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Abstract Being among the most populated country with
one of the fastest growing economies in the world, the
country is met with ever-increasing fossil fuel consump-
tion. The use of fossil fuels for energy is threatening India
with emission pollutants, the import burden of crude oil
and natural gas, and coal resource extinction. Clean ener-
gies have long been thought to reduce or eliminate a
country’s dependence on fossil fuels for electricity gener-
ation. In the past decade, India has made major additions to
its renewable energy capacity, especially with respect to
solar and wind, which represent a major proportion of
renewable generation in the country. This paper analyzes
the government policies, programs, and incentives to
enhance and develop the solar-wind sector in India,
alongside potential limitations and solutions. It also
reviews the development of “offshore wind,” which is
slated to be added to the energy mix of the country over the
coming decade.
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Introduction

India is home to 1.3 billion people and is expected to
surpass the Chinese population by 2025 to become the
most populated country in the world [1]. The growing
population will be met with increasing energy demand. The
total primary energy consumption of India has more than
doubled from 326.77 million tons of oil equivalent (Mtoe)
in 2002 to 753.3 Mtoe in 2017 [2]. The same period has
witnessed an increase in the installed energy capacity, from
102.32 to 319.46 GW. India’s current energy mix is com-
posed of both conventional (coal, oil, gas) and renewable
(solar, wind, hydro, etc.) energy resources, but traditionally
it has always been more inclined toward coal, oil, and gas
for power (Figs. 1, 2) [3].

At present, 64.80% of the installed capacity is conven-
tional (coal, oil, gas), 13.20% is large hydro, 2% is nuclear,
and 20.10% is renewable energy of the total 344 GW
capacity [4]. This bifurcation of installed capacity, how-
ever, does not present the entire picture. Due to the inter-
mittent nature of renewable energy like solar and wind, the
capacity utilization factor (CUF) is much lower as com-
pared to coal-based plants, resulting in a low contribution
to the cumulative generation year round. The contribution
of solar and wind combined for fiscal year (FY) 2017-2018
amounts to only 6.01% of the total electricity generation.
This leads to a substantial amount of the electricity gen-
eration (80%) being conducted by thermal power plants
(Fig. 3) [5].

The continuous dependence on coal, oil, and gas is a
serious concern due to many issues:

1. Total CO, emissions have increased from 935.56
million tonne (MtCQO,) in 2002 to 2400 (MtCO,) in
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Fig. 1 Installed energy capacity in India as of March 31, 2018 [3]
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Fig. 2 The growth of installed energy capacity in India [3]
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Fig. 3 Electricity generation by source [5]

2017, making India the fourth largest emitter of CO, in
the world [6, 7].

2. Crude oil production has remained static, while
imports have risen to about 2.5 times their amounts
from 2002 to 2015 [2]. An estimated 219.15 million
tonne (Mt) were imported in FY 2017-2018 for 87.725
billion USD, which means that India relies on imports
for more than 80% of its oil needs. Trends show that
the dependence on crude oil imports is expected to rise
in the future. Liquefied natural gas imports have also
seen a serious rise from 10.93 billion cubic meters
(BCM) in FY 2007-2008 to 26.33 BCM in FY
2017-2018 [8]. The coal imports have risen from
49.79 Mt in 2007-2008 to 190.95 Mt in 2016-2017.
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The total coal imported in 2017-2018 was 188.51 Mt
[9].

3. The emissions and the pollution caused by coal-based
power plants also seem to have serious health impli-
cations. In FY 2010-2011, approximately 503 Mt of
coal was burnt which produced 580 Ktons of Partic-
ulate matter (PM, 5). The exposure to PM, 5 and other
hazardous gases like sulfur dioxides, nitrogen oxides,
carbon dioxide, and volatile matter produced during
the combustion of coal is estimated to have caused
deaths of up to 115,000 people and 20 million asthma
cases, costing up to USD 4.6 billion to the public and
government. [10]

These issues suggest that the cost of powering India
(given its increasing economy and population) with fossil
fuels may be huge in terms of carbon emissions, health, and
resource limitations. There is a need to look toward clea-
ner, more cost-effective, and sustainable forms of energy to
propel further economic growth, which will come from
sources like solar, wind, and nuclear energy. In fact, in
recent years, we have witnessed a more serious shift in
government preference from encouraging fossil fuel-based
energy toward solar and wind through its various policies,
programs, and incentives. During the 2015 United Nations
Climate Change Conference in Paris, India made a bold
pledge to reduce its carbon emissions by 33-35% from
2005 levels by 2030 and achieve 40% of its cumulative
electric power (of around 350 GW installed capacity) from
clean energy resources. The country also set a goal of
achieving 175 GW in renewable installed capacity with
100 GW from solar, 60 GW from wind, 10 GW from
bioenergy, and 2 GW from small hydro plants by 2022
[11].

Wind Energy
Overview

The idea of wind power dates back to 1952 when Council
of Scientific and Industrial Research (CSIR) reviewed data
for surface winds and their duration for identifying
potential sites. From 1960s to 1980s, National Aerospace
Laboratories and CSIR conducted surveys to improve wind
energy estimates. Consequently, the first demonstration
wind farms were set up in 1986 in the states of Maha-
rashtra (Ratnagiri), Gujarat (Okha), and Tamil Nadu (Tir-
unelveli) with 55 KW Vestas wind turbines. However, with
all these efforts, the installed capacity remained at
220 MW until the year 2000 [12].

The wind installations increased rapidly after 2002 from
just 1.6 to 34.29 GW by June 2018, contributing 4% to the
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total electricity generation in FY 2017-2018. The country
currently has the fourth highest installed wind capacity in
the world, only following China, the USA, and Germany.
Historically, wind has held a major proportion (more than
50%) of total renewable installation capacity of the coun-
try. The growth of the cumulative installed wind capacity
after 2002 is shown in Fig. 4 [13]. During 2016-2017, a
record 5502 MW of installed wind capacity was added—
the highest amount to be ever added in India.

The resource-rich states include Tamil Nadu, Gujarat,
Maharashtra, Karnataka, Rajasthan, Andhra Pradesh, and
Madhya Pradesh. With an installed capacity of over 8 GW,
Tamil Nadu is the leader in wind power. Its Muppandal
wind farm has a total capacity of 1500 MW, making it the
largest wind power plant in India. The CUF of wind plants
approaches 15-16%, and the state has a separate agency
(Tamil Nadu Energy Development Agency) to deal with
matters of renewable energy [14]. The installations by state
along with the generation amount for FY 2017 are given in
Table 1 [15].

Wind energy is intermittent and highly site specific;
hence, the government and Ministry of New and Renew-
able Energy (MNRE) have always focused on wind
assessment programs. About 800 wind-monitoring stations
are installed across the country. A recent assessment by the
National Institute of Wind Energy suggested that the
country had 302 GW of exploitable potential at 100-m
height, which was mostly concentrated in the top seven
wind-rich states [16].

This shows that, despite all the improvements in the
sector, a vast amount of potential remains unexploited, and
the sector will continue aggressive expansion given India’s
increasing energy needs and its efforts to reduce fossil fuel
consumption.
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Fig. 4 The growth of wind installations [13]
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Table 1 Distribution of installed wind power capacity by state [15]

State Installed capacity (MW) Power generation (MU)
Andhra Pradesh 3618 3187
Gujarat 5340 7720
Karnataka 3751 6058
Kerala 51 72

Madhya Pradesh 2497 3256
Maharashtra 4771 7490
Rajasthan 4281 5764
Tamil Nadu 7861 11,935
Telangana 100 211

Others 4

Total 32.279 GW 45,697 MU

Amendments in Tariff Policy

The concept of Renewable Purchase Obligation (RPO)
came with the Electricity Act of 2003. The amended tariff
policy in 2016 obligated uniform RPOs for all states and
union territories. The policy also provided for Ministry of
Power plans for the long-term growth of RPOs in consul-
tation with the MNRE. The RPO for non-solar resources
has been on the rise from 8.75 to 10.25% in 2018-2019,
with targets set to reach 10.50% of non-solar renewable
energy by 2021 [17]. The MNRE has recently also created
a compliance cell to deal with the sluggish implementation
of RPOs by many states. The compliance cell will coor-
dinate with Central Electricity Regulatory Commission
(CERC) and State Electricity Regulatory Commission
(SERC) to generate monthly reports on the achievement of
targets and to resolve issues with appropriate authorities
[18].

Wind energy is concentrated in seven to eight windy
states. In order to facilitate the non-windy states meeting
their non-solar obligations and encourage project devel-
opments in resource-rich areas, the Ministry of Power has
ordered to refrain from imposing interstate transmission
charges and losses on solar—wind projects commissioned
until March 2022. The duration of the waiver would be
equal to the duration of Power Purchase Agreements
(PPAs), i.e., 25 years for projects obtained through a
competitive bidding process [19].

Given the promise of interstate transmission systems for
evacuation from wind-rich states coupled with the intro-
duction of reverse auctions (See footnote 1) in place of
feed-in tariffs (FITs), the year 2017 witnessed a fall in wind
tariffs to 3.46 Rs/kWh in a February auction conducted by
Solar Energy Corporation of India (SECI) and to a further
low of 2.43 Rs/kWh in an auction conducted by Gujarat
Urja Vikas Nigam Limited in December 2017. By
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Fig. 5 Solar and wind tariffs’

. ) 8 iogi ey
reduction over time 8"9 Lowest annual tariffs in Rs/kWh
; ammss \Wind » Solar
6
5
o e B
3
: 2.43
2012 2013 2014 2015 2016 2017

comparison, regulator-determined FITs in various states
have always been above 4 Rs/kWh. The policy changes,
however, led to the addition of less than 2 GW in FY
2017-2018, which could be attributed to many factors, like
delays in auction guidelines (especially at the state level),
concerns about state utilities back-tracking on previous
PPAs during the FIT method, confusion over generation-
based incentives (GBIs), and an overall reduction in auc-
tions [20].

The wind tariffs have conventionally been very flat over
the previous decade in contrast to solar tariffs (Fig. 5),
which have seen a steep decline over the years mainly
attributable to the falling photovoltaic (PV) panel prices in
the international market, while no such decline has been
seen with the cost of wind turbines. India is also a global
manufacturing hub for wind turbines. The domestic man-
ufacturing capacity is' over 10 GW annually, meeting most
of the country’s requirements. Under these conditions, a
further fall in tariffs could be financially unviable and hit
the local manufacturing industry; consequently, the tariffs
may be seen to stabilize or increase in the near future.

Offshore Wind Energy

With the maturity of many European markets like the
United Kingdom, Germany, and Denmark in the offshore
wind sector, there has been an effort to add this new source
into India’s renewable capacity. Offshore wind offers
various advantages over land-based turbines which include
large area availability which is specially important in
Indian context since land is scarce, much higher wind
speeds, less turbulence in air which may lead to lower

Parl8 11 an ordinary auction (also known as a ’forward auction’),
buyers compete to obtain goods or services by offering increasingly
higher prices. In contrast, in a reverse auction, the sellers compete to
obtain business from the buyer and prices will typically decrease as
the sellers underbid each other.
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fatigue of turbine components and enhanced efficiency,
lower transmission losses since the power is utilized in
nearby cities and load centers. The MNRE ratified the
National Offshore Wind Policy in October 2015 to realize
the offshore wind power both at the southern tip of the
Indian peninsula and along the west coast. Initial studies
suggest that the maximum potential can be found along the
coasts of Tamil Nadu, Gujarat, and Maharashtra. MNRE
targets include 5 GW offshore by 2022 and 30 GW by
2030. In April 2018, it also sought Expression of Interest
for 1 GW of offshore wind along the Gulf of Khambhat off
the coast of Gujarat, later releasing leasing rules for off-
shore wind and setting up a LIDAR station for the
assessment of wind resources.

The development of offshore wind in India is facilitated
by a European Union—funded project by the name of
Facilitating Offshore Wind in India (FOWIND). The pro-
ject focuses on two states (Tamil Nadu and Gujarat) with
the prime objective of providing techno-economic analysis
and resource assessments. It also provides suggestions
regarding policy regulation, industry, human resource
development, research, and development activities and acts
as a platform for knowledge sharing between Indian and
European stakeholders [21].

The FOWIND pre-feasibility report (2015) identified
eight zones in Gujarat that are most suitable for commer-
cial offshore development, taking into consideration key
technical and environmental constraints (Fig. 6). Zone A
among them is identified as the most promising for
demonstration projects. The wind speeds in these zones
vary from 6.8 to 7 m/s (at 120 m above ground level
(AGL)) and depths in the range of 15-43 m below Lowest
Astronomical Tide (LAT) [22]. A similar report for Tamil
Nadu also identifies eight zones (Fig. 7), with Zone A
being the most promising. The wind speed in the select
zones varies from 7.1 to 8.2 m/s (at 120 m AGL), and the
water depth is in the range of 10-50 m below LAT [23].
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Fig. 6 Select zones (green) in
Gujarat (color figure online)

DNV GL - All rights reserved :

Fig. 7 Select zones (green) in
Tamil Nadu (color
figure online)
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The established markets in Europe identified five key
challenges for offshore wind in India: (1) Complex
development processes: the project is a long-term capital
investment that requires interaction with diverse stake-
holders and skilled management over a period of
7-9 years. (2) Levelized cost of electricity: since onshore
wind and solar PV are already cost-competitive with
thermal power, support mechanisms are necessary to
encourage local markets until they reach maturity. (3)
Finance: access to low-cost financial and insurance
instruments is yet another challenge; as initial projects will
need help from public funds, currency hedging may also be
utilized for same. (4) Supply chain, ports, and grid devel-
opment: one key bottleneck in the United Kingdom was a
lack of dedicated specialized vessels, as the use of oil-gas
sector vessels was inappropriate for offshore wind farms,
and they were subjected to restrictions in availability.
Schedules need to be optimized considering the restric-
tions, distances, vessel capabilities, and assembly scenarios
spanning the length of the installation periods. FOWINDS
report on supply chain, port infrastructure, and logistics
(2016) compiles an illustrative procurement list to help
with the same. Transmission infra poses yet another chal-
lenge. Grid integration study (2017) by FOWIND has
proposed regulatory models of delivery and ownership of
offshore transmission assets that best suite Indian power
system conditions. (5) Environmental constraints: pre-
planning has to be done to avoid conflict with third parties
like fishing communities and shipping routes.

Suggestions to neutralize these challenges include: (1) a
clear roadmap that includes a long-term plan for offshore-
related infrastructure and a transmission system aligned
with the national five-year plan; (2) consent and permission
from various stakeholders; (3) grid development that takes
into account special needs like space constraints, long
cables, and boundaries for suitable grids; (4) mitigating
risks for developers by various financial support mecha-
nisms like accelerated depreciation, GBIs, generic Leve-
lized tariffs (i.e., FITs), offshore RPOs, income tax
holidays, equipment duty exemption, and exemption from
payment of sales tax until the sector matures and prices
become competitive; (5) Developing skills: Interaction
with international suppliers, developers, consultants, and
utilities can play a crucial role in developing local
knowledge to deal with this new and complex sector [24].

Given the government interest and some serious work
by FOWIND, the offshore sector can be expected to take
off in the near future with demonstration projects in
Gujarat and Tamil Nadu. The sector will be a good boost to
the country’s renewable aspirations; however, given the
complex nature of the offshore sector and uncertainties
related to policies/plans and the costs of new and existing
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technologies, it is difficult to anticipate the growth of this
sector in the country.

Other Important Developments

1. Repowering: In 2016, MNRE released a repowering
policy to replace old turbines with capacities less than
1 MW with new turbines of greater capacity. Since the
wind installations date back to the 1990s, as much as 5
GW will be eligible for replacement. The target states
will include Maharashtra, Karnataka, Gujarat, Tamil
Nadu, and Rajasthan. The current policy is a start to a
major overhaul, which needs more clarity in terms of
guidelines, PPAs (which are state subjects), land
requirements and ownership, etc. [25].

2. Hybrid Systems: There are Indian states like Gujarat,
Tamil Nadu, Maharashtra, Karnataka, and Andhra
Pradesh, which are rich in both solar and wind. These
states might benefit from solar—wind hybrid systems
which would lead to better utilization of transmission
infrastructure, improved CUF of the combined system
in comparison to standalone solar-wind and better grid
stability. In May 2018, M.N.R.E announced the new
solar-wind hybrid policy which provides a broad
overview for expansion of this new concept alongside
encouraging technological solutions for bottlenecks in
combined operation of solar-wind. [26]. India’s first
big auction of a solar—-wind hybrid system was
conducted by Solar Energy Corporation of India
(SECI) in December 2018 giving 840 MW contract
to Adani Power and S.B Energy with a low tariff of
2.67 Rs/kWh.

Barriers and Solutions

(1) Inadequate Infrastructure lack of evacuation and
transmission links is one common barrier to solar—-wind
power. There is need of proper infrastructure like substa-
tions, transformers, communication network, road, and
water to allow smooth grid connection and site develop-
ment. Some high potential sites in Gujarat, Rajasthan, and
Tamil Nadu could not be adequately exploited for the
mentioned reasons. (2) Lack of precise resource assessment
The National Institute of Wind Energy (N.I.W.E), Chennai,
has some resource assessment programs, but data are not
organized and reliable as in Tamil Nadu the actual wind
generation is already past the estimation. [27]. The lack of
precise resource assessment could also risk the developers
who are forced to bid at competitive margins due to
introduction of reverse auctions. The use of modern tech-
nologies like Sonic Detection and Ranging (SODAR)
(SODAR) and Light Detection and Ranging (LiDAR) in
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conjunction to Meteorological towers could be utilized for
accurate resource assessment. (3) Land Land acquisition is
a complicated process and obtaining clearances from
authorities for utilizing agricultural/protected land is diffi-
cult. Forest land acquisition should be eased by reducing
official formalities and exemptions could be given from
wildlife zones, mitigatory bird routes constraints, air flight
path restrictions, etc. (4) R.P.O compliance Despite the
formation of compliance cell by M.N.R.E, most states have
failed to meet even 60% of the R.P.O. Many of the state
DISCOMS are negligent because of lack of penalties.
There have even been halts in renewable energy certificates
(R.E.Cs) trading due to disputes regarding changes in price
by C.E.R.C. Binding of RPO compliance may result in
much relief to a number of independent power producers
(IPPs) and may lead to more investment. As India is a
country of small agricultural land holdings, these small
lands and households can be encouraged to mount micro
wind turbines (less than 10 kw), R&D is required for
efficient designs.Net metering policies, real time monitor-
ing, and subsidies inline with solar rooftop can help
develop this area, helping the states meet their RPOs. (5)
Fluctuation in policies There has been variation in policies,
especially at the state level on open access, cross-subsidies,
banking and wheeling, group captive, F.I.Ts, etc. These
changes hamper the existing projects making them unvi-
able and also affect future investment. The policies should
be clear and fixed for a specific duration of time and
changes (if any) should be forecasted. Encouragement with
Accelerated depreciation and adequate GBIs should be
continued as well.

Solar Energy
Overview

Solar PV systems convert sunlight directly into electricity;
the conversion is explained by the “photoelectric effect,”
which was observed by Becquerel in 1839 [28, 29]. Solar
P-V panels provide some important advantages: they can
be manufactured in bulk providing for economics of scale,
are emission free with simple operation and maintenance,
the technology is quite flexible with respect to applications
which range from small scale like calculators, rooftop P-V,
etc., to large-scale utility P-V plants [30]. Solar thermal
technologies concentrate direct sunlight with mirrors cre-
ating high energy densities to be absorbed by some mate-
rial surface. The energy is then used to drive conventional
cycles like steam, gas turbine, or sterling engine for elec-
tricity generation [31]. The solar installation in India is
dominated by photovoltaic systems due to the various
problems surrounding solar thermal plants, like the absence

of proper direct normal irradiation (DNI) data, very high
installation and operating costs, and the requirement of
water, like in coal-based thermal plants [32].

Radiation Potential of India

Owing to its high DNI, India has huge potential for solar
energy—about 5000 trillion kWh per year [33]. The solar
radiation incident over India is equal to 4-7 kWh per
square meter per day [34] and 1200-2300 kWh per square
meter annually [35]. The country has up to 300 sunny days
[34] and up to 3200 h of sunshine per year [36]. Solar
radiation levels differ across the country, as shown in
Fig. 8 [37]. The top states receiving the highest amounts of
annual global radiation are Rajasthan, northern Gujarat,
and parts of the Ladakh region. However, portions of
Andhra Pradesh, Maharashtra, and Madhya Pradesh also
receive a good amount of radiation in comparison to Japan,
the USA, and Europe, which have utilized their solar
potential to a much better extent [37]. The potential for
harvesting solar energy in India can be understood by a
report published by MNRE, which states that the waste-
lands alone, like the Thar Desert in Rajasthan, parts of
Jammu and Kashmir, and Ladakh, can harness as much as
750 GW capacity, which is more than twice the current
total installed capacity (thermal and renewable) of 344 GW
[38].

Solar Thermal Power (S.T.P)

S.T.P is in nascent stage in India. The two most mature
S.T.P technologies are Parabolic Trough Collector (P.T.C)
and Central Receiver system (C.R.S). In PTC temperature
of the Heat Transfer Fluid (HTF) can go as much as 500 °C
when using pressurized water and 550 °C in case of molten
salt. In CRS, the temperature of HTF can go as high as
1000 °C in pressurized gas/air. Other HTFs used in CRS
are water/steam and liquid sodium. The pressurized air/gas
at high temperature can even be used as working fluid in
turbines of Natural gas-based power plant to achieve
overall higher efficiencies. The concept is called integrated
solar combined cycle power plants (ISCCPP). In India,
there is a 50 MW Godavari power plant at Rajasthan based
on PTC and a 2.5 MW C.R.S plant at Bikaner district in
Rajasthan built by ACME solar.

The economic potential for STP in India is estimated by
various studies (which includes an exclusion for higher
wind speeds for wind energy and land availability analysis)
to be about 571 GW at D.N.I 2000 kWh/m> at wind
speed > 150 m/s and 756 GW for D.N.I > 1800 kWh/m?
[39, 40]. S.T.Ps also have two major advantages compared
to P-V, which may favor the technology. (1) its ability to
be stored in the form of heat in thermal storage tanks with
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Fig. 8 Solar insolation in India
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nitrate salts of sodium, lithium, etc., and be released later
for running the thermodynamic cycle, this will enhance the
dispatchability of the resource, the current research is
focused on improving the CUF of the STP plants by
enhancing thermal storage so as to bring the levelized cost
of electricity which is currently near 12 Rs/kWh in India.
Madaeni et al. has shown such improvements can be made
by enhancing thermal energy storage [41]. (2) It can be
used in conjunction to clean sources like Natural Gas-based
plants in a combined cycle for higher thermal efficiencies.
Elmohlawy et al. [42], Boretti et al. [43], Bonforte et al.
[44], Rashid et al. [45], Mehropooya et al. [46], Alqahtami
et al. [47] have shown that the concept can be utilized for
improving economics and fuel utilization. The main rea-
sons for negligible utilization of the STP in India are high
costs and complexities involved with erecting a S.T.P
plant; solar P-V plants easily solve both of which. There is
a need of precise D.N.I data, material and technological
improvements, cost-effective storage mediums, local
manufacturing of various components to meet economics
of scale, and policy support at initial stages to bring the
sector in forefront.

@ Springer

1850 2000

2150 > kWh/m2

Evolution of Solar Energy in India

The oil crises of 1973-1977 forced the policy makers in
India to think of more reliable forms of energy. This led to
the National Fuel Policy in 1973 and the Working Group
on Energy Policy in 1979, which recognized the need for
renewable energy. The Department of Non-conventional
Energy Resources (DNES) was formed in 1982, and was
renamed as the MNRE with the liberalization of the power
sector in the 1990s. The Electricity Regulatory Commis-
sions Act in 1998 was formed for the purpose of distancing
the government from tariff determination and enhancing
private participation [48]. The CERC and SERC were set
up to determine tariffs and formulate regulations for the
power sector [49]. It was with the introduction of the
Electricity Act in 2003, however, that renewable energy
became mandatory, with an RPO-renewable purchase
obligation that mandates each state procure at least 5% of
its power in renewables by 2010, an increase of 1% per
year for the next 10 years (15% share by 2020) [50]. All of
the reforms since 1990s led to a steep rise in wind energy
installations of more than 10 GW by 2008, but solar
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installations remained dismal at nearly 10 MW in 2008
[48].

In January 2010, the Jawaharlal Nehru National Solar
Mission (JNNSM) was launched, which triggered a solar
revolution in India. The mission was to be implemented in
three phases to achieve a target of 20 GW (utility and
rooftop) of solar capacity by the end of 2022 (Table 2)
[51]. With the JNNSM, a massive rise in the installed solar
capacity was seen, which was just 10 MW in 2008 com-
pared to 10 GW of wind installations (Fig. 9).

An exponential rise in the solar capacity additions can
be seen after 2014. India added 4131 MW between FY
2014-2016 and 9362 MW in the year 2017-2018—the
highest addition in the country. India’s current installed
solar power capacity as of March 2018 is 21.65 GW. Since
the country was way ahead of its previous target of 20 GW
by 2022, the JNNSM was revised in July 2015 to set a
target of 100 GW by 2022. The revised targets are given in
Table 3 [53]. The relative slowdown in the wind sector and
the increase in solar capacity after 2014 has led to a sig-
nificant portion of solar capacity in India’s current
renewable energy mix (as of March 2018; Table 4, Fig. 10)
[54].

Solar Tariffs’ Steep Fall in India

Solar power capacity has seen a serious rise recently, from
3 GW in FY 2015 to 12 W in FY 2017. Today, the solar
power tariffs are competitive with variable coal power. The
minimum tariffs fell from 12.16 Rs/kWh in 2010 to 2.44
Rs/kWh in 2017, which is around a 73% drop over the time
frame (Fig. 11) [55]. The falling trend reached a landmark
in a bid for a 500 MW plant in Bhadla, Rajasthan, reaching
a tariff of INR 2.44 per unit in May 2017—the lowest solar
tariff ever. For the reverse auctions conducted in April
2017, the average bid was around 3.15 Rs/kWh. In com-
parison, NTPC’s coal tariff was near 3.20 Rs/kWh for the
same period showing that the P-V electricity had been
around 18% cheaper in comparison to coal. The falling
prices have been attributed to many factors like the use of
low-cost P-V panels from china, lower borrowing cost,

Table 2 Original targets of the national solar mission [51]
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35000 -
e wind (MW)

30000
25000

MwW
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15000 A
10000 A

5000 A
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Fig. 9 Growth of installed solar capacity after INNSM [13, 52]

introduction of solar parks, competitive auctions and the
entrance of large power companies [55].

The trend of lowering solar tariffs has also been seen
around the world (see Table 5) [56].

According to an estimate by KPMG in India’s analysis
for FY 2022, about 108 GW of coal power capacity will
have a variable tariff of less than INR 3 per unit, suggesting
that it is economically feasible to replace large amounts of
coal-based generation with solar power [57].

Manufacturing Challenge

The PV module costs have seen a continuous fall in the
past few decades. The prices have fallen by a massive 99%
from 1976 to 2015 and continue to fall further; the same
period witnessed a nearly 280-fold increase in global
annual PV installations. The decreasing global cost of solar
panels has made grid parity possible in India.

According to the MNRE, in order to meet its target of
100 GW of solar power by 2022, there is a need for PV
panels on the order of 20 GW annually; it would be
desirable to handle a lot of the manufacturing capacity
domestically in order to achieve more stable and lower
values of solar tariffs and promote the industry. However,
according to Bridge to India, the total module manufac-
turing capacity as of 2016 was estimated at 5.2 GW, but
most of it was obsolete, sub-scale, and non-competitive
[58]. The domestic production in 2016 was just about 1.3

S. Application segment Target for phase 1
No. (2010-2013)

Target for phase 2
(2013-2017)

Target for phase 3
(2017-2022)

7 million m>
200 MW
1000-2000 MW

Solar collectors
Off-grid solar applications

3 Utility grid power, including
rooftop

20 million m?
2000 MW
20,000 MW

15 million m?
1000 MW
4000-10,000 MW

@ Springer



424

J. Inst. Eng. India Ser. C (April 2020) 101(2):415-427

Table 3 Revised Targets [53]

Category 20152016  2016-2017 2017-2018 2018-2019  2019-2020 2020-2021 2021-2022 Total

Rooftop solar 200 4800 5000 6000 7000 8000 9000 40,000
Ground mounted solar projects 1800 7200 10,000 10,000 10,000 9500 8500 57,000
Total 2000 12,000 15,000 16,000 17,000 17,500 17,500 97,000

Table 4 Breakup of Installed Renewable Capacity [54]

Type of grid-connected power Capacity
(MW)
Wind 34,046
Solar 21,651.48
Small hydro 4485.81
Biomass power & bagasse gasification cogeneration 8700.80
Waste to power 138.3
Total grid-connected power 69,022.39
W WIND
13%
< w SOLAR
7% ‘
0
=R SMALL HYDRO

W Biomass Power &
Gasification and
Bagasse Cogeneration

Fig. 10 Bifurcation of renewable installed capacity [54]

GW; consequently, India has had to import more than 88%
of its solar PV modules from other countries, mostly China
(Fig. 12) [59].

The dismal performance of solar P-V manufacturing in
India can be attributed to a number of factors, like inferior

Fig. 11 Falling solar tariffs 14 7

(minimum) [55] 12.16 [PI

12

10

Rs/kWh

0 T

technology and improper ground policy implementation.
Most of the raw materials and technology are imported and
not generated within the country, which leads to much
higher prices for Indian PV modules in comparison to those
from China (Fig. 13) [60].

Due to the decreasing PV module prices from China, the
solar tariff in India is on a continuous decline, leading to
cost-effective expansion of solar power but increased
dependence on imports year after year could seriously
damage the local manufacturers who are unable to compete
with Chinese quality and price. The Indian government
needs to frame adequate policies to determine the proper
balance between the desire to expand its installed capacity
and the need to protect its local manufacturers by imposing
proper safeguards and anti-dumping regulations.

Expansion Challenges

The inability to store intermittent solar energy in an eco-
nomic manner represents the greatest challenge for any
country wishing to expand its renewable capacity. The
CUF of solar power plants is low (15-22%), which means
that it will always need some other power source to provide
its base load capacity; also, renewable energy is transferred
to the grid on a “priority basis,” meaning that the “fossil
fuel plants need to shut down” when adequate power is
produced from renewable sources like solar. This will lead
to lower plant load factors (PLFs) from fossil fuel plants
and losses especially to merchant plants selling power on
the open market, as they do not have power purchasing
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Table 5 Decreasing solar tariffs around the world [56]

S. No. Country Lowest solar bid discovered (per unit)’ Capacity allotted at lowest tariff (MW) Year of discovery
1 UAE® 2.42 cents (~ INR 1.57) 350 September 2016
2 Mexico’ 2.7 cents (~ INR 1.75) 300 February 2017

3 Chile® 2.91 cents (~ INR 1.9) 120 August 2016

4 India* INR 2.44 200 May 2017

220% 4%

5.90%

& China
i Malaysia
Singapore

i Others

Fig. 12 Breakdown of solar PV imports [59]

agreements with state governments. The PLF of coal-based
plants in the year 2009-2010 was 77.5% and fell to just
59.88% by 2016-2017 [61]. Given the target of 175 GW by
2022 and the continued expansion of fossil fuel plants, the
problem needs serious attention. There is a need to enhance
the transmission system so that excess power from
renewables to fossil fuel plants can be transferred to power-
deficit regions, avoiding any forced curtailment of power.

The industry is also concerned about the adequacy of the
transmission infrastructure to absorb the huge influx of
renewables. Many completed large-scale projects were
unable to be commissioned during the fourth quarter of

Fig. 13 Discrepancy in prices

2017 due to delays in grid infrastructure and evacuation
issues [62].

To handle the addition of a huge amount of renewable
energy capacity, India launched the Green Energy Corridor
in 2013, a 380 billion USD intra/interstate transmission
network to connect renewable energy-rich states to those
in deficit. These centers will also be responsible for fore-
casting and scheduling renewable energy generation at
state and regional levels and coordinating with state load
dispatch centers. The stipulated target under GEC is 8500
circuit (ckt)-kms of installed transmission lines by March
2020. According to the standing committee report, the
budget allocated for 2018-2019 is 6 billion USD for the
installation of 1900 ckt-kms. This will still lead to
5500 ckt-kms of installations pending for the year
2019-2020 [63]. This lack of funding should be dealt with,
as it can cause serious damage to future developers who
may go into debt or avoid bidding because of the absence
of proper transmission capabilities.

As solar energy fluctuates, grid stability is another issue,
as several states like Uttar Pradesh, Punjab, Maharashtra,
Haryana, Andhra Pradesh, Gujarat, and Tamil Nadu have
imposed deviation charges to maintain the stability of the
grid [62].

Land acquisition is also problematic, as a requirement
for the solar utility scale is huge 1 MW installations that
require up to four acres of land. In 2016, the government of
India approved 34 solar parks in 21 states with an

0.40
of Chinese and Indian solar - -
modules [60]
=
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=
=
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aggregate capacity of 20 GW. Solar parks are large-scale
utility stations with a capacity of more than 500 MW.
These are lands specially developed by the government to
provide easy access to land, clearances, and evacuation
infrastructure to the developers. It may also offer other
advantages like guaranteed off-take. The problems asso-
ciated with developing solar parks include land acquisition
conflicts like the one in the Anantapur district in Andhra
Pradesh and delays in evacuation infrastructure [64].

The limitations associated with large-scale utility plants,
like the availability of land, difficult geographical terrain,
transmission and distribution losses (T&D; ~ 23%),
extension of the power grid, and aggregate technical and
commercial losses (AT&C; ~ 25%), also make off-grid/
decentralized solar power a very attractive option [65]. In
Germany, where renewable energy penetration is among
the highest in the world, almost 70% of the installed
capacity is in the form of solar rooftop installations [66].
However, despite government support, like direct capital
subsidy, e-governance initiatives, and net metering poli-
cies, the presence of rooftop/decentralized solar installa-
tions is very dismal in India. As of September 2017, the
installed capacity is just 1.8 GW, while the target for
rooftop installations under INNSM is 40 GW by 2022. The
slow development of off-grid/decentralized power has been
attributed to various factors, like lack of education among
end users regarding government subsidies and policies,
lack of funding from banks because of the unproven nature
of renewable energy, and poor technical/commercial skills
[67].

Conclusion

With the introduction of reverse auctions, among other
factors, the solar—wind tariffs in India are now comparable
and even lower in comparison to coal tariffs. Hence, we
can infer that the aggressive expansion of both these sec-
tors is going to continue. There is a need to add new
dimensions to them, such as offshore wind. In order to
further enhance the sectors, some areas warrant attention,
like the manufacturing capabilities of India’s PV panels,
which continuously fall short in quality in comparison to
their Chinese counterparts, the need to enhance spending
on transmission capabilities, especially interstate trans-
missions that will allow states to meet their RPOs and
avoid curtailment of power. More clarity and public
awareness is required to increase rooftop installations,
which still lag behind the targeted goals at just ~ 2 GW.
Finally, there is a need to increase the installations of other
sustainable resources like nuclear energy to provide back-
ing power to solar—wind other than coal. A mix of solar—

@ Springer

wind and nuclear could be a good potential combination to
phase out coal-based power generation in India.
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