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Abstract—This electronic document discusses the potential of
offshore wind energy in the states of Tamil Nadu and Gujarat
that led to the preliminary evacuation studies for grid
interconnection. FOWIND involved Tamil Nadu Generation and
Distribution Company (TANGEDCO) and Gujarat Electricity
Transmission Company (GETCO) to conduct the basic grid
evacuation studies in both the states for 2020 commissioning of
500 MW offshore wind based generation. The State Transmission
Utilities (STUs) came up with the encouraging results of
comfortable 500 MW evacuations within the state. However
based on the reviewing of the evacuation study reports and the
planned transmission expansion reports in the state, the author
has additional perspectives and observations that exhibit
potential challenges in the grid integration. This paper intends to
present them to the reader. Also, the paper intends to highlight
the general technical and non-technical challenges and
recommendations to benefit from the opportunities in the
industry on a grid integration perspective on the Indian context.
(Abstract)

Index Terms—Offshore wind, grid integration, transmission.
(key words)

1. INTRODUCTION

India generated 288 GW in 2015 compared to 258 GW in
2014. India, with a vast coastline of over 7,600 km is beginning
to explore offshore wind energy as a ‘strategic energy source’
to enable long term energy security. Figure 2 is a mesoscale
wind resource map encompassing Tamil Nadu’s coastal waters
within the Indian Exclusive Economic Zone (EEZ) within 500
m water depth suitable for offshore wind farm installation and
in parallel the 2012 existing/planned transmission grid. Figure
1 exhibits the intensity of wind along the Indian coast
indicating the highest potential in Tamil Nadu [1].
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Figure — 1 — Wind intensity along Indian coast

The map is indicative of the immense offshore wind
potential that could be tapped by vigorous and effective
transmission enhancements. FOWIND intended to evaluate the
feasibility of integrating offshore wind based generation to grid
in the states of Tamil Nadu and Gujarat. This paper presents the
study assumptions, approach and the results of the evacuation
study. The paper also discusses the findings of the results,
challenges and opportunities in both the states.

Figure — 2 — Indian EEZ border on Grid Map

II. OFFSHORE WIND POTENTIAL IN TAMIL NADU AND
GUJARAT

Tamil Nadu is the richest in offshore wind potential in India
with a large coast line and robust grid infrastructure. Eight
potential zones have been identified based on several weighing
factors. The study area was defined based on the basic criteria
listed below:

. Contained within the Indian Exclusive Economic
Zone (EEZ);



*  Located within a maximum water depth of 500 m
(based upon current estimate of the maximum foreseeable
depth for floating wind turbines);

*  Contained within an approximation of the theoretical

The main factors used to identify and rank the zones are
wind speed, development complexity in terms of water depth,
proximity to ports & transmission grid, social & environmental
aspects such as seismic & cyclone zone. Based on the criteria
aforementioned, eight zones were identified and ranked from A
— H, with A the most promising zone.

1. Tamil Nadu

Tamil Nadu state has maritime boundary which is assumed
to extend perpendicular to the coastline from points
approximately 100 km along the coastline of the adjoining
states.

Figure — 3 below depicts the geographical view of Tamil
Nadu’s offshore wind potential zones. Government Of India
(GOI) has published in Ministry of New and Renewable
Energy (MNRE) 2015-16 annual report that Tamil Nadu state
has renewable energy potential of around 35 GW of which
onshore wind is about 17 GW. Now including the offshore
wind potential could elevate the opportunities in Renewable
Energy (RE) industry in the state. Considering the practicality
and FOWIND’s research on the trend of RE progress in the
state, FOWIND has proceeded further to study 500 MW
offshore wind generation in Tamil Nadu by 2020, 1000 MW
by 2025 and up to 2500 MW by 2032.
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Figure — 3 — Eight potential offshore wind zones in Tamil Nadu

2. Gujarat

Gujarat state has high offshore wind potential. There are
regions in the Gulf of Khambhat, Gulf of Kutch and Saurashtra
coastal zones with identified wind speeds in the range of 6-12
m/s at 50-120 m hub heights. Figure — 4 below depicts the
geographical view of Gujarat’s offshore wind potential zones.
Government Of India (GOI) has published in Ministry of New
and Renewable Energy (MNRE) 2015-16 annual report that
Gujarat state has renewable energy potential of around 72 GW
of which onshore wind is about 35 GW. Now including the
offshore wind potential could elevate the opportunities in
Renewable Energy (RE) industry in the state. Considering the
practicality and FOWIND’s research on the trend of RE
progress in the state, FOWIND has proceeded further to study
500 MW offshore wind generation in Tamil Nadu by 2020,
1000 MW by 2025 and up to 2500 MW by 2032.
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Figure — 4 — Eight potential offshore wind zones in Gujarat



III. GRID INTEGRATION STUDY

FOWIND involved Tamil Nadu Generation and
Distribution Company (TANGEDCO) and Gujarat Electricity
Transmission Company (GETCO) to conduct the basic grid
evacuation studies in both the states for 2020 commissioning of
500 MW offshore wind based generation. The State
Transmission Utilities (STUs) came up with the encouraging
results stating that with specific Green Energy Corridor (GEC)
proposed/planned projects in-service, both states can
comfortably evacuate 500 MW offshore wind based
generation. The STUs conducted the studies including several
other generating units that will potentially be in-service by
2020/22.

1. Tamil Nadu

Tamil Nadu study included 2.15 GW of conventional
generation and 3.85 GW RE based generation and on top of
that 500 MW of offshore wind based generation was added at
400 kV Samugarengapuram substation. The study included
GEC planned phase I projects that consists of 740 km of 400
kV DC Kayathar — Karaikudi — Pugalur — Kalivanthapattu —
Sholinganallur with 2 new 400 kV substations at Kayathar and
Sholinganallur. GEC planned phase II 400 kV DC
Samugarengapuram — Udangudi was also included in the study.
The study results indicated comfortable evacuation of offshore
wind based generation within the state. Several scenarios were
tested for — with GEC I, GEC II 400 kV between
Samugarengapuram and Udangudi, GEC 1I 230 kV
samugarengapuram — Pudur — Muppandal was the reference
scenario and different combinations of 400 kV and/or 765 kV
lines were tested.

2. Gujarat

Gujarat study included 2.6 GW of conventional generation
and 7.5 GW of RE based generation and on top of that 500
MW of offshore wind based generation was added at 400 kV
Pipavav substation. The study included 400 kV Amreli to
Kasor, 220 kV Amreli to Visavadar to Timbdi and 400 kV
Pipavav where the offshore wind was studied. The study results
indicated comfortable evacuation of offshore wind based
generation within the state.

IV. AUTHOR’S FINDINGS

Although the STU reports suggested comfortable
evacuation of 500 MW of offshore wind based generation by
2020/22, the section below presents additional findings to
suggest other perspectives challenging the power evacuation.

1. Tamil Nadu

Before diving into the observation about the offshore wind
study report, it will be useful to understand the current scenario
of onshore wind based generation in the state. Tamil Nadu
currently has approximately 7.6 GW of onshore wind farms
installed. In 2016 4.2 GW, approximately 55% of the total was
utilized during a lighting peak hour of 14.2 GW load in August
of that year'. With the current transmission structure, the wind
energy from Thirunelveli and Tuticorin districts gets pooled

1 http://Tamil Naduebldc.org/Tamil Naduercreports.htm

mostly at the existing bottleneck at Kayathar and Madurai
(Checkanoorani). These two southern districts consist of almost
4 GW of onshore wind that currently struggle to be delivered to
the load rich northern parts of the state. Palgat and Kambam
located in the central part of the state generate 3.6 GW from
onshore wind and this combined with the southern capacity
gives the 7.6 GW total installed capacity from onshore wind in
the state. Figure 5 from the 2014 annual report in the state’s
power system profile released by POSOCO and it shows the
transmission infrastructure, with red bubbles showing major
thermal plants, green bubbles depicting wind farms and the
blue bubble the current bottleneck. Red lines are 400 kV
transmission lines and green are 220 kV. The reason for the
bottleneck is the inadequate high voltage lines to carry wind
energy from the south to the high load demand region in the
north. Based on the figure, it is evident that Kayathar via
Madurai is congested with renewable energy power that is not
yet fully been able to serve the load.
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Figure — 5 — Onshore wind scenario in Tamil Nadu

And now, GEC planned projects in the state are devised in
such a way to assist the state’s RE evacuation by alleviating the
bottleneck and maximize RE utilization.

Interestingly, onshore and offshore wind rich regions in the
state coincide to some extent near sengottai wind pass. Figure 6
below shows the GEC projects that focus in moving RE
(onshore wind & solar) to load centers in north and the offshore
wind rich zones prepared by FOWIND. The figure indicates
the coincidence of onshore and offshore wind rich zone A at
the highlighted orange bubble. This parallel brings two
different perspectives. One advantage is that transmission
enhancements are already happening for the initial take off of
the offshore industry. So the starting delay can be eliminated



Figure — 6 — Offshore and Onshore wind zones in Tamil Nadu (Both are
predominant in south — Sengottai wind pass)

benefiting the industry. On the flip side, the inherent
competition between the two renewable energy technologies to
serve the same load using the same transmission path may slow
down the growth. To be more specific, the load is abundant in
northern part of state and clearly onshore and offshore wind
resource abundance coincides in south eastern part of the state.
This makes both onshore and offshore wind based generation
to use the same GEC paths — proposed Samugarengapuram to
GEC Phase I through Kanarpatti — Kayathar — Pugalur —
Sholinganallur and also eventually GEC Phases II & III.
Initially this could benefit the new RE industry to take off
smoothly however, in the long run two high potential RE
resources depending on the similar transmission corridors for
power wheeling can deter one from the other.

2. Gujarat

The first finding based on the evacuation study report
from GETCO is that the report indicated that under the
outage of one the two 400 kV lines from Fedra to Kasor, the
other quad moose Fedra to Kasor line was loaded up to
1089 MW in the off peak load model. Now, the 400 kV
line’s normal operating rating is about 750 MW per circuit”
and 1,089 MW is clearly 145% of its rating. GETCO to its
argument mentioned that CEA has defined that under N-1
contingencies (which mean outage of one transmission
element at a time) the loading can be up to the thermal
capacity of the conductor (and not necessarily the operating
limit). For a quad moose type conductor, the thermal
capacity is around 2,500 MVA and so 1089 MW is still
within the limit. Since this line is about 100 km and
GETCO considers it relatively short length, other limits
pertaining to voltage and stability may not arise allowing
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power flow up to the thermal capacity of the conductor.
Here, if stability becomes a concern due to the length or
stringent standards or the terminal equipment deter the high
flow, there can be a risk with this amount of power flowing
under the studied scenario.

Secondly, current onshore wind based generation
scenario in the state indicates that Gulf of Kutch region is
densely populated with wind farms and the central part of
the state could be the bottleneck in moving this dense
around 4 GW of onshore wind to the load rich eastern part
of the state — Gandhi Nagar and Vadodara areas. Figure 7
above depicts this on the state’s grid map using green (wind
rich) and blue (bottleneck) bubble and blue arrow (load
centers).



Secondly, the state has planned and proposed several
transmission enhancements to wheel power from onshore wind
based generations to the load rich regions. Interestingly, the
onshore and offshore wind rich regions don’t overlap like in the
state of Tamil Nadu. To be specific, onshore wind is high in
Gulf of Kutch, the north western part of the state where most of
the planned transmission projects are whereas offshore wind is
rich in southern part of the state that has relatively minimum
planned projects. Figure 8 below shows this on the state map.
The green bubbles on the two maps: (Left) Offshore wind rich
map from FOWIND and (Right) Onshore wind based
generations from GETCO indicate mutual exclusivity between
the two types of wind rich zones. There are two ways of
looking at this situation.

On one side this dilutes the competition between onshore and
offshore wind. To be more specific, different transmission
corridors and path will be used to move the power from
respective sources to the load rich regions. Both the
technology can operate simultaneously without impairing each
other. On the other side, since the state has planned only for
onshore wind based generation evacuation, it may lack in
transmission structure to support wheeling offshore wind in
the nearby future. It is highly recommended that the state
along with the Central Transmission Utility (CTU) can devise
strategic enhancements to be commissioned quickly to
accommodate offshore wind based generation considering its
enormous potential,
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Figure — 8 — Offshore (South) and Onshore (North) wind zones in Gujarat -



V. CHALLENGES IN OFFSHORE WIND

Potential comes with challenges and opportunities in any
industry. And challenges come with remediation. Identifying
the challenges is the first step of success towards employing
any emerging technology.

Challenges with offshore wind industry can be broadly put
into two boxes — Technical and Non-technical.

1. Technical

Bottlenecks in technical aspects can occur in either
planning or operations stage of the offshore wind farm.
Planning the transmission grid capacity is an imminent need of
the hour to ensure power generated gets evacuated through the
grid serving the necessary load. Though time consuming and
capital involving, this investment is the key for sustainable
development. In case of wind power, the wind project
developers have acquired competency to draw Extra High
Voltage (EHV) lines of up to 220 kV rating. However, unless
the upstream strengthening is not taken up by STU and to that
matter even CTU, generation back down is inevitable. In case
of conventional power projects the evacuation, lines are
developed by the state transmission utility a similar treatment
needs to be given to wind projects. In fact, the Electricity Act,
2003, specifies that suitable measures for connectivity with the
gird to be provided for renewable energy projects. A welcome
initiative was undertaken in the form of development of green
corridor.

To instantiate, currently the 740 km long first phase of GEC
is almost complete waiting for a small segment between
Kalivanthapattu and Sholinganallur to finish. The first phase is
aimed to connect Kayathar, a wind rich place in south Tamil
Nadu and Sholinganallur, a load rich north place near the
state’s capital Chennai through Karaikudi, Pugalur and
Kalivanthapattu. Second phase proposals are in progress
according to TANGEDCO officials. With the current
transmission structure, the wind energy from Thirunelveli and
Tuticorin districts gets pooled mostly at Kayathar and
bottlenecked at Kayathar and Madurai (Checkanoorani).
Complete commission of GEC 1, aids evacuation of almost the
entire 3935 MW of onshore wind in the two districts to the load
rich northern part of the state. GEC II intends to bring more RE
power (currently 3575 MW) from Palgat and Kambam pass to
the central part of the state and evacuate therein. In that
scenario, additionally 1200 MW of wind is expected from these
impacting areas and a total of 5000 MW of wind from the
southern parts of the state by 2020/22 in addition to the existing
7,600 MW. 2000 MW of Solar is expected in Kamudhi in
Ramnad district. GEC III has plans to build exclusive 400 kV
line to move this solar power to north Tamil Nadu.

Wind penetration of 12,600 MW for a projected 26,330
MW demand by 2020/22 [5] should be utilized at maximum to
serve such huge demand without compromising reliability and
quality. There may be more bottlenecks in evacuating this wind
when other RE technologies like offshore wind emerges. With
all these expected RE projects, offshore wind emergence in the
market will likely twist the scenario.

Another technical challenge is the selection of the right
offshore wind turbine for the project. Turbines that are
currently in the market are predominantly designed for
European conditions. Indian climatic conditions especially in
the areas where offshore wind farm installation is favorable are
quite wavy and fluctuating. Turbines should be designed to
withstand such severe extremities. The regular Class I, II, III
type turbines may or may not withstand offshore wind
conditions in India. That is because determination of the class
requires 50 year gust speed along with annual average wind
speed and turbulence level and currently we don’t have such
archived offshore wind data in India. Therefore currently
offshore wind turbines can be seclected only based on
extrapolation of a similar climate conditioned region.
Enhancements in Class S type turbine designs can yield ‘made-
to-fit” turbine models for Indian weather conditions. So
currently FOWIND is in the process of installing LiDAR in
both the states, Gujarat firstly to collect real time wind data to
validate the existing models. This can greatly assist in selection
of the right turbine type and planning for balancing during
intermittency.

Other challenges that may be expected during offshore
wind unit operations are listed below:

o  Ancillary services

o  Reserve maintenance

o VAR support

o  Imbalance due to fluctuations

Ancillary services in a power generating plant include any
resource required in maintaining power quality, reliability and
security of the power system grid operation. Recently,
Government of India is taking serious measures to ensure
effective ancillary services operations meeting industrial
standards and regulations. CERC Ancillary Services
Regulations were released in 2015 and is in the process of
implementation across the country.

More conservative Wind Turbine Generator (WTQG)
requirements including Low Voltage Ride through (LVRT) and
Zero Voltage Ride through (ZVRT) compatible turbines
enhance VAR support. Although such standards exist in CEA
requirement, implementation lacks mandate.

Balancing and Deviation Settlement Mechanism (DSM)
need imminent attention. While conventional generating units
can be made to available, Wind and load forecasting need
adequate research and progress to effectively manage
imbalance and DSM. Additionally, offshore wind generation
can be used alongside storage options in times of surplus
generation. For instance, during relatively low load and high
wind times, generation could be pumped into storage units and
utilized to manage imbalance. Ministry of New and Renewable
Energy (MNRE) has established Renewable Energy
Management Centers (REMCs) currently in Tamil Nadu and
Karnataka to effectively and efficiently manage RE. This
includes accurate load & wind forecasting, scheduling,
balancing and ensuring VAR support. Efficient implementation
of these tasks by REMC will automatically remove the
intermittence issues and drastically reduce RE power back
down / curtailment ensuring maximum RE penetration.



2. Non -Technical

Non-technical and physical constraints expected during
offshore wind generation installation / operations are listed
below:

o  Plant infrastructure cost

o  Maintenance cost including Salinity

o  Regulatory permits

o  Transmission grid upgrade cost or in-service timelines

According to the offshore wind policy released by MNRE
in September 2015, approval from eighteen departments is
required for establishing an offshore wind power plant in the
state. Though a single window system is ensured in the policy
and that National Institute of Wind Energy (NIWE) and
National Offshore is the nodal agency for the project, time
involved in obtaining clearances from all the required
departments can significantly delay the project commissioning.

Currently in Tamil Nadu, the commercials of solar bids are
slightly higher than that for wind, and wind bids are slightly
higher than that of thermal. In competitive situations when
choosing between wind and thermal based plants, operational
technicians are inclined to curtail wind in order to reduce State
Transmission Utility’s (STU) due payment. Similarly when
competitive situations arise between wind and solar, solar
might be backed down considering its higher bid rate. Hence,
higher bidding due to possible curtailment and potential back
down due to the higher bids are akin to the ‘chicken-egg’
analogy in the state’. Although precise reasons for the
interpretations can be unclear, yet one possible reason could be
the higher tariff. Even though solar energy projects come under
the ‘must run’ category, during operations for various reasons
they seem to be curtailed, which may be due to their higher
tariff. A speculative reason could be the fixed charge on
thermal power plants, for example if thermal units are curtailed
STUs should still pay the fixed charge and on top of that pay
the higher tariff for renewable energy units. To optimize this,
the renewable energy industry could thrive to reduce costs and
STUs & policy makers may introduce higher subsidies or
incentives considering environmental impact and long term
benefits thereby facilitating preference for the renewable
energy based generation for times when the wind blows and the
sun shines.
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