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Article

THE STATURE OF SOLAR ENERGY
IN INDIA
Abstract
The growing energy security and environmental
concerns have compelled nations to transform the
present energy usage pattern. The need of the hour
is to depend on the naturally available resources to
meet the energy demands particularly in developing
countries, such as India, where natural resources are
available in abundance. Amongst all renewable energy
resources, solar energy has emerged as the fastest
growing renewable energy technology globally.
However, despite the huge potential in India, solar
power is still not amongst the popular renewable
energy technologies. This article sheds light on the
status of solar energy in India, highlighting some of the
key aspects of solar energy.
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Introduction
Electricity is the key factor for industrialization,
urbanization, economic growth, and improvement
of quality of life in the society. After remarkable
achievements in the previously utilized renewable
resource of wind energy, now it’s time for an outbreak in
the solar energy sector. In the recent past, solar energy
potential in India has been realized and thought of being
one of the most reliable sources of energy. Sunlight can
be converted directly into electricity using photovoltaic
(PV) cells. The photovoltaic generation is a technique
of converting solar radiation or photon energy into
direct current electricity using semiconductor material
that exhibits photovoltaic effect.1 The major market
segments which are potentially utilizing solar power to
generate electricity for captive use are large industrial
facilities, large commercial buildings/facilities,
communication sectors, water pumping, warning
signals, lighting, and refrigeration.2
The Government of India, with an aim to promote
clean energy, launched the Jawaharlal Nehru National
Solar Mission (JNNSM), one of the eight missions under
National Action Plan on Climate Change (NAPCC–2008),
on January 11, 2010. This mission aims to install
22,000 MW through grid connected and off-grid power

plants. As of April 2014, India’s total installed capacity
through grid connected solar power plants has crossed
2.2 GW with major contribution emanating through
grid connected solar PV power plants.3 There are two
main kinds of solar energy. The first one is solar PV
which directly converts solar energy into electricity,
using a PV cell made of semiconductor material. This
type of solar energy is planned to be used abundantly
in India. The other one are concentrated solar power
(CSP) devices which concentrate energy from the sun’s
rays to heat a receiver to high temperatures. This heat is
transformed first into mechanical energy (by turbines or
other engines) and then into electricity—solar thermal
electricity (STE).

Solar Energy Status
With about 300 clear sunny days in a year, India’s
theoretical solar power reception, on its land
area, is about 5 GWh/year (i.e., 5 trillion kWh/year
~600 TW). The daily average solar energy incident over
India varies from 4 kWh/m2 to 7 kWh/m2 with about
1,500–2,000 sunshine hours per year, depending upon
location. This is far more than the current total energy
consumption. The India Energy Portal estimates that if
10 per cent of the land were used for harnessing solar
energy, the installed solar capacity would be 8,000 GW,
or around fifty times the current total installed power
capacity in the country.4 Recently estimated, India
retains solar power potential of 748.98 GW. Amongst
all the Indian states, Rajasthan has the maximum solar
potential of 142.31 GW, followed by Jammu & Kashmir
and Maharashtra with 111.05 GW and 64.32 GW,
respectively (Table 1).

Table 1: State-wise solar energy potential
State
Andhra Pradesh
Arunachal Pradesh

Solar Potential (GW)
38.44
8.65

Assam

13.76

Bihar

11.2

Chhattisgarh
Delhi

18.27
2.05
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Goa

0.88

Gujarat

35.77

Haryana

4.56

Himachal Pradesh

33.84

Jammu & Kashmir

111.05

Jharkhand

18.18

Karnataka

24.7

Kerala

6.11

Madhya Pradesh

61.66

Maharashtra

64.32

Manipur

10.63

Meghalaya

5.86

Mizoram

9.09

Nagaland

7.29

Odisha

25.78

Punjab

2.81

Rajasthan

142.31

Sikkim

4.94

Tamil Nadu

17.67

Telangana

20.41

Tripura

2.08

Uttar Pradesh

22.83

Uttarakhand

16.8

West Bengal

6.26

UT

0.79

TOTAL

748.98

Source: http://mnre.gov.in
Amongst all Indian states, Rajasthan, Jammu & Kashmir,
Maharashtra, Madhya Pradesh, and Andhra Pradesh,
possess the highest solar potential. Around 56 per
cent of the country’s solar potential is inherited within
these states. These five states also rank as the five
largest states of India that receive adequate amount
of sunlight throughout the year. Solar energy intensity
varies geographically in India, but western Rajasthan
receives the highest annual radiation energy.5 Solar
incidence ranges from 6.2 kWh/m2 to 6.6 kWh/m2 in
Rajasthan, Gujarat and parts of Jammu & Kashmir to
5.6–6.0 kWh/m2 in Maharashtra, Karnataka, Kerala,
Andhra Pradesh, and Madhya Pradesh.6

Installed Capacity
India encompasses a huge solar energy potential
which if utilized could increase India’s dependency on
the renewable energy resources. Until December 2014,
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India had an installed solar capacity of 3,062.68 MW
(Table 2). Out of this, 430.67 MW was achieved in the
fiscal year 2014–15.

Table 2: State-wise commissioned capacity till
December 15, 2014
State

Total commissioned
Capacity (in MW)

Gujarat
Rajasthan
Madhya Pradesh
Maharashtra
Andhra Pradesh
Tamil Nadu
Karnataka

929.05
839.5
353.58
286.9
234.86
104.2
67

Punjab

55.77

Odisha

31.5

Uttar Pradesh
Jharkhand
Haryana
Telangana

29.51
16
12.8
8

Chhattisgarh

7.6

West Bengal

7.21

Delhi
Andaman & Nicobar

5.465
5.1

Uttarakhand

5

Chandigarh

2

Others

0.79

Lakshadweep

0.75

Arunachal Pradesh

0.025

Kerala

0.025

Puducherry

0.025

TOTAL

3,002.66

Source: Ministry of New and Renewable Energy

Out of the above listed 24 states—Gujarat, Rajasthan,
Madhya Pradesh, Maharashtra, Andhra Pradesh, and
Tamil Nadu have 91.5 per cent of the total installed
capacity. However, amongst these six states, Gujarat
appears to be the most dominant state in solar installed
capacity till December 2014, with 34 per cent of the total
installed capacity in India, followed by Rajasthan with
31 per cent of the total solar power installed capacity.
Gujarat and Rajasthan stand to be the two states of
India that have undergone major developments in the
solar sector (Figure 1).
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State-wise Installed Capacity of Solar Projects
under various Schemes (Table 3)

Figure 1: Top six states in solar energy installed capacity
in India
Source: Ministry of New and Renewable Energy

The solar sector in India has experienced development
under various schemes such as several projects under
MNRE, projects as private initiatives, projects under
Renewable Purchase Obligations (RPOs), Renewable
Energy Certificates (RECs), and Central Public Sector
Undertakings (CPSUs).
Statistics show that nearly 48 per cent of the solar
installed capacity has been achieved under the state
schemes. However, another 28 per cent has been
achieved under the MNRE projects. Apart from this,
there has been a significant contribution to solar
installed capacity under schemes such as RECs and RPOs
that have collectively acquired a share of 20 per cent

Table 3: State-wise installed capacity of solar projects under various schemes as on December 15,
2014 (in MW)
Total MNRE Projects

Other Programmes
State Schemes RPOs RECs

Andhra Pradesh

94.75

Arunachal Pradesh

0.025

Chhattisgarh

4

Gujarat

0

Haryana

7.8

Jharkhand

16

Karnataka

5

Kerala
Madhya Pradesh

96.19

873.05

50

Private Initiatives CPSUs

32.3

1.62

3.1

0.5

6
5

40

10

3

222.55

75.78

Maharashtra

47

126

113.75

Odisha

12

5

4.5

Punjab

9

39

7.52

593.5

25

16

3

Tamil Nadu

40

Telangana
Uttar Pradesh

12

Uttarakhand

5

West Bengal

2.05

Andaman & Nicobar
Delhi
Lakshadweep

9

0.025
5.25

Rajasthan

10

50
0.15
10
0.25

181
83.06

2.14

2

6

2

15.51

5

0.16

0.1

5

0.335

2.14

2.99

511.15

16.81

0.75

Puducherry

0.025

Chandigarh

2

Others

0.79

TOTAL

833.4

1,436.79

100

104.51

Source: Ministry of New and Renewable Energy
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of the installed capacity (Figure 2). Though there has
been a minimal achievement under private initiatives
and CPSUs, with the increasing interest in solar energy
sector, these two schemes are also likely to earn
significant interest in the near future.

the highest investment in solar energy was in 2011, i.e.,
$157.8 billion. Investments in this sector have seen a
downturn since 2011.

Figure 4: New investments in solar energy
Source: Renewables 2014- Global Status Report (REN21)

Figure 2: Solar energy installed capacity under different
schemes
Source: Ministry of New and Renewable Energy

Investment in Solar Sector
The global investment in renewable energy in 2013
was accounted to be $214.3 billion of which, $113.7
billion was for solar power. As is visible in Figure 3,
developed countries invested more in solar power , i.e.,
$74.8 billion, compared to the developing countries
that invested $38.9 billion in solar power.7
Global solar power industry has seen a nine times
increase in investment in the last ten years. From
being $12.1 billion in 2004, the investments have
increased to $113.7 billion in 2013. In these ten years,

India has ramped up its target for solar energy, betting
on renewables, to help meet the rising power demand
and overcome the frequent outrages that plague
Asia’s third largest economy. India is looking forward
to companies from China, Japan, Germany, and the US
to lead investments of $100 billion over seven years
to boost India’s solar energy capacity by 33 times to
100,000 megawatts (MW).8
Investment in clean energy in India was accounted
to be $7.4 billion in 2014, out of which solar sector saw
an investment of $3 billion. Investment in Indian solar
sector in the past five years has been wavy such that
from being as low as $0.5 billion in 2010, solar sector
in India has seen investment as high as $4.7 billion, in
2011, which is accounted to be the highest investment
in solar sector in India till 2014 (Figure 5). This jump

Figure 3: Global new investment in renewable energy by technology
Source: Renewables 2014- Global Status Report (REN21)
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in solar investment in India was partly driven by the
Jawaharlal Nehru National Solar Mission, a programme
that aims to aid the development of 20 GW of solar
power by 2022. One of the biggest projects financed in
2011 was the 125 MW Sakri PV portfolio by Maharashtra
State Power Generation Company, for $527 million.9
An increase in investment in Indian solar sector is an
indication of continuous growth and hence a bright
future of solar energy in India.

Figure 5: Investments in Solar Sector in India, 2010-2014
Note: Figures include Asset finance, Public Markets and Venture
capital/Private Equity (VC/PE)
Source: Global Trends in Renewable Energy Investment, 2011,
2012, 2013, 2014 and 2015

Solar energy installation by nature is highly expensive
but various incentives in the solar sector have attracted
people’s interest in investing in this sector, hence
making solar energy more competitive amongst
all other renewable energy sources. Government
incentives includes 10-year tax holiday for photovoltaic
(PV) and thermal solar plants set up by 2020, reduced
customs duty and zero excise duty on specific capital
equipment, critical materials and project imports,
besides loans at cheap interest rates. The recent Special
Incentive Package Scheme (SIPS) for semi-conductors
has attracted the interest of several players. Under this
programme, the Government of India would provide
an incentive of 20 per cent capital expenditure during
the first 10 years for the units in special economic zones
(SEZs) and 25 per cent of the capital expenditure for
other units.10 Any unit can claim incentives in the form of
capital subsidy or equity participation. Such government
incentives and technological advancements have given
a boost to solar energy in India.
Solar rooftop in India is an emerging concept which
is developing fast, and has a strong growth potential.
Recent estimates state that India has rooftop PV potential
above 20 GW.11 The government has sanctioned
360.81 MWp Grid Connected SPV Rooftop to States/
UTs/SECI/PSUs and Other Government Agencies, out
of which 44.497 MWp has been achieved.12

MNRE launched a pilot scheme in year 2013 for
grid connected rooftop PV power projects being
implemented by Solar Energy Corporation of India
(SECI). The scheme allowed system installation size
from 100 kW to 500 kW. Besides, it was also articulated
by the government that 30 per cent of the installation
cost would be provided as subsidy which is likely to be
reduced to 15 per cent as notified by Government of
India in the beginning of the year 2015.13
The annual union budget 2015 has profusely
provided allocations to the renewable energy sector
of India. The Ministry of New and Renewable Energy,
Government of India has revised its target of renewable
energy capacity to 175,000 MW till 2022, comprising
100,000 MW solar. The central government is looking
forward to make further allocations to the renewable
energy sector.
The government as well as the private sector play
a crucial role in development and promotion of solar
energy technology. In the past year there have been
some major developments in solar industry such that
rooftop projects and floating solar farms have gained
a momentum. For example, 5 MW rooftop projects
have been executed by Mahindra; Vikram Solar has
successfully completed the designing, installation
& commissioning of India’s first floating solar power
plant at Smritiban, New Town, and Kolkata. The 10 kWp
installation is the first of its kind in India. Mahindra has
also solarized 1000+ telecommunication towers.14
Excise duty on solar water heater and system has
been reduced from 12 per cent to zero without Central
Value Added Tax (CENVAT) credit or 12.5 per cent with
CENVAT credit. Excise duty on round copper wire and
tin alloys, for use in the manufacture of solar PV ribbon,
for manufacture of solar PV cells has also been reduced
to zero. Likewise, doing away with basic customs duty
is bound to reduce the cost of raw materials, including
evacuated tubes with three layers of solar selective
coating for use in the manufacture of solar water heater
and system.15
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NEWS UPDATE
All green buildings will get special logo in
2015
TNN, January 1, 2015
All green (environment-friendly) buildings—identified
on the basis of use of water/energy conservation
methods, recycled materials, solar power, natural
lighting, and energy self-sufficiency—across the
country will get a special logo in the new year. The
idea behind is to help people identify green buildings
and impel others to adopt this environment-friendly
building, and that would derive many benefits
associated with it.
The environment ministry is working on a
methodology by factoring in the existing norms to
issue such a logo which will be developed by inviting
designs from general public and experts.
Though several green buildings have come up in
different parts of the country in the past few years,
they do not carry specific sign which may put them in a
different league.
At present, buildings get star rating by the
government agency—Bureau of Energy Efficiency
(BEE)—for energy efficiency and other green ratings
by two private bodies. The logo to be issued by the
environment ministry for such buildings will factor in
all such existing norms.
This is part of several other initiatives which are
to be taken up by the environment ministry in 2015.
Promotion of renewable energy—solar and wind—
in a big way is an important component of the
government’s plan.

Cabinet to take up proposal to procure,
blend bio-diesel by Railway Ministry
The Pioneer, January 15, 2015
Keen on ensuring greater usage of bio-diesel especially
among bulk consumers like railways, the Government
is all set to allow procurement of the biofuel by Railway
Ministry from producers. The NDA Government
had recently circulated a note for initiating an interdepartmental consultation between Petroleum,
Railways as well as Ministry for New and Renewable
Energy (MNRE) for ensuring blending of bio-diesel
in diesel which is mainly consumed by the railway
sector. The proposal was sent for Cabinet’s approval

after it was agreed among all the ministries that the
Railway Ministry will procure bio-diesel directly from
producers and also undertake its blending with diesel.
Another reason behind encouraging blending of the
alternative fuel with diesel is the burgeoning import
bill which the Government incurs due to the fact
that it has to rely greatly on shipments of crude oil
every year. While blending of 5 per cent of ethanol in
petrol has been taking place since 2003 (an initiative
which was incidentally undertaken by the Vajpayee
Government), bio-diesel blending is yet to begin in
the country. Though all the three ministries are learnt
to have arrived at a consensus regarding blending
bio-diesel with diesel, the tough part according to
industry sources, will be the price at which bio-diesel is
to be procured from producers, especially since diesel is
now decontrolled.

€1 bn winds up Suzlon-Senvion tie
FE Bureau, January 23, 2015
Weighed down by debt, Suzlon said on Thursday it
would sell its German subsidiary Senvion for €1 billion
or R7,200 crore to US private equity firm Centerbridge
Partners, reports FE Bureau in Mumbai. The German
company—then known as REpower—had been
acquired in June 2007 at an estimated €1.5 billion
after Suzlon outbid French energy major, Areva. With
borrowings of R17,323 crore and a default of $210
million in October 2012, the wind turbine manufacturer
has been in trouble with its lenders who agreed to
a restructuring of the firm’s debt in early 2013. But
bankers have continued to pressure the firm to sell
assets to make good at least a part of the dues.
The all-cash deal will also bring in future earnings
of about €50 million or `360 crore, subject to the
fulfillment of certain operational milestones. The
Hamburg-based company posted FY14 revenue
of €1,806 million, which implied a contribution of
approximately 70 per cent to Suzlon’s fiscal 2014
revenue, assuming an average exchange rate of `81.
The company will now focus on domestic and US
operations and will look for opportunities in emerging
markets such as China, Brazil, South Africa, and Mexico.
Chairman and Managing Director Tanti said in
a conference call that the sale will not affect the
company’s profitability in the current fiscal.
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US, China firms plan solar manufacturing
plants in India
Mint, January 26, 2015
US-based First Solar Inc. and China’s Trina Solar are
among the firms that are considering plans to set up
manufacturing facilities in India, lured by the nation’s
ambitious solar power generation target and Prime
Minister Narendra Modi’s ‘Make in India’ campaign to
attract global capital.
New York Stock Exchange-listed Trina Solar Ltd is
the world’s largest maker of photovoltaic modules. First
Solar builds large solar farms, mainly for utilities.
US-based Sun Edison Inc. had earlier this month said
it plans to establish a joint venture with Adani Enterprises
Ltd to build a solar photovoltaic manufacturing facility
in India with an investment of around $4 billion.
India’s push to boost wind and solar power
production provides opportunities for global
companies that are hit by the plunge in international
crude oil prices. Lower oil prices can potentially derail,
or at least delay, the world’s shift to wind and solar
energy, as it makes less economic sense to tap costlier
renewable energy sources.

Hindustan Power eyes wind
energy assets
Hindustan Times, January 26, 2015
Progressing with an ambitious energy project of 6.5 GW
capacity, the five-year-old Hindustan Power Projects
Pvt. Ltd (HPPPL) led by Ratul Puri is looking to purchase
wind energy assets.
The project involving solar, coal, hydro, and wind
energy sources are expected to be completed by 2018.
HPPPL currently has a 450 MW solar power project
in Madhya Pradesh.
A clutch of such investors led by Blackstone and IFC
have pumped around `3,500 crore into HPPPL.
Backed by term loans of over `25,000 crore from
a consortium of Indian and international banks, the
company is driving an investment of `32,000 crore,
about half of which has already been invested.
The company has already signed power-purchasing
agreements with states for all its proposed projects.

Mahindras plan big push to renewable
energy business
The Hindu, January 27, 2015
Indian conglomerate Mahindra Group plans to expand
its renewable energy business and invest `4,500 crore
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($732.5 million) over the next three-to-four years amid
a government-led push to increase the use of clean
energy.
The investment will mainly be financed by taking on
`3,300 crore in debt, with the rest funded through cash.
The group also plans to commission 500 megawatts
(MW) of solar power projects by March 2016.
The renewable energy unit, which builds solar power
projects and offers off-grid power solutions was formed
in 2011, and is currently one of the smaller businesses
of the $17 billion autos-to-technology conglomerate.

India, US to battle it out at WTO over
solar policy
Mint, January 27, 2015
Even as Prime Minister Narendra Modi and US President
Barack Obama signed an agreement to promote clean
energy and expand solar energy initiatives, a move
widely seen as giving US companies access to the
lucrative Indian market, the two countries are preparing
to slug it out in the World Trade Organization (WTO)
over India’s solar policy.
The panel was chaired by former New Zealand trade
envoy, David Walker as the US made its first submission
as to how India violated WTO commitments by
implementing Jawaharlal Nehru National Solar Mission
(JNNSM).
In its dispute notification, the US has charged
India with imposing national content requirements
and denial of national treatment for solar cells and
solar modules. The US has also complained that India
provides subsidies to its domestic producers involved
in the manufacture of solar cells and solar modules.
The US claims that the Indian government’s
measures to impose national content provisions
and deny national treatment have impaired benefits
accruing to American companies.
The WTO dispute settlement proceedings will go
on for several months and a preliminary ruling will be
issued in six months.
Although the US has made a strong case about the
loss of commercial gains to its domestic producers
of solar cells and solar modules in the Indian market,
Washington too, has resorted to similar measures,
including local content requirements and a range of
subsidies for promoting its renewable energy sector at
the federal, state, regional, and local levels.
India has raised the issue repeatedly against the US at
the WTO’s committee on subsidies and countervailing
measures, stating that American subsidy schemes

News Update
relating to local or domestic content requirements are
inconsistent with its global trade obligations.
New Delhi has provided a five-page questionnaire
listing out US programmes such as solar energy credits
that are contingent upon compliance with domestic
content requirements.
But the Indian government has refrained from raising
a trade dispute against the US on its WTO-inconsistent
programmes in the renewable energy sector, despite
collecting evidence about the US subsidy regime and
the country’s local content provisions.
The way the US–India trade dispute on solar cells
goes could well decide whether genuine national
necessities and bilateral initiatives to promote
renewable energy eventually triumph over mercantile
commercial concerns.

DRDO’s geothermal plant to help tap
new owner source
Tribune News Service, January 27, 2015
The successful launch of the country’s first geothermal
heating plant by the Defence Research and
Development Organisation (DRDO) has opened the
doors for exploitation of the vast geothermal potential
in India.
Set up by DRDO’s Snow and Avalanche Studies
Establishment (SASE) on its campus in Manali, the
plant taps the heat differential above and below the
Earth’s surface to achieve the desired temperature.
It is a renewable, non-polluting, and constant source
of energy.
SASE spent around `2 crore for developing the
system, which can heat four large rooms.
India has an estimated geothermal potential of
10,000 MW with about 350 potential sites located
in the Himalayas, Ladakh, Himachal Pradesh,
Haryana, Rajasthan, Maharashtra, Gujarat, Jharkhand,
Chhattisgarh, Madhya Pradesh, Andhra Pradesh,
Telangana, Sikkim, Arunachal Pradesh, and the
west coast.

Make in US, sell in India deal for
renewable energy
Business Standard, January 28, 2015
Of the investments announced by the US federal
agencies in the clean energy space, most are institutional
loan for US solar companies, aimed at increasing their
export to the growing renewable energy (RE) market

in India, especially solar power. The $1-billion loan
agreement that the US Exim bank signed with Indian
Renewable Energy Development Agency (IREDA),
would be extended to US solar cell manufacturing
companies that will export to India.
The cost of solar cells globally has been on a decline
owing to over-capacity in the developed markets and
demand from Asian countries, including India. US solar
cell prices have come down to $0.6 a watt in 2014 from
$0.75 a watt a year before.
While the country aims to add around 4,500 MW
of solar power capacity during the current financial
year, the manufacturing capacity is only 1,500 MW.
The central government has recently revised targets
for solar and wind energy capacity addition. While
solar power capacity addition has been revised to
1,00,000 MW and wind power generation target is
60,000 MW, both by 2022.
The Indian solar projects are primarily based on
Chinese equipment. According to industry reports, of
the 3,000 MW of installed solar power capacity, about
50 per cent of it has sourced solar cells from China,
10 per cent from the US, and the balance is based on
domestic content. And the US Trade and Development
Agency has decided to leverage a $2-billion loan for RE
projects. US Overseas Private Investment Corporation
will lend $1 billion for clean energy projects in India.

Chandigarh invites private players in solar
power sector
The Hindu, January 29, 2015
Declared a Model Solar City in 2013, Chandigarh
moved a step closer towards accomplishing the goal
of using solar energy for powering its growth when
a 210 kWp Grid-tied Rooftop Solar Photovoltaic
Power Plant was inaugurated at the Postgraduate
Government College.
The project was executed by Chandigarh Renewal
Energy, Science and Technology Promotion Society
through a Delhi-based contracting firm at a cost of
`2.27 crore and the plant is designed to generate
around 2.72 lakh units of electricity per year.
Mr Dev, Adviser to Administrator of Chandigarh said
the major emphasis now was on roping in the private
sector in solar power generation.
It was in 2009 that the proposal to make Chandigarh
a model solar city was initiated by The Energy and
Resources Institute (TERI) which also prepared a
detailed project report and a master plan for it.

eNREE • Volume 11 • Issue 4 • January–March 2015

11

News Update

NTPC bars foreign bids for three solar
projects
The Financial Express, January 30, 2015
Indian state-run utility NTPC has restricted the
building of three new solar power projects to domestic
manufacturers, even as India pushes for overseas
companies to lead fresh investments into a renewable
energy drive.
Indian Prime Minister Narendra Modi’s ambitious
plans for solar won the support of the US President
Barack Obama during the recent visit, with the US
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leader offering to help finance an expansion of solar
energy during a visit to New Delhi.
Modi wants foreign companies to lead $100
billion of fresh investment to raise India’s solar energy
capacity 33 times to 100,000 MW by 2022, providing
big opportunities for US companies like First Solar and
SunEdison.
However, US and India are embroiled in a battle at
the World Trade Organization over state support for
solar power. The US said last year that domestic content
requirements (DCR) in India’s national solar programme
were in breach of WTO rules.
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Techno-economic evaluation of a
polygeneration using agricultural residue:
A case study for an Indian district
Kuntal Jana, Sudipta De

Bioresource Technology, Volume 181, 2015,
Pages 163–173
Presently, most of the world’s electricity and other
energy services are catered by fossil fuel resources.
This is unsustainable in the long run, both with respect
to energy security and climate change problems. Fuel
switching, specifically using biomass may partially
address this problem. Polygeneration is an efficient
way of delivering multiple utility outputs with one
or more inputs. Decentralized small- or large-scale
polygeneration using alternative fuels may be a future
sustainable solution. In this paper, a techno-economic
evaluation of a polygeneration with four utility outputs
and rice straw as input has been reported. Results of
the simulation and real-life data as inputs are used for
the techno-economic analysis. The analysis is specific
for a district in the state of West Bengal in India. Results
show that such a plant has strong potential to qualify
in techno-economic performance, in addition to higher
efficiency and lower CO2 emission.

Overview of electric power potential
of surplus agricultural biomass from
economic, social, environmental, and
technical perspective: A case study of
Punjab
Jaswinder Singh

Renewable and Sustainable Energy Reviews,
Volume 42, 2015, Pages 286–297
Biomass is a renewable, economic, and readily available
resource of energy that has the potential to substitute
fossil fuels in many applications such as heat, electricity,
and biofuels. The increased use of the agricultural
biomass can help the agricultural-based societies in
achieving energy security and creating employment,
without causing environmental degradation. But, the
viability and feasibility of electricity generation from
agricultural biomass depends upon the availability of
biomass supply at a competitive cost. The present study

investigates the availability of agricultural biomass
for distributed power generation in Punjab. The total
production of the crop residues has been estimated
by the residue-to-product ratio (RPR) method. Further,
the restrictions introduced by competitive uses as well
as harvesting practices are taken into consideration
to evaluate the available biomass potential. The
biomass power potential has been obtained on
consideration of energy contents of the particular crop
residues and selecting the appropriate conversion
route. A total of 55.396 Mt of the agricultural residues
are produced from various major crops. Of these,
22.315 Mt (40.17%) of the agricultural biomass has
been found to be surplus with an average density of
443t/km2. These surplus residues can significantly be
used to provide continuous, reliable, and sustainable
fuel supply for power plants. Cereals (rice, wheat, maize,
and barley) have a major contribution (74.67%) in the
surplus biomass, followed by cotton (25.01%) and
sugarcane (0.2%). The estimated annual bio-energy
potential of unused crop residues is 0.35 EJ (8.43% of
India’s potential), which is equivalent to 1.43 per cent
of India’s annual primary energy consumption. It has
been revealed that a power potential of 2,000–3,000
MW can be exploited from these resources depending
upon the thermal efficiency. The study concludes with
a discussion on the significance and challenges of
decentralized electricity generation for rural energy
supply, including a brief description about economic,
social, environmental, and technical aspects of
bio-electricity.

A comparative study of almond and
palm oils as two bio-diesel fuels for
diesel engine in terms of emissions and
performance
Nidal H Abu-Hamdeh, Khaled A Alnefaie

Fuel, Volume 150, 2015, Pages 318–324
This study was initiated to investigate the various
performance parameters and emissions of a single
cylinder diesel engine operating on almond oil
bio-diesel and compare them to the performance
and emissions when the engine is operated on
palm oil bio-diesel and ‘baseline’ diesel fuel through
laboratory measurements.
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Different fuel blends containing 0 per cent, 10 per
cent, 30 per cent, and 50 per cent on volume basis of
almond oil bio-diesel with diesel fuel were tested. The
other fuel blends consist of 0 per cent, 10 per cent,
30 per cent, and 50 per cent on volume basis of palm
oil biodiesel in a palm biodiesel-diesel fuel were also
tested. The influence of these blends on emissions and
some performance parameters under various load
conditions were inspected. Compared to the results
obtained using palm oil biodiesel, almond oil biodiesel
resulted in improved performance over the load range
considered as indicated by lower brake specific fuel
consumption, higher thermal efficiency, and higher
exhaust gas temperature. In terms of emissions, almond
oil bio-diesel resulted in lower carbon monoxide
(CO), oxides of nitrogen (NOx), total particulate and
unburned fuel emissions in the exhaust gas.

A review on biomass energy resources,
potential, conversion and policy in India

Anil Kumar, Nitin Kumar, Prashant Baredar, Ashish Shukla

Renewable and Sustainable Energy Reviews,
Volume 45, 2015, Pages 530–539

In this paper, biomass energy resources, its potential
energy conversion, and policy for promotion
implemented by Government of India are discussed.
The total installed capacity for electricity generation in
India is 2,666.64 GW as on March 31, 2013. Renewable
energy contributes 10.5 per cent of total generation
out of which 12.83 per cent power is being generated
using biomass. India has surplus agricultural and
forest area which comprises about 500 million metric
tonnes of biomass availability per year. In India, the
total biomass power generation capacity is 17,500 MW.
At present, the power being generated is 2,665 MW
which include 1,666 MW by cogeneration. The various
categories of biomass in India are also discussed in
this paper. The research also reveals that India has
large potential for biomass feed stock from different
sources. The Government of India deployed different
policies and executed the strategies for biomass power
generation. Such approaches have included the whole
biomass energy sector which incorporated the bio-gas,
bio-diesel, etc., in the policies. A notable feature of this
review paper is the description of how the Government of
India has focused on the deployment and development
of the biomass energy sector through strategic policy
and programme.
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Sustainability suspense of small
hydropower projects: A study from
western Himalayan region of India
Deepak Kumar, S S Katoch

Renewable Energy, Volume 76, 2015,
Pages 220–233
Small hydropower projects (SHPs) though generally
considered more environmentally benign and socially
acceptable as compared to large projects, yet their
overall sustainability is under suspicion in the Himalayan
regions. Almost all the SHPs in this region are being
developed as run of the river mode which generally
cause less/no submergence and lesser displacement
of people as compared to the large reservoir-based
hydropower production mode. However, in the absence
of proper planning and monitoring mechanism, these
projects are causing implacable tunnelling of hills,
choking of streams, conversion of streams into dry
ditches and long-term socio-environmental impacts.
This paper presents a SHP development study from
hydro-rich Beas river basin of Himachal Pradesh, a
state nestled in western Himalayan region of India. Indepth field studies, focused group discussions with the
project affected people and interaction with project
proponents of five SHPs in this region suggest that
sustainability issues with respect to SHPs are not small
vis-à-vis the size of their installed capacity. There is
an urgent need to take steps to include SHPs, having
an installed capacity of above 10 MW, into the ambit
of environment clearance process which is absent in
many countries of the world at present.

An adaptive thermal comfort model
for the tropical climatic regions of India
(Köppen climate type A)
Asit Kumar Mishra, Maddali Ramgopal

Building and Environment, Volume 85, 2015,
Pages 134–143
Adaptive comfort standards have been gaining wider
acceptance and are now considered an integral part
of mainstream comfort research. Several adaptive
comfort equations have been developed, some as
part of international comfort standards and some for
specific climatic regions. In the current work, an attempt
was made to find a best fit among available comfort
equations for predicting occupant comfort in the tropical
climatic regions of India. Comfort temperatures found
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in surveys done across tropical India were compared
to comfort temperatures computed from five different
adaptive comfort equations. Additionally, to estimate
energy savings possible through implementation of
adaptive comfort standards, adaptive comfort degree
days (ACDD) were calculated across seven Indian cities
using comfort temperature predictions from the five
equations. Put together, results from these two analyses
showed that the comfort equation from EN15251 may
be used as a reasonable predictor of comfort in naturally
ventilated buildings of hot and humid Indian regions
and such use would also result in major energy savings.
It is proposed that till further studies in India
provide more detailed results, the EN15251’s standard
for naturally ventilated buildings may be used as a
suitable option for Indian conditions. Formalization of
appropriate adaptive comfort standards for India would
be a significant asset to the sustainable development
of this country.

An analytical model for ratio-based
analysis of wind power ramp events
Abhik Kumar Das

Sustainable Energy Technologies and
Assessments, Volume 9, 2015, Pages 49–54
The statistical analysis of wind power ramp events
can quantify the fluctuation of the utility scale wind
power output. In this paper, a ratio-based approach
of wind power ramp events is introduced and an
analytical model is described for the distribution of
ramp events. The proposed model is useful to estimate
the relationship between power ramp events and the
variability of wind power. The applicability of the model
is discussed considering the wind power output data for
the state of Karnataka, India. The monthly variation of
the model parameter is investigated for different timeintervals. The proposed model is able to satisfactorily
approximate the actual distribution of wind power
ramp events and can be an effective tool in planning
for wind power ramp control.

Correcting satellite derived DNI with
systematic and seasonal deviations:
Application to India
J Polo, L Martín, J M Vindel

Renewable Energy, Volume 80, 2015,
Pages 238–243
A simple method for correcting satellite-derived
direct normal irradiance, with important deviations to

the experimental data, is presented in this work and
illustrated for the particular case of Rajasthan (India).
Northwest India is expected to have a high level of
solar radiation and it is an interesting area for solar
concentrating power systems. However, uncertainty
in direct normal irradiance estimations from satellite
may negatively affect the bankability of solar plants.
Direct normal irradiance have been estimated for a site
in Rajasthan from satellite information for the period
2003 to 2011, and ground measurements during 2011
have been used to analyse the uncertainties and to
develop a simple correction method. The original
satellite estimations showed important deviations from
the experimental values and high bias. A systematic
underestimation of direct irradiance has been observed
during the dryer seasons that could be attributed to an
overestimation of the aerosol optical depth input to the
model. These observations have allowed the design of
a correction methodology. Unbiased new estimations
of direct normal irradiance have been generated, with
this methodology, with important reduction in the
deviations and with an agreement in the distribution
functions, compared to the distribution function of the
ground data.

Degradation analysis of 28 year field
exposed mono-c-Si photovoltaic
modules of a direct coupled solar water
pumping system in western Himalayan
region of India
S S Chandel, M Nagaraju Naik, Vikrant Sharma,
Rahul Chandel

Renewable Energy, Volume 78, 2015,
Pages 193–202

It is important to understand photovoltaic (PV) module
degradation for the design of PV systems. In the present
study, results of degradation in mono-crystallinesilicon PV generator of a solar water pump, after 28
years of outdoor exposure at a western Himalayan
location in the Indian state of Himachal Pradesh, are
presented. The main objective is to study the impact of
PV degradation on solar pump performance, reliability,
and life-expectancy under field conditions. The main
defects observed in PV modules are encapsulant
discolouration, delamination, oxidation of front grid
fingers, and anti-reflective coating, glass breakage, and
bubbles in back sheet. Hot spots are identified using
thermal imaging and degradation is quantified by
measuring PV parameters under indoor and outdoor
conditions. Sun simulator is used to test degraded
eNREE • Volume 11 • Issue 4 • January–March 2015
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modules under standard testing conditions. Average
power degradation of PV generator is found to increase
1.4 per cent per year which is reasonable considering
materials and technology used about three decades
ago. The open circuit voltage is found to show an
average increase of 2.8 per cent requiring further
experimental investigations. The study has relevance
in improving the performance and life-expectancy of
PV-based systems beyond the warranty period of 25
years by replacing most degraded modules. Follow-up
research areas were also identified.

Waste to energy analysis of Shakarganj
sugar mills; bio-gas production from the
spent wash for electricity generation
Abdullah Yasar, Aleena Ali, Amtul Bari Tabinda,
Aleena Tahir

Renewable and Sustainable Energy Reviews,
Volume 43, 2015, Pages 126–132
The sugar mills is generating its own electricity from
bio-gas produced by the waste (spent wash). The
analysis of the spent wash indicates that it contains high
Chemical Oxygen Demand (95,000 mg/l) which reduces
to 18,000 mg/l during bio-gas production. Bio-gas is
produced by using the anaerobic digestion of the spent
wash. The bio-gas is passed through desulphurization
and dehumidification unit store which move the
sulphur contents from 30,000 ppm to 250 ppm. The
results indicate that the total bio-gas production from
0.5 million m3 of spent wash was 20.34 million m3
during October to September. The total electricity
production was 37.7 million kWh and the total steam
(28, 260t) generated was used by the mill. The electricity
production efficiency by using new bio-gas boilers
was 92 per cent. The estimated CO2 emission reduction
during the year was 28,032 (tCO2e). Due to CDM, the
emission factor was zero. The total revenue generated
from the utilization of sugar industrial waste during the
study period was USD3.56 million.

Assessing policy strategies for the
promotion of environmental technologies:
A review of India’s National Solar Mission
Rainer Quitzow

Research Policy, Volume 44, 2015, Pages 233–243
There is widespread consensus that no individual
policy instrument but rather a “policy mix” is needed
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to effectively drive the development and diffusion of
environmental technologies. However, what exactly
constitutes such a policy mix remains largely undefined.
This paper takes this discussion a step further by
developing a comprehensive framework for assessing
and comparing policy approaches for the promotion
of environmental technologies. It begins with a critical
review of existing policy mix concepts, pointing out
key shortcomings. To address the identified challenges,
it proposes the concept of a policy strategy as an
alternative framework for policy assessment and
comparison. This serves as the basis for integrating
findings from the literature on environmental
innovation and technological change in a
comprehensive framework, for assessing policy
strategies, for the promotion of environmental
technologies. The framework is then applied for
the assessment of India’s National Solar Mission,
the country’s strategy for promoting solar energy
technologies. Based on the findings, the potential and
limitations of the proposed framework are discussed.

Assessment of urban roof top solar
photovoltaic potential to solve power
shortage problem in Nepal
Bidur Raj Gautam, Fengting Li, Guo Ru

Energy and Buildings, Volume 86, 2015,
Pages 735–744
Nepal, an underdeveloped country with one of the
lowest energy consumption in the world suffers from
chronic energy shortage. To meet unquenchable
demand of energy, the country spends a large amount
of money to import fossil fuel and electricity. Urban
centres of Nepal have emerged as the main energy
consumers and largest greenhouse gas (GHG) emitters,
due to increasing urbanization and changing lifestyle.
The Government-owned utility company has failed to
supply the increasing demand of electricity and have
resorted to long hours of rolling blackout. Use of solar
power technologies can help mitigate the blackout
problem as Nepal receives good solar insolation.
Despite having good potential for photovoltaic solar
power (PSP), its adoption is limited to rural areas, due
to lack of government support and higher cost. This
article analyses the electricity shortage problem and
assesses the feasibility of rooftop PSP in urban areas.
The assessment analyses problems and shortcomings
of the current system and recommends policy changes
to increase use of rooftop PSP.
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Assessment of solar thermal power
generation potential in India

Chandan Sharma, Ashish K Sharma, Subhash C Mullick,
Tara C Kandpal

Renewable and Sustainable Energy Reviews,
Volume 42, 2015, Pages 902–912

A realistic assessment of the utilization potential
of solar energy for thermal power generation and
identification of niche areas/locations for this purpose
is critically important for designing and implementing
appropriate policies and promotional measures.
This paper presents the results of a detailed analysis
undertaken for estimating the potential of solar
thermal power generation in India. A comprehensive
framework is developed that takes into account: (i) the
availability of wastelands; (ii) Direct Normal Irradiance
(DNI); (iii) wastelands that are habitat to endangered
species, and/or tribal population and/or that is prone
to earthquakes, and (iv) suitability of wasteland for
wind power generation. Finally, using an approach
developed for the allocation of wastelands suitable
for solar power generation between thermal and
photovoltaic routes, the potential of solar thermal
power generation is assessed for two threshold values
of DNI—1,800 kWh/m2 and 2,000 kWh/m2. With all
the wastelands having wind speeds of 4 m/s or more
allocated for wind power generation, the estimated
potential for solar thermal power generation is 756 GW
for a threshold DNI value of 1,800 kWh/m2 and 229 GW
for a threshold DNI value of 2,000 kWh/m2. The results
obtained can be used for identification of best suited
areas for solar thermal power generation in India.

Barriers to renewable/sustainable
energy technologies adoption: Indian
perspective

Sunil Luthra, Sanjay Kumar, Dixit Garg, Abid Haleem

Renewable and Sustainable Energy Reviews,
Volume 41, 2015, Pages 762–776
The rapidly increasing energy demand and growing
concern about economic and environmental
consequences
call
for
renewable/sustainable
energy technologies’ adoption in India. Renewable/
sustainable energy technologies have faced a
number of constraints that have affected their rate of
adoption. In this paper, an attempt has been made to
identify and rank the major barriers in the adoption
of ‘renewable and green’ energy technologies in
the Indian context. Twenty-eight barriers have
been identified from an extensive literature review.
These identified barriers have been categorized
into seven dimensions of barriers, i.e., Economical &
Financial; Market; Awareness & Information; Technical;
Ecological and Geographical; Cultural & Behavioural;
and Political & Government Issues. Analytical
Hierarchy Process (AHP) technique has been utilized
for ranking of barriers to adopt renewable/sustainable
technologies in the Indian context. All pair comparisons
in AHP have been made based on experts’ opinions
(selected from academia and industry). Sensitivity
analysis has also been made to investigate the priority
ranking stability of barriers to adopt renewable/
sustainable technologies in the Indian context.
This paper may help practitioners, regulators, and
academicians focus their future efforts in the adoption
of ‘renewable/sustainable energy technologies’ in
India. Further, this understanding may be helpful in
framing the policies and strategies towards adoption
of renewable/sustainable energy technologies.
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Researchers discover new material to
produce clean energy
Researchers at the University of Houston (UH) have
created a new thermoelectric material, intended to
generate electric power from waste heat—from a vehicle
tailpipe, for example, or an industrial smokestack—
with greater efficiency and higher output power than
currently available materials.
The material, germanium-doped magnesium
stannide, is described in the current issue of the
Proceedings of the National Academy of Sciences.
Zhifeng Ren, lead author of the article and M D
Anderson, Chair Professor of Physics at UH, said the new
material has a peak power factor of 55, with a figure of
merit of 1.4 (a key factor to determine efficiency).
Zhifeng Ren further said that the new material, whose
chemical composition is Mg2Sn0.75Ge0.25, is important
in its own right, and he has formed a company, called
APower, to commercialize the material, along with
frequent collaborator, Gang Chen of the Massachusetts
Institute of Technology and two former students.
Source: www.renewableenergyworld.com

Shell’s issued patents: Sorghum biofuels,
offshore drilling, and harnessing
landfill gas
One of the most interesting aspects of the perusal
of Shell’s patents, issued in recent months by the
United States Patent and Trademark Office (USPTO),
is the number of technologies related to biomass
conversion and biofuel production from alternative
sources. The production of liquid fuels from plant
biomass, which are more suitable as transportation
fuels or for industrial chemical processes, is disclosed
and protected by US Patent No. 8921629 that is
titled, “Process to Produce Biofuels via Organic Phase
Thermal Hydrocatalytic Treatment of Biomass”. The
method claimed by this patent involves providing a
biomass feedstock of cellulose and water, contacting
the feedstock with an organic solvent to form a
digested biomass stream, contacting the digested
biomass stream with molecular hydrogen in the
presence of a metal catalyst capable of activating
molecular hydrogen, phase separating the resulting
hydrocatalytically treated mixture, and processing
a portion of the water phase to form a fuel blend
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with higher hydrocarbons. This process of directly
converting biomass into liquid fuels achieves further
net carbon savings in producing synthetic gasolines
and jet fuels than conventional methods.
Source: www.ipwatchdog.com

Reducing greenhouse gas emissions
with a more effective carbon
capture method
Tapping carbon dioxide (CO2) emissions from power
plants and various industries could play a significant
role in reducing greenhouse gas emissions in the
future. But current materials that can collect CO2—from
smokestacks, for example—have low capacities or
require very high temperatures to work. Scientists are
making progress towards a more efficient alternative
which could help make carbon capture less energyintensive.
According to the International Energy Agency,
burning fossil fuels emits more than 30 gigatonnes
per year of CO2, a primary greenhouse gas. Some solid
systems that aim to capture these emissions, such as
zeolites, are sensitive to water in the gas streams. Others,
such as clays and metal oxides, have to be heated up to
more than 900°F, which requires a lot of energy. Alan
Hatton’s team wanted to find a way to cut this latter
strategy’s energy requirements. The research progress
is described in the ACS journal, Chemistry of Materials.
The researchers studied a new class of materials
based on magnesium oxide (MgO), which can capture
larger quantities of carbon at much lower temperatures
than many other substances being investigated. They
discovered that coating MgO particles with substances
called alkali metal nitrates boosted the amount of CO2
that material could take up by more than 10-fold. The
MgO captures a significantly higher amount of CO2
(2–10 times) than other systems for a given volume.
This translates into smaller equipment needs and lower
plant costs. Additionally, the particles themselves are
readily prepared with low-cost materials.
Source: www.sciencedaily.com

New insight into thermoelectric materials
may boost green technologies
Thermoelectric materials can turn a temperature
difference into an electric voltage.
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The University of Miami (UM) physicist, Joshua
Cohn and his collaborators report new surprising
properties of a metal named lithium purple-bronze
(LiPB) that may impact the search for materials useful
in power generation, refrigeration, or energy detection.
The findings are published in the journal, Physical
Review Letters.
Useful thermoelectric materials produce large
voltage for a given temperature difference, with the
ratio known as “thermopower”. The researchers found
that this material has very different thermopowers
when the temperature difference is applied parallel
or perpendicular to the conducting chains. When
an electric current was applied in a direction slightly
misaligned with the chains, heat flowed perpendicular
to the current, a phenomenon known as the “transverse
Peltier effect”. The efficiency of this effect in LiPB was
among the largest known for a single compound. “That
such a large directional difference in thermopower
exists in a single compound is exceedingly rare and
makes applications possible. The present material might
be useful as it is, but the larger implication of our work
is that the ingredients underlying its special properties
may serve as a guide to finding or engineering new and
improved materials”, Cohn said.
Source: www.sciencedaily.com

Nanoscale pillars could radically improve
conversion of heat to electricity
The University of Colorado Boulder scientists have
found a creative way to radically improve thermoelectric
materials, a finding that could one day lead to the
development of improved solar panels, more energyefficient cooling equipment, and even the creation of
new devices that could turn the vast amounts of heat
wasted at power plants into more electricity.
The technique—building an array of tiny pillars on
top of a sheet of thermoelectric material—represents
an entirely new way of attacking a century-old problem.
In a new study published in the journal, Physical
Review Letters, researchers demonstrate that
nanotechnology could be used in an entirely different
way to slow the heat transfer without affecting the
motion of electrons.
The new concept involves building an array of
nanoscale pillars on top of a sheet of a thermoelectric
material, such as silicon, to form what the authors
call a “nanophononic metamaterial”. Heat is carried
through the material as a series of vibrations, known
as phonons.

All kinds of important practical applications are
possible, if thermoelectric energy conversion could be
improved significantly.
Source: www.sciencedaily.com

The biobattery: Turning sewage sludge
into electricity and engine oil
Sewage sludge, green waste, production residue
from the food industry, straw or animal excrement—
with the biobattery’s modular concept a much larger
range of biomass can be utilized for energy recovery
than ever done previously. Researchers show that they
can convert organic residues into electricity, heat,
purified gas, engine oil, and high quality biochar using
this process.
Biogas plants are an important element for
decentralized energy supply. They produce electricity
from renewable resources and can compensate for
highly fluctuating wind and solar energy.
Source: www.sciencedaily.com

Wind-powered freighters
To make ships more eco-efficient, engineers have been
working with alternative fuels. A Norwegian engineer is
currently pursuing a new approach: with VindskipTM, he
has designed a cargo ship that is powered by wind and
gas. Software developed by Fraunhofer researchers will
ensure optimum use of the available wind energy at
any time.
The highlight of this development is that the hull
of the freighter serves as a wing sail. On the high seas,
VindskipTM will benefit from free-blowing wind, making
it very energy efficient. For low-wind passages, in order
to manoeuvre the ship on the open sea while also
maintaining a constant speed, it is equipped with an
environment-friendly and cost-effective propulsion
machinery running on liquefied natural gas (LNG). With
the combination of wind and LNG as an alternative fuel
to heavy fuel oil, the fuel consumption is estimated to
be only 60 per cent of a reference ship on an average.
Carbon dioxide emissions are reduced by 80 per cent,
according to calculations by the Norwegian company.

Weather routing module determines the
optimal course
For efficient operation, it is critical that the available
wind energy is used in the best possible way. In order
to calculate the optimal sailing route, researchers from
Fraunhofer Center for Maritime Logistics and Services
(CML), a division of Fraunhofer Institute for Material
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Flow and Logistics (IML), have developed a customized
weather routing module for VindskipTM. Considering
meteorological data, the software for the new ship type
uses a navigation algorithm to calculate a route with
the optimum angle to the wind for maximum effect of
the design. “With our weather routing module the best
route can be calculated in order to consume as little fuel
as possible. As a result costs are reduced. After all, bunker
expenses account for the largest part of the total costs
in the shipping industry,” says Laura Walther, researcher
at CML in Hamburg. For complex calculations, the
researcher and her team apply numerous parameters,
such as aero- and hydro-dynamic data as well as
weather forecasts from the meteorological services,
such as wind speed and wave height.
So how is it possible that the VindskipTM is being
pulled forward? “At angles close to headwind the
wind generates a force in the ship’s direction. The
ship is pulled forward. Since the hull is shaped like a
symmetrical air foil, the oblique wind on the opposite
side—leeward—has to travel a longer distance. This
causes a vacuum that pulls the ship forward,” explains
VindskipTM patent-holder Lade. This makes the freighter
move at speeds of up to 18–19 knots, hence just as fast
as conventionally powered ships. Due to its very low
fuel consumption, Vindskip™ can utilize LNG as fuel
and still be capable—in the worst case—of 70 days of
steaming between bunkering. Thus, it can meet all of
today’s and tomorrow’s challenges with regards to fuel
economy and emission control.

Wind-tunnel tests completed successfully
The researchers from CML are continually developing
the weather routing tool further; the first version has
been available since mid-December 2014. By the end
of January 2015, the software was handed over to
the company Lade AS. Ship types that are particularly
relevant to the VindskipTM-design, for which the
weather routing module is developed, are ships like car
and truck carriers, big ferries, container ships, and LNG
carriers. Terje Lade forecasts that the freighter will set
sail as soon as 2019. First, the ship model has to pass
numerous tests in a marine research model tank—also
called a towing tank by experts. Tests in wind tunnels
have already been completed successfully.
Source: www.sciencedaily.com

Cheap solar cells made from
shrimp shells
Researchers at the Queen Mary University of London
(QMUL) have successfully created electricity-generating
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solar-cells with chemicals found in the shells of shrimps
and other crustaceans for the first time.
The materials, chitin and chitosan found in the shells
are abundant and significantly cheaper to produce
than the expensive metals such as ruthenium, which is
similar to platinum, that are currently used in making
nanostructured solar cells.
Researchers used a process known as hydrothermal
carbonization to create the carbon quantum dots
(CQDs) from the widely and cheaply available chemicals
found in crustacean shells. They then coat standard zinc
oxide nanorods with the CQDs to make the solar cells.
Source: www.sciencedaily.com

Electricity from biomass with carbon
capture could make western US
carbon-negative
Generating electricity from biomass, such as urban
waste and sustainably-sourced forest and crop
residues, is one strategy for reducing greenhouse gas
emissions, because it is carbon-neutral: it produces as
much carbon as the plants suck out of the atmosphere.
A new University of California, Berkeley study shows
that if biomass electricity production is combined with
carbon capture and sequestration in the western United
States, power generators could actually store more
carbon than they emit and make a critical contribution
to an overall zero-carbon future by the second half of
the 21st century.
By capturing carbon from burning biomass—termed
bioenergy with carbon capture and sequestration
(BECCS)—power generators could become carbonnegative even while retaining gas- or coal-burning
plants. The carbon reduction might even offset the
emissions from fossil fuel used in transportation, said
study leader Daniel Sanchez, a graduate student in UC
Berkeley’s Energy and Resources Group.
“BECCS technologies figure prominently in the
IPCC’s recent Fifth Assessment Report (AR5), which
focuses in part on mitigating climate change, but
previous models examining BECCS deployment have
not investigated its role in power systems in detail or in
aggressive time frames,” said Kammen, who serves as a
coordinating lead author on the IPCC.
To remedy this, the UC Berkeley scientists used a
detailed computer model, developed of the West’s
electric power grid, to predict deployment of BECCS in
low-carbon and carbon-negative power systems. This
model of western North America, called SWITCH-WECC,
was developed in the RAEL lab. Researchers can use
SWITCH to study generation, transmission, and storage

Technology Corner
options for the United States west of the Kansas/
Colorado border as well as in northwest Mexico and the
Canadian provinces of Alberta and British Columbia.
The study found that BECCS, combined with
aggressive renewable energy deployment and fossil
emissions reductions, can enable a carbon-negative
power system in western North America by 2050 with
up to 145 per cent emissions reduction from 1990 levels.
Such reductions can occur with as little as 7 per cent
of the power coming from BECCS. In most scenarios
explored, the carbon offsets produced by BECCS are
more valuable to the power system than the electricity
it provides.
The study relies on a detailed spatial and temporal
inventory of potential bioenergy feedstocks, such as
forest residues, municipal solid waste, and switchgrass,
as well as complementary renewable energy, such as
wind and solar power.
Source: www.sciencedaily.com

Combine solar thermal energy with
biomass gasification for natural
gas substitute
A new study from researchers at the University of
Minnesota examining the financial viability of solarheated biomass gasification technologies, that
produce a natural gas substitute product, concludes
that combining these renewable resources can make
economic sense.
In traditional biomass gasification, 20 to 30 per cent of
the biomass feedstock is burned to produce heat for the
process. But, if the required thermal energy is supplied
from a concentrated solar source, all of the biomass
can be converted into useful synthesis gas. The study
suggests that solar-heated biomass gasification systems
could break even at natural gas prices of $4.04–$10.90
per gigajoule, depending on configuration.
The technologies modelled in this study are
being developed at the Solar Energy Laboratory at
the University of Minnesota under the direction of
Jane Davidson and lead research scientist, Brandon
Hathaway of the College of Science and Engineering.
Source: www.sciencedaily.com

Bionic leaf: Researchers use bacteria to
convert solar energy into liquid fuel
Harvesting sunlight is a trick plants mastered more
than a billion years ago, using solar energy to feed
themselves from the air and water around them in the
process we know as photosynthesis.
Scientists have also figured out how to harness
solar energy, using electricity from photovoltaic cells
to yield hydrogen that can be later used in fuel cells.
But hydrogen has failed to catch on as a practical fuel
for cars or for power generation in a world designed
around liquid fuels.
Now scientists from a team spanning Harvard
University’s Faculty of Arts and Sciences, Harvard
Medical School and the Wyss Institute for Biologically
Inspired Engineering at Harvard University have created
a system that uses bacteria to convert solar energy into
a liquid fuel. Their work integrates an “artificial leaf”,
which uses a catalyst to make sunlight split water into
hydrogen and oxygen, with a bacterium engineered to
convert carbon dioxide plus hydrogen into the liquid
fuel, isopropanol.
In their new system, once the artificial leaf
produces oxygen and hydrogen, the hydrogen is fed
to a bacterium called Ralstonia eutropha. An enzyme
takes the hydrogen back to protons and electrons, then
combines them with carbon dioxide to replicate—
making more cells.
Next, based on discoveries made earlier by
Anthony Sinskey, Professor of Microbiology and of
Health Sciences and Technology at MIT, new pathways
in the bacterium are metabolically engineered to
make isopropanol.
The immediate challenge is to increase the bionic
leaf’s ability to translate solar energy to biomass by
optimizing the catalyst and the bacteria.
Source: www.sciencedaily.com
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STATISTICS AT A GLANCE
State-wise Total Installed Capacity of Grid Interactive Renewable Power in India
(As on March 31, 2014)
States/UTs

States/UTs

(In Megawatt)

(In Megawatt)

Andaman & Nicobar Islands

10.35

Lakshadweep

0.75

Andhra Pradesh

1,530.48

Madhya Pradesh

886.63

Arunachal Pradesh

103.93

Maharashtra

5,630.20

Assam

34.11

Manipur

5.45

Bihar

114.12

Meghalaya

31.03

Chandigarh

2.00

Mizoram

36.47

Chhattisgarh

324.00

Nagaland

29.67

Dadra & Nagar Haveli

0.00

Odisha

115.13

Daman and Diu

0.00

Puducherry

0.03

Delhi

21.15

Punjab

322.80

Goa

0.05

Rajasthan

3640.15

Gujarat

4,430.20

Sikkim

52.11

Haryana

125.70

Tamil Nadu

8,070.26

Himachal Pradesh

638.91

Tripura

16.01

Jammu & Kashmir

147.53

Uttar Pradesh

827.68

Jharkhand

20.05

Uttarakhand

209.87

Karnataka

3,985.14

West Bengal

131.45

Kerala

193.65

Source: Lok Sabha Unstarred Question No. 1189, dated on July 17, 2014.

State-wise Funds Released for Development of Renewable Energy Sources in India
(2011–12 to 2014–15 up to November 2014)
States/UTs

2011–12

2012–13

2013–14

2014–15*

(` in Crore)
Andaman & Nicobar Islands

0.02

0.01

0.00

0.00

Andhra Pradesh

45.61

36.84

3.20

1.02

Arunachal Pradesh

66.62

39.05

27.39

2.21

Assam

18.37

10.58

19.01

8.17

Bihar

7.29

0.63

10.44

0.42

Central Agency

0.00

0.00

497.17

489.58

Chandigarh

11.34

9.07

6.99

8.27

Chhattisgarh

54.48

60.17

16.03

19.91

0.00

0.00

0.00

0.00

Dadra & Nagar Haveli

22

eNREE • Volume 11 • Issue 4 • January–March 2015

Statistics at a Glance
Daman and Diu

0.00

0.00

0.00

0.00

213.38

312.25

74.57

19.53

1.44

0.04

0.06

0.06

Gujarat

18.14

16.92

38.23

16.26

Haryana

16.22

10.96

7.80

30.60

Himachal Pradesh

16.55

16.74

28.70

16.05

Jammu & Kashmir

102.48

63.46

87.01

37.38

Jharkhand

17.90

2.63

0.00

0.24

Karnataka

55.93

74.09

86.17

44.52

Kerala

13.96

14.91

10.17

28.81

8.76

0.00

1.00

0.00

39.80

20.70

13.94

8.00

202.21

189.70

156.11

111.95

Manipur

3.85

16.61

2.50

0.00

Meghalaya

5.84

1.80

8.93

4.62

Mizoram

1.24

7.03

1.68

1.72

Nagaland

11.53

18.72

7.51

4.24

Odisha

36.32

7.72

0.59

11.28

2.04

0.23

0.10

0.00

Punjab

46.05

26.66

32.68

14.81

Rajasthan

78.48

61.59

28.64

58.31

Sikkim

10.50

6.13

11.13

3.09

Tamil Nadu

54.24

39.16

67.58

43.97

Telangana

0.00

0.00

25.49

40.24

Tripura

5.07

0.42

0.00

0.02

Uttar Pradesh

71.91

56.89

52.01

52.67

Uttarakhand

22.54

31.42

50.11

5.12

West Bengal

41.24

42.18

15.51

6.09

1,301.35

1,195.31

1,388.45

1,089.16

Delhi
Goa

Lakshadweep
Madhya Pradesh
Maharashtra

Puducherry

India

Note: Grants-in-aid and subsidies also include releases made to various agencies in the state.
* Upto November, 2014.
Source: Lok Sabha Unstarred Question No. 2008, dated December 4, 2014.
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State-wise Installation of Decentralized/Off-Grid Renewable Energy Systems/Devices in India
(As on March 31, 2014)
Biogas
Plants
States/ UTs
(Nos. in
Lakh)

Biomass Gasifier
Industrial

(KW)

Rural

(KW)

Biomass

Waste
to

Solar Photovoltaic (SPV) Systems

(Nonbagasse)

Energy

SLS

HLS

SL

PP

Pumps

Aerogen/
Hybrid
Systems

(MW)

(Nos.
in
Lakh)

(Nos.
in
Lakh)

(Nos.
in
Lakh)

(kWp)

(Nos)

(kW)

(MW)

SPV

Remote Village
Electrification
Village

Hamlet

(Nos)

(Nos)

Andaman
& Nicobar
Islands

0.001

-

-

-

-

0.004

0.005

0.063

167.00

5

-

-

-

Andhra
Pradesh

5.217

22,914

-

75.42

10.61

0.065

0.228

0.414

1,263.59

613

16.0

0

13

Arunachal
Pradesh

0.035

-

750

-

-

0.011

0.189

0.144

217.10

18

6.8

297

-

Assam

1.083

2,933

-

-

-

0.001

0.067

0.012

910.00

45

6.0

1,952

-

Bihar

1.298

5,914

5,010

8.20

1.00

0.010

0.074

0.501

775.60

139

-

0

-

Chandigarh

0.001

-

-

-

-

0.009

0.003

0.017

730.00

12

-

-

-

Chhattisgarh

0.485

1,210

-

2.50

0.33

0.020

0.073

0.033

14,616.72

240

-

568

-

Dadra and
Nagar Haveli

0.002

-

-

-

-

0.000

0.000

0.000

0.00

0

-

-

-

Daman & Diu

0.000

-

-

-

-

0.000

0.000

0.000

0.00

0

-

-

-

Delhi

0.007

-

-

-

-

0.003

0.000

0.048

332.00

90

-

-

-

Goa

0.041

-

-

-

-

0.007

0.004

0.011

1.72

15

163.8

0

19

Gujarat

4.286

20,080

1,450

-

14.64

0.020

0.093

0.316

9,452.60

85

20.0

38

-

Haryana

0.598

2,503

-

35.91

4.00

0.220

0.564

0.939

864.25

469

10.0

0

286

Himachal
Pradesh

0.473

-

-

7.20

1.00

0.081

0.226

0.239

1,208.50

6

-

21

-

Jammu and
Kashmir

0.030

200

-

-

-

0.058

0.653

0.441

3,430.85

39

15.8

334

15

Jharkhand

0.072

500

-

1.20

-

0.006

0.094

0.234

480.90

0

-

493

-

Karnataka

4.688

6,297

1,150

15.20

9.64

0.027

0.496

0.073

1,596.41

551

39.2

16

14

Kerala

1.405

-

-

0.72

-

0.017

0.339

0.544

214.39

810

8.0

0

607

Lakshadweep

0.000

-

250

-

-

0.017

0.000

0.053

1,090.00

0

-

-

-

Madhya
Pradesh

3.454

9,497

761

12.35

0.48

0.092

0.040

0.094

1,983.00

87

24.0

577

-

Maharashtra

8.556

7,150

-

16.40

20.45

0.084

0.035

0.687

913.70

239

1,422.1

340

-

Manipur

0.021

-

-

-

-

0.009

0.039

0.048

456.00

40

140.0

237

3

Meghalaya

0.100

250

-

13.80

-

0.013

0.078

0.249

173.50

19

191.5

149

-

Mizoram

0.048

-

250

-

-

0.004

0.068

0.096

241.00

37

-

20

-

Nagaland

0.076

-

2,100

-

-

0.003

0.010

0.068

1,050.00

3

-

11

-

Odisha

2.618

270

-

2.94

0.02

0.058

0.052

0.099

84.52

56

-

1,495

14

Puducherry

0.006

-

-

-

-

0.004

0.000

0.016

0.00

21

5.0

-

-

Punjab

1.635

-

-

110.65

4.78

0.054

0.086

0.175

663.00

1,857

50.0

0

-

Rajasthan

0.690

2,431

33

2.00

3.00

0.069

1.446

0.047

8,625.00

4,501

14.0

292

90

Sikkim

0.087

-

-

-

-

0.005

0.151

0.233

680.00

0

15.5

0

13

Tamil Nadu

2.214

14,090

2,172

16.55

11.42

0.252

0.593

0.168

4,006.60

829

24.5

0

131

Tripura

0.033

-

1,050

-

-

0.012

0.327

0.643

365.00

151

2.0

60

782

Uttar Pradesh

4.372

22,790

912

150.86

46.18

1.248

2.358

0.620

3,491.46

575

-

113

222

Uttarakhand

0.173

2,150

-

42.50

4.02

0.086

0.914

0.840

280.03

26

4.0

476

118

West Bengal

3.660

24,718

1,450

17.42

1.17

0.087

1.451

0.177

889.00

48

74.0

1,177

2

Others*
India

0.052

-

-

-

-

0.092

0.240

1.258

23,885.00

0

-

-

-

47.518

1,45,897

17,338

531.82

132.73

2.747

10.995

9.599

85,138.44

11,626

2,252.2

8,666

2,329

Note: SLS: Street Lighting System   HLS: Home Lighting System   SL: Solar Lanterns   MW: Mega Watt   KWP: Kilowatt Peak   PP: Power Plants
Source: Lok Sabha Unstarred Question No.3152, dated July 31, 2014.
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State-wise Number and Capacity of Grid Connected Solar Power Plants under the
Ministry of New and Renewable Energy (MNRE) in India
(As on June 30,2014)
States/UTs

Plants Installed under
MNRE Programmes *
Number

Andhra Pradesh

Total Installed Capacity under
Central and State Programmes

Capacity in MW

MW

15

46.75

131.64

Andaman & Nicobar Islands

-

-

5.10

Arunachal Pradesh

-

-

0.03

Assam

-

-

-

Bihar

-

-

-

Chandigarh

-

-

2.00

Chhattisgarh

2

4.00

7.10

Dadra & Nagar Haveli

-

-

-

Daman & Diu

-

-

-

15

0.86

5.47

Goa

-

-

-

Gujarat

-

-

919.05

Haryana

8

7.80

12.80

Himachal Pradesh

-

-

-

Jammu & Kashmir

-

-

-

Jharkhand

8

16.00

16.00

Karnataka

2

6.00

31.00

Kerala

-

-

0.03

Lakshadweep

-

-

0.75

Madhya Pradesh

3

5.25

355.08

10

47.00

280.75

Manipur

-

-

-

Meghalaya

-

-

-

Mizoram

-

-

-

Nagaland

-

-

-

Odisha

9

13.00

29.50

Puducherry

-

-

0.03

Punjab

7

9.00

16.52

67

493.50

732.95

Sikkim

-

-

-

Tamil Nadu

8

16.00

98.50

Delhi

Maharashtra

Rajasthan

Tripura

-

-

-

Uttar Pradesh

5

12.00

29.00

Uttarakhand

3

5.00

5.00

West Bengal

1

2.00

7.05

163

684.16

2,685.35

India

Abbr.: MW: Megawatt
Note*: Excludes small KW level grid solar power plants commissioned under MNRE programmes prior to 2010
Source: Lok Sabha Unstarred Question No. 2179, dated July 24, 2014.
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Book Update

NEW BOOK INFORMATION
Feasibility Model of
Solar Energy Plants
by ANN and MCDM
Techniques (Springer
Briefs in Energy)

Authors: Mrinmoy
Majumder and Apu K Saha
Publisher: Springer, 2015
120 pages
This book highlights a novel model to find out the
feasibility of any location to produce solar energy. The
model utilizes the latest multi-criteria decision-making
techniques and artificial neural networks to predict
the suitability of a location to maximize allocation
of available energy for producing optimal amount
of electricity which will satisfy the demand from the
market. According to the results of the case studies,
further applications are encouraged. The book is
recommended for practitioners and professionals.
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Sustainable Future
Energy Technology
and Supply
Chains: A Multiperspective Analysis
(Green Energy and
Technology)

Editors: Federica
Cucchiella and Lenny Koh
Publisher: Springer, 2015
400 pages
The book is organized around real examples and case
studies that can be applied to real world problems. A
valuable resource for anyone who wishes to understand
how sustainable use of energy can lead to increased
efficiency of industrial supply chains and improved
financial profitability, the book provides comprehensive
coverage of current practice and future developments
in the evolution of sustainable supply chains and
energy consumption. Furthermore, analytical insight is
provided by an international panel of contributors.
The text underlines how organizations are now
seriously looking at supply chain assets in order to
help their suppliers retool and focus on renewable
energy. Renewable energy technology is a fast growing
market with promising financial returns and substantial
environmental gains; this book shows how the right
management of renewable investments can earn
significant advantages by:
P	
Providing critical opportunities in driving costs
down and making renewable energy sources more
competitive with conventional energy
P	Making infrastructure expansion easier
P	
Increasing employment in manufacturing
and services supply chains in order to support
renewable energy generation
P	Mitigating the impacts of climate change
This book is intended for business professionals,
researchers, and students working in supply chain
management or energy management.

Book Update

Material Flow
Management:
Systems, Technology
and Finance for a
Sustainable Future

Editor: Peter Heck
Publisher: Springer, 2015
500 pages (approx.)
This guidebook provides a comprehensive introduction
into the optimization of energy and material systems,
i.e., companies, cities, and counties. It combines the
fields of ecology, management, technology, and
microeconomics. So, the book offers the theoretical
background of material flow, explains the process of
applying material flow management, and encourages
the reader to develop new material flow management
projects. An interactive web-based e-Learning tool
will complete the book. The book is recommended for
beginners and researchers.

Sustainable Energy
Conversion for
Electricity and
Coproducts: Principles,
Technologies, and
Equipment
Author: Ashok Rao
Publisher: Wiley, 2015
424 pages

The book provides a comprehensive and fundamental
approach to the study of sustainable fuel conversion
for the generation of electricity and for co-producing
synthetic fuels and chemicals. It covers the underlying
principles of physics and their application to engineering
including, thermodynamics of combustion and power
cycles, fluid flow, heat transfer, and mass transfer.
The book comprehensively details the coproduction
of fuels and chemicals including, key equipment used
in synthesis and specific examples of coproduction in
integrated gasification combined cycles. The book also
comprises an introduction to renewables and nuclear
energy, including a section on electrical grid stability.
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Book Update

Handbook of
Entrepreneurship
and Sustainable
Development
Research (Elgar
Original Reference)
Editor: Paula Kyrö
Publisher: Elgar, 2015
480 pages

Allying and expanding the diverse fields of
entrepreneurship and sustainable development,
research is a modern day imperative. This book cuts
through the different approaches and perspectives
of the two fields to point the way ahead for research
on sustainable entrepreneurship, outlining the
motivation, intentions and impact of ecopreneurs in a
local, national, and global context.
This handbook paints an illuminating picture of
the historic and current understanding of the
bond between entrepreneurship and sustainable
development. The editor explores the basic
contradictions between the two fields and outlines
the transformative role entrepreneurship can play
in achieving sustainable development. Around 45
expert researchers and their research communities
from 16 countries across Europe, Africa, Australia,
and North America provide original and informative
contributions on a variety of issues, ranging from
women’s empowerment to climate change and organic
farmers to ecotourism.
With current and authoritative contributions
spanning the globe, this handbook will inspire
researchers, teachers, and policymakers to compose
their own understanding and contribution in
the fast expanding field of entrepreneurship and
sustainable development.
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Sustainable Value
Chain Management:
Delivering Sustainability
Through the Core
Business (CSR,
Sustainability, Ethics
and Governance)
Editor: Michael D’heur
Publisher: Springer, 2015
426 pages

This book introduces the integrated management
concept of “Sustainable Value Creation”, which delivers
sustainability ‘inside-out’ from the core business. It is
based on the premise that sustainability can provide a
platform for growth, if it is implemented in a company’s
products, services, and supply chains (in the combined
form also known as the ‘Value Chain’). Managing the
‘Value Chain’ from the outset with a sustainability
mindset subsequently allows profitable economical,
ecological, and societal growth. It combines the need
for increased sustainability and its implementation in
the operations of a company. The book addresses the
following issues: How do economic, environmental, and
societal factors impact the value-creation process of a
company? What requirements and expectations need
to be met to balance economic, ecological, and societal
value creation? What are the building blocks and
measures that can be utilized on the journey towards
building a sustainable value chain? What benefits can
be achieved through sustainable value chains? What
are the practical examples of sustainable value chains
in leading companies that can inspire others to follow?
The book includes contributions from organizations
and companies such as Beiersdorf, SAP, Klenk und
Hoursch, VAUDE, Infineon Technologies, Independent
Capital Management, BASF, Nanogate, the Federal
German Council for Sustainable Development, Henkel,
Symrise, shared.value.chain, Siemens, Fairphone, and
Thin Air Factory. The book is intended for professionals
and practitioners.

Book Update

Renewable Energy
Law in the EU:
Legal Perspectives
on Bottom-Up
Approaches
(New Horizons in
Environmental and
Energy Law Series)

Editors: Marjan Peeters
and Thomas Schomerus
Publisher: Elgar, 2015
352 pages
This timely book examines the role played by regional
authorities in the European Union in the transition
towards renewable energy. Regional governments
generally have important decision-making powers
concerning energy transition, but they may encounter
resistance to the establishment of renewable energy
activities in their communities.
Drawing on both academia and practice, the expert
contributors explore some of the key legal questions
that have emerged along the energy transition path.
Specific attention is paid to support mechanisms and
administrative procedures for authorizing renewable
energy projects, including the relevance of procedural
rights as set out in the Aarhus Convention, and
opportunities for allowing citizens, particularly those
residing near renewable energy projects, participate,
financially in renewable energy production. Based on
experiences in several Member States (Germany, Italy,
Spain, Sweden, and the Netherlands) improvements to
the content and application of the law are discussed.
The book shows the complexities of renewable energy
law, which will most likely become a controversial field
of law in the near future.
Providing much-needed contribution to the
literature, this is the first book to map legal questions
around renewable energy from the perspective of
local governments. It greatly appeals to scholars across
law and social sciences, as well as practitioners in
governments, NGOs, and law firms.
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Forthcoming Events

FORTHCOMING EVENTS
Solar 2015 Conference & Exhibition
7–8 May 2015, Melbourne, Australia

AUPVSEE Events Pty Ltd, PO Box 165, Chirnside Park
VICTORIA 3116, Australia
Tel.: +86 10 87194418
Fax: +86 10 87194416
E-mail: solar@globallinkexpo.com, events@aupvsee.
com.au
Website: http://solarexhibition.com.au

Solar 2015 Exhibition & Conference 53rd
Annual Australian Solar Council Industry
Conference & Exhibition
13–14 May 2015, Melbourne, Australia

Australian Solar Council - Solar 2015 Exhibition and
Conference, PO Box 231, Mawson ACT 2606
Tel.: +61 418202870
E-mail: info@solar2015.com.au
Website: www.solar2015.com.au

POWER-GEN India & Central Asia 2015
14–16 May 2015, New Delhi, India

Tel.: +44 1992 656715, +91 (0) 0124 452 4215, Mobile:
+91 (0)981 070 7214
Fax: +44 1992 656700
E-mail: stefant@pennwell.com,
sethavnish1@gmail.com
Website: www.indiapowerevents.com

PV China 2015

20–22 May 2015, Shanghai, China
Tel.: +86 21 31007315
Fax: +86 21 33275350
E-mail: maggie.shen@utmglobal.cn
Website: www.pv-china.org

Renewable Energy and Green
Technology International Conference
(REEGETECH)
2–4 June 2015 , Bali, Indonesia
Hamzah Asyrani Sulaiman
Website: http: //reegetech.com
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4th International Renewable Energy and
Environment Conference IREEC—2015
4–6 June 2015, Prague, Opera, Czech Republic
107-17-01, Bistari Condominium,
Jalan 1/64D, Off Jalan Putra, KL, Malaysia
Tel.: +60189348746
E-mail: contact@sciconference.net
Website: http://www.sciconference.net/viewjc.
php?id=c2

POWER-GEN EUROPE

9–11 June 2015, Amsterdam, The Netherlands
Emily Pryor, Conference Manager
Tel.: +44 (0) 1992 656 614
Mob.: +44 (0) 7768 075 261
Email: emilyp@pennwell.com
Website: http://www.powergeneurope.com/index.
html

SolarTech Peru 2015

17–18 June 2015, Lima, Peru

Green World Conferences Ltd, 61 The Ridings, W5 3DP,
London, United Kingdom
Tel.: +34 605 238717
E-mail: pcn@greenworldconferences.com
Website: http: //www.enfsolar.com/event/profile/exhibition/1357/solartech-peru-2015

2015 International Conference on
Renewable Energy and Bioenergy
(ICREB 2015)
27–30 June 2015, Bucharest, Romania

Ms Yashin Tu, Conference Secretary
Tel.: +1-518-478-2659 (USA), +86-28-86528758 (China)
E-mail: icreb@iacsit.org.
Website: http: //www.icreb.org/

