VOL.
NO.: :58
Vol. IIIIINo.

January 2021

Pages 44
24

options for

` 80

MAHARASHTRA

ISSN 2581-995X
2581 - 995X

2

January 2021

MEDC Economic Digest

MEDC Governing Board
MEDC President:
Mr. Ravindra Boratkar
Managing Director, MM Activ
Sci - Tech Communications
Pvt. Ltd.
MEDC Vice Presidents :
Mrs. Meenal Mohadikar
CEO, Anand Trade
Development Service
Mr. Chandrakant Sadadekar
Chairman, Sadadekar Global
Group Export-Import
Mr. Mukund Kulkarni
Director, Expert Global
Solutions Pvt. Ltd.
MEDC Immediate PastPresidents:
Cdr. Dipak Naik
President & CEO, Naik
Environment Research
Institute Ltd. (NERIL)
Mr. Nandkishor Kagliwal
Chairman, Nath Group

Printed, Published & Edited by
Ms. Ananya Prem Nath on
behalf of Maharashtra Economic
Development Council (MEDC)
and Printed at Onlooker Press,
16, Sasoon Dock, Colaba,
Mumbai - 400 005 Maharashtra
and Published from Maharashtra
Economic Development Council,
Y. B. Chavan Centre, 3rd Floor,
Gen. J. Bhosale Marg , Nariman
Point , Mumbai - 400 021.
MEDC Economic Digest

From the President’s Desk
Dear Members,
Maharashtra’s green energy plans have the
potential to generate huge business prospects
for the foreseeable future, as well as ensure
future generations in our state lifestyle of a
certain acceptable quality. Maharashtra has
been adequately blessed by both solar and
wind energy, and it makes economic sense
to pursue sustainability in energy security
by better leveraging both of them. To maximize renewable energy
generation in the medium to long term, we need not just money, but
intelligent planning and execution also. Moving in the direction of
renewable energies will be a key factor enabling the sustained recovery
of our Covid-battered economy.
The need of the hour is a series of policy steps based on a system
of incentives and disincentives to facilitate grid integration. Tariffs
could be adjusted based on usage as per the time of the day using
digital metering to minimize human errors. In India, unfortunately,
it is the human element that does more damage to the system than
the technical element. A resource-constrained society like ours, needs
to recognize that and plan policy accordingly. Both smart grids and
dedicated green corridors have to be part of the overall plan to boost
the renewable energy growth opportunity in Maharashtra. Apart from
developing the traditional renewable energies, the focus should also
remain on promoting green fuels, renewable energy hydrogen fuel
cells, electric vehicles, and solar powered vehicles. The investment
required is massive, but it will certainly pay off in the long-run.
Necessity is the mother of invention. Every economic crisis paves a
way for maximizing human innovativeness. A shift towards renewable
energy sources matters all the more today, because inadequate
investment in exploration and new drilling may leave the world without
enough oil in 20 to 30 years. Unless we are able to find more costeffective methods to generate alternative energies, we risk entering a
future from which there can be no escape. Mother Nature has bestowed
Maharashtra with many natural diverse resources, and it is up to us to
explore and exploit them in a responsible and environmentally-friendly
manner that would best fit into our long-term development strategies.
Time is of the essence and Covid has taught us that nothing can be
taken for granted.
January 2021
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Maharashtra has a large natural potential for wind and bioenergy, as
well as solar energy. The state authorities have launched many policies
to develop non-conventional energy resources. Given that renewable
energy alternatives have potential to satisfy both the challenges of
inclusive and low carbon growth, much is already done, but much
more still needs to be done, primarily in the form of streamlining the
administration to facilitate the speedy public disbursal and adoption of
these options.
From a financial perspective, we need to redesign the incentive structure
of power systems so that renewable energies can compete fairly with
the established players in the market economy. Most renewables provide
only intermittent power, because the weather is changeable. A smart
grid at the national level can help overcome this issue by connecting
different regions with stored power, so that surplus energies can be
directed appropriately wherever and whenever required.
Too many of our conventional energy systems muffle market signals
because they are locked into legacy long-term supply contracts with
various firms. They are also riddled with cross-subsidies and price caps,
both of which hamper their commercial efficiency and attractiveness
to the consumer. Reforming these anomalies so that markets and
taxes work better will allow renewable energies to establish last mile
connectivity. It is certainly in Maharashtra’s long-term interest to
switch to all kinds of renewable energies, but the short-term political
and economic costs are large enough to slow down action. Eventually,
the masses will need to be educated and empowered to take their own
decisions, based on scientific rationality and a growing awareness of
the detrimental effects of global warming and climate change.
The responsibility to shift to renewable energies lies ultimately with the
people of Maharashtra. The good news is that it is overwhelmingly in
Maharashtra’s interest to do so at the earliest. Maharashtra’s population,
infrastructure and agriculture are dangerously exposed to the droughts,
flooding, storms, and rising sea levels caused by climate change. Some
new development strategies now need to be considered for our state.
A growing middle class yearns for their government to clean up the
choking atmosphere, and make the environment a better place for
their future generations to inhabit. In this context, the sustainable
development of renewable energy offers a path to cheaper power,
generated locally, as well as a source of industrial employment and
innovation. It is an opportunity which is too good to miss in the larger
scheme of Maharashtra’s socioeconomic development.
4
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Macro Musings

Renewable Energies for Sustainable
Development
Introduction
The fast growing emerging economies of Brazil,
China, India and South Africa are facing severe
challenges on the energy, environment and climate
change fronts and account for only around a
quarter of global energy supply. With global
warming and climate change becoming a reality,
experts are trying to make people realize that they
can be active players in a sustainable world, by
taking actions of their own choice and at their own
level. Most of India’s energy problems arise from
meagre oil and gas resources, small wind power
potential, limited resources of hydropower and
scarcity of land and water.
This is precisely where the strategic development
and usage of renewable energies will benefit India
– by supplying electricity and hot water, reducing
carbon footprint, enabling cost-effective industrial
processes, and helping to develop and preserve
a more sustainable and environmentally friendly
landscape. Due to their strategic geographic
location, both Maharashtra and India have many
natural advantages for exploiting a range of nonconventional energies, despite their own set of
challenges including development of the required
technical infrastructure and streamlining of the
administrative processes to ensure that the benefits
of these clean energies do indeed percolate to the
grassroots level.
India’s potential for renewable energy is
tremendous. The country can produce more than
1,000 GW of renewable energy if the resources
are utilized to their optimum capacity. Increased
6
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penetration of renewable energy can not only
reduce the emissions intensity of the power
sector but also drastically improve energy access
and energy security in the country. Decentralized
renewable energy can decrease our reliance on
grid-distributed electricity and is a boon especially
in far-flung areas of the country where the supply
of grid-based electricity is not reliable.
The government has implemented policies to
help develop renewable energies, endorsing its
environmental and financial benefits. This, along
with the innate advantages of the state in terms
of solar radiation and windy locations, makes
Maharashtra a prime candidate for a profitable use
of solar and wind energy.
Renewable
energies
development

for

sustainable

The primary objective for deploying solar energy
in Maharashtra is to advance socioeconomic
development, improve energy security, and
mitigate the detrimental effects of climate change.
Sustainable development is possible through the
use of solar energy and by ensuring its affordable,
reliable and sustainable access to all sections of
society. Sooner or later, we will need to get exposed
to these new paradigms, and it us up to us to exploit
all that they have to offer. The renewable energy
sector has huge long-run employment generation
potential, and that also an important factor in our
socioeconomic development strategy.
Solar energy is harnessed by panels. These feed
into a machine to convert it into electricity. If not
MEDC Economic Digest
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used there and then, it can be stored in a battery
for later use or fed into the national grid for a
nominal price. Off-grid decentralized applications
will be advantageous from a rural electrification
perspective and meeting other needs for power
and heating in both urban and rural areas. From
an energy security perspective, solar is the most
secure of all renewable sources, due to its abundant
availability. Theoretically, even a small fraction
of the total incident solar energy (if captured
effectively) can meet all of Maharashtra’s power
requirements.
There is no doubt that solar energy is one of the
most viable solutions to advance Maharashtra’s
economy. However, no great thing comes without
its share of challenges. Solar energy can be
harnessed only in the daytime, and it needs effective
storage in a stable grid. The challenge of expanding
the scale and scope of this grid, is something that
needs to be faced. The right technology will enable
the achievement of scalability. In this regard, there
is a lot to learn from developed nations such as
Germany, which have revolutionized the face of
their energy scenarios by thinking innovatively and
boldly adopting futuristic frameworks.
Wind power requires marginal support as feed-intariff and can be set up quickly. The main problems
are limited availability of wind resources and its
low plant load factor. However, many parts of
Maharashtra have a huge potential for tapping into
wind energy, and they should be exploited to the
hilt. Suitable financial incentives to this end should
also be provided.
Wind and solar energies are not generally available
on demand. While solar power availability is
relatively predictable, that of wind energy is much
less so. Thus, a large scale absorption of wind
MEDC Economic Digest

and solar power would require balancing power
from hydro plants, pumped storage schemes, gas
turbines etc. All this infrastructure would need
to be developed beforehand and in tandem, for
ensuring that the combined effect of renewable
energies does indeed live up to its lofty promise.
Conclusion
Globally, a paradigm shift is now clearly visible
wherein the benchmark for the socioeconomic
development of a country is based on its ability
to optimally utilize the myriad renewable energy
sources available, and the diversified use of the
power available from such sources, like solar, wind,
hydro and bioenergy.
India is also likely to come under increasing global
pressure to declare a zero net-carbon target date.
This is now only a matter of time given that we are
one of the largest greenhouse gas emitters in the
world. Going by the experience of other countries
like China, this energy transition is certainly not
of a trivial nature. It will require massive resources
and access to clean and renewable energies like
solar, wind, and bioenergy. Not only Maharashtra,
but every state in India should view these
energies as vehicles for inclusive and sustainable
development.
The government has conceived and devised many
progressive policies in the renewable energy sector
and legislations giving effect to the goals mentioned
in such policies, have been implemented with the
sole intention of achieving holistic sustainable
development while addressing the pressing issue
of mitigating the effects of climate change. It is
to be hoped that this positive trend is carried on
further to its logical conclusion in the forthcoming
Budgets, both state and Central.
January 2021
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Maharashtra Govt rolls out
incentives for renewable energy
As per the policy, Maharashtra Electricity Regulatory Commission (MERC) will
declare separate open access (OA) regulations and cross subsidy surcharge (CSS)
for renewable energy. If MSEDCL does not grant OA within time stipulated by
MERC, the promoter will get deemed OA.
Source: ET Energyworld.com
The state government has come out with its
promised New and Renewable Energy Policy
under which sops have been declared for
developing various types of renewable energy. It
has set a target of generating 14,400 MW through
renewable sources. Many sops are common for the
sources while some are sector-specific.
The government has decided to promote six
sources of renewable energy. They are: wind (5,000
MW), cogeneration using farm waste (1,000 MW),
small hydel (400 MW), farm waste gasification (300
MW), inorganic industrial waste (200 MW) and
solar (7,500 MW).
As per the policy, Maharashtra Electricity
Regulatory Commission (MERC) will declare
separate open access (OA) regulations and cross
subsidy surcharge (CSS) for renewable energy. If
MSEDCL does not grant OA within time stipulated
by MERC, the promoter will get deemed OA.
A committee will be constituted under the chief
secretary for mid-term review of the policy. In case
a promoter has power purchase agreement (PPA)
with MSEDCL and wants to sell his renewable
energy elsewhere, he can terminate the agreement.
Some of the sops are common. If the developer
wants to use renewable energy for captive purpose,
then he will get waiver on electricity duty for 10
years. MSEDCL and Mahatransco will not levy
8
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supervision charges for setting up transmission
infrastructure. Maharashtra Energy Development
Agency (MEDA) will give a grant of up to Rs 1
crore for transmission network.
Many incentives are common for solar and wind.
They can get industry status if the developer
wants. The land used for energy generation will be
deemed non-agricultural (NA) use. No consent or
no-objection certificate (NOC) will be needed from
Maharashtra Pollution Control Board (MPCB).
The policy has identified four ways of selling
renewable power: to MSEDCL and other
distribution companies in the state to fulfill their
renewable energy purchase obligation (RPO),
captive use, direct third party sale or selling
power to the exchange through renewable energy
certificate (REC) mechanism.
The target for wind generation is 5,000 MW.
Private players already have 1,350 MW capacity.
So 3,500 MW will have to be for captive use or
outside the state sale. In case of solar energy,
Mahagenco is the sole generator at present. Now,
it will create 2,500 MW capacity on public private
partnership (PPP) basis. The remaining 5,000
MW will be developed by private players on their
own. MERC will give preferential tariff to solar
and MSEDCL will give it priority for open access.
MEDA will give land up to 4 hectare without
auction.
MEDC Economic Digest
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Maharashtra plans to generate
25,000 Mw power through solar:
Minister
The minister gave this information during the Question Hour while replying to a
question by MLCs Anandrao Patil, Hemant Takle, Bhai Jagtap and others.
Source: ET Energyworld.com
Maharashtra Energy Minister Chandrashekhar
Bawankule informed the state Legislative Council
today that the government has set the target of
producing 25,000 MW electricity using solar power.
The minister gave this information during the
Question Hour while replying to a question by
MLCs Anandrao Patil, Hemant Takle, Bhai Jagtap
and others.
"Maharashtra is number one state in producing power
through renewable energy, with 7,500 MW generation
capacity. The government wants to take to this
capacity to 10,000 MW...We have started new power
generation units, in which we are focusing more on
renewable energy. We plan to generate around 25,000

MW through solar energy," he said.
The government will particularly focus on
electricity generation from renewable sources
between 2021 and 2030, Bawankule said adding,
"We are planning to provide power to every farmer
through solar energy and have already issued work
orders for 800 MW solar power projects."
Similarly, work orders for about 4,000 MW solar
energy projects will be given between March and
December 2019, he said.
Replying to a query, the minister said that the
state government was keen on generating power
through atomic energy only if the Centre proposes
it in Maharashtra.

Twitter Feeds
•

India’s Covid-19 pandemic growth is currently at 2% and case fatality rate (CFR) is amongst the lowest in the
world at 1.45% now. However, there is still a need to maintain adequate caution at a time when the country is on
the cusp of authorizing the first set of vaccines.

•

Union Minister Nitin Gadkari has called for a private independent body for dispute resolution in government
contracts, citing delays in the judicial system. He said that such an institution, which should be accorded legal status,
will take time-bound decisions. This is welcome.

•

The government has cleared the GPS based toll collection system. Thus, there will be no toll booths in the next two
years. The amount will be deducted directly from the bank account of vehicle owners, based on the movement of
their vehicles. This is a positive move.

MEDC Economic Digest
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Overview of Renewable Energy in
Maharashtra

Mr. Sagar P. Thombare1, Mr. Vishal Gunjal2 Miss. Snehal Bhandarkar3
Lecturer, Electrical, R.H. Sapat College of Engineering, Nashik, India1
Lecturer, Electrical, S.N.D. College of Engineering, Nashik, India2
Lecturer, Electrical, Matoshri College of Engineering, Nashik, India3

Abstract: Maharashtra has been one of the most industrialized and urbanized states in the country.
India has a vast supply of renewable energy resources. In this context, the main objective of this study
is to critically examine the state’s renewable energy landscape. The state also has set targets for capacity
installation for four different renewable based power generations. Keeping this in view, it is critical that
Maharashtra should implement a comprehensive renewable energy policy with a focus on promoting large
scale solar projects in both urban and rural areas of the state. In this paper we focus on renewable energy
sources available in Maharashtra. Keywords: Solar, Hydro, Biomass, Wind.
I.

INTRODUCTION

Maharashtra is one of the most urbanized states
there is an scope for urban services quality,
reliability improvement and delivery to people.
Renewable energy alternatives have potential
to satisfy both the challenges of inclusive and
low carbon growth. There is a wide disparity in
electricity consumption in urban districts like
Mumbai, Thane, Raigad, versus the rural districts
like Nandurbar, and Gadchiroli. Typically poor
consumer from rural areas can’t sustain paying for
electricity for a duration in which they can see its
return in terms of better life style. However the
average load shedding for rural areas in case of
Irrigation feeders is around 8 hours.
There are around 4 million pump sets in the state
which are energized. With poor quality of electricity
supply, a vicious circle is formed between the
farmer who is unwilling to pay for the poor supply
and the utility for which there is no incentive to
upgrade the service quality and provide electricity
at very low to negligible commercial profit. In
presence of such poor supply quality, farmers adopt
diesel pump sets, which can be very inefficient as
compared to the electric motors, resulting not only
in huge increment in input cost for farmers but
also increased carbon footprint of the agriculture
sector.

such as solar water heater for domestic purposes,
specifically in the urban areas, can similarly help
in reduction of peak load during the morning
hours. Shifting to RE at a large power generation
scale however have many dimensions such as
maturity of technology, life cycle cost etc. on
which its penetration depends however with
current financial situation of state utilities across
the country, it is difficult to imagine such uptake.
There is a huge scope and need for better service
e.g. agricultural pumping, cooking energy, and
domestic water heating where renewable options
can be appropriately promoted. [1]
II.	RENEWABLE ENERGY LANDSCAPE
OF MAHARASHTRA
The estimated potential and achievement of grid
connected renewable energy systems in the state
are shown in Table.

RE options such as solar/wind pumps can easily
help to solve this twin problem. RE applications
10
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Fig.1: Resource wise installed capacity in Maharashtra

Table: The overall supply of energy from
renewable energy sources can be divided into
various categories based on the end user demand
and scale of energy generation e.g. [1]
Table I
Sr.
No.

RE Technology

Potential
5,4391 MW

Type of power

Capacity
5000 MW
1000 MW
400 MW
300 MW
200 MW
7500 MW

Wind
Biogas
Small hydro
Biomass
Industrial waste Based
Solar

Table: Grid connected renewable projects Capacity
Achievement

1

Wind

4,079.6 MW

2

Waste to energy

287 MW

11.7 MW

3

Biogases
cogeneration

1,250 MW

1,362.7 MW

4

Biomass Power

1,887 MW

182 MW

5

Small Hydro Power

733 MW

278.6 MW

6

Solar PV

4-7 MW

230.25 MW

Maharashtra has the second highest installed
capacity of the renewable based power options,
among all the states in India. The combined
renewable power generation capacity of the four
leading states Maharashtra.
Each of these states has relied on the renewable
resource which is abundantly available there, for e.g.
Gujarat massively developed solar power whereas
Tamil Nadu has developed its wind resource.
Maharashtra has a large potential for wind and
biomass followed by solar.

A.	Hydro power
Although capacity of hydro power has steadily
increased, from close to 40% in 1980 to 12%
in 2013. In addition, there are issues specific to
hydropower, notably the high levels of sediment
in the rivers coming down from the North
side of Indian Mountains, which can reduce
reservoir storage capacity and, if not removed,
cause heavy damage to turbine blades and other
steel structures in a hydropower plant.
The result is a rise in installed capacity for huge
hydropower from 42.56 GW in 2014 to just under
100 GW in 2040. Small projects up to 10 MW10,
also plays a growing role, particularly in meeting
the power requirements of remote, mountainous
areas. Their capacity increases from 2.8 GW to over
10 GW by 2040. Similar arrangements are in place
with Nepal, including the approval of projects with
a combined capacity of 1.8 GW in 2014.
Ministry of Non-conventional Energy Sources
is focused on:

Fig.2: Renewable Power Capacity Addition in State of
Maharashtra [2]

III. OVERALL TARGET
The Grid connected renewable projects as per the
following capacities: Table II
MEDC Economic Digest

1.

Nation-wide resource assessment

2.

Setting up of commercial projects

3.

Industry based research and development

B.

Solar energy

Solar energy based electricity can be generated
through photovoltaic effect in solar cells and
Solar thermal which uses the infrared component
of radiation spectrum to heat the fluid which can
January 2021
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be further used to rotate turbines. Maharashtra
has a potential of over 64 GW for solar power
generation. Such assessments and their accuracy
have a direct impact on the project viability.
Therefore that should to be carried out by the
state nodal agencies in partnership with other
organizations and the results must be shared
with the developers to promote investment in
the solar sector. In order to provide a favourable
environment for solar energy technologies i.e.
both SPV and thermal, Government of India
has constituted Jawaharlal Nehru National Solar
Mission (JNNSM), with set targets for three
years 2013, 2017 and 2022. [3]
C.

ii)

The Average Power Purchase Cost (APPC)
and REC combination route in which tariff is
negotiated between utility and developer with
maximum tariff capped by average pooled
power purchase in the state.

iii) The Feed-in-Tariff route in which the MERC
determines the tariff for various renewable
power projects, which is levelized tariff
for a long period. Till now, total projects
commissioned of grid interactive SPV in the
state are of 230 MW capacities. [3]
D.	Wind Based Generation Power

Solar Rooftop

Status: 358MW Projects sanctioned and 41 MW
installed Target: 40,000MW by 2022 of which 10
GW during 2015-16 to 2017-18.

Fig.4: Wind Based Plants

Fig.3: Solar Rooftop

Advantages of Solar Rooftop:
l

Savings in transmission and distribution
losses.

l

No requirement of additional land.

l

Local employment generation.

l

Reduction of power bill

Major routes for getting returns on investment
which are possible under various schemes,
policies and mechanisms:
i)

12

The JNNSM route - incentives and schemes
are available but the tariff is determined
through a competitive bidding process.
January 2021

Wind turbines can be used as stand-alone
applications independently or in combination
with solar PV, or they can be connected to a utility
power grid. For utility-scale development of wind
energy. The total in-land wind power generation
potential is estimated to be around 5439 MW
in Maharashtra. Although the off-shore wind
generation potential can be much more than inland, it is not yet estimated. Total installed capacity
of wind power in Maharashtra up to 2013-14 is
4079 MW, which is 75% of the estimated potential.
E.	Bio energy for Power Generation
Bio Energy is derived from biomass through various
conversion processes such as direct burning of
biomass or conversion into liquid or gaseous fuels.
Biomass power is the use of biomass for electricity
generation. There are five major types of biomass
power systems: burning of biomass or direct fired
MEDC Economic Digest
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(biomass as primary fuel), co-firing (biomass as
partial substitution of primary fuel), gasification
(partial combustion), anaerobic digestion (through
bacterial organisms), and pyrolysis (distilling organic
matter without air supply). Most of the biomass
based grid connected power plants at MW scale
use direct-fired system to generate steam required
to run the turbine. Many coal fired power or heat
generation units can use co-firing systems to reduce
emissions, especially sulphur dioxide emissions
as well as reduce fuel costs. Gasification systems
use high temperatures and an oxygen-starved
environment to convert solid biomass into a gas
(a mixture of hydrogen, carbon monoxide, and
methane), which then can be used to run gas turbine
or engines. The Decay of biomass produces a gas
(a mixture of methane and carbon dioxide), that
can be used as an energy source. Methane can be
generated from biomass through the process called
anaerobic digestion, which involves using bacteria
to decompose organic matter in the absence of
oxygen. Methane can be directly burnt in a boiler to
generate steam or it can used be in a gas engine to
generate motive power. [4]
F. 	
Biogases Co-Generation Based Power
Generation
Cogeneration is essentially the generation of heat and
power, where already steam is being generated for
existing industrial process purpose. Typically, there is a
component of waste heat in power generation which
can be used for the process as useful heat in case
of co-generation resulting in thermodynamically
efficient use of the fuel. The relatively better
growth of Biogases based cogeneration in the
state can be attributed to organized nature of fuel
supply chains as well as financial support provided
through state policy i.e. role of energy fund called
Urjankur Nidhi. Cogeneration projects can utilize
either biogases or any other biomass as fuel.
Cogeneration plants get the added advantage of
established and organized fuel supply chain. The
total installed capacity up to year 2013-14 was 1,354
MW, which is second largest contributor after wind
power to the current renewable energy portfolio
MEDC Economic Digest

of the state. The installed capacity exceeds the
potential estimated in year 2011 i.e. 1,250 MW.
In order to promote cogeneration based power
development, there are incentives and subsidies
available from both state policy as well as central
level. [4]
G.	Biomass Based Power Generation
Biomass energy based power generation has a
huge scope in the state. According to IISc study on
estimating the potential for biomass based power,
there is a potential for around 1800 MW capacity
in the state.

Fig.5: Biomass power generation

However, this depends upon the cropping
pattern and calorific value of various crop wastes.
However, due to many hurdles such as fuel quality,
dependence upon rainfall and cropping pattern, the
actual installed capacity in the state is around 10%
of the potential. There are a total 182MW biomass
based power generation projects commissioned till
2014, as against the total estimated potential of
1,887 MW. Total 17 projects have been installed
so far, out of which 14 are in Vidarbha and
Marathwada region and remaining 3 are in north
Maharashtra. Particularly in rural Maharashtra
gasifier projects can not only address electricity
shortage but also the most energy intensive and
vital household process, cooking while utilizing
charcoal (a by-product of the gasifier). [4]
H. Waste to Energy
Generation of electricity from waste, it is a
form of energy recovery. Most of the processes
January 2021

13

Cover Story
produce electricity and produce combustible fuels,
such as methane, methanol, ethanol or synthetic
fuels. Although the potential estimated for waste
to energy is 287 MW, but only 11.7 MW projects
have been realized till now. Mumbai generates
8,000 metric tons of garbage every day, and had
announced to set up 10 power plants based on
waste-to-energy technology. For promoting the
waste-to-energy based power generation in the
country, a capital subsidy for the promoter is
available for different types of processes such as
Biomethanation at sewage treatment plants and
bio-CNG production. [5]
I.	Hydro-Power
Hydro power projects are generally categorized in
two segments i.e. SHP. In India, hydro projects up
to 26 MW station capacities have been categorized
as Small Hydro Power (SHP) projects. The Small
Hydro-Power (SHP) growth has been steady in
the state throughout the last decade. The current
installed capacity is 278.6 MW. [6]
J.

Wind Solar Hybrid

A hybrid renewable energy system is the reliability
of the system is enhanced. Total 193 wind solar
hybrid systems have been installed, most of which
are for institutional set ups. Total installed capacity
up to the year 2012 is 1,352 kW. A capital subsidy
to the tune of 1-1.5 Lakh per kW is available for
aero generators/wind solar hybrid systems through
central finance assistance of MNRE. [6]
IV. CONCLUSION
Growth of renewable energy in Maharashtra was
dependent on only two resources i.e. wind and
biogases, out of which over 75% of the wind
potential and 100% of the cogeneration potential
is already tapped. This growth in these two sectors
can be mainly attributed to the financial incentives
such as accelerated depreciation, state energy fund,
14

as well as other key factors such as organized nature
of fuel supply chain for cogeneration projects and
categorization of wind potential sites in the state.
However other sectors such as solar didn’t grow
with such rate in absence of clear policy signals
among other reasons. The small hydro sector has
also been growing steadily. To continue the same
growth trend, it is essential for the state to equally
stress on other renewable resources such as bio
energy, solar PV and waste- to-energy, which are
abundantly available in the state. All of the bio
energy options depend upon an assured supply of
biomass fuels for its operation. Development of
solar PV has been sluggish in the past and it can
be promoted with a clear policy direction and time
bound targets. Given the high urbanization in the
state, waste-to-energy offers a dual advantage of
energy generation as well as waste disposal. [7]
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Fig.6: Use Renewable energy sources
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Renewable energy mapping in
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Ms. Sampada Kulkarni1, Mr. Rangan Banerjee*
1
Indian Institute of Technology-Bombay
* Corresponding author. E-mail: rangan@iitb.ac.in
Abstract: Increasing negative effects of fossil fuel in addition to limited stock have forced many countries
to switch to environmental friendly alternatives that are renewable and can sustain the increasing energy
demand. In order to tap the potential of various renewable energy sources, there is a need to assess the
availability of the resources spatially. Mapping potential sites for tapping renewable energy is the focus
of this study. The study employs the Geographical Information System (GIS) to map various renewable
energy sources. A case study of Indian state Maharashtra has been taken. Open source software, Quantum
GIS (QGIS) is used to analyze the variability of renewable energy considering the spatial aspect. Maps
of installed capacity have been prepared. Solar insolation data and wind speed data available for few sites
in the state are mapped and then interpolated for the entire state. A macro survey is done to estimate the
renewable energy potential available in the state. Spatial interpolation has been done for micro analysis to
define the usefulness of such a system.
Keywords: renewable energy, geographical information system, spatial mapping
1.

Introduction

Energy is one of the most important inputs for
economic growth and human development. The
sustainability of future energy systems is critical
for sustainable development. Renewable energy is
a key element for any sustainable solution. One of
the first steps for the exploitation of any energy
source is its estimation and mapping to identify the
most suitable areas in terms of energy potential.
To understand the current trend of the renewable
energy, it is important to analyse the spatial
variation of resources and their deployment.
A Geographical Information System (GIS) is a
system that can handle and process location and
attribute data of spatial features. Nguyen and
Pearce [1] have used an open domain approach to
compute insolation including temporal and spatial
variation of albedo and solar photovoltaic yield.
Ramachandra and Shruthi [2] have estimated the
wind energy potential of Karnataka using GIS
technology. Celik [3] has estimated monthly wind
MEDC Economic Digest

energy production using Weibull representative
wind data for a total of 96 months from five
different locations in the world (Cardiff, Canberra,
Davos, Athens, Ankara). Sen [4] has used CSV
(Cumulative Semi-Variogram) approach to predict
the solar irradiation at any point from a given
set of known data points. This paper provides a
framework for analysing the status of renewable
energy situation using GIS and illustrates this for
Maharashtra state of India.
Maharashtra is situated in western part of India and
covers the entire Deccan region. (Area 1,19,000
square miles, population 97 million as per 2001
census [5]) There are 35 districts in Maharashtra
[5]. A district is an administrative division of an
Indian state or territory. Maharashtra is the largest
power generating state in India with an installed
capacity of 22,435 MW [6]. The total renewable
energy installed capacity in the State till March
2010 was 2,601 MW [7]. Open domain Quantum
GIS (QGIS) is used to represent the spatial data.
January 2021
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2.

Methodology

The general methodology for analysis of
renewable energy framework using GIS approach
is summarised in Fig. 1. Distribution of renewable
resources; wind and solar, in terms of wind power
density and hourly insolation values respectively
is spatially interpolated for the state and maps

are created for the same. Current installed sites
of various renewable resources, viz. wind power
generation, bagasse co-generation and small hydro
power plants are identified and represented on
the map. Each site is linked to its corresponding
database of location and installed capacity.

Fig. 1. General methodology to develop renewable energy framework
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District shape file for Maharashtra state is taken as
the first input to QGIS interface. This shape file may
be created in C++ environment or may be directly
downloaded. The shape file contains location
attributes and area of these 35 districts. Database
is obtained for currently installed renewable power
generation sites, with their rated power output
(MW) and location attributes. The meteorological
stations for wind and solar are identified and the

corresponding database of instantaneous values
of parameters like wind speed, wind power density,
Weibull parameters, etc. and global solar radiation
are obtained. A summary of database for renewable
power generation analysis in the state is organized
in Table 1. Various input parameters used to create
maps in reference to renewable resources and
shape files are summarized in Table 2.

Table 1. Summary of database of renewable power generation in Maharashtra
Renewable energy source
Wind
Solar
Bagasse co-generation
Small hydro power

Number of
meteorological
stations
7
3
-

Estimated
potential (MW)

Installed capacity
(GW) (2009-10+)

4.58
1.25
7.5

2.01
0.35
0.2

Number of
installed power
generation sites
31
39
28

Table 2. Summary of input parameters used in QGIS interface
Input parameter
District shape file
Wind meteorological stations
Solar meteorological stations
Wind installed sites
Bagasse co generation installed sites
Small hydro power installed sites

Monthly average values of wind speed, wind power
density and solar insolation for the unknown
locations are predicted using interpolation
techniques and empirical relations from the set of
known values of meteorological stations. Predicted
values are used to create raster maps in QGIS
showing the distribution of wind power density
and solar intensity over the state.
Currently installed renewable energy sites are
mapped on the spatial layer of Maharashtra
state to create point layer for each site in QGIS
framework. Each point representing a renewable
energy site is linked to its corresponding database
of geographical coordinates and installed MW
capacity. The Point layer of current installed
MEDC Economic Digest

Information available
35 districts; location attributes; area
7 stations, location attributes; hourly wind speed, hourly wind
power density; Weibull parameters
3 stations; location attributes; hourly global, diffuse and direct
solar irradiation for each month
31 sites; location attributes; installed capacity
39 sites; location attributes; installed capacity; location of
sugar factories
28 sites; location attributes; installed capacity

renewable power generation sites is integrated with
the resource distribution raster maps to get the
current renewable scenario map for the state.
Usability of the system is defined in terms of future
planning and siting of renewable power generation,
micro modeling through regional assessment
and district wise analysis of the state and whatif analysis to explore some major issues involved
in integrating renewable energy framework with
conventional electricity transmission network.
3.

Renewable energy resource mapping

Distribution of wind power density and solar
insolation is estimated for the state and represented
as raster maps. Spatial interpolation technique,
January 2021
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Kriging interpolation is used for predicting wind
power density for unknown locations while Inverse
Distance Weigthing (IDW) interpolation is used
for predicting hourly solar insolation values for
unknown locations.

3.1. Spatial interpolation for wind
Wind energy is the most explored renewable energy
in Maharashtra. Out of an estimated potential of
4584 MW, almost 1990 MW has been achieved
with an estimated capacity factor of 14% [7]. Seven
meteorological stations are identified where actual
measurement of various wind parameters (hourly
wind velocity, Weibull parameters and average
wind power density) are done. These stations
are Lonavala, Malwan, Vijaydurga, Panchgani,
Deogad, Vengurla and Chalkewadi. The database
for the seven stations is obtained from the wind
energy resource survey in India by Anna and Mani
[8]. There are currently 31 wind power generation
sites with their known installed capacities.
Map showing the distribution of wind power
density over the state is created to aid in the
selection of suitable region for wind turbine
installation. Raster map showing the distribution
of wind power density over the state is shown
in Fig. 2. Current wind power generation sites
are mapped to estimate the capacity target. The
seven meteorological stations are also mapped
and each station is linked to its corresponding data
base of geographical coordinates and monthly
instantaneous wind speed values. Quantum GIS
(QGIS) is used to integrate the conventional
database of the seven meteorological stations
and 31 wind power generation sites with spatial
features to get a complete pictorial representation
of current wind power generation scenario.
Monthly average wind power density is predicted
for all the districts in the state using the sampled
values of seven meteorological stations. The seven
stations are represented by and 31 installed sites
are represented by in Fig. 2. Raster map of wind
power density distribution are created using these
18
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predicted values. Kriging interpolation is used for
predicting wind power density values.
This is done by generating the experimental
semi-variogram of the data set and choosing a
mathematical model which best approximates the
shape of the function from sample Cumulative Semi
Variance (CSV) values [9]. Weights are obtained by
converting CSV values into dimensionless values
and subtracting from the maximum value, i.e. 1.
This appears as a non-increasing function of
dimensionless distance and is known as Standard
Weighing Function (SWF)[9]
Dimensionless distance of each un-sampled
location from each of the seven sampled locations
is estimated using the distance tool in QGIS. The
distance values are based upon the centroid values
of latitude and longitude of locations. For each
dimensionless distance; the value of weighing
function is estimated from the plot of SWF [9].
Weighted average of the corresponding value of
wind power density, weights being the estimated
values of weighing function, gives the predicted
value of wind power density for unknown locations.

Fig. 2. Wind power density distribution over
Maharashtra state

3.2.	
Spatial interpolation for solar resource
mapping
For solar energy, three meteorological stations
are identified, viz. Pune, Nagpur and Mumbai.
Hourly values of global and diffuse solar radiation
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for the three stations are taken from solar energy
resource survey in India by Anna and Mani [8].
Inverse Distance Weighting (IDW) interpolation
[10] technique is used to predict hourly insolation
values for un-sampled locations.
In IDW interpolation, weights are proportional
to the inverse distance value between un-sampled
location and sampled location. This proportionality
varies with the power to which the distance is raised
and is known as distance coefficient. Distance
coefficient of two is taken here.
Raster map showing the distribution of solar energy
resource is created using the IDW interpolation plugin
in QGIS platform. Hourly global solar radiation
estimated for the state are in the order of magnitude
of 2000 kWh/m2year which signifies a relatively low
value. The variation of solar intensity over the state
is also low. Variation of global solar insolation over a
year for Mumbai station is shown in Fig. 3. The raster
map showing the distribution of solar energy resource
is not shown here although the three meteorological
stations are represented by in Fig. 4.
Since the IDW interpolation technique is based
on the distance value between the un-sampled
location and the sampled location, the uncertainty
in the predicted value increases with the increasing
distance value. The three sampled locations for
solar energy are at a considerable distance from
each other. Therefore using local correlations
model for estimating the hourly insolation values
would give better accuracy.

Fig. 3 Variation of global solar insolation for Mumbai
MEDC Economic Digest

4.

Renewable installed capacity mapping

In the field of green energy, the major renewable
energy sources in Maharashtra are wind energy,
small hydro power plants and bagasse cogeneration plants with a small contribution of
waste to energy power plants and biomass [6].
31 sites of wind power generation, 39 sites of
bagasse co-generation plants and 28 sites of small
hydro power plants are identified and represented
spatially [7]. A vector map showing the current
installed sites of renewable power generation in
Maharashtra is shown in Fig. 4.
Each station mapped is linked to its corresponding
data base of geographical coordinates and
monthly instantaneous parametric values. A
complete database of hourly wind speed data
of each month for seven wind meteorological
stations (Lonavala, Malwan, Vijaydurga,
Panchgani, Deogad, Vengurla and Chalkewadi)
is linked with the corresponding location.
Similarly database of hourly global solar
radiation data of each month for three solar
energy meteorological stations (Mumbai, Pune
and Nagpur) is linked with the corresponding
location. Maps are created representing the
spatial data of current installed sites of wind
power, bagasse co-generation and small hydro
power plants (Fig. 4). Each site is linked with
its corresponding database. Every district in the
state is also linked to the database of district
name, location attributes, i.e. longitude and
latitude of the location and predicted values
of monthly average wind power density, and
monthly average solar insolation. One such
database for Satara district in Maharashtra state
is shown in Fig. 4.
Monthly average wind power density of seven
wind sampled locations and monthly average solar
insolation data of three solar sampled locations is
used to predicts wind power density distribution
and solar intensity distribution over the state
respectively.
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The QGIS platform is also used to represent
the spatial distribution of installed capacities of
different renewables. This permits determination
of installed capacities for selected regions and
renewable energy generation based on estimated
capacity factors using the renewable energy
resource data for the region.

Fig. 4 Current status of major renewable power
generation sources in Maharashtra and sample
database for Satara district

The GIS approach used is helpful in estimating the
renewable energy potential available in the state.
Such a system could be useful in future planning and
siting of wind power and solar power generation.
It helps in analysing the potential areas where wind
and solar energy resources can be used exhaustively.
Regional assessment of state is also possible as
can be seen from Fig. 4 that central region of the
state is the major site of wind turbines installation
and also the region of high wind capacity (Fig. 2).
Satara district in the central region of the state
is the site of maximum wind turbine installation
with total installed capacity of approximately 450
MW. Eastern part of central region also has high
wind potential and hence can be explored more.
Similarly southern part of the state was found to
be the region of high solar intensity. Bagasse cogeneration power plants are distributed all over the
state which is in accordance with the distribution
of sugar factories in the state [11].
5.

Conclusion

A framework is developed for mapping renewable
energy resources using an open domain GIS
(QGIS) and linking this with the databases for
individual stations. Using this framework, it is
possible to determine average wind and solar energy
densities in selected regions. This is illustrated for
Maharashtra state in India.
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The framework developed can be used to assist
siting decisions. For any site selected, it is possible
to determine through Kriging interpolation
or empirical correlations the availability (and
monthly variation) of wind and solar resource.
This can enable determination of the annual
capacity factor and the cost-effectiveness of new
installed capacities.
Since the method is simple it will be useful,
in general, for engineers, architects and solar
system designers. The system is also helpful
in what-if analysis: if certain percentage of
electricity to be achieved through renewable
only, is fixed, then what would it imply in terms
of capacity of different renewable required
to be installed, hybrid scenario of renewable
power system, impact on conventional power
system, operational and economic implications
and capacity savings achieved with penetration
of renewable power in the grid.
QGIS being open domain software, the framework
can be extended to other states and countries
as well and hence can be used extensively for
renewable power generation siting and planning
for any region.
The authors would like to thank Maharashtra
Electricity Regulatory Commission [12] for
sponsoring the M Tech fellowship and supporting
the project and the Maharashtra Energy
Development Agency [13] for providing access to
renewable energy data.
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Interview with Shri Subhash
Dumbare, IAS

Director General
Maharashtra Energy Development Agency (MEDA)

1. Global warming & climate change
has adversely impacted the economy
of Maharashtra (particularly in the
agricultural sector) in a big way. How will
the shift to renewable energies help address
this challenge?

their competitiveness in regard to the
development and deployment of new
renewable energy efficient technologies
that are particularly suitable for them,
including those can be adopted in a plug
and play manner?

Energy is a major source of negative
environmental externalities, such as air
pollution that causes severe health problems
in India and around the world, and it is also
the principal source of greenhouse gas (GHS)
emissions, making the energy sector a key
component in climate change adaption and
mitigation. The sea level rise is also ratcheting
up the frequency and intensity of flooding
on the farms in coastal regions. These floods
devastate crops and livestock, accelerate soil
erosion and damage roads, bridges, schools
and other infrastructure. Global warming leads
to lost productivity. Disruptions in daily life
related to climate change can mean lost work
and school days and harm trade, transportation,
agriculture, fisheries, energy production, and
tourism.

Government has announced RE policy 2020,
which includes Grid connected and off-grid
projects which includes 12900 MW Solar, 2500
MW Wind, 1350 MW Cogeneration and 380
MW Small Hydro projects. MRDC has adopted
energy purchase policy on competitive bidding.
This will help reduce power purchase cost.

Shifting to renewable energies can definitely
reduce carbon emissions, thereby reducing the
effects of climate change. India is committed
towards this as it is a signatory to the Paris
agreement. Maharashtra till date has achieved
RE capacity of 9616 MW and another 2000
MW is in the pipeline.
2. MSME’s continue to remain the backbone
of Maharashtra’s Industrial Sector. What
steps is the government taking to enhance
MEDC Economic Digest

Almost all solar technologies work in plug and
play (PnP) manner. It is for industry to decide
the standards, so that all RE technologies can
be adopted in PnP mode. For this, Government
will whole heartedly support the efforts of
industry for developing PnP standards.
To reduce the financial burden of electrical
consumption, Industrial and Commercial
consumers are allowed for Net Metering
through solar PV system upto 1 MVA contract
demand. Captive solar power plants, behind
customer meter plants are also allowed in
Maharashtra.
Now RE Plants have come in to priority sector
and therefore loans are easily available to them.
In this regard, the solarization of Agricultural
Feeders will also reduce the cross subsidy
burden of the industry.
3. What is the employment generation
potential of renewable energies? How it is
being tapped in the case of Maharashtra?
January 2021
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Maharashtra currently achieved 9600 MW of
renewable energy installed capacity with an
investment of approximately Rs. 48000 Crore.

In transport sector electric vehicle (EV) is
game changer to reduce use of fossil fuels and
pollution.

Government recently announced RE policy
2020 with a target of 17360 MW in the next
five years which contributes approximately
75000 Crore investment in the state in the
next five years. By implementing the policy
an employment of almost one lakh will be
generated in the state in the coming five years.
This employment generation will take place
in manufacturing, erection and operation &
maintenance of RE plants.

Renewable Energy (EV) contributes nearly
23% in terms of installed capacity and 15%
in terms of energy consumption basis in the
state. So, we are making progress.

4. To spread awareness of renewable energies
in Maharashtra, information dissemination
and education workshops need to be
conducted regularly across the state. What
initiatives has your department taken in
this regard?
As State Nodal Agency for RE, MEDA
implements various schemes of Central &
State Government through its 3 Regional, 8
Divisional, and 13 District offices.
MEDA regularly publishes its advertisement
in the print and electronic media to create
awareness of RE and energy efficiency
programmes. MEDA also conducts various
workshops to disseminate information. Now,
due to COVID only webinars are conducted.
To promote energy efficiency, MEDA as a SDA
implements various schemes and campaigns of
the Bureau of Energy Efficiency, New Delhi.
5. Do you think that clean energies like
biomass and bio-fuels can replace fossil
fuels in Maharashtra in the foreseeable
future?
Biomass & Bio-fuel cannot substitute for
fossil fuels but to some extent reduce the
consumption of fossil fuel.
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6. In general, what is the role of clean and
renewable energies in the socioeconomic
development of Maharashtra? How could
it be further enhanced?
Renewable Energy generation has reached at
grass root level i.e. at rural level. Solar Energy
is used at farms for pumping the water. This
has also promoted distributed generation of
energy which has reduced transmission &
distribution losses.
Maharashtra has launched Mukhyamantri Saur
Krishi Vahini Yojana as a flagship scheme in the
state. The basic purpose of this scheme is to
supply electricity to farmers in day time, reduce
the transmission and distribution losses, and
reduce the purchase price of electricity to
distribution companies.
Both the Centre and Maharashtra had also
launched Atal Saur Krishi Pump Yojana. This
particular scheme was basically for farmers
who are unable to access conventional energy.
The Centre has also come up with the scheme
PM – Kusum on similar lines.
By adopting sustainable goals, energy for
all includes access to electricity and clean
cooking, tracking methodology accounts for
all renewables and energy efficiency. Besides,
as RE generation is in distributed manner, local
employment is generated and allied businesses
are growing in rural areas.
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