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CHAPTER-1

Solar Energy Basics
1.1 What is Solar Energy?
Solar power (also known as solar energy) is the technology of obtaining usable energy
from the light of the sun. Solar energy has been used in many traditional technologies for
centuries, and has come into widespread use where other power supplies are absent, such as
in remote locations and in space. Solar energy is genesis for all forms of energy. Solar
energy can be made use of in two ways the Thermal route i.e. using heat for drying,
heating, cooking or generation of electricity or through the Photovoltaic route which
converts solar energy in to electricity that can be used for a myriad purposes such as
lighting, pumping and generation of electricity.

1.2 Merits and Demerits of Solar Energy
Merits1. Solar energy can be used in remote areas where it is too expensive to extend the electricity
power grid.
2. Everyday items such as calculators and other low power consuming devices can be
powered by solar energy effectively.
3. Solar energy is available in abundance unlike the conventional sources of energy
4. Solar energy is a free resource, although there is a cost in the building of ‗collectors‘ and
other equipment required in converting solar energy into electricity or hot water.
5. There are no harmful emissions associated with the operation of solar modules or direct
application technologies
6. Residential- scale passive construction, photovoltaic, solar water heating, and other direct
applications reduce power generation from traditional sources and the associated
environmental impacts.
7. Solar panels also require little maintenance. After installation and optimization they are
very reliable due to the fact that they actively create electricity in just a few millimeters and
do not require any type of mechanical parts that can fail.
Demerits1. Solar energy can only be harnessed during daytime and sunny hours.
2. Solar collectors, panels and cells are relatively expensive to manufacture although prices
are falling rapidly.
3. Solar power stations can be built but they do not match the power output of similar sized
conventional power stations.
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4. Large areas of land are required to capture the suns energy. Collectors are usually arranged
together especially when electricity is to be produced and used in the same location.
5. Unreliable climate conditions in some regions such as cloudy skies reduce solar power
effectiveness.

1.3 History and development of solar energy
Although the sun has always been the ultimate source of most of the earth's energy, until
very recently plants did the job of capturing its power--in wood, coal, natural gas, and oil.
Inventions like Nicholas de Saussure's 18th-century solar oven were no more than scientific
curiosities; the direct use of solar energy was limited mainly to such commonsense ploys as
positioning houses to catch the sun's rays.
That prediction stumbled on formidable obstacles: solar energy's own underdeveloped
technology and manufacturing, distribution, and maintenance systems; the coal, oil, and
natural gas industries, suppliers of cheap energy; and the developing nuclear power
industry, backed by the Atomic Energy Commission. Solar energy could not compete, and
nobody seemed interested in investing big money for research to lower the cost and
improve the performance of solar devices.
This chronology lists the milestones in the historical development of solar technology:
Time

Activities and achievements

7th Century B.C.

Magnifying glasses used the sun's rays to make fire.

1st

to

6th The Greeks and Romans used passive solar designs. Creating buildings with

Century A.D.

south facing windows allowed the sun to heat and light indoor spaces

13th Century

In North America, the ancestors of Pueblo people known as Anasazi build
south- facing cliff dwellings that capture the warmth of the winter sun. This
timeline lists many milestones in the historical development of solar
technology from 1767 to 1891

Solar Energy History 1750-1899
1767

Swiss scientist Horace de Saussure is credited with building the world's first
solar collector, later used by Sir John Herschel to cook food during his South
African expedition in the 1830s.

1816

On September 27, 1816, Robert Stirling applies for a patent for his
economizer at theChancery in Edinburgh, Scotland. A minister in the Church
of Scotland until the age of 86, Stirling builds heat engines in his home
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workshop in his spare time. Lord Kelvin uses one of the working models in
some of his university classes. This engine is later used in the dish/Stirling
system, a solar thermal electric technology that concentrates the sun's thermal
energy to produce electric power.
1839

French scientist Edmond Becquerel discovers the photovoltaic effect while
experimenting with an electrolytic cell made up of two metal electrodes
placed in an electricity-conducting solution; the electricity generation
increases when exposed to light.

1860

French mathematician August Mouchet proposes an idea for solar-powered
steam engines. In the next two decades, he and his assistant, Abel Pifre, will
construct the first solar-powered engines for a variety of uses. The engines are
the predecessors of modern parabolic dish collectors.

1861

AugusteMouchout invented a device that turned solar power into steam. This
soon became the first steam engine powered completely by the sun

1873

British electrician Wiloughby Smith discovered the photoconductivity of
selenium.

1876

William Grylls Adams and Richard Evans Day discovered that when light is
shined on selenium, electricity is created. Electricity produced from light is
now referred to as the photovoltaic effect.

1880

Samuel P. Langley invents the bolometer, used to measure light from the
faintest stars and the sun's heat rays. It consists of a fine wire connected to an
electric circuit. When radiation falls on the wire, it becomes slightly warmer,
and this increases the electrical resistance of the wire.

1883

American inventor Charles Fritz turned the sun's rays into electricity with the
first solar cell.

1885

Frenchman Charles Tellier installed a solar energy system to heat water for
his home.

1887

Heinrich Hertz discovers that ultraviolet light alters the lowest voltage
capable of causing a spark to jump between two metal electrodes.

1891

American inventor Clarence Kemp patented the first solar water heater.

Solar Energy History 1900-1999
1904
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Wilhelm Hallwachs discovers that a combination of copper and cuprous oxide

is photosensitive.
1905

Along with a paper on his Theory of Relativity, Albert Einstein published a
paper on the photoelectric effect.

1908

William J. Bailley invents a solar collector. Made with copper coils and an
insulated box, the solar collector is similar to current designs.

1914

The existence of a barrier layer in photovoltaic devices is noted

1916

Robert Millikan provides experimental proof of the photoelectric effect

1918

Polish scientist Jan Czochralski develops a way to grow single-crystal silicon

1921

Albert Einstein wins the Nobel Prize for his theories on the photoelectric
effect

1932

Audobert and Stora discover the photovoltaic effect in cadmium sulfide

1947

Because energy had become scarce during the long Second World War,
passive solar buildings in the United States are in demand; Libbey-OwensFord Glass Company publishes a book titled, Your Solar House, which
profiles 49 of the nation's greatest solar architects.

1953

Dr. Dan Trivich of Wayne State University makes the first theoretical
calculations of the efficiencies of various materials of different band-gap
widths based on the spectrum of the sun.

1954

Calvin Fuller, Gerald Pearson and Daryl Chaplin of Bell Laboratories create
the first silicon solar cell able to generate enough power to run common
appliances.

1955

Western Electric begins to sell commercial licenses for silicon photovoltaic
technologies. Early successful products include PV-powered dollar bill
changers and devices that decode computer punch cards and tape.

1956

Commercial solar cells went on the market at a hefty price of $300 per watt.

1957

Hoffman Electronics achieves 8% efficient photovoltaic cells

1958

Vanguard I became the first space satellite to use solar cell technology. Space
programs still use photovoltaic powered systems today.

1959

Hoffman Electronics achieves a 10% efficient, commercially available
photovoltaic cell. Hoffman also learns to use a grid contact, significantly
reducing the series resistance. On August 7, the Explorer VI satellite is
launched with a PV array of 9600 solar cells, each measuring 1 cm x 2 cm.
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On October 13, Explorer VII is launched.
1960

Hoffman Electronics achieves 14% efficient photovoltaic cells. Silicon
Sensors, Inc., of Dodgeville, Wisconsin, is founded and begins producing
selenium and silicon photovoltaic cells.

1962

Bell Telephone Laboratories launches Telstar, the first telecommunications
satellite; its initial power is 14 watts.

1963

Sharp Corporation succeeds in producing practical silicon PV modules. Japan
installs a 242-watt photovoltaic array, the world's largest to date, on a
lighthouse.

1964

NASA launches the first Nimbus spacecraft—a satellite powered by a 470
watt photovoltaic array.

1965

Peter Glaser conceives the idea of the satellite solar power station

1966

NASA launches the first Orbiting Astronomical Observatory powered by a 1kilowatt photovoltaic array; it provides astronomical data in the ultraviolet
and X-ray wavelengths filtered out by Earth's atmosphere.

1969

A "solar furnace" is constructed in Odeillo, France; it features an eight-story
parabolic mirror.

1970s

With help from Exxon Corporation, Dr. Elliot Berman designs a significantly
less costly solar cell, bringing the price down from $100 per watt to $20 per
watt. Solar cells begin powering navigation warning lights and horns on
offshore gas and oilrigs, lighthouses, and railroad crossings. Domestic solar
applications are considered good alternatives in remote areas where utilitygrid connections are too costly.

1972

French workers install a cadmium sulfide photovoltaic system at a village
school in Niger. The Institute of Energy Conversion is established at the
University of Delaware to do research and development on thin-film
photovoltaic and solar thermal systems, becoming the world's first laboratory
dedicated to PV R&D.

1973

The University of Delaware builds "Solar One," a PV/thermal hybrid system.
Roof-integrated arrays feed surplus power through a special meter to the
utility during the day; power is purchased from the utility at night. In addition
to providing electricity, the arrays are like flat-plate thermal collectors; fans
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blow warm air from over the array to heat storage bins.
1976

The NASA Lewis Research Center starts installing the first of 83 photovoltaic
power systems on every continent except Australia. They provide power for
vaccine

refrigeration,

room

lighting,

medical

clinic

lighting,

telecommunications, water pumping, grain milling, and classroom television.
The project takes place from 1976 to 1985 and then from 1992 to completion
in 1995. David Carlson and Christopher Wronski of RCA Laboratories
produce the first amorphous silicon photovoltaic cells, which could be less
expensive to manufacture than crystalline silicon devices.
1977

In July, the U.S. Energy Research and Development Administration, a
predecessor of the U.S. Department of Energy, launches the Solar Energy
Research Institute (today's National Renewable Energy Laboratory), a federal
facility dedicated to finding and improving ways to harness and use energy
from the sun. Total photovoltaic manufacturing production exceeds 500
kilowatts; 1 kilowatt is enough power to light about ten 100-watt light bulbs.

1978

NASA's Lewis Research Center installs a 3.5-kilowatt photovoltaic system on
the Papago Indian Reservation in southern Arizona—the world's first village
PV system. It provides power for water pumping and residential electricity in
15 homes until 1983, when grid power reaches the village. The PV system is
then dedicated to pumping water from a community well.

1980

ARCO Solar becomes the first company to produce more than 1 megawatt (a
thousand kilowatts) of photovoltaic modules in one year. At the University of
Delaware, the first thin-film solar cell exceeds 10% efficiency; it's made of
copper sulfide and cadmium sulfide.

1981

Paul Macready builds the first solar-powered aircraft — the Solar Challengerand flies it from France to England across the English Channel. The aircraft
has more than 16,000 wing-mounted solar cells producing 3,000 watts of
power.
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1982

 The first megawatt-scale PV power station goes on line in Hisperia,
California. The 1-megawatt capacity system, developed by ARCO Solar,
has modules on 108 dual-axis trackers.
 Australian Hans Tholstrup drives the first solar-powered car — the Quiet
Achiever — almost 2,800 miles between Sydney and Perth in 20 days —
10 days faster than the first gasoline-powered car to do so.


In California the U.S. Department of Energy and an industry consortium
begin operating Solar One, a 10- megawatt central-receiver demonstration
project.

1983

 ARCO Solar dedicates a 6-megawatt photovoltaic substation in central
California. The 120-acre, unmanned facility supplies Pacific Gas &
Electric Company's utility grid with enough power for up to 2,500 homes.
 Solar Design Associates completes a home powered by an integrated,
stand -alone, 4-kilowatt photovoltaic system in the Hudson River Valley.
 Worldwide, photovoltaic production exceeds 21.3 megawatts, and sales
top $250 million.

1984

The Sacramento Municipal Utility District commissions its first 1-megawatt
photovoltaic electricity generating facility.

1985

Researchers at the University of South Wales break the 20% efficiency barrier
for silicon solar cells.

1986

 The world's largest solar thermal facility is commissioned in Kramer
Junction, California. The solar field contains rows of mirrors that
concentrate the sun's energy onto a system of pipes circulating a heat
transfer fluid. The heat transfer fluid is used to produce steam, which
powers a conventional turbine to generate.
 ARCO Solar releases the G-4000 — the world's first commercial thin-film
module.

1988

Dr. Alvin Marks receives patents for two solar power technologies: Lepcon
and Lumeloid. Lepcon consists of glass panels covered with millions of
aluminum or copper strips, each less than a thousandth of a millimeter wide.
As sunlight hits the metal strips, light energy is transferred to electrons in the
metal, which escape at one end in the form of electricity. Lumeloid is similar
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but substitute cheaper, film-like sheets of plastic for the glass panels and
covers the plastic with conductive polymers.
1990

U.S. investments in the solar electric cell were successful, but weren't paying
off in a monetary sense. Costs of solar energy had dropped, making it more
competitive and affordable. However, the costs of fossil fuels had dropped as
well. Solar power simply wasn't as affordable.

1991

President George Bush announces that the U.S. Department of Energy's Solar
Energy Research Institute has been designated the National Renewable
Energy Laboratory.

1992

Researchers at the University of South Florida develop a 15.9% efficient thinfilm photovoltaic cell made of cadmium telluride, breaking the 15% barrier
for this technology. A 7.5-kilowatt prototype dish system that includes an
advance stretched-membrane concentrator begins operating.

1993

Pacific Gas and Electric installs the first photovoltaic grid system in Kerman,
California.

1994

The first solar dish generator to use a free-piston Stirling engine is hooked up
t a utility grid. The National Renewable Energy Laboratory develops a solar
cell made of gallium indium phosphide and gallium arsenide; it's the first one
of its kind to exceed 30% conversion efficiency.

1996

 The world's most advanced solar-powered airplane, the Icare, flies over
Germany. Its wings and tail surfaces are covered by 3,000 super-efficient
solar cells, for a total area of 21 square meters.
 The U.S. Department of Energy and an industry consortium begin
operating Solar Two — an upgrade of the Solar One concentrating solar
power tower. Until the project's end in 1999, Solar Two demonstrates how
solar energy can be stored efficiently and economically so power is
produced even when the sun isn't shining; it also spurs commercial interest
in power towers.
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1998

 On August 6, a remote-controlled, solar- powered aircraft, "Pathfinder,"
sets an altitude record of 80,000 feet on its 39th consecutive flight in
Monrovia, California — higher than any prop-driven aircraft to date.
 SubhenduGuha, a scientist noted for pioneering work in amorphous silicon,
leads the invention of flexible solar shingles, a roofing material and stateof-the-art technology for converting sunlight to electricity on buildings.

1999

 Spectrolab, Inc., and the National Renewable Energy Laboratory develop a
32.3% efficient solar cell. The high efficiency results from combining three
layers of photovoltaic materials into a single cell, which is most efficient
and practical in devices with lenses or mirrors to concentrate the sunlight.
The concentrator systems are mounted on trackers to keep them pointed
toward the sun.
 Researchers at the National Renewable Energy Laboratory develop a
record-breaking prototype solar cell that measures 18.8% efficient, topping
the previous record for thin-film cells by more than 1%. Cumulative
installed photovoltaic capacity reaches 1000 megawatts, worldwide.

Solar Energy History 2000-Today
2000

 Production begins at First Solar in Perrysburg, OH, the world's largest
photovoltaic manufacturing plant.
 Industry Researchers develop a new inverter for solar electric systems that
increases safety during power outages.
 The 12 -kilowatt solar electric system of a Morrison, Colorado, family is
the largest residential installation in the United States to be registered with
the U.S. Department of Energy's Million Solar Roofs program. The
system provides most of the electricity for the family of eight's 6,000square-foot home.
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2001

 Featuring a solar electric canopy, the first BP Connect gasoline and retail
store opens in Indianapolis, Indiana.
 The National Space Development Agency of Japan, NASDA, announces
plans to develop a satellite-based solar power system that beams energy
back to Earth.
 TerraSun LLC develops a unique method of using holographic films to
concentrate sunlight onto a solar cell.
 PowerLight Corporation connects the world's largest hybrid solar-wind
power system to the grid in Hawaii. Its solar energy capacity — 175
kilowatts — is larger than its wind energy capacity — 50 kilowatts; this is
somewhat unusual for hybrid power systems.
 British Petroleum and BP Solar announce the opening of a service station
in Indianapolis that features a solar-electric canopy.

2002

 In the Solar Decathlon competition sponsored by the Department of
Energy, students at the University of Colorado built an energy efficient
home that utilized solar power.
 NASA conducts two successful tests of a solar-powered, remotecontrolled aircraft called Pathfinder Plus. In July, researchers demonstrate
the aircraft's use as a high-altitude platform for telecommunications
technologies. In September, it's tested for use as an aerial imaging system
for coffee growers.
 The Union Pacific Railroad installs 350 blue-signal rail yard lanterns,
which incorporate energy-saving light-emitting diode (LED) technology
and solar cells, at the large North Platt, Nebraska, and rail yard.

2005

The PV industry in China is worth around Euro 1.5 Billion and employs
13,810 people as this stage

2007

The race heats up to produce the most efficient solar panel

2010

Barack Obama sticks PV panels back on the roof

2011

Fukushima Nuclear Disaster causes Germany to ditch its nuclear program in
favor of renewables, with emphasis on solar PV
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2012

 In Germany Solar power produces 22 Gigawatts per hour, about the same
as 20 Nuclear Power Stations, Enough for 50 % of the entire country.
 There are about 2, 88, 000 solar projects in the UK.
 UK government declares that 4 million homes will be powered by the sun
by 2020.

2013

 India's first solar powered ATMs are installed.
 Spain is now generating more than 50% of its power renewably, month on
month.

Table No. 1: Chronology of solar energy development
Source: (i) http://visual.ly/solar-energy-timeline

1.4 Solar energy applications
Some of the major solar applications across world are represented in the table below along with
their usage in respective fields and the technologies used in such applications. For a further
classification the secondary technologies have also been listed out in the table.

What is solar
energy used
for?

Where is it
used?

Heating - Water Homes

Which solar technologies
are used?





Commercial

Agriculture

Aquaculture
Heating Swimming
Pools

Outdoor pools

Heating Ventilation Air

All building
types
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Indoor pools




Which secondary
technologies are
used? (where
applicable)
Glazed flat plate collectors  Heat exchanger
Batch collectors
 Hot water tank
Vacuum tube collectors
Liquid-based collectors
 Heat exchanger
 Medium-large water
tank
Glazed flat plate collectors  Heat exchanger
Unglazed flat plate
 Medium-large water
collectors
tank
Unglazed flat plate
Medium-large water
collectors
tank
Unglazed flat plate
collectors
Glazed flat plate collectors
Heat exchanger
all Air-based collectors

 By-pass dampers
 Make-up air
handling units

Heating Buildings

Homes /
Commercial

Advanced windows
Transparent insulation

Appropriate building
materials
Building design

Trombe wall
Liquid-based collectors with
home heating system

Heat exchanger
Advanced thermal
storage
 Seasonal thermal
Storage
 District heating
network

Communitywide

Liquid-based collectors
large-scale arrays

Greenhouses
Commercial

Transparent insulation
Vacuum tube collectors
Glazed flat plate collectors

Day lighting Buildings

Homes &
Commercial

Advanced windows
Transparent insulation

Crop Drying

Agricultural

all Air-based collectors

Electricity
Generation-Off
Grid

Cottages /
Seasonal
homes

Photovoltaics – small arrays Batteries
Power
 Invertor
 Small wind turbines
or
micro hydro
Photovoltaics – smallmedium arrays

Cooling Buildings

Electricity
Generation Distributed
Power

Power for
remote
equipment
All building
types

Photovoltaics – building
integrated medium-scale
arrays
Remote
Photovoltaics – mediumCommunities
scale
arrays in a hybrid system
Electric
Photovoltaics - largeUtilities
scale arrays
 Power tower
 Parabolic trough

Detoxifying Water

Industrial /
Municipal

Detoxifying Air

Commercial
/Homes
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Cooling cycles various
Building design

Power Invertors






Photo catalysts for
oxidation
Thermal catalysts for
oxidation with concentrating
collectors
Photo catalysts for
oxidation

Combined with
diesel generators on
local grid
Power Invertors
Sun trackers
Steam turbine
High temperature
thermal storage
UV lamps for
backup

UV lamps for
backup

Cooking food &
H2O treatment

Homes

Solar cookers

Table No. 2: Solar technology applications
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CHAPTER-2

Solar Energy technology
Solar energy technologies convert the sun‘s light into usable electricity or heat. Solar energy
systems can be divided into two major categories: photovoltaic and thermal. Photovoltaic cells
produce electricity directly, while solar thermal systems produce heat for buildings, industrial
processes or domestic hot water. Thermal systems can also generate electricity by operating heat
engines or by producing steam to spin electric turbines. The most common way of harnessing
energy from the sun is through photovoltaic (PV) panels. These panels operate as conductors,
taking in the sun‘s rays, heating up, and creating energy (and electricity). On a larger scale, solar
thermal power plants also harness the power of the sun to create energy. These plants utilize the
sun‘s heat to boil water and, in turn, power steam turbines. These plants can supply power to
thousands of people.

2.1 Solar Photovoltaics
Photovoltaic (PV), convert sunlight directly into electricity. PV gets its name from the process of
converting light (photons) to electricity (voltage), which is called the PV effect. The PV effect was
discovered in 1954, when scientists at Bell Telephone discovered that silicon (an element found in
sand) created an electric charge when exposed to sunlight. Soon solar cells were being used to
power space satellites and smaller items like calculators and watches.
A photovoltaic (PV) or solar cell is the basic building block of a PV (or solar electric) system. An
individual PV cell is usually quite small, typically producing about 1 or 2 watts of power. To boost
the power output of PV cells, we connect them together to form larger units called modules.
Modules, in turn, can be connected to form even larger units called arrays, which can be
interconnected to produce more power, and so on.
Solar panels used to power homes and businesses are typically made from solar cells combined into
modules that hold about 40 cells. A typical home will use about 10 to 20 solar panels to power the
home. The panels are mounted at a fixed angle facing south, or they can be mounted on a tracking
device that follows the sun, allowing them to capture the most sunlight. Many solar panels
combined together to create one system is called a solar array. For large electric utility or industrial
applications, hundreds of solar arrays are interconnected to form a large utility-scale PV system.
Development of solar PV technology can be categorized into three stages:
First generation refers to the last three decades when the solar PV technology was primarily based
on the same silicon wafers as used in microelectronics.
Presently, there is a transition in progress to a second generation of a potentially much lower-cost
thin-film technology. The thin-film technology has immense potential to reduce cost based on
increased manufacturing volume and improved technology processes. In India, solar PV has wide
off-grid application in domestic and agriculture sector, particularly in remote areas.
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Furthermore, there are emerging technologies (known as the third generation PV technologies)
with great prospect for cost reduction and improved technology. These technologies are presently in
the R&D stage. The future market trend and prospect of PV technology is highly aligned to the cost
reduction efforts in its transition to next generation PV technologies.

1st Generation
(c-Si)

PV Technologies

2nd Generation
(Thin-film)

• mc-Si*
• pc-Si
• Ribbon/sheet c-Si

• a-Si, a-Si/nc-Si
• CdTe
• CIS
• CIGS

3rd Generation
(Emerging)

• CPV
• Organic cells
• Novel PV concepts

Note: *mc-Si - Single crystalline, pc-Si - Poly-crystalline, c-Si - Ribbon/sheet; a-Si Amorphous silicon, a-Si/|_ic-Si Micromorph silicon; CdTe - Cadmium-Telluride, CIS - Copper-lndium-Diselenide, CIGS - Copper-lndium-GalliumDiselenide; CPV - Concentrating photovoltaics, c-Si - Crystalline Silicon (c-Si) Based Technologies.
Figure 1: Types of Photovoltaic Technologies

How Solar Photovoltaics Work
PV cells works through photovoltaic effect, which is the direct conversion of light into electricity at
the atomic level. PV cells exhibit a property known as the photoelectric effect that causes them to
absorb photons of light and release electrons. These free electrons can be captured to produce
electricity.
How do Photovoltaic cells work?
Photovoltaic (PV) cells are made up of at least 2 semi-conductor layers. One layer containing a
positive charge, the other a negative charge. When light strikes the cell, a certain portion of it is
absorbed within the semiconductor material. This means that the energy of the absorbed light is
transferred to the semiconductor. The energy knocks electrons loose, allowing them to flow freely.
PV cells also have one or more electric field that acts to force electrons freed by light absorption to
flow in a certain direction. This flow of electrons is a current, and by placing metal contacts on the
top and bottom of the PV cell, we can draw that current off for external use, say, to power a
calculator. This current, together with the cell's voltage (which is a result of its built-in electric field
or fields), defines the power (or wattage) that the solar cell can produce.
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How do Solar Panels work?
Each individual solar energy cell produces only 1-2 watts. To increase power output, cells are
combined in a weather-tight package called a solar module. These modules (from one to several
thousand) are then wired up in serial and/or parallel with one another, into what‘s called a solar
array, to create the desired voltage and amperage output required by the given project. A PV array
is one of the components of the balance-of-system (BOS) which includes support structures such as
wiring, storage devices, and conversion devices. The modular nature of PV helps designers to build
PV systems with various power output for different types of applications.
Commercially, there are two types of PV systems:
 Flat plate systems- In the flat plate systems, PV modules are built on flat surface to capture
sunlight.
 Concentrator systems- These systems use lenses to concentrate sunlight on the PV cells.
Unlike flat plate systems, concentrator systems employ lesser cells and require
sophisticated and expensive tracking systems. Furthermore, this system does not work in
overcast conditions because the system is not equipped to focus diffuse sun rays.

2.1.1 Types of Solar Cells
On the basis of the stages of development and technology employed, PV cells are broadly divided
into two types:a) Crystalline materials band and
b) Thin film materials

Crystalline Silicon (C-SI) Based Technologies
Crystalline silicon Photovoltaics is the most widely used photovoltaic technology. Crystalline
silicon Photovoltaics are modules built using crystalline silicon solar cells (c-Si), developed from
the microelectronics technology industry. Crystalline silicon solar cells have high efficiency,
making crystalline silicon Photovoltaics an interesting technology where space is at a premium.
In crystalline silicon Photovoltaics, solar cells are generally connected together and then laminated
under toughened, high transmittance glass to produce reliable, weather resistant photovoltaic
modules. The glass type normally used for this technology is rolled low iron glass such as
Pilkington Sunplus, often in toughened form, combined with an anti-reflective coating, to ensure
that the maximum solar radiation reaches the crystalline silicon solar cells. It is also possible to use
low iron float glass such as Pilkington Optiwhite.
Mono Crystalline Silicon (sc-Si): It is produced by employing Czochralski's (CZ) method. A
single-crystal silicon seed is dipped into the molten mass of polycrystalline. The seed is pulled
slowly from the melt and a single-crystal ingot is formed. The ingots are then sawed into thin
wafers (around 200-400 micrometers thick), polished, coated and assembled into modules and
arrays. Mono crystalline silicon has a relatively higher uniformity in its molecular structure,
resulting in higher energy conversion efficiency and higher level of electricity generation. The
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conversion efficiency for single-silicon commercial modules ranges between 15 - 20% which
makes it energy efficient.
Polycrystalline Silicon (mc-Si): Polycrystalline silicon, also called as multicrystalline silicon
(multi crystal/ mc-Si) cells, is a material consisting of small silicon crystals. Polycrystalline solar
panels do not require the Czochralski process. In these types of cells, raw silicon is melted and
poured into a square mold, which is cooled and cut into perfectly square wafers. In other words
these cells are manufactured from cast square ingots, produced by cooling and solidifying molten
silicon. The liquid silicon is poured into blocks which are cut into thin plates. The solidification of
the material results into cells that contain many crystals, making the surface of the poly-Si/ mc-Si
cell less perfect than its mono-Si counterpart.
"Ribbon growth" is an alternative production method in which silicon is drawn directly (without
sawing) as thin ribbons or sheets from the molten polycrystalline silicon. The most commercially
developed ribbon is based on edge-defined film-fed growth (EFG) techniques. This method
involves comparatively lower manufacturing cost because the process does not require sawing. So
silicon ribbons require around 5 gms of silicon per Watt as opposed to 8 gms per Watt using
crystalline wafers.

Thin Film Technologies
A thin-film PV cell is made by depositing a thin semiconductor layer on low-cost substrate such as
^ glass, metal or plastic foil. Such thin-film silicon solar cells require a far lower amount of silicon
material than the ‗classical‘ wafer based crystalline silicon solar cells; this means that they have, on
a medium-term time scale, a more pronounced cost reduction potential than the latter.
The highly photosensitive semiconductor layer is extremely thin, varying from few micrometers to
even less than a micrometer. The thickness of semiconductor material required is 100 to 1000 times
less than the thickness of a silicon wafer. The production process involves the use of any
semiconductor and not necessarily the semiconductors with only silicon atoms. The option to use
different compounds as semiconductor adds to cost reduction.
‗Energy payback time‘, i.e. the time required for the photovoltaic solar module to ‗pay back‘, to the
user, the quantity of energy invested during its fabrication, is at least a factor of two lower in the
case of thin-film silicon solar cells than for wafer-based crystalline silicon solar cells. Thin film
technologies have a significant lower material cost which is approximately 30% less than
crystalline panels; this is mainly due to the module itself and its installation process. This
technology has a faster manufacturing process with fewer steps. Besides, being energy efficient it is
Lightweight and a flexible substrate.
Commercial production of thin film Photovoltaics is currently based on three types of thin-film
solar cells:
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Thin Film technology

Amorphous silicon (a-Si)

Cadmium Telluride (CdTe)

Copper indium gallium
selenide (CIGS)

Figure 2: Types of Thin Film technology

Amorphous silicon (a-Si): It has physical properties that can best be compared with those of glass.
Instead of a rigid crystalline framework, the material has a more fluid like form that lacks orderly
structure. Fabrication of the cell begins with a sheet of ordinary glass, over which a very thin layer
of conductive metal—actually a mixture of indium oxide and tin oxide, referred to as the ITO
layer—is deposited. Its purpose is to provide the positive contact for the cell. A layer of P-type
semiconductor silicon is then applied on top of the ITO by a plasma process. Then a layer of
undoped (nonconducting) silicon, which acts as an insulating barrier, is formed over the two
previous coatings. A third and final silicon deposit consists of N-type semiconductor material. And
backing up the whole assembly—providing the negative contact—is a covering of aluminum.
Amorphous Silicon cells have high light absorptivity, which is around 40 times higher than that of
single-crystal silicon. It is because of this high absorption factor that a thin layer of a-Si is sufficient
for making PV cells which could be around 1 micrometer as compared to around 200 micrometers
thick for crystalline silicon cells. It is mostly used in consumer electronic products which require
lower power output and production cost. For instance, most pocket calculators are powered by thin
film solar cell made out of amorphous silicon.
However amorphous silicon (a-SI) cells offer great advantages some of the major roadblocks in
using a-Si are as follows:
 Amorphous thin-film solar cells have lower efficiency rates- The technology is new, and
efficiency rates are thought to increase with technological breakthroughs in the near future.
 Low cell energy conversion efficiency- the energy conversion efficiency ranges between 5
and 9% making it non reliable for outdoor applications. Besides this, the efficiency
decreases to 10 - 15% within a few months of exposure to sunlight.
Cadmium Telluride (CdTe): Solar panels based on CdTe are the first and only thin film
photovoltaic technology to surpass crystalline silicon PV in cheapness for a significant portion of
the PV market, namely in multi-kilowatt systems. CdTe is one of the semiconductors which are
made from compounds that absorb light more strongly than semiconductors made from elements
such as silicon and germanium. CdTe is a polycrystalline semiconductor compound made of
cadmium and tellurium. Cadmium Telluride Solar Panels come with certain advantages such as:
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Ease of manufacturing: The necessary electric field, which makes turning solar energy into
electricity possible, stems from properties of two types of cadmium molecules, cadmium sulfide
and cadmium telluride. A simple mixture of molecules achieves the required properties, simplifying
manufacturing compared to the multi-step process of joining two different types of doped silicon in
a silicon solar panel.
Good match with sunlight: Cadmium telluride absorbs sunlight at close to the ideal wavelength,
capturing energy at shorter wavelengths than is possible with silicon panels
Cadmium abundance: Cadmium is produced as a by-product of other important industrial metals
such as zinc; which makes it abundant in nature.
One of the major concerns associated with CdTe solar cells is that these solar panels currently
achieve an efficiency of 10.6%, which is significantly lower than the typical efficiencies of silicon
solar cells. Apart from this Cadmium is listed as one of the top 6 deadliest and toxic materials.
Though a very low proportion of cadmium is used in the modules, this hinders the technology from
gaining wide market acceptance.
Copper indium gallium selenide (CIGS): CIGS technology has achieved efficiency levels of 20%
in the laboratory, much higher than Cadmium Telluride. Certain advantages of CIGS technology
are listed below:
1. The active layer (CIGS) can be deposited in a polycrystalline form directly onto molybdenum
coated glass sheets or steel bands. This uses less energy than growing large crystals, which is a
necessary step in the manufacture of crystalline silicon solar cells. Also unlike crystalline silicon,
these substrates can be flexible.
2. One environmental advantage of CIGS solar cell technologies have over Cadmium Telluride
solar cell panels is that it uses a much lower level of cadmium, in the form of cadmium sulfide. In
some designs, sometimes zinc is used instead of cadmium sulfide all together.
3. Like Cadmium Telluride panels, CIGS solar cell panels show a better resistance to heat than
silicon based solar panels.
One of the major drawbacks of this technology is that CIGS panels are not as efficient as crystalline
silicon solar cells, for which the record efficiency lies at 24.7%. They are however, the most
efficient of the thin film technologies.
Comparison of the traditional advantages and disadvantages of Thin Film TechnologiesTechnology

Maximum
Demonstrated
Efficiency for
small cells

Advantages

Disadvantages

a-Si

12.20%

Mature
manufacturing
technology

Low efficiency High
equipment costs
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CdTe

16.50%

Low-cost
manufacturing

Medium efficiency
Rigid glass substrate

CIGS

19.90%

High efficiency
Glass or flexible
substrates

Film uniformity
challenge on large
substrates Costly
traditional processes

Table No. 3: Advantages and disadvantages of Thin Film Technologies
Source: http://solopower.com/solutions-technology/thin-film-photovoltaics/

Comparison of Solar Cells by types
The table below compares solar cells by types relative to India's PV market landscape:
Mono
crystalline

Polycrystalline

Amorphous

CdTe

CIS/CIGS

Typical module
efficiency

15-20%

13-16%

6-8%

9-11%

10-12%

Best research cell
efficiency
Area required for
1 kWp

25.00%

20.40%

13.40%

18.70%

20.40%

6-9 m2

8-9 m2

13-20 m2

11-13
m2

9-11 m2

Typical length of
warranty
Lowest price

25 years

25 years

10-25 years

0.75 $/W

0.62 $/W

0.69 $/W

Temperature
resistance

Performance
drops 10-15%
at high
temperatures

Less temperature
resistant than
monocrystalline

Tolerates
extreme heat

Relatively low impact on
performance

Table No. 4: Comparison of Solar Cells
Source: http://energyinformative.org/solar-cell-comparison-chart-mono-polycrystalline-thin-film/

2.2 Concentrated Solar Power Technology (CSP)
Concentrating Solar Power (CSP) offers a utility-scale, firm, dispatchable renewable energy option
that can help meet the nation‘s demand for electricity. The CSP devices concentrate solar energy
received from sun's rays and heat a receiver to high temperature. The heat so generated is first
converted to into mechanical energy using turbines or other engines and then into electricity.
Concentrating Solar Power (CSP) technologies use mirrors to concentrate (focus) the sun's light
energy and convert it into heat to create steam to drive a turbine that generates electrical power.
That heat is then channeled through a conventional generator. The plants consist of two parts: one
that collects solar energy and converts it to heat, and another that converts the heat energy to
electricity.
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Unlike solar Photovoltaics (PV), CSP uses only the direct component (DNI) of sunlight and
provides heat and power only in regions with high DNI (i.e. Sun Belt regions like North Africa, the
Middle East, the southwestern United States and southern Europe). CSP plants can be equipped
with a heat storage system to generate electricity even under cloudy skies or after sunset. Thermal
storage can significantly increase the capacity factor and dispatchability of CSP compared with PV
and wind power. It can also facilitate grid integration and competitiveness.

2.2.1 Types of CSP Technology
Parabolic Troughs
PT is the most mature CSP technology, accounting
for more than 90% of the currently installed CSP
capacity. Trough systems use large, U-shaped
(parabolic) reflectors (focusing mirrors) that have
oil-filled pipes running along their center, or focal
point. A thermal transfer fluid, such as synthetic
thermal oil, passes through these tubes, which is
heated to approximately 400°C by the concentrated
sun rays. The heated oil is then pumped through a
series of heat exchangers to produce superheated
steam. The superheated steam is converted to
electrical energy in a conventional steam turbine
generator, which can either be a part of a
conventional steam cycle or integrated into a
combined steam and gas turbine cycle.

Figure 3: Parabolic Troughs
Source: http://www.bls.gov/green/solar_power/

Linear Fresnel Reflectors

Figure 4: Linear Fresnel Reflectors
Source:
https://courses.engr.illinois.edu/npre201/webproject/FA
LL%202011/NPRE201SolarPower/LinSystems.html

Linear Fresnel Reflectors are similar to
parabolic troughs in which solar radiation is
concentrated on an elevated inverted linear
absorber using an array of flat reflectors. Linear
concentrator systems collect the sun's energy
using long rectangular, curved (U-shaped)
mirrors. The mirrors are tilted toward the sun,
focusing sunlight on tubes (or receivers) that
run the length of the mirrors. The reflected
sunlight heats a fluid flowing through the tubes.
The hot fluid then is used to boil water in a
conventional steam-turbine generator to
produce electricity.

The design of flexible bent mirrors and fixed receiver lowers the production cost as it eliminates the
cost for or need of heat transfer fluid and heat exchanger. Though these are less efficient in
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converting solar energy into electricity as compared to troughs, for power generation, where higher
steam temperatures are needed, LFR proves to be reliable and cost effective. In Linear Fresnel
Reflectors, one receiver tube is positioned above several mirrors to allow the mirrors greater
mobility in tracking the sun.
Solar Towers
Tower systems have three main components:
ground heliostats, a tower, and a central receiver at
the top of the tower. Power tower systems also
called central receivers, use many large, flat
heliostats (mirrors) to track the sun and focus its
rays onto a receiver. A power tower converts
sunshine into clean electricity for the world‘s
electricity grids. A circular array of heliostats (large
tracking mirrors) is used to concentrate sunlight on
to a central receiver mounted at the top of a tower
in which concentrated sunlight heats a fluid, such as
molten salt, as hot as 1,050°F.

Figure 5: Solar Towers
Source:https://www.eeremultimedia.energy.gov/solar/graph
ics/concentrating_solar_power_tower_plant_illustration

A heat transfer fluid heated in the receiver is used to generate steam, which, in turn, is used in a
conventional turbine-generator to produce electricity. A heat-transfer medium in this central
receiver absorbs the highly concentrated radiation reflected by the heliostats and converts it into
thermal energy to generate superheated steam, which is then fed into a turbine generator to produce
electricity.
The first commercial solar tower system was built by Abengoa Solar of Spain and is referred to as
PS10 at the Solucar Platform in the Spanish province of Seville. It began operation in March, 2007
and continues to this day.
Parabolic Dishes

Figure 6: Parabolic Dishes
Source:http://energy.gov/eere/energybasics/articles/conce
ntrating-solar-power-dishengine-system-basics
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Dish/engine systems use mirrored dishes (about
10 times larger than a backyard satellite dish) to
focus and concentrate sunlight onto a receiver.
Mirrors are distributed over a parabolic dish
surface to concentrate sunlight on a receiver
fixed at the focal point. In contrast to other CSP
technologies that employ steam to create
electricity via a turbine, a dish-engine system
uses a working fluid such as hydrogen that is
heated up to 1,200° F in the receiver to drive an
engine such as the Stirling engine. To capture
the maximum amount of solar energy, the dish
assembly tracks the sun across the sky. The
receiver is integrated into a high-efficiency
"external" combustion engine.

The engine has thin tubes containing hydrogen or helium gas that run along the outside of the
engine's four piston cylinders and open into the cylinders. As concentrated sunlight falls on the
receiver, it heats the gas in the tubes to very high temperatures, which causes hot gas to expand
inside the cylinders. The expanding gas drives the pistons. The pistons turn a crankshaft, which
drives an electric generator. The receiver, engine, and generator comprise a single, integrated
assembly mounted at the focus of the mirrored dish.
Comparison of CSP Technologies

Figure 7: Comparison of CSP Technologies
Source: https://firstgreenconsulting.wordpress.com/2012/06/04/comparison-of-csp-technologies/comparison-ofcsp-technologies/
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2.3 Few Latest Solar technologies in India
 “TEJAS”- The Solar Tuk-Tuk:
The vehicle has emerged as an alternative clean energy transport equipped with a new motor
and a gear box compared to the traditional three-wheelers. The roof of the Tuk Tuk is made
entirely from the solar panels and to protect these panels, the sides of the vehicle are draped
with cloth. This project costs approximately Rs.3.4 lakh and it can travel 105 kilometers
continuously at the rate of 45 kilometers per hour.
 The Solar cycle stand:
The one of its kind has been developed at a government run middle school in Chandigarh city.
The capacity of the SPV power plant is 15 KWp, which has been installed with a cost of
Rs.18.70 lakh, with a coverage area of 1,050 square feet where more than 100 cycles can be
accommodated. This SPV power plant has already generated around 7,500 units of electricity,
since its inception on 23th Jan, 2014 and had reduced 4,050kg of CO2 emission.
 India’s 1st Floating Solar Power Plant:
First of its kind in India, this is an installation of 10kWp and is a part of a R&D project jointly
done with Arka Renewable Energy College in Kolkata & NKDA (Newtown Kolkata
Development Authority) . The project was funded by MNRE-Govt. of India. The installation is
completely flexible, and consists of ten 1kW fibre glass modules, which make up the floating
pontoon itself. The system is firmly anchored to the bottom of the lake and is connected to the
grid by using a submersible cable. The overall system is designed to last for 25 years and
produce a minimum generation of 14 Mwh/ year.
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CHAPTER-3

Global Status of Solar Energy
Overtime solar energy has gained momentum across world. In the growing need of sustainable
development alternative methods for energy needs are gaining worldwide interest from researchers,
policy makers and others. Amongst all, Solar Energy after various studies and analyses has been
interpreted to be a dominating source of energy.

3.1 Solar Energy targets
Earth receives solar energy at the rate of approximately 1, 73,000 TW, which makes various
regions on earth eligible for large scale solar power extraction. With this situation and several other
factors, different countries have identified solar energy targets, which they plan to, achieve in the
respected identified year (Table No.5).
COUNTRY
Algeria

Austria
Bangladesh

Bhutan
Bulgaria
Province
Ontario
Electricity

China

Djibouti
Egypt
Greece
Guinea
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TECHNOLOGY TARGETS
Solar
PV 25 MW by 2013; 241 MW by 2015; 946 MW by 2020; 2.8
GW by 2030
CSP

25 MW by 2013; 325 MW by 2015; 1,500 MW by 2020;
7,200 MW by 2030

Solar PV
Solar PV

1,200 MW added 2010–2020
500 MW by 2015

Solar PV (offgrid and rural)
Solar PV
Solar PV
of Solar PV

Solar PV
CSP
Solar PV
Solar PV
CSP
Solar PV
Solar power

2.5 million units by 2015
5 MW by 2025
80 MW solar PV park operational by 2014
40 MW by 2025

10 GW added in 2014; 35 GW by 2015 (including 20 GW
distributed generation)
1 GW by 2015; 3 GW by 2020
30% of rural electrification by 2017
700 MW by 2017
2.8 GW by 2017
2.2 GW by 2030
6% of electricity by 2025

GuineaBissau
India

Solar PV

Indonesia
Iraq
Italy
Japan
Jordan

Solar PV
Solar PV
Solar PV
Solar PV
Solar PV

Solar
CSP

PV

2% of primary energy by 2015
and 10 GW added 2012–2017; 20 GW grid-connected added
2010–2022;
2
GW
off-grid added 2010–2020; 20 million solar lighting systems
added 2010–202
156.8 MW by 2025
240 MW by 2016
23 GW by 2017
28 GW by 2020
300 MW by 2020

CSP
300 MW by 2020
Solar PV
423 MW by 2016
Kenya
Solar PV
3.5 GW by 2030
Kuwait
CSP
1.1 GW by 2030
Solar PV
129 MW by 2015
Libya
CSP
125 MW by 2020; 375 MW by 2025
Solar PV and 2 GW by 2020
Morocco
CSP
82,000 solar home systems installed (no date)
Mozambique Solar PV
Solar PV
3 MW by 2013
Nepal
Solar
PV
(large75
MW by 2015; 500 MW by 2025
Nigeria
scale, >1 MW)
Solar PV
45 MW by 2020
Palestinian
Territories
CSP
20 MW by 2020
Solar PV
284 MW added 2010–2030
Philippines
Solar PV
670 MW by 2020
Portugal
CSP
50 MW by 2020
Solar PV
1.8 GW by 2014
Qatar
solar
PV, 6 GW combined by 2020
Russia
Hydropower
(small-scale),
wind
Saudi
Arabia
Serbia
South Korea
Spain
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Solar PV and
CSP
Solar PV
Solar PV
CSP
Solar PV
Solar
PV
(electricity)
CSP (electricity)

6 GW solar PV by 2020; 16 GW
41 GW by 2032 (25 GW CSP and 16 GW PV)
150 MW by 2017
2,046 GWh by 2030
1,971 GWh by 2030
3% by 2020
7.30 GW by 2020
4.8 GW by 2020

by

2032;

Solar PV
CSP
Solar PV

350 MW by 2031
50 MW by 2031
45 MW by 2015; 380 MW by 2020; 1.1 GW by 2025; 1.8 GW
Syria
by 2030
CSP
50 MW by 2025
Solar PV
130 MW in 2013
Taiwan
Solar
PV
3 GW by 2021; 1 GW added in 2014
Thailand
Solar PV
1.9 GW by 2030
Tunisia
CSP
300 MW by 2030
Solar PV (solar 400 kW by 2012; 700 kW by 2017
Uganda
home systems)
Solar PV
4 MW by 2025
Yemen
CSP
100 MW by 2025
Table No. 5: Country wise solar energy targets
Source: Renewables 2014, Global Status Report
Sudan

3.2 Solar Energy Installed Capacity
Global solar PV installed capacity was accounted to be 139 Gigawatts in 2013, which was
accounted to be 3.7 Gigawatts in 2004. From the statistics it can well be judged that in the past ten
years global solar industry has gained tremendous importance. There has been a continuous
increase year after year in the Solar PV installations worldwide. By the end of 2013, a total capacity
addition of 39 GW has been done across world. Amongst the top ten countries China is accounted
to be the highest contributor in capacity addition in 2013. Out of 39 GW, 33% solar PV capacity
addition has been done solely by China (Figure 8)

SOLAR PV CAPACITY ADDED IN 2013
(IN GW)
14

12.9

12
10
8
6
4

6.9

6.5
4.8
3.3
1.5

2

1.5

0.8

0

Figure 8: Solar PV Capacity Added in 2013
Data Source: Renewables
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2014, Global Status
Report

0.6

0.2

0.2

Germany has been a dominant contributor in solar PV installations with 35.9 GW of installed solar
PV capacity followed by China with 19.9 GW. China has astoundingly increased its solar PV
capacity within a period of one year. Adding 12.9 GW in the year 2013, China has made its place
amongst top three nations in solar PV installed capacity. Italy had an installed capacity of 16.4 GW
in 2012, the second most highest in 2012, which has been overtaken by China in 2013. Climbing
two positions up leaving US and Italy behind in installing Solar PV, China has now become the
second most advanced nation in terms of solar power (Figure 9). Amongst the top ten countries,
United Kingdom stood last in Solar PV installed capacity in 2012, however shifting one place up,
UK now stands 9th in Solar PV installation with 3.3 GW installed capacity competing Australia.
Though in 2013 Australia and UK share a same place in solar PV installed capacity, UK has a
cutting edge for adding 1.5 GW beating Australia by 0.7 GW of solar power in 2013. Contrarily
some countries have not shown much growth in this sector such as Belgium. It had an installed
capacity of 2.7 GW in the end of 2012, but could not install more than 0.2 GW in 2013. This slow
growth brought Belgium on 10th position from being 8th in 2012. (Figure 9)

Figure 9: Top ten countries in Solar PV Installed capacity in 2012 and 2013
Data Source: Renewables 2014, Global Status Report
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3.3 Solar Energy Investment Pattern
Worldwide investment in solar energy has reached 149.6 Billion USD in 2014 which was 16.3
Billion USD in 2005. Globally, the investment pattern has shown that there has been a continuous
increase in the financial share of solar power since 2005 to 2011. In 2011, solar sector received the
highest investments (155.7 Billion USD) however since then there has been a decline.
An interesting fact that has emerged from the statistics is that, up till 2009 wind has been a
dominating source of energy in terms of investment, solar being the second except in 2006 when
biofuels received the second largest investments. With the continuous research and development in
the sector, solar energy has gained the foremost attention of the investors and since 2010 it has
become the most dominating source of energy throughout world receiving maximum investments
amongst all other renewable energy sources. Besides a downfall in investments in 2012 and 2013,
solar sector has managed to receive maximum investments compared to other resources. In 2014
investments in solar power have again gone up to 149.6 Billion USD. (Figure 10)
180
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Note: New investment volume adjusts for re-invested equity. Total values include estimates for undisclosed deals figures

Note: New investment volume adjusts for re-invested equity. Total values include estimates for undisclosed deals.
Figure 10: Investments in Renewable Energy (sector-wise), 2005-2014
Data Source: Global RE investment report 2015

In 2012, about 90% of all solar power investment went to solar PV, with the remaining share going
to CSP. Solar power saw one of the largest declines in 2013, with investment dollars falling about
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20% below 2012 levels. Reductions in installed costs of solar PV systems were to a large extent
responsible for this decline. In 2013, 66% of the total investments in solar power were from
developed countries however another 34% was from developing countries (Figure 11).

Global Solar Power Investment in 2013

Developing
countries
34%

Developed
Countries
66%

Figure 11: Global Solar Power investment in 2013
Data Source: Renewables 2014, Global Status Report
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Chapter-4

Solar Energy status in India
4.1 Solar Energy Potential in India
India is a land of high solar insolation, which makes it a distinguished country for setting up solar
farms in abundance. Success of solar energy installations in different sites of the country banks on
the availability of reliable solar radiation data. According to recent estimates India is accounted to
have solar potential of 748.98 GWh. Rajasthan and Jammu & Kashmir are accounted to have 34%
of the total solar power potential.
State
Rajasthan
Jammu & Kashmir
Maharashtra
Madhya Pradesh
Andhra Pradesh
Gujarat
Himachal Pradesh
Orissa
Karnataka
Uttar Pradesh
Telangana
Chhattisgarh
Jharkhand
Tamil Nadu
Uttarakhand
Assam
Bihar
Manipur
Mizoram
Arunachal Pradesh
Nagaland
West Bengal
Kerala
Meghalaya
Sikkim
Haryana
Punjab
Tripura
Delhi
Goa
UT
Total
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Solar Potential (GWh)
142.31
111.05
64.32
61.66
38.44
35.77
33.84
25.78
24.7
22.83
20.41
18.27
18.18
17.67
16.8
13.76
11.2
10.63
9.09
8.65
7.29
6.26
6.11
5.86
4.94
4.56
2.81
2.08
2.05
0.88
0.79
748.98

Table No. 6: State wise Estimated Solar Power Potential
Source: Ministry of New and Renewable Energy

4.2 Installed Capacity
By March 2014, India had a total installed capacity of 2631.96 MW. India has recently started
showing movements into solar power sector. Within one year, there has been a capacity addition of
around 946 MW of solar power in India. In March 2013, solar power installed capacity was
1686.44 MW which became 2631.96 MW in March 2014. Since 2010 there has been a sharp
increase in the installed capacity of solar power in India. From being just 10.28 MW in 2010,
Installed capacity of solar power was accounted to be 2631.96 in 2014 (Figure 12). Solar sector in
India has seen an extravagant transformation in a period of just five years.

Solar Energy Installed Capacity
(2010-2014)
(In MW)
2631.96

3000
2500
1686.44

2000
1500

941.24

1000
500

35.15

10.28

0
2010

2011

2012

2013

2014

Figure 12: Solar Energy Installed Capacity (2010-2014)
Data Source: Energy Statistics 2011, 2012, 2013, 2014, 2015

Out of the total installed capacity in the nation in 2014, Gujarat has 34% of the installed capacity,
followed by Rajasthan with 730.1 MW of installed capacity. According to the estimates Rajasthan
has the maximum solar power potential, however in terms of installations, Gujarat beats Rajasthan.
Repulsively, due to various factors, Jammu & Kashmir, that stands 2 nd in having high solar
potential, it could not make its place amongst top five states in Solar Energy installations.
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States/ UTs

Installed Capacity

Gujarat
Rajasthan

916.4
730.1

Madhya Pradesh

347.17

Maharashtra
Andhra Pradesh

249.25
131.84

98.36
Tamil Nadu
31
Karnataka
30.5
Odisha
21.08
Uttar Pradesh
16.85
Punjab
16
Jharkhand
10.3
Haryana
7.1
Chhattisgarh
7.05
West Bengal Andaman &
5.15
Delhi
5.1
Nicobar
5.05
Uttaranchal
2
Chandigarh Dadar& Nagar
0.82
Others
0.75
Lakshadweep
0.03
Arunachal Pradesh
0.03
Kerala
0.03
Puducherry
0
Assam
0
Bihar
0
Goa
0
Himachal Pradesh
0
Jammu & Kashmir
0
Manipur
0
Meghalaya
0
Mizoram
0
Nagaland
0
Sikkim
0
Tripura
0
Haveli
0
Daman & Diu
2631.96
All India Total
Table No. 7: Installed Capacity in India
Data source: Energy Statistics, 2015

4.3 Investment Pattern
Overtime India‘s government has begun to acknowledge the importance of solar energy to the
country‘s economic growth. The government as well as the private sector plays a crucial role in
development and promotion of solar energy technology.
Investment in clean Energy in India was accounted to be $7.4 Billion in 2014, out of which solar
sector drove nearly 40% of investment i.e. $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 USD, in 2011, which is accounted to be the highest
investment in solar sector in India till 2014. This jump in solar investment in India was partly
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driven by the Jawaharlal Nehru National Solar Mission, a programme that aims to aid the
development of 20GW of solar power by 2022.

Figure 13: Investments in Solar Sector in India, 2010-2014
Source: Global Trends in Renewable Energy Investment, 2011, 2012, 2013, 2014 and 2015
Note: Figures include Asset finance, Public Markets and Venture capital/Private Equity
(VC/PE)

Investment in solar sector is expected to touch heights due to the ongoing and upcoming research &
developments and increasing interest of the investors. Private equity companies such as Goldman
Sachs, Morgan Stanley, IFC and Standard Chartered are looking at Indian market for Solar Energy.
Apart from this, Programmes by the ministry of new and renewable energy are likely to receive
institutional funding by ADB, US Exim bank and German state owned KfW. Thus, this scenario
indicates a continuous growth and a bright future of solar energy in India.
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CHAPTER-5

Solar Energy Policies & Institutional
Framework in India
The Ministry of Power (MoP) is the pinnacle system for planning and policy formulation on power
sector whereas the Ministry of New and Renewable Energy (MNRE) is the prime body for matters
relating to new and renewable energy. Where on one hand development of electricity sector in the
country is the sole responsibility of Ministry of Power, on the other hand broad aim of the MNRE is
to develop and deploy new and renewable energy for supplementing the energy requirements of the
country.

5.1 Regulatory framework structure for power sector in India
Government Of
India

Ministry of
Power

Ministry of new and
Renewable Energy (MNRE)

State
Government

Central Electricity
Authority (CEA)

State Nodal Agency
(SNA)

Indian Renewable Energy
Development Agency
National Institute of
Wind Energy (NIWE)

Central Electricity Regulatory
Commission (CERC)

Alternate Hydro
Energy Center

National Institute
of Solar Energy

Solar Energy Corporation of
India (SECI)
SSS-National Institute of
Renewable Enery
Figure 14: Regulatory framework structure for power sector in India
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Amongst all the institutions involved in the regulatory framework of power sector in India, Solar
Energy Corporation of India (SECI) under MNRE is a not-for-profit company aims at development
of Ultra Mega and Large scale solar plants including Solar Parks. One of its objectives is to own,
operate, develop & manage grid connected as well as off grid solar installations including Rooftops.
SECI is also aimed at taking up energy access programs for rural and remote areas through solar
energy. Other objectives of SECI are:
 Testing of new technologies in Solar through pilot projects leading to commercialization.
 To exchange, distribute & trade power in furtherance of JNNSM goals.
 To promote integrated power generation projects of Solar with conventional & renewable
sources.

5.2 The policy framework
5.2.1 Central Government
National Action Plan on Climate Change (NAPCC) India, in recent times, has started emphasizing power generation from renewable sources
that is either grid interactive or off grid. India actively engaged in multilateral negotiations in the
UN Framework Convention on Climate Change (UNFCCC), in a positive, constructive and
forward-looking manner. In order to achieve a sustainable development path that simultaneously
advances economic and environmental objectives, on 30 June 2008, the National Action Plan for
Climate Change (NAPCC) was framed with eight core missions.

The Jawaharlal Nehru National Solar Mission
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 aimed at deploying 22,000 MW
through grid connected and off-grid power plants and aims at reducing the cost of solar power
generation in the country through (i) long term policy; (ii) large scale deployment goals; (iii)
aggressive R&D; and (iv) Domestic production of critical raw materials, components and products.
The objective of the National Solar Mission is to establish India as a global leader in solar energy,
by creating the policy conditions for its diffusion across the country as quickly as possible.
The mission's immediate aim is to focus on setting up an enabling environment for solar technology
penetration in the country, both at centralized and decentralized levels. The Mission has adopted a
3-phase approach: the 11th Plan and first year of the 12th Plan (up to 2012-13) has been considered
as Phase 1, the remaining 4 years of the 12th Plan (2013-17) are included as Phase 2, and the 13th
Plan period (2017-22) is envisaged as Phase 3. The targets of JNNSM are briefly epitomized below.
Segment
Utility Grid Power
including rooftop
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Target for Phase1
(2010-13)
1100 MW

Cumulative Target for Target for Phase 3
Phase2 (2013-17)
(2017-22)
10,000 MW
20,000 MW

Off-grid Solar
applications
Solar collectors

200 MW

1000 MW

2000 MW

7 million sq. meters

15 million sq. meters

20 million sq.
meters

Table No. 8: JNNSM Capacity Addition Target
Source: Ministry of New and renewable Energy

According to the missions, the first phase (up to 2013) was supposed to focus on capturing of the
low hanging options in solar thermal; on promoting off-grid systems to serve populations without
access to commercial energy and modest capacity addition in grid-based systems. In the second
phase which is ongoing, after taking into account the experience of the initial years, capacity will be
aggressively ramped up to create conditions for up scaled and competitive solar energy penetration
in the country.

Status of JNNSM
Managed by NTPC Vidyut Vyapar Nigam Ltd. (NVVN), the mission has accomplished a few
achievements in its first phase.
State
NVVN
Batch I
(Capacity
in MW)

Andhra
Pradesh
Haryana
Jharkhand
Karnataka
Madhya
Pradesh
Maharashtra

Scheme
NVVN
RPSSGP Migration Total
Batch II
(Capacity (Capacity
(Capacity in MW)
in MW)
in MW)

15

NVVN
Batch I
Solar
Thermal
(Capacity
in MW)
0
20

9.75

0

44.75

0
0
5
0

0
0
0
0

0
0
0
0

7.8
16
0
5.25

0
0
0
0

7.8
16
5
5.25

5

2.5

40

5

11

63.5

5
0
0
7
0
12
Orissa
0
0
0
6
2
8
Punjab
100
50
270
12
35
467
Rajasthan
5
0
0
6
0
11
Tamil Nadu
5
0
0
7
0
12
Uttar
Pradesh
0
0
5
0
5
Uttarakhand 0
0
0
4
0
4
Chhattisgarh 0
140
52.5
330
90.8
48
661.3
Total
* Maharashtra 2.5 MW Solar Thermal Project under Migration Scheme.
** Maharashtra 20 MW Solar PV Project under Batch II connected to Grid but
it is under process for Certification.
Table No. 9: State / UT Wise Status of Solar Projects Commissioned under
JNNSM Phase I
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Source: Ministry of New and Renewable Energy (MNRE)
The second phase of JNNSM is ongoing and few major aspects of JNNSM have been highlighted in
the below given table.
NSM Phase I Batch I

NSM Phase I Batch
II
NVVN

NSM Phase II Batch
I
NVVN

Managed by

NVVN

Capacity allocation

PV: 150 MW (PPA
signed only for
140MW)
CSP: 470 MW
PV: Min: 5 MW, Max:
5 MW. CSP:
Min: 5MW, Max:100
MW (Max. of
3 project locations)3
PV: For projects based
on c-Si
technology, the
modules must
have been
manufactured in India
CSP: 30% domestic
content
mandatory

PV: 350 MW (PPA
signed only for 340
MW)1
CSP: Nil
Min: 5 MW, Max: 20
MW

PV: 750 MW2
CSP: Nil

For Projects based on
c-Si technology, the
modules must have
been manufactured in
India

Separate bids for 375
MW capacity under
DCR category and
remaining 375 MW
under open category

Policy mechanism

Preferential feed-in
tariff

Preferential feed-in
tariff

Funding support by
the govt.(VGF) to
make project viable at
INR 5.45/kWh tariff
(INR
4.75/kWh for projects
claiming accelerated
depreciation)

Allocation method

Reverse bidding on
benchmark
tariff (per kWh): PV:
INR
17.91/kWh, CSP: INR
15.31/kWh
INR 5 million/MW

Reverse bidding on
benchmark
tariff (per kWh): INR
15.39/kWh

Reverse bidding for
viability gap funding
demand. Maximum
VGF:
INR 25 million/MW

INR 5 million/MW

INR 1 million/MW

INR 30 million/MW
(up to 20 MW), INR
20 million
addition/MW (>20
MW)
PV: 12 months, CSP:

INR 30 million/MW
(up to 20 MW), INR
20 million
addition/MW (>20
MW)3
13 months

INR 20 million/MW
(up to 20 MW). INR
10 million
addition/MW (>20
MW)
13 months

Minimum and
Maximum project
capacity

Domestic content
requirement (DCR)

Required bank
guarantee
Required net worth
of the bidder

Commissioning
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Min: 10 MW, Max: 50
MW

time period

28 months

Project allocation
No. of bids
submitted
No. of projects
selected
Maximum
capacity by a
bidder
Range of the
winning bids

Dec‘ 2010
PV: 343, CSP: 55

Dec‘ 2011
PV: 1890 MW

Feb‘ 2014
PV: 2170 MW

PV: 30, CSP: 8

PV: 26

PV: 47

PV: 5 MW, CSP: 100
MW

50 MW

100MW

PV: INR 10.95/kWh 12.76/kWh,
CSP: INR 10.49/kWh
12.24/kWh

PV: INR 7.49kWh 9.44/kWh

Weighted
average of the
winning bids

PV: INR 12.16/kWh ,
CSP:
11.48/kWh

PV: INR 8.77 / KWh

Projects
commissioned
Photovoltaic
technology
breakdown

PV: 140 MW, CSP: 50
MW
Thin film: 55% ,
rest: polycrystalline

PV: 330 MW

DCR: INR 13.5
million/MW - INR
24.56 million/MW.
Open: INR 1.7
million/MW - INR
13.5
million/MW
DCR: INR 20.19
million/MW,
Open: INR 10.67
million/MW
Yet to be
commissioned

Thin film: 75% ,
rest: polycrystalline

PV: INR 15.4 billion
PV: INR 34 billion
(INR 110
(INR 100
million/MW), CSP:
million/MW)
INR 56.4 billion (INR
120 million/MW)
PV: All project
PV: Welspun Solar PV: Azure power Prominent
developers allocated 5 50MW, Azure Power - 100 MW,
project
MW, CSP: Rajasthan
35MW, Green Infra
Acme - 60 MW,
developers
sun technique energy
Solar: 35MW
Waaree energies Pvt.
pvt. ltd, KVK energy
Ltd - 50 MW, Today
ventures private
homes
limited - each 100
and infrastructure Pvt.
MW
Ltd- 50 MW
Table No. 10: Major aspects of JNNSM
Source: http://headwaysolar.com/JNNSM-National-Solar-Mission-Phase-II-Batch-I-Resultanalysis.pdf
Total investment
for the projects

The National Tariff Policy 2006 mandates the State Electricity Regulatory Commissions (SERC) to
fix a minimum percentage of energy purchase from renewable sources of energy taking into
account availability of such resources in the region and its impact on retail tariff. National Tariff
Policy, 2006 would be modified to mandate that the State electricity regulators fix a percentage for
purchase of solar power. The solar power purchase obligation for States may start with 0.25% in the
phase I and to go up to 3% by 2022. The Central Electricity Regulatory Commission has issued
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guidelines for fixing feed-in-tariff for purchase of solar power taking into account current cost and
technology trends. These will be revised on an annual basis.
The CERC has also stipulated that Power Purchase Agreement that utilities will conclude with
solar power promoters, should be for a period of 25 years. In order to enable the early launch of
―Solar India‖ and encourage rapid scale up, a scheme is being introduced in cooperation with the
Ministry of Power, the NTPC and the Central Electricity Authority, which would simplify the offtake of solar power and minimize the financial burden on Government.
In order to incentivize setting up of a large number of Solar Power Projects, while minimizing the
impact on tariff various alternatives were explored. One of the options is to bundle solar power
along with power out of the cheaper unallocated quota of Central stations and selling this bundled
power to state distribution utilities at the CERC regulated price. This will bring down the gap
between average cost of power and sale price of power. For the purpose of bundling, power has to
be purchased by an entity and re-sold to the state power distribution utilities. Such function can be
done only by trading company/Discoms, as per the existing statutory provisions. NTPC has a
wholly owned subsidiary company engaged in the business of trading of Power – NTPC Vidyut
Vyapar Nigam Ltd. (NVVN). NVVN been appointed as the nodal agency for entering into
power purchase agreements (PPAs) with Solar Power Developers to purchase solar power fed
to 33 KV and above grid, in accordance with the tariff and PPA duration as fixed by the Central
Electricity Regulatory Commission.
The Ministry of Power shall allocate to NVVN, equivalent megawatt capacity, from the Central
unallocated quota, from NTPC power stations, at the rate notified by the CERC for bundling
together with solar power. NVVN will undertake the sale of the bundled power to State utilities at
the rates determined as per CERC regulations. When NVVN supplies bundled power to State
utilities at the rates determined as per CERC regulations, those State utilities will be entitled to use
the solar part of the bundled power for meeting their Renewable Purchase Obligations (RPO) under
the Electricity Act, 2003.
JNNSM also encourages rooftop solar PV and other small solar power plants, connected to LT/11
KV grid. It is envisaged that distribution utility will pay the tariff determined by the State
Electricity Regulatory Commission for the metered electricity generated from such applications
(whether consumed by the grid connected owner of the rooftop/ground mounted installation or fed
into the grid). Under the Solar Mission, a normative Generation Based Incentive will be payable
to the utility and would be derived as the difference between the solar tariff determined by the
Central Electricity Regulatory Commission for the concerned solar generation technology less an
assumed base price of Rs. 5.50/kWh with 3% annual escalation. Funds will be disbursed through
Indian Renewable Energy Development Agency (IREDA), a PSU under MNRE. The distribution
utilities will be entitled to account such electricity generated and consumed within their license
areas for fulfillment of RPOs.

National Tariff Policy (NTP) –
The tariff policy in India is guided in contingency by the National Tariff Policy and National
Electricity Policy. The National Tariff Policy (NTP) 2006 requires the State Electricity Regulatory
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Commissions (SERCs) to fix a minimum percentage of Renewable Purchase Obligation (RPO)
from such sources taking into account availability of such resources in the region and its impact on
retail tariffs and procurement by distribution companies at preferential tariffs determined by the
SERCs. NTP has further elaborated on the role of regulatory commission; mechanism for
promoting renewable energy and timeframe for implementation, etc. The policy was amended in
January 2011 to prescribe solar-specific RPO be increased from a minimum of 0.25 per cent in
2012 to 3 per cent by 2022. Further, the National Action Plan on Climate Change (NAPCC)
suggests increasing the share of renewable energy in the total energy mix at-least up to 15 percent
by 2020.

Renewable Energy Certificate (REC) Mechanism
Renewable Energy Certificate (REC) mechanism is a market based instrument to promote
renewable energy and facilitate compliance of renewable purchase obligations (RPO). It is aimed at
addressing the mismatch between availability of RE resources in state and the requirement of the
obligated entities to meet the renewable purchase obligation (RPO). There are two categories of
RECs, viz., solar RECs and non-solar RECs. Solar RECs are issued to eligible entities for
generation of electricity based on solar as renewable energy source, and non-solar RECs are issued
to eligible entities for generation of electricity based on renewable energy sources other than solar.

5.2.2 State Government
Solar Energy as a source of Renewable Energy has been given importance at the state level, such
that many of the Indian states now have an approved policy which deals with solar energy
deployment and development in the particular state. Some of these policies with their major
objectives, goals and incentives (if available) are listed in the following table.
STATE
Jharkhand
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POLICY
REMARKS
Jharkhand
Energy
 Jharkhand State Electricity Board (JSEB) will purchase
Policy, 2012
the power at the tariff approved by Jharkhand State
Electricity Regulatory Commission (JSERC), in case the
developer wants to sell power to JSEB.
 To ensure that the sector gets the required focus, a
separate Solar Policy shall be announced shortly with
outlining the plan of the State and the incentives.
 If the power from RE is being sold to the state utility or
consumers within the state, shall also be provided
concessional access to the T&D network to encourage
renewable power development.
Draft Jharkhand State
 To encourage participation of Private Sector to set up
Solar Power Policy
Solar Power based projects in the State & increase solar
2015
power generation to 2500 MW by the year 2020 in a
phased manner.
 To build a favorable atmosphere for setting up Solar
Power projects.
 Ensure energy security of the State by a stable and nonpolluting means.
 To promote local manufacturing facilities that will

Maharashtr
a

Madhya
Pradesh

Karnataka
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generate employment in the State.
Maharashtra Model Objectives:
Solar Policy
 To generate 1000 mw of solar energy by 2015.
 To achieve grid parity by 2015.
 To put in place an appropriate investment climate, that
could leverage the Clean Development Mechanism
(CDM).
 Promotion of R&D and facilitation of technology
transfer.
 Promotion of local manufacturing facilities.
Madhya
Pradesh
 All solar power projects (including captive units) will be
Solar Policy, 2012
eligible for exemption from payment of electricity duty
and cess for a period of 10 years from the date of
commissioning of the project.
 4 per cent wheeling charges applicable.
 The equipment purchased for installation of Solar power
plants under the policy shall be exempted from VAT and
entry tax 23 as per entry number 71, schedule-1 of VAT
notification 2002 and entry 1 of schedule-1 of entry tax
notification 1976.
 In case the developer purchases private land for the
project, then they will be eligible for an exemption of 50
per cent on stamp duty.
Karnataka
Solar Objectives:
Policy 2014-2021
 To add solar generation of minimum 2000 MW by 2021
in a phased manner by creating a favorable industrial
atmosphere
 To translate Karnataka in to an investor friendly State
 To encourage public private participation in the sector
 To promote Solar Rooftop Generation and technologies
 Encourage decentralized generation & distribution of
energy where grid is inaccessible
 Promote R&D and innovations, skill development in the
sector

Karnataka Renewable Objectives:
Energy Policy 2014 Achieve a minimum capacity addition 3600 MW by
20
2020 in a phased manner.
 Provision of ―single window‖ for clearances, approvals
and technical consultation
 To translate Karnataka in to an investor friendly State
 Encourage decentralized generation & distribution of
energy where grid is inaccessible
 Promote R&D and innovations, skill development in the
sector
 Take up pilots and demonstration projects to establish
cost effectiveness, viability and reliability of various
technologies like Waste-to-Energy, Hybrid technology
projects etc.

Andhra
Pradesh

Andhra Pradesh Solar Objectives:
Power Policy, 2015
 To target a minimum total solar power capacity addition
of 5,000 MW in the next five years in the State with a
view to meet the growing demand for power in an
environmentally sustainable manner.
 To develop solar park(s) with the necessary utility
infrastructure facilities to encourage developers to set up
solar power projects in the State.
 To promote distributed generation that can help in
avoiding upstream network cost and contribute towards
loss reduction.
 To deploy solar powered agricultural pump sets and
meet power requirements of farmers during day time.
 To promote local manufacturing facilities which will
generate employment in the State
Policy on Net
 The net energy between export of generated energy and
Metering for
import of DISCOM energy for a billing month will be
Solar Grid
recorded.
Interactive
 This facility shall be allowed only for 3 phase service
Rooftop and
consumers. Single phase consumers are not eligible for
Small SPV
net metering to avoid imbalance in the phases.
Power Plants in
the State

Haryana

State
Renewable
Energy Policy, 2005

Haryana Solar Power
Policy, 2014
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 The thrust areas of the policy are biomass, cogeneration,
small hydro, solar, wind, and municipal solid waste.
 There will be no restriction on generation capacity or
supply of electricity to the grid.
 Promote generation of green and clean power in the state
using solar energy
 To create conditions conducive to the participation of
private and public sector as well as PPP in promoting
and setting up Solar Energy based power projects in the

Himachal
Pradesh

Himachal
Pradesh
Town and Country
Planning
(Amendment) Rules,
2009

Gujarat

Solar Power Policy,
2009

Punjab

New and Renewable
Sources of Energy
(NRSE) Policy –
2012

Policy
on
net
metering for Grid
Interactive Roof-Top
Solar Photo Voltaic
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state
 Productive use of wastelands/ non-agricultural lands
thereby catalyzing socio-economic transformation and
reducing regional disparities in development
 Employment generation and skill up gradation of youth
 To put in place an appropriate investment climate that
would leverage the benefits of Clean Development
mechanism (CDM) and result in lower Green House Gas
emissions
 Co-creation of Solar Centers of Excellence and pools of
technical professionals which would work towards
applied research and commercialization of indigenous
and cutting edge technologies involving applications of
solar energy generation and appliances
 Spreading of Environmental consciousness among all
citizens of the State especially the youth and school
going children
 Decentralization and diversification of the energy
portfolio and to increase the share of renewable solar
power
 The amended rules added mandatory solar passive
design in all public sector institutions and governmental
buildings, residential buildings in urban and futureurban areas, commercial complexes, and buildings
related thereto including hotels, resorts, lodges and guest
houses, industrial buildings and complexes.
 Wherever possible and required, SPV panels for lighting
should be included in the building design.
 The policy is operational up to 31.3.2014, however Solar
Power Generators (SPG) commissioned and installed
during this policy shall become eligible for the benefits
declared under this policy for a period of 25 years from
the date of commissioning.
 Target capacity is 500MW of SPG installation during
this operative period.
 It offers exemption from electricity duty and demand cut
to the extent of 50 per cent of the installed capacity of
SPGs, assigned for captive use purpose, shall be
allowed.
Aims to :
 Maximize and improve the share of new and renewable
sources of energy to 10% of the total installed power
capacity in the state by 2022. NRSE sector wise details
are mentioned separately.
 Promote renewable energy initiatives for meeting energy
/ lighting needs in rural areas and supplementing energy
needs in urban, industrial and commercial sectors.
 This Policy shall apply to the distribution licensee and
consumers of distribution licensee of the State of
Punjab.
 The eligible consumer may install the rooftop solar

Power Plants

Manipur

system under net metering arrangement which;
(a) Shall be within the permissible rated capacity as
defined under this Policy.
(b) Shall be located in the consumer premises.
(c) Shall interconnect and operate safely in parallel with
the distribution licensee network.
 Notwithstanding the provisions of this Policy, relevant
State authorities shall have the right to undertake
rooftop solar projects above 1 Mega Watt Peak
(MWp) capacity through alternative mechanisms.
 This Policy shall remain applicable unless repealed or
substituted with new Policy.
 The provisions of NRSE Policy 2012 shall also apply
to solar power plants under this Policy.
Manipur Grid
Objectives:
Interactive Rooftop
 To lay a framework for harnessing the ubiquitous solar
Solar Photo Voltaic
energy in the State by utilizing the empty rooftops of the
(SPV) Power Policy,
buildings in the State. This policy is also a mandate and
2014
in synergy with to provisions of The Electricity Act,
2003

Kerala

Kerala Solar Policy,
2013

Meghalaya

Policy for promoting
generation of Power
through
Nonconventional Energy
sources

Mizoram

POWER
POLICY
FOR
POWER
THROUGH NONCONVENTIONAL
ENERGY SOURCES

 Increase the installed capacity of the solar sector in the
State to 500 MW by 2017 and 1500 MW by 2030.
 The energy generated from the plants under this policy
shall be fully exempted from the electricity duty.
 Wheeling charges and T&D losses
Grid Interfacing:
 Interfacing, including transformers, panels kiosk,
protection metering,
 HT lines from the points of generation to the nearest HT
lines etc. as well as their maintenance will be undertaken
by the producers, as per the specification and
requirements of the DISCOM, and will bear the entire
cost.
 Alternatively, these works and their maintenance could
be undertaken by the DISCOM at charges to be decided
by the DISCOM/ SERC when it is set up.
 Two separate meters, one for import and other for export
power from/ to the grid, will be installed on the HT side
by the eligible producers at his cost.
 Meters and metering boxes will be sealed by the State
Transmission Utility (STU)
 With a view to promote generation of grid-grade power
through Non-Conventional Energy Sources in the
context of non- polluting, renewable inputs like solar,
wind, small 46ydel, biomass and other wastes, the
Government of Mizoram has adopted this policy.

Orissa

Policy Guidelines on
Power
Generation

 Among the potential sources identified for this policy
include solar PV, biomass, wind, tidal, hydro (micro,
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from
NonConventional Energy
Sources

Odisha Solar Policy2013

Rajasthan
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Rajasthan
Solar
Energy Policy, 2014

mini, and small), and geothermal energy.
 The incentives for power generation from RE include
exemption from electricity duty, allotment of
government land, and no transmission charges to be
levied for 5 years from the period of commissioning
 Contributing to long term energy security of the State as
well as ecological security by reduction in carbon
emissions.
 Providing a long term sustainable solution for meeting
energy needs and reducing dependence on depleting
fossil fuel resources like coal.
 Productive use of wastelands, thereby utilizing the nonindustrialized areas that receive abundant sunshine for
creation of solar power hubs.
 Creating favorable conditions to solar manufacturing
capabilities by providing fiscal incentives.
 Generating direct and indirect employment opportunities
in solar and allied industries like glass, metals, heavy
industrial equipments etc.
 Creation of skilled and semi-skilled manpower resources
through promotion of technical and other related training
facilities.
 Creating an R&D hub for innovation in application of
solar power technologies and solar based hybrid cogeneration technologies which will focus on improving
efficiency in existing application and reducing cost of
balance of system. For achieving the above objectives in
collaboration with other technology institutions, it
endeavors to create a Solar Centre of Excellence at
OREDA which would work towards applied research
including use of locally available raw material for
manufacturing solar cells and other components and
commercialization of technologies in order to achieve
grid parity in terms of both cost and technical
requirements.
 Creation of a performance testing facility in OREDA for
different types of solar PV and Solar thermal systems as
well as their various components and sub components.
 Developing a global hub of solar power of 25,000 MW
capacities to meet energy requirements of Rajasthan and
India.
 Contributing to long term energy security of Rajasthan
as well as ecological security by reduction in carbon
emissions
 Providing a long term sustainable solution for meeting
energy needs and considerably reducing dependence on
depleting fossil fuel resources like coal, oil and gas
 Generating direct and indirect employment opportunities
in all activities related to the generation of solar power
 Envisaging a solar centre of excellence that would work
towards applied research and commercialization of

nascent technologies to accelerate the march to grid
parity
Telangana

Tamil Nadu

Uttar
Pradesh
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The Telangana Solar This solar policy has the following specific objectives:
Power Policy 2015
 Realize and harness the vast solar power potential of the
State.
 Contribute to long-term energy security of the state and
promote a sustainable fuel mix in generation through
higher contribution of solar energy.
 To promote solar parks
 To promote public as well as private investment in solar
power generation
 To promote decentralized and distributed generation
 To promote grid connected and off-grid solar
applications and effective energy conservation measures.
 To promote all technologies of harnessing solar energy.
Tamil Nadu Solar
 The policy targets to achieve energy security and to
energy Policy, 2012
generate 3000 MW of solar energy and grid parity by
2015 subsequently aims to reduce carbon emissions
 Exemption from electricity tax to the extent of 100 per
cent of electricity generated from solar power used for
self-consumption/sale to utility will be allowed for 5
years.
Solar Power Policy,
 This policy will come into effect from the date of
2013
issuance and shall remain in operation up to 31 March
2017.
 Target capacity of 500 MW of Grid-connected solar
power plants will be achieved till March 2017.
 Expenditure on the construction of transmission line and
sub-station will be borne by the State government on all
the projects in the Bundelkhand region.
 Provision of special incentive will be made by the State
Government on case-to-case basis for such solar farms
where many power plants based on solar energy are
installed and the total investment is more than Rs.500
crores
Uttar
Pradesh Objectives:
Rooftop
Solar
 The State Government introduces the policy with the
Photovoltaic Power
following objectives,
Plant Policy, 2014
 To contribute to solar capacity addition and energy
security
 To optimally utilize the available solar energy resource
in the State
 To encourage development and promotion of
environment benign solar energy generation contributing
to sustainable development
 To enable stakeholders in reducing greenhouse gas
emissions
 To attract private sector participation in solar energy
sector

Infrastructure
and
Industrial Investment
Policy

Uttarakhand

Solar Energy Policy
of Uttarakhand, 2013

West Bengal

Policy
on
Cogeneration
and
Generation
of
Electricity
from
Renewable Sources
of Energy, 2012

Chhattisgar
h

Solar Policy 20122017

Jammu and
Kashmir

Jammu and
Kashmir Solar
Energy Policy
2013
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 To build favorable environment for setting up grid
connected rooftop solar photovoltaic power plants
 To contribute investments in manufacturing, research &
development in solar energy sector
 To enhance skills and create employment opportunities
 To contribute to productive utilization of available sites
 10. To spread environmental awareness amongst the
general public of Uttar Pradesh
 Captive power generation would be encouraged for
partial power supply to the industries.
 State government is taking necessary steps for the
generation of power from solar energy. Efforts would be
made to provide necessary incentives and facilities to the
private sector for establishment of electricity generation
projects based on solar energy.
 Promoting green and clean power using solar energy to
reduce the dependence on conventional sources of
energy like coal, gas and oil
 Aims to target to set up 500 MW of solar power plants
by 2017
 The create direct and indirect employment opportunities
in the state
 To create conditions conducive to the involvement of
investors in RE projects
 To enhance the use of solar energy source that assist in
mitigating environmental pollution
 82 MW of solar power through grid-connected projects
and 18 MW of solar power through rooftop and smaller
solar installations are fixed by 2017
 The State will promote private sector investment and
involvement in developing grid-connected RE units and
assist the developers in getting different incentives for
implementation of RE projects.
 The policy encourages power developers to set up solar
power plants through Renewable Energy Mechanisms,
which is eligible for all solar plants
 Fiscal incentives and concessions in the form of
exemption from VAT, Electricity duty etc. Solar
projects under this policy are eligible for all benefits
under the Industrial Policy (2009-2014)
 An Empowered Committee has been formed under the
chairmanship of chief secretary of the state to resolve,
monitor policy related issues
 The policy also includes mandatory measures such as
completion and commission of solar projects within 24
months of their approval
 The policy focuses on promotion of solar energy and
aims to generate employment opportunities. It also
encourages private sector investment in the solar energy
sector.
 Several incentives like exemption from entry tax,

Bihar

Bihar Policy for
promotion of New
and
Renewable
Energy Sources 2011

Goa

Solar Power – Grid
Connected
Ground
Mounted and Solar
Rooftop
and
Metering Regulations
- 2014

exemption from royalty, free power provision for setting
up solar projects are been provided
 There are mandatory measures in the policy such as
requirement of solar license by solar power developers,
CDM benefit sharing
 The policy will be applicable for the development of all
forms of New and Renewable Energy sources including
Solar projects
 The electricity generated from the New and Renewable
Energy projects shall be exempted from electricity duty.
 Entry tax on New and Renewable Energy sources
devices and or equipment and or machinery shall be
exempted.
Objectives:
 To help India produce Green Power & get involved in
Climate Control
 To enable third party sales of Solar Energy through the
Grid
 To use the Rooftop of a house/ factory / Ware house/
Government building / Panchayat Bhavan / Community
centre/ School/ dispensary / hospital / parking Shed or
place / Group housing society/ market roof top or any
such place or vacant space or waste land effectively for
Solar Power Generation use
 To promote the implementation of net-zero energy
houses / buildings and facilities, whereby the energy
consumed is equal to or less than the energy produced
by the building

Table No. 11: State wise Solar Policies

Almost all of the states now have separate solar policies which encourage solar energy development
at the state level. Some of these states have a separate solar rooftop policy that promotes
development of rooftop solar energy however other states give considerable importance to rooftop
solar energy within the cumulative Solar Energy Policy. With a continuous up gradation in the
institutional and policy framework of solar sector, there is a hope for brighter solar future of the
country.

5.3 Supporting Interventions for 100 GW Solar target
In order to achieve such a massive target, various ministries have been pushed to initiate supporting
interventions, like:
1. Incorporating changes in land use regulations and tenancy laws to facilitate aggregation and
leasing of land by farmers/ developers for solar projects;
2. Identification of large chunks of land for solar projects;
3. Identification of large government complexes/ buildings for rooftop projects;
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4. Clear survey of wastelands and identification of transmission/ road infrastructure using
satellite technology for locating solar parks;
5. Development of power transmission network/ Green Energy Corridor;
6. Setting up of exclusive parks for domestic manufacturing of solar PV modules;
7. Provision of roof top solar and 10 percent renewable energy as mandatory reform under the
new scheme of Ministry of Urban Development;
8. Amendments in building bye-laws for mandatory provision of roof top solar for new
construction or higher FAR;
9. considering infrastructure status for solar projects; raising tax free solar bonds; providing
long tenor loans; making roof top solar a part of housing loan by banks/ NHB and
extending IIFCL credit facility to such projects by the Department of Financial Services;
10. Suitable amendments to the Electricity Act for strong enforcement of Renewable Purchase
Obligation (RPO) and for providing Renewable Generation Obligation (RGO);
11. Incorporating measures in Integrated Power Development Scheme (IPDS) for encouraging
distribution companies and making net-metering compulsory.
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CHAPTER-6

Environmental and Social Impacts
Potential environmental impacts associated with solar power can vary greatly depending on the
technology I.e. photovoltaic solar cells or concentrating solar thermal plants. However some of the
common impacts include land use and habitat loss, water use, and the use of hazardous materials in
manufacturing, Life-Cycle Global Warming Emissions, Climate Change and Visual impacts.

Impact on Land Use
All utility-scale solar energy facilities require relatively large areas for solar radiation collection
when used to generate electricity at utility-scale. Larger utility-scale solar facilities can raise
concerns about land degradation and habitat loss. Total land area requirements vary depending on
the technology, the topography of the site, and the intensity of the solar resource. Solar facilities
may interfere with existing land uses, such as grazing, minerals production. Solar facilities could
impact the use of nearby specially designated areas such as wilderness areas, areas of critical
environmental concern, or special recreation management areas.
Construction of solar facilities on large areas of land requires clearing and grading, and results in
soil compaction, potential alteration of drainage channels, and increased runoff and erosion. In arid
settings, any increase in water demand can strain available water resources. Use of or spills of
chemicals at solar facilities (for example, dust suppressants, dielectric fluids, herbicides) could
result in contamination of surface or groundwater.

Water Use
Solar photovoltaic systems do not require any water to generate electricity. Some solar thermal
systems use water, but this water can be reused. Utility scale parabolic and central tower solar
energy systems use steam plants to produce power, often relying on water for cooling. There is
some concern that these types of systems, when located in arid environments, could put a strain on
local water resources.
CSP plants that use wet-recirculating technology with cooling towers withdraw between 600 and
650 gallons of water per megawatt-hour of electricity produced. CSP plants with once-through
cooling technology have higher levels of water withdrawal, but lower total water consumption
(because water is not lost as steam). Dry-cooling technology can reduce water use at CSP plants by
approximately 90 percent. However, the tradeoffs to these water savings are higher costs and lower
efficiencies. In addition, dry-cooling technology is significantly less effective at temperatures above
100 degrees Fahrenheit.

Hazardous Materials
The PV cell manufacturing process includes a number of hazardous materials, most of which are
used to clean and purify the semiconductor surface. The amount and type of chemicals used
depends on the type of cell, the amount of cleaning that is needed, and the size of silicon wafer.
Other than this, workers also face risks associated with inhaling silicon dust. There is the potential
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for environmental contamination if the Photovoltaic panels are damaged or improperly disposed
upon decommissioning. Also, concentrating solar power systems may employ materials such as oils
or molten salts, hydraulic fluids, coolants, and lubricants that may be hazardous and present spill
risks.

Ecological Impacts
The clearing and use of large areas of land for solar power facilities can adversely affect native
vegetation and wildlife in many ways, including loss of habitat; interference with rainfall and
drainage; or direct contact causing injury or death. The impacts are exacerbated when the species
affected are classified as sensitive, rare, or threatened and endangered.

Life-Cycle Global Warming Emissions
While it is estimated that there are no global warming emissions associated with generating
electricity from solar energy, there are emissions associated with other stages of the solar life-cycle,
including manufacturing, materials transportation, installation, maintenance, and decommissioning
and dismantlement.
Besides, The National Renewable Energy Laboratory (NREL) led a Life Cycle Assessment (LCA)
Harmonization Project, a study that provided more precise estimates of life cycle GHG emissions
from PV systems. The study reviewed and screened published results from 400 studies of PV
systems including crystalline silicon (c-Si) (mono-crystalline and multi-crystalline) and thin film
(TF) (amorphous silicon [a-Si], cadmium telluride [CdTe], and copper indium gallium diselenide
[CIGS]). Results from the study showed that the total life cycle GHG emissions from solar PV
systems are similar to other renewables and nuclear energy, but much lower than coal.

Social Impacts
Cultural and paleontological artifacts and cultural landscapes may be disturbed by solar facilities.
Additionally, socioeconomic impacts (both positive and negative) may be associated with solar
facilities. For example, solar energy development could provide new employment opportunities, but
an influx of workers could disrupt public services. These impacts may be disproportionately
experienced by minority or low-income populations, thus resulting in environmental justice issues.

6.1 Environmental Impacts associated with Solar Energy Technologies:
Solar Energy technologies (SETs) and mitigation process
Solar energy technologies (SETs) provide obvious environmental advantages in comparison to the
conventional energy sources, thus contributing to the sustainable development of human activities
their main advantage is related to the reduced CO2 emissions, and, normally, absence of any air
emissions or waste products during their operation.
Concerning the environment, the use of SETs has additional positive implications such as:
•
•

Reduction of the emissions of the greenhouse gases (mainly CO2,NO x) and prevention of
toxic gas emissions (SO2,particulates)
Reclamation of degraded land;
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•
•

Reduction of the required transmission lines of the electricity grids; and
Improvement of the quality of water resources

In regard the socio-economic viewpoint the benefits of the exploitation of SETs comprise:
•
•
•
•
•

Increase of the regional/national energy independency;
Provision of significant work opportunities;
Diversification and security of energy supply;
Support of the deregulation of energy markets; and
Acceleration of the rural electrification in developing countries.
Solar thermal heating systems

The production of solar thermal (ST) systems requires reasonable quantities of materials,
insignificant amounts are also consumed during their operation; at that time the only potential
environmental pollutant arises from the coolant change, which can be easily controlled by good
working practice.
Land Use
In the case of single-dwelling hot water or space heating/cooling, no land will be required since the
system will usually be added to the roof of the existing building. Communal low temperature
systems might use some land, though again the collection surfaces might well be added on already
existing buildings. For high temperature systems, the land-use requirements of concentrating
collectors providing process heat are more problematical.
Routine and accidental discharges of pollutants
Higher temperature applications would use more complex substances, such as aromatic alcohols,
oils, CFCs, etc. The large-scale adoption of SETs might well require control on the disposal of
these substances. Except for the normal use, there may be the risk of accidental water pollution
through leaks of heat transfer fluid.
Visual Impact
Architects have discovered that solar elements can be used to enhance the aesthetic appeal of a
building, and their clients have discovered the positive effects of advertising the fact that they are
using solar energy. The solar elements are used as architectural elements in attractive and visible
ways.
Effect on buildings
Theoretically the ST placement in the shell of the buildings could increase fire risk and water
intrusion into the roof. This can be easily avoided, since only four holes per panel on the roof will
be integral part of the roof.
Other Burdens
Other burdens applicable to central power systems only (e.g. noise—during the construction period,
visual intrusion, etc.) are likely to prove insignificant (provided areas of scenic beauty are avoided),
because such schemes are likely to be situated in those areas of low population density. Therefore,
all the impacts of suitably located large ST schemes are expected to be small and reversible.
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Photovoltaic power generation
Photovoltaic (PV) are seen to be generally of benign environmental impact, generate no noise or
chemical pollutants during use. It is one of the most viable renewable energy technologies for use in
an urban environment, replacing existing building cladding materials.
Land Use
An application of a PV system in once-cultivable land is possible to damnify soil productive areas.
The ‗‗sentimental bind‘‘ of the cultivator and his cultivable land is likely to be the reason of several
social disagreements and displeasure.
Routine and accidental discharges of pollutants
During their normal operation PV systems emit no gaseous or liquid pollutants, and no radioactive
substances. In the case of CIS and CdTe modules, which include small quantities of toxic
substances, there is a potential slight risk that a .re in an array might cause small amounts of these
chemicals to be released into the environment.
Air Pollution
PV systems also assist to create a supportive environment within which to encourage other means
of energy saving by the building promoters, owner s and users. PV energy services are particularly
obvious where only low levels of power are needed, such as in rural electrification applications, and
where the users are able to benefit directly from the very high reliability of having their own PV
generator.
Noise Intrusion
As with all types of construction activity, there will be little noise. Manufacturers should be
encouraged to produce systems that are easily recyclable. Options for energy demand reduction
must always be considered along with the assessment of PV applications.
Visual Impacts
Visual intrusion is highly dependent on the type of the scheme and the surroundings of the PV
systems. It is obvious that, if we apply a PV system near an area of natural beauty, the visual impact
would be significantly high. In case of modules integrated into the facade of buildings, there may
be positive aesthetic impact on modern buildings in comparison to historic buildings or buildings
with cultural value.
Depletion of natural resources
The Cd emissions attributed to CdTe production amount to 0.001% of Cd used (corresponding to
0.01 g/GWh). Furthermore Cd is produced as a byproduct of Zn production and can either be put to
beneficial uses or discharged into the environment schemes during the operational phase.
Waste management
A life cycle analysis of batteries for stand-alone PV systems indicates that the batteries are
responsible for most of the environmental impacts, due to their relatively short life span and their
heavy metal content.
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Solar thermal electricity
ST electricity systems present the basic environmental benefit of the displacement or the avoidance
of emissions associated with conventional electricity generation. During their operation, these
systems have no emissions. Some emissions do arise from other phases of their life cycle (primarily
materials processing and manufacture), but they are lower, compared to those avoided by the
systems operation.
Materials processing and manufacture
Energy use and gas emissions (CO2, SO2, NO x) in materials‘ processing and manufacture of ST
systems are noticeable. The impacts of these emissions vary according to location, and are fewer
than those of conventional fossil fuel technologies.
Construction
These projects have the usual environmental impacts associated with any engineering scheme
during the construction phase—impact on landscape, effects on local ecosystems and habitats,
noise, virtual intrusion, and topical vexation such as noise and temporally pollutant emissions due
to increased traffic because of transportation of workers and of material, occupational accidents,
temporal blindness.
Land Use
ST electric systems are amongst the most efficient SETs when it comes to land use (they produce
annually about 4–5GWh/ha). To date, most sites used or considered for ST systems are in arid
desert areas, which typically have fragile soil and plant communities.
Ecosystem, flora and fauna
Attention during the planning, construction and operation phases can minimize the effects on
vegetation, soil and habitat Central concentrator power systems could pose a danger to birds, but
operational experience shows that Birds avoid any danger areas (possibly by being sensitive to air
turbulence) Flying insects can also be burnt when flying close to the reflector‘s area.
Visual Impact
The main visual impact would come from the tower of the central receiver systems. However, the
atmospheric requirements for these systems point to their deployment in areas of low population
densities, so provided that areas of outstanding natural beauty are avoided, visual intrusion is
unlikely to be significant.
Noise
Noise is insignificant in comparison to any other power option, such as the conventional, the wind
power generation, and the gas turbines. The noise from the generating plant of large-scale schemes
is unlikely to cause any disturbance to the public. Noise would be generated primarily only during
the day; at night, when people are more sensitive to noise, the system is unable to operate.
Water Resources
There may be some pollution of water resources, through thermal discharges and accidental release
of plant chemicals.
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Health and safety (occupational hazards)
The accidental release of heat transfer fluids (water and oil) from parabolic trough and central
receiver systems could form a health hazard. The hazard could be substantial in some central tower
systems, which use liquid sodium or molten salts as a heat-transfer medium. Indeed a fatal accident
has occurred in a system using liquid sodium.
Social Impacts
There will be some employment benefits during the construction and operational phase.

6.2 CO2 Emission Reduction
Taking into account the different average CO2
emissions of electricity production mixes in
different world regions, and using the BLUE Map
scenario average long-term emission reduction
coefficients for the power sector, the 4500 TWh
generated by PV in 2050 is expected to save 2.3 Gt
of CO2 emissions on an annual basis worldwide,
almost twice that predicted in the BLUE Map
scenario. This corresponds to approximately 5% of
the total avoided CO2 emissions (48 Gt) from all
technology areas projected in the ETP 2008 BLUE
Map Scenario with respect to the Baseline
Scenario. Over the period 2008-2050, the estimated
cumulative savings are around 100 Gt of CO2.
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The ETP (Energy Technology Perspectives) BLUE Map
Scenario assumes that global energy-related carbon
dioxide (CO2) emissions are reduced to half their current
levels by 2050. This scenario examines ways in which the
introduction of existing and new low-carbon technologies
might achieve this at least cost, while also bringing energy
security benefits in terms of reduced dependence on oil
and gas, and health benefits as air pollutant emissions are
reduced. The BLUE Map Scenario is consistent with a
long-term global rise in temperature of 2°C to 3°C, but
only if the reduction in energy-related CO2 emissions is
combined with deep cuts in other greenhouse-gas (GHG)
emissions.
Box 1: The ETP BLUE Map Scenario
Source:
https://www.iea.org/topics/electricity/subtopics/smartgrids/
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