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Witness Excellent Discussions, Debates and Presentations On The Most Relevant 
Developments In The Industry. 

          You will witness Interactive Forums On:

 Latest Developments In Turbine Technology
 Project Management, Asset Management Strategies
 Policy Developments At State and Central Level, Key Regulatory Issues
 Emerging Business Models For Small, Medium And Large Scale Renewables
 Financial Risk Analysis and Management models
 Best Proctices In IT, Data Management and Analytics
 Strategies To Improve Project Construction, Reduce Construction Time
 And Lots More....!!!

The conference programme is designed to give the participants the best of networking and
knowledge sharing opportunities

Founding Members Gold Partners

Insurance Partner

Session Partner

Co - Hosted Event

Wind 
IPP 

Summit

SKF 
Knowledge 

Forum

Indian 
Wind Expo 

2015

IWEF 
Awards 
Nights

300 + 
Delegates

30 + 
Exhibitors

Hotel 
Radissoon blu,
Paschim Vihar,

New Delhi

Join 
the Wind  Energy 

Leaders at 
 IWEF 2015



 3 www.windinsider.com

Advanced Master Classes On

EPC PROJECT MANAGEMENT
26th - 27th November, 2015, 

HOTEL CROWNE PLAZA, OKHLA NEW DELHI

COMPREHENSIVE MASTERCLASSES FOR FUTURE BUSINESS 

LEADERS OF THE INFRASTRUCTURE SECTOR 

REGISTRATIONS 
Kawaldeep Marwah / Aditi Gandhi
t: + 91 77188 77914 / +91 7718838392 

e: trainings@firstviewgroup.com

REGISTER 

YOUR TEAMS 

AND BENEFIT FROM 

GROUP RATES

15TH EPC CONTRACTING: LEGAL, TAXATION, 

COMMERCIALS & RISKS
15TH - 16TH OCTOBER, 2015, 

HOTEL AVASA, HYDERABAD

NEWS AT GLANCE

National...............................................................................................................Page 4

international........................................................................................................Page 5

ANALYSIS

A Global Outlook: Large Scale Grid Integration Of Wind Energy..............................Page 8

Can Chinese Wind Technology succeed in India ?...........................................Page12

Learning From The USA:  Tracking Core Roadmap Actions For Wind Energy Leadership
...........................................................................................................................Page 12

Green Bonds Can Unlock New Opportunities For Wind Sector........................Page 10

TECHNOLOGY 

Benefits of using Black Oxidized Bearings in Wind Applications.......Page 16 - 17

INDUSTRY OUTLOOK

Evolution of CDM : Indian Wind Industry................................................................Page 11

IN CONVERSATION WITH

Samuel Rajkumar, Sr. General Manager - Wind & Insight Business. , Romax Solutions Pvt. Ltd. 
............................................................................................................................Page 6

Dr. Rahul Walawalkar, President and MD, Customized Energy Solutions Pvt. Ltd.
............................................................................................................................Page 6

Satyendra Gupta, Executive Director & CFO, Aksh Optifibre Limited...............Page15

INDEX

India Gets Its Offshore Wind Energy Policy

The Indian Government has finally approved a national offshore wind energy policy which may lead to a significant rise in the country’s wind energy capacity.

During a meeting of cabinet ministers earlier this week, the Indian Government approved its new national offshore wind energy policy to promote and stream-

line the process of implementing offshore wind energy projects. As per the policy, the Ministry of New & Renewable Energy (MNRE) will be the nodal agency 

for implementation of wind energy projects, while the National Institute of Wind Energy (NIWE) will be responsible for allocating project sites.

“The approval paves way for offshore wind energy development, including setting up of offshore wind power projects and research and development activi-

ties, in waters, in or adjacent to the country, up to the seaward distance of 200 nautical miles (exclusive economic zone or EEZ of the country) from the base 

line,” a government statement said.

“With the introduction of the National Offshore Wind Energy Policy, the government is attempting to replicate the success of the onshore wind power devel-

opment in the offshore wind power development. The policy will provide a level playing field to all investors/beneficiaries, domestic and international,” the 

statement said.

The Global Wind Energy Council (GWEC) is spearheading a four-year project aiming to develop a roadmap for offshore wind power development in India, with 

a first focus on the states of Gujarat and Tamil Nadu. The project, which will be partnered by developer Gujarat Power, classification body DNV GL, the World 

Institute of Sustainable Energy  (Wise) and southeast Asia think-tank the Centre for Study of Science, Technology and Policy (CSTEP) is supported by €4m 

($5.5m) from the EU’s Indo-European Cooperation on Renewable Energy programme.

Suzlon Energy is also working on a 600 MW offshore wind energy projects off the coast of Gujarat. The company has already undertaken a technical feasibility 

study of the planned project, and will soon approach the government authorities for the requisite approvals.

The NIWE recently upgraded the onshore wind energy potential of the country to 302 GW. The offshore wind energy potential is also expected to be signifi-

cantly high. As on 31 July 2015 India had an installed wind energy capacity of 23.8 GW which is targeted to be increased to 75 GW by 2022.
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India’s National Stock Exchange Switches to Wind Power

There’s finally some good news from the stock markets. One of the leading stock exchanges 
in India, the National Stock Exchange (NSE), has invested in a wind energy project for captive 
power consumption. The stock exchange, the largest in India in terms of daily volume traded, 
will fulfil 65% of its power demand from the wind energy project.

NSE partnered with one of India’s largest wind energy solutions provider, Suzlon Energy, to set 
up the 6.25 MW project, which is expected to offset greenhouse gas emissions equivalent to 
12,730 tonnes of carbon dioxide every year.

NSE has taken several measures to boost energy efficiency and increase consumption of 
renewable energy at the Exchange Plaza, the headquarters of the NSE. The exchange con-
ducted an audit on the water and carbon footprint of the Exchange Plaza; experimented with 
demand response program with the local power utility; implemented thermal energy storage 
for air-conditioning systems during peak hours; and uses solar-powered lighting systems.

Through the changes in the laws and regulations over the last few years, Indian companies are 
now required to pay more emphasis to their corporate social responsibility, with amendments 
made to the Companies Act now requiring companies to invest more in environmental and 
social causes.

Several large companies are now looking to increase the share of electricity they procure from 
renewable energy sources. Infosys, one of the leading IT companies in India, and the world, 
has announced plans to switch to 100% renewable energy by 2018. Other companies are also 
looking to replace diesel-based power generators with small-scale solar power projects or 
have invested in group captive wind energy projects that feed to several consumers.

Wind forecast to help tap more power

Tamil Nadu has the enviable status of being one of the largest wind power-producing states; it 
also possesses more around 7,800MW installed capacity of this renewable power. Now to reap 
the most of this resource, the state is utilising a new wind power forecasting service. 

The output of wind farms, unlike conventional energy plants, is as changeable as the weather. 
So it’s not feasible to depend on it as the only source of power. 

However, this flaw can be rectified if the energy can be estimated beforehand for its effec-
tive management. The new prediction system developed by National Institute of Wind Energy 
(NIWE) in collaboration with Vortex Factoria De Calcul SL, a Spanish-based company, requires 
availability-based tariff (ABT) metres in wind energy pooling sub-stations. 

So far, these meters have been installed in 80 sub-stations in the state and by the end of this 
month another 40 sub-stations will have them, NIWE scientists said. 

The system will provide the forecast every 15 minutes for up to 10 days in advance. This will 
help Tangedco in scheduling and dispatching electricity from wind turbine generators. With 
the wind season on (May to October), the institute is aiming to provide highly accurate results 
and customizable and cost-effective service. With this, they will know how much energy is 
available and schedule their distribution reducing the burden on thermal plant stations, which 
supplies around 8,000MW of the total 14,000MW of the state’s energy requirement. 

India’s Mytrah Energy Raises $95 Million to Fund Wind Energy Projects

One of India’s leading renewable energy independent power producers, Mytrah Energy, has 
raised fresh funds to expand its generation capacity.

Mytrah Energy has revealed that it has managed to raise around $95 million to fund implemen-
tation of 100 MW wind energy projects. The company now has a fully funded project pipeline 
of 250 MW.

The company has an installed wind energy capacity of 543 MW across 6 states in India and 
plans to add 200 MW capacity by Q2 2016. Over the next 5-7 years the company has pledged 
to add 5 GW of wind energy capacity and 2 GW of solar power capacity. The company recently 
forayed into solar power sector and bagged rights to develop projects in the southern state 
of Telangana.

Mytrah Energy is working with some of the leading wind turbine manufacturers to power 
its capacity expansion. It has already installed turbines from Suzlon Energy, Gamesa, and 
ReGenPowertech at its operational wind projects. The company has recently partnered with 
GE and Inox Wind for supply of turbines for its new projects.

The company has entered agreements with several state governments to set up renewable 
energy projects. In 2012, it signed memoranda of understanding with Andhra Pradesh and 
Karnataka to set up 2.85 GW and 1.62 GW renewable energy capacity, respectively. In 2013, it 
signed an agreement with Gujarat to set up 1 GW capacity.

Mytrah Energy is backed by some of the leading funds globally. Goldman Sachs, Apollo Funds, 
and Merrill Lynch International are among the funds that have invested in the company. Mytrah 
Energy Limited was listed on the AIM segment of the London Stock Exchange in 2010 raising 
$80 million from institutional investors such as Capital Group, BlackRock, and Henderson. 
Since then, the company has raised about $570 million in debt to fund wind energy projects. 
 
Enel Initiates Acquisition of Indian Renewable IPP Bharat Light & Power

Italy’s Enel Green Power is set to initiate acquisition of Indian renewable energy project devel-
oper Bharat Light & Power following an announcement made earlier this year.

In June, media outlets reported that Enel was planning to acquire a majority stake in Bharat 

Light & Power for an estimated $140 million. Bharat Light & Power is a wind energy project 
developer with operational capacity of 172 MW.

Bharat Light & Power came into the limelight following its acquisition of 150 MW worth of 
wind energy capacity from India’s largest real estate company, DLF Limited, in 2013. Last year, 
Bharat Light & Power announced plans to increase its operational capacity to 1 GW over a 
period of 5 years at an investment of $1 billion.

Enel Green Power is expected to invest and acquire a majority stake in Bharat Light & Power in 
tranches, starting with a $56 million investment. The capital infusion is expected to help Bharat 
Light & Power expand its operational capacity.

Merger and acquisition activity in the Indian renewable energy sector has increased signifi-
cantly over the last few months following the government’s aggressive push to boost clean 
energy infrastructure. Foreign investment in the renewable energy sector will be critical for 
India to achieve its ambitious target to achieve an installed renewable energy capacity of 175 
GW by 2022. 

JP Morgan to Sell Stake in Indian Wind Energy Developer for $200 Million

Financial institutions, and private equity funds have significantly increased their activity in 
the Indian renewable energy market ever since the government announced aggressive policy 
measures to boost growth in the sector.

JP Morgan Asset Management Holdings, the investment arm of JP Morgan Chase, isreportedly 
planning to sell half of its 75% stake in Indian wind energy developer, Leap Green Energy, 
which it had acquired in tranches since 2010. Leap Green Energy claims to own an installed 
wind energy capacity of 300 MW, and plans to increase that to 1.5 GW in the “near term.” The 
company may also expand its presence in solar and hydro power projects.

The company acquired wind energy assets of 67.5 MW capacity from India’s leading real estate 
developer DLF Limited in 2013, spending over $40 million to acquire the wind projects.
JP Morgan is said to have invested $100 million in Leap Green Energy, and if the transaction is 
completed JP Morgan would reap substantial profits on its investment.

Earlier this year, SunEdison acquired Continuum Wind Energy from Morgan Stanley 
Infrastructure Partners for an estimated price of $600 million. SunEdison had also acquired100 
MW wind energy assets in India owned by Spain’s FersaEnergiasRenovables SA. Also this year, 
three private equity investors — New Silk Route, Bessemer Ventures, and Argonaut Ventures 
— sold a 75% to 80% stake in Kiran Energy Solar Power to French energy company ENGIE for 
$180 million and at an impressive profit of $140-150 million. 
 
Research and Markets has announced the addition of the “India Wind Power 
Market Outlook, 2020

In 2011, India saw an unprecedented $10.3 billion invested in clean technology, of which $4.6 
billion was invested in wind energy. This accounted for 4% of the world’s clean technology 
investments in 2011. 

Wind potential is concentrated in southern, western and north-western regions and grid con-
nected wind power projects have been operational predominantly in 8 windy states i.e. Tamil 
Nadu, Maharashtra, Gujarat, Rajasthan, Karnataka, Andhra, Madhya Pradesh and Kerala. Wind 
energy has been the biggest contributor to the share of renewable energy in southern region.

According to India Wind Power Market Outlook, 2020, in the first half of financial year 2014-15, 
capacity additions in states like Rajasthan have gone up to 108 megawatt (MW) from 35 MW 
last year, while Madhya Pradesh saw 94 MW of capacity in 2014 from no capacity being added 
during the same period in 2013, while a traditionally strong state Maharashtra saw a sharp fall 
in new windmill additions due to policy uncertainties.

India has a long coastline of over 7500 kilometres. In April 2012, the Ministry for New and 
Renewable Energy constituted an Offshore Wind Energy Steering Committee under the 
chairmanship of the Secretary, MNRE, to drive offshore wind power development in India in a 
planned manner.

Suzlon commissions 6.25 MW-wind power project for National Stock Exchange

Wind turbine maker Suzlon today announced the completion of 6.25 MW wind power project 
for country’s leading bourse National Stock Exchange (NSE). Suzlon Group was the technical 
partner for supply and commissioning of the project.

“National Stock Exchange of India Ltd (NSE) completed 6.25 MW wind power project. The 
project completion is a milestone achievement for NSE and Suzlon since it is India’s first Stock 
Exchange to deploy wind energy to off-set its captive power usage,” the company said in a 
statement. Sixty-five per cent of the energy consumption of NSE office located in Mumbai will 
be met by the wind project, it said.

“The project... will help in reducing 12,730 tonnes CO2 emissions annually,” it said.

“The investment in wind power project is part of our long term focus on sustainable develop-
ment. Harnessing wind energy for our operations is a step in that direction. 

This is in addition to the various power saving and energy efficient measures being undertaken 
at the premises,” NSE spokesperson Mahesh Haldipur said.

“NSE’s thrust on sustainable development and investments in wind energy will also encourage 
other corporates to harness wind energy for meeting their energy requirements and to hedge 
power cost for next 25 years thereby contribute towards a greener tomorrow,” Suzlon Group 
Chief Sales Officer Ishwar Mangal said.

NATIONAL NEWS
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INTERNATIONAL NEWS

New wind power plant in Cuxhaven, Germany

Siemens is investing around €200 million to a wind turbine manufacturing facility in Cuxhaven, 
Germany. A few days after announcing this project an official signing ceremony took place at 
the planned site of the factory. 

The new production will be located directly at the edge of the harbor and will have a surface 
area of 170,000 square meters – the size of roughly 24 soccer fields. By mid-2017 the produc-
tion of nacelles for the next-generation wind turbines D7 is to begin. 

This includes the final assembly of generators, hubs, and nacelle back-ends which are all con-
nected to form complete nacelles. The location at the port allows heavy components to be 
loaded directly onto transportation vessels, thereby avoiding expensive ground transportation.

“The decision to build a new production facility in Cuxhaven represents a clear commitment 
to Germany as a business location,” said Joe Kaeser, President and CEO of Siemens AG. “The 
new Siemens factory will employ up to 1,000 skilled employees. The expansion of offshore 
wind power capacity in Germany and Europe represents an enormous opportunity for northern 
Germany and Siemens.”

Wind Power In Germany Market Outlook To 2025, Update 2015: Worldwide 
Industry Share, Investment Trends, Growth, Size, Strategy And Forecast Research 
Report

Wind Power in Germany, Market Outlook to 2025, Update 2015 Capacity, Generation, 
Levelized Cost of Energy (LCOE), Investment Trends, Regulations and Company Profiles is 
the latest report from GlobalData, the industry analysis specialists that offer comprehensive 
information and understanding of the wind power market in germany.

The report provides in depth analysis on global renewable power market and global wind 
power market with forecasts up to 2025. The report analyzes the power market scenario in 
germany (includes conventional thermal, nuclear, large hydro and renewable energy sources) 
and provides future outlook with forecasts up to 2025. 

The research details renewable power market outlook in the country (includes wind, small 
hydro, biopower and solar PV) and provides forecasts up to 2025. The report highlights 
installed capacity and power generation trends from 2001 to 2025 in germany wind power 
market. 

A detailed coverage of renewable energy policy framework governing the market with specific 
policies pertaining to wind power is provided in the report. The research also provides com-
pany snapshots of some of the major market participants.

The report is built using data and information sourced from proprietary databases, secondary 
research and in-house analysis by GlobalDatas team of industry experts.

The Dutch Railway Could Run Solely on Wind Power By 2018

The Netherlands has an ambitious new energy goal: The country wants its entire electric rail 
system to run on 100% wind power within three years.

Railway Technology reports that Dutch energy company Eneco and the VIVENS rail companies 
signed a deal to make Dutch electric trains within Netherlands Railways run entirely on energy 
produced by wind farms. Wind farms already supply half of the 1,800-mile, 1.5kV DC network’s 
energy—a network that carries 1.2 million passengers a day.

The wind power will come from within the Netherlands, as well as Belgium and some 
Scandinavian nations; part of the objective is to promote increased renewable energy adoption 
in other European countries.

In the last few years, wind power has seen rapid growth in adoption worldwide. According 
to the International Energy Council, the land-based wind power installation rate has gone up 
around 24% annually every year since 2000. The council predicts that if world governments 
stick to plan, wind power could account for 18% of all energy production globally.

Back in the Netherlands, Eneco says it also entered a 10-year deal with Google to make its 
data center in the northern part of the country totally powered by wind farm energy as well.

The U.S. wind energy boom couldn’t be coming at a better time

The Obama administration’s Clean Power Plan, released last week, requires the country to use 
a lot more renewable energy by the year 2030 — and a lot less coal. And right on time, two 
new reports published Monday by the Department of Energy find that one key renewable sec-
tor — wind — is booming, a development that can only help matters when it comes to reducing 
carbon emissions.

The reports being released  — including the 2014 Wind Technologies Market Report, published 
by Lawrence Berkeley National Laboratory — suggest that wind is being installed at a rapid 
rate, that its costs are plummeting, that its technologies are advancing, and that it is creating 
a growing number of jobs to boot.

Wind energy in the U.S. is now at 66 gigawatts of installed capacity, according to the report — 
providing roughly 5 percent of total U.S. electricity demand. 66 gigawatts is enough electricity 
to  power 17.5 million homes (a gigawatt is a billion watts). 

And, says Jose Zayas, who heads the wind and water power technologies office at the Energy 
Department’s Office of Energy Efficiency and Renewable Energy, 13 more gigawatts are now 
“in the construction phase” and set to come online by 2016.

In the meantime, wind now provides 73,000 jobs, the new report finds. And most striking, it 
found that the wholesale cost of wind energy — bought under a “power purchasing agreement,” 
or PPA, in which a utility or company buys power from a wind farm under a long term contract 
— is now just 2.35 cents per kilowatt hour. That’s the lowest it has ever been.

Atlantic Wind & Solar recently announced its entrance into the South Asia region 

Atlantic Wind & Solar recently announced its entrance into the South Asia region and marked 
a new milestone in its project pipeline size, now surpassing 1 GW of renewable energy projects; 
an increase of almost 100% over the previous year. With 4 years of experience in Asia and the 
Middle East, the company’s management focused on Thailand and India markets.

In Thailand, Atlantic is currently structuring an agreement in regards to 230 MW of solar 
projects. In addition, the company is evaluating 90 MW of wind projects.  In India, Atlantic is 
structuring agreements around 210 MW of solar projects.  

Management recently returned from an extended business trip throughout south Asia which 
served to solidify relationships with local developers, broaden Asian networks, generate cross-
over interest between Asia and the Americas, and open up an additional 500 MW of projects 
for the future.

Wind seen providing 30pc of global power

Wind energy will be able to provide 25 to 30 per cent of global power demand by 2050, accord-
ing to a new report from the Global Wind Energy Council (GWEC).

A total of 318,137 MW of wind energy capacity were installed worldwide end of 2013, while 
45,000 MW were added in 2014, said GWEC, highlighting that the worldwide capacity was 
around 20,000 MW back in 2000.

Wind power plants are setting record highs mainly in Europe, followed by Asia and North 
America. China, however, could expand its wind power plants, meaning Asia would overtake 
Europe. In Germany alone, 24,867 wind turbines produced power free of emissions and envi-
ronmentally friendly. In 2014, total capacity summed up to 38,115 MW, reported the German 
Wind Energy Association.

“In offshore wind farms that stand up to 50 kilometres away from the coast, the power gen-
erated by a wind turbine is normally collected on offshore transformer platforms and trans-
ported further with high voltage,” valve and pump manufacturer KSB explained in light of the 
upcoming Valve World Expo, taking place at Messe Düsseldorf, Germany from November 29 
to December 1, 2016.

In a further step, the transformers make sure the power won offshore is fed into the power grid. 
Valves are needed here for the cooling circuits and fire-extinguishing systems.

Wind Turbine Makers Become Top Stock Performers as Growth Surges

Europe’s wind turbine makers are becoming top performers in the stock market as orders surge 
and the industry enjoys the fruits of cost cutting in years past.

Vestas Wind Systems A/S, the biggest manufacturer of the machines, on Wednesday detailed 
record first-half orders as profits exceeded analyst forecasts. That followed record production 
at German rival Nordex SE and a doubling of profits at Spain’s Gamesa Corp. Tecnologica SA.
From U.S. President Barack Obama’s Clean Power Plan to his Chinese counterpart Xi Jinping’s 
goal to halt rising greenhouse gases by 2030, leaders are rolling out policies as part of a United 
Nations drive to reach a global deal on climate change this year. 

Vestas and its rivals slashed costs and jobs in years past to pare back overcapacity that gutted 
margins and now are benefiting from increasing demand.

Obama aims for the U.S. to get 28 percent of its power from renewables by 2030, up from 5.5 
percent now. The European Union’s renewable energy target for the same year is 27 percent 
and China aims to get 20 percent of energy from renewables and nuclear power.

Wind energy can help Missouri affordably meet the Clean Power Plan

Federal officials just finalized the Clean Power Plan, which requires states to find ways to 
reduce carbon pollution from power plants. Missouri can meet the terms of the plan — and 
protect Missourians’ health and wallets in the process — by pulling the clean energy it needs 
literally out of thin air. In other words, by turning to wind power.

According to the Energy Information Administration, a nonpartisan branch of the U.S. 
Department of Energy, the most affordable solution for meeting the majority of the plan’s 
requirements will be to install more wind turbines.

The cost of wind has fallen nearly 60 percent in the last five years. Better technology and parts 
more conveniently manufactured in America, including in 10 factories in Missouri, have helped 
reduce costs. That makes wind-generated electricity one of the least, if not the least, expensive 
electricity sources in the United States.

The unique ability for utilities to lock in stable prices for wind power for up to 25 years can help 
them offset future price spikes for fuel — just like a fixed-rate home mortgage protects against 
increases in interest rates. Indeed, the EIA finds that wind energy can play a critical role in 
hedging against price increases when complying with the Clean Power Plan.
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IN CONVERSATION

To begin with, what has been CES’s con-
tribution so far in the Wind sector? What 
are the various wind solutions provided by 
CES’s for the wind industry?

Customized Energy Solutions was founded 
in 1998 in Philadelphia with focus on electric-
ity sector deregulation and upcoming oppor-
tunities for various stakeholders including 
renewable developers. For wind sector, CES 
provides end to end consulting and opera-
tional optimization services. These include, 

We also provide services to manage the Renewable Energy 
attributes through REC trading to our clients.

MarketIQ, our regulatory reporting and 
analysis service that keeps wind developers 
up to date on various policy and regulatory 
changes that can influence their portfolio and 
future opportunities. We provide assistance 
with grid interconnection studies. We work 
with our clients to help them explore various 
options from bilateral trading to energy mar-
kets for maximizing value of their portfolio, 
while managing risks from forecasting errors. 
We have invested in a full fledge Network 
Operations center with utility grade SCADA 
system and 24*7 operations to provide such 
assistance to our clients. 

We also provide services to manage the 
Renewable Energy attributes through REC 
trading to our clients. Currently we manage 
a portfolio of over 5000MW of assets that 
include over 2000 MW of wind farms in North 
America and are working with Indian clients 
to introduce similar services in Indian market. 

Apart from these services, we also have a 
specialized Emerging technology team that 
has worked with all leading wind developers 
in exploring integration of energy storage with 
wind farms for providing innovative business 
models, including ancillary services and / 
wind firming & smoothing.

In India we were one of the 1st companies to 
help show viability of such active resource 
management to address the growing pressure 
from regulators on wind scheduling. 

We have also been invited to be part of the 
National Taskforce on Renewable Integration 
by CEA and MOP in India. We also have 
launched India Energy Storage Alliance to 
bring together wind industry with global lead-
ers in energy storage for providing cutting 
edge solutions to India.

Financing is still a major issue in the wind 
sector. According to you, what can be done 
to resolve these difficulties?

If wind industry tries to rely on the PPAs with-
out addressing issues related to variability of 
wind, then there will be challenges in finding 
cost effective financing options, as significant 
risks such as wind curtailment and negative 
pricing exist as wind continues to grow its 
share in electric grid. Wind industry is evolv-
ing quite rapidly and they need to start devel-
oping new offerings such as hybrid solutions 
and various power purchase options that 
include wind firming and smoothing.

Various consulting firms are coming up in 
the renewable energy sector and thereby 
increasing competition. How does CES 
stand out from its competitors? 

CES differentiates by the thorough under-
standing of the regulatory, Market and techni-
cal landscape.

Our focus and expertise on operations of 
range of assets give us un-parallel depth of 

Dr. Rahul Walawalkar 
President and MD, 

Customized Energy Solutions Pvt. 
Ltd.

understanding of issues which are very diffi-
cult for typical consulting firms to understand. 

We don’t stop at providing consulting reports, 
but also stay involved with projects with our 
clients and help them manage operating risks 
during operations phase of the project as well.

To end with, an advisory firm always leaves 
the industry with an advice, what is your 
advice to the wind industry for the coming 
years?

We see tremendous opportunity for growth of 
wind industry in India. Currently from 23 GW, 
wind industry is expected to add 60 GW of 
additional capacity by 2022 based on expec-
tations set by MNRE. 

To meet this ambitious target, wind Industry 
needs to step up and stop fighting regulations 
on wind scheduling. It is very clear that wind 
scheduling will have to be part of the solution 
if wind industry has to grow at 5-10 GW / year 
vs the 1-2 GW / year capacity addition it is has 
achieved in past 5 years.  

With the innovations in business models as 
well as advances in energy storage tech-
nologies, range of hybrid solutions can be cost 
effectively introduced in Indian marketspace 
with in next 2-3 years that can change the 
landscape and ensure continued growth of 
wind industry in India.

Samuel Rajkumar. 
Sr. General Manager - Wind & Insight 

Business. 
Romax Solutions Pvt. Ltd. 

What has your experience been like work-
ing with Inox Wind forsix years? Could you 
add a few lines on the trust and compat-
ibility between Romax and Inox?

When we first proposed it 7 years ago, Romax 
had a build-to-print supply chain model that 
was ahead of its time. Inox had the vision to 
place a bet on that model. Now we can see 
that this supply chain model is widespread in 
the industry. 

It is common knowledge that international 
players, such as GE and Gamesa, also use 
this supply chain model now. Those who were 
early adopters now have a very strong com-

requirements that have a detrimental effect 
on the reliability of the gearbox. Inox have 
a design where no such compromises have 
been made, and where the bearings have 
been designed and selected in close collabo-
ration with leading European bearing suppli-
ers. This is a lesson that the industry has to 
learn. 

With this long term partnership with Inox, 
how is Romax aiming to grow the Wind 
energy sector in India?

Supply chain is largely ‘solved’; what is the 
next challenge? Running turbines produce 
a wealth of data, and international players 
are applying “Big-Data” analytics to create 
smarter turbines that generate more power, 
cost less to maintain, and provide enhanced 
levels of service to the customer. 

If they implement their international O&M 
practices in India, then the local players could 
feel competitive pressure. 

Romax has “Big-Data”analytics developed 
in partnership with European utilities and 
American IPPs that can match anything the 
international OEMs can offer. 

We have a track record in India of adapt-
ing the state-of-the-art technology to local 
conditions, and ensuring that our local play-
ersremain competitive. We hope that the 
local industry has the vision to take on this 
challenge. 

petitive advantage over their peers. 
How do Romax manage to deliver high 
quality gearboxes to Inox? What are the 
efforts taken by Romax to improve and 
maintain the standard of products over 
the period of time and retain one of their 
essential clients at the same time? 

We have been very clear on this from the 
start – we work for Inox, not for the gearbox 
manufacturer. 

We are gearbox insiders, and all our inside 
knowledge, including on quality, certification, 
supply chain, etc., is made available for the 
benefit of Inox. 

This guarantees that Inox can get the best 
from their gearbox manufacturing partners. 
However it is a win-win for the gearbox 
manufacturing partner as well – they get the 
technology transfer of a world class design 
created by us and sponsored by Inox. 

Quality needs up-front investment, and Inox 
have had the foresight to work with us on this. 

How does this partnership strengthen 
Romax’ ability to tackle the technical chal-
lenges in the industry?

After over 6 years of operation, all indications 
are that our solution is delivering the kind of 
reliability record that is unprecedented in the 
wind market. 

Often, ifwe are commissioned to design a 
gearbox by a gearbox manufacturer, the gear-
box manufacturer stubbornlyspecifies certain 

We are gearbox insiders, 
and all our inside knowledge, is made available for the 

benefit of Inox. 

Romax has “Big-
Data”analytics devel-
oped in partnership 
with European utilities 
and American IPPs 
that can match any-
thing the international 
OEMs can offer. 
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Renewable generation from wind and solar 
has increased substantially during past few 
years and forms a significance proportion of 
the total generation in the grid. 

This renewable generation is concentrated 
in a few states, to the extent that it cannot 
be called marginal generation and serious 
thought needs to be given to balance the vari-
ability of such generation. 

There is an ambitious programme for increase 
of such Renewable Generation and therefore, 
it is imperative to work out a way forward for 
facilitating large scale integration of such vari-
able Renewable Energy Sources (RES), keep-
ing in view the security of the grid.

Moreover, as we move towards a tighter fre-
quency band, it becomes even more challeng-
ing to balance this variable RES. 

The variability of RES power can be addressed 
through improved forecasting techniques, 
which are still evolving. When the percentage 
of RES becomes significant, special attention 
needs to be paid to accurately forecast their 
output.

India is a country of continental size and this 
is helpful in balancing the variable output 
of renewable energy sources located in few 
states by integrating them into all India grid. 

The inter state and inter regional transmis-
sion infrastructure is already being developed 
and it is expected that all the five electrical 
regions of India would be synchronously con-
nected in 2014. 

However, new transmission corridors would 
be required for evacuating green energy from 
states such as Tamil Nadu, Gujarat, Rajasthan 
and J & K (Ladakh). It has now been rec-
ognized by the transmission planners that 
in view of the short gestation period of RE 
plants, the transmission has to lead genera-
tion and would require upfront investment. 

Such transmission corridors required in the 
next five year time span have already been 
firmed up through the established process of 
coordinated transmission planning and their 
implementation is being taken up progres-
sively.

During the 12th five year plan, capacity addi-
tion programme of around 88,537 MW has 
been planned from conventional generation. 

CEA has made an assessment of capac-
ity addition (wind/ solar/ small hydro) likely 
to come up during the 12th Plan and it is 
envisaged that about 32,000 MW is likely 
to come up in eight RE rich states i.e. Tamil 
Nadu, Karnataka, A.P., Maharashtra, Gujarat, 
Rajasthan, Jammu & Kashmir and H.P. 

The corresponding intra-state and Interstate 
transmission systems have already been 
planned. 

However, a comprehensive scheme for wind 
and solar forecasting stations, communication 
system and Renewable Energy Management 
Centres (REMC) is yet to be planned and 
taken up. 

Out of the 32,000 MW of RES, consisting of 
Wind, Solar and Small Hydro, about 30,000 
MW is expected to come from solar and wind 
energy.

The peak wind generation in a State occurs in 
a different season as compared to the months 
of peak requirement of the State. Managing 
such a variable supply into the grid each 
month is becoming increasingly challenging 
for India.

Present Method of Balancing by Indian 
States

Tamil Nadu

Tamil Nadu has stated 
that it manages the 
variability through 
reduction of genera-

tion in their coal-based power plants, which 
are older plants of 210 MW. There are 12 
such units, whose generation can be varied 
between 170-210 MW, below 170 MW they 
would need oil support, which increases the 
cost of thermal power. Tamil Nadu has long 
term PPA with IPPs totaling to 1000 MW 
located in the state, which are backed down, 
when required. 

They are constrained from using their hydro 
power plants for balancing. As against the 
total Hydro installed capacity of 2237 MW in 
Tamil Nadu, the non-irrigation based stations 
which could only be regulated according to 
the grid requirements is only 1325 MW. 

As June- September period has both high 
winds and high inflows to the reservoirs, the 
hydro stations have to be operated at full load 
and as such are not available for balancing. 

Further, the only available Pumped storage 
scheme of 400MW Kadamparai is also not 
operated since being the south west mon-
soon season, both upper and lower reservoirs 
i.e. Upper Aliyar & Kaddamprai are filled up to 
their maximum level, and hence, any restric-
tion of generation would result in spillage of 
water and therefore wasting of free genera-
tion. 

The gas based stations in Tamil Nadu are radi-
ally connected to the gas wells and therefore 
gas flow cannot be varied to produce variable 
generation.

Tamil Nadu has suggested that the evacu-
ation of the entire wind power needs to be 
facilitated by regulating the other generating 
sources in the Southern Region and the spin-
ning reserve available in the Southern Region 
should be extended for balancing the RES of 
the whole region which may be extended to 
national level.

Gujarat

Gujarat presently uses both its thermal and 
hydro power stations for balancing. It keeps 
a margin in its thermal and hydro generation 
to balance the variations of wind and solar 
generation. Their thermal units of 240 MW 
at Sikka and Wanakbori can be varied up to 
140 MW. 

They also get supply from NTPC units of 500 
MW and NTPC has now agreed to the request 
of Gujarat to vary their generation from 60% 
to 100% of unit capacity for balancing. 

The increased cycling and rapid ramping up 
and down may result in wear and tear impacts 
that leads to increased capital and mainte-
nance costs and degraded performance over 

a period of time. 

Heat rates and emissions from fossil fuel 
generators will be higher during cycling and 
ramping than during steady state operation. 

However, Gujarat has brought out the com-
mercial disadvantages for managing this vari-
ability. 

It has stated that against a wind must-run 
generation with an average tariff of Rs. 3.56 
per unit in June 2012, they had to back down 
cheaper generation of about Rs. 2.50 to Rs. 
2.70 per unit. In addition they had to buy cost-
lier power from the market.

Gujarat has created a renewable desk and a 
dedicated engineer for weather forecasting. 
They are in the process of installing weather 
sensors at places where wind generation is 
50 MW and above, which would measure six 
parameters of weather, viz., relative humid-
ity, temperature, wind speed, wind direction, 
atmospheric pressure and rainfall every 10 
seconds and relay the data to the weather 
desk in the SLDC. These are expected to be 
functional within 2 months.

Operational planning to cope with wind 
variation

The Gujarat RE desk prepares anticipated 
variation for wind / solar generation as well as 
load for the same day, next day and for next 7 
days and updates it every three hours.

Short term plan:

In case of High wind generation and high load 
scenario:

1. Keep adequate margin on State thermal, 
gas and Hydro plants to accommodate up to 

A Global Outlook: Large Scale Grid Integration Of Wind 
Energy

Some Key Insights Into The Current Practices Of Indian States and Global Countries 
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50% of wind generation.

Large Scale Grid Integration of RES_ CEA

2. In absence of above margin, requisite un-
requisitioned share of Gujarat in the central 
sector power plants and create above margin.

3. In absence of option 1 & 2, the power sup-
ply to agriculture feeders shall be arranged 
in groups. Curtail the feeder which has com-
pleted 50% time limit.

In case of High wind – low load condition 
scenario:

1. Back down the state generating units to 
technical minimum.

2. Reduce the schedule of Gujarat from the 
central sector units such that the units run on 
technical / coal minimum.

3. Reserve shut down of smaller state gen-
erating units and schedule full share from 
central sector units.

4. In case of less regional demand, reserve 
shut down of smaller central sector units.

Long term plan:

1.  Keep all Hydro machines in operation.
2.  A pump head storage plant may be planned.
3. Explore the possibility of use of energy stor-
age technology to store wind energy at off 
peak period and use at peak period. A pilot 
project of such storage technology may be 
implemented at state level.

Rajasthan

Rajasthan has a wind generation capacity of 
2539 MW as on 31.03.2013 which is expected 
to increase to about 3500 MW by 2016-17. 
Variations in wind generation up to 1140 MW 
have been recorded in a day. 

Rajasthan uses coal and lignite based gener-
ating plants to balance the wind variability in 
the State by reducing to the extent that they 
do not need oil support for steady flame in 
the boiler. They also use their two gas-based 
stations, Ramgarh (113 MW) and Dholpur (330 
MW) for balancing. Since wind generators do 
not provide the required VAR support, over 
voltage causes over-fluxing in transformers 
resulting in tripping.

Learning From The International 
Experience

China

According to the 
Renewable Energy 
Law and related regu-
lations, wind power 
and other renewables 
should be given first 

priority in generation scheduling and dis-
patching under normal power system operat-
ing conditions. 

To meet this requirement, grid operators con-
sider predicted wind power generation in the 
mid to-long term, day-ahead and intra-day 
operation planning processes and fully exploit 
flexibility from conventional power plants, 
as well as the capacity of intergrid tie-lines 
to accommodate the maximum wind power 
while maintaining system security and reli-
ability.

The requirement is also emphasized for Wind 
Power Plants (WPPs) to be equipped with 
control and monitoring systems; these serve 
to enhance their controllability and provide 
operational information to grid operators. 

All grid connected WPPs have been equipped 
with control and monitoring systems that can 
communicate with the dispatching centers in 
real time. 

Based on wind power forecasting at different 
time scales, a “wind power optimal dispatch-
ing decision support system” had been devel-
oped and put into operation in the dispatching 
centre.

Germany

50 Hertz Transmission 
GmbH (50 Hertz) 
is one of four TSOs 
(Transmission System 
Operator) in Germany. 
50 Hertz operates in 

the northern and eastern parts of the country. 
At the end of 2010, the total installed genera-
tion in the 50 Hertz control area (i.e. including 
the share connected to related distribution 
grids) was about 38,000 MW, of which about 
30 % was wind. 

The peak load in 50 Hertz control area was 
only about 17,600 MW. This makes 50 Hertz 
the only known power system in the world 
that has this level of wind power capacity, 
relative to both peak load and generation. 

This large constellation of RE generation 
has caused several operational challenges 
in 50Hertz control area, especially when the 
actual wind power in-feed exceeded the 
demand such as during low load conditions. 
During these times, the excess wind capacity 
in 50 Hertz has to be transported to neigh-
boring TSOs, where the electrical demand 
is much higher. This transport requires a 
very close coordination between 50 Hertz 
and neighbouring TSOs in and outside of 
Germany.

Wind forecasting is currently being used in 
the 50Hertz control room. 50 Hertz uses 
three different forecast tools. It receives wind 
power forecast data from four different fore-
cast service providers. The forecast horizon 
is 96 hrs and beyond that it’s updated twice 
a day. The information is combined using a 
weighted sum. Dispatchers use the informa-
tion to develop an operational forecast.

The German “Renewable Energy Sources Act” 
amendment introduced a new mechanism for 
wind power balancing, which requires each 
system operator to contribute to balancing 
the whole country’s wind power output in 
proportion to the size of its regional grid. 

This mechanism allocates wind power and the 
associated fluctuation to each system opera-
tor in real time. It is more equitable in the 
distribution of balance services and related 
costs. The four system operators have devel-
oped a real-time wind power monitoring sys-
tem to determine the wind power balancing 
capacity that every system operator should 
be responsible for.

In fact, as concerns wind power, the regional 
grids have integrated into a single large grid 
in Germany.

Japan

Japan’s power system 
consists of two parts, 
the Western 60 Hz net-
work and the Eastern 50 
Hz network, which are 

interconnected through frequency converter 
stations. 

The Eastern network consists of three utili-
ties: the Hokkaido Electric Power Company 
(EP), Tohoku EP and Tokyo Electric Power 
Company (TEPCO). Hokkaido EP is intercon-
nected with Tohoku EP through DC subma-
rine cables, and Tohoku EP and TEPCO are 
connected by a 500 kV double circuit AC 
transmission line. 

The areas suitable for wind power genera-
tion are limited by geographical factors, and 
they are unfortunately concentrated in areas 
whose system capacities are comparatively 
small. Most wind resources are located in 
the smaller Hokkaido and Tohoku EP areas, 
where peak demand is around 5 GW and 15 
GW respectively. In the area of TEPCO, which 
has an electricity demand of 60 GW including 
the Tokyo metropolitan area, there are few 
suitable locations for wind power. 

This situation poses a challenge for wind 
power integration, since the amount of RE 
that can be integrated into a grid depends on 

the capacity of the network where the RE is 
located. To enhance wind power integration, 
one option is to use inter-ties between utilities 
efficiently to balance wind power generation 
output with the output of the thermal power 
plants being reduced accordingly to absorb 
the incoming wind power. These collaboration 
schemes will improve the utilities’ capability 
to accommodate wind power, but the capabil-
ity is limited by the capacity of the inter-ties. 
When the capacity of the inter-ties is insuf-
ficient, excess wind power generation has to 
be curtailed.

Spain

Red Eléctrica de 
España, S.A.(REE) is 
dedicated to the trans-
mission of electricity 
and the operation of 
electricity systems of 
Spain. Red Eléctrica, 

the Spanish TSO, started up a Control Centre 
of Renewable Energies (CECRE) in 2006, a 
worldwide pioneering initiative to monitor and 
control Renewable energy.

CECRE allows the maximum amount of pro-
duction from renewable energy sources, 
especially wind energy, to be integrated into 
the power system under secure conditions. 
CECRE is an operation unit integrated into the 
Power Control Centre (CECOEL). 

After June 30th 2007, all wind production 
facilities with a total installed power greater 
than 10 MW must be controlled by a con-
trol center that is directly connected to the 
CECRE. These wind generation control cen-
ters must have enough control over the plants 
that they can execute CECRE’s orders within 
15 minutes at all times.

By means of 23 control centers of the gen-
eration companies, which act as interlocutors, 
CECRE receives, every 12 seconds, real time 
information about each facility regarding the 
status of the grid connection, production and 
voltage at the connection point. 

This data is used by a sophisticated tool which 
makes it possible to verify whether the total 
generation obtained from renewable ener-
gies can be integrated at any moment into 
the electricity system without affecting the 
security of supply. The control centres are 
able to control wind power output according 
to setting values issued by CECRE within 15 
minutes at any time. For power system secu-
rity reasons, if necessary, it has the right to 
reduce the wind power output. 

On one hand, it can determine the maximum 
RE which the entire system can accommo-
date while still guaranteeing system secu-
rity. On the other hand, using an optimization 
method, it can calculate the maximum output 
of each wind farm. The resulting setting thus 
calculated is sent to every control centre.

Although wind farms are declaring their fore-
casted generation, REE is also doing wind 
forecasting separately. SIPREOLICO is a wind 
prediction tool for the Spanish peninsular 
power system. It is a short-term wind power 
prediction tool (detailed hourly forecasts up 
to 48 Hrs in advance & aggregated hourly 
forecast up to 10 days in advance)

USA

Due to different grid 
composition, rules and 
wind power penetra-
tion, the various regional 
grids of the USA have 

developed widely varying wind power sched-
uling, dispatch and operational mechanisms. 
For example, the California Independent 

System Operator (CAISO), as a leader in 
state-of-the-art mechanisms, has devel-
oped a Participating Intermittent Resource 
Program (PIRP) that allows individual wind 
facilities to self-schedule according to shared 
forecasting technologies. One tool the ISO 
uses in managing the grid is the ancillary 
services market. Power suppliers offer special 
energy products that “stand by” and are ready 
to act in case of sudden loss of a power plant 
or transmission line. There are four types 
of ancillary services products: regulation up, 
regulation down, spinning reserve and non-
spinning reserve. Regulation energy is used 
to control system frequency that can vary as 
generators access the system and must be 
maintained very narrowly around 60 hertz. 
Units and system resources providing regula-
tion are certified by the ISO and must respond 
to “automatic generation control” signals to 
increase or decrease their operating levels 
depending upon the service being provided, 
regulation up or regulation down.

Spinning reserve is the portion of unloaded 
capacity from units already connected or 
synchronized to the grid and that can deliver 
their energy in 10 minutes and run for at least 
two hours. Non-spinning reserve is capacity 
that can be synchronized and ramping to a 
specified load within 10 minutes. The New 
York Independent System Operator (NYISO) 
requires wind farms to behave like conven-
tional power in order to participate in real-
time electricity markets in certain circum-
stances, the wind farm must reduce output 
power or be fined if it exceeds the value 
specified in scheduling instructions.

ANALYSIS

India is a country of 
continental size and 
this is helpful in bal-
ancing the variable 
output of renewable 
energy sources locat-
ed in few states by 
integrating them into 
all India grid. 
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INDIAN OUTLOOK

So, what are green bonds? They are like 

normal bonds with proceeds earmarked for 

green investments, and that have been explic-

itly labelled as ‘green’ by their issuers.

The first green bond, called a Climate 

Awareness Bond, was issued by the European 

Investment Bank in 2007, and was followed 

by a green bond issuance from the World 

Bank in 2008. During its first few years the 

labelled green bond market was tiny and was 

composed of issuance of multinational devel-

opment bank bonds. 

In March 2013, the International Finance 

Corporation (IFC) issued a USD 1 billion 

benchmark green bond. All of the bond’s 

proceeds were earmarked for green projects, 

and there was no credit risk related to the 

underlying projects; the IFC took the credit 

risk. The deal sold out in one hour and was 

several times oversubscribed.

That got the attention of the world’s invest-

ment bankers and corporate issuers, and 

soon there was a lot of talk of earmarking 

for green projects. The first corporate green 

bond came to market in November 2013, and 

by the end of 2014 corporate issuers held 

35% of the market share. Prominent issuers 

to date include GDF Suez, EDF, Iberdrola, 

Toyota and more. 

The Climate Bonds, Initiative expects issu-

ance of labelled green bonds to reach about 

USD 300 billion by 2018.

In addition to this rapidly growing green 

labelled market, there is a significant mar-

ket of non-labelled bonds that fund low-

carbon and climate-resilient investments. The 

Climate Bonds Initiative publishes an annual 

report on this unlabelled climate-themed 

bond universe. 

In 2014 its estimate size was USD 502.6 bil-

lion – much larger that the green labelled 

market. At the moment, this is where we find 

the majority of bonds from the wind sector, as 

the issuers in the wind sector often are pure-

play companies that do not label their bonds 

explicitly as green. 

This is the investment universe that held 

the bonds from wind developer Vestas until 

they recently decided to label their latest 

corporate bond issuance as green. In 2014, 

we identified almost USD 13.5 billion of such 

unlabelled wind bonds outstanding globally. 

All of that could benefit greatly by becoming 

part of the green label scheme.

Why does the label matter? The wind bonds 

sector by itself is too small to be a stand-alone 

sector of the bond market. Green bonds are a 

much larger and more liquid sector, providing 

an umbrella for wind and other clean energy 

investments: clean transport; climate adapta-

tion projects and much more. Wind energy 

companies issuing in the green bond market 

become a part of this growing and liquid 

green bonds asset class. The green label also 

gives them access to a much broader inves-

tor base – and can lower their cost of capital 

as a result. Many bond investors have been 

deterred by an illiquidity premium attached 

to wind investments, but because the green 

bond market offers a more liquid option to 

access wind investments, these investors can 

now start jumping in.

The bond market is also highly responsive 

to measures that reduce friction and that 

make it easier for engaged investors to pick 

A instead of B. 

Simplifying this discovery process will fuel 

green market growth: this is exactly what 

green bonds are doing by providing an easily 

identifiable label. The label is a discoverability 

tool for investors.

Discoverability tools are important; they link 

relevant bond investments to the broad con-

cerns around climate change and environ-

mental sustainability. Discovery can be sur-

prisingly difficult in what is a relatively new 

and immature market. Often, investors aren’t 

sure what the relevant investments are, or the 

investments aren’t presented in a way that 

they can connect to their overarching green 

prioritization – which is growing.

Growing Appetite

A large share of the world’s investors are 

acutely aware of climate change and keen 

to put their capital to work in climate related 

investments – subject to risk and yield profiles 

that are competitive with existing investment 

opportunities.

Over the past year, investors from around the 

globe have been vocal about their interest in 

sustainable investments. At the UN Climate 

Summit in September 2014, a group of inves-

tors representing USD 24 trillion of assets 

under management (for comparison, US GDP 

is USD 17 trillion) called for swift action on 

climate change and said they stood ready to 

invest. 

A separate group, this time a USD 19 trillion 

coalition of insurance investors representing 

two third of the world’s insurers, said they 

planned to scale up their climate related 

investments by a factor of 10 over the next 

five years. 

Later in the year, in the ‘Investor Statement. 

Green Bonds & Climate Bonds’, funds rep-

resenting USD 2.24 trillion of assets under 

management expressed their commitment to 

expand the green bonds market and called 

on governments to deliver projects to be 

financed.

Clearly, there is lots of investor demand for 

green investments, provided that these also 

meet investors’ financial criteria.

Satisfying The Appetite

The biggest challenge now is to translate 

investor attention and public commitments 

into actual investment. Institutional investors 

need to be provided with a huge pipeline of 

investable deals to deliver the green infra-

structure projects – including wind projects 

– and kick along our transition to a green 

economy.

There is a potential for the green bonds 

market to reach USD 100 billion in 2015. The 

reason for that is that a lot of repackaging can 

and will take place. Apart from obvious low 

Green Bonds Can Unlock 
New Opportunities For Wind Sector

carbon areas such as wind, another example 

of assets that can and should become part 

of the green label are rail bonds. Transport 

accounts for 23% of energy sector emissions 

and low-carbon transport is a critical green 

investment. As rail bonds are brought in to the 

market through education and adding some 

reporting requirements, greater scale and 

liquidity will be achieved, making it easier for 

other sectors issuers – like wind issuers

- who can then be issuing into what will be 

seen as a larger and more liquid market, with 

commensurate downward pressure on capital 

costs. The increasing size of the overall mar-

ket makes it more attractive for specialised 

sectors like wind energy to tap into the green 

bond market.

Despite the exponential growth, if we look at 

absolute size rather than growth rates, the 

green bonds market is dwarfed by an average 

issuance of USD 100bn per week in invest-

ment grade bonds alone.

There is a lot more room for growth. The 

International Energy Agency tells us that to 

get the world on the 2°C emissions trajectory, 

USD 36 trillion of investment above business 

as usual will be needed by 2050. Low-carbon 

industries must grow, on average, 25-30% per 

annum globally.

Niche financing solutions will not be suf-

ficient, and neither will public sector funds 

alone. This means that tapping the largest 

market of all, the USD 100 trillion bonds mar-

ket, is essential. The massive growth in the 

green bonds market is evidence of capital 

beginning to move as required.

Clearly, there is lots 
of investor demand 
for green investments, 
provided that these 
also meet investors’ 
financial criteria.
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INDUSTRY OUTLOOK

The Kyoto Protocol, which was adopted in 
Japan in 1997 and entered into force in 2005, 
committed industrialized countries to reduce 
their greenhouse gas emissions. 

Its ultimate objective is to stabilise green-
house gas (GHG) concentrations in the atmo-
sphere at a level that would prevent dan-
gerous anthropogenic interference with the 
climate system.

The Kyoto Protocol introduced three flexible 
market based mechanism:

1) Clean Development Mechanism by 
which developed countries can meet their 
reduction commitments by investing in green-
house gas emission reduction and sustainable 
development projects in developing coun-
tries. The credits earned from CDM projects 
are known as “certified emissions reductions” 
(CERs). 

2) Joint Implementation (JI) can only be 
between Annex I countries. An Annex I coun-
try can invest in emission reduction projects 
in any other Annex I country as an alternative 
to reducing emissions domestically.

3) Emission Trading (ET) is a market 
based mechanism for Annex I countries only. 
 
CDM: Indian Wind Industry

The renewable energy installed capacity 
stands at 35.78 GW out of the total approxi-
mate installation of 270 GW in the country, as 
of March 2015. India is already the world’s fifth 
largest producer of wind power. Other renew-
able energy sources like solar, small hydro, 
biomass power and bio-fuels are also being 
increasingly tapped. 
 
India is one of the biggest CDM host countries 
in the world. More than 2200 CDM projects 
are either already registered or under valida-
tion. 

More than 943 from these projects are wind 
power plants, 334 are biomass projects, 225 
hydro power projects and 167 solar power 
projects. (http://www.cdmpipeline.org/publi-
cations/CDMStatesAndProvinces.xlsx) 
 

Presently most of renewable energy compa-
nies possess some carbon credits. The carbon 
market has since collapsed from 22 euro to 40 
euro cents presently, due to a number of rea-
sons, the biggest of which is the over-supply 
of credits at a time when the world went into 
recession in 2008. 

For years, world leaders have been splitting 
hairs over how to ginger up the carbon mar-
ket, which is a significant means of gathering 
funds for greenhouse gases emission mitiga-
tion projects.

Today, carbon credits are going for a few 
cents. In June 2015, Indian climate advisory 
firm advertised that was willing to buy 20,000 
carbon credits for 35 (euro) cents each. 

Not many companies are so lucky. Many 
Indian projects that have features that reduce 
carbon emissions have been given tradable 
instruments called ‘certified emission reduc-
tions’ (CERs, or ‘carbon credits’). Reliance 
Power’s website, for instance, proudly 
declares that the company is the world’s larg-
est generators of carbon credits and has 60 
million CERs on hand. 

The accelerated impacts of climate change 
has raised concern for humanity at an alarm-
ing pace and urged urgent actions to avoid 
catastrophic climate change. 

However, UNFCCC climate talks provided a 
pivotal moment for addressing the issues of 
climate change. India’s economy is also highly 
coal dependent, also growing rapidly, also on 
a trajectory of rapid urbanization. The Lima 
summit spread a clear message that this living 
planet could only be saved by collective indi-
vidual efforts.  Consequently, from a common 
man to spiritual leaders who are feeling the 
heat of the melting Himalayan glaciers have 
joined the ranks of green crusaders to raise 
their voice against the global warming.

In many global research, conferences and 
meetings since 1990, It have been estab-
lished that the concentration of greenhouse 
gases in the atmosphere is approaching the 
levels beyond which are irreversible in nature 
and potentially harmful. The 21st international 
Conference of Parties (COP) under the UN 
Framework Convention on Climate Change 
(UNFCCC) is to be held in Paris in from 30 
November to 11 December 2015, where a 
new climate agreement for emission reduc-
tion post 2020 is expected to be finalized to 
improve india’s stand on key issues related to 
fuel switch, energy-efficiency, green building 
and off grid systems.

Steps of CDM Cycle

Evolution of CDM: Indian Wind Industry

Percentage share of the total number of projects of in the CDM categories (Source: CDM Pipeline)

Mr. Rahul Shrivastava
Policy and Regulatory Analyst

(Renewable Energy)
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The USA recent revealed its ”Wind Vision” 
report, includes a detailed roadmap of tech-
nical and institutional actions necessary to 
overcome the challenges to wind power mak-
ing a significant contribution to a cleaner, low-
carbon, domestic energy economy. 

The roadmap was developed through a col-
laborative effort led by DOE, with contribu-
tions and rigorous peer review from indus-
try, the electric power sector, environmental 
stewardship organizations, academia, nation-
al labs, and participants at various levels of 
government.

As the report states, the cost of both onshore 
and offshore wind needs to be aggressively 
reduced. 

Through innovation and increasing scale, both 
these market segments could bring notable 
potential benefits. Below we track the road-
map of the US Wind Vision.

Reduce Wind Costs: 

The costs associated with the Study Scenario 
can be reduced across the range of sensitivi-
ties with wind cost reductions. Accordingly, 
reductions in LCOE are a priority focus. 

The focus includes actions to reduce capi-
tal costs; reduce annual operating expens-
es; optimize annual energy production and 
reduce curtailment and system losses; reduce 
financing expenses; reduce grid integration 
and operating expenses; and reduce market 
barrier costs, including regulatory and per-

Learning From The USA:  
Tracking Core Roadmap 
Actions For Wind Energy 
Leadership

mitting, environmental, and radar mitigation 
costs.

Expand Developable Areas: 

Expansion of wind power into high-quality 
resource areas is also important for realizing 
the Study Scenario at lower cost levels. 

Key actions within this theme include actions 
to expand transmission; responsibly expand 
developable geographic regions and sites; 
improve the potential of low-wind-speed 
locales; improve the potential of ocean and 
Great Lakes offshore regions; improve the 
potential in areas requiring careful consider-
ation of wildlife, aviation, telecommunication, 
or other environmental issues; and improve 
the potential of high wind resource locations 
that have poor access to electricity transmis-
sion infrastructure. 

National parks, densely populated locations, 
and sensitive areas such as federally desig-
nated critical habitat are generally excluded 
from the roadmap actions, since they are 
likely not to be developed as wind sites.

Increase Economic Value for the Nation: 

The Study Scenario projects substantial ben-
efits for the nation, but additional steps are 
needed to ensure these benefits are realized 
and maximized. 

This theme includes actions to provide 
detailed and accurate data on costs and ben-
efits for decision makers; grow and maintain 
U.S. manufacturing throughout the supply 
chain; train and hire a U.S. workforce; provide 
diversity in the electricity generating portfolio; 
and provide a hedge against fossil fuel price 
increases. 

The overall aim is to ensure that wind power 
continues to provide enduring value for the 
nation.

These core roadmap actions fall into nine 
action areas: wind power resources and 
site characterization; wind plant technology 
advancement; supply chain, manufacturing, 
and logistics; wind power performance, reli-
ability, and safety; wind electricity delivery 

   

 
ANALYSIS

The roadmap is the 
beginning of an evolv-
ing, collaborative, and 
necessarily dynamic 
process.

Can Chinese Wind 
Technology succeed in 
India ?

zone. 

Financing may very well be the missing 
ingredient that then helps to tilt the scales. 
Financing has been often mentioned as a 
key constraint in accelerating the growth of 
renewable energy in India. 

“In addition to a best-in-class performing 
product, an efficient financing solution should 
it a compelling choice for our customer who 
qualify for the Chinese financing”, said Mr. 
Shah, CEO of the Reliance-Ming Yang joint 
venture.

It is also interesting to see that the Chinese 
manufacturers have completely embraced 
the shift towards higher rotor diameters. 

For example, the next machine to be intro-
duced in India by Ming Yang is a 2MW turbine 
with a 120 meter rotor. 

This is an indication of the Indian and Chinese 
markets getting aligned in terms of the prod-
uct offerings making it easier for technology 
to flow through from China to India. 

The other significant development is a strong 
motivation from Chinese IPPs to own assets in 
India. India has the lowest cost of installation 
of wind turbines. 

And this fact is not lost on the Chinese com-
panies that are looking outwards in terms of 
expanding their footprint of where they have 
assets. 

This should provide a healthy flow of equity 
and debt from China and give an additional 
boost to the market as these IPPs from China 
look to form joint ventures with existing Indian 
IPPs

In India, there are various manufacturers that 
get their technology and design from Europe 
and the US. 

They then embark upon a cost reduction 
strategy by sourcing components from China 
and localizing the balance. 

However, in the last decade, Chinese compa-
nies have taken charge of their product road-
maps and introduced wind turbines in China 
with their own designs. 

This has been immensely successful making 
China the largest wind market in the world. 

Additionally, three Chinese companies fea-
ture in the world’s  top ten manufactur-
ers: Goldwind, United Power, Ming Yang. 
Financing from Chinese banks has been a key 
reason for this expansion

The question is whether technology along 
with financing from China can be successful 
in India. 

This remains to be seen but at least one com-
pany has embarked upon this journey. Global 
Wind Power Ltd (GWPL), a joint venture 
between Reliance and Ming Yang, has started 
manufacturing turbines based on Ming Yang’s 
technology. 

While Ming Yang has a portfolio of wind tur-
bine from 1.5MW to 6MW, GWPL has chosen 
to bring in the most proven and stable 1.5MW 
platform. 

The reason: To take advantage of an estab-
lished supply chain and the comfort of the 
Chinese banks from a financing standpoint. 

For a performance standpoint, GWPL’s strat-
egy is to bring in a turbine which has the larg-
est rotor diameter in its class, given that asset 
owners are no longer looking at cost per MW 
but rather cost/unit of energy generated

But is proven technology and performance 
enough for Chinese technology to succeed in 
India. Chances are that investors will look for 
more than that to move out of their comfort 

Mr. Hiren Shah
CEO

Global Wind Power Ltd.

About Spokesperson :

Mr. Hiren Shah has India-China-US 
experience in leading companies for 
over 10 years. His overall industry expe-
rience is over 22 years spread over US, 
Germany and India. 

At GWPL, he architected the company 
turnaround plan by identifying and con-
cluding the joint venture with  Ming 
Yang, China. In addition to overseeing 
the activities of the company, he leads 
the sales and revenue generation for the 
company. 

Prior to GWPL, he was the founder and 
CEO of an enterprise software com-
pany in California that was acquired by 
Samsung. 
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Core Challenge Wind has the potential to be a significant and enduring contributor to a cost-effective, reliable, low carbon, U.S. 

energy portfolio. Optimizing U.S. wind power’s impact and value will require strategic planning and continued contri-

butions across a wide range of participants.

Key Themes Reduce Wind Costs

Collaboration to reduce wind costs 
through wind technology capital and 
operating cost reductions, increased 
energy capture, improved reliability, 
and development of planning and 
operating practices for cost-effective 
wind integration.

Expand Developable

 Areas

Collaboration to increase market 
access to U.S. wind resources through 
improved power system flexibility and 
transmission expansion, technology 
development, streamlined siting and 
permitting processes, and 
environmental and competing use 
research and impact mitigation.

Increase Economic 

Value for the Nation

Collaboration to support a strong and 
self-sustaining domestic wind industry 
through job growth, improved 
competitiveness, and articulation of 
wind's benefits to inform decision 
making.

Issues Addressed Continuing declines in wind power 
costs and improved reliability are 
needed to improve market competition 
with other electricity sources.

Continued reduction of deployment 
barriers as well as enhanced mitigation 
strategies to responsibly improve 
market access to remote, low wind 
speed, offshore, and environmentally 
sensitive locations. 

Capture the enduring value of wind 
power by analyzing job growth 
opportunities, evaluating existing and 
proposed policies, and disseminating 
credible information.

Wind Vision Study Scenario Linkages Levelized cost of electricity reduction 
trajectory of 24% by 2020, 33% by 
2030, and 37% by 2050 for land-based 
wind power technology and 22% by 
2020, 43% by 2030, and 51% by 2050 
for offshore wind power technology to 
substantially reduce or eliminate the 
near- and mid-term incremental costs 
of the Study Scenario.

Wind deployment sufficient to enable 
national wind electricity generation 
shares of 10% by 2020, 20% by 2030, 
and 35% by 2050.

A sustainable and competitive regional 
and local wind industry supporting 
substantial domestic employment. 
Public benefits from reduced emissions 
and consumer energy cost savings.

Roadmap Action Areas >Wind Power Resources and Site 
Characterization

>Wind Plant Technology Advancement

>Supply Chain, Manufacturing, and 
Logistics

>Wind Power Performance, Reliability, 
and Safety

>Wind Electricity Delivery and 
Integration

>Wind Siting and Permitting

>Collaboration, Education, and 
Outreach

>Workforce Development

>Policy Analysis

> Wind Power Resources and Site 
Characterization

> Wind Plant Technology Advancement

>Supply Chain, Manufacturing, and 
Logistics

>Wind Electricity Delivery and 
Integration

>Wind Siting and Permitting

>Collaboration, Education, and 
Outreach

>Policy Analysis

> Supply Chain, Manufacturing, and 
Logistics 
>Collaboration, Education, and 
Outreach
>Workforce Development
>Policy Analysis

and integration; wind siting and permitting; 
collaboration, education, and outreach; work-
force development; and policy analysis.

The roadmap is the beginning of an evolv-
ing, collaborative, and necessarily dynamic 
process. 

The Wind Vision roadmap is not prescriptive. 
It does not detail how suggested actions are 
to be accomplished; it is left to the respon-
sible organizations to determine the optimum 
timing and sequences of specific activities. 

It suggests an approach of continual updates 
to assess impacts and redirect activities as 
necessary and appropriate through 2050. 

These updates, which are intended to be 
conducted at least every two years, would be 
informed by analysis and would ensure that 
the roadmap adapts to changing technology, 

market, and political factors.

The Wind Vision depicts a future in which 
wind power has the potential to be a signifi-
cant contributor to a cost-effective, reliable, 
low-carbon U.S. energy portfolio. 

Optimizing U.S. wind power’s impact and 
value will require strategic planning and con-
tinued contributions across a wide range 
of stakeholders, such as state and federal 
agencies and government, utility companies, 
equipment research and development organi-
zations, manufacturers, national laboratories, 
and academic institutions. 

Bringing these participants together on a reg-
ular basis to revisit this roadmap and update 
priorities will be essential to maintaining and 
sustaining focus on wind power’s long-term 
future for the nation.

The Study Scenario 
projects substantial 
benefits for the nation, 
but additional steps 
are needed to ensure 
these benefits are real-
ized and maximized. 

ANALYSIS



 14 www.windinsider.com

1. Wind Power Resources and Site Characterizaon

Ac�on �.� � Improve Wind Resource Characteriza�on. Collect data and develop models to 

improve wind forecasting at mul�ple temporal scales—e.g., minutes, hours, days, months, 

years. 

Ac�on �.� � Understand Intra-Plant Flows. Collect data and improve models to understand 

intra-plant flow, including turbine-to-turbine interac�ons, micro-si�ng, and array effects

Ac�on �.� � Characterize Offshore Wind Resources. Collect and analyze data to characterize 

offshore wind resources and external design condi�ons for all coastal regions of the United 

States, and to validate forecas�ng and design tools and models at heights at which offshore 

turbines operate.

2. Wind Plant Technology Advancement

Ac�on �.� � Develop Next-Genera�on Wind Plant Technology. Develop next-genera�on wind 

plant technology for rotors, controls, drivetrains, towers, and offshore founda�ons for 

con�nued improvements in wind plant performance and scale-up of turbine technology.

Ac�on �.� � Improve Standards and Cer�fica�on Processes. Update design standards and 

cer�fica�on processes using validated simula�on tools to enable more flexibility in applica�on 

and reduce overall costs.

Ac�on �.� � Improve and Validate Advanced Simula�on and System Design Tools. Develop and 

validate a comprehensive suite of engineering, simula�on, and physics-based tools that enable 

the design, analysis and cer�fica�on of advanced wind plants. Improve simula�on tool 

accuracy, flexibility, and ability to handle innova�ve new concepts.

Ac�on �.� � Establish Test Facili�es. Develop and sustain world-class tes�ng facili�es to support 

industry needs and con�nued innova�on.

Ac�on �.� � Develop Revolu�onary Wind Power Systems. Invest research and development 

(R&D) into high-risk, poten�ally high-reward technology innova�ons.

3. Supply Chain, Manufacturing and Logiscs

Ac�on �.� � Increase Domes�c Manufacturing Compe��veness. Increase domes�c 

manufacturing compe��veness with investments in advanced manufacturing and research into 

innova�ve materials.

Ac�on �.� � Develop Transporta�on, Construc�on, and Installa�on Solu�ons. Develop 

transporta�on, construc�on and installa�on solu�ons for deployment of next-genera�on, 

larger wind turbines.

Ac�on �.� � Develop Offshore Wind Manufacturing and Supply Chain. Establish domes�c 

offshore manufacturing, supply chain, and port infrastructure

4. Wind Power Performance, Reliability, and Safety

Ac�on �.� � Improve Reliability and Increase Service Life. Increase reliability by reducing 

unplanned maintenance through beer design and tes�ng of components, and through 

broader adop�on of condi�on monitoring systems and maintenance.

Ac�on �.� � Develop a World-Class Database on Wind Plant Opera�on under Normal Opera�ng 

Condi�ons. Collect wind turbine performance and reliability data from wind plants to improve 

energy produc�on and reliability under normal opera�ng condi�ons.

Ac�on �.� � Ensure Reliable Opera�on in Severe Opera�ng Environments. Collect data, develop 

tes�ng methods, and improve standards to ensure reliability under severe opera�ng condi�ons 

including cold weather climates and areas prone to high force winds. 

Ac�on �.� � Develop and Document Best Prac�ces in Wind O&M. Develop and promote best 

prac�ces in opera�ons and maintenance (O&M) strategies and procedures for safe, op�mized 

opera�ons at wind plants.

Ac�on �.� � Develop A�ermarket Technology Upgrades and Best Prac�ces for Repowering and 

Decommissioning. Develop a�ermarket upgrades to exis�ng wind plants and establish a body 

of knowledge and research on best prac�ces for wind plant repowering and decommissioning.

5.  Wind Electricity Delivery and Integraon

Ac�on �.� � Encourage Sufficient Transmission. Collaborate with the electric power sector to 

encourage sufficient transmission to deliver poten�ally remote genera�on to electricity 

consumers and provide for economically efficient opera�on of the bulk power system over 

broad geographic and electrical regions.

Ac�on �.� � Increase Flexible Resource Supply. Collaborate with the electric power sector to 

promote increased flexibility from all resources including conven�onal genera�on, demand 

response, wind and solar genera�on, and storage.

Ac�on �.� � Encourage Cost-Effec�ve Power System Opera�on with �igh Wind Penetra�on. 

Collaborate with the electric power sector to encourage opera�ng prac�ces and market 

structures that increase cost-effec�veness of power system opera�on with high levels of wind 

power.

Ac�on �.� � Provide Advanced Controls for Grid Integra�on. Op�mize wind power plant 

equipment and control strategies to facilitate integra�on into the electric power system, and 

provide balancing services such as regula�on and voltage control.

Ac�on �.� � Develop Op�mized Offshore Wind Grid Architecture and Integra�on Strategies. 

Develop op�mized subsea grid delivery systems and evaluate the integra�on of offshore wind 

under mul�ple arrangements to increase u�lity confidence in offshore wind.

Ac�on �.� � Improve Distributed Wind Grid Integra�on. Improve grid integra�on of and 

increase u�lity confidence in distributed wind systems.

6. Wind Sing and Perming

Ac�on �.� � Develop Mi�ga�on Op�ons for Compe�ng �uman Use Concerns. Develop impact 

reduc�on and mi�ga�on op�ons for compe�ng human use concerns such as radar, avia�on, 

mari�me shipping, and naviga�on.

Ac�on �.� � Develop Strategies to Minimize and Mi�gate Si�ng and Environmental Impacts. 

Develop and disseminate relevant informa�on as well as minimiza�on and mi�ga�on 

strategies to reduce the environmental impacts of wind power plants, including impacts on 

wildlife.

Ac�on �.� � Develop Mi�ga�on Op�ons for Compe�ng �uman Use Concerns. Develop impact 

reduc�on and mi�ga�on op�ons for compe�ng human use concerns such as radar, avia�on, 

mari�me shipping, and naviga�on.

Ac�on �.� � Develop Strategies to Minimize and Mi�gate Si�ng and Environmental Impacts. 

Develop and disseminate relevant informa�on as well as minimiza�on and mi�ga�on 

strategies to reduce the environmental impacts of wind power plants, including impacts on 

wildlife.

7. Collaboraon, Educaon, and Outreach

Ac�on �.� � Provide Informa�on on Wind Power Impacts and Benefits. Increase public 

understanding of broader societal impacts of wind power, including economic impacts; 

reduced emissions of carbon dioxide, other greenhouse gases, and chemical and par�culate 

pollutants; less water use; and greater energy diversity.

Ac�on �.� � Foster Interna�onal Exchange and Collabora�on. Foster interna�onal exchange 

and collabora�on on technology R&D, standards and cer�fica�ons, and best prac�ces in si�ng, 

opera�ons, repowering, and decommissioning.

8. Workforce Development

Ac�on �.� � Develop Comprehensive Training, Workforce, and Educa�onal Programs. Develop 

comprehensive training, workforce, and educa�on programs, with engagement from primary 

schools through university degree programs, to encourage and an�cipate the technical and 

advanced-degree workforce needed by the industry.

9. Policy Analysis

Ac�on �.� � Refine and Apply Energy Technology Cost and Benefit Evalua�on Methods. Refine 

and apply methodologies to comprehensively evaluate and compare the costs, benefits, risks, 

uncertain�es, and other impacts of energy technologies.

Ac�on �.� � Refine and Apply Policy Analysis Methods. Refine and apply policy analysis 

methodologies to understand federal and state policy decisions affec�ng the electric sector 

por�olio.

Ac�on �.� � Maintain the Roadmap as a Vibrant, Ac�ve Process for Achieving the Wind Vision 

Study Scenario. Track wind technology advancement and deployment progress, priori�ze R&D 

High-Level Wind Vision Roadmap Actions
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IN CONVERSATION

Aksh Optifibre’s FY 2014-15 results indi-
cates profits up by 67 percent. Are you set 
to follow this aggressive growth trajectory 
further? Tell us how you intend to do it.

The company has performed exceptionally 
well during the last fiscal year with the strong 
growth in manufacturing as well as service 
sectors; the top-line has seen a growth of 

about 63 percent with the bottom line growth 
pegged somewhere at 67 percent. Since we 
are running at full capacities vis-à-vis manu-
facturing, the growth till the next year would 
be about 15-20 percent in the top-line and 
consequent to the increase in capacities, we 
will see further growth on the same line in 
the following years. The increase in capaci-
ties, which I am talking about, is expected to 
start from the next fiscal year i.e. April 2016 
onwards.

Say a bit more on the planned capacity 
expansion.

Presently, we have 1.2 million tonnes of capac-
ity for optical fiber, 2.5 million tonnes for cable, 
and 1.6 million tonnes FRP (both domestic and 
overseas). We are thinking of expanding the 
capacity by 80-100 percent in all segments.  

In OFC, the capacity will be increased by 
around 90 percent in existing Indian facilities 
at Bhiwadi and Reengus. For FRP, we intend 
to 80 percent raise in the capacity in our 100 
percent subsidiary based in Dubai (another 
1.2 million tonnes being added). 

The capacities are targeted to be operational 
by next fiscal year, April 2016 onwards. Rs. 120 
odd crores is the investment target for the 
said capacity expansions. The board approval 
has already been taken and we are into final-
ization of necessary details.

As for machines and technology, we are 
going with the same technology which we 
have started with for FRP. We have already 
changed the technology to the latest in the 
new Dubai operations. In India, since we have 
already a thermal, we have now gone for UV 
based technology which is superior in terms 
of speed and product quality. In OF and OFC, 
we’ll be utilizing the existing technology.

Tell us more about your newly constructed 
state-of-the-art facility for FRP rods in 
Jafza, Dubai.

Basically, Aksh has long been into export 
market and has developed a good market 
overseas over a period of time. Our vision was 
to set up a manufacturing facility outside India 
to give better and timely customer service.  
Consequently, we opted to move out of the 
existing locations. There was a dual advan-
tage too – better service to customers and 
proximity to port.

Moreover, this mitigates the risk of having 
all the capacity at a single location. We are 
supplier to some of the major companies like 
Corning, Prysmian, etc.; one of the risk factor 
for such companies is to source their supplies 
from a single location.

What’s the ratio of domestic vs. overseas 
supplies?

In FRP, we are basically 25 percent domestic 
and 75 percent export. In OFC, because of the 
large growth coming from the Indian market, 
we were at 75 percent domestic, 25 percent 
export.

In FRP, the existing Indian facility will largely 
cater to the domestic market whereas the 
Dubai facility with the increased capacities 
will exclusively cater to our export market. 
Out of total 2.8 million tonnes, 1.2 million 
tonnes will be in India and 1.6 million tonnes in 
Dubai meant for only export. 

Out of this 1.2 million tonnes in India, some 
parts may also be exported. We are able to 
see the tremendous demand growth in FRP 
segment the world over; being one the largest 
manufacturers and supplying to all major OFC 

manufacturers around the globe, we intend to 
meet all the foreseeable FRP demands. 

In export market, we are also looking at cer-
tain regions which are extremely promising 
for the cable export viz. the South East Asia 
and the Middle East. African continent is also 
showing very strong demand trends for OFC. 
Over a period of time, we are looking forward 
to capturing a ratio of 50:50 for domestic to 
the export.

It seems that the Govt.’s ‘Digital India’ 
program is spurring the entire OFC market. 
How does Aksh Optfibre plan to be part of 
this growing optical communication seg-
ment?

We are already a part of this growing segment 
by being a part of NOFN. We were L1 in one of 
the packages for which a part of supplies has 
already been completed during the current 
fiscal year. 

The entire order was to the tune of Rs. 200 
crores of which order worth Rs. 102 crores 
has been completed. We are proud to say that 
we were the first to complete the order. When 
the entire order of the first phase completes, 
the order for the next phase will commence 
which is expected to start within this fiscal 
year itself.

Then, there is NFS also which we are a part 
of. We are L1 in one of its package - Package 
F which mainly covers WB, Orissa, Bihar, 
Jharkhand, Andaman & Nicobar islands and 
Sikkim running about 6600 km. This is again a 
Rs. 102 crores order which we expect to com-
plete partly this year. The supply has already 
commenced and we intend to complete it by 
June 2016. After we complete this, we expect 
to have additional quantities including that for 
maintenance work.

Moreover, all the major telecom players 
are looking for expansion in their network; 
Reliance Jio being one of them. We have been 
a major supplier to them supplying about 20 
percent of their needs. We are also looking 
forward to working with other private telecom 
entities.

Now, if you look at ‘Digital India’ closely, what 
they say they are going to do, we have been 
doing since the beginning of 2008. We have 
been the part of the digital program led by the 
Govt. of Rajasthan, called e-Mitra. We are one 
of the largest private entities present in the 
segment till date. 

Yes, the footprint is huge with regards to 
‘Digital India’ and NOFN as it gives the last 
mile connectivity to the gram panchayat level 
across India. We have been doing the same 
at the state level in association with the 
Rajasthan govt. Last year, we were running 
the e-Governance service in five districts 
which are now taken to all 33 districts after 
this sectors opened up.

I think you are referring to 1 Stop Aksh 
which is fast emerging as one of the most 
productive PPP model in the area of e-Gov-
ernance. Where is the program heading 
right now? Do tell us about Aksh-SBI part-
nership in launching ATMs in Rajasthan.

We started 1 Stop Aksh only last year, though 
our work in terms of e-Governance was ongo-
ing since 2008. We have already opened 
about 4800 kiosks which we intend to take 
to a number of 10,000 to provide the last mile 
connectivity up to villages. We have ample 
experience in laying fibers and providing the 
connectivity which we would like to utilize 
here and take it forward.

Aksh Optifibre: Beyond the 
Horizon

Satyendra Gupta
Executive Director & CFO, Aksh 

Optifibre Limited

About Aksh Optifibre:

Aksh knows all about making optical 
fibers, that’s understandable and obvi-
ous; what’s interesting is its recent 
involvement with some unusual services.

Aksh Optifibre Limited, incorporated in 
1986, today stands at an aggregate 5.3 
million tonnes capacity for optical fiber, 
OFC, and FRP rods. That’s quite a lot! 

The company has been seen experi-
menting with its product basket every 
now and then, however its foray into 
many unconventional services, for manu-
facturers view-point at least, such as 
e-Governance and banking has raised 
many eye brows and, of course, won 
many admirers. 

In an interesting discussion with Mr. 
Satyendra Gupta, Executive Director & 
CFO, Aksh Optifibre Limited he explained 
the vision of the company and how he 
sees the business evolving the years 
to come.. Being a man of numbers, he 
was straight in perceiving the pith of the 
query and more straight in his responses.

 His about 10 years at Aksh, and his own 
meticulous nature perhaps, make him at 
ease while expounding about Aksh. In 
this conversation, he explained every-
thing right from Aksh’s capacity augmen-
tation and export market expansion, to 
its deeper engagement with emerging 
services portfolio, to its abiding adher-
ence to CSR & sustainable practices.

Another important 
development is that we 
have tied up with EESL 
– Energy Efficiency 
Services Limited for 
LED distributions in 
the state of Rajasthan. 

Our target first is to 
get the 10,000 kiosks 
in Rajasthan running 
successfully as this is 
not important to have 
just these kiosks; mak-
ing these kiosks viable 
is more important
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Presently, we are doing this in Rajasthan 
which, I am sure, will be extended to neigh-
boring states like Punjab, Haryana, HP, etc. 
We have already initiated the discussion with 
the state governments of Haryana, Punjab, 
and Bihar.
Our target first is to get the 10,000 kiosks in 
Rajasthan running successfully as this is not 
important to have just these kiosks; making 
these kiosks viable is more important. In order 
to do that, we have to introduce the various 
services which the kiosks owners find attrac-
tive to operate. Besides G2C services like 
deposition of various bills (electricity, water, 
etc.), we are also into some of the activities 
like Aadhar and Bhamashah cards.

Another significant service that you men-
tioned in your question is the introduction of 
micro ATMs in association with SBI. SBI has 
provided us about 1100 micro ATMs which 
are being installed at the kiosks level for the 
customers to withdraw an amount up to Rs. 
1000. In addition, we have already tied up with 
PNB, where they are enabling Aadhar based 
payments to Aadhar card holders. 

There is difference between SBI’s micro ATMs 
and PNB’s Aadhar based withdrawal; in micro 
ATMs, you can withdraw an amount up to Rs. 
1000, whereas with Aadhar based payments, 
amount up to Rs. 10,000 can be withdrawn. 

It seems that you are quite serious that ‘1 
Stop Aksh’ lives by its name by disseminat-
ing whole gamut of services at these kiosks 
level. Anything more planned under it?

Yes, Indeed. 1 Stop Aksh is going to live by 
its name every bit. In addition to the services 
mentioned already, we are also looking for-
ward to being a vehicle for digital literacy 
program under NLM where the basic aim is 
to provide basic computer education to rural 
India.

Another important development is that we 
have tied up with EESL – Energy Efficiency 
Services Limited for LED distributions in the 
state of Rajasthan. The LOI has already been 
allotted to us for one of the cities in Rajasthan 
– Ajmer, where we have already started work-
ing on this. There are two firms L1 and L2 
involved in this; we are L2. That’s another big 
area. Revenues are linked with these kiosks 
holders.

There is also something, which we have 
shared no details until now to anybody – we 
are also working with Amazon to provide 
the logistics. It’s a pilot project with Amazon 
where we are to provide our logistics and 
distribution network for the purchases done 
on their website. 

This would provide Amazon with the deeper 
penetration in the state of Rajasthan. To be 
more precise, their goods will be available 
at our end which we would be warehousing 
and distributing to various part of the state 
through our wide network of kiosks. This 
same model is going to be applied in the LED 
distribution.

With this kind of services, do you think you 
have no longer remained only an OFC man-
ufacturer? What kind of value will these 
services deliver to Aksh? 

If you look at the history of Aksh, we started 
with the manufacturing of OFC only to diver-
sify later into many other products and ser-
vices. We went into backward integration and 
started manufacturing two key raw materials 
needed for making OFC viz. OF and FRP. 

Then, we moved forward and started provid-
ing services like IPTV, VOIP, e-Governance, 

etc. just to ensure how best OFC can be used, 
or just to optimize the usages of OF, in other 
words. And, consequently, we entered into 
other related service areas.

For next year, the service segment would be 
our focus year because manufacturing as our 
core work is quite cemented in its place. We 
look at the large volume base for the service 
sector and intend to take the kiosk’s number 
to 10,000.

As for values these services are contribut-
ing ,5 percent to our total turnover while the 
remaining 95 percent from manufacturing. 
However, by the end of next fiscal year, we 
intend to take this share to 10-12 percent of 
the total turnover. Our ultimate target, over a 
period of time, will be to reach at the level of 
25 percent in services.

Plantation of 15,000 saplings as part of your 
CSR activities made quite a news. Elaborate 
a bit more on Aksh’s CSR and sustainabil-
ity commitments with other areas as focus 
(apart from planting trees).

Aksh is deeply involved with CSR activi-
ties. It’s mandatory too. Plantation of 15,000 
saplings is just the beginning and we have 
to attain much beyond that as part of our 
sustainability commitments. First initiative we 
took was in Bhiwadi to make the region clean 
and green. We started with the plantation of 
15,000 saplings and there are 100,000 more 
to come in next one and a half years.

As part of long-standing CSR commitments, 
we also have adopted two schools around 
our manufacturing facilities in Bhiwadi and 
Reengus. We have tried making these schools 
and the area around a model for others to fol-
low by renovating the entire infrastructure of 
the schools and the adjoining area. 

We have made roads for easy accessibility, 
provided computers, and started computer 
literacy programs for these schools. 

I am pleased to say that Aksh has been cho-
sen for prestigious Bhamashah Award for 
2015 by the govt. of Rajasthan to be conferred 
by the Hon’ble CM, Rajasthan.

At last, any message for the readers?

After long, OFC industry is being looked upon 
as a sun-rise industry. We are very far behind 
in terms of digital literacy and that’s a great 
opportunity too. Whatever initiatives have 
been taken by the Govt. of India, we have 
to support that by our own initiatives for 
the good of the country, for the good of the 
industry.

There is also some-
thing, which we have 
shared no details until 
now to anybody – we 
are also working with 
Amazon to provide the 
logistics. 

   

 
ANALYSIS

The ever-increasing size of wind turbines 
to generate more power is placing higher 
demands on the drivetrains.

During operation, wind turbines are subjected 
to a wide range of varying temperatures, wind 
speeds and loads. These operating condi-
tions, in combination with potential detrimen-
tal influences from solid contamination and 
tribochemical attack due to oil chemistry and 
water contamination, could result in bearing 
damage which would considerably shorten 
bearing service life. 

One of the requirements to prevent these 
failures is superior surface performance that 
favours the running-in process, is resistant to 
corrosion and is inert against unfavourable 
reactions from aggressive lubricant chemis-
try. Through SKF’s long involvement with the 
wind energy industry, the company has identi-
fied black oxidation as one of many solutions 
to improve operational reliability.

Black oxidation process

Black oxide is a surface treatment that is 
formed by a chemical reaction at the surface 
layer of the bearing steel and is produced 
when parts are immersed in an alkaline aque-
ous salt solution operating at a temperature 
between approximately 130 and 150 °C. The 
reaction between the iron of the ferrous alloy 
and the reagents produces an oxide layer on 
the outer layer of the bearing components, 
consisting of a well-defined blend of FeO, 
Fe2O3 and resulting Fe3O4. The result is a 
dark-black surface layer of approximately 1–2 
μm in thickness. The total process consists of 
about 15 different immersion steps, in many 
of which it is possible to vary chemical con-
tents, concentrations, temperatures, immer-
sion times and fluid behavior within the tanks

Benefits of black oxidation

Only the most relevant beneficial effects of 
black oxidation to the wind industry are sum-
marized here. They are briefly described by 
three categories and demonstrate how black 
oxidation can help in reducing the risks fol-
lowing each failure mechanism.

1. Reduced risk of premature failures

In some wind turbine drivetrains, wind gear-
box bearings may fail prematurely due to 
cracks, spalls or irregular white etching 
cracks (WECs). WEC refers to the appear-
ance of the altered steel microstructure when 
polishing and etching a microsection. Failures 
can be found at several bearing locations 
in wind gearbox design, such as the planet 
bearings, intermediate shaft and high-speed 

shaft bearings.

The occurrence of failures due to WEC is 
widely discussed within the wind industry and 
is being independently investigated by wind 
turbine manufacturers, gearbox manufactur-
ers and bearing suppliers as well as universi-
ties and independent institutes. Many of the 
current hypotheses are focused on surface-
related issues, such as hydrogen penetration 
and inter-action with subsurface inclusions or 
purely stress/tribomechanical developments 
related to the surface operation. According to 
ongoing investigations and information from 
literature, different mechanisms can contrib-
ute in reducing the risk for WEC failures, such 
as:

• reduction of the tribological and 
chemical attack 
• reduced hydrogen diffusion into the 
bearing steel 
• corrosion protection 
• stabilization of raceway microstruc-
ture

Black oxidation can contribute to protect 
the bearing components from the aforemen-
tioned failure mechanism. In the following, 
several laboratory tests and investigations 
reveal the advantages of black oxidation.

1.1 Tribochemical attacks from lubricant 
and additives

Gear oils are developed to optimize gear per-
formance. In most cases, anti-wear additives 
and corrosion inhibitors are added to gear 
oil to boost gear performance. Unfortunately, 
gear oil chemistry does not always favour roll-
ing bearing operation. In gear tooth contacts, 
the macroscopic sliding is significantly great-
er (slide-to-roll ratio up to 30 %) than in bear-
ings (slide-to-roll ratio up to 4 %, depending 
on the bearing type). Therefore, the dynamics 
(formation and removal) of reaction layers in 
gears are different from those in bearings.

When bearings operate in marginal (boundary 
and mixed) lubrication conditions, reactions 
happen between the additives in the gear 
oil and the steel surface in rolling contacts. 
Chemical energy exerted during the forma-
tion of a reaction layer together with the tri-
bological energy likely changes the near-sur-
face microstructure of the bearing steel. The 
change of the near-surface micro¬structure 
leads to the change in the mechan-ical prop-
erties of the surface and consequently the 
tribological performance (friction, wear and 
surface fatigue). If the reactions are unfa-
vourable, then significant near-surface micro-
structure changes happen, followed by the 
initiation of surface micro¬cracking.

Benefits of using 
Black Oxidized Bearings in 
Wind Applications
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Testing gear oils, Pasaribu and Lugt have 
shown the positive correlation between the 
thickness of oxide layers and bearing perfor-
mance. This indicates that the passivation of 
bearing surfaces retards unfavourable reac-
tions between gear oils and bearing surfaces. 
Therefore, pre-prepared ~1-2 μm oxide layers 
such as a black oxide layer reduce the risk of 
the unfavourable reaction between gear oils 
and bearing surfaces.

The advantage of the black oxidation treat-
ment in preventing surface crack formation 
can be assessed by subjecting the black 
oxidized surfaces to boundary-lubricated tri-
bological contacts. An example of such a test 
is the skewed lubricated ball on disc. The ball 
and the disc are independently driven, allow-
ing the control of slip-to-roll ratio that is rele-
vant to bearing operation. The untreated steel 
surface suffers from surface micro cracks, 
while the black oxidized surface does not 
show any formation of surface micro cracks.

1.2 Hydrogen embrittlement

Black oxidation, as a surface “passivation” 
treatment, can effectively reduce the ingress 
of atomic hydrogen and chemical attack 
to bearing steel. This property was evalu-
ated in the lab test results of C-ring and 
H-permeation tests.  

A specially designed C-ring test rig was devel-
oped for evaluating hydrogen-induced stress 
corrosion cracking (HISCC) in lubricated con-
tacts. The ring is loaded via a screw to gener-
ate a defined tensile stress on the surface. 
Surface-initiated cracks under tensile stress 
are promoted by hydrogen uptake from the 
lubricating environment. C-ring life, defined 
as the time until the C-ring is cracked under 
defined tensile load, is reflecting the resis-
tance against HISCC. 

The resistance of black oxidation to hydrogen 
uptake can also be evaluated in an electro-
chem-ical H-permeation test, in which atomic 
hydrogen is generated by electrochemical 
charging. 

The hydrogen permeates through the steel 
plate and is measured by electrochemical 
oxidation when being liberated from another 
side of the steel plate. The hydrogen ingress 
through a surface coating can be evaluated 
by comparing the obtained hydrogen perme-
ation flux (current) with that from the non-

coated specimen. 

The steel plates with a black oxidized sur-
face give significantly lower H-permeation 
flux than the non-coated specimen. This is 
because, different from diffusing in bulk steel, 
atomic hydrogen must be ionized (as proton) 
in order to pass through an oxide layer. The 
strong interaction between ionized hydrogen 
atoms and anions in iron oxide makes a black 
oxide layer acting as a barrier that deceler-
ates H-permeation.

1.3 Moisture corrosion damage (standstill 
corrosion)

Large temperature gradients promote 
condensation of water from the humid air. 
Although the risk of water contamination is 
not often directly mentioned for wind applica-
tions, it has been well known that dissolved 
water could reduce the functionality of anti-
wear additives and that free water promotes 
corrosion and hydrogen uptake. The corro-
sion risk becomes higher when standstill is 
encountered during the wind turbine main-
tenance interval or the absence of wind.

The microstructure of black oxide has a cer-
tain porosity, which can increase the affin-
ity of the lubricant or preservatives onto the 
coating layer and improve the resistance to 
moisture or standstill corrosion. In a salt spray 
cabinet test, black oxidized specimens did 
show significantly higher corrosion resistance 
compared with non-coated specimens

2. Severe operating conditions with insuf-
ficient lubrication or surface damage

2.1 Adhesive wear; smearing or slip dam-
age

If roller bearings are too lightly loaded (below 
required minimum load), it can lead to a 
considerable mismatch between the rota-
tional speeds of inner ring and roller set, 
which in turn leads to high sliding between 
rolling elements and inner ring. For demand-
ing applications such as wind gearbox high-
speed shafts, idling conditions and load zone 
changes can sometimes lead to high sliding 
conditions. 

Consequently, there is a high risk of smear-
ing damage. Wind gearbox idling test results 
have shown an improved protective effect of 
black oxide coating against smearing damage 

in high-speed shaft bearings. The protective 
mechanism of the black oxidized surfaces 
can be explained by a reduced friction after 
running-in, as well as the improved adhesion 
of the lubricant to the surface compared with 
non-coated surfaces.
2.2 Surface distress

Surface distress is a surface-initiated fatigue 
at an asperity level associated with poor 
lubrication conditions, corresponding to high 
surface (frictional) tractions. It occurs espe-
cially on gear teeth, but sometimes also on 
bearings. If it happens to bearings, surface 
distress can be particularly detrimental to the 
bearing function.

Being not necessarily a primary failure mode 
for rolling bearings, it can facilitate or acceler-
ate the appearance of other failure modes 
such as debris indentations, surface-initiated 
spalling and seizure. 

The risk of surface distress can be reduced by 
several means, for instance, by lowering the 
surface friction, redistributing the near-sur-
face stresses in a favourable way or reducing 
the mixed-lubrication pressures or optimizing 
the running-in process. One way to realize this 
scenario is to use protective coatings, such as 
black oxidation.

Despite the large amount of theoretical and 
experimental work on surface distress in gen-
eral (see e.g. literature review in, the influence 
of coatings on surface distress has not been 
sufficiently studied so far. 

Therefore, a series of experiments with black 
oxidized rollers was performed on a surface 
distress test rig under la¬boratory conditions, 
which imply controlled slide-to-roll ratio, 
lubrication conditions, temperature, load and 
speed.. It consists of a small roller (12 mm 
diameter) taken from a spherical roller bear-
ing and three larger counter bodies that are 
cylindrical roller bearing inner rings. 

The roller and rings can be finished by grind-
ing and/or honing to a desired roughness 
pattern. The material of tested rollers and 
counter bodies is ANSI-52100 bearing steel. 

The lubrication conditions during the tests 
varied from boundary to mixed lubrication. 
After the tests, the surface of the rollers was 
checked for surface distress. Results were 
compared for non-coated and black oxidized 
rollers under identical conditions.

The experimental results obtained with the 
surface distress test rig reveal a certain anti-
surface distress protection of black oxidation 
throughout the whole range of the test condi-
tions. 

Furthermore, a parametric analysis of the 
surface distress model was performed for 
coated surfaces, including the effects of fric-
tion, coating stiffness and thickness. 

The existence of optimum coating thickness 
cor-responding to minimum surface dis-
tress damage was found. As shown by both 
experimental and theoretical results, black 
oxide treatment extends the range of surface 
distress-safe operating conditions compared 
with non-coated bearing steel surfaces.

3. Bearing test and field experience

A bearing life test has been carried 
out with black oxidized bearings at 
severe mixed lubrication conditions. The 
positive effect of black oxidized bear-
ings compared with non-coated bear-
ings with respect to running-in and low 
kappa lubrication conditions could be 
confirmed. In this test, all black oxidized 

bearings passed the defined test dura-
tion without any failures. Indeed, the 
results point to an L10 life estimate that 
is two to three times above the L10 life 
estimate of non-coated bearings.

In addition to the above component 
test and bearing test results, the benefit 
of black oxidation in reducing the risk 
of premature failures is proved by field 
experience. Reports from gearbox man-
ufacturer and wind turbine OEMs con-
firm a significant improvement in reduc-
ing the bearing failure rate by using 
black oxidized bearings, compared with 
non-coated bearings.
Furthermore, it has been observed in 
and that a gentle reheating below the 
tempering or transformation tempera-
ture can help to optimize and reinforce 
the microstructure without hardness 
loss and consequently extend the bear-
ing fatigue life. Following this concept, 
black oxidation at a similar temperature 
can help to create beneficial micro-
structural effects within the outer steel 
surface, which was reflected by a reduc-
tion in the full width half maximum value 
(FWHM or b/B) of the XRD peaks by 
>0.1 degrees.

Fig 1: Spherical roller bearing with black oxidized rings and rollers

During operation, wind turbines are subjected to a wide range of varying temperatures, wind 

speeds and loads. These operating conditions, in combination with potential detrimental 

influences from solid contamination and tribochemical attack due to oil chemistry and water 

contamination, could result in bearing damage * (fig. 1)

Conclusions:

Several beneficial effects of black oxide 
have been demonstrated by combin-
ing lab investigations, bearing tests and 
field experience. Black oxide offers a 
certain protection against tribochemi-
cal attack, reduces the permeation of 
hydrogen and increases the resistance 
to moisture damage (such as standstill 
corrosion). 

Furthermore, black oxidized bearing 
steel surfaces improve the safety mar-
gin, when looking at failure modes such 
as adhesive wear/smearing damage or 
surface distress. Positive field experi-
ences underline these findings.

To summarize, the black oxidation 
process used by SKF offers enhanced 
protection against damage to bearing 
components. Black oxidation treated 
bearings can – besides being used in 
the original equipment – be used as 
drop-in replacements for conventional 
bearings as part of wind farm mainte-
nance routines. 

This means that the benefits of black 
oxidation can be applied to all bearing 
types used in key wind turbine gearbox 
systems across the entire wind energy 
industry. SKF recommends that both 
inner and outer rings as well as the 
rolling elements be black oxidized for 
optimal performance.
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