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Shakti Sustainable Energy Foundation 

 

Shakti Sustainable Energy Foundation works to strengthen the energy security of the country 

by aiding the design and implementation of policies that encourage energy efficiency as well 

as renewable energy. Based on both energy savings and carbon mitigation potential, Shakti 

focuses on four broad sectors: Power, Transport, Energy Efficiency and Climate Policy. Shakti 

acts as a systems integrator, bringing together key stakeholders including government, civil 

society and business in strategic ways to enable clean energy policies in these sectors 

 

Idam Infrastructure Advisory Private Limited 

 

Idam Infrastructure Advisory Private Limited, a part of „Idam‟ group, is a company 

established by professionals with vast experience in energy and infrastructure domains. Since 

its inception in 2007, Idam team has gathered rich and valuable experience and gained deeper 

insights across the entire value chain of energy infrastructure. Idam has strong capability in 

design, development and implementation of energy efficiency, renewable energy and climate 

change policies at central and state government level. 
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1. Introduction 

1.1 Wind Sector in India 

India is the second most populous country in the world with a population of 1.25 billion 

(Census 2011). The per capita energy consumption of India has reached 1,010 kWh in 

FY2014-15, and is expected to increase further as the economy expands. Even today, India has 

75 million households without access to electricity1. In order to provide access to energy to the 

remote areas, either energy needs to be economically deliverable or locally tapped. The above 

figures depict that there exist enormous latent demand which will surface once the electricity 

grid expands and becomes more robust. 

 

The wind power sector of India has progressed significantly over the last decade. Wind 

energy constitutes 62% of India‟s total renewable energy (RE) capacity of 43,086 MW as on 

April, 20162. The installed capacity of wind power is 26, 867 MW. Other RE technologies like 

solar, small hydro and biomass has a share in the range of 9 to 16% of the total renewable 

energy capacity. 

 

Figure 1: Installed RE Capacity in India (Up to April 2016) 
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The growth of wind power sector in India can be grouped into the following phases: 

a) Phase-I: Before FY 1994-95(prior to initiation of structured policy program of the Ministry 

of New and Renewable Energy [MNRE]). 

b) Phase-II: Between FY 1994-95 and FY 2002-03 (with MNRE‟s policy programme and prior 

                                                      
1Census of India, 2011. 
2Ministry of New and Renewable Energy Website, May 2016. 
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to the Electricity Act (EA, 2003). 

c) Phase-III: After FY 2002-03 (post-enactment of EA 2003). 

 

The wind sector in India got the much deserved boost in 2003, with the enactment of 

Electricity Act, 2003. This was followed by introduction of several conducive policy and 

regulatory initiatives such as National Tariff Policy (TP), Feed in Tariff (FIT) regime, 

Renewable Purchase Obligations (RPO), Renewable Energy Certificate (REC) mechanism and 

Accelerated Depreciation (AD) benefits, introduction of Generation Based Incentive (GBI), 

which resulted in the sector witnessing impressive annual growth of around 30% per annum. 

The annual capacity addition to wind reached its peak at 3.3 GW per annum in FY 2015-16..  

 

Figure 2: Development of Wind Power 
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However, withdrawal of AD and GBI benefits and general economic slowdown reversed the 

growth trend and the annual wind capacity addition fell to almost half of the maximum 

additions to the levels of 1.7 GW in FY 2012-13. The annual wind capacity addition continued 

to remain subdued in the last two years i.e., during the FY 2013-14 and FY 2014-15, the wind 

capacity additions were  2.1 GW and 2.3 GW respectively. 

 

To understand various market segments for wind power, it is critical to assess exploitable 

wind potential in India. The National Institute for Wind Energy (NIWE) has recently 
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estimated total onshore wind potential as 302 Giga Watt (GW)3 at 100 meter hub height. Most 

of the recent studies by World Institute of Sustainable Energy (WISE), Indian Wind Turbine 

Manufacturers Association (IWTMA) and Global Wind Energy Council (GWEC)focused on 

utility scale on-shore market assessment of wind, which is well established in India and 

constitutes nearly 100% of total wind installation in India.  

 

There is a massive untapped potential for wind in India. In order to achieve government 

targets of 60 GW of wind capacity by 2022 and Wind Vision of 200 GW of wind capacity by 

2032, there is an urgent need for a renewed vision for the wind sector. The purpose of “Wind 

Vision 2032” is to recommend alternate development strategies to policy makers, planners 

and implementing agencies to boost investments in the wind sector. The “Wind Vision 

2032”has been envisaged after analyzing key aspects such as grid integration, financing and 

incentives, power procurement, project development and policy and regulatory support. 

 

1.2 Policy/Incentive Driven Development 

Investments in the wind power sector are typically sensitive to changes in policy. Between FY 

2003 and FY 2010, India added more than 10 GW of wind power capacities and over 60% of 

this was to leverage benefits under AD. Under this scheme, developers can avail tax benefits 

by depreciating 80% of their assets in the first year itself.  

 

GBI was introduced in 2010, which opened up the wind-power sector to a new investor 

segment –viz. independent power producers (IPP). The purpose was to incentivize generation 

instead of just setting up capacities. 

 

With the restoration of AD and GBI, capacity addition has started picking up again with 

addition of 2,079 MW and 2,132 MW in FY 2013-14 and FY 2014-15 respectively. Most of the 

capacities were added by IPPs who can avail the GBI benefit. However, IPPs and investors 

often express their dislike for subsidy-based models because of uncertainties.  

 

1.3 Key Drivers of Wind Power 

There has always been a realization for enhancing the use of renewable energy as a primary 

instrument for achieving the objectives of energy security, sustainable development and 

climate change mitigation. In a country like India, increasing investments in the deployment 

of clean technologies will not only help in reducing carbon footprint but also help in attaining 

                                                      
3NIWE, September 2015. 
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energy security and will promote socio-economic development. India can become a world 

leader in the development of wind energy technologies by overcoming policy, regulatory, 

technical and financing and implementation barriers. The key drivers that are likely to further 

India‟s cause to promote wind energy in the country are discussed below. 

Figure 3: Key Drivers of Wind Power 
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1.3.1 Energy Security Concerns 

Energy security is defined comprehensively as “we are energy secure when we can supply 

lifeline energy to all our citizens irrespective of their ability to pay for it as well as meet their 

effective demand for safe and convenient energy to satisfy their various needs at competitive 

prices, at all times and with a prescribed confidence level considering shocks and disruptions 

that can be reasonably expected” (by Planning Commission, 2006). 

 

India is the fourth largest importer of crude oil and sixth largest importer of petroleum 

products and Liquefied Natural Gas (LNG) globally. Energy security takes a central position 

in government policy making. India relies on imports for 79% of its petroleum needs. 

Increasing dependence on imported energy sources, mainly crude oil, natural gas and coal, 

has resulted in a greater attention on the subject.  

 

1.3.2 Climate Change 

India is committed to reduce carbon emissions and alleviating environmental degradation. 

The  per capita emissions of India are 2.44 metric tonnes as compared to 8.13 metric tonnes of 

the per capita emissions of China. India is the third largest Green House Gas (GHG) emitter, 
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next only to China and United States of America (USA) in absolute terms, though, at 2.44 

metric tonnes of per capita emissions, India is only one-third and one-eighth of China and 

USA respectively in terms of per capita emissions. India is engaged in reducing carbon 

emissions and alleviating environmental degradation. In its recently announced Nationally 

Determined Contribution (NDC), India targets to reduce the emissions intensity of its Gross 

Domestic Product (GDP) by 33%–35% by 2030 as compared to 2005 levels. This will possible 

by generating 40% of the electricity through non-fossil fuel sources such as solar, wind, hydro 

and biomass by 2030. 

 

1.3.3 Cost Competitiveness 

Cost of wind based power generation is increasingly becoming cost competitive in 

comparison  to the cost of fossil fuel based power generation. Equipment prices have fallen 

drastically due to technological innovation, increase in the scale of manufacturing and gains in 

experience curve, especially for solar and wind technologies. While the price of coal-fired 

electricity has now exceeded INR 5 per unit4, levelized cost of wind energy are in the range 

from INR 4.16 per unit5 to INR 4.78 per unit6. This brings the cost of wind power at parity 

with the cost of conventional power, neglecting the storage cost. 

 

1.3.4 Energy Access 

Nearly 22% of the population in India lacks access to electricity. The peak demand in India 

still remains unmet, unlike most developed countries where peak and energy availability has 

either reached or is close to the peak and energy demanded. In November 2014, the 

Government of India launched INR 43,033 crore rural electrification schemes – Deendayal 

Upadhyaya Gram Jyoti Yojana (DDUGJY) to address the problems of energy access with 

clauses to separate agriculture and non-agriculture feeders, facilitating judicious rostering of 

supply to agricultural and non-agricultural consumers in rural areas. 

 

1.3.5 World Class Technology Domestically Available 

Until recently, most turbine manufacturers were dependent on imports for several turbine 

components, with China and Europe being the most attractive supplier markets for these 

components. As India increasingly switches to renewable energy to power its growing 

economy, the manufacturers are adequately positioned to provide world-class wind turbines 

that are designed, tested and manufactured locally. Indian wind turbine manufacturers 

                                                      
4  MERC Order in Case No. 65 of 2015 dated November 06, 2015. 
5 TNERC Comprehensive Tariff Order on Wind Energy, March 2016. 
6 MPERC Wind Tariff Order, March 2016 (Control Period till March 2019) 
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including various individual component manufacturers such as towers, rotor blades and 

nacelles manufacturers are also increasingly engaging in the global market by taking 

advantage of lower costs of manufacturing in India. 

 

1.3.6 Massive Untapped Potential 

With about 302 Giga Watt (GW) of wind energy potential (as estimated by National Institute 

for Wind Energy [NIWE]), 4–7 kWh per square meter per day of solar incidence in most parts 

of the country throughout the year and abundant agricultural residues to be utilised as bio-

energy, India‟s RE resource potential is huge. India has the potential to develop massive 

commercial wind farms to harness the strong onshore wind potential along its 7,500 

kilometers long coastline. It also has enormous capacity to tap the offshore wind potential to 

boost the country‟s supply of renewable energy. However, to tap this vast resource, India 

should develop and implement smart business models and favourable policies as quickly as 

possible. 

 

There has always been a realization for enhancing the use of RE as a primary instrument for 

achieving the objectives of energy security, sustainable development and climate change 

mitigation. In a country like India, increasing investment in the deployment of clean 

technologies will not only help in reducing carbon footprint but also help in mitigating energy 

requirements and in turn promote economic development. The possibility of wind energy 

becoming a cornerstone for meeting the country‟s future energy requirements are significantly 

high. India can become a world leader in the development of wind energy technologies by 

overcoming policy, regulatory, technical, financing and implementation barriers. 
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2. Initiative Wind Vision 

2.1 About the Initiative 

The Government of India (GoI) has started many ambitious initiatives, including 24x7 Power 

for All, Make-in-India, Digital India and 100 Smart Cities, besides boosting overall 

infrastructure development. One of the initiatives is to achieve 175 GW of RE by 2022, 

including 100 GW of solar and 60 GW of wind capacity. Further, India aims to reduce 

emissions intensity of its GDP by 33%–35% by 2030 compared to 2005 levels, and generate 

40% of the electricity through non-fossil fuel sources as part of its Nationally Determined 

Contributions (NDCs) by 2030. 

The wind sector, presently constituting the largest share (62%) of the country‟s total RE 

capacity, would continue to play a significant role in the NDC‟s target to achieve 40% of 

installed capacity from non fossil fuel sources by 2030. Further, considering a massive 

untapped potential of wind in India and in order to achieve government targets of 60 GW of 

wind by 2022, there is an urgent need for a renewed vision to re-ignite growth in the wind 

sector.  

 

In view of the above facts, Shakti Sustainable Energy Foundation initiated a process of – 

“Evolving Consensus on Thematic Issues in Wind Sector through Stakeholder Engagement”, 

and engaged Idam Infrastructure Advisory Private Limited for executing the process. This 

initiative is an effort to establish a broad-based platform for evolving consensus around 

solutions that can potentially mitigate the issues impeding the development of wind energy 

sector in India. This platform – called the Wind Discussion Forum – provided for open 

discussions and deliberations amongst various stakeholders to evolve development and 

policy approaches that are acceptable to all as well as practically implementable. These 

discussions were supported by independent research. 

 

It was proposed to form a unique Advisory Group with 8-10 members, comprising heads of 

various wind industry associations, regulatory and policy experts and technology experts in 

the sector, to provide continuous guidance through various stages of the assignment. The 

Advisory Group provided continuous guidance through various stages of the assignment to 

facilitate achievement of the collective goal and played a pivotal role in evolving consensus on 

various issues in an efficient manner. In this context, a two-pronged structure of the 

„Discussion Forum‟ and „Advisory Group‟ was adopted for designing the long-term Vision 

besides conducting theme-specific workshops for wider stakeholder consultation,.  

 

The purpose of “Wind Vision 2032” is to recommend alternate development strategies to 
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policy makers, planners and implementing agencies to boost investments in the sector. The 

„Wind Vision 2032‟ has been envisaged after analyzing key aspects such as grid integration, 

financing and incentives, power procurement, project development and policy and regulatory 

support. 

 

Figure 4 illustrates the approach followed in the initiative: 

 

Figure 4: Approach Followed in the Initiative 

 

“Wind Vision 2032”aimed to provide the impetus to the development of wind sector by 

undertaking complete analysis of the wind sector in India. This initiative also aimed to create 

a “Discussion Forum” for addressing all key challenges that are being faced by the wind 

sector. The objective was to evolve consensus around such aspects among industry and other 

key stakeholders through a process of dialogue supported by independent research. This 

initiative ‘Wind Vision 2032,’ aimed to bring closer focus on all the key challenges related to 

the wind sector and initiate the consensus building on the possible strategies. It identified 

bottlenecks and possible policy/regulatory interventions and thereby defined idealistic 

targets for the wind sector to be achieved by the end of 15th five year plan i.e., till 

FY 2031-32. 

 

2.2 Creation of Advisory Group 

Initially, a detailed plan for outreach and stakeholder involvement was drawn up to gain 

insights from the industry, various stakeholders and sector experts. To make the process for 

consultation forum more effective, an Advisory Group was formed. This Group consisted of 

eminent experts and industry leaders. Dr. Pramod Deo (Former Chairman, Central Electricity 
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Regulatory Commission) graciously agreed to chair the Advisory Group meetings and the 

Forum meetings. The Advisory Group comprised representatives from wind industry, civil 

society and policy-makers, who convened at regular intervals to guide development of policy 

approaches that is acceptable to all and practically implementable. Following is the list of 

members of the Advisory Group: 

Table 1: Advisory Group Members 

S.No Name Designation/Organization 

1 Dr. Pramod Deo Former Chairman, CERC 

2 Mr. Ramesh Kymal  Managing Director, Gamesa  

3 Mr. V. Subramanian Former Secretary, MNRE 

4 Mr. Chintan Shah President-SBD & Corporate Affiars, Suzlon 

5 Mr. Sumant Sinha  CEO, ReNew Power  

6 Mr. Mahesh Makhija Director BD, CLP India Ltd  

7 Mr. Sunil Jain  Chairman, WIPA  

8 Mr. DV Giri  Secretary General, IWTMA  

9 Mr. Ashwin Gambhir  Senior Research Associate, Prayas Energy Group  

10 Ms. Sharmila Barathan Senior VP, Corporate Affairs & Policy, GE 

11 Dr. Jami Hossain  Co-Founder, WinDForce  

12 Mr. Srinivasa Krishnamurthy Director, AWS True Power  

13 Mr. Rajendra Kharul Director & CEO, Synergy Infrasys Mgt. Pvt. Ltd. 

14 Mr. Mahesh Vipradas Head-RegulatoryAffairs, Suzlon 

Three meetings of the Advisory Group were held at Delhi at regular intervals during the 

process. 

 

2.3 Summary of Wind Discussion Forums 

As mentioned earlier, two-layered stakeholder consultation process was conceived for this 

engagement. In the previous section of this report, process and findings of the Advisory 

Group were discussed. Additionally, four Discussion Forums were organised (three at New 

Delhi and one at Bangalore) to reach out to a wider group of stakeholders. These Wind 

Discussion Forums captured all five identified themes covering issues in policy, regulatory, 

infrastructure development, operational and implementation aspects and proposed potential 

solutions and recommendations. The ultimate objective was to evolve consensus around key 

aspects amongst stakeholders through a process of dialogue, supported by independent 

research. 

(The details of all the four Wind Discussion Forums can be accessed here for reference: 

http://shaktifoundation.in/reports/?sec=Renewable%20Energy&reg=&yea=2014&gra=Idam

%20Infrastructure%20Advisory%20Services%20Pvt.%20Ltd.) 

http://shaktifoundation.in/reports/?sec=Renewable%20Energy&reg=&yea=2014&gra=Idam%20Infrastructure%20Advisory%20Services%20Pvt.%20Ltd
http://shaktifoundation.in/reports/?sec=Renewable%20Energy&reg=&yea=2014&gra=Idam%20Infrastructure%20Advisory%20Services%20Pvt.%20Ltd
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3. Wind Vision Target 

The primary goal of the initiative was to gain insights into wind power development process, 

develop future scenarios for wind energy and estimate a target for wind sector that is 

ambitious and visionary, yet achievable with coordinated efforts. Wind Vision has been 

conceived by bringing together stakeholders of the wind sector and collecting ideas to address 

the issues impeding the sector. The efforts were put in to identify various challenges such as 

factors in domestic manufacturing capacity, transmission requirements, funding 

requirements, etc. that acted as  obstacles in meeting these targets.  Wind Vision has been 

conceived by bringing together stakeholders of the  wind sector with a view to pool their 

ideas and learnings from the sector and to build upon their achievements to project a credible 

future scenario supported by the economic and societal benefits of harnessing wind energy. 

 

3.1 Setting 200 GW Target 

Creating a collective “Vision” is a significant task. The Vision has to be ambitious enough that 

it cannot be achieved easily but at the same time realistic enough, so that the pathway to 

achieve that vision can be identified and defined. Following was the approach adopted for 

estimating the wind target: a) Define target year. b) Identify annual electricity requirement 

based on 18th Electric Power Survey (EPS) of India. c) Develop renewable energy contribution 

trajectory based on National Action Plan on Climate Change (NAPCC) targets. d) Identify 

wind generation requirement. e) Calculate equivalent capacity based on generation 

requirement and set it as a target.  

Figure 5: Setting 200 GW Target 
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a) Define Target Year 

While setting up a target, the time period has to be prudent so that envisaged plans can be 

achieved by overcoming the challenges encountered on the pathway. However, it should not 

be too long to lose the spirit of implementing planned activities. Hence, a moderate time 

period of 15 years was decided to define the target year. Government of India has defined 

Five Year Plans (FYP) and 15th FYP ends in year 2032. Similarly, 18th EPS of India provide 

projections up to year 2032. Considering these, year 2032 was set as a target year for wind 

vision and called as Wind Vision 2032. 

 

b) Identify Electricity Requirement  

The 18th EPS of India projects electricity requirement in billion units per annum at power 

station bus bars. The same has been considered as base for all the calculations while setting up 

wind vision target for wind generation. 

 

c) Develop Renewable Energy Contribution Trajectory  

Wind Vision 2032 seeks to define targets in line with NAPCC with 1% per annum increase in 

renewable energy contribution till 2032. Hence, renewable energy is projected to contribute 

about 27% towards India‟s electricity requirement by 2032. Based on this, RE generation 

requirement (in billion units) is calculated. 

 

d) Identify Wind Generation Requirement 

At present, wind energy contributes more than 60% share of total RE installed capacity in 

India. Considering Government of India‟s overall impetus to solar energy (100 GW by 2022) 

and ambitious programs in recent times, this percentage might come down in future. 

However, it is assumed that share of wind energy will be at least 40% of total RE generation in 

India. This assumption gives the total wind generation requirement per annum by year 2032. 

 

e) Equivalent Wind Generation Capacity 

The Capacity Utilisation Factor (CUF) for wind generation in India varies geographically and 

based on this, various wind zones are defined. To estimate the wind generation capacity 

equivalent to desired wind generation as computed in previous step, an average CUF of 23% 

has been considered.  

 

Based on this methodology, target wind generation capacity for year 2032 is calculated as 

shown in the following table:  
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Table 2: Deriving Wind Vision Target of 200 GW by 2032 

 Source: Idam Infra Analysis 

 

Thus, the prescribed methodology sets the target of cumulative wind installation capacity 

requirement of approximately 200 GW by year 2032.  

Particulars 12th FYP(FY 

2016-17) 

13th FYP (FY 

2021-22) 

14th FYP (FY 

2026-27) 

15th FYP (FY 

2031-32) 

Projected electricity requirement per annum (@ 

power station bus bars) based on 18th EPS 

(billion units) 

1,355 1,905 2,710 3,710 

RE contribution based on NAPCC targets (%) 12% 17% 22% 27% 

RE generation requirement(billion units) 163 324 596 1,002 

Wind generation requirement in BUs (assuming 

40% of total RE requirement) 

65 130 238 401 

Cumulative wind installed capacity required in 

GW (assuming average CUF of 23%) 

32 64 118 199 

(or approx. 

200) 
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4. Benefits of Wind Vision 2032 

The proposed Wind Vision 2032 is expected to accrue several benefits to energy sector in 

India, in particular, and Indian economy in general. Considering the life cycle of a wind 

project as 20 years, the total benefits of 200 GW have been quantified till 2032 and beyond. 

This is calculated at an interval of five years (in line with FYP) and cumulative benefit in 

each FYP are added to arrive at the total benefit at the end of the lifecycle of 200 GW wind 

generation capacity. 

                                                 Figure 6: Benefits of Wind Vision 2032 
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Source: Idam Infra Analysis 

 

The benefits are derived from the target generation from wind projects by year 2032. Existing 

installed capacity of wind at the beginning of 12th FYP i.e., till FY 2011-12, is considered as 

18 GW. Life period of a wind project is considered as 20 years. Hence, it was attempted to 

quantify total benefits of 200 GW by 2032 and beyond. It is calculated at an interval of five 

years (in line with FYP) and cumulative benefits in each FYP is added to arrive at the total 

benefit at the end of the lifecycle of 200 GW wind generation capacity. During this period, life 

cycle of some GW capacity will end in each FYP, which is factored in this calculation.  

 

The major benefits are described below: 
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4.1 Emission Reduction 

It is assumed that each unit of electricity generated by wind energy will replace equivalent 

generation from coal/fossil fuel. Hence, wind generation in each FYP is multiplied by 

emission factor to arrive at the equivalent emission reduction. Considering the last 5 years 

average emission factor (0.79 tCO2/MWh) specified by Central Electricity Authority (CEA), 

the GHG emission reduction potential over the useful life works out to 7,771 million metric 

ton of Carbon Dioxide equivalent (CO2 e) by FY 2051-52. 

 

4.2 Job Creation 

Significant job opportunities will be available in the wind sector with 200 GW of installed 

capacity by 2032. Wind industry creates direct and indirect type of employment opportunities. 

According to the MNRE, Human Resource Development 2010 report, direct employment 

opportunities are available in following functional areas: 

 

Table 3: Job Opportunities in Functional Areas 

Type of 

Employment 

Functional Area of Operation Percentage of 

People Employed 

(%) 

Direct 

Manufacturing 20 

Operation and Maintenance (O&M) 25 

Project Development 30 

Marketing 25 

Source: Human Resource Development 2010 Report, MNRE 
 

The same report provides following statistics for both direct and indirect employment against 

cumulative installed capacity: 

 

Table 4: Employment Generation per MW 

Addition 
or 

Mfg./Year 
(MW) in 

2010 

Cumulative 
Capacity Till 

01-10-2009 
(MW) 

Direct 
Employment 

Employment 
in O&M  

Indirect 
Employment 

Total 
Employment 

Total 
Employm
ent/MW 

1,400 10,900 10,500 3,500 28,000 42,000 3.85 

Source: Human Resource Development 2010 Report, MNRE 

 

The statistics show that, on an average four jobs are created in the wind sector including both 
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direct as well as indirect employment. Hence, total job creation potential through wind vision 

2032 is estimated to be around 7.5 lakh to 8 lakh.  

 

4.3 Import Bill Reduction 

Traditionally, India has been a significant importer of petroleum and natural gas. In the recent 

past, India has started importing coal as well. As per CERC Terms and Conditions of 

determination of Tariff, Regulations, 2014, gross station heat rate for new generating station 

based on imported coal is considered as 2,172 kcal/kwh. If we assume Gross Calorific Value 

(GCV) of imported coal to be 5,500 kcal/kg; one unit of electricity will be generated after 

consumption of 0.39kg of imported coal. Recently, the coal prices have dropped globally to 

reach below USD 50/ton. However, they keep on varying based on various demand-supply 

factors worldwide. For our calculation, the average price of coal for the past 20 years in 

international market has been considered, which comes out to be around  USD 61/ton. 

Although USD-INR exchange rate has been appreciated historically, we have considered it to 

remain constant at the level of INR 65/USD for projecting a conservative number in import 

bill savings. These assumptions indicate that per unit generation from imported coal requires 

INR 1.58 as a fuel cost. 

 

Table 5: Assumptions for Computation of Coal Import Bill 

Heat Rate kcal/kwh 2,171.51 

Cal Value of Imported Coal kcal/kg 5,500.00 

Coal Consumption kg/kwh 0.39 

Global Coal Price (20 Years Average) USD/Ton 61.58 

USD-INR Exchange Rate  INR/USD 65.00 

Landed Price of Imported Coal INR/kg 4.00 

Fuel Price INR/kwh 1.58 

Source: Various Sources 

 

Now, if the same is replaced with the wind generation using methodology as described in the  

paragraph above, year on year savings in import bill will be INR 63.33 thousand crore till 

2032. 

 

If the imported coal based power generation is replaced by wind power, the cumulative 

import reduction potential over the useful life of wind project is thus estimated at around INR 

15.5 lakh crore. 

The summary of the above benefits are summarized in Figure 7: 
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Figure 7: Summary of Benefits from Wind Vision 2032 

 

 

 

 

 

 

4.4 Development of Indigenous Wind Technology 

The current wind turbine technology in India is largely imported from European countries 

which is more suitable for high wind regime. In India, most areas have low wind regime. 

India, predominantly having large areas with low wind regime, it is important to develop low 

wind regime specific technologies. Ambitious target under wind vision 2032 will assure 

investor of market for these technologies. Developments of such technologies help further 
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expand potential for wind energy in the country. 

 

4.5 Expand Manufacturing Base in Wind 

The domestic wind turbine component manufacturing market has picked up only in the last 

few years. Until recently, most turbine manufacturers were dependent on imports for several 

turbine components, with China and Europe being the most attractive supplier markets for 

these inputs. Indian wind turbine manufacturers including various individual component 

manufacturers such as towers, rotor blades and nacelles are also increasingly engaging in the 

global market by taking advantage of lower cost of manufacturing in India. If the target of 200 

GW of wind capacity by 2032 is to be achieved, wind manufacturing base has to increase to 

cater the domestic demand, from the present levels of 10 GW. 

 

4.6 Creation of Export Market 

The expansion in manufacturing base due to targeted wind deployment of 200 GW by 2032 

will lead to economies of scale and will help in increasing the share of domestic 

manufacturers in markets abroad, especially in Africa and Latin America. Along with the 

continued domestic demand, this growing international market can help stabilize the Indian 

wind industry and allow industry-wide efficiency improvements. 
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5. Wind Power Potential in India 

Understanding the true wind potential for India is of extreme importance considering its role 

in devising targets and identifying suitable policy/regulatory measures to meet those targets. 

As the approach for the development of each segment of wind energy can be different, it is apt 

to segregate wind targets for onshore wind capacity addition and offshore wind capacity. 

Table 6 summarises the segment wise cumulative targets. 

 

Table 6: Segment Wise Cumulative Targets (in GW) 

(All figures in Giga Watt)
12th FYP

(FY 2016-17)

13th FYP

(FY 2021-22)

14th FYP

(FY 2026-27)

15th FYP

(FY 2031-32)

Wind Vision Target 32 64 118 200

Offshore Wind 

(10% of Wind Vision)
6 12 20

Small Wind 0.10

Repowering 1 4 9 20

Onshore Capacity 31 54 97 160

 

 

5.1 Offshore 

India has a vast coast line of about 7,500 kilometres covering three sides of country. In 

September 2015, the Indian government approved National Offshore Wind Energy Policy 

which may lead to a significant rise in the country‟s offshore wind capacity. The NIWE is 

expected to assess the wind energy potential for setting up projects in the exclusive economic 

zone of the country, which extends till 200 nautical miles from the coastline. NIWE will also 

take approval from all stakeholder ministries, as well as the defence forces, before opening a 

site for the development of the project. 

 

According to the Offshore Policy, in India, preliminary assessments along the coastline have 

indicated prospects of development of offshore wind power. Wind resource data collected for 

the coastline of Rameshwaram and Kanyakumari in Tamil Nadu and Gujarat coast shows 

potential of around 1 GW capacity. 

 

The Union Cabinet on September 09, 2015 approved the National Offshore Wind Energy 
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Policy.  A few salient features of this Policy are detailed below: 

a) The MNRE has been authorized as the Nodal Ministry for use of offshore areas within the 

Exclusive Economic Zone (EEZ) of the country. Further, NIWE has been appointed as the 

Nodal Agency for development of offshore wind energy in the country and to carry out 

allocation of offshore wind energy blocks, coordination and allied functions with related 

ministries and agencies. 

b) The approval paves way for offshore wind energy development including setting up 

offshore wind power projects and research and development activities, in waters, in or 

adjacent to the country, up to the seaward distance of 200 Nautical Miles (EEZ of the 

country) from the base line.  

c) All the processes will be carried out in a transparent manner by NIWE.  

d) The policy will be applicable throughout the country depending upon offshore wind 

potential availability and shall provide a level playing field to all, domestic and 

international investors and beneficiaries. 

 

The government shall attempt to replicate the success of the onshore wind power 

development to the offshore wind power development with this Policy. 

 

5.1.1 Potential of Offshore Wind Energy 

Some of the recent studies such as Lawrence Berkeley National Laboratory (LBNL) and Xi Lu 

et al have estimated the offshore wind potential in India. LBNL estimates total offshore 

developable potential in India of about 238 GW, at 100 meter hub-height and with a minimum 

capacity factor of 21%. Approximately, 78% of the developable offshore potential is available 

at depths less than 30 meters. 

 

Table 7: Offshore Wind Potential in India 

Study Offshore Potential (GW) 

LBNL 238 

Xi Lu 502 

 

Based on the recent offshore wind assessment studies, it is concluded that India with its vast 

coastline has immense offshore wind potential. However, initiatives must be taken for 

resource assessment and resource characterization of wind potential along the coastline.  

 

5.1.2 International Experience in Offshore Wind Industry  
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Today, offshore wind energy represents about 2% of the global installed capacity. In 2015, 

3,398 MW of new offshore capacity was added, bringing the total to 12,107 MW. 

 

At present, more than 91% (8,045 MW) of all offshore wind installations is developed in 

European waters; mainly in the North Sea (5,094.2 MW: 63.3%), Atlantic Ocean (1,808.6 MW: 

22.5%) and in the Baltic Sea (1,142.5 MW: 14.2%). However, governments in the countries like 

China, Japan, South Korea, Taiwan and the US have also set ambitious targets for offshore 

wind development.  

 

Figure 8: Offshore Wind Installed Capacity in the World 

 
Source: Global Wind Energy Council (GWEC) Report, 2016 

 

In 2014, 1,483 MW of new offshore wind capacity came online in Europe, a 5.34% decline over 

the 2013 market. The total now stands at 8,045 MW and offshore wind power installations 

represented 12.6% of the annual European Union (EU) wind energy market in 2014, down 

from 14% in 2013. Overall, 408 new offshore wind turbines in nine wind farms and one 

demonstration project were fully grid-connected at the end of 2014. New capacity of about 

54.8% was installed in the UK (813 MW). The second market was in Germany (529 MW or 

35.7%), followed by Belgium with 141 MW (9.5%)7. 

                                                      
7Global Wind Energy Council, GWEC 
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Apart from technological advancements, suitable incentive structure is also of critical 

importance when it comes to attracting investments in the offshore wind space. Various 

governments announced suitable policies to encourage organizations to establish offshore 

wind farms. Along with huge tax concessions, governments are introducing new tariff 

regulations in order to compensate for the huge investments. Recognizing the investment 

requirement, the UK Renewable Obligation Certificates (ROC) Scheme, the off-shore wind 

energy generation receives 2 ROC/MWh of power generation compared to 1 ROC/MWh of 

power produced from onshore wind power. Similarly, the government in Germany has 

announced a sprinter bonus to encourage faster development of offshore wind projects in the 

region.  

 

However, in spite of advancements in technology and suitable incentive framework, the 

offshore wind space has struggled to pick up pace mainly due to its high cost of generation as 

compared to costs of wind energy from onshore wind projects. The cost of energy can be 

lowered by reducing the capital costs, financing costs, or operations and maintenance costs of 

a project, or by increasing the amount of energy generated by the project over its operational 

life. Increased energy generation will result from large WTG units, more efficient, more 

reliable turbines with access to the best possible wind resource. A substantial reduction in 

costs and increase in energy generation will have a drastic effect on lowering the cost of 

energy. 

 

5.1.3 Key Learnings 

Analyzing the above international experiences from UK and US wind power markets, 

presented below are the key learning‟s for Indian scenario: 

a) The significant increase in offshore capacity addition is possible only with improved R&D 

efforts and technological improvements in the field of offshore manufacturing wind. 

b) Apart from technological advances, suitable incentive structure is of paramount 

importance when it comes to attracting investments in the offshore wind. 

c) High cost of energy (INR 12/kWh) is the major cause of concern. (Capital cost is expected 

to reduce by 40% and reach INR 12-13 /MW at the end of FY 2020 with cost of generation 

of INR 7-8/kWh) as per International Energy Agency, IEA roadmap, 2013. 

 

Few other significant recommendations given in GWEC on offshore wind power in India are 

mentioned below: 

a) Set a clear offshore wind target and roadmap to convey the vision to the industry. 
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b) Clearly articulate and affirm energy policy objectives to maintain industry confidence. 

c) Ensure managed progression from demonstration to commercial projects. 

d) Provide strong initial public investment and utilize public private partnerships, wherever 

possible. 

e) Ensure sufficient volume, delivered in a smooth pipeline and design risk informed 

support mechanisms to drive cost reduction. 

f) Carefully consider the costs and benefits of promoting a local supply chain. 

With an increase in the green energy initiatives by the government recently, it is 

recommended that study of the potential sites has to be conducted with a broader perspective 

along the coast to grab the potential. The technology from the European nations which have 

already installed huge amount of the off shore wind capacity can be studied and on the basis 

of the above an implementation roadmap for offshore wind energy deployment can be 

developed for the country. 

 

5.2 Small Wind Turbine (SWT) 

SWT are defined as wind turbines with rated capacities of 100 kW or less. SWT and small 

wind–solar hybrid systems are becoming more popular worldwide as the technology is 

maturing. 

 

SWTs are used throughout the developed and developing countries and are primarily used in 

rural or remote settings in the domestic and international markets. SWT can be used to power 

communities, businesses, schools, clinics, single households, farms and a variety of 

equipment. SWT can be developed to meet the specifications suitable for the domestic and 

international (developed and developing) markets and can also be hybridized with other 

renewable energy technologies to offer better generation profile and to have an optimum 

utilization of existing infrastructure. 

 

As mentioned before, the largest market potential for SWT lies in catering to energy 

requirements of 75 million households which still do not have access to electricity. Small wind 

are less expensive to operate than diesel generators (DG) sets and can be used to electrify 

single homes (<500 W) or villages (<50 kW). There are a myriad of SWT applications such as 

making ice for coastal fishing villages, charging batteries for homes and purifying water for 

drinking and so on. The global market for SWT is on an upswing, led by China, USA and the 

UK. A cumulative capacity of over 755 MW has been installed worldwide.  

 

As on April 30, 2016, only 2.69 MW of aero generators and SWT-based hybrid systems are 
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installed across the country. The investments into small wind space in India were largely 

driven by MNRE Small Wind Energy and Hybrid Systems (SWHS) subsidy scheme for hybrid 

systems, aero generators and water pumping mills. The total financial outlay for such 

technologies during 12th plan period has been estimated at INR 50 crore by MNRE. This will 

be sufficient to finance 4-5 MW of capacity, expected to be developed during 12th plan period. 

Since, the financial assistance in the MNRE scheme is now limited to community users only, 

deployment of SWTs in the commercial/individual user segments may be restricted. 

 

5.2.1 Potential for Small Wind Turbines 

In general, an average wind speed of over 5 m/sec is strong enough to ensure viability of 

SWT. At this speed, a well designed SWT generates 350 kWh per square meter of rotor surface 

area swept on an annual basis. However, India lies in a low wind density zone with an 

average wind speed of 4-4.5 m/sec across 50% of the country‟s surface area. Under such 

conditions, a well designed turbine can deliver capacity utilization factor of about 15%. 

Therefore, on a stand-alone basis, small wind systems are not viable in India. But there exists 

immense scope for SWT-solar systems, water pumping mills and other applications. SWT 

based applications are also suitable for captive generation in industries. In case of telecom 

towers, there may be issues in installing turbines; which can cause hindrance in tower 

operations. However, this issue can be circumvented by factoring in the SWT at the design 

stage of the telecom towers.  

 

5.2.2 International Experiences in Small Wind Turbine Installations 

The current installed capacity stands at around 755 MW and is projected to reach 3,000 MW 

by 2020. In terms of installed capacity, China accounts for 42% of the global capacity, USA for 

30% and UK for 15%. Five countries (China, USA, UK, Italy and Germany) account for 94% 

market and three countries (China, USA and UK) account for over 87% of the small wind 

manufacturers.  
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Figure 9: Global Status-SWT Installed Capacity (MW) 
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Source: Various Sources 

The international market for SWT is largely driven by incentive structures such as 

FIT, net metering, RPO, grants, subsidies and concessional zoning. Capital subsidy and FIT 

have emerged as two of the important incentive structures for promotion of SWT across the 

world. Both the incentives can co-exist in case FIT determination takes into account the capital 

subsidy provided.  

 

India follows similar methodology from grid connected wind projects, but, there is a need to 

devise suitable FIT regime for decentralised SWT. Moreover, in order to improve viability of 

decentralised SWT, there is a need to give special emphasis on promotion of storage options. 

Other options such as off grid and REC can also be explored as considered by UK in the 

promotion of decentralised SWT. 

 

Another important learning from international experience is that there is an urgent need to 

establish robust supply chain system for SWT. This can partially be carried out if the 

manufacturing capacity in India is increased. Hence, domestic manufacturing for SWT needs 

to be promoted and nitty-gritty‟s for knowledge/technology exchange/sharing needs to be 

worked-out. 

 

For small wind power, demonstration programs should be launched, such as for remote 

telecom applications, water pumping and so on. Hybrid of small wind and solar power 

should be promoted for village electrification, wherever applicable. 
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5.3 Repowering 

The process of replacing old turbines with modern and high capacity wind turbines is called 

repowering. Development of wind power projects started way back since mid 1990‟s. These 

wind power projects are located in the most wind resource rich sites of the country. Most of 

these projects have completed around 20 years of operation, with turbines that are of very low 

capacity, i.e. less than 500 KW WTG units and with a hub height of not more than 25-30 

meters. It is also observed that such projects currently have an average CUF of around 10%-

14% even in those lucrative sites. It is understood that in such locations, modern turbines with 

much higher capacity will result in an effective CUF of at least 25%. Hence, there is a need to 

do repowering to achieve additional wind generation capacity on the same sites. 
 

5.3.1 Potential for Repowering 

Currently there are around 18,500 WTGs8 of less than 1 MW capacity installed in various parts 

of the country, cumulating to a capacity of more than 9,600 MW. 
 

It is observed that a significant repowering potential exists in the country if WTGs with 

capacity sizes below 500 kW are taken in to consideration. As on 31 March 2015, around 2,459 

MW of installed capacity exists with turbine size below 500 kW capacities. Each of these 

WTGs can be replaced with more efficient WTGs with capacity size of each turbine between 1 

to 2 MW. By replacing the older ones with the new turbines of higher capacity, the overall 

capacity can be increased by two to three times. 
 

Figure 10: WTG Wise Installed Capacity of All States 
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Source: India Wind Power Directory, 2014 

(AP=Andhra Pradesh, GJ= Gujarat, KK=Karnataka, KL=Kerala, MH=Maharashtra, 

MP=Madhya Pradesh, RJ= Rajasthan, TN=Tamil Nadu) 

                                                      
8Indo-German Energy Forum Report “Framework for Repowering of Old Wind Turbines in India” by 
Idam Infra. 
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The graph above depicts development of wind energy in various states of India based on the 

capacity of WTGs. It can be observed that there is a significant quantum of installations of 

WTGs, capacity sizes below 500 kW. Also, the maximum potential of repowering such 

projects with turbines of sizes below 500 kW is in the states of  Tamil Nadu, Maharashtra and 

Gujarat with a current installed capacity of 1,731 MW, 297 MW and 199 MW respectively. 

 

According to WTG installation numbers in Wind Power Directory 2014, it is be noted that 

1,099 MW of wind installations can be eligible for repowering since the projects have 

completed at least 15 years of operation and the turbine capacities are less than 1 MW. By 

2022, the market potential will be more than 3,462 MW. As the repowering will lead to around 

two to three times higher capacity, the realized installed capacity will be at least double the 

numbers mentioned above. 

 

5.3.2 International Experiences in Repowering 

Globally, three countries viz. Denmark, Germany, and the United States of America have 

undertaken repowering in a significant way. 

Denmark 

In Denmark, repowering was undertaken in two stages. The first stage covered turbines of 

<100 kW range and the second stage encompassed >100 kW turbines. The system of incentives 

also differed for both stages. In the first stage, “repowering certificates “allowed owners to 

install three times the capacity removed and received an additional 2.3 cents/kWh for the first 

12,000 full load hours (~5 years).  

In the second stage, owners could install twice the capacity removed and received the same 

treatment. The replacement certificate system enabled successful repowering in Denmark. The 

certificate holder is awarded higher price for electricity produced from new turbines up to a 

maximum of two or three times the replaced capacity. In addition, 1.6 Eurocents/kWh was 

offered as surcharge till 2009. The surcharge is regulated in relation to the market price of 

electricity. 

 
Germany 

More than 50% of the wind power capacity in Germany was installed after 2000. Amendment 

to the Renewable Energy Sources Act (EEG) in 2004 offered an “additional financial incentive” to 

repower turbines installed before 1995. Before 2004, new wind projects were offered a higher 

payment than existing projects that had been in operation for some time. Since 2004, the feed 

in tariffs have offered a longer and higher payment level to wind turbines that replace or 

modernize existing projects built before December 1995 and that are at least three times the 
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capacity of the repowered turbine.  

However, the repowering incentive offered by the EEG had minimal effect in promotion of 

repowering in optimizing potential of 15 GW. This was due to the constraints w.r.t the 

spacing requirements and height limits of existing turbines. 

 

United States of America 

California was the pioneer in repowering in the U.S.A. The U.S. Tax Code (Section 45) 

provides that repowered facilities with an existing standard offer contract that are only 

eligible for the production tax credit if the contract is “amended”. This was done so that any 

wind generation in excess of historical norms is either sold to the utility at its current avoided 

costs or else sold to a third-party. Thus repowered projects were made eligible for 

“Production Tax Credits.” 

 

5.3.3 Key Leanings 

There are important lessons to be learnt from the experience of leading countries in the 

promotion of wind repowering. The most important inference that can be drawn from the 

analysis is that there has to be  a suitable incentive structure for promotion of repowering. The 

types of incentives explored in international market for promotion of wind repowering are as 

below: 

a) “Repowering Certificates” to owners to install three times the capacity removed and 

receive additional FIT/surcharge – Denmark. 

b) Higher FIT for newer wind projects as compared to older wind projects –Germany. 

c) Amendment of existing Power Purchase Agreement (PPA) for repowered turbines at 

current avoided/marginal cost of DISCOMs –USA. 

 

In each of the country analysed above, there was a continuous repowering program starting 

from 100 kW turbines to steadily targeting bigger turbines of 500-600 kW and which have 

completed at least 12-15 years of life span. Thus, we need to first target the low hanging fruits 

in terms of wind turbines installed at wind rich sites which can yield higher generation. 

However, one of the important lessons from the German experience is that in spite of suitable 

incentive structure, there were constraints in power evacuation and right of way limitations 

for installation of bigger turbines due to restrictions by the government which lead to fewer 

repowering initiatives. Hence, outlining conditions related to height and spacing requirement 

is crucial as poor design of the above factors may hinder wind repowering. It is essential to 

incorporate flexibility in design and carry out site specific customization in terms of 
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development of evacuation infrastructure and availability of land. Availability of potential 

wind resource is the key for promotion of repowering in India. 

Another critical factor for promotion of repowering in the international market especially 

Europe is the development of market for used wind turbines. Many wind turbines are 

designed to last for around 20 years, many are prematurely made redundant when wind-farm 

owners repower projects with bigger, more powerful turbines. A systematic approach needs 

to be developed in order to upscale the business opportunity as far as Wind Repowering is 

concerned.  

 

5.4 Onshore Wind Power 

Early efforts for wind potential assessment undertaken by Centre for Wind Energy 

Technology (C-WET) (now National Institute of Wind Energy {NIWE}) estimated total wind 

potential to be 49 GW. The potential was assessed for 250-500 kW machines at 50 meters hub-

height and 2% land availability for all states except for Himalayan states, North-eastern states 

and Andaman and Nicobar Islands. This potential was revised to 102 GW at 80 meters hub-

height. However, with the advancement in technology and availability of wind energy 

generator of size in excess of 2 MW and with new Wind Electric Generator (WEG) 

installations taking place at hub height of 80-120 meter, the actual wind potential is expected 

to be significantly higher. Recent wind potential estimated by NIWE is about 302 GW and 

NIWE has acknowledged that the potential will be higher if more land is considered as 

available for wind power development. 

 

Table 8: Onshore Wind Power Potential in Wind Rich States 

State Potential (GW) 

at 80 m 

Potential (GW) 

at 100 m 

Gujarat 35 84.43 

Andhra Pradesh 14 44.22 

Tamil Nadu 14 33.8 

Karnataka 13 55.85 

Maharashtra 6 45.39 

Rajasthan 5 18.77 

Madhya Pradesh 3 10.48 

Others 12.3 9.31 

TOTAL 102.3 302.25 

Source: National Institute of Wind Energy (NIWE)  

 



 
 
 

29 | P a g e  
 

The onshore potential estimated under the Lawrence Berkeley National Laboratory (LBNL) 

report is significantly higher than the wind potential estimated by NIWE. Onshore estimated 

potential by Xi Lu et al. (2009) and Hossain et al. (2011) are 1,324 GW and 2,076 GW 

respectively. The primary reason for the vast difference between the estimate in this analysis 

and that published by NIWE is the difference in assumed land availability. NIWE assumes 

that only 2% land availability for all states except Himalayan & North eastern states, 

Andaman Nicobar Islands and Poor windy states has been assumed. In other area 0.5% land 

availability has been assumed. 

However, in some studies GIS-based approach has been used for excluding land that is not 

suitable for wind farm development using industry standard criteria such as slope of land, 

altitude of land, water bodies and so on. 

 

Table 9: Onshore Wind Potential in India 

Study Onshore Potential (GW) 

NIWE 302 at 100 m 

LBNL 

2,006 at 80 m 

2,605 at 100 m 

3,121 at 120 m 

Xi Lu 1,324 

Jami Hossain 2,076 at 80 m 

Source: Various WRA Studies 

 

Thus, it is concluded that potential for onshore wind is not a constraint in scaling up wind 

power projects in India and envisaged onshore target of about 180 GW (onshore, small wind 

and repowering combined) out of 200 GW (balance 20 GW is off shore) can be achieved. 

However, there exists multiple challenges in terms of project development, policy and 

regulatory measures, grid integration and market for off take arrangements that need to be 

addressed if the available vast potential is to be harnessed on the scale envisaged as per Wind 

Vision 2032.  
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6. Way Forward 

During the course of Advisory Group meetings as well as Wind Discussion Forums, several 

reasons for the slow growth of wind energy were identified. All the issues were analysed and 

the most relevant ones were identified from the point of view of increasing wind capacity 

from 24 GW in 2015 to 200 GW by 2032. Based on the analysis, detailed deliberations were 

carried out at various discussion forums and views and opinions were expressed by members 

in the advisory group, detailed papers have been developed for each of the identified thematic 

issue, namely: 

 

Table 10: Vision Document and Thematic Reports 

Document/ Themes Description 

200 GW by 2032: A Multi stakeholder Perspective Wind Vision 2032 Document 

200 GW by 2032 - Initiative, Target Setting and 

Segmentation 

Cover Document 

Incentives - Policy, Regulatory and Tax  Theme Paper 

Wind Financing Theme Paper 

Wind Power Project Development Theme Paper 

Procurement of Wind Power Theme Paper 

Grid Integration of Wind Energy in India Theme Paper 

 

The above reports attempt to reflect the opinion of the industry on the issues prevailing in the 

sector and provide recommendations which have been evolved after an exhaustive research 

and extensive consensus building exercise. 

 

 

 

 

 




