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From the editor’s desk...

he financial year 2008 has ended
on a sunny note for the SPV

(solar photovoltaic) industry—one

of the fastest growing industries in the
world. Statistics are indicating that global
production of PV in 2008 is in access of 6 GWp (gigawatt peak) as
compared to 3.7 GWp in 2007. While Europe leads the sector in
grid-connected PV market, the off-grid and distributed generation
market has acquired significance in India. If you recall, I wrote in my
editorial of October 2008 issue that PV is for all of us who depend
on diesel-based captive power plants for meeting our domestic,
institutional, and commercial demand. Well, I am happy to say that
MNRE (Ministry of New and Renewable Energy) has announced a
new scheme for rooftop PV systems for abatement of diesel and other
fuel oil with attractive incentives given to residential, institutional,
and commercial establishments to switch to PV systems and reduce
their dependence on fuel-based generators. This scheme is important
because it opens up a new market of rooftop PV in India. This might
also usher in the BIPV market further incentivized by initiatives such
as GRIHA (Green Rating for Integrated Habitat Assessment).

While the rooftop PV scheme is catering to the urban market,
another important scheme for tail-end grid-connected PV power plants
to be connected at LT or 11-kV grid is also very timely, as it would
promote markets for distributed generation. One also sees synergies at
the national level where this scheme could support the Decentralized
Distributed Generation component under the Rajiv Gandhi Grameen
Vidyutikaran Yojana. Schemes such as Solar Cities will further give
a boost to the solar market in India. The solar industry is expected to
provide the best technological solutions to these emerging markets so
that they survive and thrive. This magazine will provide a platform
to the solar industry to reach out to the key stakeholders and get them

engaged towards working for a common goal of making India the

L

sunniest country.

Akanksha Chaurey
Director, TERI
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Guest editorial

hen you get up in the morning, the first thing you face are

the sunrays, you wash your face with water and when you

come out the first thing you feel is the air and the natural
environment. All these are renewable energy sources and are playing
a great role in resolving our energy problem. Think of a remote village
which has never seen electricity and where no grid can reach. This means
that the villagers will never enjoy television, the children cannot hope
to study at night, and life virtually comes to a standstill after sundown.
Can you imagine your life without electricity? Perhaps not. But as they
say, ‘there is light at the end of the tunnel’. With the help of renewable
energy sources, electricity can reach these far-flung villages as well.
Today solar energy is lighting more than 6000 remote villages in our
country and the efforts are on to cover more such villages.

Among the other renewable sources, solar energy based systems and
devices are on the forefront of resolving our day-to-day energy demand.
Solar water heating systems, solar cookers, solar home lighting, solar
generators, solar lanterns, solar air heaters, solar traffic lights, solar road
studs, solar blinkers, and so on are the most common devices and systems
that are commercially available in the market. Use of solar passive
techniques in buildings designs has started and few such buildings are
already visible in India. Many states have issued orders on mandatory
use of solar water heaters, construction of solar efficient buildings,
promotion of solar streetlights, solar holdings, and so on. Few have even
announced rebates in electricity tariff and property tax.

The Solar Quarterly is the first-of-its-kind magazine in India that
covers topics exclusively on solar energy. This is a tool, which keeps
you abreast with the latest happenings on solar energy in the world.
The articles are laid out in an attractive manner so as to catch even
the general reader’s interest. Today, when climate change and global
warming have become the ‘hot’ topics for discussion, this magazine offers
the readers insights into the research and development being carried out
in the field of solar energy. I request all our readers to encourage this
publication further by providing their inputs in terms of their feedback
and also contribute more research articles, and so on.

I am sure that you will find the material presented in this issue
informative and useful as well. The Solar Quarterly team gratefully
acknowledges the contribution of its writers.

Happy reading

(=

Dr Arun K Tripathi

Director

Ministry of New and Renewable Energy
Government of India
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Letters to editor

Letters to editor

SOLAR TECHK

SOLAR PV IMC

I had an opportunity to read The Solar
Quarterly and found it very informative
for people concerned with energy in
general and solar energy in particular.
Every one has to be conscious of the
energy scenario and the need for

renewables. I am sure your magazine
will prove a point in this direction
by making people more aware of the
benefits of renewable energy. I am also
interested in contributing articles for
the magazine. I wish the magazine
and the team behind it all success for
future.

B S S Verma, Punjab

This is an upcoming solar energy
magazine dealing with problems of
national interest. A highly interesting
magazine.

= Dr Malhotra, Freelance energy
consultant, Mumbai

I am doing research in solar passive
buildings the magazine is
beneficial for me. It is a great way of
making people aware of the benefits of
renewable energy sources.

and

mm Vineet Tyagi, Research Fellow,
School of Energy and Environment

Studies
We congratulate the team that
publishes The Solar Quarterly.

We are sure it will motivate people and
organizations to adopt solar energy for
their energy needs.

mm S L Surana, New Delhi

The Solar Quarterlyis very informative.
This shows the progress of the country
in developing solar energy for power
generation to face the energy crisis.
This magazine will create awareness
about the potential of renewable energy
for power generation and utilization.

m D S Joshi, Thane

India is giving a very good example
to the world in terms of utilization of
renewable energy sources. The Solar
Quarterly will definitely be a very
helpful medium in conveying the
importance of renewable energy in
meeting energy requirements of the
current as well as future generations.

B Omar Guillén Solis, Mexico

VITS (Vindhya Institute of Technology
and Science) is a private engineering
college recognized by DTE, Bhopal,
approved by the AICTE, New Delhi,

and affiliated to RGPV, Bhopal.
The college established in
2002. We want to set up a library,

‘was

infrastructure, and renewable energy
club for non-conventional energy
systems in the college. We came across
an issue of The Solar Quarterly and
found it to be a very useful source of
information on all aspects related to
renewable energy. It provides valuable
information on the developments
in the field of renewable energy and
thus, would prove beneficial in our

endeavours. Keep up the good work.

mm Prof. R C Srivastav, Principal, VITS

We had the opportunity of going
through a copy of The Solar Quarterly.
We heartily congratulate the team for
publishing this magazine. We shall
be highly obliged if you could let us
know about the projects on renewable
energy generation, which may be
commercially viable in the districts of
South Bengal, especially in Burdwan,
Bankura, and Purulia.

mm G R Khaitan, Chief Adviser,
Raniganj Chamber of Commerce

Thank you very much for your
encouragement. The editorial
team of The Solar Quarterly will
make every effort to make this
magazine highly informative
and useful to all our readers.
We welcome your suggestions
and valuable comments to make
further improvement in terms of
content and presentation.

Editor
The Solar Quarterly




Guarding the sun

B Tripuraisone of the seven statesin
the north-eastern region of the country.
Here, the country’s frontline border
force, that is, the Border Security Force
or BSF for short has undertaken a novel
initiative to distribute solar lanterns.
The location under description is
New Chandra Para in Gandacherra in
Dhalia district. The initiative has been
largely catalysed by the poor affording
capacity of the villages to pay even the
bare minimum rent for getting the solar
electricity. It is important to mention
here that about 518 habitations have
already been covered through solar
electrification so far.

Concentrating on leather
B Solar energy is making its
presence felt in most parts of the
country. Kanpur, known for its leather
works, is going to receive the energy of
the sun on a megawatt scale. To make
this happen, a private company by the
name of Power Cube Pvt. Ltd has just
approached the UPPCL (Uttar Pradesh
Power Corporation Ltd). It plans to
set up a 10-MW solar thermal power
plant in the neighbouring district of
Unnao, once the decks are cleared for
the purpose at various levels.

Photo courtesy: DOE/NREL

Walking the solar initiative

together

Bl At times, when everything else
fails, people settle it on their own
terms. A perfect example of this is
the initiative taken by the residents of
Union Park in Khar area of Mumbai.
The hitherto neglected Union Park
is expected to wear a new look
by embracing sun in all its forms.
It will soon have a space for children
to play, a rainwater-harvesting centre,
walking track, and a compost pit lit
solely by solar modules. This park
will be aptly renamed the Eco-Garden
and will have water, manure, and all
other material input needs generated
on-site. In fact, the project is a striking
part of the Jago Mumbai campaign
taken up by the residents themselves.
The sum of 40 lakh will not go down
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the municipal drain here, but will help
give the park its newfound look that
has been possible through the funds
earmarked under the MLA fund. The
core objective of this socially relevant
scheme is to motivate the residents
to use solar energy in addition to
following safe waste water recycling
practices, and so on.

Sun to intensify more in

Nagpur
B Thecity of Nagpurheatsupmorein
comparison to few other neighbouring
places. Now, it will become brighter
under the gaze of the all-powerful
sun and will be christened as the first
solar city in India. In fact, the MNRE

Photo courtesy: DOE/NREL

(Ministry of New and Renewable
Energy) has given in-principle approval
for setting up 14 other cities housing
a population of about 0.5-5 million
or more for special category states.
These will come up in Agra, Rajkot,

Moradabad, Gandhinagar, Kalyan-
Dombiwali, Indore, Imphal, Kohima,
Dehradun, Chandigarh, Gurgaon,
Coimbatore, Visakhapatanam, and

Thane. A special criterion has been

i,

Photo courtesy: DOE/NREL

evolved to declare the city as a solar
city in the country. The key criterion
is to bring down a minimum of 10%
of a projected demand of conventional
power via an effective mix of both
energy efficiency and renewable energy
technology measures by the end of
five years. The cumulative aim
of the specially coined
solar cities programme
is to develop a total of
60 cities during
the ongoing

Five-year Plan (2007-12). The two-
fold purpose is to meet an increasing
electricity demand of the cities and
thus promote an enhanced use of
renewable energy sources. The MNRE
is expected to bear about 50% of the
estimated project cost of Rs 190 million
with the remaining coming up from
the state governments. Types of solar
systems destined to shine in the city
ambience are as follows.
Outdoor lights
Garden lights
Traffic lights
Solar hoardings
Solar water
systems

heating

A special feature of the
solar cities will be a large-
scale promotion of energy
efficient green buildings.

Sun and wind waving

together

B How about the sun
and wind coming at a
handshaking distance
from each other to meet a
genuine purpose after all?
Suzlon, India’s frontline
wind turbine manufacturer




has deployed solar power at a
wind farm site in Adwadi, Nasik in
Maharashtra. Such sites are normally
very remotely located since they are
part of the underdeveloped regions
as well. Solar power thus produced
is now being used to run site-specific
operations hitherto met occasionally
through the use of small backup diesel
generators. Suzlon also cut down on
even the minimal carbon emissions by
putting up a pilot project of this type.
To meet this objective, it tied up with
Tata BP Solar for its supply of 20 solar
panels, which lend power both to the
site office and project yard. Following
few are the distinct advantages.
® No need for any generators
No diesel consumption

No carbon emissions
Greener outlook

Secure energy supplies
Addressing climate
concerns

change

24 x 7 with the sun

B The state of Haryana has attained
the distinction of making Igbalpur
its first fully solar-powered village.
It has become possible through the
collaborating efforts of Bhartiya

Vikas Trust, Manipal (Karnataka) and
Gurgaon Gramin Bank. The technical

partner in this case too is Tata BP
Solar. Now, every single household
in Igbalpur boasts of a solar home
lighting system. Do not be surprised
as the Gramin Bank has offered 100%
loan facility for such installations and
has fixed a target of setting up 5000
such solar systems by the end of 2009.

Making the sun reach one and
all

B Winter sends  shivers in
everybody’s spine irrespective of one’s
means. However, the under privileged
more often than not are not lucky to
enjoy a hot water bath. Taking a cue
from it, a Pune-based renewable energy
company by the name of
Shimshon Energy has out solar lantern to poor
evolved a movel e 3 villagers in far off places.
idea. It proposes to % y Shimon Energy intends
replace the use of to encourage one of the slum
environmentally families to install a solar water
damaging heating system. The system
material like capacity envisaged for the
cow dung, purpose is 1000 litres per day,
wood, and other which could be distributed to
waste matter with the needy at a nominal price for
solar water heating every bucket of water delivered.
system. Now you may
like to ask if these people can really
afford it. Yes, it is going to happen Shining the sun on diamonds
for sure akin to the practice of renting WM Are you trying to trace any
connection, even a distant one,
between  solar energy and
diamonds? Yes, there is no such
link excepting the fact that
the sun is visiting the city of
diamonds, that is, Surat in
the state of Gujarat. The solar
company, which is inclined
to do so is MBPV (Moser Baer
Photovoltaics), which plans to
set up one of India’s largest rooftop
SPV (solar photovoltaic) installations
there. In fact, it has just been assigned
the responsibility by the Roads and
Buildings Department of Gujarat
government. The SPV system likely to
come up would be of about 135-kWp
capacity and will operate a 40-kW
load for a daily duration of 10 hours.
A battery bank of 6000-Ah capacity fits
the solar system design scheme. MBPV
is to take care of the O&M needs of this
plant for seven years thus helping it to
run in a smooth manner.
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Swearing by the magic wand
of $1/Wp

BN First Solar, as the name suggests,
may well be on its way to finally
achieve a revolutionary selling price of
less than $1 per peak watt for modules
some day. The company is now quite
upbeat about having reduced its
manufacturing cost for solar modules
in the fourth quarter to $0.98/Wp.
Itaims to showcase a growing capability
of the thin-film technology to rival
the conventional power producing
technologies more so for tackling
a key challenge of climate change.
This  innovative = manufacturing
initiative came into being in late
2004. Between then and now, the
manufacturing capacity has grown
2500% with a capacity of 2500 MW
achieved in 2008. Its annual capacity
is expected to double in 2009 to about
1000 MW. The positive gain has
been in terms of bringing down the
manufacturing cost considerably. In
fact, the company has managed to cut
down its costs by two-thirds from over
$3/watt to less than $1/watt. Further
reduction is expected on the basis
of further changes in the production
process.

Spain setting up a new feed-
in-tariff

B The National Energy Commission
of Spain has received a huge response
from about 392 applicants who wish
to qualify for the country’s new solar
projects specific feed-in-tariff level.
The successful applications will be
entitled to receive a rate of € 0.34/kWh
or $0.43/kWh for small system plants,
whereas it will be about € 0.32/kWh
for large plants. As per the
available  estimates,

nearly 3000 MW of solar power
projects were connected to the national
grid between January and November
previous year. The overwhelming
response to the renewed tariff scheme
is being seen as a sure indicator of
its being attractive and stable too.
In terms of the actual market growth,
the country’s solar market expanded
three-fold going well past the estimates
made by the market analysts. Till
date, only about 2000 MW of the total
installations have been grid connected
and stand registered with the Spanish
government.

Majoring with a mega solar
power initiative

I The PG&E (Pacific Gas and Electric
Company) has recently made public
its plans of a five-year initiative to
develop about 500 MW of SPV power.
The northern and central California
service areas have been chosen for the
purpose. The proposed programme
involves setting up of 250 MW of
utility owned PV generation, which is
its first direct investment in renewable
generation in over a decade. Another
250 MW of the capacity is intended to
be built and owned by independent
developers wunder a streamlined
regulatory process. These plans have
to go through the approval process

of California Public Utilities
Commission later this
year. As per available




projections, more than 1000 GWh of
power is expected to be delivered by
2015. These may well fulfill the needs
of nearly 150 000 homes.

In totality, it may help to meet about
1.3% of the PG&E’s electric demand.
The company programme focuses on
mid-sized projects, typically 1-20
MW capacity set up either on ground
or using available roof space. One of
the unique features is that the projects
are earmarked at sites (that is, land),
which PG&E already owns. If not, it
is possible that these are put up in the
vicinity of sub-stations to cut down
the cost and time of interconnecting
them to the power grid. It had already
announced its intention to purchase the
outputs of two SPV power plants with
an aggregated capacity of 800 MW.

Sunshine to cheer about in US
Bl Not everything is  getting

costly—at least not the cost of SPV
systems installed in US. The installed
costs have taken a dip of more than
28% in the last decade or so.

It is

based on a just released study of the
LBNL (Lawrence Berkeley National
Laboratory). As per the study, the cost
of solar systems meant for commercial
applications are declining faster than
those for the residential purposes. The
cost of installing such systems dropped
from $10.50 per watt in 1998 to $7.60
per watt in 2007. The percentage
reduction has amounted to nearly
3.5 per year with the costs having
remained relatively flat in 2006
and 2007. These calculations
do not include any cash
rebates or tax credits as
such. The research group of
Ryan Wiser, Galen Barbose,
and Carla Peterman used data
from about 37 000 grid-connected
SPV systems spread over 12 states.
Arizona recorded the lowest cost in
the capacity range of 10 kWp followed
up closely by California and New
Jersey. These findings are reported in
the document, Tracking the sun: the
installed cost of photovoltaics in the
US from 1998-2007.

It is important to mention here
that the solar panel prices
made a little contribution
to cost reduction. Instead,
the cost on account of
inverters, labour, and
marketing amongst others
made these installations
cheaper. In figurative
terms, the non-module
costs came down from
$5.7 per watt in 1998 to
$3.6 per watt in 2007.
It has also been observed
that states with strong
incentive programmes
also tend to have more
companies competing for
providing installation and
other services. Of all the
states, Arizona, California,
and New Jersey offer more
generous tax and cash
incentives. This resulted
in Arizona recording the
lowest cost (in the 10 kWp
category) of $7.60/Wp
followed up closely by
California ($8.10/Wp) and
$8.40/Wp for New Jersey.
For 10-kWp  systems
deployed during 2006/07,

\
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thin-film panels cost on average

$0.5/Wp more than those using

crystalline silicon panels. However,

the difference was not significant for

system sizes in excess of 10 kWp. Other

key summary results are as under.

® The net cost of putting up a
residential PV system (taking into
account all available private, state,
and federal incentives) touched an
average of $5.1 per watt in 2007.

® The above cost is about 7% less
than the 2001 levels.

® The net cost for a commercial
system averaged $3.9 per watt in
2007—a sizeable 32% less than the
2001 levels.

® Costsforalltypesofsystemsremained
flat between 2005 and 2007.

® Cost reduction of 5%—-20% or even
more expected in the solar module
prices in the current year.

Ring in the solar mobile

phone please

B Mobile telephony is making
waves all around especially in this
part of world. To add a new dimension
to it, a China-based company ZTE has
just unveiled the world’s first low-cost
solar-powered cell phone. It is going
to be marketed under the brand name
Coral-2000 and uses a small solar panel
on the back of the phone. This way, it
gets its energy with the charge time-to-
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talk time ratio being 4:1. Simply put,
you can chat on for 15 minutes after
exposing it to the sun for 60 minutes.
As per the company officials, its niche
market is going to be two billion
people having limited or no access to
basic electricity as such. The first-year
sales alone may be nearly 300 000 in
virgin markets of Papua New Guinea,
Samoa, and Haiti. This initiative may
well spur the market introduction of
several other models from companies
of repute like Samsung.

Tunnelling in solar

BN SPV use is growing by the day
with newer applications coming to the
front. A good example of this type is
the construction of a landmark SPV

installation on the roof of a tunnel of
Germany’s A3 highway. This 2.8-MW
facility about to be completed utilizes
more than 16000 ribbon technology
panels of Evergreen Solar. It is being
seen as one of the country’s largest
and the first system to be positioned
on a public highway. The installation
located near Aschaffenburg occupies
2.7 km of the A3 tunnel roof and
is expected to light up more than
600 average houses  annually.
The projected outlay is about Euro 11
million intended to be paid back via
cost savings over 16 years. Perhaps,
this installation may provoke many
companies around the world to
use large areas of free space on the
highway bridges and tunnels via the
SPV route.

Bharat hot on solar cookers,

new energy

BN This is one announcement that
Pranab Mukherjee ought to have made
on the floor of the house, but did not
do so. At a time when the country is
trying to increase its power generation
capacity and a large part of the rural
areas being unelectrified, Mukherjee
has set aside Rs 1346 crore for new and
renewable energy. And topping that list
would be provision of solar cookers for
villages. The MNRE (Ministry of New
and Renewable Energy) would deploy
25 000 solar cookers in villages during
the year. The ministry’s allocation in
the interim budget has been increased
to Rs 1346 crore from Rs 1147 crore in
the revised budget.

According to the annual budget
for 2007/08, a total of 616 500 solar
cookers including over 608 500 box-
type solar cookers and about 8000
dish solar cookers were deployed
during 2006/07. Extending its VESP
(Village Energy Security Project),
which was under test mode, the
minister has allocated the project to
be deployed in 70 villages/hamlets.
VESP seeks to meet total energy needs
for cooking, electricity, and motive
power through various forms of
biomass material.




Vihaan Network unveils

world’s first solar-powered

GSM system
B Vihaan Network Ltd, a group
company of Shyam Group launched
the world’s first zero opex GSM
systems powered by solar energy
rather than conventional sources. The
system is expected to save at least
50% of the capex currently involved
in setting up base stations, which
would lead to further reduction in
mobile tariffs. There would be no
operating expenditure in running the
system. Setting up a solar-powered
base station would cost one-tenth the
amount currently spent on setting up a
base station. Presently it costs as much
as Rs 50 lakh to set up a base station.
Apart from saving costs, the system
is environment friendly and cleaner.
The system is also extremely simple
to deploy, is compact, modular, and
could be assembled very easily by
even illiterate workers.

Speed breakers to go green

BN ‘Green’ speed bumps that will
generate electricity as cars drive
over them are to be introduced on
Britain’s roads. The hi-tech ‘sleeping
policemen’ will power streetlights,
traffic lights, and road signs in a pilot

scheme in London that could be rolled
out nationwide. Speed bumps have
long been the bane of motorists’ lives,
but these will capture the kinetic
energy of vehicles. Peter Hughes, the
designer behind the idea, said, ‘They
are speed bumps, but they are not like
conventional speed bumps. They don’t
damage your car or waste petrol when
you drive over them—and they have
the added advantage that they produce
energy free of charge.

The ramps, which cost between
£20000 and £55000, depending on
size, consist of a series pf panels set
in a pad virtually flush to the road.
As the traffic passes over it, the panels
go up and down, setting a cog in motion
under the road. This then turns a motor,
which produces mechanical energy.
A steady stream of traffic passing over
the bump can generate 10-36 kW of
power. The bumps can each produce
between £1 and £3.60 of energy an
hour up to 16 hours a day, or between
£5840 and £21024 a year. Energy not
used immediately can be stored or fed
into the national grid. Hughes claims
that 10 ramps could generate the same
power as one wind turbine.

First carbon-free polar station

opens
B The world’s first zero-emission
polar

research station opened in

Antarctica and was welcomed by
scientists as proof that alternative
energy is viable even in the coldest
regions. Pioneers of Belgium’s Princess
Elisabeth station in East Antarctica
said of a station could rely on wind
and solar power in Antarctica — mostly
a vast, icy emptiness — it would
undercut arguments by skeptics that
green power is reliable. ‘If we can
build such a station in Antarctica we
can do that elsewhere in our society.
We have the capacity, the technology,
the knowledge to change our world,’
Alain Hubert, the station’s project
director said.

Global spurred by
greenhouse gas emissions, has
prompted governments to look
for alternative energy  sources.
And renewable energies are gaining
a foothold in Antarctica, despite
problems in designing installations
to survive bone-chilling cold and
winter darkness. Constructed over two
years, the steel-encased station uses
micro-organisms and decomposition
to enable scientists to re-use shower
and toilet water up to five times before
discarding it down a crevasse. Wind
turbines on the Utsteinen mountain
ridge and solar panels on the bug-like,
three-storey building ensure that the
base has power and hot water. Even the
geometry of windows helps conserve
energy.

warming,
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Introduction

olar energy is an
inexhaustible and
non-polluting source
of energy capable of
reducing  the GHG
(greenhouse gas) emissions too.
Earth’s upper atmosphere receives
174 PW (petawatts) of incoming solar
radiation. Out of this nearly 30% is
reflected back to space while the rest
is absorbed by clouds, oceans and land
masses. The solar energy thus absorbed
by atmosphere of earth, oceans, and
land is approximately 3 850 000 EJ
(exajoules) annually. Photosynthesis
captures approximately 3000 EJ per
year in biomass formation. The solar
spectrum at the earth’s surface is

solurgthermal

mostly spread across the visible and
near-infrared ranges with a small part
in the near ultraviolet. In fact, the
amount of solar energy reaching the
surface of the planet is about twice as
much as will ever be obtained from all
of the earth’s non-renewable resources
of coal, oil, natural gas, and mined
uranium put together.

Laying the ground for solar
thermal power

Solar radiation is the largest
renewable energy resource on earth.
Solar thermal power 1is logically

one of the main candidates for

providing a major share of the
renewable and clean power in future.
Solar thermal collector (unglazed,
liquid flat plate, air collectors,
evacuated tubular, concentrating, and
so on ) is a technology for harnessing
solar radiation for thermal (heat) energy
applications. These are basically
categorized on the basis of their
maximum temperature attainability as
under.
® Low-temperature collectors are flat
plates generally used for domestic
and industrial applications.
® Medium-temperature
collectors are also usually flat
plates or evacuated tubular
but are used for commercial
applications as well.
High-temperature collectors
concentrate sunlight using
mirrors or lenses and are
generally used for electric
power production.

The hig canvas
of solar thermal
electricity

Solar thermal electricity
is obtained on changing
directly available solar
radiation into electricity
via some conversion
device. In solar thermal
power  plants, the
incoming radiation is
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tracked by large concentrators/mirrors
field and concentrated onto absorbers.
These then transfer it thermally to
a working medium (that is, fluid).
The heated fluid operates as in
conventional power stations directly
(if steam or air is used as medium) or
indirectly through a heat exchanging
steam generator on the turbine unit,
which then drives the generator.

Concentrating solar power
technologies

Concentrating solar thermal power
plants  produce  electricity by
converting the solar radiation into
high-temperature heat using various
reflector and receiver configurations.
The heat is then channelled through
a conventional generator. The plants
essentially consist of two parts: one
that collects solar energy and converts
that into heat (that is, solar field) and
another that converts heat energy to
electricity, (that is, power block). Solar
collectors are the vital components of
a solar system, which collect and/or
concentrate solar radiation on to the
receiver, which contains the HTF (heat
transfer fluid). It carries the heat from
receiver/absorber. CSP technologies
are flexible and are appropriate for a
wide range of applications including
dispatchable central-station power
plants and distributed modular power
plants.
STPP (solar thermal power plants)
use the high-temperature heat from
concentrating solar collectors to drive
conventional types of engines turbines.
Some plants generate just electricity,
but others use the combined heat and
power cycle to generate electricity and
process heat at the same time. In this
way, a solar thermal power plant can
simultaneously meet the following
few important requirements.
® Produce electricity
® Provide cooling by means of
absorption chiller

® Generate industrial process steam

® Produce drinking water with a
seawater desalination plant

In this way, about 85% of the
absorbed solar thermal energy is

converted into some
useful energy.

Positioning of
solar thermal
power plants

Suitable sites for solar
thermal power plants
are mainly located in
the sun-rich regions
of the world south of
the latitude. This is
mainly because only
the direct share of the
radiated solar radiation
can be concentrated by the
mirrors. Considering the
solar radiation on a global
scale following distribution
can be made with different
optimal effects on CSP
(concentrated solar power)
technologies.
® 0-15deg: The equatorial belt
is a moderately favourable
area for CSP because of
cloud coverage and humidity,
which reduces the amount of
direct radiation.
® 15-35 deg: This is the most
favourable area for CSP because
of good sunshine and limited cloud
coverage.
® 3545 deg: This is the least
favourable area for CSP because
higher latitude reduces the amount
of solar radiation

The all-important yield

Almost half of the radiation is in the
form of diffuse radiation, which does
not work well for CSP. The high
production of diffuse radiation and
the overall lower irradiation levels
limits their economic feasibility at
northern latitudes. In 2003, solar
thermal electricity production in
OECD (Organization for Economic
Cooperation and  Development)
countries was mnearly 548 GWh
(gigawatt hour). The average capacity
factor for a solar power plant, which
is a function of tracking, shading, and
location, is about 20%, meaning that
a 50-MW capacity power plant will
typically provide a yearly output of

50 MW x 24 hours x 365 days x 20% =
87600 MWh/year, or 87.6 GWh/year.

Solar thermal power generation
technologies

As of now, solar thermal power
generationisaprovenand demonstrated
technology. More than 100 years of
accumulated operating experience
demonstrate the soundness of the
concept. The STPG plants installed
in 1985 in USA have generated more
than nine billion units of solar-based
electricity.

Almost all the solar thermal
technologies (with the exception of
solar chimney and solar pond) arebased
on four basic sub systems: collector,
receiver (absorber), transport/storage,
and power conversion. Concentrator
capturers direct solar radiation, which
is then delivered to the receiver/
absorber. The receiver absorbs
the concentrated solar radiation,
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and the transport-storage system
passes the HTF fluid from a receiver
to the power conversion system.
Following few are the representative
STPG technologies.

® Parabolic trough solar

generating system (PTC)

® Power towers or central receivers

electric

® Parabolic dishes (dish-engine
system)

® CLFR (concentrating linear Fresnel
reflectors)

® Solar chimney
® Solar pond

Out of these many, the parabolic
trough, central receiver, and parabolic
dish technologies have reached a
certain commercial maturity.

is connected to a steam turbine.
A natural gas burner is normally used
to produce steam during low insolation
conditions.

The major components in the
system are collectors, fluid transfer
pumps, power generation system,
and the controls. This power
generation system usually consists of
a conventional Rankine cycle reheat
turbine with feedwater heaters de-
aerators, and so on. The condenser
cooling water is cooled in forced draft
cooling towers.

These types of power plants can
have energy storage system. The

essential

components of a PTC plant are mirrors,
receivers, and turbine technology. The
receiver consists of a specially coated

absorber tube which is embedded
in an evacuated glass envelope. The
absorbed solar radiation warms up the
HTF flowing through the absorber tube
to almost 400 °C. This is conducted
along a heat exchanger in which steam
is produced and generates power.

While using the direct solar steam
generation, the HTF and water heat
exchanger will no longer be required.
This may result in improvement of
the efficiency and a higher overall
efficiency of cycle too.

The efficiency

factor
The

efficiency of a

Photo Courtesy: DOE/NREL
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The commercial transformation
PTC systems were commercialized
in 1980s in California, USA and
were commonly known as SEGS
(solar electric generator systems).
LUZ Company installed nine such
plants between 1980 and 1989 with
an aggregate capacity of 350 MWe.
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SEGs use oil to take the heat away; These plants are defined by need, even if, the solar radiation is St

the oil then passes through a heat

exchanger, creating steam. This in turn

runs a steam turbine. The following two

major technological developments are

under way alongside focused research

on components and materials.

® Integration of parabolic trough
power plants in combined cycle
plants.

® Direct steam generation
collectors’ absorber tubes.

in the

Power tower system
In power tower systems, heliostats
(a heliostat is a device that tracks the
movement of the sun which is used
to orient a mirror of field of mirrors,
throughout the day, to reflect sunlight
onto a target-receiver) reflect and
concentrate sunlight onto a central
tower-mounted receiver where the
energy is transferred to a HTF. This
energy is then passed either to the
storage orto power-conversion systems,
which convert the thermal energy into
electricity. The major components of
this system are as follows.
® Heliostat field
® Heliostat controls
® Receiver
® Storage system
® The heat engine (which
drives the generator)

For a large heliostat field,

a cylindrical receiver has
definite advantages when used
with Rankine cycle engines,
particularly for radiation from
heliostats at the far edges of
the field. Cavity receivers with
larger tower height to heliostat
field area ratios are used for
higher temperatures required
for the operation of Brayton
cycle turbines. The key elements
of a solar tower system are the

heliostats—provided with a two-

axis tracking system —thereceiver,
the steam generation system, and
the storage system. The number
of heliostats will vary according
to the particular receiver’s thermal
cycle and the heliostat design.

the
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various options chosen for a HTF,
thermal storage medium, and for the
power-conversion cycle. HTF may
be water/steam, molten nitrate salt,
liquid metals or air, and the thermal
storage may be provided by PCM
(phase-change materials). Power tower
systems usually achieve
concentration ratios of
300-1500 and can operate
at temperatures up to
1500 °C. To maintain
constant steam parameters
even at varying solar
irradiation, two methods
can be used.
® Integration of a fossil
back-up burner.
® Utilization of a
thermal storage as a

buffer.
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heat can be stored for
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electricity production
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not available. The modern R&D efforts
have focused on polymer reflectors
and stretched-membrane heliostats. A
stretched-membrane heliostat consists
of a metal ring, across which two thin
metal membranes are stretched. A focus
control system adjusts the curvature

of the front membrane,
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plants include the 10-MWp Solar
One and Solar Two demonstration
projects in the Mojave Desert. These
have now been decommissioned. The
15-MW Solar Tress Power Tower in
Spain builds on these projects with
storage option. In Spain, the 11-MW
PS10 Solar Power Tower was recently
completed. Likewise, in South Africa,
a solar power plant is planned with
4000 to 5000 heliostat mirrors, each
having an area of 140 mz2.

Paraholic dish system

Dish systems use parabolic reflectors
in the shape of a dish to focus the
solar radiation on to a dish-mounted
at the focal point. The
parabolic dish system uses a parabolic
dish shaped mirror or a modular
mirror system that approximates a

as heat for thermal
applications or for
power generation. The
thermal energy can
either be transported
to a central generator

for conversion, or
can be converted
directly into

electricity at a local
generator coupled
to the receiver.

The mirror
system typically
is made from a
number of mirror
facets, either
glass or polymer
mirror, or can
consist of a
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maximizing

the use of sunlight. Further, the

system is characterized by a simple and

cost-effective modular construction

of up to several hundred megawatts
capacity.

CLFR is a single-axis tracking
technology but differs from a parabolic
trough in that the absorber is fixed in
space above the mirror field. Also, the
reflector is composed of many long row
segments, which focus collectively
on an elevated long receiver running
parallel to the reflector rotational axis.
The LFR collectors have begun to
attract significant attention due to the
following few reasons mainly.
® Low structural support
® Cost of reflectors
® Fixed fluid joints
® Receiver detached from the reflector

system
® Long focal length feature (allowing
use of conventional glass)

The glohal outlook

Worldwide parabolic trough collector
and tower technologies have gained
maturity. Dish sterling systems have
highefficiencybutarenotrecommended
for high-capacity power generation.

Thus,

these are mainly used for
decentralized power supply. CLFR
technology is one of the emerging
technologies with a potential to
replace PTC collector-based systems
ultimately.

Solar chimney

In a solar chimney, three well-known
physical principles — the flat-plate air
heater, thetall chimney, and the vertical
axis turbine — are combined in a novel
way. Incident solar radiation heats
the air in a large collector roof. The
difference between the temperature of
the air under the roof and thin ambient
air causes a pressure drop over the
height of the chimney. Ambient air
is drawn into the glass collector.
This is warmed by solar energy and
rises up the chimney. The current
of rising warm air drives a turbine.
This pressure drop is converted into
kinetic energy-the upwind. It passes
through the turbine and then between
the two layers of glass to ground level,
entering the solar collector from
underneath the absorber. The ascent
of hot air drives the wind turbines
installed at the base of the chimney thus
generating electricity. The following
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well-known physical effects

are thus combined.

® Greenhouse effect, causing
the air under the glass roof
to heat up.

® Chimney effect, causing the
air heated under the glass
roof to ascend through the
chimney.

® Turbine, which removes

energy from the air flowing

inthechimneyand converts

it into electrical energy

through a generator

Solar pond

Solar pond is an effective
and cost-effective techno-
logy to Tharness the
solar thermal energy for
industrial applications
namely, process heating,
water desalination,
refrigeration, and solar thermal
power generation. A solar pond is a
large-scale solar energy collector with
integral heat storage for supplying
thermal energy. It essentially contains
layers of salt solutions with increasing
concentration and density to a certain
depth, below which the solution has a
uniform high salt concentration. The
gradient of density prevents heat in
the lower layers from moving upwards
by convection and leaving the pond in
the process if absorption of radiation.
This shows that the temperature at the
bottom of the pond will rise to over 90
°C, while the temperature at the top is
usually about 30 °C. The trapped heat
in salty bottom layer can effectively be
used for many applications namely,
heating of buildings or industrial hot
water or even to drive a turbine for
generating electricity.

Financial estimates

Solar thermal power is amongst the

most cost effective renewable energy

technologies and offers the lowest-cost

solar electricity worldwide. Key cost

projections are as under.

® Power generation costs are expected
to be in the range of $0.075/kWh to
$0.19/kWh.
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Grid  parity is
expected in the
near future.

Photo courtesy: DOE/NREL

estimated to be
72.9% and 56.2%,
respectively.

A cost reduction
of 14% is expected
for parabolic trough
technology based
large-capacity  (say
400 MW) power
plants.

Economies of scale
will come into play via
installation of above
mentioned power
plant but of 600 MW
capacity and expecting
a cost reduction of
about 17%.
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such power plants are either under mission targets 10 000 MW of installed
COST BREAK UP OF A SOLAR construction or are in the pipeline. capacity by 2020.

THERMAL POWER PLANT The European Commission has .

BASED ON PTC recently launched a global initiative Tracing the past

called ‘Solar Paces’, which aims to India despite being soaked in sunshine
establish 5-GW capacity of solar hasverylimited experience with regard
thermal power

plants  around

the world. COST BREAK UP OF A SOLAR THERMAL
Additionally, POWER PLANT BASED ON POWER TOWER
plans are TECHNOLOGY
underway

Solar field (51%) Storage (8%) to integrate
European  grid
and extend it to
the North Africa
where large-
capacity  solar
thermal ower i

plants o Solarfield (36%) G
established.
These plants

can then provide

= Indian 0““00'(_0“ solar thermal electricity to Europe
power generation and Africa. As part

" 1
| Solar thermal power generation of the national
—r - | technologyscenarioiscurrentlygaining climate change
e < .
.\ momentum worldwide. A number of policy, the solar

Indirect cost (17%)

Tower (3%)
Storage (3%)

Land (2%)

Indirect cost (17%)
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to solar thermal power generation.
In fact, it has just experimented with
a 50-kW capacity thermal power
plant installed at Solar Energy
Centre (MNRE [Ministry of New and
Renewable Energy]) in late 1980s.
This facility uses the parabolic trough
line focusing technology. A 140-MW
integrated solar combined cycle power
plant conceptualized on a fuel mix of
solar energy and naptha is still not a
commercial reality. This despite the
fact that GEF has approved a grant
of $40 million accompanied by few
more positive indicators. Leaving this
behind is a renewed initiative to set
up Asia’s largest solar thermal power
plant of 10-MW capacity at Nagpur in
Mabharashtra.

Few recent initiatives
The MNRE has recently announced
a GBI (generation-based incentive)
scheme for the megawatt-capacity
grid-connected solar thermal and PV
power generation. Various
states like Rajasthan, Haryana,
Punjab, and West Bengal have
announced tariff policies and
other incentives for solar
power generation systems.
MNRE policy is currently
under review as it has capped
the total installed capacity by
a project developer to 5 MW.
This makes solar thermal
power generation non-
attractive in financial terms.
Thus, attaining economies
of scale holds the key
to make such projects
economically viable. This
fact is now being realized
by the Clinton Foundation,
which has announced an
ambitious plan to set up
5-GW capacity solar power
plants in India.

The emerging
possibilities
The state government
of Gujarat has just
announcedaninnovative
policy aptly called the

Solar Power Policy 2009. A minimum
project capacity of 5 MW each has
been earmarked both for solar thermal
and SPV power generation. A unique
feature of this policy is setting up of
a 500-MW capacity target realization
during its operative period (that is,
up to 31 March 2014). It is important
to note here that use of any fossil fuel
source such as coal, gas, and naptha
has been disallowed under the solar
thermal power projects. The following
tariff structure has been approved for a
period of 25 years.
® Rs 10 per kWh during the first 12
years for projects commissioned
before 31 December 2010.
® Rs 3 per kWh during the first 12
years for projects commissioned
before 31 December 2010.
® Rs9perkWh during the first 12 years
for other projects commissioned
before 31 December 2014.
® Rs 3 per kWh during the first 12
years for projects commissioned
before 31 December 2014.

‘‘‘‘‘

As per the available reports, a
massive expression of interest has
been witnessed since the time of
announcement of this policy. A
sizeablenumberofprojectsareexpected
to mature through a collaborative

route between the experienced
foreign companies and Indian
companies.
Conclusion

Selective few locations in India are
bestowed with a very high direct
solar radiation availability of more
than 2200 kWh/m? annually. Serious
efforts are needed to transform such
resource availability into a few
functional power plants at least.
The immediate gains may accrue by
way of establishing demonstration
experience and thereby a path forward
for a commercial foothold. With
climate change concerns riding high,
solar thermal power generation may
ride a national solar wave in the time
ahead.




1 Operational

Box 1: List of solar thermal power stations

Nevada Solar One
Liddell Power Station

United States
Australia

Las Vegas, Nevada
New South Wales

Parabolic trough 64
Fresnel reflector 35

Name Country Location Technology Capacity (MW)  Notes and references
Solar Energy United States Mojave desert Parabolic 354 Collection of nine units
Generating Systems California trough

Third largest

Electrical equivalent steam boost for

coal station

PS10 solar power tower Spain Seville Solar power tower 11 Europe’s first commercial solar tower
2 Under construction
Name Country Capacity (MW) Technology
—y Andasol - 1 Spain 50 Parabolic trough with heat storage
| )| Andasol -2 Spain 50 Parabolic trough with heat storage
La Risca 1 solar power station Spain 50 Parabolic trough design
Solnova 1 solar power station Spain 50 Parabolic trough design
Solnova 3 solar power station Spain 50 Parabolic trough design
PS20 solar power tower Spain Seville 20 Power tower design
Beni Mathar Plant Morocco 20 Technology unknown
Solar Tres Power Tower Spain 17 Power tower design with heat storage
Keahole Solar Power Hawaii 1 Micro CSP parabolic trough design

3 Planned/announced
Ivanpah Solar

Mojave Solar Park
Pisgah

Unnamed
Imperial Valley
Solana solar power plant

Beacon Solar Energy Project
Negev Desert

Antelope Valley

Carrizo Solar Farm

Coalinga
Upington
Shams

Yazd Plant
Barstow
Kuraymat Plant

Hassi R'mel

Cloncurry solar power station
NA

4 Out of commission

California, USA

California, USA
California, (near Pisgah
north) USA

Florida, USA

California, USA

Arizona southwest of
Phoenix, USA
California, USA

Israel

California, USA
California near San Luis
Obispo, USA

California, USA

South Africa

Abu Dhabi Madinat Zayad
Iran

USA California
Egypt
Algeria

Australia
India

= Solar One (converted into Solar Two), USA California, 10 MW, power tower design
= Themis (under rehabilitation), France, 2 MW, power tower design

500 MW + 400 MW
optional extension
553 MW
500 MW

300 MW
300 MW
280 MW

250 MW
250 MW
245 MW
177 MW

107 MW

100 MW

100 MW

67 MW steam input
for hybrid gas plant
59 MW, with heat
storage and back-up
40 MW steam input for
a gas-powered plant
25 MW steam input for
gas-powered plant

Power tower design

Parabolic trough design
Dish design

Fresnel reflector design
Dish design
Parabolic trough design

Parabolic trough design

Design will be known after tender
Power tower design

Fresnel reflector design

Parabolic trough design, hybrid with biomass

Power tower design
Parabolic trough design
Technology unknown
Parabolic trough design

Parabolic trough design

Parabolic trough design

10 MW with heat storage Power tower design
10 MW with heat storage Parabolic trough design




BRINGING LIGHT TO RURAL INDIA

GREENATHON

INDIA'S FIRST 24-HOUR TELETHON
FOR THE ENVIRONMENT

AMBIKA SHANKAR, Editor, TERI Press <ambika@teri.res.in>

uddenly the environment

is everywhere. Of course,

it always was but we

seem to have noticed it

only recently. Not so long
ago we were happily ignorant of the
trail of destruction in our wake. We
polluted with gay abandon. We wasted
gleefully. We mined, chopped, and
plundered enthusiastically. Then, from
our plastic-wrapped bubble of carbon
emissions, we looked proudly into the
future. The future looked back at us.
It didn’t look happy. Sadly, we cannot
reverse the damage now. We cannot
close the hole in the ozone layer and
we cannot reanimate the dodos. But
there is some light, admittedly dim
and probably running on solar energy,
at the end of this long, dark tunnel.
We cannot renew, but we can recycle.
We can reduce pollution and conserve
energy.

As dusk slowly lapses into night,
it is time for millions to call it a day.
For, before the night falls, farmers with
their cattle have to be at home, children
have to finish studies, and housewives
have to finish the household chores,
as life comes to a standstill once it is
dark. India is gasping for energy—and
mind you there are 76 million rural
households that are yet to switch
on their first light bulb. By 2030, the
Planning Commission estimates that
India will need to generate at least
700000 MW (megawatt) of additional
power to meet the demands of its
expanding economy and growing
population. However, generating
power will not be the end of the story.
It has to come from cleaner sources.
India receives about 5000 trillion kWh
(kilowatt-hour) equivalent of energy
per year through solar radiation. Just
one per cent of the country’s land
area can meet its entire electricity

S®LAR April 2009




requirements

till 2030. In 2007,

solar energy production in

India was 80 MWp (megawatt peak)

power, a mere 1.7% of the world total

of 4700 MWp. Despite a fairly strong

start, India’s solar energy movement

failed to gather pace. But now with

increasing costs of oil and the threat of
climate change, the buzz is back.

A revolutionary change is required
in the field of renewable energy
generation, which would bring
substantial benefits to some of the
poorest citizens living in rural India.
TERI (The Energy and Resources
Institute) has launched a programme
called LaBL (Lighting a Billion Lives),
which addresses the sad situation of
1.6 billion people globally who have
no or normal access to electricity.
The campaign is spearheaded by Dr
R K Pachauri, Director General, TERI.
Unfortunately, 25% of these — about
400 million — live in India. Yet, this
problem can be addressed and solved,
if required, through provision of
solar lanterns.

Celebrities
increasingly coming
forward to voice
their opinion

environmental
problems and do their bit for
the cause. Taking forward its ‘Open
Up Tomorrow, Today’ campaign to
save our planet, NDTV supported by
Toyota, telecast first of its kind 24-hour
non-stop programme ‘The Greenathon’,
urging Indian citizens to take a pledge
towards a greener tomorrow. The
NDTV-Toyota Greenathon saw a
plethora of stars performing for the
environment and advocating the cause
of going green. The well-thought-out
television extravaganza saw these
stars backing NDTV’s efforts to raise
money for TERI’s LaBL campaign and
adopting villages themselves as also
encouraging people to do the same.
For those who take the light in
their homes for granted, the
Greenathon was certainly
an eye-opener into
how many people
still don’t have
that  one
speck

of
light in
their homes.

Spearheading the
Bollywood bandwagon was
Preity Zinta, the bubbly, dimpled actor
who is also the NDTV Greenathon
brand ambassador. She felt that the
government needs to be pushed.
She said Indians are good people
but what is needed is education
at every level. The Greenathon
started across the NDTV network on
7 February 2009 at 7 pm and ended at
7 pm on 8 February 2009. The telethon

was even
extended by

an hour

0o n

request

from Dr

Prannoy  Roy,

President, NDTV;

and Dr R K Pachauri.
There was overwhelming

response to the whole event from
the entire world.

Giving their support to the cause,
cellphone giant Nokia adopted three
villagesinthetribal state ofJharkhand—
places that have only seen the natural
light of the sun. Dr R K Pachauri, in
his closing remarks said, “This is just



the beginning
of a long pathway
to sustainable deve-
lopment’.

NDTV’s Greenathon was a
raging success in terms of raising
money for TERI's LaBL campaign
as well as creating awareness about
the environment. However, there are
those who say the carbon footprint
of the event was immense. Well, we
now weigh in the pros and the cons.
The event was grand but not grander
than the aim of saving the planet. So
has all the sweat and blood, the muse
and the music paid off? Was the cost
of emissions to host an extravagant
gala worth the impact for a greener
future? The facts are all before us. The
Greenathon helped in raising funds
for the LaBL initiative, which aims to
provide solar lanterns to villages that
have never seen electricity.

About Rs 2 crore 40 lakh was
pledged in just 24 hours! Thousands of
Internet users donated online toreplace
the kerosene and paraffin lanterns with
solar lighting in the villages. While

25

In short, 24 hours of Greenathon was
perhaps a first day towards a much
greener tomorrow.

At the end of each day, when we
go back to our soft beds in the comfort
of our homes, on the other side of the
town, lies another bed in a village,
in a place called home. Sleep
comes without an effort,

overshadowing the
unspoken dreams
of those ‘few

cleaning
of Yamuna
and beaches
in Mumbai went
on  simultaneously,
celebrities joined in to
spread awareness and gave
green tips on living. In 24 hours,
participants committed donation
to light 45 villages in the poorest of
regions. Schools across the country
kick-started their own initiatives taking
lead from Greenathon. Many schools
in Orissa, Bangalore, and Delhi made
paper bags. Schools in Pondicherry
held Quizathons on environment.
Facebook and YouTube created fan
groups committed to green initiatives.

await

others’”  who
another morning that would

bring light and hope into their lives—
and the LaBL is a step towards that
direction.

April 2009
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Introduction
re you mistaken at the
thought of the sun making
a  brief  appearance
at  night nowadays?
Certainly not since the
sun happens to be the most powerful
entity breathing life into anything and
everything. A quick detour along the
countryside brings alive the role of
sun at night. The rural homes cheer
about the presence of solar light, the
young student studies by the side of
a solar lantern, and an artistic hand
somewhere weaves dreams of change.
That is not all. The use of solar energy
is now moving into new frontiers,
some as varied as illuminating the
billboards. Perhaps the sun isbecoming
brighter as the day progresses more
so in the rural landscapes and lately
within the urban ambiences too. The
moot question that remains is whether
there is a compulsive need to use solar
energy for urban uses like advertising?
This article delves deep into a few
such reasons finally leaving the choice
of use with the end-user itself.

s

It has been well said that take
business to people rather than taking
people to the business. There is
nothing wrong with this proclamation
excepting the fact that power is
playing hide and seek with those who
try to enforce this maxim. To remedy
this situation, the generators are there
as a standby option, but offend the
sensibilities of quite a few for the
following few reasons mainly.
® Encroach on the limited space
available (within the commercial
complexes like office buildings,
shopping malls, and so on)

® Lead to noise and smoke pollution
(not all the generators work in a
silent mode)

® Use the vital import dependent
commodity (that is, outflow of
precious foreign exchange)

Why use the solar canvass

It would not be out of place to mention
here that the sun has been advertised
in the open for many years now. The
most well known example is that of
solar street lighting systems in the

p222200002¢
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sense that it stood out when everything

else failed on the road. However, it

cannot be taken as a concrete example

of solar advertising. Before we delve

deeper into issue, let us try to mention

a few compelling reasons in support of

using solar-powered advertising. These

mainly include the following few.

® Conventional power is not available
in a full measure for meeting the
basic needs.

® Power used for advertising in a large
measure drains the already limited
supply of power.

® There may be a public appreciation
to look at such glowing signages,
but a section of public opinion is
surely against use of grid power for
such purposes.

® Solar power is a clean source of
power and works in a silent mode
without slicing any share of the
power that may have been intended
for any community use.

® Solar-powered advertising can
well be taken care of by the elite
corporate entities, keeping in view
its high initial capital cost.
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® Solar offers immense environmental
gain as against the conventional
power.

Trailing the past

There is nothing new per se in the
concept having been put into action
more than a decade back. However,
what is certainly new is a renewed
liking and thrust to make it happenon a
more visible scale. Let us analyse some
of the most tried out solar mediums of
advertising here.

Solar signboards

These systems akin to a normal solar
street lighting system were initially put
up at selective few places. For example,
one could see an array of such sunlit
boards along the Lady Shriram College
stretch in New Delhi. These worked
well for some time before fading into
memory not necessarily for want of
any repairs and so on.

Solar bus shelters
The garden city of Bangalore in
particular experimented with the solar

. e LT . oy

power lit bus shelters. In fact, a still
role was conceived for such locations.

Solar on-line news

A private news channel came up with
a bright idea of displaying the news as
it unfolds on the solar-operated panels
close to the busy traffic intersections.
This proved to be of a good news value
mixing both the ancient and modern
source of energy together. There are
still quite a few such systems installed
in places like Delhi and Noida in the
NCR region.

Solar traffic kiosks

Manning traffic on the congested roads
of a metropolis like Delhi always poses
its own difficulty. The traffic personnel,
often very few in numbers, struggle to
direct such traffic. Solar kiosks put
up on a few intersections were a true
delight to watch for some time at least.
One could for example feel satisfied
watching a traffic policeman guiding
traffic through solar-operated public
address systems. The kiosk offered
succour to the occupant by way of

s . A

a solar run light and fan. However,
what one saw after a while was the
open vulnerability of such systems
put up by a reputed south-based solar
manufacturer. These were vandalized
though standing in a full public view
by perhaps those who liked to bask in
the winter sun, but unaware of its great
roadworthy promise.

Solar bus route panels

An upcoming company in New Delhi
tried to sell the concept of illuminating
the bus route number plates fixed at
numerous bus shelters in the capital
city. The sheer logic was that a large
number of commuters fails to read the
bus route numbers when more often
than not, streetlights fail at night. A
few such systems were put up on a
trial basis to be dispensed with after
a very limited period of demonstrated
use.

A typical conventional
advertising hoarding

Large-sized hoardings are in full
display across big cities and towns in

5 "
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Table 1 Description of various hoardings
Lamp Type

Average number of lamps used
Average hours of operation

Average energy consumption

Likely benefit of avoided power use

High-intensity halogen lamps

4-12 lamps
10-12 hours
Few kilowatts

May well be used to light up small towns and

villages still reeling in darkness especially
between 6 pm and 10 pm every night.

the country. These can be described
briefly in Table 1.

A possible technical option is to
bring in solar power to take care of
small hoardings in the first instance.
These may well be operated during
the peak hours from 6 pm to 10 pm. To
meet this objective, it may well suffice
to install a 1-kWp solar power system.

Case specifics

Let us take the example of a conventional
advertising hoarding publicizing some
product or service. Each such hoarding
uses at least a couple of halogen lamps
of 460 watts each. This brings its
daily energy consumption to nearly
1 kilowatt. Let us assume that it runs for
just 5 hours a day meaning thereby an
average power consumption of 5 units
per day. Thus, a single hoarding is going
to consume about 1825 units in a year
and this number multiplied by a fairly
large number of hoardings in a city like
Mumbai for example takes the power
consumption to new heights at least not
in that sense of connotation really.

Is solar power the real
alternative?

The figures projected above point to an
alarming need for saving such misuse
of power for other more productive
purposes. Even if any viable alternative
like solar power could lead to savings
of just about 10% or so, it could well
spell immense overall gains in the real
sense. Few most distinct advantages
that solar mode of advertising could
offer are as under.
® Substitute high power lamps with
minimal power LED lamps.
® Offer automatic timer-based
operation, which sense the available
sunlight and accordingly switch on/
off the system.

® These do not produce heat and
thus have no carbon emissions
associated.

® Can be used practically with any
type of hoarding.

® Need minimal maintenance on a
daily basis.

The ministry outlook
The MNRE (Ministry of New and
Renewable Energy) has embarked on an

ambitious plan to enhance the visibility
of solar power in the urban areas in
terms of supporting the demonstration
of various end-use applications like
solaradvertising. According to ministry
sources, the street lighting and outdoor
advertisement panels in the country
amounted to a power consumption of
about 20 000 MW. The intention is
to make state governments see sense
of purpose in moving towards the use
of solar power for such applications.
In fact, the honourable minister
himself has already undertaken wide-
ranging deliberations with the state
governments of Andhra Pradesh, West
Bengal, Maharashtra, and Karnataka.
The response to this proposal has
been by and large positive with even
hope of advertisers being ordered
to experiment with the use of solar
power instead of conventional power.
If implemented, it could signal a big
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change in the urban landscape, which
is struggling hard not only to meet
its power needs, but also to keep it
clean. In fact, the MERC (Maharashtra
Electricity Regulatory Commission) has
already banned the use of conventional
neon signs that illuminated hoardings
and floodlights in the city of Mumbai
between 5 pm and 11 pm. The obvious
choice is to use solar power at least for
a small number of such hoardings to
begin with.

Supporting the initiative
The concerned ministry is finally
supporting the use of illuminated

PV module capacity

Threshold area under illumination
Daily hours of operation

Grant available from the ministry
(that is, MNRE)

Total number of hoardings to be
supported per year

Implementing agency

hoardings as per the details given in
Table 2.

The renewed thrust
SPV systems have been widely
demonstrated in the rural landscapes
with a fairly good degree of success
with each year of experience gained.
The time has come to replicate the
success at least in a small measure
within a chosen few cities in the
country. MNRE has just announced
that Nagpur in the state of Maharashtra
is going to be the first solar city by 2012
followed up by a well-designed

plan to build 6o more such cities.

Up to 1 kWp

2 square metre
About 6 hours

50% of the total cost or Rs 15 000/100 Wp,
whichever is less

Maximum of 500 (limited to just 20 hoardings per
corporation)

Municipal corporations

The intention is to have at least one

city in each state to a maximum of

five cities in a state during the ongoing

Five-year Plan period (that is, 2007-

12). The distinct reasons for doing so

are the following few.

® Minimize dependence on the use of
fossil fuels and expensive oil and
gas.

® Encourage the use of renewable
energy.

® Generate all round awareness for
stimulating the interest of potential
buyers of solar systems for example.

A variety of systems are going to be
introduced in the solar cities coinciding
with alarger aim of generating requisite
awareness amongst the public at large.
These mainly include the following.
Solar hoardings

Street lights

Garden lights

Traffic lights

Solar water heaters

Energy-efficient green buildings

Quite clearly, the solar way of
advertising may receive the much-
needed fillip so as to be increasingly
visible.

The impact out in the open

It is quite logical to assume that those
using solar power daily for their bare
minimum lighting needs (say for
example in the rural areas) are more
aware of the immense power of the
sun and thereby the solar technology.

OUARTERDVITEE
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However, that is not exactly true with

the urban dwellers. There are several

key reasons for this.

® Major chunk of the population relies
on grid power

® Solar systems are switched on
mainly at night, when it’s the time
to rush for home

® More often that not, the solar use
of the system is not properly and
clearly highlighted (solar module
is not always instantly recognized
by a majority as being a power
generating device)

However, there is more than
what meets the eye on road. The
advertisement panels seem to blink as
time advances for whatever reasons.
Amongst the few possible reasons
could be the following.
® The system is mostly installed on

roads with a high traffic density. It

leads to accumulation of atmospheric
impurities like dust on the surface of
panels.

® The panels go without regular
cleaning for many days at a stretch

and thus lead to low power
generation and hence less storage
capacity of the associated battery.

® The battery needs to be topped up at
regular intervals, even if it is a low
maintenance tubular plate battery
partly due to being positioned in
that kind of ambience.

In view of above, the roadside
perception of the general viewers does
not emerge very favourably.

Is solar advertising needed
anywhere and everywhere?

Youth is fun (pun unintended) makes
a very good target segment for use of
solar advertising. Colleges in particular
can be ideal spots to popularize such
new generation systems. A few solar-
powered  advertising companies,
though in a limited manner, have
been able to display the messages of
corporate houses in the premises of
both educational and professional
institutions. However, it may not
be economically viable to use solar
power for advertising anywhere and
everywhere. Nonetheless, one could
think of few ideal spots for solar power
use as mentioned below.
® Eco-tourism cottages, where visitors
could get across the message of
using solar power crisp and clear.
They may also not be reluctant to
part with some part of their earning
for such a cause.
® Pathways of famous mall roads be
it Shimla, Mussoorie, or any such
place in the country. The product
appeal in those type of serene
surroundings may be a thing to
watch, when the message to use
solar power is loud and clear.
® Hotels, motels, and dhabas, which
act as stop points during a long
outstation journey on the highways
offer a definite scope for embracing
solar advertising.
® Allmajorplacesofpilgrimage, which
people throng in lakhs could be
given a serving of solar advertising.
Quite often, such devotees queue up
forlong hours and thus could imbibe
and admire the concept of sun being
there at night as well—be it flashing

of token numbers on the panels or
announcements displayed.
Majority of commercial complexes,
where roof space is available and
could be utilized for the purpose of
advertising.

Popular  heritage  sites and
monuments, and even parks and
gardens, could find solace with
solar power messaging.




Inside out of advertising through
solar

The moot question is whether solar

power can lift up the spirit of people

while they go out. For example, why

do we see so little of it even in this age

of high environmental consciousness?

There seem to be a few compelling

reasons to do that, which may be

mentioned as under.

® A conventional power hookup still
seems to be an easy way out.

® Not all locations are well suited for
using solar power.

® Solar system vulnerability in the
outdoor environment is still an

issue to reckon with.
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® The high initial capital cost
consideration does not seem to
fade away especially when it comes
to having large number of sun-
powered hoardings.

The solar advertising way
forward

We now have a glaring example

of how solar power is gradually

replacing the use of diesel generators

for a critical application like running

of base transmitter stations for mobile

telephony. Till just recently, such an

option was being ruled out on various

grounds—some flimsy too. The same

type of situation could be witnessed

for a variety of the following few

considerations.

® Someone has so well said that if
people cannot come to business,
take business to the people. This
clearly means that advertising is
going to stay here for long. So, it
does need power all the time.

® There is an increasing gap between
the demand and supply of
conventional power. It surely leaves
a window of opportunity for solar
power to peep in.

® The standby mode of power,
predominantly  the  generators
especially those being used in a
haphazard manner and with little
regard to noise and emissions are
lately being viewed as high-risk
elements too.

® The price of conventional power is
moving way up and it may not be

long before solar power actually
prices itself competitively.

® A section of population, even
though still small in number, has
developed a certain fervour for eco-
friendliness and they would like to
view it in all ways possible.

® The issue of climate change is now
receiving attention at the highest
level and solar power is an in-thing
now waiting for a green signal to
take it places—a good advertising
medium indeed.

The big onus on solar
community

It is crystal clear that the sun can come
out in the open at night too. There
seem to be various niche areas of its
presence during those odd hours as
well, not to talk of beaming breaking
news on panels through the day at
busy crossings for example. It is in
the fitness of things here to lay bare
the expectations from the solar power
community, that is, all those who are
votaries of this clean source of power.
® Design, develop, and demonstrate
truly well performing systems,
which will work flawlessly over
long periods of time.
® Small is beautiful maxim may well
apply in this case, as it is somewhat
easy to make someone (even a
corporate entity) pay up for solar
power use.
® A bigger system is not necessarily
the best for quite a few reasons.
More often than not, it becomes a
huge burden to mobilize resources
for replacement of battery bank.
Thus, the idea should be to go for
small systems mainly.
® The trick of the trade seems to be
in garnering support from every
possible quarter and not just the
corporate sector alone.

The final advertisement

The solar way of reaching out to the
masses is possible in more ways than
one. However, what is certainly needed
is to instill confidence in such systems
and leave the rest wide open for others
to rejoice at.

S@®LAR
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Introduction
he existing development
patterns are having
a negative impact on
our environment. It
is imperative to make
a judicious use of our remaining
resources accompanied with a search
for alternatives with no potentially
dangerous side effects either in
the short or medium term. Simply

put, it is essential to be far more
sensitive towards the preservation of

environment. Climate change may
throw up disastrous consequences if
not addressed immediately. Climate
change is mainly caused by GHGs or
greenhouse gases that are released into

APOORV VIJ,
SIDDHARTH

<stampi@teri.res. in>

the atmosphere. Buildings and related
activities like construction, operation,
maintenance, and demolition account
for as much as 40% of the global GHG
emissions. These four processes are
energy intensive meaning thereby
a huge power consumption too. A
lot of waste is also generated via
these processes as by-products. The
additional concern is in terms of an
ever-increasing number of urban
buildings owing to moving mass of
people from the rural areas. As per
available projections, about 47.1% of
the Indian population will inhabit the
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urban areas by 2030. The moot question
is if, there is a solution in sight to curb
the growing menace of GHG emissions.
Surely, we can make the existing
buildings more energy efficient while
adopting similar practices for the new
structures.

Green huildings

Most of the human activities are centred
around buildings. Migration of people
from rural to urban areas puts a heavy
demand on the power availability and
so on. Consequently, the occupants
get the desirable living conditions at a
none too affordable price.
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The most recent trend is to
design a green building that offers
all the comforts of, if not more than
a conventional building. At the same
time, it minimizes the negative impacts
of the building on the surrounding
environment. The following few
technologies/systems are incorporated
into such green buildings.
® Renewable energy sources
® Recycling technologies

® Water and waste management
systems
The possible gains

Various studies are available to quantify

thegains fromimplementation ofenergy-

efficient measures in the buildings.

These can be put down as follows.

® Upto 20% energy savings in existing
residential buildings.

® Upto 30% energy savings in existing
commercial buildings.

® Up to 30% of energy savings in new
residential buildings.

® Up to 40% energy savings in new
commercial buildings.

Green buildings generate electricity
using solar power and wind power
where available in abundance. Any
surplus power thus available can be fed
to the grid. It is also possible to bring
down the heating and cooling load to
just about 15% via the following few
measures.
® Proper North—-South orientation (a

passive architecture design feature).

® Proper optimization of HVAC
systems.

® Use of less power-intensive
technologies.

® Use of optimized lighting in tandem
with proper day lighting feature
(possible energy savings of about
15%).

® Use of new building materials and
proper insulation

® Use of water conservation and
rainwater harvesting techniques for
irrigation and other purposes.

Further, waste products can be
reused in useful ways to reduce both
the energy consumption and embodied
energy of the building.

In fact, a variety of techniques are
available for making both old and new

buildings, more efficient. These usually
translate to a marginally higher capital
investment, but in an O&M cost saving
of as much as 50%.

Green Rating for Integrated

Habitat Assessment
TERI (The Energy and Resources
Institute) has recently developed a
building rating system keeping in
view the specific needs of the Indian
construction sector. It is aptly named as
the Green Rating for Integrated Habitat
Assessment or GRIHA for short. This
has now been adopted by the MNRE
(Ministry of New and Renewable
Energy) as the National Green Building
Rating System for India. In fact,
GRIHA assimilates the key features of
the following few building codes and
guidelines.
® National Building Code
® ECBC (Energy Conservation
Building Code)

CESE
Building,
IIT Kanpur

|

® Constructionspecificclearancesofthe
Ministry of Environment and Forests

® Pollution Control Guidelines
(issued by the Central Pollution
Control Board)

The point system

GRIHA is a rating system that assesses
the environmental performance of
buildings on a scale of 0-104 points.
A minimum count of 50 points is
required for a building to be certified
as a GRIHA building. On the basis of
the number of points scored, a building
can be rated with between 1 and 5 stars.
Here, 1 star indicates the lowest rating,
while 5 stars stand for the highest level
of environmental performance. GRIHA
evaluates green building performance
on the basis of following few aspects.
® Water and waste management
Energy use

Site preservation

Indoor comfort and air quality
Degree of innovation

i R
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The maximum weight is given on
the points for energy—43 out of a total
of 104 points are dedicated towards
energy. There are three broad aspects
within energy, which are tackled in
GRIHA.

Embodied energy

This is the energy that goes into
the construction of the building
and building materials. It usually
forms almost 20% of the total energy
consumed by buildings over their
complete life cycle. Thus, using
locally available low energy materials
for construction with low embodied
energy leads to energy savings.

Operational energy

This constitutes almost 80% of the
total energy consumed by buildings
over their entire life. Currently, most
of the initiatives undertaken by various
stakeholders are dedicated towards
reducing the operational energy
requirement of buildings via various
energy efficiency measures. Various
features like solar passive building
design and mechanical systems with
high energy efficiency can help in
reducing the amount of energy required
during the operation of the building.

Renewable energy

Once the energy requirement of the
building is reduced, the next step is
to ensure that this energy has the least
possible carbon footprint. Renewable
sources of energy like solar power
and wind power supply some useful
amount of power to the buildings.

TERI Gram,
Gual Pahari,
Gurgaon

These lessen the dependence on the
use of conventional energy sources,
thus resulting in reduced carbon
footprint and GHG emissions.

The next most important aspect
of GRIHA deals with site preservation
and reduction in the negative impacts
of site interventions. The process of
constructing buildings has a negative
impact on the site and its surrounding
habitat. It may lead to destruction of
habitat, loss of fertile soil, felling of
trees, and so on. There are various
criteria within GRIHA dedicated
towards ensuring that the impact of
constructingthebuildingonaparticular
site is minimized.
Various aspects like
site selection, topsoil

preservation, air
pollution control,
tree plantation, and
reduction of heat

island effect are taken
into consideration.

Other important
aspects

. GRIHA also covers
a few other aspects
of green buildings
like waste and water

School,
Dehradun

management. There are various
standards to follow in order to reduce
building water consumption while
simultaneously recycling water and
recharging ground aquifers. GRIHA
lays emphasis on various national
water quality standards as well. Waste
is required to be managed, recycled,
reused, and appropriately and
sensitively disposed.

A green building that is unable
to provide good comfort levels to
its users and creates an unhealthy
environment for them is not desirable.
Thus, GRIHA has criteria dedicated
towards maintaining good indoor
comfort levels and air quality. GRIHA
as a rating tool emphasizes upon using
traditional construction techniquesand
knowledge base in order to construct
green buildings. This promotes and
encourages the principles of traditional
building systems, which have been
gathered and refined over centuries.
Another unique feature of GRIHA is
that it rates non air-conditioned, semi
air-conditioned as well as fully air-
conditioned buildings. This promotes
the use of natural ventilation as a
design strategy and thus breaks the
paradigm of green buildings being
necessarily air-conditioned.
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Solar passive
architecture
and GRIHA

The sun plays a
major role in the
building  designs.
For ages together,
people never had the
luxury of mechanical
systems to  control
the comfort conditions
inside buildings. Thus, all
traditional buildings around
the world have been suitably
adapted to the local climate, which
is in turn primarily governed by the
sun. Design principles, in most of the
traditional buildings, revolve around
the position of the sun during a given
time of the year. GRIHA understands
the importance of these traditional
principles of design and encourages
architects to adopt them while
designing their buildings.

The level playing field for solar
architecture

There are various levels at which green
buildings can adopt solar passive
design techniques. The interventions
begin from site planning and landscape
design and proceed towards the

building envelope and interior design

of the building. The specific role of

various enlisted criteria is as follows.

® (riteria 4, 13, and 14 of the GRIHA
rating system emphasize upon
adoption of solar passive principles
in building design.

® (Criterion 4 encouragesincorporation
of existing site features in building
design, one of which is building
orientation.

® (Criterion 13 of GRIHA rating

places great

emphasis on solar passive design of
buildings. Its objective is ‘to apply
solar passive measures, including
day-lighting, in order to reduce the
demand on conventional energy
for space conditioning and lighting
systems in buildings’.

® This particular criterion also has a
direct impact on Criteria 14, which
measures the reduction in energy
demand of a building. Buildings
designed on solar passive principles
tend to consume much less energy
as compared to the conventional
buildings.

Key solar passive design
considerations

A special design feature of a solar
passive building is to orient the
building correctly according to the
local sun path. The correct building
orientation ensures that there is no
excess heat gain (unless required). It
thus helps in positioning the windows
to allow for maximum daylight
penetration in the building. After the
building is appropriately oriented,
external landscape can further assist
in reducing the heat gains into the
building. In composite climates like
Delhi, warm and humid climates
like Mumbai, and hot and dry
climatic regions like Jaipur
representing almost 80%
of all the regions in India,
reducing heat gain from
the east and west sides
is quite crucial. The
northern facades in
regions like Delhi
do not require any
shading from the
sun. The east and the
west fagades get sun
at quite low angles.
This results in harsh
light levels as well as
high heat gains. Thus,
it is recommended to
completely cut off the sun
on the eastern and western
sides for composite climates.
On the south side, the sun can
be easily cut off during summers
by designing appropriate shading
devices and thus proper sunlight can
penetrate during winters as well. This
is because the sun is low in the sky,
which allows it to penetrate deeper
into the building. It thereby results
in heating of the internal spaces and
reduces the need for mechanical
heating devices. This forms part of the
Criteria 4 of the GRIHA rating which
requires incorporating existing site-
specific features into the building
design.

Landscaping

Landscape  design around the
building helps in reducing the energy
requirement of any given building.
As in the case of composite climates,

April 2009
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planting evergreen trees on the eastern
and western sides of a building
will ensure that it is appropriately
shaded throughout the year. This
way minimum heat gains result from
these two sides. On the southern side,
deciduous trees are recommended to
be planted. The idea behind planting
deciduous trees on the south fagade
is that these trees shed their leaves
during winters and retain them during
summers. Thus, they help shade the
building during summers and allow
sunrays to penetrate through during
winters.

Role of shading devices

A properly oriented building calls for
the next important intervention in
terms of the following.

® Design of the building envelope

® Use of shading devices

® Internal layouts

The maximum amount of sunlight
and heat enters a building through
its glazed area (windows). In regions
where one wants to prevent sunlight
from entering the building, the glazed
area of the facade is minimized.
However, in colder regions, sunlight
is allowed to enter the building thus
reducing the demand for mechanical
heating. Hence, in such regions, the
glazed area of the fagade is increased.
Windows are also the source of natural
light and ventilation for a building.
Having insufficient window area
would result in increased dependence
on artificial lighting systems. This
is because the amount of natural
daylight entering the building would
get reduced. Thus, the glazed area
of the fagades has to be balanced in
accordance with the amount of day
lighting entering the building.

The natural variants

There are two ways in which sunlight
enters a building after the openings
are designed, directly and indirectly.
Direct sunlight brings with it light as
well as heat components while the
indirect or diffused sunlight brings
sufficient light. This reduces the
amount of heat getting transferred into
the building. In cold climatic regions,
direct sunlight is a desirable feature. In

composite and tropical climatic zones,
diffused sunlight is more desirable.
In order to prevent direct sunlight
from entering a building, appropriate
shading devices and optimum window
areas must be designed. The shading
devices are designed such that they
cut off direct sunlight from entering
the building while simultaneously
permitting maximum natural diffused
daylight inside the building. This
reduces the heat gains inside the
building while reducing the need for
artificial lighting.

The internal layouts of a building
can also be designed in response to the
local sun path. This can be done by
organizing the service areas within a
building towards the direction, which
needs to have a thermal buffer. A
thermal buffer acts as a space between
two sides of a building and leads to
reduced heat transfer. Thus, ina climate
like Delhi, having toilets and staircases
on the west side of a building would
ensure that extreme heat from the west
does not enter the living spaces. Such
interventions affect a reduction in the
amount of energy required to cool the
living areas like bedrooms. Adopting
these solar passive design features can

lead to a reduction of up to 15% in the
operational energy requirement.

Case specific examples
Centre for Environmental
Sciences and Engineering
Building, Indian Institute of

Technology, Kanpur
The HIT Kanpur CESE (Centre
for Environmental Sciences and
Engineering) buildingis the first GRIHA
rated building in the country. It has
achieved the highest rating of 5 stars.
The building houses laboratories,
seminar rooms, classrooms,
and so on and has been able
to achieve high energy
efficiency and rating. It
is by virtue of a design
that is  extremely
sensitive towards the
local climate. The
climate of Kanpur
city falls under
the composite
climate typology.
The building
has been aligned
along the east-
east axis. This

Building, IIT
Kanpur
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ensures that the longest fagades of
the building face north and south.
As discussed earlier, the northern
fagade in regions like Kanpur does not
receive direct sunlight and the direct
sun can be cut on the southern fagade
with some interventions. Besides the
correct orientation on site, various
trees have been preserved and planted
such that they shade the building
thereby reducing heat gains.

Blinds in
a green
building

The
building

envelope has been
appropriately = designed  keeping
in mind the WWR (window-wall

ratio) as recommended in the ECBC

(Energy Conservation Building
Code). The overhangs have been
designed according to computer

simulations such that majority of the
windows do not receive any direct
sun. Various material properties like
SHGC (solar heat gain coefficient) and

U-values were followed as
mentioned in the ECBC to
strike a balance between
natural daylight and heat
gains.
The internal spaces have
been organized such that
spaces catering to services
like staircases, AHU rooms,
and toilets occupy the eastern

and the western fagades. These
act as a buffer between the regularly

occupied areas by building users and
outside. This ensures that the direct
heat from the east and the west does
not enter the regularly occupied
spaces like classrooms and seminar
rooms thereby reducing their cooling
energy requirement.

The resultant gain

Following these interventions, the
EPI (Energy Performance Index) of the
building fell from a base case value of
240 kWh/m? (kilowatt hour per square
metre) per annum to 208 kWh/m?* per
annum. Subsequent interventions lead
to further reductions in the EPI The
final EPI of the building dropped to

S@LAR

about 98 kWh/m? per annum. Thus,
by adopting various interventions, the
building has reduced its energy and
water consumption by almost 60%
and 62%, respectively.

Additionally, the building uses
solar water heating systems and
SPV systems that reduces its energy
dependence on the central power
grid.

Conclusion

Solar passive architecture adopts such
principles as are a direct adaptation
of traditional architecture of various
regions. These principles have been
refined over centuries and are known
to be energy efficient. A solar passive
building when coupled with optional
water and waste recycling strategies,
adoption of low embodied energy
materials, and RETs can yield a
building as close to the sustainable
model as possible. GRIHA attempts
to mainstream these features in order
to enrich the country not only with
environment-friendly green buildings
but also with aesthetically rich
buildings.
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A. KEY FEATURES OF SOLAR

POWER POLICY 2009 OF
GUJARAT GOVERNMENT

Background

limate change concerns
are taking everyone by
sheer surprise and are
forcing everyone to think
loud and clear about
a long-lasting alternative. Many see
it as a grim reflection of extended
fossil fuel use for virtually anything
and everything. Added to this is the
much visible complexity of a growing
demand for power, which does not
keep up with the available supply.
The moot question is we will continue
to be plain watchers or do something
concrete and meaningful. With this in
view, the state government of Gujarat
announced a major Solar Power Policy
Initiative 2009 on 6 January 2009. In
fact, the Energy and Petrochemicals
Department formulated it with an
extended sense of purpose. Solar
power seems to be an alternate
technology of choice.

Why Gujarat

The state of Gujarat is blessed with
high solar insolation levels with about
300 days of clear sun and conducive

for sun tracking. The immediate region
of interest is the large tract of barren
wasteland, which can get transformed
as a means of socio-economic
development. These may further lead
to being integrated solar generation
hubs for a country-wide outreach. It is
important to mention here that Gujarat
offers an overall conducive business
environment always drawing the
investor interest to the hilt.

The solar experience in the
state

A number of SPV systems have been
demonstrated so far with an aggregate
installed capacity of about 1 MW till
the end of the Tenth Five-year Plan.
Now, the stage seems set for roping
in the project developer’s interest
by putting up megawatt-scale solar
power plants. To attain this objective,
the concerned department has put

'
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Item

Effective period of
operation

Capacity of the installed
system

Capacity limit per project

Eligible units

Type of use allowed

Wheeling charges

Exemption from electricity
duty

Exemption from
demand cut

Metering of electricity

Grid connectivity and
evacuation facility

Open access for third
party sale

Renewable Purchase

Description

Up to 31 March 2014

A maximum of 500-MW solar power generation to be allowed

Minimum project capacity to be 5 MW each

Any company or body corporate or association (whether
incorporated or not) can set up an SPG facility

For self use or for sale of power to grid/sale to third party
Captive use is not allowed

To be allowed at a wheeling charge of 2% of the energy fed to
the grid (till the wheeling charge is determined by the state
electricity regulatory commission)

To be exempted in case of self use of power/sale to third party/
sale to licensees

To be allowed to an extent of 50% of the installed capacity of
SPG assigned for captive purpose

To be metered on a monthly basis jointly by GEDA (Gujarat Energy
Development Agency) and GETCO (Gujarat Energy Transmission
Company Ltd) at the sending station of 66 kV or above

To be provided from the solar sub-station/switch yard to the
GETCO sub-station by GETCO after a system study

For any developer/beneficiary being granted open access,
open access charges to be paid for

To be restricted to about 10% from all renewable energy sources

Table 1 Solar experience in the state of Gujarat

For SPV power projects (under MNRE
Gol scheme)

Up to 31 March 2012

Maximum capacity of 50 MW earmarked

1 MW, but projects in a modular
fashion also allowed

All existing registered companies,
central and state power generation
companies and public/private sector
project developers

Wheeling not allowed

Not available

Dedicated electronic meter to be
installed for the purpose

Yes, to be made available

Obligation put together
CDM benefit Project developer to pass on 50% of the gross benefits of the CDM —
to the distribution licensee (with whom PPA is signed)
Miscellaneous GEDA and GPCL (Gujarat Power Corporation Ltd) to help in State agencies to help in obtaining
arranging water supply, right of way, and in obtaining clearances the set of procedural clearances on
and approvals from the state government. various accounts like for example land,
Encourage R&D activities for cost effective, sustainable, and pollution, and water.
environment-friendly technologies in due collaboration with
national and international institutions of repute
in place a favourable technical, licensees in the state at a levelized Exnecled inferences
policy, planning, and programme fixed tariff per unit. It will be permitted ® New  generation  technologies
implementation framework. The broad for a period of 25 years under a may receive special attention

features of this are summarized in

Table 1.

Allowable tariff

duly signed PPA (power purchase
agreement). The finer points of this
will be enunciated by GUVNL and/or
distribution licensee. Table 2 shows
the tariff structure under this special

As per the policy statement, the
energy produced from a solar power
project shall be sold to the distribution

scheme as under.

under this scheme for technology
demonstration.

Foreign companies maybe permitted
to set up PV grid-interactive power
plants of 1-MW capacity for testing-
cum-evaluation purpose.

® Foreign companies setting up
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Table 2 Tariff structure

Description
(rupees/kwH)

Projects commissioned
before 31 December 2010 Rs 3 (from 13th to

25th year)

Other projects
commissioned before
31 March 2014

Rs 3 (from 13th to
25th year)

Tariff for PV projects

Rs 13 (for first 12 years)

Rs 12 (for first 12 years)

Tariff for thermal

Rs 10 (for first 12 years)
Rs 3 (from 13th to
25th year)

Rs 9 (for first 12 years) —
Rs 3 (from 13th to
25th year)

Tariff for PV projects (under
projects (rupees/kWh) MNRE scheme) (rupees/kWh) (under MNRE scheme)

Rs 12 (for a maximum
period of 10 years)

Tariff for thermal projects

Rs 10 (for a maximum
period of 10 years)

manufacturing facilities may be
specially encouraged to set up their
operations within the state and
sell their produce also outside the
country.

® The technical criteria stipulated for
the purpose may be a limiting factor
for those having experience in areas
other than solar energy. Thus, any
infrastructure-related  experience
may have to be considered.

® The financial criteria stipulated for
the purpose may not necessarily
be related to solar operations.
Instead, any company interested
in infrastructure development is
welcome to participate.

® The project is expected to breakeven
in the 13th year and the payment of
Rs 3 for every unit generated may
well take care of the O&M (operation
and maintenance) needs of the solar
plant between the 13th and 25th
year.

® The project appraisal process is
expected to be very quick thus
leading to lower project lead periods
as well.

B. NEW POLICY
GUIDELINES FOR VILLAGE
ELECTRIFICATION

THROUGH DECENTRALIZED
DISTRIBUTED GENERATION
UNDER RGGVY IN XITH
PLAN

Background

Majority of India resides in villages,
which need to be strengthened from
all possible considerations. Energy is
a basic driver of our activities, but is

not available in the same proportion
everywhere. Rural areas of the country
are mostly devoid of energy availability
in a desired measure. Many villages do
nothaveanyelectricity atall. Toredress
this situation, a special scheme for
creating rural electricity infrastructure
and complete rural electrification was
put in place some years back. It is
more commonly known as the Rajiv
Gandhi Grameen Vidyutikaran Yojana
or simply RGGVY. The scheme was
launched to meet the commitment
of the NCMP (National Common

Minimum Programme) of completing
the household electrification in five
years besides modernizing the rural
electricity infrastructure. Few facts
needing a special mention here are
given in Table 3.

The renewed policy focus
The Ministry of Power has issued
a fresh set of guidelines for village
electrification through DDG
(Decentralized Distributed Generation)
on 12 January 2009 under the above-
mentioned RGGVY vide scheme no.
44/1/2007-RE dated 12 January 2009.
The major objectives to be achieved
are highlighted in Table 4.
® The REC (Rural Electrification
Corporation) would be the nodal
agency for the scheme and would
take care of the capital subsidy
distribution too for the projects
found eligible. Should a project fail
to perform satisfactorily, the capital
subsidy would be changed into
interest bearing loans.
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Table 3 Facts pertaining to RGGVY

Number of households
electrified since independence

No. of villages yet to be
electrified

Targets under newly
formulated scheme

Programme implementation
agency
Percentage amount as grant

Infrastructure development
(via above grant)

Connection charges

Key gain in sight

Total estimated cost of
the scheme

44%

100 000

To provide electricity to about 78 million households in
five years

Rural Electrification Corporation

90% of the capital cost of the programme to be
provided as grant by the central government

= Rural Electricity Distribution Backbone with at least
one 33/11 kV or 66/11 kV substation in each block

= Village Electrification Infrastructure with at least
one distribution transformer in each village/
habitation

= Decentralized Distributed Generation systems in
cases where grid supply is not feasible or cost-
effective

Free of cost connection to all rural households living
below poverty line

= Availability of good quality power for running of
small industries, khadi, and village industries in the
rural areas.

= Enabling accelerated rural development, employment
generation, and poverty.

Rs 160 000 million

® The DDG projects would be owned
by the implementing agencies of
the state government such as nodal
agencies for renewable energy or
departments promoting renewable

Operational period

Total amount of capital
subsidy involved

Total capital subsidy available
for RGGVY in Eleventh Plan period

Decentralized distribution

energy or state utilities or the
identified central public sector units
within the respective states.

The above-mentioned agencies will
be paid service charges ranging
between 8%-9% of the project
cost as charges for implementing
the scheme, and so on. REC will
be given 1% of the project cost as
fee for setting up frameworks for
implementation, and so on.
Supporting activities will incur a
cost of 1% and would be in the form
of capacity building, awareness
generation, franchisee development,
and undertaking of pilot studies and
projects complementary to the rural
electrification scheme.

CPSUs (central public sector units)
(like NTPC, Power Grid, NHPC,
and DVC) will assist the states
in the smooth execution of rural
electrification projects in a purely
need-based manner.

The selection of villages/hamlets
is to be carried out in a cluster
mainly to derive maximum possible
advantage of the clustering effect
as far as possible by the state nodal
agency/departments responsible for
renewable energy promotion in due
consultation with the state utilities
and MNRE.

Such villages as have little chance
of getting grid connected in the next
5-7 years will be taken up first. A
threshold size of 100 people will be
necessary for consideration under
the DDG scheme.

Table 4 Major objectives to be achieved

2007-12 (that is, Eleventh Five-year Plan)

Major goals = Provide electricity access to all households
= Electrification of about 1.15 lakh un-electrified
villages
= Electricity connections to 2.34 below poverty
line households by 2009

Rs 5400 million for decentralized distributed
generation during the Eleventh Plan

Rs 280 000 million

Can be from conventional or renewable energy

generation technologies
(under consideration)

sources such as biomass, biofuels, biogas,
mini-hydro, and solar (in areas where grid
connectivity is either not feasible or not cost
effective)
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4

-

® Such villages as
benefiting through solar home
lighting for example may also be
considered. Grid compatibility of
the villages will be built up to the
stage where it becomes possible to
connect to the grid finally.

are presently

Choice of technology

Such technologies as have either

attained commercial maturity or exist

with a proven technical viability

qualify for implementation under this

scheme. The following are few such

options.

® Diesel generating sets powered by
biofuels such as vegetable oils like
jatropha and pongamia.

® Diesel generating sets run by
producer gas obtained through
biomass gasification (that is, use of
100% producer gas engines).

® Solar photovoltaic modules.

® Small hydro power.

Few other possible options
These are mainly such as are expected
to have near-term relevance.

® Diesel generating sets run on biogas
(obtained from animal waste).

® Wind-hybrid systems.

® Any other new technology/hybrid
system.

® Diesel to be kept only for standby
uses or in such cases triggered by
temporary.

Project financing

It is quite important to understand

the project financing mechanism.

The project cost would be met on

account of the following.

® Capital cost: for all plant equipment,
auxiliary systems, and accessories
needed for a smooth plant
operation

® Civil works: includes all associated
civil works

® Cost of land: to be borne by the state
government

® Distribution network: includes
necessary control equipment

® Initial capital cost for plantation
to ensure a sustainable supply
of bio-energy (related to projects
on biomass gasification/biofuel
projects)

® Initial capital cost of setting up non-
domestic loads as specified by the
implementation agency

® Revenue cost: includes cost of
spare parts for five years after
commissioning

® Cost of providing power for a
period of five years from the date of
commissioning as identified in DPR
after taking into account recovery
from village households and as per
tariff to be decided by the concerned
agencies

® Soft cost comprising of preselection
of villages, preparation of DPRs, cost
of social engineering, and so on.

Payment scheme

® Ninety per cent of the total project
cost (includes capital cost and
soft cost) to be provided to the
implementing agency as subsidy.

® Balance 10% cost to be arranged by
such agency either by themselves or
via loan from REC, and so on.

Who all can set up projects?

These mainly include the following

few.

State agencies

Technology suppliers

Corporate entities

Equipment manufacturers

contractors

Voluntary agencies

® Individuals

® Registered societies, cooperatives,
panchayats, local bodies, user
associations, and so on.

and

The projects will be taken up on
a BOMT (build, operate, maintain,
and transfer) basis for a period of five
years. Thereafter, a fully functional
plant will be handed over to the state
government. Itwill be theresponsibility
of the project developers to collect
the tariff from villagers. An added
incentive may be in terms of earning
carbon credits via the CDM (Clean
Development Mechanism).

Conclusion

Improved and innovative policy
regimes may well go hand in hand with
initiatives aimed at achieving lower
costs via technology upgradation/
modernization efforts.



Introduction
Sunand humankind share
a special relationship

with each other. There is
an added reason factored
in such an association-
that is, sun being used to light up
our houses at night. That is not all, as
solar energy based applications have
progressed much beyond the early
days of lighting and water pumping.

The technology of converting sunlight
into useful electricity is better known
as solar photovoltaics or simply SPV.
It has the potential of becoming one of
the key alternate sources of electricity
for urban and rural areas. However,
before it takes charge of that, a good
change is needed in the efficiency of
such a conversion. No doubt, solar cell
efficiencies have improved over the last
decade or so, but a higher efficiency
cell is still a distance away. Today’s
commercially available crystalline
silicon solar cells are generally
15%—-20% efficient which transforms
into moderate power output for the

running of any load. The moot question
is, whether in the existing siyuation,
there is an option at hand to tap the
maximum power that the solar panel/
array is capable of producing at a given
atmospheric condition.

Rationale for maximum power
point tracking

Broadly, there are two ways that can
be adopted in order to improve the
performance of the SPV based system
under all conditions. A SPV system can
work at its best if the two techniques are
implemented in conjunction with each
other. However, not many commercial
systems use both simultaneously.

Sun tracking: Solar modules or
panels produce power when exposed
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to the sun. These get exposed to

other atmospheric conditions
too, which change throughout
the day. It leads to decreased
power output too, if, solar
panel is not aligned in the
path of sun always. The trick

SPV Load

SPV

is to keep it facing the sun in
a process commonly known as
sun tracking akin to tracking

Figure 1(a) DC load directly
Kconnected to SPV

Charge
controller

Figure 1(b) Direct battery connection to SPV

someone’s movement on the
road or elsewhere. Single- and double-
axis sun-trackers tilt the modules
mechanically. The immediate purpose
is to obtain the maximum possible
sunlight on the module surface and
thus realize a higher power output.
Maximum power point tracking:
In addition to the method described
above, there is another way to enhance
the power drawn. This is related to the
load that is connected to the array at a
fixed position. This purely electronic
system is known as Maximum Power
Point Tracking or simply MPPT. It is
basically regarding optimization of
the operating point (optimal point on
the voltage versus current curve) of
the connected PV array. There is no
technical barrier as such to use MPPT
for any PV application.

MPPT working with the sun

The power output of a SPV source
maximizes at a particular output
voltage. The magnitude of this power
and also the corresponding voltage
keep varying with insolation and
temperature conditions. Following few
types of situations can arise:
® Generally when a load

is directly

connected to a solar
array (Figure 1(a) and
1(b)), there is a load
mismatch.

® This occurs due to the

operating point of the
load not coinciding
with the optimal

operating point of the
SPV array (see Figure
2).

® The power and the
voltage corresponding

Current and power

V,.=Open circuit voltage
ls.=Short circuit current

characteristic curve

*.~— MPP

operating point

Acf[lal load

to MPP keep varying
with varying insolation
and temperature. (see

Figure 2 PV characteristic curves and concept of
&MPP tracking

Voltage Vivee Voc

M

Figures 3 and 4).

Referring to Figure 2, it can be
observed that under ideal conditions,
the load characteristic curve should
have intersected the I-V characteristic
at the MPP. That means it should have
operated at point M (corresponding to
MPP) in the figure rather than point P
(direct load operating point). The key

difference is in terms
of the power output
available from the
source. Operating at
point P results in
working at a sub-
optimal power
point whereas

working at point M would ensure that
the peak power is utilized by the load.

The possible gain
MPP trackers help to electronically
manipulate the operating point to
virtually reach the optimal current and
voltagevalueonthe SPV characteristics.
It ensures that current equal to the
MPP current (corresponding to point
M) denoted as IMPP is drawn

from the array. Any load \
including the
ones like
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Figure 3 Varying power versus voltage characteristics with Figure 4 Curve showing changing power and voltage at the

MPP with variation in temperature

.

batteries can be delivered with
maximum obtainable power thus
ensuring optimal performance of the
system.

As is observed from Figure 3, the
optimal operating point corresponding
to the maximum power keeps varying
with solar irradiation. The MPP tracker
must track the changing optimal
operating points continuously. The
same argument holds true for varying
temperature.

Let us take a quick look at the
shaded regions of Figure 4. The
operating voltage and peak power
increase with the falling temperature.
Using an MPPT will help gain more
in such a condition where the array
has the capability of producing more
power. So, a MPP tracker is a boon
especially in winters when the power
requirement is greater.

Case specifics- MPPT

A most commonly used standalone
application is that of water pumping.
It makes use of a DC motor.
Experimental observations point
to water output gain of around
20% via use of a tracking system.
As per a IEEE Published report,
a digitally controlled simple
MPP tracker enhanced the PV
power output to a DC load by
nearly 15%. This is in direct
comparison to the fixed
duty cycle condition for

maximum
power at
STC.
Sensing
such gains,
most battery
c harge
controllers
are now being
manufactured
with MPPTs. The
cost of MPPT’s is
easily offset by the
following few benefits
mainly:
® More power is
transferred to the load.
® System becomes
economically viable.
However in low-power
systems, one needs to vie for
a cost-effective MPPT option.

Most commercial MPPTs are
more than 95% efficient. High
efficiency MPPTs can even be
coupled with individual modules.
However, these are ideally useful for
system capacities of a few kilowatts
and above.
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sweep the entire

SPV i

DC-DC Converter

lo voltage range at
T particular intervals
to locate where the
power peaks out.
This may then help

Load

b
i
1
1

Voltage and

Switching signal

in identifying the
value of the MPP

current
sensing

MPPT control

operating voltage.
Although simple,
this method
incurs occasional

catering to a DC load

.

Figure 5 Block diagram of Maximum Power Point Tracker

power-loss due to
sweep. However,
some well-known

The topology

Basically, a MPPT is a converter
connected between the PV source and
the load (see Figure 5). The PV array
‘power’ can be said to be the ‘target
parameter’ to be maximized. The
converter topology is chosen much
in accordance with the load voltage
requirement or the battery voltage (in
case of battery charging). Buck (Voltage
Step down) and Buck-Boost (Step
down-Step up) topologies are most
widely preferred. As the control circuit,
either analog or microcontroller/Digital
Signal Processor based systems are
employed Use of such microcontrollers
facilitates the implementation of
robust P-V curve tracking algorithms.
Simplicity in software implementation
where every computational step adds
to the code complexity is also an
important issue. This is so during the
designing of MPP tracking algorithms.

Understanding the algorithms
The tracking algorithm is at the core of
the performance of an MPPT. Several
algorithms are employed depending
upon the robustness and allowed
complexity of implementation.

Constant Voltage Ratio method:
Generally VMPP lies in range of 70%—
80% of the open circuit voltage (VOC).
Knowing the ratio, many trackers sense
the VOC and compute the VMPP. This
helps the operating point to reach its
vicinity for an optimal performance.
It can be used in low-power systems
having cost-constraints and need for
simple circuitry.

I-V curve sweep method: Another
simple tracking mechanism is to

/
manufacturers such

as Xantrex do not use
the sweep method. Rather, they prefer
continuous tracking (as implemented
in their MPPT model Xantrex XW
Solar Charge Controller). as per the
manufacturers claim, the robust
method implemented in their model
tracks the optimal point continuously
even during cloudy conditions and
fast changing solar conditions.

Perturb and Observe (P&O0)
Algorithm: The most common method
of tracking is called the ‘Perturb and
Observe’ algorithm. Within which, the
SPV power values in two sampling
instants are compared. It then
manipulates the switching signal to
the converter for driving the operating
voltage towards increasing power. It
can be carried out by using a voltage
reference loop orby directly controlling
the duty cycle. This method is also
called ‘Hill-climbing’.

Incremental Conductance
Algorithm: Drift is a situation
that occurs during fast changing

atmospheric conditions wherein the
P&0O method occasionally fails to
track the fast changing MPP points in
the correct direction. This is where
a more efficient but complicated
alternate method called ‘Incremental
Conductance’ comes in. Here the
algorithm recognizes the side of the
peak power at which the system is
operating at a particular instant. It then
takes the correct tracking direction, thus
avoiding drift during such conditions.

Curing the shading effect: Partial
shading results in a drastically low
power output from a PV array. It is clear
from figure 6 that even nominal shading
on a part of a cell can sometimes cause
local maxima to occur. In such a case, a
general tracking algorithm can confuse
the local peaks for the actual global
peak thereby tracking a sub-optimal
operating point. The net impact may be
further loss of power. Interrupting the
global tracking algorithms at regular
intervals and sweeping the voltage
range is the most common solution to
this problem.

Talking further on the present R&D
efforts, researchers are envisaging a
possibility to use only one sensor that
is, either the voltage or current sensor
for tracking purposes. This is expected
to improve the reliability besides
reducing the circuitry cost. Such
algorithms having sensor-reduction
without compromising on tracking
precision shall be hugely beneficial to
the MPPT market.

Market Savvy MPPT
High power, high efficiency MPPT
battery charge controllers are available
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Table 1 Different MPPT Models

Manufacturer Model
Outback Power FLEXmax 80 (MPPT
Systems Charge Controller)

Morningstar SunSaver MPPT Solar
Charge Controller
Phocos MPPT 100/20

Steca Solarix MPPT 2010

Xantrex XW Solar Charge
Controller

MSTE MPT 330

Specifications

= Works in a wide temperature range

= |ess than 1 W standby power consumption
= Max PV voltage = 150 V

= Max output current = 80 A

= (Charges batteries with nominal voltages equal to

12V, 24V, 36V, 48V, and 60 V

= Upto 36 V solar array can be used to charge 12 V

or 24 V battery
= 30 days of data-logging
= Current battery current = 15 A (max.)
= 35 mA self consumption

= Used with 12 V or 24 V off-grid systems
= Max 95 V solar input
= Nominal battery charge current = 20 A

= Standby power consumption < 80 mW for 24 V system

= Power = 250 W/500 W
= (an be used for 12 V/24 V systems
= Maximum charging current = 20 A

Used for batteries of 12, 24, 36, 48 and 60 V systems

e Battery voltage = 12 V

® Power=330 W

e Maximum charging current = 26 A
® Maximum solar voltage = 28 V

301
_ No shading
s

5201 25% shading
g

o

&£ 104

50% shading

\ Conclusions
The Maximum Power Point
Tracker is one sure way
of producing more power
from within the same panel.
However, it is a high time
to establish  indigenous
capabilities both with regard
to actual manufacturing as
well as gauging their long-
term field performance.

10
Panel voltage (V)

&

Figure 6 Local maxima due to partial shading

from some well-known manufacturers.
Some of the established models are
listed in Table 1 in terms of their
present wattage, voltage ratings and
operational capabilities. =~ Updated
numbers can be found on the respective
latest datasheets.

MPPT from MSTE

Other details

Claimed increase in power as
compared to non-MPPT systems is
about 30%

= Uses method of sweeping the
voltage range every 2 hours

= Energy gain of upto 30% (with
average gain of 10%-25%)

Can be deployed in conjunction
with thin film module

e Does not use voltage sweep
technique

e Continuously tracks MPP even
with moving clouds and
quickly changingsolar condition

MPPT 100/20 from Phocos
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he DLG (German
Agricultural Society)
has a plan that sounds
rather  peculiar. The
organization, which
describes its mission as bridging the
gap between agricultural and food
theory and practice, wants to study
whether and to what extent animal
ammonia vapours, such as those that
arise in pig farms, corrode the glass
and wiring of PV (photovoltaic) plants.
Winfried Gramatte, DLG’s test lab man
responsible for renewable energy, says
that also this issue still isn’t heeded in
internationally standardized testing
procedures, there is indication that
modules degrade faster when exposed
to odour and ammonia emissions. The
society recently spent € 220 000 on a
new test bed, a kind of time machine,
in which modules are exposed to an
ammonia atmosphere with accelerated
temperature and climate fluctuations.
In this way, the DLG testers are
simulating the ageing process, or
degradation, of solar modules in
agricultural environments. The project
is set to begin at the end of 2008.
Gramatte says DLG wants to provide
its expertise to testing institutions and
PV manufacturers.

Corrosive swine gas

The solar industry has indicated little
interest so far. There are no concrete
cases of ammonia corrosion, is the
reply from companies and machinery
syndicates, from whom many farmers
get their solar systems. But farmers
could rise up when the first agricultural
power stations start getting up in years.
Experts estimate that in Germany,
more than 1500 MW (megawatt) of
solar electricity capacity was installed
by landowners over the past four years
alone. That’s the biggest group of
customers for the solar business. Even
if only a fraction of those installations
start to act up, the industry would face
a lot of claims for damages and see
its image take a nose dive. Premature
module degradation is an issue that
will probably concern companies in
future for other reasons. Demand for
thin-film solar installations is growing
fast because they cost less than
conventional silicon modules. But

it’s uncertain how the technology will
perform over the years.

Experts say that the performance
claims made by manufacturers are
based less on knowledge than on
estimations. ‘We don’t yet fully
understand the behaviour of thin film,’
says Dieter Geyer, Director of the Test
Centre for thin-film solar modules
at the Centre for Solar Energy and
Hydrogen Research (ZWS) in Stuttgart.
There’s also inherent danger in the fact
that in times of a demand boom and
mass production, quality, and quality
assurance often tend to slide. Ingot
and wafer producers complain about
impure silicon, cell producers about
poor wafers, and module builders
about faulty cells. Perhaps few years
from now, a bunch of operators will
be complaining about prematurely
degraded solar installations and lower
output. The accusations made by
industry insiders are serious: in boom
time many manufacturers stop caring
about quality. Sometimes even inferior
parts are wittingly waved through to
keep production at rolling and costs
down, they say. Their criticism isn’t
only directed at the usual suspects —
newcomers and companies from the
Far East — but also to big brand names
from Europe, Japan, and the US.

Every tenth wafer is flawed

Solar make Sunways, for instance,
has been experiencing problems
with the quality of wafers it buys in.
‘Five years ago, we had virtually no
rejects. Nowadays we sometimes have
to discard 10%,” says management
board chairman Roland Burkhardt.
The underlying problem, he says, lies
with the ingot manufacturers who
don’t use only high-grade silicon but
often mix varying qualities in these
times of commodity scarcity and high
productivity pressure. This results in
low-resistance wafers that degrade
more than good, high-resistance
material. So as to not aggravate its
customers, Sunways plays it safe
with the performance values of its
modules. Before they are shipped
out, their efficiency characteristics are
determined and adjusted downward
by a few per cent, says Burkhardt.
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At the end of the solar value
added chain there is also reason to
grumble.  Dresden-based  module
builders Solarwatt have received
several deliveries of poor-quality
EVA (ethylene vinyl acetate) sheets
used for cell encapsulation. ‘We
give very precise specifications but
sometimes what we get isn’t suited
to our technological process,” says
Dietmar Jakob, Sales Director for
German speaking countries. With high
international inspection demands,
it’s hard to imagine how low-quality
modules make it onto rooftops. They
are supposed to withstand at least
25 years and degradation test is
accordingly tough. An especially high

hurdle to pass is the moisture—heat test
in which modules have to endure a
month of 85% humidity and 85 °C heat.
If during that, a panel’s performance
drops by more than 5%, it fails the
test. If it passes, it goes through a stress
test involving 200 temperature cycles.
In between the test runs, the panels
go through visual, performance, and
insulation tests. Only the modules that
weather all procedures unharmed are
certified.

Some that are not long-life
premium products nonetheless get
sold. Three years go by from the base
certification of module types till a re-
audit by TUV Deutschland Group, for
example. In that time, the performance




values of a module type can drop by
a lot of several cells contain impure
silicon. Not all manufacturers, word
has it, adjust the module efficiency
numbers downward to accommodate
the stronger degradation effect.

Great unknowns

Besides that, the established tests
can’t simulate exactly the real-life
conditions of modules out in the
sun. Thus, it can come to pass that a
module performs really well on the
test bed but not so well in the great
outdoors. ‘Although we have learned a
lot about degradation over the last few
years, it’s hard to predict how quickly
a module will suffer fatigue,’ says
Jorg Eylert, Director of TUV’s test lab
for PV. At least the inspectors know
the main reasons for performance
losses: dust and dirt deposits that
corrode the glass can lead to fatigue,
physical effects in the cells such as
irreversible recombination, in other
words the negation of charge carries,
which means they don’t contribute to
electricity generation.

Due to the gaps in degradation
research, scientists and corporations
have come to accept a simple formula.
For crystalline solar modules, they
generally assume a performance loss of
half a per cent per year, amounting to
12.5% after 25 years of operation. This
vague assumption also explains the
manufacturers’ performance claims.
The bulk of them guarantee that with

‘-.—_-‘.

GETING THE LOW-DWN ON DEGRADATION

Up to now, the solar industry knows little about solar module service life. There’s
been hardly any systematic research into questions like: Which factors cause
degradation and how much? What can be done to slow it down? That’s set to
change. In several projects, institutes are taking a close look at modules. In
2007, the Fraunhofer ISE and TUV Rheinland started a project called ‘Reliability
of PV Modules’ sponsored by the German environment ministry. Various
German brand name systems were installed on the Zugspitze, Germany’s
highest mountain, in the Negev desert in southern Israel, in the high-humidity
heat of Indonesia, and on the rooftop of TUV’s building in Cologne, Germany,
where the climate is moderate. Readings of the solar systems will indicate
how material characteristics such as diffusion and heat emission change from
degradation. The scientists want to use the results to develop new testing
methods and to build a new climate chamber with accelerated weathering to
better evaluate new materials. A status report is scheduled for the end of this
year and there is talk of continuing the project.

The German Agricultural Society (DLG) is studying the effects of lifestock
ammonia vapours on the service life of modules. The DLG invested in its own
test laboratory and will begin measurement in six months. It hopes to have
gained insight into the problem of ammonia degradation in two or three years.
Then it wants to cooperate with manufacturers to develop ammonia-resistant
modules suitable for farm applications.

The Bavarian Centre for Applied Energy Research (ZAE Bayern) is seeking
encapsulation materials that best prolong the operating life of modules. Various
contaminants are exposed to great heat and high humidity and then readings
are taken. By measuring the electroluminescence of modules, the Photovoltaic
Institute Berlin, is trying to identify weak spots. Screenings reveal defects that
don’t show up in other quality tests. Inspections and manufacturers’ tests that
include such measurements could stop faulty modules getting into circulation
in future.

The Centre for Solar Energy and Hydrogen Research (ZWS) in Stuttgart
focuses predominantly on thin film. It researches methods of reliable efficiency
measuring of CIS modules and studies the mechanism of degradation during
simulated ageing. This is valuable groundwork for CIS modules because so far
it's unclear how they behave over periods of years. Some material compounds
even become more efficient the older they get.
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the given definition of solar irradiation,
80% of the capacity rating of a new
module will still be achieved after 20
to 25 years of operation. The 7.5%
difference is a kind of safety net that
the suppliers factor in to account for
any unexpected degradation effects.

But it’s precisely in that great
unknown where danger lurks. No one
can say today whether swine gases
might render modules completely
inoperable. It’s also unclear whether
physical processes occur in purified
metallurgical silicon over the course
of years. Some manufacturers, like
Q-Cells, are making long-term plans
to use this newfound solar material
because it’s much cheaper to make
than standard silicon and because it
delivers decent cell efficiency rates of
14%-16%.

The thin-film variable

Determining the performance and
electric ~behaviour of thin-film
technology is even trickier than with
crystalline modules. For panels with
amorphous silicon, for example, it’s
assumed that they lose about 20%
performance during the first 1000
hours of sunshine. But after that
they are still not stable and ready for
performance measurement. For one
thing, the degradation in amorphous
material continues at a slower pace

after a thousand hours and for another,
it slows down during cold spells and
converts more light into electricity

when the temperature rises. The
fickleness of amorphous modules
makes it very difficult for researchers
and companies to determine the best
time to measure its characteristics. If
done at the wrong time, the result might
be a capacity rating that is too high and
falsely raises customer expectations of
production.

It would be even more aggravating if
on top of that there were unforeseeable
or previously unknown ageing pains.
It’s possible. Nowadays amorphous
silicon is increasingly being used in
combination with microcrystalline
silicon in tandem and triple-junction
cells. But for how long do the
compounds work effectively? There is
no clear answer to that yet.

It's equally difficult to predict
the degradation process in copper
modules combined with indium
gallium selenide and sulphur (CIS)
and CdTe (cadmium telluride).
Unlike amorphous silicon modules,
the performance of CIS modules for
instance, can first increase under light
but then during a dark phase they can
become electrically unstable and lose a
lot of their effectiveness. Depending on
the given CIS technology, these effects
can be more or less serious. Beyond

that, all CIS modules perform better in
sunlight than in the laboratory. So, it’s
difficult to get a handle on this material
and establish a uniform measuring
routine. ‘If a manufacturer were to
sell you a CIS module with a 110-W
rating today, it could turn out that the
module produces only 100 W or 125
W,” says ZSW’s Geyer. It’s a problem.

Working on better tests

The solar industry is still getting by
with the vague performance data it
gives its customers. Photovoltaics
are trendy and solar systems are a
hot item. In such boom times, there
are rarely questions about possible
weaknesses later on. Especially since
there is hardly any bad news about
prematurely degrading arrays because
the first utility scale power plants
haven’t yet reached a critical age. But
there are signs that in the future not
only price and efficiency of modules
but also their robustness will be key.
More than a few experts perceive the
solar market on the verge of switching
from a suppliers’ to a buyers’ market.
It's possible that 80% efficiency
guarantees will then no longer be
enough. It’s also unlikely that potential
investors will put up with production
estimates; they’ll want to know what
exactly are the risks of degradation and
what concrete impact they might have.
In the post-boom period, it could lead
to serious sales problem especially for
the thin-film providers.

But the mindset of researchers
and manufacturers is changing. For a
long time, the solar industry talked it
down; now degradation is becoming
more and more an issue. A project
called ‘Reliability of Solar Modules’
sponsored by the German environment
ministryis proofofthat. The Fraunhofer
Institute for Solar Energy Systems,
TUV, and German manufacturers have
cooperatively installed modules in
the most varied regions of the world
to learn how they behave in various
climates. The readings are to be used
to develop laboratory tests that go
beyond today’s standards. The DLG’s
ammonia project might also help to
avoid disappointment in the future.
But so far hardly anyone has shown
any interest.
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The 18th International
Photovoltaic Science and
Engineering Conference
&  Exhibition: = 2009
(PVSEC ’09) was held in
Kolkata, India from 19 to 23 January
2009. This prestigious event was
organized by the 18th International
PVSEC Organizing Committee, co-
organized jointly by IACS (Indian
Association for the Cultivation of
Science) and WBREDA (West Bengal
Renewable  Energy = Development
Agency) after a long interval of around
16 years. The sponsors included well-
known brands such as Synergy, Titan,
Hindhivac, Suntechnics, Webel Solar,
and Moserbaer Photovoltaic.

Paper presentation (s) on solar
cell technolgies

Technical papers were presented both
in oral and poster sessions in the
broad areas of crystalline silicon solar
cells and technologies, PV modules
and system components, CIGS-II-VI
and related thin films, amorphous

S@LAR

51

and nano-composites, concentrator
PV  systems, testing and field
performance reliability PV policies,
economics and environmental issues,
PV architecture, and other PV systems.
One of the presentations was related to
the understanding of material related
performance limits in multi-crystalline
solar cells. The conference proceedings
having the full version of papers
mentions work on hetero-junction
solar cells and a simulation model that
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can be applied to study the kinetics of
the surface defects. We can also find
a comprehensive outline on Sanyo
company’s thin-film solar cell research
during the last 30 years. Amongst
several other papers on solar cell
materials, there was a separate section
on the relatively new technology
developments vis-a-vis concentrator
cells. Scientists presented their work
on super high-efficiency multi-junction
concentrator cells; quantum structures
in concentrator cells and improved
tandem solar cells.

Paper presentations on solar

modules/arrays
There were several interesting
presentations made on the key

aspects of SPV systems. This section
covered the aspects mainly related to
the electrical characteristics and the
electrical/electronic components such
as converters, inverters, batteries etc.
that make for complete grid-interactive
and/or standalone PV systems. In a solar
cell which is a p—n junction diode, there
are several electrical parameters that are
governed by its structure. A presentation
on the solar cell electrical characteristics
explained, on the basis of experimental
results, as to how the diode parameters
vary with intensity. This in-turn helps
us to understand the variation of typical
parameters such as open circuit voltage
and short circuit current with solar
intensity. Another presentation dealt
with the comparison of a low capacity
concentrator module with the common
flat-plate silicon module under Indian
conditions.  Although the newly
developed module yielded 24% lower
energy than the silicon-based one,
its lower cost may offset this effect to
some extent. Work on, a cost-effective
DC-AC inverter was also presented. It is
ideally suited to small scale standalone
PV systems in remote places involving
only one panel.

Sufficient measures must be taken
to install solar PV arrays in shade-
free area. However, there can be cases
where partial shading on whole or a
part of the module cannot be avoided
at specific times in a day. In such cases,
the characteristic curves of the solar
module may get distorted and it may
also lead to lower current output. A

E OIS

specific research paper focused on the
effect of partial shading on the internal
resistances. These can in-turn help in
understanding the distortion of the
voltage versus current curve of a cell.

Presentation (s) on Test
Standards etc.

Within a section based on test standards
and other such issues, there were
several enlightening presentations.
SPV is a relatively expensive option
and its viability is based upon its long
term performance. However, SPV

modules are subjected to degradation
due to atmospheric exposure, and so
on. A presentation was made based

on the field observations on the
degradation and possible damages to
single crystalline silicon modules. It
dealt with the degradation aspects like
cell de-lamination, corrosion of cell
grid, corrosion of end-strip connected
in the terminal box, failure of bypass
diode, and detachment of terminal
box. These findings are a result of
continuous exposure of modules for
10 years under the Indian conditions.
Some of the modules