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4 About the European Union

The Member States of the European Union have decided to link together their know-how, resources and
destinies. Together, they have built a zone of stability, democracy and sustainable development whilst
maintaining cultural diversity, tolerance and individual freedoms. The European Union is committed to
sharing its achievements and its values with countries and peoples beyond its borders.

The 14th annual Summit between India and the European Union (EU) was held in New Delhi on 6 October
2017. Both sides adopted a Joint Statement on Clean Energy and Climate Change, reaffirmed their
commitments under the 2015 Paris Agreement, and agreed to co-operate further to enhance its
implementation. India and the EU noted that addressing climate change and promoting secure, affordable
and sustainable supplies of energy are key shared priorities and welcomed the progress on the Clean Energy
and Climate Partnership, adopted at the 2016 EU-India Summit, and reiterated their commitment to its
implementation and further development. In particular the EU is committed to continue cooperation in view
of the cost-effective development of offshore wind in India.
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1 Introduction

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. Renewable energy has for many years been introduced in the
Indian energy supply system and specifically onshore wind energy has been
playing an important role with over 32 GWs of installed capacity throughout the
country i.e. the fourth largest installed wind power capacity in the world.
Numbers are quickly rising and by 2022 over 60 GWs of wind energy capacity is
targeted to be operational in India.

In Europe, in addition to onshore wind, offshore wind has also become an
important contributor to the regional sustainable energy mix. The total offshore
wind farm installed capacity has already reached approximately 14 GWs and
many more are expected to be installed within the next years. Given the
required infrastructure and various challenges related to the offshore installation
and operation, the costs for the first offshore wind farms were relatively high.
However, thanks to market maturity and lessons learned in the design,
manufacture, installation and O&M, the prices for new offshore wind projects are
steeply declining and reaching record low levels. Besides the EU area, other
countries that have already installed offshore wind include China, USA and
Taiwan; whereas countries that have initiated planning activities include
Australia and Malaysia.

This document has been prepared with the purpose of providing preliminary
design and annual energy production estimates for the prospected 200 MW
FOWPI offshore wind farm (OWF) near the coast of Gujarat. For such purpose,
the reports includes wind turbine technology and definition of reference 3 MW
and 6 MW turbines (Chapter 4), a wind resource study based on VORTEX
synthetic data (Chapter 5), the definition of base wind farm layouts for the 200
MW OWF (Chapter 6), energy yield estimates (Chapter 7) and economic
optimization considerations of base layouts (Chapter 8). The studies have been
prepared by COWI on behalf of the National Institute of Wind Energy (NIWE) to
support a call for tenders on a Build-Own-Operate basis.
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2 Summary

The present report has been prepared by COWI on behalf of NIWE with the
purpose to support a call for tenders on a Build-Own-Operate basis. The
following sub-clauses summarize the presented information and main results.

A list of potential wind turbines for offshore projects is presented. For the
present study, 3 MW and 6 MW generic wind turbines have been used. Whereas
the 3 MW turbine is closer to an onshore and lower wind model, installed at
many offshore sites in Europe and potentially manufactured in India, the 6 MW
turbine is closer to a model designed for North Sea offshore wind conditions.

Wind measurements at site are still ongoing and in this report the wind resource
at the FOWPI project area is assessed on the basis of a 20 years VORTEX
synthetic time series (virtual mast). Based on these data, the long-term average
wind speed at the position 20 km from the coast corresponding to the part of
the site area closest to the coast is given by:

> Mean wind speed at 100 m ASL: 7.1 m/s

The estimated long-term P50 net AEP and corresponding capacity factors based
on the VORTEX wind data are for the 3 MW turbines 518 GWh/y and 30% and
for the 6 MW turbines 409 GWh/y and 24%. It should be noted that these
results are closely connected to the non-validated VORTEX data.

For the AEP calculations, two base case wind turbine layouts have been defined
in consideration of the wind resource across the site and experience in wind
turbine spacing. Thereafter an assessment has been carried out in order to
indicate possible economic gains/losses in function of more or less spacing in
between turbines. Based on indicative electrical cabling costs, foundation costs
and energy production estimates, it is concluded that the base case layouts are
fairly optimal.
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3 References and Abbreviations

3.1 References
Ref. /1/ IEC Standard 61400-1: Design requirements, third edition 2005-08.

Ref. /2/ COWI, FOWPI - Metocean Study, Rev. 1.0, September 2017.

Ref. /3/ FOWIND, Pre-Feasibility Study for offshore windfarm development in
Gujarat. May 2015.

3.2 Abbreviations

The main abbreviations and symbols used in the present report are listed below.

A Scale parameter of the Weibull Distribution [m/s]

AEP Annual Energy Production

AEPgross Annual Energy Production without taken losses into account
[Wh/year]

AEPnet Annual Energy Production delivered to the grid, i.e. all losses
taken into account [Wh/year]

AEPpark Annual Energy Production with wake loss taken into account
[Wh/year]

ASL Above sea level

CAPEX Capital Expenditure

D Rotor diameter [m]

EU European Union

FOWIND Facilitating Offshore Wind in India

N.A. Non available / Not applicable

NPV Net Present Value

k Form factor of the Weibull Distribution [-]

OWF Offshore Wind Farm

TBC To be confirmed

WwWsw West south west

WTG Wind Turbine
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4 Wind Turbine Technology

Given the fast development of the wind industry, this chapter presents an
updated version of the wind turbine survey carried out by FOWIND in May 2015
(Ref. /3/). Moreover, this chapter discusses the possibility of adapting onshore
wind turbines for offshore use and defines reference 3 MW and 6 MW turbines to
carry out annual energy production estimations.

4.1 Wind Turbine Supplier Survey

The updated wind turbine model survey carried out by FOWIND in May 2015
(Ref. /3/) is shown in Table 4-1 New/updated turbines, as of February 2018, are

in blue.

Rated Rotor Commercial
Turbine Model Power IEC Class diameter Timeline
(MW) (m)

(Alstom/GE) Haliade 150-6 6 IEC IB 150 2014

AMSC 5.5 wt5500 5.5 TBC 140 TBC

AMSC Titan 10 TBC 190 TBC

Adwen AD5-132 5 TBC 132 TBC
Areva M5000-135 (Adewn AD 5- Targeting

135) > IECIB& S 135 2013

Areva M8000-180 (Adwen AD-180) 8 TBC 180 2018
_ Targeting

CSIC HZ 127-5MW 5 1EC IA 127 2014
_ Targeting

CSIC HZ 151-5MW 5 IEC IIIB 151 2015
_ Targeting

CSR WT5000-D128 5 IEC IB 128 2014
. Targeting

DOOSAN WinDS3000/91 3 IEC IA 91.3 2012

DOOSAN WinDS3000/100 3 TBC 100 TBC

DOOSAN WinDS3000/134 3 Talrlggt'sng 134 TBC

Gamesa G128-5.0 5 IEC IB 128 2013
_ Targeting

Gamesa G132-5.0 5 IEC S 132 2013

Gamesa G14X-7.0 7 TBC 140 2015

Goldwind GW 6MW 6 TBC TBC 2014

GUP6000-136 6 TBC 136 2012
. . ) Targeting

Hitachi HTW 5.0-126 5 IEC S 126 2015

Huayi 6MW 6 TBC TBC TBC
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Rated Rotor Commercial
Turbine Model Power IEC Class diameter Timeline
(MW) (m)
Hyundai HQ5500 5.5 IEC IB 127 2014
Hyundai/Dongfang 5.5 5.5 IECI 140 2014
Mervento 3.6-118 3.6 IEC IIA 118 2012
Mervento 4.0-118 4 IEC IIB 118 2014
MHI Vestas V112-3.3MW 3.3 IEC IB 112 2014
MHI Vestas V116-3.3MW 3.3 IEC IIIB 126 2014
V117-4.2 MW™ 4.2/4.0 IEC IB/IIA 117 2018
IEC S
MHI Vestas V164-8.0MW 8 (based on 164 2015
IEC IB)
MHI Vestas V164-9.5MW 9 IEC S 164 2018
Ming Yang 6MW SCD 6 TBC 140 TBC
Senvion 6M (6.2M 152) 6.15 IEC IB 126 2012
IEC S
Senvion 6M+ (6.2M 152) 6.15 (based on 152 2014
IEC IB)
Senvion 6.3 M152 6.33 IEC S 152 TBC
Shanghai electric SE 3.6MW 3.6 TBC 122 2010
Shanghai electric SE 5.0MW 5 TBC TBC TBC
Siemens SWT-3.6-120 3.6 IECIA 120 2011
Siemens SWT-3.6-130 3.6 IEC IB 130 2015
Siemens SWT-4.0-120 4 IECIA 120 2014
Siemens SWT-4.0-130 4 IEC IB 130 2014
Siemens SWT-6.0-154 6 IEC IA 154 2014
SGRE SWT-7.0-154 7 IEC IB 154 TBC
SGRE SWT-8.0-154 8 IEC IB 154 TBC
Sinovel SL3000/90 3 IECI 90 TBC
Sinovel SL3000/105 3 IECII 105 TBC
Sinovel SL3000/113 3 IEC III 113 TBC
Sinovel SL3000/121 3 IEC III 121 TBC
Sinovel SL6000/128 6 Targerng 128 2011
Sinovel SL6000/155 6 TBC 128 2011
XEMC Darwind DD115 5 Targerng 115 2013
Yinhe Windpower 3.5 TBC 93.2 TBC
Zhejiang Windey WWD130/.5000 5 TBC 130 TBC

Table 4-1 Potential offshore wind turbines.

4.2 Possible use of Onshore Wind Turbine

None of the "standard" offshore wind turbines shown in Table 4-1 are
manufactured in India. A possible alternative could be an onshore wind turbine
adapted to offshore conditions. This approach was taken for some of the first
offshore wind farms in Europe, e.g. Middelgrund Offshore Wind Farm where the
Siemens 2.0 MW onshore wind turbine was adapted by improving the corrosion
protection. For the OWF in question, in the Gulf of Khambhat, salinity is very
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high and therefore besides corrosion protection an airtight nacelle with
recirculated dry and cooled air would be needed.

Given the high costs of offshore operations, whereas onshore turbines are
typically designed to require two annual scheduled service visits, current
European offshore wind turbines are typically designed to require only one
annual scheduled service visit. This advantage may partly be reached by
relatively simple adaptations of an onshore turbine.

Suzlon plans to introduce its new S128 machine — a 2.6 MW turbine with rotor
diameter of 128 m and a tower height of 120 m to 140 m for low wind sites —
during the 12 months following April 2018. This wind turbine, with the highest
power rating so far produced by Suzlon, could potentially serve as the base
platform for preparing an "onshore wind turbine adapted for offshore use".

It should be noted, however, that the use of proven wind turbine models are
paramount for lowering the risk of offshore wind projects. Further, this is also an
important point for the financing institutions/investors. For that reason, it is
generally recommended to use specific wind turbines for offshore projects. As a
matter of fact, not all adapted onshore turbines in offshore windfarms worked
well. An example of this is the Ytre Stengrund OWF with 5 adapted 2MW
turbines, which was decommissioned after less than 15 years of operation.

4.3 Wind Turbine Classes

The right choice of wind turbine for the project depends on the site conditions
and the wind turbine design. Wind turbines are normally designed according to
the IEC 61400-1 design classes I, IT and III (ref. third column in Table 4-1) and
turbulence categories A, B and C. The corresponding design extreme (50-years
10-minute) and annual average wind speeds and turbulence intensities at 15
m/s are shown in Table 4-2 (Ref. /1/).

Wind Turbine Classes (Wind) I I III S
Extreme Wind Speed (Vrer) [M/s] 50.0 42.5 37.5 Values
specified
Annual Average Wind Speed (Vave) [M/s] 10.0 8.5 7.5 by the
designer
50-year Return Gust (1.4 Vrwer) [m/s] 70.0 59.5 52.5

Wind Turbine Categories (Turbulence Intensity)

A (Iref) 0.16
B (Iref) 0.14
C (Iref) 0.12

Table 4-2 IEC design wind speed classes and turbulence categories.
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