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» Demonstration of PV working
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SUSTAINABLE LIFE o H . e

\~ Land / Seawm - _ TREES
*onabler including SAPIEN - Land / Sea / corals

inclusive




_Jrf ental Education for All Sapien

e yourself clearly in the context of Existence

old thie creativity (“SURA”) within Thee

& Subdue the insecurity (“ASURAY)

W lthln Thee (Through fundamental lnte"rattd
knowledge: YOGA)

arough keen observation of creativity of

~ 4
)

Mother Nature providing all
SUSTAINABLE SOLUTION

Life is SCARED
Unite for Self-Survival
All Resources are Provided in Plenty "
*E > SUN / WIND / Water -

C =2 Communication / Community
% S =2 SURA the Self Awareness
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Global fossil fuel consumption

Global primary energy consumption by fossil fuel source. measured in tarawatt-hours (TWh)

120,000 TWh

Gas

100,000 TWh

80,000 TWh

60,000 TWh

40,000 TWh

Coal

20,000 TWh

0 TWh

1800 1850 1900 1950 2000 2021

Sourca. Our World in Data based on Vaciav Smil (2017) and BP Statistical Review of World Energy OurWorldinData. orgfossil-fuela/ « CC BY
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Energy use in tonnes of oil equivalent per capita
B
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Energy Consumption (kWh/person)

(in thousands)

Developed !
Nations '

Developing

10 > 4 20 25

Quality of Life (GDP/yr/person)
(in thousands)
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Air pollution deaths from fossil fuels, 2015

This measures annual excess mortality from the health impacts of air pollution from fossil fuels. -

No data 0} 2,000 5,000 10,000 20,000 50,000 100,000 200,000 500,000 1 million 2 million
e T e

Source: Lelieveld et al (20198) Effects of fossil fual and total anthropogenic emission ramoval on public health and climate. PNAS
OurWoridinData org/air-pollution - CC BY
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Air pollution deaths from fossil fuels, 2015 -

This measures annual excess mortality from the health impacts of air pollution from fossil fuels.

World 3.61 million
China 1.55 million
India 691,711
Europe 433,560

United States 193,617
Bangladesh 72,971
Pakistan § 29 327
United Kingdom I 27,905

Myanmar I 17,414

Nepal l 11,299
Sri Lanka | 2,911
Afghanistan | 2 494

Bhutan 311

0 500,000 1 million 1.5 million 2 million 2.5 million 3 million

Source: Lelleveld et al. (2019). Effects of fossil fuel and total anthropogenic emission removal on public health and climate. PNAS
OurWorldinData org/air-poliution « CC BY






Green house 4Si49

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into space( r’ into space

Earth's temperature has risen by 0.14° Fahrenheit (0.08° Celsius) per decade since
1880, but the rate of warming since 1981 is more than twice that: 0.32° F (0.18° C) per
decade. 2021 was the sixth-warmest year on record based on NOAA's temperature data



Top CO, Emitting Countries, 1750-2020

(from fossil fuels and cement)
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WATER-STRESSED AREAS

Low(<10%)

Low to medium (10-20%)
Mediumto high{20-40%)
High(40-80%)
Extremelyhigh(>80%)
Arid & lowwater use

mSupply cubic metres)

"‘ -

~ Trickle-down

- numbers

i Water demand & supply

t 1,498
Sources: ! 634 650 ™4
NITI Aayog's i
Composite
Water i
Management i 2008 2030
Index, World ! mDemand - (in bilkon
Resource t

Institute



India's per capita availability of water has
dropped massively and will continue to fall

|

An annual per capita water
5000 }— availability of less than
1700 cubic meters is
considered a

4000 }— water stressed condition

3000 |—

2000 |—

Per capita availability (cubic metres) ——»

1 ;3 1 1 1 1 1 1 4 1
1951 '55 1991 2001 2011 15 2021 2031 2041 2051
Year S >

Mh Source: MOSPI, Water Resource Assessment estimate
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clean water availabilitry and demand
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The Economic Burden
Of Air Pollution COSTS OF AIR POLLUTION ON INDIAN CITIES

Economic costs of air pollution from fossil fuels
as a share of GDP in 2018 premature | Cost, Percent of
death the city's GDP
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Germany @ N 3.5% SR S e
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United Kingdom <& NG 2.3%
France ¢ ) GGG 2.0% T e Patna 1,706 4.1%
spain @ I 1.7% LS| S T Vi
Brazil & M 0.8% Clhiatiiaad 6.374 4.2%
Sources: Greenpeace, Center for Research on Energy and Clean Alr

Bengaluru 71,577 4.4%
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Air pollution vs. GDP per capita, 1700 to 2015 -

Levels of air poliution, measured as suspended particulate matter (micrograms per cubic metre) vs GDP per capita

values for the UK and India

600 1700 === 2015

500 Deini

400

300 )

200

Suspended particulate matter (SPM)

100

0O — JE—— — ——
$5 000 $10.000 $15 000 $20,000 $25,000 $30.000 $35,000
GDP per capita (int.-$)

Source Fouquet (2011) and Gov of India, Maddison and World Bank OurWoridinData org/london-air-pollution/ - CC B8Y
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Renewable energy is energy that is collected
from renewable resources that are naturally

replenished on a human timescale. It includes
sources such as sunlight, wind, the movement
of water, and geothermal heat. Although most
renewable energy sources are sustainable,
some are not. For example, some biomass sources
are considered unsustainable at current rates
of exploitation. Renewable energy often provides
energy for electricity generation to a

grid, air and water heating/cooling, and stand-alone
power systems.
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* Cirisis a time of intense difficulty or danger.

* But it also corresponds to a time when a difficult or important decision
must be made.

* the turning point of a disease when an important change takes place,
indicating either recovery or death

« adoption of strategy is important.
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: T Increase in renewable capacity (kKW per person)
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Energy use per capita vs. GDP per capita, 2015 -

Annual energy use per capita, measured in kilowatt-hours per person vs. gross domestic product (GDP) per capita,
measured as 2011 intemational-$
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Quality of life Indicator
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WINID GEOTHER MAL Thie turine s conneched

v 8 generator that
6. .66 global olectricity genoerathon (2027) =196 global electricity gonoration (202 1) produces electricity.

Wirwdd flows over the Blades of & winw - As the water reaches the
turbsine, creatinng rmyochansical povwes - : . - M face, It Boils over irvte

The Blades are corwectad
1o o cirive shaft that turms
an slectric generator o
produce electricity,

SCOELAR

3.7% ool elecuncity
Qerwration (2001)

HYIDR O

15.39% global electricity
oeneration (20O271)

Photovaltaic (PV) cells contam
thin semiconducuor wafers,

forming an electric field Darnis or othwee cliversion

S _agfc _ : ts elevation and volume.
s - .
- W Bght hits thwe cell, z
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\ ] o N response 0 @orerating mecharvcal energy
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o vy el tric generator.

BIOMASS

=2.3%% Qlotal elocincity
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This generates electricity,
rarmnferred thirough metal
conductaors on the PV cell

Stearm rotates the blades of &
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that prochuces wlectricity.
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& —
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OFF-GRID SYSTEM LAYOUT
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SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION @) womosanxorove  ESMAP
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Long-term average of global horizontal irradiation (GHI)
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Solar Potential

i [V L7 was solar,
i . the Solar Potential
would be

1,500,000MW

Current Production

1,983MW

What Has Held Us Back?

Previous inefficiencies of technology
Reliance on incentives
High/unpredictable total installed costs
Little, to no, standardization




Global electricity power generation
capacity

849.5 GW (2021)

Global electricity power generation
capacity annual growth rate

26% (2012-2021)

Share of global electricity generation

2% (2018)

Levelized cost per megawatt hour

Utility-scale photovoltaics: USD 38.343
(2019)

Primary technologies

Photovoltaics, concentrated solar

power, solar thermal collector

Other energy applications

Water heating; heating, ventilation, and
air conditioning (HVAC); cooking; process
heat; water treatment
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The average solar intensity received in India is about 200 MW/km2. With a
geographical area of 3.287 million km2, this could lead up to an annual generation
of 657.4 TW, enough to satisfy all of our energy needs

SHCo 2 9T (IR OIge! 2w 200 MW /km2)| 3.287 e
fFf 2 W3 cotanfare et 32, Wb 657 .4 TW i SRova 2o
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- Top 10 countries by cumulative solar power
installed capacity in 2021









Global electricity power generation
capacity

824.9 GW (2021)

- Global electricity power generation

|

- capacity annual growth rate

13% (2012-2021)

Share of global electricity generation

5% (2018)

, Levelized cost per megawatt hour

Land-based wind: USD 30.165 (2019)

Primary technology

Wind turbine

Other energy applications

Windmill, windpump




ONSHORE & OFFSHORE WIND RESOURCE MAP WORLD BANKGROUP oot o8y
WIND POWER DENSITY POTENTIAL T

Wind Power @ 100m —

This map is published by the World Bank Group. funded by ESMAP. and prepared by DTU and Vortex. For more information and terms of use, please visit http /globalwindatias info
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ind power generation

Annual ekctricity genermtion from wind 5 measured in termwatt-hours (TWh) per year. The includes both onshore
and offshore wind sources.
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D v e

1965 1980 1QvQO 2000 2010 2021
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Bakkhali Wind farm

Muppandal Wind farm near NH44 1.5GW




Agricultural Crops &
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Forestry Crops
& Residues
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| Global electnaty power generatlon
| capacity

[ Global electncnty power generatlon
| capaaty annual growth rate

Share of global electricity generatlon

- Levelized cost per megawatt hour

Primary tecf:hnolﬁogles

Other energy applications

- 143.4 GW (2021)=2

7.1% (2012-2021)!20

| 2% (2018)1—5-1
USD 118.908 (2019)&&1

T
Blomass blofuel

Heatmg, cooklng, transportatlon fuels




Overall Targetdn GW)

Installed Capactty (In GW)

10

West Bengal
Installed Capacity : 319.92 MW

. 4 N






Share of Different Renewables in the
Renewable Energy mix in the Indian Electricity

® Waste to Power

W Solar PV




Cumutative energy-related carbon emissions (Gt CO:)

SN CO. emwason
ok oy from
Renewabies .
Energy Efficency




RENEWABLE ENERGY %
IN INDIA

(% OF TOTAL INSTALLED CAPACITY)

100%
i
o%
>
Source: Authority- nstalied Capacity v
Mirvistry of Power, Govt. of lndlla.
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AT SIS

Using the excess energy ...green electricity Hydrogen is Green hydrogen could
produced by renewables could produce stored safely for be used for clean
like wind or solar... hydrogen through when needed. power generation.

electrolysis.

> >

Source: New York ISO



Hydrogen S={Rits

Value Added
Applications
Electricity Hydrogen/ ™
a Natural Ga \
Gr'd lnf:ast'rt(tu:? .

Hydrogen
Vehicle \7

Power
Generation

Synthetic
Fuels 1=
Hydrogen =
Storage/ ‘ '
Distribution Upgrading | C
Oil /
Biomass

Hydrogen Other Metals
Generation End Use Refining

Concemtrated Solar Power
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Green hydrogen production

Major cost components '

Electrolysers — ~36 per cent to the levelised cost of production

Energy — ~48 per cent to the levelised cost of production

Storage — ~12 per cent to the levelised cost of production

Key challenges

e High levelised cost of green hydrogen production — The levelised cost of green

hydrogen (LCOH) production is around two times that of grey/black hydrogen,
which translates to a poor business case for setting up green hydrogen production
facilities. (LCOH: green hydrogen — USD 3.6-5.8/kg; grey hydrogen — USD 1.7—
2.3/kg; black/brown hydrogen — USD 0.9-1.5/kg).

e Large capital requirements.
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Hydrogen A%¥d

How is hydrogen stored?

Material-based

Physical-based
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$/kg (real 2020)
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‘Green renewable hydrogen

‘Blue’ hydrogen from natural gas wvath CCS
‘Gray’ hydrogen from natural gas without CCS

Peru

U.S.
UA.E.
Sweden
Argentina

Mexico
Australia
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South Africa

Canada

China

Turkey

Italy

UK.
France
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Vietnam
Thailand
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Energy Trilemma Index

SUSTAINABILITY

COUNTRY SPOTLIGHT The transition of a country's energy system

Energy Trilemma Index scores are calculated using three measures: m.nm mwww
EQUITY J!b SECURITY

e v sphmans Lot e Lisie soiee @ S Chpechur a et Sl

and commercial use. reliably, withstand system shocks.



B RANKED: THE COUNTRIES WITH THE MOST SUSTAINABLE ENERGY POLICIES

The World Energy Council’'s Energy Trilemma Index scores countries on

their ability to provide sustainable energy through three dimensions:

o LOWER SCORE HIGHER SCORE ———>
. Equny Sustdnablllty




UNITED STATES
Ranked 15th Globally
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® Sri - Lankan Case study: -
Organic farming crisis
1. lack of infrastructure

2. Poor planning/ illogical assessment

back to traditional, shows requirement of a
strong base of change

Indian Coal - Crisis case study:
Though conventional
1. lack of planning
2. lack of situational awareness
Shows requirement of a contingency
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INDIAMUST RECOGNIZE THE OBVIOUS
TRUTH

1. THE COUNTRY IS BLESSED WITH SOLAR ENERGY AS NO OTHER!

2. Sun’s Energy input to India=60x of all global E output=3500 TW!!!

3. INDIA MUST GET RID OF FOSSIL FUEL DEPENDENCY OF FOREIGN
POWERS ASAPAND CLAIM ENERGY INDEPENDENCE THRU
GREEN OPTIONS

4. INDIA IS BLESSED WITH 92,000 SQUARE MILES OF GREAT THOR

DESERT OF

RAJASTHAN: MOSTLY INHOSPITABLE & IDEAL AND
ECOLOGICALLY APPROPRIATE

TO ESTABLISH SOLAR POWER PLANTS

5. INDIA NEEDS ONLY 1500 SQUARE MILES [1.63% OF THOR] OF
DESERT AREA FOR

SOLAR PLANTS TO FULFILL ALL ENERGY NEEDS

6. INDIA WOULD NEED TO INVEST ESTIMATED ONLY 2% OF GDP FOR

INDEPENDENCE AND PROSPERITY AND HEALTH AND

PRODUCTIVITY

7.NDIA COULD BE AN EXPORTER OF GREEN ENERGY TO
NEIGHBORS AND AID BOTH PROSPERITY AND GLOBAL
SUSTAINABILITY






Classic example of nature’s way







GO R e B N B A
B SIS S

. P
= g "*‘:'* :.' J"Q 3‘ ;1 »

vy 1IN 1F -— ._ ’ ‘ % | - - IV IINGS
115 _"Fi‘J.k oy -1 ':’;" :?‘1 T‘: F h‘_l_ - b ~;.»,’-~J'- i

ALD |

:C‘;? - ~2 ,’-.ug“':
# iV « AN * : eﬁ‘, O

H45 Deconibor S i 11.30 pm

k Anandalok Energy Pvt. Ltd.




Renewable energy

s harvesting system

o










Conduction band




Photo electric effect vs
Photovoltaic effect

The photovoltaic effect is closely related to the photoelectric
cffect. For both phenomena, light is absorbed, causing excitation
of an electron or other charge carrier to a higher-energy state. The
main distinction is that the term photoelectric effect is now usually
used when the electron is ejected out of the material (usually into a
vacuum) and photovoltaic effect used when the excited charge
carrier 1s still contained within the material. In either case,
an electric potential (or voltage) is produced by the separation of
charges, and the light has to have a sufficient energy to overcome
the potential barrier for excitation. The physical essence of the
difference i1s usually that photoelectric emission separates the
charges by ballistic conduction and photovoltaic emission
separates them by diffusion,







Photons with energies higher than Ejected electrons
the workfunction of the metal (th':m

—or0 "

Schematic representation of what happens in photoelectric effect (left) and in a PV solar cell {(nght)




Solar
Photovoltaics
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SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION @l womosankerove ESMAP  (EVED

=0 1~ r iy o e oW S % L8 W . 5w ITE T

SE.  SVE - F5E . WE WrE 0T CWE oE ST

S
S

&

Ses

'S B,

g ’

»
5
e

" “

- -t -

aoce. Socal Soar >

ava .

Long-term average of global horizontal irradiation (GHI)
Daily totals: 22 26 3.0 34 38 42 46 50 54 58 62 66 70 74

= RN kwWhym?
Yearly totals: 803 949 1095 1241 1387 1534 1680 1826 1972 2118 2264 2410 2556 2702

this map s publishec by the World Bank Group. funded by ESVIAS and prepared by Solargis For more information ana terms of use. please visit http://globsisolaratias. info



f
o)
{
b




RYRER R AR BALEROMRER IR KQWER, THEMARLR

P www. landartgenerator.org

VM AR 4 g e = Vo OOy P




1838 - Edmund Becquere! observed
materials which turn light into energy
1876 - 78 - William Adams, wrote the
first book about Solar Energy called: A
Substitute for Fuel in Tropical
Countries and was able to power a 2.5
horsepower steam engine

1860- Auguste Mouchout, used
direct conversion of solar radiation
into mechanical power.

189S - Aubrey Eneas formed the first
Solar Energy company

1904 - Henry Willsie built 2 huge
plants in California to store generated
power. He was the first to successfully
use power at night after generating it
during the day

“‘\‘\. ;:f E, -

- ¢
Mouchout’s Solar collector

“‘.\.--‘ e
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1954 -Calvin Fuller, Gerald Pearson
and Daryl Chaplin of Bell
Laboratories discovered the use of
silicon as a semi-conductor, which
led to the construction of a solar
panel with an efficiency rate of 6
1956 -The first commercial solar cell
was made available to the public at a
very expensive mperm

1958- Vanguard | the first satellite

was launched that used solar energy

to generate electricity.

1970- The Energy Crisis ! (OPEC oil
embargo) Solar energy history was
made as the price of solar cells
dropped dramatically to about $20
per watt.
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Equivalent circuit of a solar cell

+ ‘//

Schematic symbol of a solar cell



Light generated current

Downward shifting of
dark IV curve. When light
shines on a pn junction
diode i.e curve (b) s
illuminated IV curve.

*When light falls on the solar cells
two process occurs. In the first step
light is being absorbed by the
semiconducting material to create e-
h pair. Then the e-h pair will be
separated out by the electric field
that exists in the pn junction.

* In the fourth quadrant of the curve,
voltage is positive and current is
negative, resulting a —ve power.

*The —ve power implies that the
power can be extracted from the

device. Therefore, solar cell
generates power rather than
consuming power like other

electronic devices where power is
positive.
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Anode (A)
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Light generated current

Downward shifting of
dark IV curve. When light
shines on a pn junction

diode i.e curve (b) is

illuminated IV curve.

* When light falls on the solar cells
two process occurs. In the first step
light is being absorbed by the
semiconducting material to create e-
h pair. Then the e-h pair will be
separated out by the electric field
that exists in the pn junction.

* In the fourth quadrant of the curve,
voltage is positive and current is
negative, resulting a —ve power.

*The —ve power implies that the
power can be extracted from the

device. Therefore, solar cell
generates power rather than
consuming power like other

electronic devices where power is
positive.
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Equivalent circuit of a solar cell

+ ‘//

Schematic symbol of a solar cell



* In ideal diodes a current source is there in parallel with a diode.

* But in practice no solar cells are ideal. For real solar cells series
resistance and shunt resistance component must be there.

* From the equivalent circuit it is evident that the current produced by
the solar cell is equal to that produced by the current source, minus
that which flows through the diode, minus that which flows through

the shunt resistor.

where

I:IL—ID—ISH

| = output current (ampere)
/, = photogenerated current (ampere)
I, = diode current (ampere)

ls;, = shunt current (ampere)



 The current through these elements is governed by the voltage across them:

V; =V + IRs
where

Vj = voltage across both diode and resistor R, (volt)
V = voltage across the output terminals (volt)

| = output current (ampere)

R< = series resistance ({2).

By the Shockley diode equation, the current diverted through the diode is:

qV;
f A J ] 1}
e = . {exp [nkT

/I, = reverse saturation current (ampere)

n = diode ideality factor (a2 for an ideal diode)
g = elementary charge

k = Boltzmann's constant

T = absolute temperature

At 25°C, KT/q = 0.025 volt.




* By Ohm's law, the current diverted through the shunt resistor is:

where Rsy
R<,, = shunt resistance (Q).

Substituting these into the first equation produces the characteristic
equation of a solar cell, which relates solar cell parameters to the
output current and voltage:

Q(V-l-IRs)J _1}_ V 4+ IRg

IZIL——I(_){CXP[ T RSH

The parameters /, n, R, and Rg, cannot be measured directly. So
open circuit voltage and short circuit current has to be measured.



Open-circuit voltage and short-circuit current

« When the cell is operated at open circuit, / = o and the voltage across
the output terminals is defined as the open-circuit voltage. Assuming
the shunt resistance is high enough to neglect the final term of the
characteristic equation, the open-circuit voltage V. is:

kT
Voc~n—ln( +1).

 Similarly, when the cell is operated at short circuit, V = o and the
current / through the terminals is defined as the short-circuit current. It
can be shown that for a high-quality solar cell (low R; and /,, and
high R,) the short-circuit current /o, is:

ISC%IL-

* It should be noted that it is not possible to extract any power from the

device when operating at either open circuit or short circuit
conditions.



* The values of /,, R, and R, are dependent upon the area of the solar
cell.

* If we compare two cells, a cell with twice the surface area of another.
In principle, the cell which has double surface area has double the the
value of /| since it has twice the junction area across which current can
leak. It will also have half the R and R, because it has twice the
cross-sectional area through which current can flow. So it is necessary
to write the characteristic equation in terms of current density, or
current produced per unit cell area.

B qg(V + Jrs) V 4+ Jrs
where J_JL_JO{GXP[ T ] —1}_

J = current density (ampere/cm?)

sy

J, = photogenerated current density (ampere/cm?)
J, = reverse saturation current density (ampere/cm?)
ro = specific series resistance (Q-cm?)

r<y, = specific shunt resistance (Q-cm?).
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C Si Fabrication at IEST shibpur:
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CHARACTERISTICS:
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ast Generation Solar 2nd Generation Solar 3rd Generation Solar

Cell Cell Cell
< SINGLE / AMORPHOUS “"DYE SENSITZED
CRYSTAL /‘ SILICON SOLAR SOLARCELLS; R
| SILICON : VERY SILICON BASED Cjbﬁfﬂ:gﬁ;‘;’;“’ | AND D AND
LARGE SCALE — THIN FILM LARGE SCALE PRECOMMERCIA
. PRODUCTIONX* SOLAR CELLS \__PRODUCTION ** \ L )
S
"MULTICRYSTALL" MICROMORPH 4 \
INE SILICON : - N TANDEM ( DOUBLE ORGANICAND |
| VERY LARGE AND TRIPLE) L POLYMER
SCALE HIT Solar Cell: STRUCTURE CELLS: BASED CELLS:R
Large Scale LARGE SCALE AND D
PRODUCTION production . _PRODUCTION**
S
CdTe BASED ORGANIC-
- C°"g‘\’-l"}{at°' /| SOLARCELLS : | INORGANIC
COMPOUND LARGE SCALE HYBRID CELLS:R
SEMICONDUCTO PRODUCTION** AND D
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g . B CIGS BASED DOTS AND
= [Pt SOLARCELLS: || NANO
o % LARGE SCALE MATERIAL
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* Very Large Scale Production: Multi GW
** Large Scale Production: 1 GW
*** Small Scale Production: ¥~ MW



Cell Efficiency (%)

Best Research-Cell Efficiencies
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Solar PV connection to the

grid
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Global electricity power generation
capacity

| ]

| 849.5 GW (2021)

3

Global electricity power generation
capacity annual growth rate

|

26% (2012-2021)

Share of global electricity generation

2% (2018)

i

Levelized cost per megawatt hour

- Utility-scale photovoltaics: USD 38.343
- (2019)

|
|

!

Primary technologies

- Photovoltaics, concentrated solar
power, solar thermal collector

Other energy applications

g

Water heating; heating, ventilation, and
air conditioning (HVAC); cooking; process
heat; water treatment




Solar Photovolatics in India
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Solar Photovolatics in India (cont’d)

Promoting use of PV technology to Provide Lighting in

Villages in the form of :
e - 7

Systems Capacity Uses

i Community lighting systems 1KW to 2.5 KW Small household lighting system

" Portable solar lanterns 10Wp SPV module lighting 7 W CFL lamp for 3
hours a day

Street lights 75Wp SPV module Charging 100-130AH battery to
/ run 2 11W CFL lamp for dusk to
dawn operation

Fixed home lighting systems 35-50Wp SPV module powering two CFls -9 or 11W ,
work 4-5 hours /day,
run a small TV set or a fan

Water Pumping 1KW DC motor shallow pumping
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Solar Park
Top 10 countries by cumulative solar power 2 .0%’:“ 7
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SOLARTHERMAL ENERGY:

- Solar thermal energy (STE) is a form of energy and a technology for
harnessing solar energy to generate thermal energy for use in industry, and in
the residential and commercial sectors.

Add a footer



Israel harnessing sunshine with world’s tallest solar
tower

Ashalim project in the Negev desert aims to boost

renewable energy supplies by providing enough power
for 130,000 households.




Solar towers of the Ilvanpah facility, the world'slargest solar
thermal power station in the Mojave Desert, southeastern
California.

Current Technologies for ST ants

Central Receiver Technology

Receiver

Tower

Heliostat field

Power Conversion
System

v - ® - - = o Alrmeria (Sm')
.. g T SFERA Scummer School June 27-28 . 2012




CSP In the world Projection.

| | Annual
| 2015 21 billion Euros a vear

2050 174 ballion Euros a vear

1500 Giga-Watts



Steam for Hospitality applications like Steam for Comfort Cooling

Laundry, Cooking, Bathing NTPC — Greater Noida
ITC Maurya Hotel, New Delhi

87 ba‘ri(gri) and | G TR

Delivery Delivery 10 bar and 180°C
175°C

Capacity 80 — 100 kW,,, Capacity 80 — 100 kW,
per dish per dish

Dish numbers 2 dishes Dish numbers 2 dishes

Commissioning Nov 2009 ™
, Commissioning July 2012
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Steam Generation for Milk

f” steurization

Chitale Dairy, Maharashtra
("‘

-

—d |

Falivery 5 bar and 152°C

rCapac:ity 80 — 100 kW,
per dish

F*“ish numbers 2 dishes

Commissioning October 2009

Pressurized Hot Water for Comfort Cooling
TVS Group, Chennai

Delivery
Capacity

Dish numbers
Commissioning

15 bar and 180°C
80 — 100 kW,
per dish

2 dish

March 2011
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Temperature requirement in domestic and commercial sector

Application

Bathing 40-50 C
Kitchen 50- 300 C
Space heating 50-80 C
Washing 50-80 C
femperature requirement in industrial sector

Industry Working Fluids Temperature Range
Pharmaceutical Industry Steam, Air 80" €-230" €
Textile industry Water, Steam 60° C-150" C
Chemical Industry Steam, Air 80" C-320" C
Pulp & Paper Industry Steam Up to185° C
Food Industry Steam, Air 80° C-280° C
Mechanical Industry ' Water, Steam 60° C-150" C

Automobile Industry Water, Steam 60° C-200° C
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Solar thermal collectors are classified by the United States Energy (

Information Administration as low-, medium-, or high-temperature collector¢

Low-temperature collectors are generally unglazed and used to ¢
heat swimming pools or to heat ventilation air. Medium-temperature r
collectors are also usually flat plates but are used for heating water or air for
residential and commercial use. (
(
High-temperature collectors concentrate sunlight using mirrors or lenses and
are generally used for fulfilling heat requirements up to 300 deg C / 20 bar
pressure in industries, and for electric power production. Two categories (
include Concentrated Solar Thermal (CST) for fulfilling heat requirements in
industries, and Concentrated Solar Power (CSP) when the heat collected 1s |
used for electric power generation. CST and CSP are not replaceable in terms
of application. (

/
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Low Temperature:

* The low temperature systems are systems
which operate from room temperature to
80-85 degree centigrade.

* These include systems for : Boiler feed pre-
heating, drying, heating of chemical baths,
textiles etc.

* The basic solar device used for these
systems are the water heating collectors,
namely the Flat Plate Collector and the
Evacuated Tube Collector.

* Drying systems utilise the Air-heating
collectors.

* Drying systems can also be used for
Effluent Evaporation.



Medium Temperature:

 These processes are carried out  These temperature requirements
from go/95 upto 200 degree can be met with the use of Solar
centigrade. Concentrators.

Th incl - i
ese include « Solar Concentrators are devices

A. Chemical industries. through which high concentration
- B. Dairy applications. of the Sun’s rays is achieved
resulting in high temperatures.

C. Textile industries.

» Solar Concentrators are also
categorised as medium

E. Food processing. temperature concentrators and high

e F. Coohng requirements (VAM temperature concentrators.
based air-conditioning)

D. Pharmaceutical industries.

to name a few.



igh Temperature:

* These applications lie in the range of 200-450 degree centigrade.

* The concentrators required for these applications are the Parabolic Trough
Collectors (PTC’s) and the ARUN paraboloid dish.

» These Concentrators are capable of producing very high temperatures and
pressures and are best suited to cater to this segment.
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Some important examples:

The largest facilities are located in the American Mojave Desert of California
and Nevada. These plants employ a variety of different technologies.

The largest examples include, OQuarzazate Solar Power Station in Morocco
(510 MW),

lvanpah Solar Power Facility (377 MW),

Solar Energy Generating Systems installation (354 MW), and
Crescent Dunes (1120 MW).

Spain is the other major developer of solar thermal power plants.

The largest examples include, Solnova Solar Power Station (250 MW)),
the Andasol solar power station (150 MW), and Extresol Solar Power
Station (z:00 MW).
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Solar thermal power plant:
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Concentrated solar thermal energy
technology based on parabolic dish

collectors
(Megawatt Solution —SEC)
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Sun'’s rays fall on dish and get This concentrated solar energy Tl?e solar he~at‘at hlgh temperat.ures can be -
= Satababadd ot o st oot Leat 1d fluid b used as process heat in Industries, for power
=1 €ats up a co uia upto very generation and for refrigeration /cooling

times throughout the year high temperatures (400degC)



100 kW Solar Cooling System

Thermax and SEC

Heat source : Hot water from solar collectors
= Hot water temperature : 210°C
Cooling capacity : 100 KW
Chilled water Temperature: 12 /7 Deg C.
Cooling water inlet Temperature : 32 Deg C
COP of cooling system : 1.7
Thermal storage : Chilled water / Hot water / PCM for short duration



100 kW Solar Cooling System

Schematic layout of the system

Cooling Tower

This heat removal device, Fan coil unit

extracts the heat from the The air-conditioner devices
combine the fan and coil-heat
exchanger to deliver the cooling

effect in the office space

Triple Effect Absorption Chiller
High efficiency tniple effect absorption Cold Storage

Hot Storage chiller producing cooling effect using Source of cooling when the
Source of heat when the the heat from the SUN. vapour absorption machine
solar collection is inadequate capacity is inadequate




Steam
Generation

Solar-Biomass
Hybridization
in Series mode

Turbine

Condenser
/Generator

=5

Pump




Roof top solar heating:

e W Tl
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r Remote Rural

*Electricity from biomass gasifier
*Cooling from engine exhaust
*Solar concentrators during solar
hours

(SEC, Thermax, TERI)
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Project Specifications




Stiriling Engine

i

R = = =

o

¥
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* External combustion engine
- can work with any fuel

* High power conversion

efficiency

* Can be used for distributive

power generation



3kWp Solar Dish Stirling Installed at SEC
( with ONGC Research Centre)







' Global electricity power generation
~ capacity

824.9 GW (2021)

} Global electricity power generation
capacity annual growth rate

13% (2012-2021)

 Share of global electricity generation

5% (2018)

- Levelized cost per megawatt hour

Land-based wind: USD 30.165 (2019)

Primary technology

Wind turbine

- Other energy applications

Windmill, windpump

o
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in power generation
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Bakkhali Wind farm

Muppandal Wind farm near NH44 1.5GW
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Global electricity power generation
. capacity

} 143.4 GW (2021)84]

Global electricity power generation
capacity annual growth rate

7-1% (2012-2021)=0l

' Share of global electricity generation

2% (20218)Ls8l

Levelized cost per megawatt hour

- USD 118.908 (2019)lezl

Primary technologies

Biomass, biofuel

- Other energy applications

Heating, cooking, transportation fuels
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West Bengal
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Share of Different Renewables in the

Renewable Energy mix in the Indian Electricity
Grid
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Cumulative energy-related carbon emissions (Gt CO:)

94% CO. emwssion
regduchrons from
Renewables 1
Energy Efficiency
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2. Proper transition into EV, Solar vehicles.

3. Green hydrogen cultivation.
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Electric vehicle charging

SolarTOTO developed at IIEST Shibpur



Energy Storage Elements:

« Generation and distribution is not always possible
» Storing is required:
» Traditional batteries
* Fuel cells.
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Fuel cell vs battery:

- A fuel cell is an electrochemical cell that converts the chemical energy of a

fuel (often hydrogen) and an oxidizing agent (often oxygen) into electricity
through a pair of redox reactions.

 Fuel cells are different from most batteries in requiring a
continuous source of fuel and oxygen (usually from air) to
sustain the chemical reaction, whereas in a battery the
chemical energyv usually comes from substances that are
already present in the battery.!®! Fuel cells can produce

electricity continuously for as long as fuel and oxygen are
supplied.
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Schematic of a typical PEM Fuel cell:
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Proton exchange membrane fuel cell

Hydrogen fuel is channeled through field flow
plates to the anode on one side of the fuel cell,
while oxidant (oxygen or air) is channeled to the
cathode on the other side of the cell.

At the anode, a
platinum catalyst
causes the
hydrogen to split
into positive
hydrogen ions
(protons) and
negatively charged
electrons.
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Schematic of a typical phosphoric acid Fuel cell:
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Details of a typical Phosphoric acid Fuel cell:

» Electrode Reactions:

* Hydrogen gas is channeled to the anode, where it is split into protons and electrons.
Protons travel through the solid acid electrolyte to reach the Cathode, while electrons
travel to the cathode through an external circuit, generating electricity. At the
cathode, protons and electrons recombine along with oxygen to produce water that is
then removed from the system.

* Anode: H, — 2H* + 2e~
 Cathode: 120, + 2H* + 2e- — H,O
* Overall: H, + 220, — H,O

* The operation of SAFCs at mid-range temperatures allows them to utilize materials
that would otherwise be damaged at high temperatures, such as standard metal
components and flexible polymers. These temperatures also make SAFCs tolerant to
impurities in their hydrogen source of fuel, such as carbon monoxide or sulfur
components. For example, SAFCs can utilize hydrogen gas extracted from propane,
natural gas, diesel, and other hydrocarbons.
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Description solid acid fuel cell:

Electrode reactions

Anode reaction: 2H,(g) — 4H* + 4e~
Cathode reaction: O,(g) + 4H* + 4™ — 2H,0O
Overall cell reaction: 2 H, + O, — 2H,O
Advantages and disadvantages.

At an operating range of 150 to 200 °C, the expelled water can be converted to steam
for air and water heating (combined heat and power). This potentially

allows efficiency increases of up to 70%. PAFCs are CO -tolerant and can tolerate

a CO concentration of about 1.5%, which broadens the choice of fuels they can use. If
gasoline is used, the sulfur must be removed.At lower temperatures phosphoric acid
Is a poor ionic conductor, and CO poisoning of the platinum electro-catalyst in the
anode becomes severe.However, they are much less sensitive to CO than proton-
exchange membrane fuel cells (PEMFC) and alkaline fuel cells (AFC).

Disadvantages include rather low power density and chemically aggressive electrolyte
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Alkaline fuel cell:
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Working principle:

Half Reactions:

The fuel cell produces power through a redox
reaction between hydrogen and oxygen. At the anode, hydrogen
is oxidized according to the reaction:

producing water and releasing electrons. The electrons flow
through an external circuit and return to the cathode, reducing
oxygen in the reaction:

producing hydroxide ions. The net reaction consumes one
oxygen molecule and two hydrogen molecules in the production
of two water molecules. Electricity and heat are formed ..., oo ormne

reaction
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Advantages & disadvantages:

Alkaline fuel cells operate between ambient temperature and go °C with an
electrical efficiency higher than fuel cells with acidic electrolyte, such

as proton exchange membrane fuel cells (PEMFQ), solid oxide fuel cells,

and phosphoric acid fuel cells. Because of the alkaline chemistry, oxygen
reduction reaction (ORR) kinetics at the cathode are much more facile than in
acidic cells, allowing use of non-noble metals, such as iron, cobalt, or nickel, at
the anode (where fuel is oxidized); and cheaper catalysts such as silver or

iron phthalocyanines at the cathode,2l due to the

low overpotentials associated with electrochemical reactions at high pH.

An alkaline medium also accelerates oxidation of fuels like methanol, making
them more attractive. This results in less pollution compared to acidic fuel
cells.

Apollo 11
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Schematic of solid oxide fuel cell:
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Operation details:

Solid oxide fuel cells (SOFCs) use a solid material, most commonly a ceramic material called yttria-stabilized
zirconia (YSZ), as the electrolyte. Because SOFCs are made entirely of solid materials, they are not limited to the
flat plane configuration of other types of fuel cells and are often designed as rolled tubes. They require

high operating temperatures (800—-1000 °C) and can be run on a variety of fuels including natural gas.

SOFCs are unique because negatively charged oxygen ions travel from the cathode (positive side of the fuel cell)
to the anode (negative side of the fuel cell) instead of protons travelling vice versa (i.e., from the anode to the
cathode), as is the case in all other types of fuel cells. Oxygen gas is fed through the cathode, where it absorbs
electrons to create oxygen ions. The oxygen ions then travel through the electrolyte to react with hydrogen gas at
the anode. The reaction at the anode produces electricity and water as by-products. Carbon dioxide may also be
a by-product depending on the fuel, but the carbon emissions from an SOFC system are less than those from a
fossil fuel combustion plant.#2l The chemical reactions for the SOFC system can be expressed as follows:

Anode reaction: 2H, + 202- — 2H.,O + 4e-
Cathode reaction: O, + 4e- — 202"
Overall cell reaction: 2H, + O, — 2H,0O
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Molten Carbonate fuel cell:
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‘ Reactions:

¢ Iten carbonate fuel cells (MCFCs) require a high operating temperature, 650 °C (1,200 °F), similar to SOFCs.
MCFCs use lithium potassium carbonate salt as an electrolyte, and this salt liquefies at high temperatures,

( »wing for the movement of charge within the cell — in this case, negative carbonate ions.

Like SOFCs, MCFCs are capable of converting fossil fuel to a hydrogen-rich gas in the anode, eliminating the

( =adto produce hydrogen externally. The reforming process creates CO, emissions. MCFC-compatible fuels
include natural gas, biogas and gas produced from coal. The hydrogen in the gas reacts with carbonate ions

{ m the electrolyte to produce water, carbon dioxide, electrons and small amounts of other chemicals. The
electrons travel through an external circuit creating electricity and return to the cathode. There, oxygen from the
¢ and carbon dioxide recycled from the anode react with the electrons to form carbonate ions that replenish the
electrolyte, completing the circuit. The chemical reactions for an MCFC system can be expressed as follows

(, Internal Reformer:

( CH4 + HO=3H, + CO
Anode:

(‘ Hz -v-CO§ = H20+002 + 2e
Cathode:

. 1 -

( 502 +COz + 267 =CO}
Cell:

(

1
Hy + ‘502 = H,0

-
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Advantages & disadvantag‘es:

» As with SOFCs, MCFC disadvantages include slow start-up times because of their high operating

temperature. This makes MCFC systems not suitable for mobile applications, and this technology will
most Iike'l_¥ be used for stationary fuel cell purposes. The main chal en?e of MCFC technology is the
cells' short life span. The high-temperature and carbonate electrolyteTead to corrosion of the anode
and cathode. These factors accelerate the degradation of MCFC components, decreasing the
durability and cell life. Researchers are addreSsing this problem by explorin? corrosion-resistant

materials for components as well as fuel cell designs that may increase cell Tife without decreasing
performance-

MCFCs hold several advantages over other fuel cell technologies, including their resistance to
impurities. They are not prone to "carbon coking", which refers to carbon build-up on the anode that
results in reduced performance by slowing down the internal fuel reforming process. Therefore,
carbon-rich fuels like gases made from coal are compatible with the system. The United States
Department of Energy claims that coal, itself, might even be a fuel option in the future, assuming the
system can be made resistant to impurities such as sulfur and particulates that result from converting
coal into hydrogen.MCFCs also have relatively high efficiencies. They can reach a fuel-to-electricity
efficiency of 50%, considerably higher than the |37— 2% efficiency of a phosphoric acid fuel cell plant.
Efficiencies can be as high as 65% when the fuelcel isdsaired with a turbine, and 85% if heat is
captured and used in a combined heat and power (CHP) system.

FuelCell Energ¥ a Connecticut-based fuel cell manufacturer, develops and sells MCFC fuel cells. The

company says that their MCFC products range from 300 kW to 2.8 MW systems that achieve 47%

electrical efficiency and can utilize CHP technology to obtain hi%her overall efficiencies. One product
to

the DFC-ERG, is combined with a gas turbine and, according he company, it achieves an electrical
efficiency of 65%
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