4 ughtadel
Arel® =y
arfatéres ferem afieg 3Te qaer Gl

Tellaget steflotetat “NSQF” UIGeIsba o] <ilT

F31l & TdiBoig Al

[Renewable Sources of Energy]

[vem ¥e/gda af & sfican SNfaRn Rem Raffal & e

41/5, Smyfe fagw, R vew & 919
T3 TS, WE-250004 (IoWo)

~




SYLLABUS
RENEWABLE SOURCES OF ENERGY

SLWNo| Toplon Covernge Time T
¢ TR D AL S S| (2.0 1 T T r
Introduction ) o I . R . 7

~[Introduction B
a |SolerBworgy | A6 14 20,.,
e ——l
9 |Bielwergy L N p 8 L
Wind Enorgy I IR ¢ N SN SRS W
Goothermal, Tidal and Ovonn Fnorgy (] 2 6.,
Goothormal, Tidaland Doonn i SRR AL SR a2
Mugnoto Hydvo dynamio powor gonerntion | 0 | 2 4...,
7 |MaelCells s s 0.,
_|Hydro Enorgy ) 8 [ 8 0.,
o Mot 6 [ 2P

DETAILED CONTENTS

1. Basle of Enorgy (06 Porlods)
Classificntion  of  Energy-primary  and  socondary  onorgy, commorcinl and
non-commorelnl onorgy, Importance of nen convontional onorgy sourcos, prosont
seonario, future proapectus, onorgy sconnrio in India, sector-wing onorgy consumption
(domostic, industrinl, agriculture  ele)  comparison  botwoon  ronewnble  nnd
non-ronewable onergy rosourcon,

2. Solar Enorgy (20 Porlods)
Principlo of convorsion of solnr radintion into hoat, uaing difforont typos of solar
collectorn, photo-voltaie coll, oloctrieity gonoration, nppliention of solar onoergy like
golur wator henters, solae furnncos, solar cookors, solar lighting, solar pumping,
inatallntion & mamtonance of solar powor plant,

8. Blo-onorgy (14 perlodas)
Bio-mnss convorsion technologios & their types-wot and dry processes. Mothods for
obtaining onorgy from biomnss. Powor genoration by using gnaifiora,

4. Wind Enorgy (12 poriods)
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3.6 Charcoal and main types of gasifiers
3.7 Gasification and main types of gasifiers
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3.10 Different types of biogas generating plant,
Fixed dome type
Floating dome type
Janta model type
Deen bandhu model
WIND ENERGY
4.1 Wind map of India
4.2 Intensity of wind energy
4.3 Types of windmills
4.3.1 Vertical axis windmills derrieus and savonius types
4.3.2 Horizontal axis windmills
4.4 Application of wind energy
4.4.1 Water pumping
4.4.2 Electric power generation

5. TIDAL ENERGY

5.1 Meaning of wave and tidal power
5.2 Methods of power generation from waves
5.3 Methods of power generation from tides
MAGNETO HYDRO DYNAMIC POWER GENERATION
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technology in their design and construction. Hand and pedal operated devices,

water pumping wind mills.
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106-123 Energy is very important input for the process of development. All the work of numan
being is energy-dependent. The degree of development and avilization of a country 1s measured

124-129 by the utilization of energy by human being. The different form of energy are electrical energy
mechanical energy, chemical energy and nuclear energy etc.

130-138 Day-by-day energy consumption is increasing very rapidly. The world's fozsi1l fuel supply
Le. petroleum, coal, natural gas etc. will be depleted in few hundred years and demand of
energy increases day by day. So crisis of energy will be created. Alternatively or renewable

129-144 energy resources are availahle by increasing the production of energy by these sources. So the
demand of energy by human being 1s fulfilled.

14515 Z31 & gBR (Forms of Energy) :
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Kinetic energy of body is measured by the amount of work which has been done 1in
bringing the body from rest position to its present position and vice-versa
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3. |Bio Energy 10 3
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5. |Geothermal, Tidal and Ocean Energy 6 9

6. |Magneto Hydro dynamic power generation 6 2

7. |Fuel Cells 8 3

8. |Hydro Energy 8 3

Total 75 25
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Principle of conversion of solar radiation into heat, using different types of solar
collectors, photo-voltaie cell, electricity generation, application of solar energy like
solar water heaters, solar furnaces, solar cookers, solar lighting, solar pumping,

installation & maintenance of solar power plant.

3. Bio-energy
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Bio-mass conversion technologies & their types-wet and dry processes. Methods for
obtaining energy from biomass. Power generation by using gasifiers.

4. Wind Energy
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Wind energy conversion, windmills, electricity generation from wind-types of wind

mills, local control, energy storage.

5. Geo-thermal and Tidal Energy (16 Periods)
Geo-thermal sources, Ocean thermal electric conversion, open and closed cycles, hybrid
cycles. Prime movers for geo-thermal energy conversion. Steam Generation and
electricity generation. Different types of tidal energy systems. .

6. Magneto Hydro Dynamic (MHD) Power Generation (04 Periods)

7. Fuel Cell (10 Periods)
Concept, types of fuel cells, operating principles of a fuel cell, conversion efficiency,
work output and e.m.f. of fuel cells, applications. .

8. Hydro Energy (06 Periods)
Mini & Micro hydro plants. a
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Estimation of solar radiation (hourly, daily and monthly)
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Working principle
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Sources of losses from a flat plate collector

Collector efficiency (concept)
2.7.2 Concentrating collector
2.8 Application of flat plate collector
Basic Principles of these devices
Solar cooker
Solar water heater
Solar dryer




Solar distillation unit

9.9 Advantages and disadvantages of concentrating collector over flat plate collectop
.10 Application of solar concentrating collector like solar water heating, space heatiy

and cooling and electric power generation (Basic principles) g
9 11 Solar Photovoltaics system

Principle and physics of PV cells

PV module, panel and array

Series and parallel connection

Power output calculations

Operation and maintenance of PV systems

Solar Battery—construction, operation, maintenance and effect of sp. gravity of

electrolyte.

3. BIOMASS

3.1 Introduction to biomass energy and photosynthesis
3.2 Sources of biomass.
3.3 Fuel characteristics of biomass-moisture content, proximate and ultimate analysis
of fuel.
3.4 Biomass conversion. Thermal/Biological.
3.5 Biomass pyrolysis
3.6 Charcoal and main types of gasifiers
3.7 Gasification and main types of gasifiers
3.8 Combustion of biomass : review of combustion equations, calculation of air
requirement fuel gas analysis
3.9 Working of anaerobic digestors.
3.10 Different types of biogas generating plant,
Fixed dome type
Floating dome type
Janta model type
Deen bandhu model
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4.2 Intensity of wind energy
4.3 Types of windmillg
4.3.1 Vertical axis windmills derrieus and savonius types
4.3.2 Horizontal axis windmills
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4.4.1 Water pumping
44.2 Electric power generation

5. TIDAL ENERGY
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5.1 Meaning of wave and tidal power
5.2 Methods of power generation from waves
5.3 Methods of power generation from tides
MAGNETO HYDRO DYNAMIC POWER GENERATION
6.1 MHD System
6.2 Working Principle of MHD Power Generation
GEO-THERMAL, TIDAL ENERGY AND OCEAN ENERGY
7.1 Potential and classification of geothermal energy and equal layer.
7.2 Conversion of geothermal energy into electric power
7.2.1 Components of a power station (Geothermal)
7.2.2 Study of battery storage system.
7.3 Multi purpose uses
Crop drying
Bathing
Refrigeration
MICROHYDEL ENERGY
8.1 Meaning and concept of microphydel power
8.2 Site selection for a microhydel project.
8.3 Methods of power generation in a microhydel power station.

. APPROPRIATE TECHNOLOGY

9.1 Introduction: Concept of appropriate technology, modern technology v/s
appropriate technology, its need, review of the traditional technologies and their
possible modification.

9.2 Water lifting devices : Traditional methods, used in the rural areas for lifting
water. Rahat, inertia pumps, low lift pumps, diphragm pumps, use of appropriate
technology in their design and construction. Hand and pedal operated devices,
water pumping wind mills.
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10.1*Jatropha Karkas” oil as a substitute of diesel fuel.
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Energy is very important input for the process of development. All the work of human
being is energy-dependent. The degree of development and civilization of a country is measured
by the utilization of energy by human being. The different form of energy are electrical energy,
mechanical energy, chemical energy and nuclear energy etc.

Day-by-day energy consumption is increasing very rapidly. The world’s fossil fuel supply
i.e. petroleum, coal, natural gas etc. will be depleted in few hundred years and demand of
energy increases day by day. So crisis of energy will be created. Alternatively or renewable
energy resources are available by increasing the production of energy by these sources. So the
demand of energy by human being is fulfilled.

F3if & WBR (Forms of Energy) ‘

1. T S (Mechanical Form)—af=e e &1 &9 § 39eie9 8—(a) 7w S (Kinetic
energy) (b) feafdst F9i (Potential energy)!

ferelt a1 ferst el Y, 3 a5 < faure svaen § S sen § @R ¥ T wE w, wee
fawn < 21

Kinetic energy of body is measured by the amount of work which has been dome in
bringing the body from rest position to its present position and vice-versa.

s Sl H1 39 WhR fera@n s 8 —
auﬂ_ﬂiuwﬁcm
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v =95 & A (HevdHre) A,
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ctrical Energy) . -
forge 31 (Electr a4 1 AR F 1 A 7 A Ee fafe v o

g 5 T A, 0 e,
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= T A g T o . ikl
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ki ot = VI
65 71 TF AR 7 2 |
w_u@ﬁnnw_ Energy is clean, non-polluting and easy transportable form of energy. Electrica]
ergy is produced by converting different form of energy to electrical energy. Mechanical
en

energy is converted into electrical energy by generator. . N
Rate of doing work is called power. The work done in moving a positive charge from lower

potential to higher potential is called the voltage between two points.
Power = VI

The unit of power is watt.

TR F57 (Chemical Energy) 5

%ﬁ.i%n%mﬂﬂ%ﬁmm&dﬂmﬂ%ﬂﬁ@ﬂ Combustion & ZH
-, TR Al AR & W e S H A W e

A + T — AR + T

o9 F1 3 Far e 2 .

In fuel cell, battery etc chemical energy is converted into electrical energy. During the
combustion of fuel atom combine with oxygen with liberation of heat.

Fuel + 0, — Product + Heat

The unit of heat is calorie.

PG 33 Nuclear Energy) o
i, e & et S i A 5 4 o & 7 A 8, 39 S e
frrerdl & 91 5 A9 w1 (fission) 37 Sufwa F g0 30 € 21
U™ & ! 5 L Bal¥ + Kr? 4 2on! + Heat

it st Hat 21 aReg 3
Nuclear fuel are Uranuim, lsotopes of Thorium, and Plutonium. In their nuclei, the
energy is released ig the form of heat by nuclear fisgion chain reaction.
U0 4 opl wmmm_mq " ...&53 + 29n) + Heat
_!.qu Fatf (Hydro Energy)
2
A T,

@ @ =Discharge (m %s)
H = £2 (m)
1 = TERA AfeeTI 2 F Fa gam
u—n__ﬁﬂ. #k fhos Faf & da (Primary and Secondary Energy Sources)

yrafta 9 | (Primary Energy Sources) : W4 5@ 3791 %21 911 £ 31 peank-fe ot
A &1 ZEE F fAau—Fraen, T4, wH e s At 4w

Primary energy sources are those which are found or stored in nature.

Example : Coal, oil, natural gas and biomass like wood.

firftaes st 1 (Secondary Energy Source) : 7% &a 371 @21 91 2 foa mafrs
# # Fee 9 gl

TR % foU #fae, FRa 718 W Fen A wfafia = ST AR 9 #ow w7 3

Secondary energy sources are usually converted from primary energy sources.
For example, the electricity and stream on the secondary energy sources converted from oil,
coal or natural gas.

oalfas 3Rk =3 Takfos = & w4

(Commercial and Non-commercial Energy Sources)

Falvae St & WIa—39 & 3 16 o W 91 AR B 396 8 o e e e 5
ﬂﬁ&%ﬁwﬂ&%@d@ﬂﬂﬁﬂw%%iw%ﬂawlﬁmﬂﬂmﬂ@
A famez T see FHfiiae B ¥ a8 weaq w e w9 E

T % feru—aga wef, fommee, Fen, siam, e g )

The energy source that are available in the market and which can be purchased at a
definite price from the producing agency are known as commercial energy.

By far the most important and high grade forms of commercial energy are electricity, coal
and refined petroleum product.

735.5
P=L220m, i
- QHn kW

Example : Electricity, lignite, coal, oil, natural gas etc.
A FHiYae St & wi (Non-commercial energy sources)—3v & &g &id 9l a1 ¥ fg
F W IverE T € S A FEEE S % w Y i e
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(Renewable an ;
=i & w3 T e e
1. TetEnd ==t &id (Renewable mumn.mw.,mc,cnnm& o ..
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Renewable energy is obtained from sources that are essentially mermsmszm..wm:asmzm
energy sources : examples are—Solar energy, wind energy, geo-thermal .mnmwm%. al b -
hydroenergy etc. The most important advantage of these energy sources is that they produceg

energy without producing pollution.
9. 5fq-7aET0a Ha @d (Non-Renewable Energy Sources)
- %9 B d 86 e T T T feT FHa 21, Io—FEen | qd R wﬁmﬁ_
Non-renewable energy sources are those which are exhaustible. For example : Coal, gl
and gas etc.

Teftae W) B3 T (Global Primary Energy Reserves)

FAT—aaE FEa [ T 9,84,453 fafeE 27 1 4o Wo To A RN Tl i
aaw,ﬁmﬁuaﬁ 25.4% €1 9% A% B9 (15.9%), T (11,6%), TR =a TaeH R & Foga siwm
8.6% %I T

Global coal reserves has been estimated to 9,84,453 million tonnes. USA had the largest
mrE.m,:m m_c_u&. reserves (25.4), followed by Russia (15.9%), China (11.6%), India (8.6%).

weIferam T (Petroleum Oil)— e e 1 Toiraet frord e 1147 fafera 3@ 8 79
a7 T e T e Ta € e e 2% § (o A = 160 S

The global available reserve of petroleum oils was estimated to be 1147 billion barrels
mm:&..s_“wm_&m wm.ﬂm the largest share of the reserve with almost 23%. |

(Gas)—4 THEd fied © 33 - o

oy $ sl aa S 176 foferm ez 31 reiam frod # w0 1 wad A

The global proven gas reserve

- was estimated to be 176 trillion cubic metres. Russiah
accounts for the largest share of the reserve with almost 27%
b 0.

Fdaolia Ff |l &1 aRkea

=1

1efiael o1t 3! WA (Global Energy Consumption) ) e

Table 1.1 : Primary Energy Consumption by Fuel (2002)
in million tonnes of oil equivalent

1\ 0il |Natural| Coal |Nuclear| Hydro | Total |Share of
gas Total
USA 894.3 600.7 553.8 185.8 58.2 2293.0 | 24.4%
Canada 89.7 72.6 30.7 17.0 78.6 288.7 3.1%
France 92.8 38.5 12.7 98.9 15.0 258.0 2.7%
Russian 122.9 345.6 98.5 32.0 37.2 640.0 6.8%.
Federation
United Kingdom | 77.2 83.1 36.5 19.9 1.7 220.0 2.3%
China 245.7 270 663.4 5.9 55.8 997.8 10.6%
India 97.7 254 180.8 44 16.9 325.1 3.5%
Japan 242.6 69.7 105.3 71.3 20.5 509.4 5.4%
Malaysia 22.5 24.3 33 — 1.7 51.8 0.6%
Pakistan 17.9 18.8 2.1 0.4 46 43.8 0.5%
Singapore 35.5 1.6 — — — 37.1 0.4%
Total World 3522.5 | 2282.0 | 2397.9 | 610.6 592:1 9405.0 |

Tables 1.1 gives the figures of world consumption of energy sectorwise and countrywise.

Grid connected installed capacity from all sources as of 30th June 2019

i Source |, Tnstalled Capacity (MW) Share

Coal 1,94,489.50 54.17%

Large hydro 45,399.22 12.64%

Other renewable 80,467.22 22.41%

Gas 24,937.22 6.90%

Diesel 637.63 0.24%

Nuclear 6,780.00 1.97%

Total 358970.78 100.00%

: Installed grid interactive renewable power capacity
Hv i (excluding large hydro power) as of 30 June 2019
‘Source ~Total Installed Capacity 2020 Target 925

(MW) pooy

Wind Power 36,368 60,000
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Biomass Power
Waste to Power

Small hydro power

R § S o1 I vd Rd (Reserves and Hu_,o@:mmc.u om.ﬁﬂmwmﬁ EHB .__, |

4,604

A
|

—— |

A § |
e 17 fava =1 SAEEH (17% of world's population)
o SEEN 6 R 1.51% (Population growth rate of 1.51%)
e 5% ¥ 4th ¥=9 &gl Economy by GDP
® GDP 3f& 7-8% (GDP growth of 7-8%)
o fava ¥ 11th Ta9 s Foi IARH
o f¥e & IAGT F 2.4%
® F @7 ¥ ¥31 M (Ranks 6th in Energy Consumption)
F31 & W (Energy Source) v wﬂi_
T F TPR B AN 9Ra ¥ 396y §— R o _
1. Frae . 2. e 3. wd.ﬁﬂ m.m |
b s e 419 4 5 o 4 ot A i
ﬁaﬂzﬁﬁg@&waﬁmﬁmﬁaﬁo .%Mw%wﬂ_mﬂﬁwﬂﬁﬂmw@?ﬂ
1 o & 3 o 5 o e 8. 1 T & SR qRE ¥ e 84396
. aaﬂnndﬂ%@ﬂmﬂﬂﬂawlmﬂ
g, ey, i ey
rm of fossi :
e Conl s gl o e
€ Inorganic matter. India ha

It is almost 8.6% of w
: vorld resery 1
Reserve to Production (R/P) nmmomm. i

Definition of Reserve
. toP s x
are divided by production i roduction Ratio

ﬂﬂ.@%.ﬁmﬂﬁ.dﬁuﬁﬂ.dﬂaﬁ%ﬂ

g.&ma wood laydown in earth layer for thousandd
- It is composed of C, H, N and oxygen beside:
s large coal reserves at least 84,396 million tonne
§ reserve may last for about 230 years at the curent

| g 3 e 50% T, 20% 399 T 10% WA TR £ A 7 @ Fo @0 8.9%

3. fazfeT8 (Bituminous)

4. TSIHEE (Anthracite) . o
T (0il)—9A F Fa FHoAl Fl 36% TIA 7S T & ol 21 9 § Fea del F o scdied et

59 ffer 77 & A f = =i @ 110 fiferr 77 € S5 2007 F 59 F a2 21 AR Y
o F wua T SR we @ A wn v Tt & o @ Sl

wrgfaen i/ (Natural Om&|§m~ﬂﬂ$ﬁﬂﬂ.ﬂﬂﬂ%ﬂ%ﬁ?ﬁﬂ%%. ﬁ_ﬂwmm“ P icanca

il 21 2007

# srfas T8 Fi @ua wafed 96 faferm Wex® o S 55 T99 qRe J Svere 67 foferam wiex i
T B Wt T ¥ fod R, e, afhers, A e s stem 3§ fom #

Natural gas is the mixture of many hydrocarbons. Normally in natural gas are atleast

50% Methane, 20% Ethane and 10% Propene. Natural gas accounts for about 8.9 percent of

energy consumption in the country. In 2007, the demand was 96 million cubic metres and the

production was 67 million cubic metres. Natural gas reserves are located in Gujarat, Mumbai,

, Tamilnadu, Andhra Pradesh and Odisha.

T Wi —RE ¥ 59 ST0 I W 2.4% ST AEE ve § WE g 81 T 9 W

| e TR RYE W 10 s Rl § e Saed a1 @ E

Nuclear Power : Nuclear power contributes to about 2.4% of electricity generated in

India. India has ten nuclear power reactors at five nuclear power stations producing electricity.
The salient features of nuclear energy scenario in India are :
® Based on Uranium deposits in the first stage.
® In later stage, Thorium deposits comes into play.

® Total installed capacity of 2720 MW through these.

Hydro Power : India is endowed with a vast and viable hydro potential for power
generation of which only 15% has been harnessed so far. The share of hydro power in the
country’s total generated units has steadily decreased and it presently stand at 25%.

YN ETEST WA (Small E%&owcﬂmﬂfgwﬂmﬂmﬂwﬂﬂ%%%%%w
Tl 92 TR S T % o i Tt w1 avawd a6l € WA YaN TEeE Sl w1 E@Y
W T S H W R A Suee Ot o1 g9al € AR 39 IER 5 9E @ e e &
o+t 3g= 2 8

o | TESITR W= 25 TEIE § F1 SR F40 ¢ § Ya¥ TRV T = Hem § 371 8

o 3 TafETUiE, TmiEE i s o | W i B

® 3 iy Segdietor ¥ Ty 27 & FhE T Suww w5 I &7 F 2 81

® MNES 3 Ra # w7 4500 T2 907 § el W YaS WERE o 9 9%l g

® Y& TRV W H F1HG e TR 1 WG ¥ A ¥ f 59 26 8

- FAFT FAt &\ (Non-Conventional Energy Resources)

1. ¥R Fi
2. 9599 &l
3. = ®E
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WHAT IS MINISTRY OF NEW AND RENEWABLE ENERGY (MNRE)?

i \ wable Energy (MNRE) is the nodal ministry

The vammmeoMoW M_wc Ewu%mhwwwmnun tonew and renewable energy. The w.womm ﬂE,om meM |
Oﬂ._....m.SBwE omm velop and deploy new and renewable energy for supplementing the energy _
D o ﬂzm_m »Mm men‘w. The creation of MNRE is as momcs..mn
Ecﬁnmm“niwﬂou for Additional Source of Energy (CASE) in HmmH.
.w. ﬁwﬁmﬁamn» of Non-Conventional Energy Source eHm/.“m.mv ”Mmymwmm.
“.w. Ministry of Non-Conventional Energy Source (MNES) in X
4

Ministry of Non-Conventional Energy Source (MNES) renamed as Ministry of Ney,

and Renewable Energy (MNRE) in 2006.
Emission from Renewable Sources of Energy and their Control

(9 ¥ TS ER A S S S A )
We chall now discuss the effect of utilization of renewable energy resources on the |
; mitted by various systems and their control. _
?unﬂunﬁ% =i Qﬁ.wm mumwmd”u Wind energy in general is Wmmw ﬁozc,ﬂ.ﬁm and it has no effect _
on water resources. However, any energy use affects the mu.ﬁonEmun in one way or the other, |
The various sources of air pollutants caused by wind energy directly or indirectly are as |
follows : )
® Indirectly the CO, and other emissions are releaced during the course of their |
comstruction. But it is very negligible amount as compared to fossil fuel power plants. |
® It causes noise pollutants. For this reason, the wind mills must be located atleast 1to 2 _
km away from the inhabited areas.
® Mechanical failure of wind mill may cause its parts to fly and harm the people working
around them.
@ It pores threat to bird life due to collision of birds with blades or wind tower. It also
zflects their body pattern. .
® Electromagnetic waves of TV signals are obstructed by wind turbines, It may cause the _
pour gquality of radio and TV reception. W
® Eussysiem is 2ffected by the use of large scale wind generators since, the rear by lakes
and rivers will become warmer caused by reduced evaporation from their surface. It ,
may also Increase soil moisture,
® The increzse in wind is caused by human-assisted depletion in ozone which cools the |
upper atmosphere. ,
Biomass Energy Utilization : Biomass utilization is equivalent to the burning of
argan mater % produce electricity or heat, It produces significant amount of CO emissions. |
Rewever, 6y emissions can be balanced out by planting out new crops which takes COz 10 |
grow. The selection of local eil and water quality is of importance in deciding upon the type of
lissasa tn be grown with Jittle eultivation and fertilizers, It should not degrade the Jand. If
produced aad used correctly, the biomass can contribute and meet the future challenges of
rer,
e fuel word in villages is the major source of pollutants in India like CO, SOz, NOy.
rgariie 51 (e particulate matters, Such emissions are even much higher than released b
conventionsl pawer planta.

ﬂ
_
_
|
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Geothermal Energy : Geothermal resources are produced either by steam fields or wet
steam fields. Hydrothermal field contain non-condensable gases CO; and small traces of
hydrogen sulphide, ammonia, methane etc. These gases are released from centrifugal
separators and in herbire exhaust of geothermal power plants. Through the amount of CO5
released is much less compared to conventional power plants but it adds to the problem of
global warmly.

H,S in the geothermal fields in excess quantity causes harmful effects on the bearings and
electrical equipment of the plant. Therefore, it is necessary to trap H,S and burned with air to
produce SO, which is controlled by scrubbing of flue gases with lime or catalytic conversion
technology.

The wet geothermal fields contain poisonous and toxic, materials like mercury, arsenic
and salt content of brine. These dissolved solids may be as high as 20% to 30%. The liquid waste
causes environment problems after removal of steam. This problem can be resolved by plants
are almost eliminated.

The heat energy of turbine exhaust steam is rejected to atmosphere in cooling towers. It
causes increase in moisture in atmosphere.

The drilling of wells of geothermal energy fields causes soil erosion. It also causes noise
pollution during drilling of wells and use of centrifugal separators, exhaust and blow down.

The exploitation of geothermal energy may triggers earthquakes also.

Ocean Thermal Energy and Tidal Energy :

Ocean thermal enegy conversion power plants has the following effects :

@ It affects the quantity of ocean water in that region.

@ It affects the aquatic and shortline ecosystem.

® It affects the navigation system.

® NH; is used in closed cycle of OTEC system.

Solar Thermal Power Systems : The effect of solar power systems using solar

| concentrates are as follows :

® Require large area of solar concentrates for installation of power plants which alters
the environment in the vicinity.

® Production of components releases CO, which adds to global warming.

® It generates non-recyclable materials during fabrication of fibre-glass, glass and other
materials.

® Causes thermal pollution due to release of heat energy of exhaust steam to cooling
water.

® Reflectors of solar concentrators are hazard to eye sight.
® If the heated cooling water used in condenser is released to a lake or river, it destroys
the aquatic life.

Mini and Micro Hydel Power Plants : These plants are basically non-polluting

tompared to large hydel and ather type of power plants. However, the slower moving stream
will cause the increased evaporation rate of water causing increased moisture in atmosphere.
|The methane generated from shallow water reservoirs may cause the green house effects.

The running of turbine generators may affect the aquatic life. [t may also cause the

problem of sedimentation and affect the quality of water.
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o use of renowable sources of energy also causes pollution Problogy
ge of renewable sources of energy or environmey

Thus we see that th
various types, However, the threat from u
much less na compared to the use of conventional fossil fuels. Therefore, it ig "ecassa,.y"
encourage the uae of renewable sources of energy to give healthy environment o

generations to come and reduce the dependence on fossil fuels.

§ ™ (Introduction)
For) € el # @ e W Aw w6 g § i o

| T ol 1 Seed e ToEd 4 g g
W@ﬁﬂﬁmﬁﬂﬁﬁﬁ%mmmﬂ@“m!@w@m% i g m;
FrESo % € T S19E 1 e dferm o A € o s w1 swes 6
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5. iy 3R R T He A ) SEE & weE ¥ ey g @ R
6. TR 20 e TR St B % T fefay I F A B A s i g
7 WY F 3 s 3 e A ¥ s T #fw (UPBTE 2019)
7. AR W A Ty TR S e & e § 9ol Hifw) (UPBTE 2015)
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3. Convection zone (0.7 Rto1.0R)
4. FIEEE (Photosphere)
o fafim @ (Reversing layer)
@ FHEER (Chromosphere)
o Zifsfir @t (Transition layer)
@ SR (Corona)

d a gt % 7od Wt (Sun-Earth Relationship)

139
o
f——

1.495% 10" m
R 2.2

i o e 4 # g0 T 1,495 % 101 m A 21 F S 1.39x 10%m i 9

=7 12800 km 1 21
#iR Rf#R9 (Solar Radiation)
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531 & Tetaroy
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g e & S e 49 A e e 3
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S8 @ T S A § e # 7 56 AW g Av), 9, w6, 9 & 50 Fe,
fe‘ﬂiﬂaSﬁTWﬁﬂﬁw‘(ﬁ:’iﬂ?ﬂmélEﬁﬁmﬁﬁﬁmm(diﬁusewlarmdiaﬁon)mﬁlWmﬁﬁ
e o =1 i Fafvem 99 T g #1 TR e @ % am < fn e g2 Y e T W
e & 5 A A R R R & i s e S falE e fafw @ e He
{faf#T7 (Global Solar Radiation) F&d 21

A H FaEcT § FEwiT
(Reflected back to space) pommmmmmeoeee 1
4 1
| foefa fammE
1 (Diffuse scattering) !
L aa e I
Reflected back by surface fafcn T
(Diffuse radiation)
e fafeo
Surface of Earth o1 Hren fafwT
(Direct radiation)
b
4

forx 2.3 : wegm, fraRa 3k e sk o

T (Definitions)

YT FAfEOT (Irradiance)—T@i® WA S THiF Sewe § e Wog W RE @ d
7 Sl ) B 1 T (irradiance) FEd 81

e i (Solar Constant)—J%& & F0 @Ry § =R fafemn F 7a0 @1 g @ 8

” o i A
i fefereon 27 3 BT SR T de g fafa 81 59 fafe 1 fafie TSP Y S

STaTh e 48 I A FmR H A o w2

i g T 4 e e e W #) atded #) cuta &1 ge @ a4 A

Tl §—
1. FEE fafao—1E O (X-rays) @R T fF07 (gamma rays)

This is the average amount of energy received in a unit of time on a unit of area
perpendicular to the sun's direction at the mean distance of the earth from the sun.

9o T % = i @ g e g 1 A 1R o vl w g R, 3w i
T e 9 T ved 1 wE: HR P 1368 Wim? fer o & < e a0 QA F

2. it P fafEm (Non-ionizing radiation)—(UVR—UItra Violet Range, Visible ﬂm 3 wrwm B

infrared)

=1 4l 1 37 T4 3 STTAR T 1 1 T 400 nm H 700 nm F A B

Zarm T E—
[ Invisible Range | Visible Range
Ultraviolet |4 e L e At @ (Red) | 450
(i) |(Violet) |@Blu) |(Green) |(Yellow) |(Orange) (Infrg-red)
4 00
100 ~ 400 425 490 575 585  es0 700 140

Isolation : The rate at which direct solar radiation is in¢ident upon a unit horizontal

i fafren s g ¢ et 7 ¢ ended % fafieo @ §1 A A
il & foeil o e 3 < e tnded & Gk mm gpurface at any point on or above the surface of earth is called isolation.

4 #1972 v 7 v ) o o il 6 #1474 e e 7T

Yfeaifaet (Radiosity)—H=ro1 i Sffee 3 T o & g forel G Amwe 3 A
9 ¥ frem | @ @ A Fa €

The rate at which radiant energy leaves a surface per unit area, by combined emission,

<30
Invisible B e tion and transmission.

A TGS VIFF (Emissive Power)—Uieh &othel § et et Sl #1 & F I i Fed

i
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Wf—qﬁﬁﬂ\ﬂ (Sun-Earth Angles

& e & TR F N E—
1. #A FIv7 (Latitude angle)
o, F=a@ FW (Altitude angle)
anggier Fror—fe A I AT

# <ifs farg K 1 Ffd 781 21 g 0
mxmsﬁwmm,ww%@m%h
Wﬁmm:;m%ml

Lkl

Rt 2.4 ’

IR @I (Altitude Angle)—8ifie ag W HR RO SR 3iR i forn 9 fewn H A
TR F0 H I F Fed & Y o F A A
HTHT (Hour Angle)—3z Fv1 S 94 =t feafe v w1l &) 5o2 areht o & Aeq o7wwres |
= A A # T o FW | F 2
feagura FT (Declination Angle)—3% 101 Wi G4 % %5 T get & % i e Wﬁﬁ
71 A (W & A T ¢ T Y o T 31 7w v e + 23,59 21 T B 9l AR
- 23.5° 21 feweR F1 2 ¢ 3R 3 H0 7 sfwn s =g F 9= agem 8
Tertqr T (Azimuth Angle)—=e 11 ) & @ ¥ T %) froir g A FET 50 A
T 138 T (y) W A= F@ R
Zenith Angle (87) : It is the complementary angle of sun’s altitude angle. It is t
vertical angle between the sun’s rays and a line perpendicular to the horizontal plane throug]
the point.
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frez FITT (Tilt Angle)—a7 F1 3 Toew FaE T vd A wHAE & 9= A 7@
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1 I 2

ELGl . S N .
drt fafertor 9= (Solar Radiation Measurement)—f&E HeR T=EE F @ AR TFHIA

3 o wEe F A 9R fafRTor 7 & S O e TR

[ 9 SR % g GR fafEn % Hed ¥ wge fH e €—

1. T fafTr (Global radiation)

2. weet fafeTm (Direct radiation)

3. g4 %1 = 1 e F3 9N R (Sun-shine Recorder)

it fafewur WF (Global Radiation)—3d W& & faftor 1 W % faw wtAmet
(Pyranometer) = 1 A fovan S @ formenn =t A fwen 21
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Black surface 7\
+—— Guard plane
N N
[¢— Levelling screw
ey, U
<+—— Platform
forx 2.5 A

. o A reifien 1 <t T @1 7% S R (diffuse) 1 T (global) fafetor F wram &
A R S | gE I Wae  qgn s Sehew 21
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W*W (Type of Pyroheliometer)

1. UM TRIfEEEEE (Angstrom pyroheliometer)

9. it fuer foww wEfEfediad (Abbot silver disc pyroheliometer)

3. gYer rtifeferdmdtzt (Eppley pyroheliometer)
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- firfetor T (Solar Radiation Data)
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1. Sieizal (Conduction)

2. 53g3 (Convection)

3. fai=0a1 (Radiation)
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M ﬂw%%»%ﬁ&zﬂ%@aw#ﬁﬂm?ﬁmm%: 4. Waste disposal ¥} T &7 &t 21

2 T TRART A .
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¥ 39w & 7w ﬁmmmmﬂ 3 %E.E@ ﬂm feeeh &Tar o wrm a1 7 e e 5 SHOE T industries. . N
ST IS % W9 € Fn ¢ il SR 0 5 o e 21 gt e ot ft 8. Use of biogas plant, apart from supply of clean gas, also leads to improved sanitation
w1 F=E A o d) I e 3 SR T | SR Al 21 A wmw%gj better hygienic condition in rural areas.

d and any capacity can be operated.

A 9. The varying capacity can be installe



s of Biomass)

aife F22 B R
1 ?cm.n—,ﬁ.mm.—m_.ﬂ
H.A&&ammn_mhmqam; ey

N

i T
w”ﬁmﬂnﬁﬂwﬂmﬁﬁwwm_ - :
&
4, @ = %%aﬁﬂaﬂ@%w%m@ﬁ&ﬂ#@wqﬁig*
I

q. It is also Hmuozn.»anosm?m and

application is significant.
8. Feeding difficulty in the system.

Hiﬂmwmﬁ*ﬂ% PeIC Amuinouﬁmuam_ Impacts of Biomass)

tilize large amount of lan

S0

be incurring by harvesting the crop resjqy, fi
es or.

the last of collecting large qu alitie "
O oo |

My,
wﬁ

d and water resources are required
il erosion and water run off. ;

bigy, |
i1l change the habitat and food source of wild]if, _gj
will ) : e
organic emissions, wage, ,
) N.ﬂm—.. UOH._ 3
Ut

1. Tou
2. Harnessing biomass causes

3. Significant nutrient loss will

energy.

4. Energy crop plantation
5. Biomass conversion will cause air pollution,

household hazards (fire), occupational hazards.
 Shift in employment and increase in health problem and safety. E

. The removal of trees affects wild life generation.
8. The plantation for fast growing trees reduces the diverting of vegetation st
abit

-1

many wildlife species. !

%mﬁﬁﬂ&uﬂmﬂﬂ& (Materials used for Biogass Production)

1. UYRH & IiSa UaTd (Animal waste) —WY[3{ &1 Ma, Tel-
Tew A, fort 9=t iR 98 3R T R0 At v

2. WIS IeTd Ugrd (Human waste)—H81 FTFHE, Hoi- I

3. FfW AR (Agriculture waste)—elt T i NHMM Bﬂwn.u uﬂzﬂw%aﬂ e
Hfesdl 1 T2, TEG R 33, 99 @R FH W™ I af) , . mﬁﬁm?

4. shgifra =2 (Industrial waste)—I ?mmw. TR e =1 S |

MINISTRY OF NEW AND RENEWABLE ENERGY

(BIO-ENERG
Y TECHNOLOGY DEVELOPMENT GROUP- BGFP)***#*++

no.“_”w mn.m_n .m_ownmm Bottling Plant towards

Ritetog v . mﬂna_m__nwn_oﬂ in India - A Success Sto v
resources such as cattle dup S_Mw shortage in the country there is n.w d to tap, bior
through the involvement of m_n._.nn {chen waste, agricultural waste etc fi “gor 2 F&.E_ﬁﬁ
energy gm%EﬁEmFEm co epreneurs and industries to set u n_n it NMME.M %M il
untry, at the potential sites where WMUBAM“anM“mﬁmmﬂum is M—ou,q.

Under technology demonstration of p >
E e ew RDD&D i i

wable Energy (MNRE), the Mini Policy of Ministry

wwhmnm:mnm an Integrated amnrno_omﬂﬂmwnﬂwmsw 4 new initiative m%m uﬁwmmumow, MMMNM -”m
: ; . 3 In ent i z 2

mixed mmmmmv_w M.MMMQEHM ._w-” plants (BGFP) for mosmnmﬂ“vwm.uﬁwms&. e n o mhinit Sl

T piped distribution of biogas. Installation of such plant s ot ot bottling

Cotive power, cooling, refrigeration and electricity nmwmwu.n .

Hmacr.mu._mﬁnm. There could be a huge potential of :::m:.mnmn

in the country. Under the d ¢
_:m:ﬂm. in the emonstration pha ns : -1
financial mmm..mem_:om from u.wo.moa\e of .2.5 cost (excluding MMm%ﬁWmmgwﬂ.mnq is providing a central
projects for imp ementation following an entrepreneurial m M ) or a limited number of such
AmOOV nd re-imbursement basis, ode on Built, Own and Operate
The proposals are proposed to be evalua

( : i ted b i
pomansraton Appraisal Commitio f the Wity Recommesdis oot s s o
implemented, and owned by the concerned industries/ Mwoumnum oo
et ) entrepreneurs/project

A 500 cum biogas generation ;

: ! per da ;
vﬁ_.mmnmﬁc:\mnﬁnrgmbr bottling of biogas has mw.:nmwoﬂwﬂ»m.% WWM?WZ%WGK.““ N mmdm_ H_mﬂcz.
during the year 2009-10 to Ashoka Biogreen Pvt. Ltd. at vill.- T WS:.._“_ " .moy Gmw&
ghwwwnwmrnqmv. L .- Talwade, Dist. — Nasik

Accordingly, the first biogas bottlin
: g plant under Technology D i
RDD&D %&mnw of H,wam has been commissioned on 16.03.2011 Mwﬁmw Mﬂm%hmwmsmm o nmi
filling and storage of compressed biogas in CNG cylinders from Petrol S ien Hafety
B feation (PESO). roleum & Explosives Safety

——

BGFP Project at Village-Talwade, Taluka—Trimbakeshwar,

) District—Nasik (Maharashtra).

ish Mrn biogas generated from the plant at vill.- Talwade, Dist. — Nasik (Maharashtra) by

= oka Biogreen Pvt. Ltd. rmxn been purified and a purity of 98.4% methane has been achieved
rough test conducted by Shriram Institute for Industrial Research, Delhi (NABL). The results

are given below :



The

purity of the enriched bi
alongwith calibration of analyzers-
The schematic diagram 0

% viv

%viv

5 | Carbon dioxide "
3. | Oxygen (02) 124
4 Hydrogen Sulphide | PPV
(asHsS )
5. | Nitrogen (N,) & other %vlv
gases
| 6 [Moistre _—

ogas is

The biogas generation capacity 0

NISARGRUNA (BARC) Technology. The puri
150-har pressure for E_Em in cylinders.

A

ol

Schematic Diagram of BGFP
Village - Talvade, Taluka -

The upgraded biogas is used for power

Loecry S0 NI Doges saarchom per Sof
Techraogy Wagrgarre (3590)

0.4

44

jppv |

f the pla

s a7
e Tl egevdest 12 0%

slurry of biogas plant is being hased as an o
trials have indicated 1507 growth in agy

quality.

nt is

GC-FID
IS: 13270

Crop Yakd up oy 1905

'y

¥ Cooking Fuet
& Inzzrria
fudd

o Fou

Corgressed Bogos in Y
Cyfrder Cozzcde Other Applicerion

Profect Installed at Ashoka Bioj
green Private Limited,
Trimbakeshwar, District - Nashik (Maharashtra)

By difference ﬁw.mEm..E,a

Oxygen Analyze,
I8: 11255 (Pt.4)

&)

Gravimetric, Ref. IS
- 307
continuously 983
The purified biogas is equivalent / similar ¢,
f the BGFP project is given below:
500 cum per day and
ty of biogas is about 98% and con

Yaing g,
CNg,

Presge,

_
|
|

generation, cooking and industrial mvv_smgpé

rganic fertilizer in their nearby agro fields. ﬂ_mnmm
o-production and substantial improvements it %

#.

bageg &

,‘

g
The salient features of BGFP project are given helow: ”
mnnﬁnu_wnm r LS’&E.& Bemarks
Quantity processe | 125 MT Cow dung, agricultural |
I D | wasteetc. |
ioges £° maassm 500 NM? —
mm.&cum.nwmmm muommm ‘ 270 NM® J
mcn.m mm Biogas used for nmv_“_cm uoﬂmn _ mH ng | m‘oe\a - A
NQUQHNSOH— S S
et | |
Power mW:manmm R - pmo :Eﬂm o |

?ﬂmo&q pgraded Biogas Filled in OEE%R 16 OEE%B ma::.&mun to Rs. 5040 of

at 150 bars of 9 kg each | OZO or Rs. 7200 of

[ SoeddiIRG
m_za\ Ewuﬁwm 20000 | Used as _EEm mmﬂuWNm:
Litres/day | substituting chemical

| fertilizer worth Rs. 10000.

(Figures mentioned are on per day basis)

Secretary, MNRE visiting Biogas Purification and Bottling plant (BGFP) at village -

Talwada, Taluka - Trimbakeshwar, District - Nasik (Maharashtra)C

*Source : MNRE
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Operating Data =
Y7z & (Rated Capacity) 26

—. m/s
cut in wind speed 3 : 2
cut out wind speed 9

2T (Rotor)

| ewde

[ E G| 5-14.9 rpm

firay &rad (Gear Box) : Three steps planetary spur gear system.

<P sl w4zt (Generator and converter)

Totflo afF with IGBT converter

Braking system

Electro-mechanical pitch control for each cables.

Hydraulic parking brake.

Yaw System : Electro-mechanically driven with wind direction sensor and automy;
cable and wind.

Control system :

® Programmable logic controller (PLC)

@ Remote control and itoring system.

Tower :

Hub height site dependent construction method
Tubular steel concerts

Power control : Active blade pitch control.
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Vapour dominated fields deliver steam with little or no water. The pressure
temperature of the steam from such resources reaching to the surface are limited to sl
pressure and temperature of 200°C. :

The sites available in the world are very few. Some of the important vapmi} dominé
geothermal fields are in California (USA), Landrello (ltaly), and Mastukawa (Japsn).
system using dry steam for generation of electrical

Dry steam extracted from the geothermal fild may contain water and solid pﬂ”ﬁ‘}‘i
These are removed in a centrifuged separator. Pure dry steam is then directly supply o4
turbine. The exhaust steam from the turbine ig condensed in the condenser with the e
cooling water circulated. The resultant hot water ig returned to the cooling tower

power is shown in figure.
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2' a sl (Binary system)
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High temperature of steam mixtured and water is suitable for the flashed steam system
with low dissolved impurities. For this system temperature of this mixture is more L_hi_m 180°C.
Floated system is not suitable below temperature 180°C and high dissolved. mp\fnnes.

We get mixture of steam and water from production well, This mixture is de%xvered to the
flash steam separator where steam and water are separated. The steam is dehver'etjl to r;r:e
sleam turbine which is coupled with 3-phase generator. Generator produces elect;mty. 4 :)
lischarge from the steam turbine is delivered to the condensler where steam condense In
liquid and liquid re-injected into the ground through re-injection well
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The efficiency of Binary system is more than flashed system. In this system ty
separators and multistage turbines are used. First separator is used for high pressure an/
other one is used for low pressure. Low temperature water is not suitable for generator ¢

electricity. So it is used for the domestic and intestinal process heater. Water can also be ueedi1
heating an organic fluid with low boily point and can be used to run ranking cycle. The working

fluid can be Freon ammonia and propane.
The first binary system was installed in Soviet Union Kam Chatka Pen insulationin 196!
1t has gross output of 68 kW and un Freon-12 as working fluid.

¥-ardta St & T (Merits of geothermal energy)
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Parts of plants may corrode due to salt so that life of plant is low.

Drilling operation produce noise.

It is low grade heat energy since the temperature are limited to 150°C.

Geothermal fluids also bring in dissolved gear like H,S, CO,, NH,. If these gas
discharge directly into air then air pollution will be occurred.
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Tidal power is another type of renewable energy source. Sea and river cover 70% area of
carth surface. Ocean is a source of lot of energy.
1. Tidal energy.
9. Ocean wave energy.

3. Ocean thermal energy.
Tide is formed in sea due to the gravitational field of sun and moon. The earth rotation

causes two high tides and two tides due to tide potential energy of water increases. This
Potential Energy is called tidal power. The difference between high tide and low tide called
range. At present there are two operational tidal power plants in the world.

1. A tidal power plant in St. Malo (France), electric power output 240 MW.

2. An experimental tidal power plant with electric power output 800 kW.

In India potential for tidal energy exists, in addition to Gulf of Kutch (Gujarat) and in

Sunderban area of West Bengal.
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he action of itati
generated by t gravitational forces of .
inning of the earth around its axis. of the sun and the moon. the

r.ﬁ"

des
o by the SP

‘5,»5 ®  idesare the periodic rise and fall of ocean water level occurring twice in each lunar

a e fise and fall of water level follows a sinusoidal curve.

— Lmarday ———

A
Tsdclrag:
S Tide cycle

R sa2

water level

Point A shows the high tide and point B shows the low tide.

The difference between consecutive high tides and low tides is called the tidal range.

Tidal range = high tides level — low tides level.

A Lunar day consists of 24 hr and 50 minute. In a Lunar day two high tides and two low
s occur. Production of tides are based on the Newton's theory of gravitation.

F=-mm2
)

When the moon is nearer to the earth than the sun, the moon has more contribution in
formation of the tides. The surface of the earth facing the moon full the more attraction force as
of the facing the sun. The attraction force of moon is 2.6 time of sun. Due to
tides are generated in the ocean. The

tide:

compare the surface
which the moon of water shift towards the moon and
surface of earth facing moon, that side produces high tides and other side produces low tides.
Such daily flows are called the diurnal tides. When moon, earth and sun are in same line than
the water peel more alterating source. So that the range of tides increase. When new moon or
full moon occur than high tides ocean and these tides called the spring tides. When first and
third quarter of moon occur then low tides occur and these tides called the neap tides. Consider

the Figure 5.12.
T vt e (Tidal Power P}ant)
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follows :

The main components of tidal power plant are as
3. Power House.

1. Dam 2. Sluice Ways .
The main function of Dam is to form a barrier between sea and the basin oy o
i

another basin. ) .
Sluice ways are the controlled devices. They are used to fill the basin during the

or empty the basin during low tides. ) '
In power house electricity produces turbine and generators are main componentg oo
{]

house.
arYa ¥f¥ @i & R (Types of Tidal Plant)
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Tidal power plants are of two types -
1. Single basin system

urbine generator units are mounted with in the du,

The single basin system can be further sub-divided g :

1. Single ebb-cycle system. ’

9. Single tide-cycle system,

3. Double cycle system.

Single ebb-cycle system: When high tides are falling, sluices are opened and permit th
sea water to enter the basin. While the turbine sets are shut, the level of the bmm:
increasing. The energy is stored in the form of the tida] range. The generation of power takes
place with the water. The power output from this 8ystem is intermitted in nature and highly
variable.

Single tide cycle system: When tides come in ocean, the water of ocean is admitted into
the basin over the turbines. As the high tides period is over and sea level start falling again, the
generation is stopped. In this system also the power out is intermittent.

-2 FoTeRt (Double Cycle system) [ 0 T
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In this system, there are two basins at different level and a dam is provided in between

these two basins.
The water level in upper basin is maintained above the level of waterin the ]owe'r basin..
The upper basin is filled with water during high tide and lower basin is emptied t?urmg
the low tide. Therefore a permanent head is created between the upper and lower basin.

-
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Outlet sluice +— g e
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turbine of the power plant are started. The _—
hich discharge into the lower basin. Thus the

When sufficient head is developed, the
flow down from upper basin to the turbine W

electrical power is generated. . . . . s
When the water level in upper basin is maximum during high tide the inlet sluice i clpgy

and the level of water in lower basin keeps on rising due to .discharge of watef by the turbip,
When the level of water in lower basin levels during the ebb tide. The outlet sluice is openeq it
closed when the water level reaches to its maximum level equal to the level of water in upper
basin.
The advantage of this system is that the power can be generated continuously during
discharge and filling of basins.

T WIS & AT (Advantages of tidal power)
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. Tidal energy is freely available.

It is pollution free.

It is unaffected by the change of in monsoon.

Power is ensured round the year though its operation is intermittent.

. Power can be used to meet local needs of coastal area.

R wifed & wifrat (Disadvantages of Tidal power)
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(Open Cycle Systems)
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