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Wind Resource Assessment

 Carry out Nationwide Wind Resource Assessment

 Estimation of Wind Potential in the country through Wind Atlas preparation

 Design and implement the comprehensive Resource Assessment Programme

 Analysis of wind data to identify Wind Farmable locations

 Verification and vetting of wind data generated by private entrepreneurs

 Consultancy services for Feasibility Studies, Technical Due Diligence, Micro siting and 
preparing DPR for Wind Farming and Repowering assessment

Offshore Wind Energy

 Nodal Agency for facilitation of clearances for Offshore studies and surveys

 On-site wind measurement campaign

 Demarcation of potential Offshore wind blocks

 Call for proposal for development of Offshore wind energy blocks

 Promoting indigenous research for technology development

Testing (Large & Small) & Forecasting

As per Internationally accepted procedures and  stipulations for 

 Power Performance measurements  Load measurements 

 Power Quality measurements  Safety and function tests

 Yaw efficiency test  User defined measurements

 The services are not limited by type or size of the Wind Turbines

The services are certified as per the requirements of ISO 9001: 2008 and accredited as per the 
requirements of ISO/IEC 17025 : 2005 

 Wind Power Forecasting Services   Duration Test

Standards & Certification

 Preparation of Indian standards on wind turbines

 Accord Type Approval / Type Certification to Wind Turbines. Type Certification Services are 
certified as per ISO 9001 : 2008

 Issue the recommendation for grid synchronization to facilitate installation of prototype wind 
turbines

 Supports Multi institutional research on Wind Energy

Training

 National, International and Customized Training for various types of clients on

 Wind / Solar Resource Measurement & Analysis  Wind / Solar Technology

Solar Radiation Resource Assessment

 Solar Radiation Resource Assessment

 Consultancy on solar energy projects

 Investor & bankable grade solar / meteorological data

 Consultancy on solar resource assessment

 GIS enabled Indian Solar Atlas on website

 Calibration of solar sensors

 HR training program on solar energy under PPP mode

 Solar Power Forecasting Services

An Autonomous Research & Development Institution under the Ministry of New and Renewable Energy, Government of India

Velachery - Tambaram Main Road, Pallikaranai, Chennai - 600 100
Phone : +91-44-2246 3982 / 83 / 84   Fax : +91-44-2246 3980   E-mail : info.niwe@nic.in    Website : http://niwe.res.in

NATIONAL�INSTITUTE�OF�WIND�ENERGY
NALIO  IT NA SN T ITन Uा TE�ं  Oस� Fा  Wज

INऊ Dन  Eव Nप ERय�ी G� Yा  र

NIWEनीवे

“Give a missed call on toll free number 18002003004  to get our apps.”



Indian Wind Turbine Manufacturers Association
4th Floor, Samson Tower, 403 L, Pantheon Road, Egmore

Chennai - 600 008.
Email : secretarygeneral@indianwindpower.com

associatedirector@indianwindpower.com
Website : www.indianwindpower.com

(For Internal Circulation only)

Views expressed in the magazine 

are those of the authors and do 

not necessarily reflect those of the 

Association, Editor, Publisher or 

Author's Organization.

A Bi-monthly Magazine of Indian Wind Turbine Manufacturers Association

Volume: 4 Issue: 1 April - May 2018

Executive Committee

Chairman

Mr. Tulsi Tanti
Chairman and Managing Director
Suzlon Group, Pune

Executive Committee Members

Mr. Ramesh Kymal
Chairman & Managing Director
Siemens Gamesa Renewable Power Pvt. Ltd., 
Chennai

Mr. Madhusudan Khemka
Managing Director
ReGen Powertech Pvt. Ltd., Chennai

Mr. Sarvesh Kumar
President and Chief Operating Offi cer
RRB Energy Limited, New Delhi

Mr. Hemkant Limaye
Senior Director - Sales & Marketing,
APAC & ME & Africa, LM Wind Power, Bengaluru

Secretary General

Mr. D.V. Giri, IWTMA, New Delhi

Associate Director and Editor

Dr. Rishi Muni Dwivedi, IWTMA

Contents Page No.

Scheduling and Forecasting in Rajasthan - Initiative of IWTMA 3
O. P. Taneja, Associate Director, Indian Wind Turbine Manufacturers Association, New Delhi

Statistical Approach to Improve Prediction Capability of 9
Condition Monitoring Systems 
Fabrice Drommi, Machine Health Business Development, Renewable Energy, SKF.

Advanced Adiabatic Compressed Air Energy Storage (AA-CAES) 13
Dr. Giw Zanganeh, Managing Director, ALACAES, Lugano, Switzerland

Need for the Energy Storage Systems in India 16
Dr. Rahul Walawalkar, Executive Director, India Energy Storage Alliance (IESA)

Policy and Regulatory Chronological Recap FY 2017-2018 20
Nitin V Raikar, Indian Wind Turbine Manufacturers Association (IWTMA)

Type Certification of Wind turbines including 24
Central Electricity Authority/Low Voltage Ride Through (LVRT)
Dr. Sanjiv Kawishwar, Senior Vice President, ReGen Powertech Private Limited

Mitigating Risk with Probabilistic Forecasting 25
Todd Crawford, Senior Meteorological Scientist; Himanshu Goyal, India Sales & Alliances leader
The Weather Company, an IBM Business

Geo-tagging /Online Registry of Wind Turbines Installed in India 28
Deepa Kurup, Additional Director; J. Bastin, Assistant Director Technical;
Dr. Rajesh Katyal, Deputy Director General & Group Head, WRA & Offshore Unit;
Dr. K. Balaraman, Director General, National Institute of Wind Energy (NIWE), Chennai

Indian Wind Industry Analytical Report - FY 2017-18 32
Nitin V Raikar, Indian Wind Turbine Manufacturers Association (IWTMA)

Proactive Risk Assessments – Keeping Organizations Informed on 34
Engineering, Technological and Operational Changes
Abhay Laxmanrao Waghmare, Sr. Manager, Reliability, LM Wind Power Technologies Pvt. Ltd.

Snippets on Wind Power 37

Wind and Solar Power Generation & Forecasting Regulations & the Way Ahead 38
Siddhartha Priyadarshi, Vice President & Head (RE Forecasting)
Vishal Pandya, Co-founder & Director, REConnect Energy

Wind Power Bidding Summary Back Cover
Compiled by: Rishabh Dhyani, Executive - Regulatory Affairs & Liaison, IWTMA, New Delhi



2 Indian Wind Power April - May 2018

From the Desk of the Chairman - IWTMA

Dear Readers,

Greetings from IWTMA!

The Wind Industry witnessed a temporary drop in volumes in Financial Year 2017-18 (FY18) due to its 
transition from the feed-in-tariff (FiT) to the competitive bidding regime that brought down wind installations to 
the tune of 1762 MW, while the cumulative installation reached to 34,132 MW by the end of this fiscal year.

However, the industry is now on a fast-growth trajectory with a healthy order pipeline, due to auctions by Solar 
Energy Corporation of India (SECI) I, II, III, IV (6,050 MW) and state level bids in Tamil Nadu, Gujarat and 
Maharashtra (1500 MW). With SECI V and NTPC bids coming up, another 4 GW is ex pected to be auctioned 
soon.

Incidentally, the volumes are set to grow exponentially with ~10 to 12 GW auctions each year from SECI and 
state bids combined, as well as from projects less than 25 MW based on a determined tariff. At the current 
rate, the wind industry is on course to add ~30GW of new capacity in the next three years, thereby taking 
the cumulative total capacity to ~60 GW ahead of its 2022 target set by the Ministry of New and Renewable 
Energy (MNRE). The wind industry is a testament to the ‘Make in India’ initiative for more than two decades.

Also, there is a clear visibility of continuous volumes in the coming years that shall allow a gradual stabilization 
of tariff, as evidenced in the SECI IV auctions where tariffs firmed up at Rs 2.51 per unit, higher than the earlier 
SECI bids. The tariffs will also depend on wind regimes in different states. Technological innovation plays a 
big role as manufacturers are working towards bringing down the Levelised Cost of Electricity (LCOE) and 
increasing Plant Load Factor (PLF).

Clean energy has now become a reliable, affordable and mainstream source of energy. The wind industry is 
determined and focused on enabling India’s energy security, affordable energy for all and transition to a low-
carbon economy.

Other thrust areas are in wind solar hybrid, repowering and beginning of off-shore wind as signalled by MNRE. 
We appreciate the announcement of Expression of Interest for 1 GW of Off-shore in the State of Gujarat.

The current issue covers extensive reads on geo-tagging of wind turbines, wind scheduling and forecasting, 
storage and LVRT.

I also take this opportunity to wish our readers continued success and best wishes for the New Financial Year 
(FY. 19).

With Best Wishes

Tulsi Tanti
Chairman
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Scenario of Rajasthan, 2016

²² Only partial Forecast data available with SLDC.

²² SLDC not equipped for analysis of deviation between scheduled wind power and actual injection.

²² No Data integration system in between pooling substations and SLDC for getting the details of power injection at any time.

²² SLDC used to get data on phone and manually maintain a log book, which is not reliable as the data is received at different 
times, hence are not comparable.

²² Availability of actual data of Injected Power is possible only after 30 days from the MRI record.

²² SLDC is in the process of installing fibre optic communications from Pooling Substations to Inter Connection Substations, which 
will take around 4 years.

Forecasting & Scheduling – Coordination by IWTMA

²² IWTMA is playing a role as a single co-ordinating agency for compiling all data as received from various developers/generators 
and forwarding to SLDC.

²² Approx. 4246 MW Zero revision forecast data on Day ahead basis is being forwarded to SLDC before 10:30 AM daily. This is 
followed by 16 revisions as per regulations.

²² IWTMA engaged REConnect Energy as System Integrator for making the exercise dynamic and analytical.

²² System Integrator will be responsible for installing ABT meter with Dual SIM based GPRS Modem in all the polling substations. 
The modems will work on storage & forward concept.

²² System Integrator will also install RTUs in pooling substations with a dedicated Gateway at SLDC to synchronize all RTUs in SLDC 
System as per their requirement.

O. P. Taneja, Associate Director 
Indian Wind Turbine Manufacturers Association, New Delhi 

Scheduling and Forecasting in 
Rajasthan - Initiative of IWTMA

Suzlon

Gamesa

WWIL

ReGen

Inox

IWTMA

•

•

Uninterrupted submission to SLDC

•

Consolidate Day ahead, Zero

revision Forecasting at 10.30 a.m.

16 Revisions as per regulations

Forecasted Data 
received at SLDC

IPP’s

Figure 1: Present Status
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Substation 1

ABT Meter with 
Duel SIM based GPRS Modem

Substation 2

ABT Meter with 
Duel SIM based GPRS Modem

Substation 3

ABT Meter with 
Duel SIM based  GPRS Modem

Substation “N”

ABT Meter with 
Duel SIM based 
GPRS Modem

Modem

SIM based GPRS Modemodem

Gamesa

System Integrator (Data Collection
Aggregation, Analytics and MIS for

Association, all Stakeholders & SLDC)

ReGen Suzlon

Inox

SLDC

Consolidated 
Forecast with all 
Revision

IWTMA

IPP’s

Wind World

Figure 2: Working Architecture: For ABT Meter Data Acquisition & Role of System Integrator

Figure 3: Data Transfer Architecture: From RTU to SLDC

Substation 1

RTU & cellular module
with Dual SIM card 

with Dual SIM card

Substation 2

RTU & cellular module 

with Dual SIM card

Substation “N”

RTU & cellular module

IPP’s Substation

SLDC system

IEC 104 protocol

Gateway/Inter-phasing 
Equipment/Router at the SLDC for 
picking the data from different 
RTUs

Dedicated 
Lease 
Line

RTU & cellular module
with Dual SIM card



 WE HAVE 
THE EYE FOR
 QUALITY

Learn more: WeKnowBlades.lmwindpower.com

With 205,000 blades delivered over three decades, 
we are experts in wind turbine blade design and  
manufacturing. Both are critical to ensure a high  
quality outcome in the end

As blade specialists, we know what it takes to: 

• Test materials down to the details:  Our state-of-the-art laboratories
allow us to test samples of every material, millions of times, to prove they have
the reliability to last more than 20 years

• Validate structural design: With full scale blade tests, we go beyond certification
requirements to validate the strength of the blade as well as all the design details

• Invest in training: In any LM Wind Power factory around the world, you can be
sure that every employee has been trained and re-trained to produce blades the
same way, meeting the same high quality standards, every time

The result: Blades you can rely on
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Scope of System Integrator

²² Maintain the Communication system for transfer of data 
from ABT meters to Developer/Generator and SLDC.

²² Maintain the RTU/Data Acquisition System and Gateway/
Inter-phase equipment at the SLDC.

²² Compilation of forecast data including all revisions, as per 
regulation and submit to SLDC.

²² Co-ordination with SLDC, RDPPC, Substations, Developers/ 
Generator or any other designated agency.

²² Prepare periodic reports covering analysis, issues of 
curtailment, actual vs forecasted deviation, etc.

²² Reports and Management Information System for SLDC/
OEM/ Developers/Generators or any designating agencies.

Status as on Date (Hardware & Software)

²² ABT Meters (L&T Make) and Dual Modems (iMDAS by 
REConnect Energy) installed at all Pooling Substations and 
streaming real-time data to SLDC.

²² 8 RTUs installed with dual-modem and some of the 
pre-existing RTU’s are streaming data to dedicated wind 
energy gateway installed as SLDC.

²² 7 different OEMs being integrated into the system from 
the hardware and software point of view (Suzlon, WWIL, 
ReGen, INOX, Gamesa, Greenko, Tata/Welspun).

²² SLDC Rajasthan and IWTMA having a real-time access to 
data (static and power) through a state-of-the-art web-
application (GRID Connect). Each other stakeholder has 
access through password for their own data.

Status as on Date (Forecasting & Scheduling)

²² Forecast - Aggregation & Scheduling

•	 Data received from multiple forecasters is being 
aggregated and sent to SLDC.

•	 Daily 36 PSS (4246.75MW) are sending day-ahead 
forecasts.

•	 Daily 36 PSS (4246.75MW) are sending intra-day 
forecast revisions.

(16 revisions)

²² Real Time Generation Data

•	 Daily 3456.35 MW actual generation data is beamed 
to SLDC through Gateway installed at SLDC. The work 
is in progress for the balance capacity of 790.4 MW

Reports Generation and Download Options

Following reports can be downloaded from the portal, in 
Excel (csv) & PDF Format.

Can also be copied & printed

²² Current Day’s Aggregated Day Ahead Forecast, Revised 
Forecast and Actual Power Generation.

²² Next Day’s Day Ahead Forecast Pooling Substations wise.

²² Historical Aggregated Revised Forecast and Actual Power 
with date selection option.

²² Current Day’s Region wise Aggregated Revised Forecast 
and Actual Power Generation

²² Pooling Substations wise Forecast vs Actual generation

²² Static Details Pooling Substations wise with project status.

Figure 4: Web-application (Real-Time FC vs. Actual State Level)



7Indian Wind PowerApril - May 2018

Figure 6: Web-Application (DA Forecast with each PSS Level Break-up)

Figure 5: Web-Application (Regional Break-up of Actual Generation)
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Figure 7: Web-Application (Historical Data and Accuracy MIS)

As on 31/04/2017

Developer

Installed Capacity of Wind Power in Rajasthan

Jaisalmer Jodhpur Sikar Barmer Total

RRECL 45.4

Chittorgarh/ 
Pratapgarh

2.1 2.25 49.75
Suzlon 1608.95 315.5 9.6 1934.05
WWIL 896.77 98.4 7.2 1002.37
NEPC 0 0.675 0.675
RRB 25.8 25.80
Veer 76.5 76.50
Regen 0 211.5 211.50
Inox 554 554.00
Welspun 0 126 126.00
Gamesa 0 40 40.00
Mytrah 62.9 62.90
Tanot 120 120.00
Rajgarh 74 74.00
Others 15 15.00
Total 3464.32 416 7.2 49.6 355.425 4292.545
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SKF applies statistical techniques to the workflow and data 
from individual turbines in order to achieve effective fleet 
analysis. Furthermore, the global database can be leveraged for 
enhanced decision guidance. Diagnostics are shown here from 
two case studies performed on challenging planetary gears.

Conclusion: To do an efficient job on a majority of the drive-train 
failure modes, you need to take an individualized approach to 
vibration monitoring for each wind park being managed. The 
alarming process provides efficiency, while advanced diagnostic 
techniques help to reveal the more complex issues.

1. SKF, CMS & Remote Monitoring

We manufacture numerous components including different 
bearings for the drive train, along with lubrication and sealing 
solutions. Ten years ago we developed a vibration monitoring 
system and opened a remote monitoring center.

2. Turbine Adjustment/Fleet Analysis

The volume of data collected from a large wind farm is staggering. Typically there can be eight sensors on a geared wind turbine, 
each with three measurements; 24 indicators in total (one indicator is one spectrum and one overall value). This information is 
collected by the condition monitoring hardware and is sent over the internet, either wired or wireless, to a CMS server, which can 
be located anywhere on the planet.

In one year with an average of one download a day we have close to 9,000 spectra to analyze. If you imagine at the scale of a 
wind park, which could contain hundreds of turbines, it is apparent that traditional analysis techniques would not be economically 
applicable. That volume of data means that we now have to use a statistical approach to analyze the data.

Fabrice Drommi, Machine Health Business Development 
Renewable Energy, SKF. fabrice.drommi@skf.com

Statistical Approach to Improve Prediction 
Capability of Condition Monitoring Systems

Condition monitoring is the process of determining the condition 

of machinery while in operation. The key to a successful 

condition monitoring program includes knowing what to listen 

for, how to interpret it and when to put this knowledge to use. 

Condition Monitoring Systems (CMS) not only help wind farm 

operators reduce the possibility of catastrophic failure, but also 

allow them to order parts in advance, schedule manpower and 

eventually crane, and plan other repairs during the downtime.

Our Remote Monitoring Services use SKF condition monitoring 

tools such as the SKF IMx on-line system dedicated to Wind 

Turbines (so called Windcon)  to collect data. Based on further 

analysis, experts interpret the results and communicate with 

wind park operators to serve informed decision-making in the 

management of machine health.
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This is used to compare the turbines between each other as much as possible given differences in location and models. First we 
compare what is comparable and then we use the historical data we have amassed over the ten years of monitoring wind farms 
of different models. Based on this history of the data, dependent on turbine type, we use this as background for the new machine 
that we start to monitor.

3. Fleet Comparison

The aim now is to broaden the fleet analysis perspective within 
the global background that we have, built up from among some 
2000 turbines monitored within SKF group. Since the wind 
turbine is a complex machine, with a great many variables, we 
cannot simply apply one model of alarm level to all machines. 
So, we have to develop individual alarm models that allow us 
to rapidly evaluate the machines, being guided by the statistics, 
filters and selection.

It is vital to select the right kinematic data to analyze, to help 
and to increase the process accuracy. The system has some 
features that enable it to scan for potential theoretical faults. 
To do this automatic scanning you need to rely on the actual 
information on the type of components in the system. Each 
gear has its own characteristic frequency, so achieving effective 
detection puts high demands on having correct knowledge 

about the kinematics inside the turbine. Today, given our 
extensive historical database, we have a good understanding 
and good background on the components inside the gearbox 
and inside the generator.

Based on our experience, not all the components in wind 
turbines need the same level of expertise to be analyzed. 
Detecting a generator with bearing issues is relatively easy, but 
planetary bearings and gears present a greater challenge. We 
have developed specific algorithms that are really focused on 
the detection of the planetary gears themselves.

4. Examples of Monitoring & Diagnostics

Here are two examples collected from field experience. They 
analyze the complex nature of vibrations originating from 
the planetary stage, especially the gears, which are generally 
regarded as the most challenging components to diagnose.

Case 1:
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It employed the whole process of database creation, alarms assignment and issue detection based on vibration trending drift.

Spectrum analysis identified the failed component; video endoscopy picture closed the loop.

²² Trend increase overall ACC (Acceleration vibration level) + filtered gear mesh value of planetary stage

²² Spectrum analysis revealed harmonics from the planetary wheel rotation speed

²² This leads to the event report; the pattern indicates where to inspect, the level indicates the level of urgency

²² Boroscopy confirmed a planet wheel crack

Case 2:

In this case, the traditional techniques reached their limitations, therefore we applied a post-analysis algorithm which was developed 

especially for planetary gears. This demonstrated that, beyond the statistical alarms process, advanced technology is needed to 

increase the capabilities of condition based maintenance.

²² In the initial phase, ACC alarm thresholds were set on the planetary stage, showing a slight upward trend the following month.

²² Spectrum analysis showed an IMS (Intermediate Shaft) harmonics increase, however the absolute levels are still low.

²² Gear Inspector tool, which is a display of the vibration signal spread around 360° shows an Energy Peak on the IMS wheel.

²² This leads to the conclusion of an IMS wheel issue; Boroscopy confirmed a broken tooth on the pinion.

5. Outlook

The capabilities of CMS will continue to evolve as we continue to push the boundaries of the technology. One of the next steps will 

be to integrate further relevant sources of information such as process parameters.

Another trend is to be able to couple CMS data to another, more holistic system so as to enable better correlation. This is a major 

driver from the turbine manufacturers, but it also raises a cost issue. Our goal is to make the technology more affordable.

After ten years using vibration monitoring, we can improve the availability of the wind assets by one percent while at the same time 

reducing operating and maintenance costs by two percent.
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(With the increasing infeed of wind and solar power, the issue of grid stability and storage is becoming more and more urgent. 
A Swiss company is developing a technology to store large amounts of energy cost effectively as compressed air and heat in 
mountain caverns.)

Renewable energy, especially from wind and solar, has seen massive growth in India over the last years. Already more than 18% (60 
GW) of India’s installed capacity is in form of renewable energy sources, of which more than 80% (47 GW) come from wind and 
solar. By 2027, India plans to have more than 60% of its electricity from renewable sources. Wind turbine installations in particular 
have seen a rapid growth worldwide and have surpassed the world’s largest installed power source overall – coal plants. Global wind 
power generation amounted to 950 TWh in 2015, accounting for nearly 4 percent of total global power generation. In 2016, the 
EU-28 states generated over a quarter of their power from green sources, while globally, renewables now account for 1985 GW – 
over 30 percent of total power capacity.

Dr. Giw Zanganeh, Managing Director 
ALACAES, Lugano, Switzerland 

giw.zanganeh@alacaes.com

Advanced Adiabatic Compressed 
Air Energy Storage (AA-CAES)

Schematic of commercial compressed air storage plant

Solid rock:
About 1000 meters of rock 
weigh down on the tunnel.

Pressure seal (plug) 1
Compressor driven by excess power, 
e.g. solar or wind energy.

Investment costs
in $/kWh

Compressed air 20 - 1000 70–75 150 - 250 140
Pumped storage 100 - 1000 75–80 250 - 500 1100

5

4
Thermal storage unit
Pebble bed used to store 
the heat. 

3
Compressed air heats up to 
300-500°C and enters the 
thermal energy storage unit.

2
Compressor
Ambient air is compressed
to 70-100 bar.6

The cool compressed air 
is reheated in the thermal storage 
for electricity production.

7
Electricity generation
Warm compressed air drives 
a turbine connected to 
an electricity generator.   

Efficiency
in %

Land use 
in m2/MW

Cooled compressed air 
(26°C) leaves the 
thermal stor age unit and is 
stored in the cavern.

Power range:     10 - 1000 MW 
Capacity range:  25 - 5000 MWh 

Pressure seal (plug)

Overview of plant types
Power

Plant type in MW

Figure 1: Scheme ALACAES



14 Indian Wind Power April - May 2018

However, though good for the global climate, this trend creates 
headaches for grid operators. Infeed of solar and wind power 
fluctuates according to the weather, making it difficult to balance 
loads across electricity networks. This has spurred the search for 
efficient storage solutions – and one idea is currently being 
developed by a Swiss company called ALACAES.

In a nutshell, the concept of advanced adiabatic compressed 
air energy storage (AA-CAES) is straight forward: A compressor, 
driven by an electric motor powered by off-peak or renewable 
power, raises the air pressure in a sealed-off underground 
reservoir (e.g., a tunnel or cavern) up to 70-100 bar. This would 
cause the compressed air to heat up to more than 300-500 
°C – much higher than typical tunnel or cavern construction 
materials can handle. The solution is to store the heat contained 
in the compressed air in a thermal energy storage unit, thereby 
reducing the temperature of the compressed air to no more 
than 30 °C. The thermal energy storage solution consists of a 
packed bed of gravel. When power is needed, the compressed 
air is heated in the thermal energy storage unit and expanded 
in a turbine connected to an electricity generator.

Compressed Air Energy Storage technology is nothing new. 
There are already two projects built in salt caverns – one in 
Germany from 1978, and a second in the United States, dating 
from the early 1990s. However, the existing plants discard the 
heat produced during compression and use gas burners to heat 
up the compressed air again before entering the turbine. This 
results in poor efficiency levels of about 40-50% as well as 
greenhouse gas emissions due to the gas burner. By using the 
thermal storage, the plant efficiency is improved to 70-75%.

The distinctive feature of the ALACAES technology is that the 
thermal energy storage is placed inside a much larger pressure 
chamber, usually a mountain or underground cavern. Therefore, 
the thermal storage, being in the pressure zone itself, does 
not have to bear any pressure. This dramatically reduces the 
cost and complexity of the thermal storage unit, giving this 
technology a major economic advantage over alternative 
compressed air storage technologies.

Much like pumped hydro storage this concept would allow peak 
loads to be met with using off-peak or renewable energy stored 
at an efficiency of 70 to 75 percent. That makes AA-CAES the 
only large-scale energy storage concept right now with the 
potential to compete with pumped hydro energy storage.

Since all the installations are underground, the environmental 
footprint of the AA-CAES technology is much smaller than 
pumped hydro plants, which require the creation of reservoir 
lakes by constructing a dam to contain the water. Due to the 
same reason, also the costs of the compressed air technology 
is 20-30% lower than pumped hydro, while having a similar 
life time of 40-60 years. Compared to batteries, AA-CAES is 
40-60% cheaper while having a 10-20 times longer lifetime. Figure 4: Gravel of Thermal Storage

The world’s first pilot plant of this technology was successfully 
built and tested in 2016 in the Swiss Alps. The pilot plant 
exploited a disused transportation tunnel as its pressure cavern, 
by constructing two 5-m thick conical concrete plugs to seal the 
pressure zone and an access door installed in each plug.

Figure 2: Plug Construction

Figure 3: Access Door

The plant was a 120 m section of the 5m-diameter tunnel and 
had a capacity of 1 MWh at a power rating of 600 kW. The hot 
pressurized air entered the pressure zone through a feeding 
pipe in the plug and was carried directly to the thermal energy 
storage.
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Figure 5: Thermal Storage Figure 6: Thermal Storage Construction

Figure 7: Installations

The air cooled down to ambient temperatures by flowing through the thermal storage and was subsequently stored in the empty 
volume tunnel section. For discharging, the process was reversed by opening the control valves, allowing the cool pressurized air to 
enter the TES, heat up, and leave the plant through the same pipe it entered.

ºº India’s Largest Wind Turbine Generator Commissioned by Suzlon

Suzlon has announced the installation and commissioning of its S128 wind turbine generator at Sanganeri site in 
Tamil Nadu, claiming it to be the largest wind turbine generator (WTG) in India. S128 WTG is available in 2.6 MW to 
2.8 MW variants and offers hub heights up to 140 metres, rotor blade 63 meters and a rotor diameter of 128 meters. 
The prototype of the S128 is said to be delivering close to conventional fuel competitive plant load factor (PLF).

ºº Determination of Levellised Generic Tariff for Financial Year 2018-19

CERC tariff order dated 1st March 2018 declares that for wind (onshore and offshore) the tariff will be project specific, 
and not generic.
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Why Energy Storage?

Energy storage technologies have huge potential to significantly 
contribute to the transformation of Indian electric grid towards a 
greener, resilient and reliable grid within next decade. Advanced 
energy storage technologies can play an important role in 
renewable integration, energy access, electric mobility and 
smart cities initiatives by the Indian Government. However, the 
development of advanced Energy Storage Systems (ESS) has 
been highly focused in select markets.

Ever since the existence of an electrical grid, grid operators have 
been looking for ways to safely and efficiently store energy so 
that can be supplied and consumed on demand. Over 170 
grid scale energy storage technologies (excluding PHES) are 
either commercially available or are under development across 
different regions worldwide. The storage technologies site is 
distributed across a variety of systems to ensure the energy 
needs are met every day. This includes mechanical storage 
like pumped hydro storage, flywheels, compressed air and 
electrochemical storage such as lead acid, advanced lead acid, 
lithium ion chemistries, sodium-based batteries, nickel-based 
batteries and flow batteries. Advancements in fuel cells and 
traditional thermal storage are also relevant to various emerging 
applications.

It is also worth mentioning that energy storage is resource 
neutral i.e. it allows to use electricity more efficiently, regardless 
of the power source. Whether the energy production is from 
a thermal power plant or wind power plant, energy storage 
technologies can capture the energy and make it available 
when it is most needed. It also provides quality and reliable 
power to the end consumers.

Each country’s energy storage potential is based on the 
combination of energy resources, infrastructure, electricity market 
structure, regulatory framework, population demographics, 
energy-demand patterns and trends, and general grid 
construction and condition. The efficiency of performance of 
these fundamental factors creates demand for new products 
and services, and energy storage is increasingly being sought to 
meet these emerging requirements.

Dr. Rahul Walawalkar, Executive Director 
India Energy Storage Alliance (IESA)

Need for the Energy Storage Systems in India

Indian Energy Storage Market

Indian energy storage space is at interesting phase and this is 
the best time to enter market. Indian energy sector is becoming 
exciting with 50 MW+ large-scale projects announced in 
2016 and 2017. Apart from these tenders, various private 
and government bodies are going for MW level energy 
storage projects in India. Other application areas like electric 
vehicles, charging infrastructure, microgrids, telecom tower, C&I 
applications, solar integration, microgrids, smart grids and smart 
cities will be the major catalyst for energy storage adoption in 
India.

The market for energy storage in the South Asia region is 
dominated by India. Energy storage has almost 20 different 
applications in India such as renewable integration, grid ancillary 
services, diesel minimization, micro grids for energy access 
and campuses as well as electric vehicles. IESA estimates the 
market for energy storage would grow to 100-200 GWh during 
2017-22. While everybody acknowledges the importance of 
storage – for, without storage, there can be no smart cities, 
electric mobility or 24x7 power supply in remote areas – very 
little has been happening in India in terms of building large-
scale storage capacity linked to renewable plants.

During 2017, over 100 MWh energy storage tenders were 
released in India. EESL has also concluded world’s largest 
procurement of 10,000 EVs in a single tender. IESA expects 
solar integration, electric vehicle & charging infrastructure and 
commercial & industrial applications will act as catalyst for 
energy storage adaptations in India.

Policy makers in India have recognized the potential of energy 
storage that can help in Indian government to meet various 
policy priorities such as National Solar Mission, National Electric 
Mobility Mission and Mission for Energy Access. NITI Aayog 
as well as MNRE have been working on draft National Energy 
Storage Mission for past year. According to the policy makers 
the biggest challenge for storage is the higher upfront cost. 
Luckily globally the prices for storage technologies are reducing 
rapidly and have fallen by 90% in past 10 years. We are also 
confident that with local manufacturing, we can accelerate this 
cost reduction.
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ReGen Powertech Private Limited
8th Floor, KRM Plaza, North Tower, 2 Harrington Road, Chetpet 
Chennai – 600 031, Tamilnadu, India
Phone: +91-44-66545566 / 429660200, Fax: +91-44-42966298 / 99.
Email : info@regenpowertech.com www.regenpowertech.com

The 2.8 MW platform offers the lowest cost of energy generation and offers the highest yield in its 
class earning the highest return on investment.  To learn more about our new platform, please visit 
www.regenpowertech.com or send an enquiry to info@regenpowertech.com

the new ReGen make

“WD 121, 2.8 MW”

wind generator platform

with a rotor diameter of 121m. 

The evolution of our highly 

successful 1.5 MW and 2 MW 

wind platforms, the new

WD 121 2.8 MW IEC IIIB 

provides unparalleled 

performance at high 

efficiencies even in low and 

medium wind sites.

• Advanced technology with 
gearless direct drive, variable 
speed Synchronous generator 
with permanent magnet 
excitation

• No reactive power, no 
dependence on grid for 
excitation.

• Variable speed advantage offers 
high efficiency at low wind 
speeds.

• Full 900 pitchable blades offer 
aerodynamic breaking.

• Generator has concentric 
winding with flux concentration 
which boosts generator 
performance and efficiencies.

• Maintenance free highly reliable 
three independent pitch system
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At the same time, there are other challenges on the policy front. 
The main policy intervention required is need for transparent 
price signal for electricity that values the peaking power and 
flexibility. We also need removal of barriers such as higher GST 
(28% for batteries vs 5% for solar) and import duties for kick 
starting market for advanced energy storage in India.

Renewable Energy and Energy Storage

India has an ambitious plan of 175 GW  renewables by 2022, 
including 40 GW of rooftop solar, 60 GW of grid-scale solar and 
60 GW of wind. The key challenge for reaching these targets 
would be the ability of the grid to integrate variability associated 
with these renewables, as well as huge investment required 
for upgrading the T&D infrastructure. Energy storage can help 
in better integration of these renewable by providing multiple 
values to the system, such as optimizing T&D investments, 
addressing forecasting errors in wind and solar generation for 
more accurate scheduling, addressing local reliability issues 
by providing reactive power support, and also enabling end 
users for managing peak load and more efficient utilization of 
distributed renewables.

Manufacturing

According to India Energy Storage Alliance (IESA) research 
estimates, by 2020 there will be at least 3 companies globally 
with 25 GWh + annual production capacity and another 5 
companies with 10+ GWh annual production capacity for Li-
Ion batteries. The new projected capacity for 2020 is now over 
400 GWh based on latest projections by IESA Research. India 
is targeting 5-10 GWh of manufacturing by 2020.

With the rapid reduction of solar and wind energy costs, 
Indian grid now needs solutions for renewable integration. This 
transition is supported by significant push for Giga factories for 
advanced energy storage technologies such as li-ion that is 

driving down the cost of energy storage at a pace even faster 
than the solar PV cost reductions witnessed in past decade.

IESA’s Lead Acid Battery Market Landscape Report suggests 
the current market size for lead acid batteries is around 
` 27,000 crore ($4.2 billion) out of which stationary and motive 
applications in India takes the share of ` 12,650 crore. The 
stationary and motive application segments are likely to grow 
by 14 per cent CAGR until 2020 and the forecasted market 
will be ` 25,000 crore ($4 billion). In the current market 
scenario, inverter and UPS applications take the major share of 
60 per cent of the stationary and motive battery market. Key 
applications which will boost the market are batteries for solar 
integration, electric and hybrid vehicles.

Many Indian players are also exporting lead acid batteries to 
countries like Sri Lanka, Philippines, Indonesia, Afghanistan and 
Thailand.

Manufacturing of new technology batteries is still not happening 
in India. Only assembly activity is witnessed. At least five major 
industrial groups in India are waiting for clarity in policy to 
foray into cell manufacturing. States such as Telangana, Andhra 
Pradesh, Tamil Nadu, Maharashtra and Gujarat are showing 
interest in attracting investments from companies to set up 
units in this space.

As per estimates, for cell manufacturing, 1 GWh capacity would 
need an investment of $300 million. Looking at the potential 
India has to create a 10 GWh capacity, India could attract 
investments to the tune of $3 billion. And as this happens, 
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ancillary development including module development, 
containers, transformers, inverters could need an equal amount 
of investment, taking the total potential to $6 billion.

Most of the batteries currently consumed in India come from 
China, Korea, US, Japan and Europe. China has 60 GWh of 
manufacturing capacity, US has around 40 GWh, while Europe 
(driven by Germany) has 30 GWh. In the consumer electronics 
space, importing and assembling has been feasible so far 
for India and if tax benefits are provided by the government, 
indigenous manufacturing can pick up.

Currently, India has 5-6 MWh level Li-Ion assembling plants 
and additional 10+ conglomerates are undertaking manual 
assembling in small scale in India. IESA expects 3-4 Li-Ion Cell 
manufacturing to take place in next 2-3 years in India.  There 
are no Li-ion cell manufactures in India but various companies 
like EXCIOM, ACME, Delta, Coslight and Future hi tech batteries 
established Li-ion assembly in India. Few Indian companies are 
working on other battery chemistries like sodium based battery, 
Zinc AR batteries. By leveraging India’s vast experience in 
software industries there are few companies who are creating 
Battery Management System and Energy Management System 
for batteries & EVs.

Conclusion

2018 has already started witnessing the pickup of EV charging 
infrastructure deployment in various metro cities. Stationary 
energy storage market will also start seeing tracking with MW 
scale deployments for renewable integration as well as C&I 
applications. By mid-2018, India will have over 1 GWh of Li-
ion battery pack manufacturing capacity. We also anticipate 
that in 2018 at least two Li-ion cell manufacturing plants with 
capacity of 500 MWh or more will start construction in India 
with anticipated completion for the end of 2019 or early 2020, 
bringing India on the global map of Giga Factories. With the 
introduction of various EVs (across 2W, 3W, 4W and commercial 
vehicles), India will start witnessing the adoption of EVs in 
2018, fueled by central procurement led by EESL and various 
state agencies.  If we start deploying energy storage projects 
in a systematic manner this can create a huge interest in local 
manufacturing and system integration capabilities.

IESA has set a vision to make India, a global hub for 
manufacturing of advanced energy storage systems, and we 
hope that with a little consistent policy direction and support in 
implementation, we can achieve this dream by 2022.

Predicting what matters to the Grid
Wind  |  Solar  |  Demand  |  Price

India's Largest Energy Services Company
080-5047 3388/99    |   www.reconnectenergy.com 
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²² Grid stability and supply security are two major elements 
of the power supply.

²² In order to avoid failure risk of the supply, the power 
generating plants should have better monitoring, control 
capabilities and protection system.

²² Grid protection systems were implemented by the 
conventional power plant as major share of power were 
produced by them.

²² Wind energy contribution in overall power generation is 
increasing day by day in India, therefore ‘Grid Codes’ are 
now getting enhanced to include systems like LVRT.

²² Grid code requires control of electrical characteristics for 
the generation of power with Low Voltage Ride Through 
(LVRT)/Fault Ride Through (FRT) capability of generating 
power plant.

²² LVRT has become an important feature of the wind turbine 
control system.

²² The LVRT term in context of wind energy generation 
- Wind generating stations shall remain connected to the 
grid when voltage at the interconnection point on any or 
all phases dips.

²² LVRT mechanism boosts the terminal voltage at the point 
of connection of the wind turbine when there is a fault at 
the remote location to provide transient stability support. 
LVRT is the capability of the electrical device to operate 
through periods of lower grid voltage.

Certification Perspective

²² Either Type Certificate of wind turbines should include 
compliance to CEA Technical standard for connectivity 
to grid (No. 12/X/STD(CONN)/GM/CEA dated 30th  
September 2013) under Prototype Testing certificate 
(SOC) or in a separate Conformity Statement (CoC).

²² Grid connected wind turbines in India are certified 
according to GL 1999/GL2003/ IEC-WT-01/TAPS 2000/
GL 2010/IEC 61400-22 type certification schemes.

²² Power Quality of GL 2010 compliant wind turbine model is 

measured as per chapter 10.4 of GL guidelines according 

to clause 6.1 to 6.4 of IEC 61400-21 that covers ‘Flickers’ 

and ‘Harmonics’. LVRT testing (6.5 to 6.9 clause of IEC 

61400-21) is optional.

²² Complete ‘Power Quality’ measurements for IEC 61400-

22 compliant wind turbine model are optional. Accordingly, 

measurement campaign should be planned.

²² GL 1999/GL2003/IEC-WT-01/TAPS 2000 certified wind 

turbines will require upgradation to GL 2010/IEC 61400-

22/IECRE OD-501 to achieve CEA compliance.

²² Upgradation of wind turbine to any of the latest schemes 

in vogue will require change in many load bearing 

components like Drives, Bearings, Gearbox, etc.

²² Type Certificate, Statement of Compliance (SoC) or 

Conformity Statement (CS):

A.	 CEA notification compliance statement to be included 

in Prototype Testing certificate.

B.	 To include technical compliance evaluation details in 

electrical characteristics report.

C.	 CEA/LVRT compliance statement to be included in 

Final Evaluation Report also.

²² Type certification Body must have accreditation for CEA 

Technical standard for connectivity to grid (No. 12/X/

STD(CONN)/GM/CEA).

²² Latest notification (dated 01.03.2018) from MNRE states 

that ‘Self-Certification for the wind turbine models that 

are yet to be tested for LVRT compliance according to 

aforementioned CEA technical standards is acceptable for 

inclusion in a separate self certification table in RLMM. 

Self certified wind turbine model will remain in the list till 

31.03.2019 and disconnected from the grid if compliance 

certificate (SOC/CS) is not produced by the date.

Dr. Sanjiv Kawishwar, Senior Vice President 
ReGen Powertech Private Limited

Type Certification of Wind turbines including 
Central Electricity Authority/Low Voltage Ride 
Through (LVRT)
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Todd Crawford 
Senior Meteorological Scientist

The Weather Company, an IBM Business

Throughout history, meteorologists have worked to improve 
weather forecasting technology. In the last 20 years, that work 
has increased with the help of data scientists, cloud computing, 
machine learning and advanced analytics to create today’s 
superior weather forecasting technology. Providing clients and 
consumers with these forecasts is incredibly valuable, but 
imagine if that forecast also contained useful information on 
the full range of forecast possibilities as well.

Some forecasts are more difficult and uncertain than others, 
and only the use of probabilistic forecast information can 
adequately convey the complexities of a given situation.

Leaders in weather data and distribution are now providing 
probabilistic forecast information to its clients, via API or 
new products, to help them simplify business decisions with 
probabilistic forecasting for the energy industry.

The Full Range of Possible Outcomes

Probabilistic forecast information offers you the ability to 
capture a range of possibilities for any given weather forecast 
while highlighting extreme risks. Instead of simply displaying the 
output of one weather model ensemble, such as the ECMWF; it 
combines all available global and regional models. Rather than 
only having access to a predicted temperature, you get access 
to the odds of each possible outcome, allowing you to factor 
risk tolerance into your decision-making process.

If the forecast predicts a temperature drop over the next week 
with a vast range of possibilities, that forecast carries a higher 
risk. The probabilistic model allows you to step back and look 
at the big picture – to go slow and not throw a huge market 
position down. Similarly, if the forecast shows that a cold trend 
with a small range, there’s a lower risk and you can increase 
the size of your bet.

For example, the table shows how clients can use a probabilistic 
product to quickly visualize forecast uncertainty for a region and 
variable (temperature or precipitation). In the example below, 
the user can easily see higher uncertainty across Serbia on 
Monday, 26 March, relative to the surrounding days, followed 
by increased uncertainty later in the forecast period as is usually 
the case.

Another visualization is shown below; exceedance thresholds 
for various temperatures are provided for a given location 
(Central Park in New York City, in this case) – It’s easy to see 
the increasing probabilities for warmer temperatures with time 
(reds and oranges).  The graph at the top of page also allows 
the user to discern the direction of forecast risk.  In this case, 
the forecast for 30 March is 12 degrees, but the data suggests 
a 71% chance that it ends up warmer than that.

Superior singular forecasts are providing energy traders and 
demand forecasters with additional insights on the range of 
possibilities.

Today, current forecasts show you only a single, anticipated 
“least error forecast,” or the most likely forecast based on what 
an array of different models are showing. With probabilistic 
forecasting, we can fill the gap about what we know and don’t 
know in a transparent way. It offers what more models show 
to give clients a decision-specific probability of multiple weather 
outcomes and help them make a decision. In short, probabilistic 
forecasting helps businesses embrace uncertainty.

The Future of Wind Power Forecasting

Forecasting wind power output for a region, or even an 
individual wind turbine, is a particularly good use case for 
probabilistic forecasting capabilities.  Since there is not a linear 
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relationship between hub-height wind speed and wind power output, even small weather forecasting errors can result in large wind 
power forecasting errors.  The risk in relying on a single forecast, then, is particularly amplified in this case. Instead, if you input 100 
equally likely forecast wind speeds into a wind power model, you can get a realistic forecast distribution of wind generation scenarios 
that will allow for a more robust estimate of all possible outcomes, which will allow the load dispatch centers to better prepare for 
the sort of “tail events” that can catch a business off guard.
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1. Introduction

India has a lot of untapped wind power potential, and a target to achieve 60000 MW by 2022. As on date, the wind turbine 
installed capacity in India stands at approx. 33000 MW1. The present wind power installed capacity in the country is 55% of the 
total renewable installed power generation capacity. The contribution of wind energy in the total renewable generation during 2014-
15, 2015-16 and 2016-17 was 55%, 50% and 56% respectively. The Figure 1 below shows the state wise installed capacity as on 
31.03.17 and the installable wind potential at 100m agl.

Figure 1: State Wise Installed Capacity of Wind Turbines

The wind turbine installations in India are mainly spread across the states of Tamil Nadu, Andhra Pradesh, Telangana, Karnataka, 
Gujarat, Rajasthan, Maharashtra, Madhya Pradesh and Kerala. It is estimated that 32,2462 no. of wind turbines have been installed in 
India from 1989-90 to 2016-17, which is a vast asset base. However, there is no centralized system of maintaining this vast database 
exists as on date and there is a dire need in the country to formulate the Online Registry / Geo-tagging mechanism of wind turbines 
for the benefit of the wind turbine stake holders.
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2.	 Background

Ministry of New and Renewable Energy (MNRE) vide their Guidelines for Development of Onshore Wind Power Projects issued on 
22.10.2015 has also desired that the centralized system shall be created to develop a geo-tagged data base / online registry of wind 
turbines installed and proposed to be installed across the country with the support of central and state agencies. For the purpose, 
NIWE is working to devise the methodology for the static data collection.

The objective of the present exercise is;

i.	 To create a registry of information of wind turbine installations viz., location of the wind turbine, type of wind turbine, its rating 
along with critical technical information, power generation details, etc.

ii.	 To map the spatial / geographical distribution of the installed wind turbines vis-à-vis the potential areas 

iii.	 To effectively realize the untapped wind potential and providing road map to the wind energy related targets of Government.

iv.	 To keep track of condition and health monitoring of wind farms

v.	 To create mechanism for repowering of the aged wind farms

vi.	 To create better framework for wind power forecasting- Forecasting of wind power based on clustering methods helps achieve 
better accuracies and reduce computational costs compared to power forecast methods based on one representative wind 
turbine for the entire wind farm.

vii.	 On the later stage, the details will be useful for effective grid planning and management.

3.	 Framework for Online Registry

Under the project, a framework to enable data collection from all the relevant stakeholders and consolidation at a single point (at 
NIWE) is proposed to be put in place. A ‘unique ID’ mechanism with relevant secondary information stored at the back-end, has 
been designed and the same will be seamlessly integrated with all the existing wind turbines. In the future, the unique Id will be 
integrated during the proposed wind turbine’s commissioning process itself and reflected in the Power Purchase Agreements (PPAs). 
This is considered as necessary for the successful implementation of the project.

Under the project, NIWE will develop an online portal for managing the registration process of the wind turbines and for generating 
the unique identification number. In the case of existing wind turbines, the wind turbine details will be collated from State Nodal 
Agencies (SNAs) / State Utilities and NIWE will carry out the registration process and develop the data bank. In this regard, NIWE has 
already started the process and data collection is underway from various SNAs and stakeholders.

For the future projects, the developer shall approach State Nodal Agency (SNA) / state utility at least one month prior to scheduled 
commissioning process for allotment of ‘unique id’ and the SNA shall complete the registration process in the online portal by filling 
details as per the ‘Machine Registration Certificate’ format shown in Figure 2. The ‘Machine Registration Certificate’ with the unique id 
will be a part of the commissioning certificate issued by the SNA to the project developer. The process flow for future wind projects 
is proposed to be as follows:

4.	 Development of Unique Identification Code

The ‘Unique Identification Code’ for the development of Centralized Registry has been devised thoughtfully, avoiding chances of 
over-run. The Unique Identification Code will be an alphanumeric code coined with’ key attributes’ of the wind power project and 
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will remain a perpetual one. The id would be a generic one and is designed such that it does not reveal any information on the 

installations of a wind turbine of particular rating or manufacturer. Proposed format of Unique Identification Code will be as follows,

(State Code - Year of commissioning - Global model code - Regional Code - Unique Turbine No)

The following key attributes will form the unique id:

4.1	 State Code: Since the machine registration will be handled at the ‘state level’, a state code will be used. This will give 
information on the installations taking place in a state. For example: ‘Tamil Nadu’ will be indicated by ‘TN’.

4.2	 Year Code: The year code will give the ‘year of commissioning’. For example installations taking place in ‘2001’ will be indicated 
as ‘01’.

4.3	 Global Model Code: The Global Model Code has been formulated by dividing the land area of the country into 0.250 x 0.250 

grid cells, totaling 5108 grid cells, to match with NCMRWF (National Centre for Medium Range Weather Forecast) Forecasting 
Global Model grid resolution. A three alphabet combination (starting from AAA to HOL) is designed to represent the 5108 grid 
cells of the Global Model code. The 0.250 x0.250 discretized map is shown in Figure 2.

Figure 2: Global Grid Code Discretization for Unique Identification of Wind Turbine

4.4	 Regional Code: The 0.250 x 0.250 grid cells have been further divided into 0.010 x 0.010 blocks to represent Regional code. 
The discretization to the level of 0.010 x 0.010 blocks is proposed to enhance the flexibility of creating a domain of any size, 
which will be useful for forecasting and resource mapping applications. A two alphabet combination (starting from AA to YA) 
was designed to represent the total 625 blocks of 0.010 x 0.010 size located within a 0.250 x0.250 grid cell. The Reginal Code 
discretization can be further represented as Figure 3.

Figure 3: Regional Code Discretization
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4.5	 Turbine Number: Each turbine within the block of 0.010 x0.010 will be assigned a unique number. Considering older machines, 
probably each block of 0.010 x 0.010 may contain to the maximum of about 30 wind turbines and in order to represent those 
number of machines, 2 numerical digit unique turbine number has been proposed. The number sequence will roll regional 
code wise.

6.	 Conclusion

Development of the centralized online registry of wind turbines with geo-tagged secondary information is expected to be much 
useful for orderly and systematic development of the wind sector in the country. With the inclusion of dynamic data such as 
generation details into the registry, the archive is expected to open up multi-fold applications and will help identifying newer sites to 
the respective state nodal agencies thereby fostering the growth of wind turbines which in turn will help in expediting to meet the 
target of 60 GW by 2022.

References

[1] Accessed from www.mnre.gov.in

[2] Indian Wind Power Directory 2017, CECL

Annexure I

Machine Registration Certificate

Turbine Location

Village

District

State

Latitude

Longitude

Date of Commissioning

Turbine Details

Make

Model

Rating

Hub Height

Rotor Diameter

HTSC / Service Connection No.

Owner Name

Mode of Sale of Power - (Captive / PPA / Third Party Sale

Substation Details

Name

Voltage level

Feeder Name

Feeder Voltage

Filled by: 	 Checked by: 

Issuing authority
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Indian Wind Industry 
Analytical Report - FY 2017-18
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Key Pointers

Installed Capacity

²² FY 2018E witnessed a substantial drop in installation volumes 
primarily due to the transition phase from the FiT regime to the 
auction based regime

²² Commissioned capacity addition of 1.85 GW in FY 2017-18 as 
against 5.5 GW in FY 2016-17

²² This represents a dip of close to 66% for the corresponding period 
in last fiscal

²² This capacity addition translates to an investment of ~ 1.85 billion 
USD

²² Cumulative Wind power capacity in India surpasses 34 GW mark 
and stood at ~34.14 GW as on 31st March 2018

²² Cumulative Wind capacity constituted close to ~50% of India’s 
total Grid Interactive Renewable Energy capacity

²² Cumulative Wind capacity constituted ~9.8% of India’s total 
installed power capacity from all energy sources

Environmental Benefits Quantified

²² Cumulative Grid Interactive wind power installations would 
translate to (on per annum basis)

•• Emission offset of ~73 million tonnes

•• Coal savings of ~55 million tonnes

•• Sulphur Dioxide emission offset of ~ 0.60 million tonnes

•• Tentatively power ~18.5 million number of Households

•• Equivalent cars taken off the road/year ~12 million

•• Equivalent Number of Trees planted per annum ~ 6062 
million trees

Key Pointers – States

²² Karnataka leads in capacity addition by commissioning 856.9 MW 

followed by AP (348.10 MW), Tamilnadu (324.35MW), Gujarat 

(272.80MW), Madhya Pradesh (22.10MW), Rajasthan (16 MW), 

Maharashtra (12.60MW), Kerala (1.0MW)

²² Installations in all the 8 windy states

State wise capacity addition for FY 2017-18 with 
comparison to FY 2016-17

State
FY 2016-17 

(MW)
FY 2017-18 

(MW)
Growth/ 

De-growth %

Andhra Pradesh 2179.45 348.10 ~84%

Gujarat 1391.65 272.80 ~80%

Karnataka 905.55 856.90 ~5%

Madhya Pradesh 356.70 22.10 ~94%

Rajasthan 287.70 16.00 ~94%

Tamilnadu 256.13 328.85 ~27%

Maharashtra 93.30 12.60 ~86%

Kerala 0.00 1.00

Total 5509.58 1858.45 ~66%

Key Pointers – Original Equipment Manufacturers 
(OEM)

²² Total No. of Original Equipment Manufacturers (OEMs)who added 
capacity: 14

²² The top 5 OEMs (who added capacity ~100 MW and above) 
constituted ~92% of the total installed capacity

•• Suzlon Energy Limited

•• Siemens Gamesa Renewable Pvt Limited

•• Vestas Wind Technology India Private Limited

•• Inox Wind Limited

•• GE India Industrial Pvt Limited
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²² Top OEMs who have a cumulative installation base 
exceeding 1000 MW or 1GW in India –

•• Suzlon Energy Limited - ~11.92 GW

•• Gamesa Renewable Pvt Limited ~ 5.3 GW

•• Wind World (India) Limited ~4.9 GW

Key Pointers – Product/Technology/Milestones

²² A total of 995 WTGs of different make and type were installed and 
commissioned

²² Average turbine size decreased to 1.87 MW from 1.93 MW 
corresponding to the preceding FY 2016-17

²² Siemens Gamesa develops India’s first large commercial hybrid 
wind-solar project - 28.8-MW solar facility connected to an existing 
50-MW wind farm

²² Suzlon Energy Limited successfully proto commissions its new 
product – S128 with a Rated Capacity of 2.1 MW & Rotor Dia of 
128 meters

²² Vestas debut commissions its V110 Rated Capacity 2.2 MW WPP in 
this fiscal in Karnataka, India

²² Gamesa surpasses 5GW of installations in India

Key Pointers – Product Size & Range

Product Class Segmentation for FY 2017-18 

Product Size (Range)* No of 
WTGs

% of total 
WTGs MW % of 

total MW
“Mainstream” < 1500 - 3000 kW 864 86.83% 1767.00 95.08%
“Megawatt” < 751 - 1499 kW 75 7.54% 57.20 3.08%
“Small WTGs” < 750 kW 56 5.63% 34.25 1.84%
Total 995 1858.45

Average Rated Capacity (MW) 1.87

*Methodology sourced from web sources

Classification by Drive train topology

Drive Train Topology
% of total MW 

installed
% of total Nos. of 

WTGs installed

Geared Drive Train 94.79% 90.65%

Direct Drive Train 5.21% 9.35%

Geared Drive train topology continues to dominate

Disclaimer

²² The information contained herein has been compiled and collated 
from grassroots MI sources but its accuracy and completeness are not 
warranted, nor are the opinions or analysis which are based upon it

²² However the data is fairly accurate and is based on extensive 
reconciliation with relevant industry stakeholders

²² The statistical data if presented or published by the relevant 
government agencies in due course of time, shall prevail in all 
eventualities

²² “E&OE Regretted”

•• Vestas Wind ~2.3 GW (excluding Vestas turbines of 

RRB Energy)

•• Regen Powertech Pvt Limited ~2.3 GW

•• Inox Wind Limited ~2.3 GW

Key Investors : FY 2018E Installation chart & Segmentation
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Introduction

With an ever increasing competitiveness in renewable energy 
space, there is a need to reduce the Levelized Cost of Energy 
(LCOE), there exists a need to look for possible changes in terms 
of design, operations, manufacturing, materials, and supply 
chain etc. to keep a check on cost of the turbine blade. Thanks 
to the fact that rotor blades alone represent approximately 15-
20% of the investment in a wind turbine.

To support the cost reductions, innovations are highly 
encouraged to contribute towards lower cost or higher AEP. 
With innovations pouring in at a decent pace in ways like taking 
out costs of the blades, reaching new geographies to start a 
manufacturing plants, industrializing the technologies, reducing 
the environmental impact, exploring new materials, new ways to 
transport etc. are good enough to shake the dynamics, blades 
have been made in industry. Supplement this fact with reducing 
warranty cost reserves, potential extended warranties on offer, 
reduced time for innovation and NPD. With all fluidic priorities 
around, there exists financial risk to the organization. This article 
refers to such scenarios, where methods have been discovered 
and applied on various change types to estimate the financial 
risk of implementing the change based on engineering and test 
data.

The inspiration to strengthen the proactive risk assessments is 
heavily on the fact of assessing impact of changes to address 
cost reduction and warranty improvements. The primary 
objective is hence to avoid risk and to have a contingency 
plan in place to handle unavoidable risks in a controlled and 
effective manner. All this is done with structured procedures to 
assess/ estimate the warranty cost provisions for various project 
types across organization.

The change types can be broadly categorized as:

A. Engineering Change

1. New product developments

2. Technological developments

3. Cost outs

B. Manufacturing Change

4. Manufacturing Improvements

5. Cost outs

6. Enhanced capacity within same factory

7. Adding new geographical footprint

8. New manufacturing equipment’s

C. Supply Chain

9. New materials and suppliers

10. New transport solutions etc.

Proactive risk assessments are hence extremely important to 
access the financial impact brought by the change and provide 
awareness to the management to decide on whether to accept 
the risk, reject the risk or mitigate the risk based on financial 
impact of the change. The idea is to use Shift Left model and 
quantify the financial risk without waiting for reactive field data 
or late detailed test information. Models are built on available 
design, test and operations data and are briefed in next section.

Figure 1: Change Types

Methods

Principles of reliability engineering and testing, supplemented 
with data analytics offers proven methods to analyze the 

Abhay Laxmanrao Waghmare, Sr. Manager, Reliability, LM Wind Power Technologies Pvt. Ltd.
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change impact and convert the expected failures into financial 
risk looking into the future sales and other financial information. 

The content will focus on different methods used to assess the 
risk depending on problem statement or the change type in 
consideration.

²² Weibull Analysis (Based on success / failure data)

²² Reliability prediction (Reliability Block Diagram, Strength 
Stress Interference Model etc.)

²² Predictive Analytics (Multi Linear Regression, Generalized 
Linear Regression etc.)

²² General/ Advanced Statistical Techniques (Binomial, 
Poisson, etc.)

Based on the change type and data availability, any of the 
above listed method can provide a good insight on probability 
of success or failure the change is expected to bring in thus 
enabling a fair estimation of financial risk with certain confidence. 

The methods are explained in brief as below:

1.	 Weibull Analysis: To understand the trend of failure rates 
of products and making life/failure predictions by fitting 
a statistical distribution to life data from a representative 
sample of units.

Fig 2: Weibull Analysis (test/field data)

2.	 Reliability Prediction:

a.	 Reliability Block Diagram: Breaks down the whole 
product into a connected system of various 
components helping understand the dependencies of 
each other in the whole functionality and determine 
Reliability using laws of probability

b.	 Strength Stress Interference Model: Uses physics 
of failure methodology (with physical properties 
of product/application) to arrive at the product’s 
reliability with the help of interference between the 
strength of the product and the stress acting on it.

Figure 3: Reliability Block Diagram

Figure 4: SSI Model

3.	 Predictive Analytics: Using principles of data mining that 
deals with extracting information from data and using it 
to predict trends and behavior patterns. The core of the 
method lies in capturing relationships between influencing 
and predicted variables

Where ‘x’ are the input predictor variables & ‘R’ is the 
reliability at time ‘t’.

4.	 General/ Advanced Statistical Techniques: Uses principles 
of basic statistical methods/distributions to calculate 
probability of failure.

Any change type listed above goes through required iterations 
during change development phase. The risks at each of these 
phases are hence evaluated through use of applicable methods 
to keep a track on financial risk as the development is in 
progress. Addition to this such assessments also include the 
confidence on the numbers by assessing the estimate on a 
5 point scale enabling the team to know what they should 
encourage to make sure that the estimation is right inclined 
on the indicator. The proactive risk assessments thus inform 
the direction and magnitude of change, make sure that the 
risk is effectively communicated & managed/ mitigated and the 
residual risk acceptable providing the organization an assurance 
that the suggested change is not imposing severe financial 
implication on the business or the residual risk is acceptable 
based on risk benefit analysis
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Fig 5: Risk Review & Mitigation

Results – Proactive information
At LM, this structured process of proactive risk assessment 
has found acceptance not only in reporting the risk but also 
aims at identification of variables or parameters governing 
the risk allowing the project owners to drive them down to 
acceptable level during the developmental phase. The results 
of the various methods were good enough to cover the 
suggested change types and provided a good overview to risk 
review committee at regular intervals. Based on the method 
used and data (engineering design, operations or test data, 
inclined by the change type to be assessed) the risk have been 
identified varying from lower levels to higher levels. Depending 
on the quantum of risk, improvement is further driven in the 
organization so that the warranty cost reserves are contained to 
agreed level.

The manufacturing change refers to operations data, new 
development change refers to engineering and test data also 
connects a beautiful relationship of failure as an dependent 
variables with number of single order or second order 
independent variables coming from manufacturing or design as 
the case may be. This then further drives as target to be given 
considering the cost of reliability enhancement.

The risks uncovered due to different changes also goes through 
the risk interactions beyond first and second order ensuring 
such combination of risks is also analyzed and understood for 
potential mitigation and or avoidance.

Conclusion:

With industry moving towards demand of lower cost of 
energy, there exists a tremendous need to reduce capital 
cost resulting in driving multiple changes but not limiting to 
design, manufacturing and supply chain but beyond as well. 
On other hand the blades are becoming longer and innovations 
are becoming part of blade solutions. This dynamics certainly 
appreciates the structured proactive risk assessments followed 
at LM making sure that each risk is understood, mitigated up to 
acceptable residual risk thus protecting the capital equipment 
in times of change. This is possible with the kind of data 
available from manufacturing and service, test and engineering, 
inspections and controls.

Proactive risk assessment process also ascertains that feedback 
to engineering and operations are available in time to drive 
down potential failures. It has been evident with the amount 
and variety of risk assessment carried out that this is a good 
practice which keeps an eye on various change type to protect 
the financial interest of the organization especially in times 
when industry shouts for lower levelized cost of energy and 
cannot afford to wait till the field data speaks about the success 
or failure of engineering and operational changes.

The future work in this regard can be to have more change 
type included in the purview of proactive risk assessments, 
improve the methods of risk assessments to arrive at more 
precise predictions and continue focus on actionable outcomes 
from such assessments to mitigate the visible risks earlier in 
development process. At the same time strengthen the risk 
interactions at multiple orders and bringing in nets of risk 
assessments additional change types, external environments to 
make this a more robust assessment methodology.

Certainly, proactive risk assessments have wide acceptance 
in terms of providing influential actionable information on 
imposed technical and financial risk and ways to mitigate it 
as change becomes the new constant in an attempt towards 
reducing LCOE. This thus becomes an integral step towards vital 
objective of protecting the capital intensive equipment the rotor 
blades and wind turbine for a life of 20-25 years while ensuring 
realization of inherent safety and reliability.
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Figure 6: Change Impact Visualization

Dear Reader,

It is our endeavour to make IWTMA 
magazine Indian Wind Power, “THE 
MAGAZINE” for the Indian wind Industry. 
Your feedback on the general impression 
of the magazine, quality of articles, topics 
to be covered in future, etc. will be of 
immense value to us. We are thankful to 
your response. Kindly address your mail to 
“associatedirector@indianwindpower.com”.

Thank You,

The Editor - “Indian Wind Power”

We
need
your

Feedback
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Snippets on Wind Power

 º GE to Develop 12 MW World’s Largest Wind Turbine 
in France

General Electric plans to invest more than $400 million 
over the next three to five years to develop the world’s 
biggest offshore wind turbine, which will have a capacity 
of 12 megawatts and stand 260 meters (853 feet) tall. 
With 107-metre blades, longer than a soccer field, the 
Haliade-X turbine will produce enough power for up to 
16,000 households. The new turbine will have a direct-
drive power generator rather than a gearbox.

 º NIWE Issues Expression of Interest for 1000 MW 
Offshore Wind Farm in Gujarat

National Institute of Wind Energy (NIWE) has invited EOI 
from suitable and experienced bidders for Development of 
first 1000 MW commercial Offshore Wind Farm in India, 
off the cost of Gujarat due at 1700 hrs on 25/05/2018.

 º CERC - Draft Order on “Calculation of APPC at 
National Level”

CERC has come out with draft order on Calculation of 
Average Power Purchase Cost (APPC) at national level 
and comments were asked by 2/5/2018. The APPC at 
the National Level has been worked out as ` 3.53/ kWh.

 º TNERC - Final Tariff Order 2018

TNERC has come up with the Final tariff order on 
13/4/2018. Wind power tariff is computed with reference 
to various determinants listed. The tariff works out to
` 2.86 per unit without Accelerated Depreciation and
` 2.80 per unit with Accelerated Depreciation (AD). This 
order shall take effect on and from the 1st of April, 2018.

 º Global Wind Turbine Supplier Ranking in 2017

FTI Intelligence’s preliminary rankings for the world’s top five wind 

turbine OEMs released on Feb. 26, 2018 are as follows.

2017 
Ranking

Turbine 
OEM

Change Commentary

1 Vestas -
Remains in lead for second year 
running

2
Siemens 
Gamesa

+2
Gamesa and Siemens were placed 4th 
and 6th position separately in 2016

3 Goldwind -
Remains in 3rd position for second 
year running

4 GE -2 Down from 2nd position in 2016

5 Enercon -
Remains in 5th position for second 
year running

 

 º Amendments in E-way Bill by CBEC for Over 
Dimensional Cargo

Central Board of Excise and Customs (CBEC), New Delhi has, issued 

Notification No. 12/2018- on 7th March, 2018 on Amendments made 

in E-way Bill provisions. The highlights concerning wind industry are:

• Concept of “Over dimensional cargo” has been introduced in 

respect of determination of the validity period of the e-way bill.

• The validity period for ‘Over dimensional cargo’ for a distance 

up to 20 Km would be ‘One day’.  For others, validity period 

will be same as earlier i.e. ‘One day’ for distance up to 100 km.

• “Over dimensional cargo” has been defined in Explanation 2 to 

Rule 138(10) to mean a cargo carried as a single indivisible unit 

and which exceeds the dimension limits prescribed in Rule 93 

of the Central Motor Vehicles Act, 1988.

• The distance of less than 10 Kms, envisaged under third proviso 

to Rule 138(3) and proviso to Rule 138(5) has been amended 

to up to 50 Km.

Compiled By: Mr. Abhijit Kulkarni
Business Unit Head - Energy Segment

SKF India Ltd, Pune and
IWTMA Team

New Address of IWTMA - NEW DELHI
The Corporate Office of IWTMA at New Delhi has shifted at the following address.

All the mail should be sent to this address only. All the email addresses will remain the 
same. Please note the new address for future correspondence.

Indian Wind Turbine Manufacturers Association
Transit House, C-1, Second Floor, Soami Nagar, New Delhi 110017

Phone: 011-41814744, 011-41814755
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Wind and Solar Power 
Generation & Forecasting 
Regulations & the Way Ahead

Vishal Pandya 
Co-founder & Director

Siddhartha Priyadarshi 
Vice President & Head 

(RE Forecasting)

Background

Renewable energy (especially Solar and Wind) industry one 
of the fastest growing industries in India. The country's solar 
generation has reached a cumulative capacity of 17.38 GW, 
while it is 34.04 GW for wind, as of 31st March 2018. In January 
2015, the Indian government expanded its solar plans, targeting 
100 Billion Dollars of investment and 100 GW of solar capacity, 
including 40 GW's directly from rooftop solar, by 2022. The 
recent large scale wind and solar project reverse bidding tenders 
have brought down their tariffs significantly, while promising to 
add huge capacity to the grid in the near future.

Last two quarters of 2017 has seen massive additions of 
renewable power projects to the grid, which accounted for 92% 
and 93% of the total capacity additions, respectively. Of the 
2,887 megawatts of new capacity added in Q4 2017, 2,689 
megawatts was based on renewable energy technologies. 
None of the capacity added during the quarter was based 
onany fossil fuel technologies. Solar had a massive share of 
79% in the total new capacity added in the last quarter.

The Indian grid has recently pipped Japan and Russia to 
become the 3rd largest in the world. Maintaining grid stability 
and power quality is a tedious task with its own legacy of issues. 
Variable generations from renewable energy such as wind and 
solar plants together are posing significant technical difficulties 
of grid management. Guarding the future projections of higher 
share of renewables, it is required to have a good forecast and 
appropriate balancing action.

Though, both wind and solar forecasts utilize Numerical 
Weather Prediction (NWP) models to predict variables such as 
temperature, humidity, precipitation and wind forecasts for wind 
and solar Photovoltaic (PV) generation are difficult to produce 
and are most accurate when near real-time meter/SCADA 
data and detailed static data (e.g., location, terrain, hardware, 
information etc.).

Regulatory Provisions and Role of Wind/Solar 
Generators

Keeping the larger renewable capacity addition plans into 
the consideration, it has been envisaged that more or less 

every wind and solar generator in the country shall eventually 
start providing forecast and schedule the energy with the 
corresponding Grid Operator. In case there are deviations 
beyond permissible limits, an appropriate deviation settlement 
charges as applicable through appropriate Deviation Settlement 
Mechanism (DSM) shall be levied based on the rules set under 
the applicable DSM regime. Since the Indian Grid is functioning 
under both the Central and State rules/regulations, based on 
the applicable jurisdiction, the respective regulators have started 
defining laws on wind and solar forecasting and scheduling.

The CERC Regulation

The Central Electricity Regulatory Commission published the 
Framework on Forecasting, Scheduling and Imbalance Handling 
for Variable Renewable Energy Sources (Wind and Solar) on 7th 
August, 2015. This Framework is applicable for solar and wind 
generators that are regional entities, that is, their scheduling and 
settlement is handled by the respective Regional Load Dispatch 
Centre (RLDC).

This framework envisages that bulk of wind and solar capacity 
expected to come online over the next 7 years, in alignment 
with Government’s target of 100 GW solar and 60 GW wind 
by 2022, shall be inter-state in nature. That is, these generating 
stations shall sell power within as well as outside the host state, 
and connect directly to the CTU grid. This will become essential 
as a few states are rich in solar and wind resources, whereas 
the Renewable Purchase Obligations (RPOs) shall ensure that 
the whole country takes advantage of renewable power, while 
marching towards the national goal of universal electrification. 
The proposed regulations seek to address the grid integration 
aspects related to such wind and solar generators directly 
connected to the State grid.

Given below is the tabular presentation of forecasting regulations 
issued by various State Electricity Regulatory Commissions 
(SERCs). It may be noted that most of the regulations issued 
(draft or final) are more or less in-line with the model regulation 
on forecasting and scheduling as provided by the Forum of 
Regulators (FoR).

REConnect Energy
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Regulations Applicable to** Aggregation
Error 

Based on
Permissible 
Deviation

Penalty on 
Deviation

Status

FoR - Model 
Regulation

All Yes Available Capacity +/- 15% Old 
+/- 10% New

Fixed rate of 
`/Unit

-

Odisha (Draft) >=5MWCGC & OA 
No min. cap. for 

others.

No Available 
Capacity

+/- 15% for all Fixed rate as 
% of PPA

Hearing date 
TBA

MP (Draft) All No Available Capacity +/- 15% for all Fixed rate of 
`/Unit

Final Regulation 
awaited

Karnataka 
(Final)

>=10MWWind 
>=5MWSolar

Yes Available Capacity +/- 15% for all Fixed rate of 
`/Unit

Applicable from 
1st June-17

TN (Draft) All No Available Capacity +/- 5% - Solar 
+/-10% - Wind

Fixed rate 
of `/Unit

Hearing date 
TBA

Rajasthan 
(Final)

>=5MW for both 
Wind & Solar

No Available Capacity +/- 15% for all Fixed rate of 
`/Unit

Applicable from 
1st Feb-18

Jharkhand 
(Draft)

All No Available Capacity +/- 15% Old 
+/- 10% New

Fixed rate 
of `/Unit

Hearing date 
TBA

Chattisgarh 
(Draft)

>= 5 MW for both 
Wind & Solar

No Available Capacity +/- 10% for all Fixed rate of 
`/Unit

Hearing date 
TBA

Andhra 
Pradesh (Final)

All No Available Capacity +/- 15% Old 
+/- 10% New

Fixed rate of 
`/Unit

Applicable from 
1st Jan-18

Gujarat (Draft) All Yes Available Capacity Wind: +/- 12% Old 
+/- 8% New 
Solar: +/- 7%

Fixed rate of 
`/Unit

Final Regulation 
awaited

Maharashtra 
(Draft)

>5 MW No Available Capacity 
OR Scheduled 

Generation

10% based on 
Available Cap. OR 

30% based on Sch. 
Gen.

Fixed rate of 
`/Unit

Comments 
before 

30th March-18

Telangana 
(Draft)

All No Available Capacity +/- 15% for all Fixed rate of 
`/Unit

Hearing date 
TBA

Punjab (Draft) >5 MW No Available Capacity +/- 10% for Intra 
state +/- 15% for 

Inter state

Fixed rate of 
`/Unit

Comments by 
6th April-18

UP (Draft) >5 MW No Available Capacity +/- 15% for all Fixed rate of 
`/Unit

Comments by 
6th April-18

TBA - To be announced, Old - Projects commissioned before the regulation, New - Projects Commissioned after the regulation.

The Impact of Aggregation in Scheduling

The Law of Large Numbers: The renewable energy actually becomes more predictable as the number of renewable generators 
connected to the grid increases thanks to the effect of geographic diversity and the Law of Large Numbers. It is a probability theorem, 
which states that the aggregate result of a large number of uncertain processes becomes more predictable as the total number 
of processes increases. Applied to renewable energy, the Law of Large Numbers dictates that the combined output of every wind 
turbine and solar panel connected to the grid is far less volatile than the output of an individual generator.

Due to the aggregation effect, forecasts for geographically diverse aggregates of solar generation facilities have smaller errors than 
the forecasts for individual facilities in the aggregate. Local effects, which are more random and more difficult to forecast, tend to 
average away when the aggregated forecast is looked upon. With aggregation, the impact of forecast errors on individual plants is 
not as severe because the aggregate forecast of all plants drives the generation scheduling. The image below depicts the data flow 
diagram for solar/wind forecasting.
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The Role of Grid Operators and Govt. of India

While, the renewable energy (wind and solar) producers expected to provide forecast, schedule the energy with the Grid Operators 

and also undertake payment of DSM Charges, there have also been immense efforts undertaken by the Govt. of India under its 

very novel project - Renewable Energy Management Centers (REMCs) where multiple forecasting agencies will be appointed in each 

RE rich states to provide forecast (for each pooling station as well as the entire state or a region as the case may be. Further, the 

optimised forecast (based on multiple forecaster’s outputs) would be generated for each pooling station as well as for the entire 

state or region as the case may be which may be further utilised by the wind/solar generator to schedule its energy with the Grid 

Operator which would finally determine the DSM charges payable by the wind/solar generator. The REMCs will further enable all the 

load dispatch centers (XLDCs) to better manage the grid operations using the state-of-the-art predictive analytics capabilities created 

under REMCs, even when the overall generation from variable energy sources like wind and solar increases significantly in future.

Conclusion

Looking at the current and expected growth profile of solar and wind sector in the country, and the significant number of states 

announcing forecasting & scheduling regulations (with many in draft regulation stage), it is evident that wind and solar forecasting 

and scheduling is finding serious interest and ground among grid operators to resolve wind and solar power integration issues. With 

the REMCs and its implementation at the horizon, forecasting and scheduling of wind and solar power will diversify at various levels, 

right from pooling substation to regional level with the collective efforts of wind/solar generators, the grid operators, the regulators, 

and the above all, the Govt. of India.

Printed by R.R. Bharath and published by Dr. Rishi Muni Dwivedi on behalf of Indian Wind Turbine Manufacturers Association and printed at
Ace Data Prinexcel Private Limited, 3/304 F, (SF No. 676/4B), Kulathur Road, Off NH 47 Bye Pass Road, Neelambur, Coimbatore 641062 and 
published at Indian Wind Turbine Manufacturers Association, Fourth Floor, Samson Towers, No. 403 L, Pantheon Road, Egmore, Chennai 600 008.

Editor: Dr. Rishi Muni Dwivedi
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Navarra, located at North of Spain is one of 
the world pioneers in usage of wind energy

Hometown of world leading companies:
NORDEX–ACCIONA   |   SIEMENS–GAMESA

Strong presence of entire wind supply

National Technological Center - CENER

National Training Center for Renewable 
Energies - CENIFER



A
C

E
 D

AT
A

, C
oi

m
ba

to
re

Registered with REGISTRAR OF NEWSPAPERS for India, New Delhi
Vide No. TNENG/2015/60605

Compiled by: Rishabh Dhyani
Executive - Regulatory Affairs & Liaison, IWTMA, New Delhi

Wind Power Bidding Summary

Details of Bidding (Completed and Planned) Bid Details
S.No Bidding By Capacity (MW) Type Bidders Bid Capacity (MW) Rate State

1 SECI - I
(24th February 2017)

1000 Central Mytrah 250 3.46 Tamil Nadu
Inox 250 3.46 Gujarat
Ostro 250 3.46 Gujarat
Green Infra 250 3.46 Tamil Nadu
Adani 50 3.46 Gujarat

2 TAMIL NADU
(28th August 2017)

500 State Regen Powertech 200 3.42 Tamil Nadu
Leap Energgy 200 3.43
Nlc 100 3.45

3 SECI-II
(4th October 2017)

1000 Central Renew 250 2.64 Gujarat
Orange 200 2.64 Tamil Nadu
Inox 250 2.65 Gujarat
Green Infra 250 2.65 Tamil Nadu
Adani 50 2.65 Gujarat

4 GUJARAT (GUVNL)
(21st December 
2017)

500 State Sprng Energy 197.5 2.43 Gujarat
K.p. Energy 30 2.43
Verdant/Sitac 100 2.44
Betam Wind/Engie 29.9 2.44
Powerica 50 2.44
Renew 92.6 2.45

5 SECI - III
(13th February 2018)

2000 MW Central Renew 400 2.44 Gujarat
Green Infra 300 2.44 Gujarat
Inox 200 2.44 Gujarat
Torrent 499.8 2.44 Gujarat
Adani 250 2.45 Gujarat
Alfanar 300 2.45 Gujarat
Betam/Engie 50.2 2.45 Gujarat

6 MSEDCL
(6th March 2018)

500 MW State Adani 75 2.85 Gujarat
Ktc 75 2.85 Maharashtra
Inox 50 2.86 Gujarat
Mytrah 100 2.86 Maharashtra
Hero 75.6 2.86 Maharashtra
Torrent 124.4 2.87 Maharashtra

7 SECI - IV
(5th April 2018)

2000 MW Central Srijan Energy/
Continnum

250 2.51 Gujarat

Sprng Energy/Actis 300 2.51 Gujarat
Blp 285 2.51 Gujarat
Betam/Engie 200 2.51 Tamil Nadu
Inox 100 2.51 Gujarat
Adani 300 2.51 Gujarat
Mytrah 300 2.52 Tamil Nadu
Renew 265 2.52

Total Bid Completed 7500
8 Gujarat (GUVNL) -

(Phase - II) With 
Greenshoe Option

1000 MW State RFS was updated on 23rd February 2018

9 NTPC 2000 MW Central RFS was uploaded on 15th March 2018
10 SECI - V 2000 MW Central Bid is announced
11 MSEDCL 250 MW State RFS was uploaded on 13th April 2018
Total Bidding (Planned) 5250

Grand Total 12750 MW

Date of Publishing: 26.04.2018
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