.com
88 www.kei-ind.com
89 www.glostercable.com
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turbines to the grid onshore. The individual turbines
are connected by a system of several strings of
medium voltage subsea cables, called inner array
cabling (IAC), which subsequently feeds into a local
offshore substation. From this point, the electrical
power is converted to a high voltage and transferred
to the shore using high voltage export cables. The
electrical layout highly depends on the distance to
the shore and the size of the wind farm. At distances
beyond 80-100 km from shore or on power islands
where several wind farms feed into a central hub, a
high voltage direct current (HVDC) approach is also an
option. This poses the advantage of reducing
electrical losses on the cabling, but the investment for
such systems is significant and a long lead time of 5-7
years needs to be considered. Up to date, only a
handful of sitesin Germany have applied a HVDC
setups and for India, the most likely scenario for the
short-term are sites within reach for HVAC cables.
Once the first projects have been established and in
view of developments up to 2030, HVDC may become
also a possibility for India too.

4.4.1 Inter-array cabling
The inter-array cabling connects the turbine to an
offshore substation but can also be applied to
connect AC collector substations to a direct current
(DC) grid connection. The vast majority of IAC are
medium voltage alternate current connections
(MVAC) rated at 33kV and made from cross-linked
polyethylene (XLPE). The recent developments in
WTG size have also led to potential designs using 66
kV cabling as a basis for inner array cabling, which has
the advantage of reducing electrical losses. This
progress would also allow to keep the relative number
of turbines currently allocated to a single string
(between 6-8 per string), despite the increase of
power per turbine. While the array cable supply has
historically been separated from the installation
contract, this trend is beginning to change as
developers strive towards a combined contract in
order to minimize interface risks. For such integrated
cases, it is most likely that main contractor will remain
the cable supplier. Examples of established European
suppliers of subsea IAC cabling are JDR Cables83,
Prysmian84, Nexans85 and NKT86 . Indian companies
like Polycab87, Kei88, or Gloster89 already provide
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onshore MVAC cabling for 33kV and would require
developing the coating in order to also supply subsea
high voltage cabling.

and in single cases on monopiles.
Figure 15: OSS of OWF Race Bank (left) on jacket

4.4.2 HVAC export cables
The interconnection of the offshore station to the
land-based grid is performed by means of high
voltage export cables. These are considerably heavier
and longer than the inter-array cables. As mentioned
above, this study focuses on an electrical layout using
alternate current (AC), which up to date has been the
most common setup. For this, the according HVAC
setup reaches max. voltage rates of up to 320 kV. As
for the MVAC cabling, there are numerous Indian
suppliers already providing high voltage onshore
cabling, but there is still a gap for subsea high-voltage
cabling manufacture that presents an opportunity for
European companies.

Figure 14: HVAC offshore export cables on a vessel.
Source: NKT

4.4.3 Offshore substations
The offshore substation (OSS) collects the power
generated from the wind turbines and converts it to a
higher voltage level in order to export it over subsea
cables to a land-based transformer, which
subsequently injects it into the electric grid. The
substation comprises transformers, switchgear,
controls and fire protection systems and generally all
relevant switching and protection systems necessary
to respond to faults. Any other necessary power
electronics and auxiliary low voltage systems are
installed at the OSS as well.
The overall OSS structurenot only holds the electrical
substation itself but also all components for access as
well as temporary accommodation facilities. The
structure is called Topside, covers an area of around
30m x 30m and can reach several stories in size. The
total weight of the OSS topside can vary between
1000 and 2000 tons and in a similar manner to WTG
foundations, is usually installed on jacket foundations

foundation (Source: Ørsted) and OSS of OWF
Northwind on monopile (Source: ISC).
The OSS is a complex system, hosting a vast amount
of equipment and numerous interfaces, but supply
can roughly be divided into the three following
categories: Providers of the support structures
(jackets or monopiles), supply of topsides and of
supply of electrical equipment. The support
structures can be provided by the same companies
providing the foundations for the wind turbines.
Topsides are commonly produced by large yards like
Bladt, Bilfinger, Hereema90, Harlan & Wolf91 or Semco
Maritime92. Accordingly, the manufacturing of
topsides can also be a market opportunity for all
major Indian yards already involved in the Oil & Gas
industry. As with jackets, yards like Larsen & Toubro
(L&T), Essar Projects or Dolphin Enterprises could
expand into this sector and already realize the first
topsides with technical international collaboration
with the early 0-5 GW phase.
Only a limited number of key players supplies the
electrical equipment for the offshore wind market.
The key players holding the majority of global market
shares are ABB, Siemens, Alstom and CG Power.

4.4.4 Onshore substations
Once the voltage is stepped up by the OSS and
transported to land by means of export cables, the
power is received at coastal onshore substations,
which clean the power and convert it to be integrated
into the onshore transmission grid. There is almost no
difference between onshore substations for wind
farms and any other land-based power facilities,
enabling a wide range of domestic players and
manufacturers to supply this component of the wind
farm.

90 hmc.heerema.com/projects/offshore-wind/
91 www.harland-wolff.com
92 www.semcomaritime.com
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4.5

Installation Vessels& Ports

The installation of a wind farm requires a wide variety
of vessels, each of them with a specific design and
purpose. Broadly speaking, the technical design can
be split into the following vessel types: Heavy-lift
vessels combined with working barges, jack-up
barges without propulsion and self-propelled jack-up
vessels. From the point of view of construction, these
vessels serve the purpose of installing the turbine
foundations, subsequently the turbines, the IAC and
export cabling and the offshore substation. After
completion of construction and commissioning,
further vessels are involved, which will be discussed in
the O&M chapter. The ports involved in the
construction need to comply with specific
requirements in order to accommodate the
accordingtype of vessels.

4.5.1 Foundation installation vessels
These vessels first transport the foundations to the
site and then execute the specific installation process
depending on the foundation type (e.g. piling for
monopiles. These tasks are usually performed by
either floating heavy lift vessels and sheerleg crane
vessels (in combination with an additional
component feeding vessel) or by jack-up vessels,
which are mainly used for wind turbine installation.
Monopile installation has been performed by a
variety of vessels, e.g. heavy lift vessels like Seaways
"Stanislav Yudin", crane vessels like VanOord's
"Svanen" or jack-up vessels like "Aeolus". While the
Indian O&G industry already presents availability of
floating installation vessels for standard monopiles of
up to 7.5 m in diameter, it lacks vessels necessary for
any application of larger diameter monopiles (i.e. XL
monopiles), which require cranes with a lifting
capacity greater than 1200t. For these cases, further
investments would be necessary. The same market
challenge also applies to transport and installation of
jacket foundations. In principle the installation of
single jackets is already possible through the vessels
of the mature Indian O&G industry. However, these
would require feeding the components by another
jack-up, which would turn economically unfeasible
due to the high charter rate of these vessels.

vessels with crane capacities of at least 1000t and
including large decks able to accommodate a major
number of jackets (ideally 5) per trip. If therefore sites
presenting deeper water depths are developed, and
the industry looks toward providing this service
domestically, further investments into these vessels
will also be necessary.
It should be noted that the evolution to greater
turbine sizes in Europe has led to a surplus of medium
sized jack-up vessels in the market.

4.5.2 Turbine installation vessels
Turbine installation vessels also cover transportation
to site and installation, including the commissioning
of the turbines. But opposite to foundation
installation, the task requires a high level of stability
for the heavy nacelle and rotor lifts as well as very high
precision lifts for the blades and therefore all
commercial projects up to date have solely applied
jack-up vessels as basis for installation. The early years
of the European industry were still able to rely on the
application of general-purpose jack-up barges from
the O&G industry and at that time these vessels were
scarce in the market. However, as a result of sites with
increasing water depths beyond 25 m, in the last 10
years many of the leading suppliers like UK based MPI
Offshore93 and Seajacks94 or Norway'sFred. Olsen
Windcarrier95 started investing injack-up vessels
designed to the specific needs of the industry. Further
examples of established players able to provide these
vessels include Belgian Jan de Nul96 and DEME97 (who
acquired Danish A2Sea), German SAL Heavy Lift98,
Danish Swire Blue Ocean andDutch Van Oord.Many of
these actors are currently also ordering new cranes in
order to cope with the increasing lifting heights and
weights of the next generation turbines. Accordingly,
these purpose-built vessels are now widely available
in the market, especially those able to operate with
smaller turbines.

The offshore wind industry therefore requires jack-up
93 www.mpi-offshore.com
94 www.seajacks.com
95 www.windcarrier.com
96 www.jandenul.com
97 www.deme-group.com
98 www.sal-heavylift.com
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Figure 16: Turbine installation vessel Bold Tern
(Source: Fred. Olsen Windcarrier)
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Given the fact that in the past these European
suppliers have ordered their vessels in Asia (China and
Korea) and that their state-of-the-art fleet is able to
operate globally, the chance of domestic suppliers to
enter the turbine installation vessel market is rather
small. For the European suppliers on the other hand,
the opening of the Indian offshore market would be a
welcome opportunity to leverage the risk of current
surplus of capacity.

4.5.3 Cable installation vessels
Two different approaches are taken to install cables.
The first performs a single lay and burial process with
aid of a plough, while the second splits the tasks
performing the surface lay first and subsequently
applies the burial using a jetting tool controlled by a
remotely operated vehicle (ROV). The site conditions
determine the approach to be applied at the site. This
process needs to be performed for both, the IAC and
the export cabling and requires two different kind of
vessels for each task. Export cables are preferably
installed in one single length and therefore require
bigger vessels with a larger cable carousel. Vessels for
IAC are smaller but due to the high number of
interface task during cable pull-in at each foundation,
the IAC installation is considered the more difficult
task.
While in the past, the technically challenging process
of cable installation has led to major problems and
was long a weak point of the industry, the industry
has matured and specialized companies with
purpose-built vessels have developed in the market.
One of the leading suppliers is Subsea 799, who
acquired cable installer SIEM Offshore in 2018.
DEME100 is another established player serving the
market with its DP3 cable lay vessel Livingstone.Large
cable manufacturers like Prysmian101 or Nexans102 and
also major EPC contractors like Van Oord have also
invested in dedicated vessels for their portfolio. Still,
the task requires experienced staff and well-trained
vessel crews and remains technically challenging.
Even though cable installation providers act globally,
there is potential for synergies with suppliers from the
Indian O&G and the offshore telecom sector. It must,
however, be noted that localinvestors will remain
hesitant to build domestic purpose-built vessels
without a strong policy support and commitment
from relevant government.

Figure 17: Cable installation vessel. Source: Van Oord

4.5.4 Offshore substation installation
vessels
The installation of the offshore substation topsides
requires major heavy lift vessels, but the task is very
similar to the installation of smaller oil rigs. Hence, the
Indian O&G market offers an applicable fleet and
experienced workforce to provide this service
domestically. As modern substations can server up to
1 GW of power, the amount of required substation
installations is rather small and will probably keep the
market limited in terms of vessels specifically
dedicated these types of activities.

4.5.5 Ports
The port infrastructure necessary to support the
installation process of offshore wind turbines has very
specific technical requirements, given the size of the
different components. The dimensions of the OWF
components are determining factors for port
requirements and it is critical that port infrastructure
can handle the lifting and storage of these
components during OWF construction. To avoid
making serial upgrades and improvements to
harbour facilities and to optimize workflow and
construction activity, future demands and OWF
development pipelines should also be taken into
consideration when determining port requirements.
While it is not necessary not provide numerous ports
for the establishment of these projects, most Indian
ports still lack adequate facilities for large storage and
construction and need to be further developed to
support offshore wind projects. Along the coast of
Gujarat, none of the ports examined by COWI as part
of the FOWPI port study103 have been found to be
completely suitable in their current form for OWF
construction activities and will require upgrades or
restructuring of existing space and/or shuttering or
relocation of existing port and berth activity. This

99 www.subsea7.com
100 www.deme-group.com/activities/offshore
101 www.prysmiangroup.com/en/offshore wind farms
102 www.nexans.com
103 https://www.fowpi.in
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presents a great opportunity for all companies
currently active in port development, dredging and
maritime infrastructure. One example is the Indian
ALAR Group104, who has followed the developments
in offshore wind since the early days and sees
potential in the upcoming fold-out of the industry.
Under the current governmental incentives, port
upgrades are likely to become the supply chain
elements that will adapt most rapidly to the offshore
industry requirements. Developing other local
manufacturing like local turbine supply will take
substantially more effort.

Figure 18: Esbjerg port in Denmark. Source: COWI

4.6

Operation & Maintenance

As shown in Figure 4 at the beginning of this chapter,
Operation and Maintenance (O&M) activities make
almost 40% of the CAPEX costs of an offshore wind
farm. A large number of tasks, ranging from onshore
and offshore logistics, daily maintenance of turbines,
replacement of minor parts, to partial or full
replacement of major components such as gearboxes,
bearings, blades and electrical equipment,
maintenance of foundations and electrical
equipment, as well as back-office asset management
is necessary to maintain a high performance of the
wind farm. Most of the scheduled work relates to the
recurring maintenance of the wind turbines, while
inspections and maintenance of foundations are
carried out with lesser frequency. Regarding the
subsea cabling, periodic seabed surveys are
performed every few years to monitor the burial
status of the cabling. While the provision of spare
parts and the turbine related work are often directly
taken over by the OEM, the works associated with
foundations and cables can be addressed by specialist
companies,
opening
possibilities
to
local
involvement.
In contrast to the onshore wind industry, the major
challenge is to get the required maintenance

technicians to site. This task is solved by the
involvement of crew transfer vessels (CTV)and a
supporting O&M port infrastructure.Depending on
the sea state, helicopters may also be used to support
the CTVs on harsh weather conditions.

4.6.1 Crew transfer vessels
Crew and support vessels such as CTVs and OSVs that
support O&M activity transport technicians and
equipment, replacement components, and lubricants
to and from the wind farm.
Vessel design has evolved rapidly over the last couple
of years and the European industry has become
strongly competitive with many players active in the
O&M offshore market. European offshore wind farm
operators have used a number of different vessel
types and sizes, including mono-hulls, catamarans,
and small waterplane area twin-hull vessels.
High-speed catamarans have become a favoured
vessel type by wind farm operators due to their speed,
and fuel efficiency as well as their seakeeping ability,
cargo capacities, and relative comfort for crew and
passengers. This is specially the case if the commute
to the OWF becomes too long (i.e. approximately > 2
hours), however high-speed CTVs can cost
approximately 4 times more than conventional
vessels.
During the initial development stage of the Indian
offshore wind industry, established companies like
Alicat105, CWind106, Damen107 or Alnmaritec108 will be
able to support the O&M activities. Within the
medium term, Indias yards and manufacturers will
then transition and design local crew transfer vessels.

Figure 19: High speed service vessel. Source: COWI

4.6.2 O&M ports
For the operational lifetime of the wind farm, it will be
necessary to conduct periodic maintenance. The O&M
port and service facilities act as maintenance base for
the offshore wind farm and will require storage and
staff facilities, as well as a wharf for berthing of service

104 alar-groupnew-delhi
105 www.alicatworkboats.com
106 https://cwind.global/
107 https://products.damen.com
108 https://www.alnmaritec.co.uk
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vessels including crew transfer vessels and offshore
supply vessel. A major requirement for the O&M port
is a suitable location which is in the proximity of the
wind farm. This will enable fast access in case of
failures or unplanned maintenance activity, thereby
reducing fuel, vessel, and personnel costs.
Based on European experience, a building at the port
of at least 300 m² is needed for storage of spare parts
and a small workshop. Spare parts and consumables
that need to be stored for O&M activity could include
components such as bolts, cables, tools and
lubricants, necessary for both scheduled and
unscheduled maintenance of the wind farm and
substation(s). The workshop should facilitate planned
and unplanned maintenance and repair activity of
minor components. Furthermore, the length of a
typical offshore supply vessel is typically between 40
and 70m. Berth length should be between 50 to 80m
for transfer of personnel and supplies offshore to the
site.
As the load bearing capacity and storage
requirements for O&M ports are considerably smaller
than those for installation ports, Indian ports are
expected to quickly adapt to the requirements at an
early stage of the Indian offshore wind industry
development. Examples of these ports are the
Pipavav and Jafarabad ports, which have been
identified by COWI108 as suitable to accommodate
O&M activity for the FOWPI project.

shall be further extended or takes over responsibility
for the O&M activities and the employment of the
required technicians.
Accordingly, the number of training providers has
increased, and the qualification is offered by
independent commercial providers and OEMs alike.
To understand the labour impact, it can be estimated
that between 0.5 and 1.5 full time technicians per
operational turbine are required, thus leading to
around 100 technicians for the first 1 GW wind farm
and an increasing demand of personnel as the Indian
offshore wind industry develops towards 30 GW.

Figure 20: Offshore wind turbine technician
accessing a wind turbine. Source: ORE Catapult

4.6.3 Technicians
Well trained and qualified technicians are crucial in
order to execute O&M effectively. They need to
perform a wide range of physically demanding tasks,
like travelling by boat and climbing to the wind
turbines, sometimes in hostile environment in order
to execute the required O&M activities. The personell
therefore needs to be well trained and qualified in
order to be able to execute these activities in a safe
and effective manner and technicians need to
undergo numerous certifications and accreditations
to be allowed to perform their work.
The O&M tasks are typically taken over by the OEM
during an initial warranty period of 5 to 10 years,
depending on the warranty contract. During this time
the OEM employs the required technicians. Once the
warranty period is over, the owner operator has the
possibility to decide if the OEM warranty agreement

108 https://www.fowpi.in
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5. Conclusions
With its 7200 km of coastline, high energy demand
and favorable wind conditions, India presents a
promising landscape for its ambitious plans to
develop 30 GW of offshore wind energy by 2030.
Offshore wind energy has evolved into a highly
specialized, large-scale industry, and the local
establishment of such an industry is a gradual process
that will take several years to develop and will initially
rely heavily on the know-how and support of supply
by European companies. The supply chain required to
construct an offshore wind farms on this scale is huge,
and both European and Indian companies will
potentially encounterlarge business opportunities in
the country.
However, given the size of the key elements of such a
supply chain, businesses looking to enter the offshore
wind market will also need to commit to major
investments in order to pursue the targeted local
industry development. In order to minimize the risk of
investment for foreign companies entering India, but
also for Indian businesses shifting from established
sectors into the offshore market, a reliable regulatory
framework will be essential. Currently, MNRE has
planned national goals calling for an immediate
increase in offshore wind for the next ten years,
resulting in up to 30GW. Its recent EoI has also
brought India’s potential under international
attention, showing indication of potential success for
European and Indian efforts. NIWE at the same time is
carefully setting the scene and the necessary
framework to kick-start the industry in an effective
and well-structured manner, by supporting the
government in its regulatory, environmental, and
logistical issues. SECIs expansion to cover not only
solar but all renewables including offshore wind,has
enabled the company to act as contract holder and
guarantee providerfor the first offshore wind project
and will further drive the development in the right
direction.
The long-term success of a local supply chain for
offshore wind in India involves the development of a
pipeline of projects. This would begin with a strong
and thorough roadmap, containing policies, targets,
and local actions for industry to grow. This roadmap
would include providing support mechanisms for
offshore wind, which could involve utilizing existing
economic strategies for the onshore market, such as
SUPPLY CHAIN STUDY FOR OFFSHORE WIND IN INDIA

renewable purchase obligations, feed-in tariffs, and
more.
The creation of this multi-GW pipeline would create a
steady pool of needed jobs from all fields relating to
the offshore market. The current employment
numbers of around 25.000 jobs established by the
German offshore wind sector and similar numbers in
the UK showcase the potential for India, as these
European markets jointly have only achieved 15 GW
compared to the 30 GW targeted by India by 2030.
Imported labour could become increasingly less
necessary over time as the build-out of the pipeline
continues to progress and a continued effort to
expand education and research in energy technology
within the country is implemented. Although new
emerging enterprises may face difficulty at first
regarding permitting and policy/market uncertainty,
they can find support in the knowledge transfer from
European companies, especially critical in the initial
stages of the pipeline.
The local establishment of the different elements of
the supply chain will evolve at different speeds. At the
initial stage between 0-5 GW, India will be able to
serve with onshore infrastructure, its well-established
steel industry for secondary steel elements or
concrete for gravity-based foundations. At the same
time, European companies will fill the manufacturing
gaps related to large offshore wind turbine
components, specialized engineering, high voltage
subsea cabling and wind turbine installation vessels.
In order to utilize local content as much as possible, it
may be wise to focus initial projects on relatively
smaller turbines in shallow waters.
Once India has realized its first 5 GW of offshore wind
farms, the industry will reach a much stronger
localization in the country and the market will see not
only proven joint ventures between European and
Indian enterprises, but also the successful transition
from Indian players from other industry sectors into
the offshore wind market, as well as the rise of
specialized Indian suppliers.
Towards 2030 and beyond, and once the 30 GW of
offshore wind power milestone has been reached, the
evolution of the Indian offshore wind industry will see
itself reflected in a fully established local supply chain.
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7. Appendix
7.1 Supplier Overview
The list of companies below can serve as first guidance and shows examples of established suppliers. It must be noted
however, that the list is by far not extensive. A full list of available European suppliers can be found within Wind
Europe's supplier database available at: https://windeurope.org/

Component

EU market leading companies

Companies with market supply potential in India

Wind turbines

Currently the top three European players are SGRE,
MVOW and GE. The major asian players Goldwind, Ming
Yang, Hitachi and Suzlon however are not expected to
enter the Indian market.

All three major european wind turbine manufacturers have assembly hubs in India

Blades for
offshore wind
turbines

LM Windpower, Euros, SSP

LM Windpower, Suzlon, INOX rotor blades and
MVOW

Castings &
forgings

Brueck, Euskal Felguera Melt, Fonderia
Vigevanese, Siempelkamp, Metso, VTC
and Torgelow

Heavy Forgings, L&T Special Steel, Kalyani forge,
SE Forge and Synergy Green Industries are some
of the companies that have potential to move
into the sector

Gearbox and
generators

Bosch Rexroth, ZF Wind and Winergy.
ABB provides generators

Winergy is well known in the Indian market.
ABB leads the generator supply in India.

Towers

Ambau, CS wind and Welcon

In India local OEMs also manufacture towers.
Suppliers as Anand, Batliboi and Windar. GWPL
as well as L&T may expand to suit the offshore
market

Monopiles

Sif Smulders, Bladt, EEW SPC,
Steelwind, Bilfinger

Jacket
foundations

Sif Smulders, Bladt, EEW, Bifab and
Navantia

Gravity based/
concrete
foundations

Arup, BAM

Inner array
cabling

JDR Cabling, Prysmian
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Larsen and Toubro (L&T), Essar Projects, Bharati
Shipyard, Cochin Shipyard and EEW could move
into this sector based on their experience on Oil
& Gas industry.

Polycab, Kei and Gloster can provide MVAC
onshore cabling
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HVAC cables

ABB, Prysmian, JDR cable and Nexans

Polycab, Kei and Gloster can provide HVAC
onshore cabling

Offshore
substations

Bladt, Hereema, Harland Wolff, Bilfinger, SEMCO
Maritime

Larsen & Toubro, Essar Projects

Substation
electrical
equipment

ABB, Siemens, Alstom, CG Power

ABB, Siemens

Onshore
substations

ABB, Siemens, Alstom, CG Power

As the requirements for onshore substations for
offshore windfarms are fairly similar to those of
onshore wind farms,
Indian suppliers can easily tap into supply of this
component.

Installation
Vessels

Jan de Nul, Fred. Olsen Windcarrier, VanOord, DEME are
examples of established suppliers

Crew Transfer
Vessels

Damen, Alicat, CWind, Alnmaritec
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As the requirements for onshore substations for
offshore windfarms are fairly similar to those of
onshore wind farms,
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