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UniT-T  PRiwctPLES  OF SoLAR RADIATION

1 TNrropuetioN  To ENERGY |
E&'}.HE-]H iz the Cafhcni:ao Jor dm'na werk , Gererating Heak

and Emitting Light | | i

~ Tt b meawused o the botal ampunk c% twerk that bthe bﬂd(j'
Con o - [.rm(%- 8 mecttted |n Opps g Calovic and Joule .

1“ A kl}b Calovie . Iy the ameourt ?_‘f Emﬁg ov heol 'a'qqru;nd o
Yame the tempeyaltue of '“‘ﬁ of | tuatey Jrom: 5% o 155%

— The joule' ¥ dl&f'rmd as the amount . of enerqls exerted tuben a
Jﬂi'te of ore Newton s ﬂFPllld puey a d'ilplacwt of one frelerv

ENERGY .

mejg ko pbac G.mcp.Ft b all Sclerce ard Enjwmma diaclp'llm.~
A -Vh(j- tropestant P'ﬂnmpia b that enerql B a Congeruved r_-{um;_;;ﬂ.
lk-E? the botal ameourt of eneigy i the untberse 0 Cbhntkant .

_— 1 pes e Low ef Conser Uatron of Eno_mﬁa ¢ E"”ﬂﬂ Canrol be
nﬂmla Creaked , Enuﬂﬁl Cannok be dub'ﬂ‘j"ed ’ % e

— Eneigy B peither Cveated nok desktroyed  but Converked ov
Yedisiributed Jrom one form to another Such as frem ke Wied
onerqy Inko electvical erergy o Jrom Chemical Eﬂﬂﬁg ko bheat ele .,

2 CLASSIFICATION OF ENERGY SODRCES
@ BASED ©Ond NATURE OF AVAILABILITY ©f I:.NLRQ'?/

On He basis of natuye of mn}lnbuhl:au of eneigy Sousce,
Ere tann.-rﬁh- Can be Clm!{fia.d a1l d-‘anwg.
H Poma Kesouaces
. {f
Pﬂnﬂ?ﬁ EWBH Lourcos Can be d‘tflm“.' ar Sowe twhick are
@ithes found o5 JStoved i neture . Those Emrja Sonrces Prouide A

nek Supply of Enmgy - E e e
Examples . Coal, Natwwal Gas, ol A Bfnrrmf,;t_, Soinhﬂdﬂi, hgdm

] and Nacleos Erwga'

. S, | e

™




N 0 ¢ onclen t} Resources
(

b)

o

Sgc':lmndm Souvas 0f epevgly A ceviwed {yom the P””ﬁ‘éf lmﬁﬁ |
Souucet T'Pmdu.-_[nﬁ Electaical Energy Jrom Coal and Hatd-r?jan Jrom
Havdm'tHsis of wakex aye examples of the %apa_ of erergy .
BASED ON UTILISATION OF ENERGY |

Or. the basis of Utllizabion of Enaerqy , the energy Gan ke

- Classifeal ar follows -

)

<)

hﬂnﬁ

Dhveek Spurce f.':ﬂ! Eﬁﬂﬂﬁ p
The divect Soustes oF Em:ﬂt_.r are Bbtalned clmacﬂ&r From bhe
YesSources Suech ai human labeur , bullocks , Bf:a{:rbnaraa am rmobile
mechanical ey electric Power units Such al diesel Erﬂirﬂﬂg-Efach}:
totoy ; Ppwer hiller and bractors: .
Tndiect Spurces Of Ernrﬁan :
" The todiect Sewvwcet Of Energy do not velease eneigy d}mﬂii«j;

but yelease It by Corwersion Process - |
— Some enesqy B Inesked in producing lﬁdrm_c{-. Sources Of Emﬁja
Seedz , Mantyres Cf&fmﬂafd and Pm!trbaj , Chemicals » Texdlyzeas and
Mnahinﬂa Can be :la!\:!rﬁnd Lundley Ihdrirmt £nqrcn!‘ of Ena::jar |
— Again. on be bosic of thels teplenshmenrt, kb Gan ke fuviber
D_'I-::gss‘lj‘;gd T Erfarguiﬂblt and Non- yenetiabl ndirect Soumee ﬁiﬂﬁm
‘Suﬂ;[ﬁmmmrﬁ Souvces bf EDH\EH : SRt x
Supplerentary Spurces cwe Cefined a3 the energy Soustet Luhate
Nek enerqy Yreld i» zero. These— enexrqy Soarces wﬁ.um‘.—ﬂ highes
InLestrenk 10 lvms of Enegy insulatton (Theimal) 18 an exarple fou
Hhe Jource |
BASED ol TRADITIONAL. USE
On tha besis of bradittonal tae of enexqy JSousce , the enerqy
Con be classified aa Jollows :
C onventional Enﬂﬁbﬁ -
Conventioral Ereygy Souice Can ko defined a3 a Souse tuhich
e tsod hﬂd!ﬂﬂmﬂg and Provides a net L&'FP{-T OF E[’]ﬁﬁj
Exqmpfﬂ_: THERMAL 'ENEEE%Y and HYD'RE"P&WE_E EN'EEQ\(?,




) NEw ® Nen- Conventional Ermaﬂ -

New o Non- Conuentional Enzrﬁg Sources ope deua!afnd ln
Yecenk posk and Produce he nek Eperqy - Tboaﬁh i3 hoay ke Mecescany
AJor the econory , Rl may not Held pet onexqy |

Excarople : SoLAR ENERGY . WIND EnERAY, TIDAL ENERGY and BldMASS |
ENERGY * + | |

‘3) BASED ON LoNG TERM AVAILABILITY °
On the basts of long berm aua'rlab'rh%- of Ererqy Source, the
Qrmﬁéf Cor ke Classifled as follows : .
) Noen- Kenetuable Enarjb- Sources '
) These cwe the EFWSH JSources Hmh ave derived jmm :]"!:'1!'!:& and
Statie Stocke ©f EHEJSH '
~ Ceal, 0, Festil Fuels and Neucleor Fuelt ave oxavrple bf Gneantional
Souxces of enexgy
- These 7welouscet ofkon ekt b a Jﬁrxed ameunt and owe Conturmd
. Meach foster than Naiwre Con Create therm
I!/ Remweable Enerqy Sources ! | .
‘ Tr this Cateqory/ the enerqy Sourcet twhich are diyect b Nadure
but Ganbe SubSequently veplentshed e Jroupes
_ The El."m‘jf:ai twhich ray Jall thu qeoup are Solar E‘n;abn_‘, Wind
Erezqy, Tidal Energy ,Blomass Tnergy ekcy
¢) BAsED on ORIGIN , | .I
On He basic of ovigin of Erﬁrjﬂ Sousce ; khe' enerqy” Can ko
C[agsurmd o 'Jf'ﬂﬂmuuﬂ* :
) Fossil Fuel BEregy . |
- eneigy bbtatned jrm'raﬂll Fuele Such as Ceal, oll, Natural Gar ebe,
) Nucleor Emjjtf ) ‘
- ~ epergy Obtotined Jrom Nucleor Fuels Such as Ummm,P]uhmtwp,ﬁmim ttey
.,.“U Hy dyo Enexgy ' |
-~ E‘_he;ﬂ-'&v Obtatned from wakey
N)  Solar Enugﬂ ) ' .
— emexqy  Obkained fiom Sola Radiation.



M'U Tidal EMSH '_ _
- erexgy Obtained from  bides ard ewes
‘u’ll) Rle mass Emrﬂa . P
—eraqy obtoired from plomast Fuels Such as Cow durg,
Vﬂaﬂh:ble
| ‘.‘ﬁi) Geo thermea| E;m}fjae it |
- Efnijéf pbtotned j:mm MNatieral TmPeJn-tuvu. Vaviation of Progent In
‘ the Variows Ciﬂ-PH-r_ bf the eorth *
I>‘>)' O cean Thumﬂ[ Enq,tac:.]u | )
"Eﬂﬁj'ﬂb ebbkaned ‘:fﬂ::m MNatural 'l_nm]':rwai-_urn Varlatten Pﬂrﬁ’-“b Ir
Lhe \ovlous defath_nj 41he Oceon . - '

3 SOURCES OF ENERGY :

Tﬂdﬂﬁ;@ﬂ"a’ Cbuﬂhg hawse s electrical ijﬁr needs from
a mel:&r of Sougcest - ' :

L]

On plamt Covth - These JSources ave- guen beloey

,;9 Fmﬁit} fugh Such s Coal, P.m;m'm.um Pm‘_’j‘j“& and Natoural Garset
tuhich Pruduﬂz Hesmal , Mechanieal  and EIE:‘.‘E-THT..:J' Ehcuja!'.

b) Chemtcal Enetgy Fom Teaction’ arrwnﬁ Mineral Souvces

c) Nuclos Enesgy Jrom Ndueloot Reackions of e Nucleat Fels

available On te Eavth:® |
d) The Sun whick procuces Solar Energy 0 the fosto Mechanical

oy Elecksical Eneigy -
2) Geo thesmal Enexgl Jrom Cpﬂh'rﬁ, Chernieal Reaettons andl Radiz -
| acklue de_méf o B Centh:
:F) The 5iﬁurtaﬂonn1 Pﬂténf;::nl ard P'Iqrﬂlcma' rretion qrﬂmﬂg Surn
Mpen Gnd eath which Prodecce Wind , Tidal and tave Enerqte s

N . Rereecble Enexgy © derived  from Sousces @), B and € whevios
Rgnaﬂ..fabh Em-rjg i Aeited from Sowces d),e) ad ) -

_ These. e Sl Soearces = ﬂ—"-"—j*—"_Ehtﬁa' t_li:r'll.tnd E{'j hrmon biirﬁn'-

|




. CoONVENTIONAL ENLEG}/ SOURCES CN:}M-E’LMLMAE.L.E) 5

Conventional  Erergy Cpurces am @ folloews

a) {.mﬂ!} Fuel Energy
b) Hydrauhe Eresgy
0) MNeeleaw Em{jam

D Fossii Fuer ENEF?G:\';

Coal , Pn_Lmlmm ard Natural
these owe formed by the e composition of b Yetno .
and Antmal buaied tinder ‘the Earth for @ long Eime

— These axe Nen- Rerecvokle  Sotvces Of Ene-{f]ﬂ ' L_f' es hatsked .
Lhich Carnot ki yeplenished - 1b @ Shert Eime: Thels
Nroiked and ove Censidered Vexy Precions _
" These Should be -tiged tuth Cave and Coutlon to let Hhem
lask Tg.rﬁ‘mabo aw alse Conlributing o the Gilobal Epusorental Pollubton .

D Coal |

Since the advent ef industaializakien, Ceal has been Hhe hoask
Cormmon Source Of Eneigy - 0 | | | |
— Tn be lask Ehree decacles, the Loesld Swn;r_had puey {rown Coal

ke ol a mﬂ]ﬂr Sousce ©f ‘é.-hugﬁ bgfar,tﬂﬁ ﬂ:_ !'5- étﬁj}:;lz and ¢clean o

Oblair tueful Eoergy Jrom oil - | |
— Cpa) 8 a EﬂmF:Tgar_' X ELe 0] (ompounds ©f Cﬂ'ﬂ'lban, Haclr.:ﬁm
ard OXyqen Small amount' of Nitrogen and Sulphug Eﬂrnpoun&: cwe

alse present I Ceal : -
— On ,SLaq::rﬁ }“}G_ﬁLﬁ’,ﬂ F Coal biweaks uF. o P?ﬂC!lHCE Coal 'an;dﬂr.rr}nmra;j

Coa) tar and Coke . Coxe s 98 1. Cavbeon , Obkamed thﬂr |ﬂﬂfn3 all
lts Volatile Conskibuents during destructive dwskilatror & ¢oal -

= :[_t; Cexrr be tled o Sr'rl‘wc:lﬂ. ‘jrgu Freel

fas ave Colled *rosul Fmﬂ'I al
tns ":E dﬂﬂ'ﬂ‘ Pran!f

Pﬂtrznf:iali e

: '.D Dp v oleum
Te & a dork Coloured , Vi cous and foul Smelling  Grude ol
-Thﬂ.'r F&bwlktim moont Yock ﬂ-[l. It: 13 ﬂﬂfl’ﬂﬂ.”ﬁ jﬂur—d tincdes bhe Causk

ef eovth Lrapped in ¥ocks
— The Gude aﬂ B a Cmmphr'r‘nmwﬂ '.:ilt Qe ueral gnu‘a,uquiéﬁﬂimﬂ-"
hudeocarbons mixed with water, Salk and Eagh pasticles

%

T |




“Tg v a Natwal product obtared -from o1 wells - 6
- The Guude ofl @ ‘ﬁﬂflﬂﬁd I‘:ﬂ the pzocast &f Tractional dis tillakton
to Obtoin more tweful pelyoleum pmduﬂ_—j

= The Grude petsolenm B heaked o a kemi:mmﬁzm of akout 4eoc
h a funnace and Vapors. Thus Ehegp ave passed into a ball fractioning

Column Jvom neox [y botkom

— Ac Hhe Mmixtiae of hot Vapeouss vices b khe Coluron , b Skavke
BF[:]:THE Coeled ar::tdl.{alla :

The Produets Obtained frorm Crude Pelrolesm as Follows *
) Pebrolouin Gias ( below 48°c) tued @8 LPE
1) Petrvel (46% ko 176°¢) Jor' Hghk Vebicles
li}/] Kevosene (17e’c ko I%c C) Jor house hold and Industknal tue
ﬁﬂ] Diesel o1l (71’55-2 ko 350¢) Jor Ihmavh& Vehicles
V) Rosidual orl ¢ ﬂ) Lubsicatten eilt b) Favaffin Wox ¢) asphalt
ﬁ) Fuel o1l (358°c bo 4-05%) :F::r botlert and Funaces - '

l’lI) Natural Ges

T Consisks of abouk 57, ‘Mithare and vest Ethare and
PTDPﬂﬂE_' T eccess deep tinder the Grust 8f the earth elbher alore
oy o long tukh ol @bove pebreleum clepesiis -

~ Tk ba produck of Pebvoleum Nlning . |
—The Gos IE? avatlable |-T'? Toi puva , Jal Salmey , Off - Shore aweat &
Eambaa H!ﬂh ard b {:htz knshﬁaraadqvm} delka -

_ Te is tued e dometke’ and  Indestiial Fual . The Mol Galh
how aleo avallable as CNG ( Cornprassed Natural Gias) a Substiution
o Petvol 1n Atlo mobiles’

b) HyDRAULIC EnEREyYy (WATER Power) :

Weatey [Power is d’am[apad by allawr'nﬁ water ko fall unrdes
Hhe j-c}rti- ef f]TﬂU—Fl:f?} - Te o ‘Lu,e::l almott Exﬂlﬂﬂua!(i.f Jor Laige
Seale electyic power -generakien . |
_ prm‘“ltl-ﬂ'r Ema:ﬁﬁ of tuoles I8 Converted Inte bMechentcal
Lresqy PY wibg Prirme Moves known as © Hygdeauliz Tarbines |

— Water pocer B quite Cheap Luher woter & availade I
abundance -




".F

= AHhrnugh the CaF-H:ni otk of [—Hdw olectric Power plants i
Gh Cnm!:mad tn  Obher IHPM of power plartt buk thels ﬂFa?n!;na
COSES e C![ul-l‘.'! low at po junl ® nqurm:} \r Lhs Case

©) NUCLEAR ENERGY !

Acmﬂdinﬂ Iy Modern Theories ﬂ}tﬂkﬂmf;:

Cons i tf_{ Minate Pasticles knewn @ atoms
— Heawvter Dnskable atemns Such @ t) 225 and 7,227 jberate Lavge

afmacink ,E)J hML"- Eﬂﬁﬁﬁ' ’

edruckare, amaller

- The- eresgy 1eleased by te Corplete Fisefon of one K"ﬂg}‘ U2
Et.immumj B equal pp e heat 2negy obtaied by bufﬂ'ﬂ(j' 4500
tornes of Ceal (o) 2a0 Eonnes &f oll -

Fisslonable

— The heat produced by Nuelear Fieclon of atoms of
Makeyial 1 btilized in Spﬁcial heak tzzahmjan for bhe Pmduc'ﬂé:n b
Shaom which & ther wed to Avive -1:.-_4};_:;.,5, 3.3”1;5'{;5?: as b Contienbena]
Potuey Plﬂn't:f. - : :

Limikaklons ! H’fﬁh Capikal Cost of Nueloaw Powar plants,
avctilability of Raew Matorials , Digpreatties astociated tolth dispasal of
Radip active Waske and thottoge of Well - byatred Personnel ko
handle Hhe Nuclear potwer F&iahf_—_;- :

— About 37/ of the Lnergy Produced e Tadta ©btotned faom

® Nuclear Power Plants )

L e bed]

2 NoN ConvENTIONAL ENERaGY SourRcEs ( RENEWABLE)

The Sourcet of Eﬂﬂﬂﬁ whlth- Ove ]::raiﬂﬁ' Predw ced Conkinuoml
b Natwe ard are [n Exhautible are Called * Rerewanle ‘gm“—.;ﬂ %c!]‘
enexgy o Non - Convenktona) Enexgy Sourcoe’
L_Emrﬁe ef I;iw.m Seetvees ave o1 follows !
) Selar Em:ﬁaﬂ . |
%J} hﬂnd Eﬁe:j'(l-fa»
o) Tidal Emaﬁ*a'
a!) Werise- Emﬁi'
2) Gleo thesmnl Energfr
£) Bicmass Emﬁa:




D Solow F_nmapj
w Collected from Sun Irght'.

._gﬂ‘F Enes ‘ | |
T Cm ke ufeg Ib. rany Lrirys Such al 3amm{—rn§ E]_i?dhtcrb-r Hs!‘rEr
& -

Photo Vol Eale Cai[f,gi-!neml:r'rﬁ ;zlar_hrc_ikﬁ tutng E

Oolea  potwer - e |
— Photo Voltalc Colls have a low Efflciency Cactor

b) Wind Enexgy -
A pund moill converks the Kinebic Eneg of
Mechanieal  Enevgy which Can be otther tued dmectly

Machine 6y ko Tun: the qu&w Jor Pm:l_a.:_ﬁnﬂ-, HE'&”‘:&H- §

9  Tidal . Enm’ﬁﬁ i
“Ttdes -ave. generaked Prrrrt:_mj{f by @#au}_inﬂarﬁ# Altrvaction eteveah

Lhe. Easth and Moo, ‘TEQH antse bwree a anH th Mid - lﬂtéﬂﬂ‘

— The I:[dnﬂ' ?@5 Ranje_ ks @n[&a a Melor . Ba;:mjfhp i a Tidal Feewer
Skation , Waker at high bide b fist byapped Ipion Astifiesal Basio
and It & alloued {o escape ab Low Tide -

— The eStaping Waker is ‘sed o clnive Waker  Teabines tikich i
buon dvive Electital Qereraloys .

d) Wave E—,nu:ﬂg ! - :
Ocean Wawes aw Creakd by the ntosackon of wirds ‘with the
Sm‘f_fac; of Lea Water -

— Wawe Energy 5 bhe energy of ln}:arr:hnrg'rnj Folenklal and
kmal:_ﬁ:. Eneaﬂaa I bhe lawe - Ocean twave enerqy Can ke eikher Conuvasked
trkts  Mechanical Energy or' Electiical Energy through Wae Energy

Conuexsion Pplantt -
— Mcean Wave EJ’&EIBH B needed to be d@elapz& n avtod Areas

Uﬁm”&v, Powes exlyactad from Ocean Enegqy 8 the Tange oOf lo kW [m ke
76 kiW/m with Yespeck Lo Amplitude and Wawe lenqth :

'-'5"—) Gieo Hermal anﬂbﬂ: _
- (Gleo thermet EMer ® obkained by hﬂPF}fﬁ the heat 6f Ronkh

bﬁlmu T'H &.l‘g’jhﬁﬂ_ ' .
- Yot Underground Walzs o7 Steam b tued fo Produce Electsicly

lat plates and Cﬂnmnémhj

m.c::uinﬂ arr hke b
Lp ve the

=
—— - —




- e tge Covert a Yange o oplion facrn power Qereralisn &

E::'Ihm hml’rnﬂ or An Cﬂ”fm;m””:’ﬁ
J- Bromass Enexgy

Biﬂmﬂtﬂ! Enc—:a'jg B anothes Imfaﬁﬂnt Renw-'abk 'Ewrjtf Spence
Which Couers a Luid'p_, Sl:ecbz;um .DJT ‘Em;::ﬂﬂ ;"—'_';.-_:pr.;{_—‘.ru \:me. Aivect
Poocuction heat though Compustton by Fuel weod and O2Y
Elnmau ﬁurelue.! o ﬂﬂ:{ﬂatﬁ 'I;Iechmt?,mﬁ 'the_ chfucﬁéb rﬂb
Jases, Liguid fuel and Chemicals

— T & ginbaﬂﬂ- twed . Vartous Sowtes 8 Biornass Enexgy cue: @
:fﬂlfﬂwi : : : ‘ .
f;: Biogas : :
Ti ¢ produced from Waskes of Papey and Saga) Industrtes Arierals
ord S on. CHy b e Produck + : ;
) Bip fual | ;"
Bip diesel, Etharol ekcy, ave devived from Plants .
Liﬂ Seld Biemass : _ !

Weod Fuel j Biogentc Porkion e Muni

Plants are Solid biomass . .
~ Biomass may ke wed 0 a Number & ways bo procluce Eneygy
— The. Coromen Fethods ave qast ication , Com butkton , Ferrmeptakion
and Anaciobic digeskon - |

— Todia iz Very Rich In Biomout

IkPg,I tuashbe and Cevtain




7 o ;
HoLE. OF NEW AND RENEWABLE ENERGY SOURCES

Kenetwable Ermﬁ:.f Plaaw an lmportant vele Ip maa!:;bﬂ Lhe

rui:u're. E”“Bﬁ’ heaclts 1p bolk yural and Urban .ﬁnlv_m ‘
— The twe o Rerewable Energy u Tafr“c“b- Increodirg L e World

&!.Peclaﬂh' , o dwa!»::r:;rﬁ ornd  tnduskrialized Courkriet
an lmportant yale fp Lotlainable

— Kenetwable Ereigy Kescurces -Pt'-::g

‘ df-mtﬂpm@!t For e ‘:F::Hemfnﬂ Frmmr&o Roasore

) "ﬂnﬁ ﬂmcmbp Coune |est Envmonmertal [mpm:-t than Other Emﬁz
Spupres Aue bo Yedueed green house Gas Epotstions - .

fi) t”'l Vﬂ?i&au of Reretuable E”“B'ﬂ’ £ imiivend Pwu' Aor o Flexible A??aﬂ
8 options for' theiv' tue. -

i) They Cannct be exhaubed T used Camfully b appropriate Apphitaticns,
Ke necvakle Emﬂgﬁ Respencer Cat pwuida a Teliable and Sustamakle
Supply of Enevgy almest. Indefrriely

t‘{) ﬂ“‘—b‘ Provide powey  to Kermeote Aveas Hhat aie Uhapproachable E:av
Nakipnal- 2 Gnid Ne twerk - . '

V) 'Tﬁagf enhance. bhe Ffﬂxrb}htﬁu of the Sytkem and Frourck econemte
bam'{_fil.—.*.. to Small lolated population

‘u’D The EEPHLI!J&H@ E””Hb‘ F[’:z.mm are. 3&qu1&- rwell Abtkxputed all
Puer He tworld Etﬂﬂﬁvﬂua'h wicle fozﬁq} anct hampoml Variatfont Ocetar:

ﬂu ’T}pﬁ Can be Clwaibfg and l_‘:ﬂanuﬂuﬂ;f havwestted and ate bBerejoe a
Suskamable founce 6f Enexgy |

|. ADVANTAGE OF RENEWABLE ENER&Y SOURCEC !

a) Nen - Conventional  Sousces ave avatlable 1p Nature ak free &f Cactt

b) "{'Jw_h- Produce No oy | tetle P&I‘_lutfmﬂ . Thts ;’H-ra e Envpenrment Fﬁw:d?ar

c) m;a. ave \pexhauskible

,:_{/J 'ﬂhzﬁ hawe a Leow Getkation Peviod

j—) "I'Pabu deonet dzplete Natewal Resouscet

ﬂ) T}pﬂ Can Qustatn E”“E?h’ &uPvaf Jen rmr:a- ﬂ&rum.‘:f}.um

.1-9 Being Syople lh&ﬂdﬂlgﬁ ) Maih kenance. Cost pf these plant b Vesy lew

2) Pebtes choice fov Single plank e betawse khese plany Canke Inttalld
yrvetely and ak locations Cotrpletely OFF Grid




| -::? .

Q)

Ty

)

DISADVANTAGE OF RENEWABLE ENERGY SOURCES

“The onesqy Aavailable r cblute :Firrm Jrom these Sourcec .

able _'fime'Lb- in Nature , bhe Cosk 6f harness Ing Eﬂﬁ.{ﬂﬂ

Canventenal Sparce U 321&(&”3 Hﬁh'
tohich meant bhat the Ereigy Jlow

thgmma btﬂorﬂ humen Contisl

E’,} mouﬁh avert|
Jrom a

c) A"fﬂ“&bl“lﬂd B LnCexkon
C‘IGPEIﬂd on Na Eaval
CU Drﬁ?:m!tﬁ > Tamhspﬂwﬂ}:ﬁ Sueh forms o E,nﬁ‘d

e) lew Eresgy Dam}ﬂﬁ & anothes problern Ib Lhete plants

THE SoLAR ENERGY OPTIONS
Safm I':ﬂﬁ-fj'ﬁ’ T&chhﬂlﬂﬂt‘ﬂ:ﬁ tixe the ,Eun’_*. Enujg e

l—lﬂ‘ut ko me::h heat pLI:_fth:, heot tlekes . E{mtricf%v and eveh
c.r_‘:ﬂh}jﬁ Jor hores ; Businettes and Induatayp -
— There o & vafrr;lﬁ of l:aahnﬂlnﬂfﬂ Hhot hawe been
deualcpzd o take He aduhnh:tﬂe of Lolen E””ﬂﬁ‘ Some of ite
Technologies ot Aesexibed  here

Photo VolEale Syatems (Pv) -

Solay Cells Conuert Sunlight duectly Inio ﬂechmrhh- . Solaw
Celle ar often tsed ko Power Calculatow and Walchet -

- They ave Mode %F Smhlf:arduct‘!rﬁ Materiols , ke M—E‘*’jg
Stralay 1o Hhote ustad 1 Ctsmpuh.u L“HFE-

— Ihen Sunlight U absorbed by LEhege rakaviale , the Colas
Ererqy Knecks eleckrons lvese from thelr atomt and allows the
eleckvont lo Jlow thmu&h the Mokerlal Io Pmducehﬁ.:echmﬁ*

Tha Process ©f Cﬂ”“““r"ﬁ L'.ﬂht (photons) |o E'[szc-hzm}ﬁ (Uﬂl&ﬁﬁ),

2 called Be ' PhetoVoltale” Effect ”
- Solay cells awe tﬂ-prcnl}H Combined Ihto modulet that hold abeut

Ab Celle - A Numbar o thase modules ave Mounted 1n PV Avvags that
Can Meatne Lpie Seweral heteis on a Side

~ These 'Flat-plote Pv Aviapt” Cab be Meunkad

| _ ata fixed angle
&qmrﬂ South &v fhﬁg Can b meuntzd o a t'l"ﬂ-ﬂi'f.ﬂa devwce Hmk d:ﬁﬂﬂﬂlj
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Seexaal Py Connected Pv Mrxoys  Can provide enotgh Pouos Ao
Wouw held , lavge Elechric Uniliy ox ndestalal Applicotiors and
Hendvecls of Assays Can be totexCermechd o fowm a t awELE LARGE
2 S?ET:EM'*

ﬂ)‘ Solay Wates Himﬁrxa Sgﬂtﬂﬂs ;

Solay Waley heotert are Notuval Sun light to heok woter
The Systern  tuovks On the Thexmodiphon principle and |k .i.?
dﬂ!ﬂmd o Pmuida hot watey Without Cmsumrng expentiue
EI&::hlcT%{-

— This & the most effective oy Lo Jeneiate het wator bhereby
Sauing Costly power and Ik v alte enuiyonment friendly -

Solar Nakex th-l:ti'ﬂ Systoms  Include Sbrﬂﬁe Tarke anel
Solay Collectowt - These awe Lwo EHPO.C of Jdolad Waker Hmﬂ?ﬁ Systoms -
Q) Active Selav INaker ana&'trﬁ Sas fams

Active , wheth have Cw-::u'lal:fr'ﬂ Pernps and Cpnticls ard
Pastve whick der't* Thew ave two kypes of Ackrue Solor wakes
hp_ﬂmﬂ 38552&“13

|+ Dieck dveu

2- Tndneck Cryveulation Syitem

b Passtue Solar Wated Heating Systems :
Passive oz ’ﬁP*mﬂg Lest E;angi'ug than acHue £3Jturm.
but they o ugually not as Rff1eiont
— Howeuer , Passive Systems con be Moy velioble and Mmay leat
lenger
Wy Selay Bleckric Syltame s |
Many Power plants l:nc:lag Jossll Fu.e.t; ar a heat Sousce |
o botl water- The Skeam from the bmlfng Wwatey Yolotes & .
loagp burbine  Which ackivebes a geruater thot Podute “Elecbiciyy” |
_ Howewer , a New generation o Power plants with ﬂjn-:_entmi:i:ﬁ
Solay Potwer Spiberns » tuses the ‘Sun'as a heot Sowree ‘
Theye Qe thwze Main %pﬂ 8} Concentralting Jolen B Eﬂgm. |
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~ Contertvate the Sup's Erw.rgﬂ ih:muﬂ'\ fcrﬁ Rﬂctafgulm Cureed
(V- SI'EJF&-‘:*) Mmyort - The Miwore owe EHlked Fowaick bhe Lun,
Jocusing Sun Light on a pipe thot wune down the Centes of e tough-
- Tt heats the 01l Flowing though the pipe - The hot oIl then
1 toed o boil water Ih o Cenwenttonal Steam Geneyoler o
Prwoduce. electvietky -

D) Dish [ Engtne Sgstam

_ T wes @ mgored dish (Similar o a Very lorge Satellike
Qish) . The dish- Shaped Suxface Collecks and Conterkvotes the
Surs heot on o a Recetvey Which absobt the hest ard bronsfer
b Lo flead tulthin be Ergiee

— The heat Cawes He flud to expand against a Pitlon OF
bssbine to prodece. Mechanical Powey. The Machante Power & o
wisd ko ven @ Geneyolor 67 Alteynatoy to Produce Electvietty -

) Fower Tower Syskem
— Tt s a lowge field of Mimvors to (oncenivate Sun light
Bn to the lop of a tower Where a yecelver St

Te heatr Molten Salb _—Flﬂw}rﬁ thaough the Recelver. Ther the
SAl47s heat iz tued to Gereralte E}Erz:Lﬂr_f!:ar through a Conwnkoml
Croam Geresatoy. Molien Salt wetatns heot Qﬁ}denti’bn

'-"O Solar Process 5Pn£‘e Hm{:r'n(ja and Cc:c:-[:'na Slﬂrgto.rrﬁj

Solar Process thﬁ'ﬁ Systerns  qve designed ko provide

[!!1330. CTLlnn!:il:!E!.I of hot water o¥ Space heating for Non-yestdenttal
bu'}thﬂ’) s

- A Hypied System tncludes Solav Cellectore that twenk aleng with
a pump rQ heat E;ccfwnnjez and 0¥ Mowe Large Sb% Larks -

The Lwo marr %pﬂa of Solar Collectort tued @ Evaculited -tube
Collector ard a P by Parabolic - trough Gollecter . These Collectors @n
Oparate ak hgh fomperatimes tutth hugh :'E_ff;mo.mﬁ ;
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) Evacuated - Tube Collecter
Tt & a Shallow bex Jull & mang 3In51,c‘hub!#-—r.wﬂnd bbet
and e {lectors to heak the fluid Inside the tubes
- A Vacuum between two walls Insulates the loner +ube and
holdz Heol - _
b) Pavabelic - trough Collector
Pazabelic - byoughs ase long,
Musers Eilted bo Joeus Sunlighe on e
Certes 0f the hraugh-
- Thes heoks L-l»p,jluid toihin the tbe -

Solay Caﬁlina Systems
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Lok Some Complex Chemncol tp_chnﬂlaﬁzr,ﬁp cyeate Cool aiv From

Solay Energy
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These awe Othes Lthyee raw iypes §f Solow potves Systernt
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) Gnd-Tred Systems -
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Off- Goid Syitem oM
Colay Botioviey bo wemeve
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Complete  Eneagy independenca -

EneVIRON MENTAL. IMPACT OF SoLAR ENEREY

The pilizaben ©f Erergy »ho matker Whethes e o
Reneweble ey Non - Renetvable , bourd to have Ceykenn epviTEnMenkal

Consequences ( Land Consurmplien Pﬂ”uﬁ:ﬂﬁJ thot heed b ke

ldﬂnﬁjrad and Evalusted . Prefesably 10 aduante -

— The Sun prouvides a bemendous Resource. Jov Gerwrating

Clearn and Sustatnaple Elz::h';r:-r{:ﬁf fithout

piret e Copabilries of PV Panck and
Yo eleckric Guid Component:

o © 3v!clrtfﬂd Syftom Wit e0e1gy
dhd installed o allstw v

ouxte pollutton OY

Global Warmthﬁ Frotssont - HoweveY It alde has the jbllawr}lﬁ
Enuisonmental topaett ©

f) band tite and Habkiod Lost

”) Wakey Ule

) Ve o Hazardews Matenials Marnufacktaing

1:4) ujg,cﬁﬁtg & lobal w(::wm:hﬂ Ertstons

The Sewerily ©f lmpacts depends on the Scale of Yo Syttom

and the techooleqy tied Such ar Phetoveltate (PV) Sblor cellk o

Cﬂﬂﬂntfcﬁﬂ}rﬁ Solon thaymal planks £ Csp) -

D Land Use
De];:mc‘.ln::ﬁ on tm_it locaton , Lovaer Utﬂrh'd-—jmlr_ Solas Facilibes

Involue Land Dﬂamdal:fmﬂ and habikat Uge

_ The eSstimote for Ulrr'[!rkttf-ﬂmln PV Sputoms 7anges from 35210
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4 to b5 acms e ega tuakt -
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The land lpacts jw::m Uﬁfllﬂ ~Stale tolov _?éfﬂ:ﬂmj Con ke
ninm) red by rni-taﬂrﬁg thern ak M-leitg location: Sueh ad
brown flelds » Abandened rowing Land er Erasting Tronspovtatton
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be butle en homas e Commenical

— Sroall Scabs Solea PV auag (an
bmldtnﬁ; v Obtailn Hne rmnimal land e jmpack

land Consumpher foz tmall Scals Syptoms Gan ke awolded by
imi;alh}-ﬁ- Bern on Toofs and Facades -

IU Wao ey Use
Solay pv Cells Ae ot tue Water fov genexarting Electriety

Lowever ;a8 o all manufectning Procestes , Sore. aroount of Laka s
tged o h‘nhujac&wa Solay PV Components -
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leri'ﬁ Srotlay b Thexmal pouer plonks . The amount o] Water we
Aspencs on the plant dengn , Plank location and type of loolirg Sprem -

l':D Hazardeut Nateslals Ute
The pv Cells manufockinmg Procest Inuolues @ hurper of
hazaydeus e bevials tuhich awe- wed ko clean and puwjﬂ e
Seynl Conduckon Lgm‘ffnﬂﬂ'
- Thme Chernicalk awe Hydm chloyie ;ﬂra':i:::i‘; .Ft.!lj-urfc ﬂ-':l:n', Nitsre
Actd , HHdem Flueride , 1,1, Trichlovo.ethane and Acetone
s he amourt and lype of Chemteals cependls on e kype &
cell , ampunt Of C[Qﬂlr"lt‘nﬁ and Stze ef Stlicon Lnfes -
Wovkers alte faee Kiske ateociated tutth Ihhﬂllnﬂ Silicen Awst-
So pv mc:rnud‘acmfen sk jﬂﬂmwxbdaﬁmnai lawwt " bo ensume the
Jaafehd measuret  becawe tworkent Should het ke heved by e
.ERPQ;U&E o Hhere chemitale « Alto the Mj&:r[—uﬂrﬁ Licake P'wdur:-?:f
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The tue ] Solew Lr‘ﬂﬁﬁ Vie Collectors o3 pheto voltaie Gptom:
Places ho Ymediate totesiad buader on the Enutventment ' Howews,
the Collectw .ﬁdlbﬂn’ﬁ Com ke @xpected o tontatr a Heat Trandes Madium
C Plud), the escape § which (ould vesulk o ¢ pelluen® .

* Addrw Enumrenmental  tmpacks Aevive from 'ﬂ?aﬁhnujqcmﬂ

o roteylals twed ip the Produckion of Collectou ard Lolay @l -
Staep Skeel , CopPe¥s ard Aluminuim goe ted frequently - These matesials

Coue Envmenmental Problerns Ip the Jowrp &f Ermision , Pcﬂlﬁmiaa-!by
Jor  Aluminum °
V) Lije - Cycle Gilobal Waming Ermnigsions

buhale theve ave Mo &Intﬂl Warmrﬂ Ernisstens astocatn

L it ﬁme,ml:fncjr ¢ lecti flr!:a ;F'mm Solas Enﬂﬂa 4 Hhare ave Errittjens
Aftstiales with Obhed 31::.335, ey the Solas ﬁjereﬂck Sueh
tatrtenane ,
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Do Coramisstontrg and  DIs anklernent

FUNDAMENTALS OF SoLAR KADIATION

n all drechors IP

The Sun Aokl Enuﬂﬂ Umjm’rnlg !

bre Jorm of Eleﬂhumaﬂnak%c Wewwet |
_ when & b&ﬂﬂ abteibt  thu Tadiakben ,
body @ ineveased « Te provides he oreagy Nee
life I Ous Solen Sypterm .
¥ Solay Erexy 3 an lmporkack clean , cheap and abundantly
available Renetwable Energy - Tk & produced and Yadated by the Lo
Mo Sper_iafleav y b vefers to Lhe Sola¥ Ereiqy that Yeaches the Foath
— Solar Enexgy yoceiwed b the fovm ©f Yadatien Conbe Conueiked
clraraci;]ﬂ o lﬂd'lrzc.hla: tnto Other fovms of enaagy Euchr;s heat ard
EEE::LTI-:H-JiI tuhich con be tilized b(__ljl 1)
X The roajev dyawback of Soler Energy & that It iz a dilute
Jovm of ereagy with Vexy Lew poust density from 0 to | Kw/m? twhich B
available nkevmitkently , Unceytainly and Continuowly but ot Skoadhly
B ‘mejﬂ“m:ewad on the ground love] @ affecked &y
Akmesphesic f'_]ﬂlll‘_ab , Degree of Latitude etey

bhe bernpesaiusse of the
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1"}!»«;.3!1*‘: OF THE SuN

'l_t: s Still mHStE"']ﬂuj o Know how the ererqy Greneration
hﬂp‘pens ip the Sun - The Sun Contoins marlﬁ all He ¥nown elernents
In e Wesld tuhich U Confirmed l:!d the tspeclyal Measure e riks *.

— But te Contoins mestly hwo elerrents wey 8o Y. Hydrogen
and 9+, helium , ¥emamrtng | v/, Contisks of mewe than (o0 elerent
hich with Very Eny fractions of the Compesition

Thewe fore (o ammﬂa Qccepted thab He Spuice Of the SuN’s
F.r'}mﬁﬂ 6 dueto * hﬂdwﬂm- bo - belium thexrrs nuclear Reaction”

3¢ The Son ua lavge Spheve Comprtsed ©f many Iaﬂm %
Jases which are Incveanngty  hottey boward Tk Certey. Tk
diametey & 1439 X[0® Km -

The Ouler mast [aﬂﬁw Jrom which enargy U radiokd B
aFPma&matzlﬁ ot o bhempercture of 54825°C Buk the Conter OF tha
Sun troy be Ppredieted i> hase 90 % 10°°C . They vate of eoergy
Tansmission from e Sun & 38 X10% KW - Ouk of thi, Only |
!:'lnal Jrackon & N7 xto™kw b Intercepled by khe Carth: |

- The mean ditonce between the Sun ard Eonth & 150 millior

km . figuse | 1lesbotes the velobonship beiwsen the Sun and
Eosth -

T

1398000 km\

e—— 50 millton K

Fig 1+ Relationskip betueen the Sun and the Earth
Solen Enerqy 8 the world’s most abundant Pramanent Sousce
of ey - The ameount. of eraxqy vecelued by the corih is Boecd Limer
qyeater than the Sum eof all other enevares i.2y Nuclear, Geothermal

Stan




ard Guautatterad Eresgy - Oul g Jaeak amount Of energy , 3o, i
veflected to dpace , 47 /. 1 Contesked lo fnnufiﬂmFeraﬂﬁe hect  asd

IVESYS Potuens the E\fapovahrbn

2 SOLAR CONSTANT :

The vate ab which Solas eneigy onvwes ak the bop of the
abmosphese 8 lled € Solay Constant: ’ Tae)
— It 6 defined » the ameunt e Rnergy yecelued ip Lmik Lime oy
Unit Awra pespendiculas to the Sur's diwection ab He mean dutance
Of the Easth from the Sun-

t'ﬁ]ﬁ Soloy Corskant 1 Expw_ﬂe& i thige Corrmen Lmi:-ﬂ ai per
Ehe  World Radiation Centre® - 'fﬁaﬁ %o as J‘-pﬂbw: :

D 1367 kw/m@ o1 1267 Wlm*
2 b5 Keal Im?3[ per houy
3) 432 Btu pev Sqfr pes hour:

Ths Value has keen accepked cund mﬂpptnd Lirmiay Unwar&al!g @ a
Skandard  value G Lola¥ Conskant - '

CoLArR PEAM RapDlaTioNn Anp DIFFUSE KADIATION

. The eneigy Produted and vadiaked by He Sun 8 Called
Splar E””ﬂﬁ? " Engrjao o vadiated bﬁ the Sun o E{e.-:l;'rt:!rn:vﬂnﬂﬁh
tueurs ©f tohich 99 4 have Wwavelergth In the Yange of ©6:Q ko 40
m;f_TD mekers (Mm)
— The E,nmﬂ&f ;fw::m the Sun E‘Eacl-'z]na the I]DF & the eoith's

atmolphere  (onststs & about 8 % Ulbva violk (UV) Radation

C Showt wwz_].?]s?ﬂ .‘:han E:-Hf-"‘?l:-'ma 46 7. Visible hﬁht [6:'39 Io
©-78 um) and 46~/ Infraved Radiation (;_,,,,3 Wewe length
Meve. bhan .G~T3Fm) ;

l"vadience

The tesm Ivradtance i dﬂjtmd asl the moasure o Power c:fem;!':hr
% Qun light and measared (n wim? .

— Tt & Hhe amount of Solar Radiant B'mﬂg ﬁ!T!Hﬁ on a Suate
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livadiatior 1 the meane bf enexgy clensity of Sun light and Ik
Measwmed I Kvwh [ . Tyradiance and Tyradiation apply 1o all
Coroperentt of ¢ Solor Badiation” .

X Splav Rodiatton which is not abtosbed ©1 Scattered cund
Yeaches the geound diwectly from e Sun u Colled * drveck Radiaten’
o * Boom Radiaten’

B{_Efum Rodiaten 18 bhe Solav Rodiatten veceied from ﬁﬂ.m
Aftey \is drection hos been Changed by veflectior and Staktairg
bH the HHH#SFhEJE'

* The kotat Solar Radiation veceied abory poink on the
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A Exbva-terieskvial and Tewvestrial Solar Radiakion

Sﬂlm Radiakion Incident on the Ovioy .:ntm::_tphzaﬂ of the
Fasth & known at b Exba - basestytal Selar Radiation’ - Solav
Radintion Feceived ab the Surface of be eorth is entively clifferent
Aue tp Voariews veasons .

— The Extva- teviastrial Radiabion deviaker from the Solar
Constant \zle due ds Verows yeasont
D The fist i b Vawiakion 1 the Radiatien emitied By e Sup
lESelf - The Vawiation due to this veason 8 less thor T 15 Y, Wik
Adffevent Pexiod tctkres
1) The Second B e Variation of earth-Sun diskance arising Jrom
eaniss Slight Elliptieal Path - The Vartatlon deto this yeasen &3
¥ The Extsa-kewasirial Radiotton 6 nok Affected hy the
Change th abmospheric Conditions ar Lk s putside the okmesphze
- While p:winﬁ bhoough the Atmasphere, [k &7 Subjected to
Mechantms & Atmospheric Abtovpton and Scatterirg dependhng on
Abmasphesic Corditters and depleting s dlensity
Tetvestnal Solaa Kadiabien

The JSolor Rodialton Lthok Yeaches Hwe €aith Surface ofley
Mrnﬁ Ehvough  Ehe eavth’s  Atmosphese ¥ Known ar kesvestvial
%olm Radiakton .

The posittons of Extra- lervestrial and Temeshiat Fffﬁium
oo tndicoted 1P ffﬁ-§~

5- Solay Kadiation Q:mmz—th J

Tre Vaviaken In Seasonal Solow Kadiation Mfab!h‘bﬂ at the
Suﬂﬂ_& of the earth Can be wrdeistood Jrom Lhe 3£¢:meﬁh- & the
velakive Moment Of the @nth Gound the Sun.

— The duotence ‘E‘lllzuﬂi!n the eovth and Sun C}'Janjm me-ghaut
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and Maatmum 5—"‘”“3 1581 x10f km at Summer Solehes CTune 20) -

¥ The Yeav Yound owevage eovth Sun didnnee i 1-49b X10% km -

Treve fore - the arvount 8f Selay Radliation  [nkeveeptod by tre carth Varies
ﬂmeﬁmut the ey, the Masimum hﬂrnﬁv &n Dec.g) 2 Minmum bﬂfjl'_fj' on Jund |
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X VELOT SolARIMETER ( PHoTowoLTAle CELL PYRANOMETER)

Pﬂﬁamh‘ﬂhﬂ! hewe been tied b Photovoliale Aeteciors . Sil1ton

Photovoltale celle aye the Mok (omimon Solar cell fov Solar Lrerqy
Caltulations -

- Cllieon  Pheto\oltale (tolls e lapable of Pacducing an olectvical
gﬁﬂﬂﬂ whickh o PmemHM to He En—i:emtrtt_r' &} e Sola Badiaben .
The Cument Output s lmecs Tomckion of e |neident Solor kacddiotion

¥ The Mustrviment hos an Intantoneows Raporue (absout I Js),
hah Cowent Output , Duovell Stabiiy with time and expoture io
[veatper ard ﬁmﬁ e of Sumple dm@n and Low experse

The majov diadvontage ¥ B2 hgb Speckral dependente of e
Cell output

3 Moll - Qm.rczﬁnﬁk_f PyraNOMETER

Mbﬂr&mvczkrmﬂ pgvanmfm g move- Often Called Mﬂ![—&nﬂfaz&mt}
Solnimetey - Th tses 4o Specially designact Moll tremopile Receey
Consubing f 14 Vesy thin [0-005 mm) blackened Slaip of Marggacese - |
Constontan Jurchens

- Halj‘ g the thexmopile s exposed 1o the Sun Wheeas the Othey
half & Completely Shaded . The Nawow etalls Ribborns Wwhich fovm
the thesmepile Eﬂ"—’ avianqed I B2 form of a veclangle appeerximataly
L mom % || mm In @xbent

s The E:rpmm* Juncﬂém ave Cootadd whh Aull Bleck tolour pamt ad
Photectec from e LWRather Iﬂi hnm‘{sphew Simﬁ emes .30 cm diometey
Racliotten Shield Euwmrd:hﬁ the Outer deme and Loplanay with this
Serstve  Blement ard Ik Peecents the clrreet Solar Radialtor foerm hmh}ﬁ
He kbase o} the- Insdatermenlk

- The demes hawe Whifermly f"vtcﬂh tremtmittlon € havaeterickies
Iffmxﬂhbui the Speclyed ﬂczrﬁ‘iﬂ

‘ A BIMETALLIC AcTIoNOGRAPH :

T twes bimetmllic Saps a3 Sensows . Tk i nor Tectommandad for
He Bmz'm.ﬂ Ui betaule of W [a_-ﬁq f:empe'mﬁ:m CBE_fﬁq‘w mu]ﬂqmilnaa

‘I( lxge Qzimuth and Cosine Eners and lorg Response  Time -

g m— | — e emas
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Te & Surlable ﬂhiH :F-.w Hnﬂa dotad Kadiobtor |n which accewacies f
T oy e a(ﬁqm"ﬁb Upetuever , I 3 twed for c}bjeaw‘rﬁ the Cf.-:di'rtf bt el
Myadiante becwse, b 1 a Limpe ard Ekurda' intiseurrent ard Ik Tequne
e electsic Porves Euﬁ:d# fou b G}?Wau.{:;n.

— Herce IE & particulerly Suikable for Remete Avoas . The Recoivey T
b!c:f:xmed bimekallié Skaip ( Nickel -lvon) op about B mm X150
Which s Sioply @ bietallic Thesmometer |

X Om ord s j'fmﬂ o moue Q) the r:hanﬁe of tcz,mpa‘méum_ Caiel a
Qiskorbion o the Stvip- The Change which & a Junciion of olar lyadiante
Yelprded on a Heteder chevt mounted on a clock-clyiven wesm -

— The. Main Sentor B Cpuerecd by a hﬂm‘rdphe:r'rr_‘aﬂ Aalase dene and the
Athea echantim b encland 1h a Sealed metal (a2 betause of b relotively
large moy of He bimekallic Sivip and lage Reiponse time of the Inslaument

‘?’AMISHEUSKy PYRANOMETER .

The Sentor B (oritrucked €ttper IP & Squase ches boae paiterm
&f alkevneke black and White dquares and Rectangles o7 1D @ Radial
Patiem of alipimake Black ond Whike Segments:

— 1Fo thexmo couple s Compesed ©f alkerrate. Aol of Mmﬁanese :::hrx:!_
Conskantan - The hot Junctrons Ave par'nted blacik in Colouy and told junctorns

ave (paked wikh tuhike Maﬂnﬂﬂ:l |
% The hern Sphewiial glews CoveY parewents wind &ffeet Tha ngaw.&r
B Lued as velattie Instwuiment ond thewz fore it requivet Calibiatton aganst

o Sandmd: | B
An addittona) (paiection w aleo applied Jov the Lucwelength Semitivity

O fre Lnstvvrvent an Lwhen 1t B usd Jor measang enly Lhe clifjeuse Redfatton’

DIRMHIRN ~ SAUBERER  ©R STAR PyRANOMETER

This pyranormeies i tsed all svey the tuorld and Ik b Yecommended
as a Sudable [nstsument Jov tre measuement of ¢ Globat and Sy
Radiﬂﬁévn’ bﬂ te © Commpion o} the Werld M-Etea‘mlnﬂl‘aﬂﬂ E}?ﬂanua&'m}?*.

_the Receier Conctst Of 32 Small Copper Plaker Lwhich oae 0:05 mm
thick, half of which a% blackened and be temaining half o which e

Covord tuoith o hughly Reglecting Wwhite Paint .
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4o
The Lo Ses ¢ plates ave mourted as altewate black and Whikse

SE‘ijntf 'i’m"rnh;f:q & a Stay from a Centvad Point tHhus jmm:a::_n? a flat
Cracules dik of abeut Ho om b diameker .

— The tuo types of Plates are -Hm:rrmﬂﬁ Insulated from each otfer by
bﬂmﬂ Mourked on pmx'!bv Enn:{w:&rrg Contontsle Elnﬂ" which oz themselves
thesmally oloted from Yo Matn bose plate o the Intsument -

X The ff;e:rmc:pﬂe Lonstate of Manﬂamm IFEmh:hh:n arﬁuﬂm{ﬂmwfﬂm”
Juncters tupich v Spldeved to a plate « The Recetvey Lovery by a
Poltthed glax hemitphere tohich i 9 ko 3 mm thick and 7omm
diarmeley -

MEASOREMENT ©OF DIFFuSE RADIATION

The Sarve Instyurert  Divmbivn - Saubevey ©F Ster Pyioremeta
which & twed fov the reasurerment © fetal bv glebal Rediakon Canbz
e for the Mecsierrent B diffuue Eﬂirab’mn Protided thot a
Sutkable devtte ¥ Led Eo Prevent E;F:e dn-mt. Salar P@aam * from
Teaching e Rewiver - .

Shoding &} the Plf*mﬂc:melfnr Joorn dizect Solar Radiation & clone
21Hey b!d o dix which 2 made b> Mmove With He Sun by tast I Shadsew
ving 6 The- Shadow King 1 mere populos of o Aevierr because a
Shading Ak needs tonstank Supervision ard Maip tenante and Equatoial

hounk B3 Ea:penmﬁa-

— Trn He lotker Case, @ Small Comectton Foctor i appled to the
pat et bre degjuse Radiation” which s Gr 0f from bhe: Sontor by He
qu,gg]gu_} 'I’frkjr* -Tha  loveec Hen Cap Cltber be Corputecdt py Aeterrmired
ﬁIpﬂTimenta“B

Y The Corvectton factev. Can ke dekevmined expesirmenkally by
Succossive Meapuvarvenls wtlh A T?ﬂﬂ ard i of Surtoble diamekey
The ameunk of diffuse Racliakior Lohich 8 Cul off 5 added ko
vesulle Obtated twoith abowe Rinﬁ-
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MEASURE MENT OF SUN SHINE

knmu[gc]ﬂe &) the dc:ulg and ;’Mu'r!t.f Ye Covels of the ameunt of
Sunshine B Necesseny Jov mttmﬁhﬁ Solay Radiatior Values - Tt & also
Lued 4 E?P-Ltm'mfﬂ b dmtéb of a particulay Solar Collectoy -
— Thu measwerment B Siple and Jar less Expensive than Solas
Radiatton Measming devies * The Auyabion of bright Sun Shine i Elci“ﬂ
U measwed by Mmeans of o E.'iun Shine. Recovder? . The Campbell- Stokes

Sun Shine Recovder 3 Chown in fﬁ““’ ] od B ow Extmstueig uged all
Ouey the orld - |

X Tk (omisks of A glag Spheve of abeut lo tm 1p diarveler
Foounted In o Seckion of Sphexical mekal kowl having three Patvbally
Otiey [apppr-aﬂ Grogves oy }fmldr}uff a hecorder Cavd thip and glan Sphere -

The ?‘Etm?:h}:ﬁ Caxcs for wse In Suromer, tunkey oy fpning ard
Autumn aqwe Sk 1p Hhoe Grooued

Fig-1- Sun Shune Rocovder
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Irr']h;! Showt  1hace cliffesont ??ﬂfmdmrj ucls e e deperdiig on the

Seaten - “The lmperlont Req-.-_mnmzrﬂi 0} the glayd Sphese A that Ik Should bo
Wnifearo , Well - Annoated and Mode f (ololers Glass

Re,cardu;ﬁ (end oY

WI.I'.IDLT hn - _ ST

Retordg (axd for o
Spring and Aukwmn T+ ——

——
. -

Flé.g. E,Em'rﬂr}lﬁ Cards

The Sun Tays Qe Jouwed by a glap sphewe to a pont on a
Caxdl Skip held th @ Gvoowe Provided i Sphexical bowl tounted
Contentzitally with o Sphese - .

— Whenevey hhee B8 -bﬂfaﬁt Sunthine , the lmage  forrned B lhkonce
Cnough o buro a Spok on the @d Stvip - A b brace ot a patitalad
Powk [ndicates He Pasente of Sup Shine at thak kme.

4 Mm.lurh_q the puvezall fﬂfgfﬁ of berrn tyacer Yeveals He
Sun Shine Aurater :fm thak dag Thwﬁe‘, Hae .:iemb"r,~ as e fun roves
Alyoss bre Sxip e Image v moved along Witk e Ship

Thus , @ burnk taace Whose [engih is propos tonal L B claperiics
of Sun Shine B Oblained on the Sbip-
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SoLAR RADIATION DATA

W hen dﬂlﬂmhﬁ- a Lol Enarghe .ﬂbai:wn, the be;tuuﬁ: te
Predict s enegy - Production ey formants Weuld be ko Mnow Lkt the
mm;@_bg minute Solad lrvadiane- levels twill be , Over the Life time
Of the Syptem and Ak the exack lotation lupere the Systern Ll ke beilt -

— Sinte  Weathey Fnl:l':arm e Spamevhat Tandemr tn tirme and place
ard they awe extyemely drfficutt o Predict, the Systom dosgror & forced
E"i accepk the huljorical data and vecorded ot a cipferent lbaation
With Values vecpnsdyucted foom Incorplete. dota vecords -

¥ Hutwiad Tecords axe an Erbtani1b‘ gl muIHHmJ trwl cund
ﬂppwpﬂdta Jov a wide vange ef r:lpp'l}ec:i:fbm- Ho

InFormaTion CONTAINED IN SOLAR RADIATION DATA !

Solay Rodiatior data fox many locattons of the werld ox avalake
p Severed fooms: The Radialion data an Mpstly meoswred on hovizent=d.
.‘;mrd-‘aa on e Easth-

However , before unrg the data , the dengner should cleoily
Know the Jollowing Infosmatisn .

9 h{;ﬁi;g‘m It ¥ Mmecsund 07 Compuled .

1) Whether Ik b divect, diffue ov global

'ﬁ!} lalbie Hhey & g hau‘r!-ap i daihﬂ' o Manthh]'

) Whak tgpe of Insbyument s ted for Mezsuremenl

MEASUREMENT OF S0LAR RADIATION DATA

An inshurment Called Solaviometer b wsed to Weawne He etk

pj e dala en Solay Radiakion o0 the Eaths Surface -
~ “This Splaviprelor Jues ¥eacdings fov trskantanepws Measurernent
of Yale of Tolal Radiation Eneigy vecwiued tougheut b day on a

Worizenkal jm\fqm .
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Spnc tial  Alatbution of the Wn s plotted by m}_gjm“};.ﬂ o valo

o Rodiatton Yeteived on a hovizental Suface -

The fissk Measuenent o the Spectsad Aolaibudtor of e Sun wis
Made by Sarmuel Lanaiaj th 1884 - Herw , to horour Samuel Langley ,
Solay Radiabion Jlex © often a':z}:ari-_ed i ffa;?jrghug per hour or pex dat;"‘
The wnit, | langley = catlem?

¥ A fypitad daily velord of He glokal and difjuwe Racliotion
Measuned on a clear day b Showe v f15- |

M

L7

Kadiet

!-E"DD : i{}*:ﬂﬂ : L-oe
F’ﬂ! A L‘ﬂ‘Piﬂaﬂ daﬂhﬂ ?’EL{:;TH of gfd:nﬂ and dffﬁua.ﬁadmi‘rﬂn on a

Cleas daj'

T?-‘Pfj OF SoLAR. RADIATIon DATA

Solar Radiatten Aate I Colleckos Jov Vaviows lecattons In e

Wenld on the s of Jollowing Jactons:

oy, Solas Poer (altulabors LWtk eferents Lo b revernenk of the
Sun, latiude of te \ocation ete

E;) H@mlﬁ Mecsuserments of Solar Badiotion at e location cnd
(aleulabion o dal!ﬁr Queaage glebal FRadiaben For tre M,Mbn&%-
Querage Jlobad Radiatien for e Yaas ard Yearly avorage globat
Radiation o1 few yems




- UNiT- i SoLAR ENERGY COLLECTION

SoLAR THERMAL ENERGY SYSTEMS
Solan thevmal Energﬂ Saﬂtﬂms are b'zrr:%ar:![td choracterized as
Jollows dEFEndinj on the Way Lhey - Capture , tonueik and dlistmbute

Solay Enegy -

& Pﬂ.ﬁﬂiﬂﬂr Aaloa Hheamal Eﬂuﬂ'ﬁ SHSEGIHE
5. Active Solax bheymal  Eneagy Syskems -

PASSIVE SoLAR THERMAL- ENERGY SYSTEMS .

Tn Fasstve Solax Energy .Ea.rtmng, Hhe hwﬁ}ﬁr . Carrled ouk

Without ANy S‘Pﬂ.ﬁial deuvice. Jor enexgy Convexslon

— Heat is.c:hmﬂﬁ yocowed and uied for heoting . Heattng e heuses
Wetey , Cooking ,diyig etcy ove Lhe examwples ©f thu apphtation-

¥ these awe He Low kemperatune- applications of Solar Erexgy -
These Eﬁdtnm; ore a Siyople ard (ot Eﬂhctfm Lczyp Is take the
Qa{mﬂhﬁa of the Sur’s fiee, venewnble Enevgy .
EMmPIES of basle PﬂEREIUE Solay Styuctpres ave Qreen bowsdt,
Qup Yooms and Solariams * As the Sun vays pacs through the glass
tuirdoes , the Intester will aksork ard vetoin He Heok-
— Tn Passtve Solax Enesgy Systorns , b cnexgy Collecked thiough
Colar Systom i@ Autributtd  according to @ law o} thermodynamies’
Tr u Skokes thob Hhe heat moves feorm wan o ool arecs
el Euijacu.i - The Slmpm ey o} hmnéfenlhj heak ‘.ﬁ,pm pm.;.'ue_
Collectort i bﬂ Conveckion mede
% Ancient Poople tued Pascive Solar Eneagyp Syskems  They bouilld
ot houses oub o Stonet oF Ea‘né]' twhich absorbed the Sur?s heak
Awsing the doy ord Staged tavm ajter doix , Proutding  heat
tﬁwhﬁhaut e MBHE'T ' {

— Henee e Peopertier of butld'r.:'sj makertal and. butlding desgd
both playt a vole Ig {fn enaigy palarce of the Sptam.: Uowevor i
vecquisn @ Coneful dongo ard B often dijentt to twplersnt

Solas



’)’H"'TIUL SoLAR THERmMAL ENERGY SYSTEMS v

_:[n an active Solar theymal Eneigy Systern , @ Lolay follector
hc’"ﬂ'”‘ﬂ a heat- transfex mecdium  Sueh on Aty ov ué;ur.':i Caphtnes
the Soles Radiotier Which i then ditviputed Hhough the bullding
Vie electyic :Fami oy Pumps -

tor Example , Soloa Collector Fmrﬂpne.ﬁ on the Yoofs of
bj:-lr'!dmc&‘»! leak He ;F[uid and Hhen purops Ik ﬁ]raﬁh a Strih'm ef
Plper to heot the hole buildig

X The fechnolegy iz Strople and tued 0 many possible Applicotrens
&f lotw !‘.Emplaa’mh.!fa heot Lue .I‘Hs’hzmi' - The most Cornmen ﬂppirmﬁbp
of those Sploms & e Preduckton of domattic Loker, Heater Kknownas
® Notes Hookexs” . - |

— The J%fpﬁh_ﬂ_ baste Corponents of ar ackive Solar Heating Cpttoro
lnclude b ‘j‘B”ﬂﬁJ!;}ﬁ !

D) Solay Collockors

ir) Stomege Untk

1) Load and

!7‘-’) A‘Llﬂlfa:aq Sourta. - -

Actie Solar Thergy Sytems e the et Cost— effectwe In cold
climates With geed Sole yedources Wﬁ‘?ﬁ e displactng  powe
oxpensive  heating Juelr Such @ elechratty , Propare and o]

Diato back @ The Auadvartage of active Solar Sykerns & bhot the
Lue o} Hhis device extornal powes Sousces car fail which heecls more.

Controle and Matntanencs
The Jﬁ”pwllg Actwe Solen thesroal newgy Syskems Qv

Commmlha twed) [
) Solan Wakes Heaters -
i) Pholovelimic (pv) celle o Solar Cells
ﬁi) le'-fahd Selax Porwey ((€SP)



1) » SoLAR WATER HEATERS

e

Solay watey Healers (Acttve) produce thevmal enevqy to Heod
latey fon howseholds  Commerical enbter and Swimming pools -
— These heatess awe One ef the et Cnmmmnlg rn‘lP!Ement_Q‘:J
Porcunble Eneigy Techrologien becawe of thei Cost effeckiveness ar

yelatiely Strple tnstallakion -
¥ Sola bote heater< LHP!MHH heed a back Up Conventional qa

ov unwwually higp wolzy detard + Solor twaker heatexs Consist of
two povks Such golaa Collector and Stovege Tank

Tn wasm climates , Collects  heak wotes ﬂ'rmr:tlbr but Ip
Cold Climakes , @ clensey j:fufd 12 heated ard then l:raruf:a'rt:d o a
tuater bank Wheve [ heats the Wokes ihdtecty

_ the healey Can ke buile b> use an Ackwe o¥ Pacsive Systern
Jor C;wm[aﬁ;’ﬂ Lt ;fluid d&?ﬂnci[ng on climate  The hnasdmum
heakmg Fernperature Vowier it Collector model bui tuater
Eempamhzm Can oxteed ﬂrp“c . Subaple Jev Epmm&ﬂdmﬁ_ F:mpmm-

¥ Solaa Wakey Heatert Can zeduce Convenbional Enexgy
Consumphion Joi healing water by bo 7. I Commertial fpplication:
ard uplo 57 I Homar Altkotigh. Wbt home [nskallabor ol
ab leask double thok &f Conventtonal Heaters -

PHoTo VoL TAICL [ Pv) CELLS ©OF SolLAR CELLS :
Photo veltate (pv) Cells o3 Solay Colls ase an Ackive Syptem In
which $mall panels are appliect  tolth Sern! Conclucting Makevtal -
- pv Funeic Convest bhe 3@’3 ?nhu Into Eledwubd Which Can
Poum_: ah Vawehd of [ndvidual lkent Jipior Peuonaf Cornputer and
Stueet lighis bo Wokes PUmmps’
¥ “This oteviab, tuually reede of silicon it polentially otber
P?IHC?HﬁEﬂ”rha thip jHML ﬂenemm a diect mrmntmfjhm Sun I;gbf;
s Hoe Pam*
Pv Cells Gnke Lnstolled on twindowe and Teof Etles - Py Syskom &1
ke tatlored bo teek a bullding enzigy Neecls bff Mﬁjm? Concenizmtf}i? or
Sun- baoextng devicar, De- Ac Convestart and for Bottory Shorage -
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& ’

4‘_;

3
f\f L';Hlf_!.‘ml hwi, ™ rmﬂ hot be (pnnected to tpe electaic brcwnunaties
D Lupen the Number of PV ponel age avsomed a8 an Aray el 1k 1

Conneclod to the guid, Hhe exess power Can be Sold o the electsic

CoNCENTRATED SoLaR PoweR (CSP) .

Csp B an Actwe Syttern dixtlnguhhed Jrorm othey Solen
Eneigy Systerns by i a::tb:rlitj- to Junctron a3 a LH'thgrScoiL powey
P{anb

— CSp e the :Fl&lc:h" &f Mivvert {o Concentyate Splas Ene:rﬁlj Inko
Channels holtding heat - Yespensive Fleid - The. high temperoture excibe

e f'[uid b a pninb w hexe- fb'powm a tusblre Ar Erﬁt'ne tuhich o
Huyn Yans ap Ele chric Qenerator -

¥ Without S‘Eainﬂe Tacilibier, CSP Systemns Gan genesote Efﬂcﬁ:ér_lﬂ

lfcnf about eleven heurt oh a Sunhg Surnmer c[aH. CSp Syskems Ao
have the polential to Provice base lmd pewer for Ollibes

A csp Systerm thot twes oLl or Molten Salt as a mediam o
the Hﬂatff:rmujﬂ Pmmsi Can yetown the bthevmal ezmgh-

APPLICATIONS OF PASSIVE AND ACTIVE SOLAR THERMAL ENERGY

Passive Hmﬁnﬂ Sﬂﬂhzms ( Lew Temperakure T4 ;Eé’c)

) Residual Hml:;hj 1) Water Heoting

.f;) Ceokry V) Dwying
Active Soloy Thermal Sptems ( Mediem TemPexnana 150 ¢ z.*r«:a:::?.:)
1) Hot wakey i) Process Heak Spply

'I'f) Skearm Supply W) Desalinaben planis -

A chwe Solas Thexmal Sylkems ( High Temperature T?Bmﬂc)
b H[ﬂh TEMF:QI’&:‘:U?Q Stoam 1Y) Electyical Bwey Fenmisiinn
Active Solar Pv Splamns :

D) Small lpw Veltage , Low Waltage Applications
i) Mediem Volkage and Medium Power Applicattens 1o kw abeut 350 KW

5 ‘Ackive Concentraked Solay Power (CSp) plank
WW o electrieat Nettworc Yange |MwW s oo Mw -

T

= T BT —

LY




SpLAR COLLECTORS

Splay Collector B a deuvtee wed Jor collecting the Solar
Yoadiation and [k Eransfess eragy o Fluid pasting i» Contact with ik
- The Colleciors yecelwe heot from Solas vays and gue Ik ko the

heat - Ervamport Flud . Solay Collecter Suzface B dexlﬁmc:l Jou hﬁh
Absorpion and Low Emusion - 8o Oktlizakton o} Solay Enemgy wequnes
Cott Solas Collectons - |

¥ Those Colleckort ave classified Into teo lypes - They axa3 Aollows
D Non- Concentyating o1 Flak Plate kgpe Solaa Collecior
1y Concenkvating ( Focuwing) ]:Hpe, olar Colleckor +

The Soles Enﬂrg:d Collockoy lolth Is asotiated ABSIPS .t o
eSsertiat Componont & ary Sytems fou the Convexston of 212 adation
Inko ove table form  ( heat o3 Electataty ) .

— T the Nen—Conunbmtin type , the Collecir Avea ( the area
Hhat lntay ceptt the Solm R:acifc:i:i&n) b Same a1 the Abtewker Avea
( He omwa apaping the- kadiaten) -

— In tre {:Dﬂcnﬂhmh;lﬂ Cﬂl'l'ﬁbnﬂ';i:ﬁﬂ area fhtaimpﬂ‘rﬁ ke
Sl Radiakon i queater than flab -plate Collectown ard e prouides
highes Terpeactine.  than @ Non - Concenbattng  tipe-

¥ T 0 alw Wed to produce Medium Pressure Skeam «They Use
rany Aiffeent Qarargementt of miviess and |enses Lo Concentyate
the Sun Taye on be bolles

Thes l::dw Shows petier Eﬁic}emﬂ Hhan the Flat -Plate kppo -
ferto kst
'R('pEs OF SOLAR COlLLECTORS

Theve ave ko bypes of Solav Thearal Collectows Such as
i) Flot plate Collector

j{) Solan Coﬂmhﬁfmﬂ;':fa- Cﬁﬂe;!;_or CFgr_,.mEa -%F’E’)‘




FLat Prate CoLLEcTOR

Flat plat Collectors arve Nen- Cpncmtmb‘ng type « They awn

Pmﬂcu‘lm%v Convenient for Space and Seyvlce latex heating
OPplications Wheye kempesatuTes below Qo’c are adequate -
- aye Made h Tﬁctﬂﬁgmlm Pﬁﬂﬂ! From abeut 1710 2:9m*
ln ana apd Efaaa- are yelabwely Qiwple tp Consbyuck and execk-
Flot plakes Can Collect and absorb both diect ard diffwe

Solo Radrabion
¥ Flat plate Solaxr (olleckore 2 Maih'ht dwidlest nto thiee kypes

bosed on the type of heat - bransfer Plutd tued: They cve ar fllows :
Roatn The Chavackemsties Jeaknes of the Flab plote Collecter |

@) Ti absorbs beth beam and diffuwe Radiater -

b T¢ Can funetion witheut Sun bracking -

&) T i Simple ib Constyuction and Ik Tequmes litHe Maintenance -

Typgs ! | |
| L[qultd Hmi:rnﬁ Collecbort

2. Ai Hmtin? ov Solax Aty Healess -
3. Evacuakd Tubulat Collecter *

. Liouip HEATING COLLECTORS
T I3 used Jov hﬂatr}ﬁ. He watey and P‘-lﬂn—\fw_ez_fng aqueoul
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, f65 S t'mcm?ﬁ-
; .51mfmod

Fi9 4 (ompound Pavabelte Concentvator |

. il T L Ve Ll L R E e m et W
R ——— e e e L T e a‘



ADVANCED CONCENTRATING COLLECTOR SySTEM

For (oneentsattrg Solar Power (Cep) io be a Sgaficonk Coniribeier
ko UI_HIE%fFSEal@ bad lead potrey , the |ndisbry st achieve the drashe
Cost  Recechors andl pesformance lncvecese

— So the heaty glaw Mivvows Can be veplaced with long -lashing wflectue
Films Supposted by @ %Nﬂghﬁ anel ?Egld Styucture -
Te Can be dene in the JfolFawﬁ-ﬁ tays Such as
D Dﬂﬂlapr;wﬁ a New et of technology elerments tmmdulg advanced
Fﬁ.&f’ﬂc{ e ;Frimj,OPhr.‘alfﬁr Accurate Reflector pewnels, Fow Cost Spats Frevnez
Adaphwe @PH:EE- and Accevate Tmr:‘}tﬁ;tﬂ‘ clnves
{j) Dmgﬂm}-ﬁ ard bullding o Lasge -fovmak heltodiat d_mtg{? twith th@_
Mow elmenk Which tve Sutkable for hugh and Dt high Contentrobing
Potwes Touwey Sgstems -
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leI,F?MAL- ANALYSIS, PERFpRMANCE , EFFICIENCY AND OUTL )

FLuip TEMPERATURE OF FLAT PLATE COLLECTOR

|- THERMAL ANALysts OF FLAT-PLATE COLLECTOR :

When a bedy & Subjected ko Solar Radiotten ©f Intensity T kb
F}“Hmk’f aptiyiud] by the body and the harmmrhﬁ- B pmHaHH Ezemroitrod
and vesk ¥eflecked

— As per the heat tvansfer Concept, the Sum of ahtovked , Eransmitisd]
anel wefleckoc] energy b equal t» Uh!-h_‘{

OL+T+P =}

Whexe, i
ol - Absovphon (beffiuent

7 - Trantemecion Co effietent

Q — Reflechon (oepficent -
The ab!ﬂ?f)ff@ﬂ Patt of enexgy s tsed for Inr'_'mmrnj bhe teroperotuwe of
the body + Buk a potien of b erergy losk I‘::E,f CondueHen , (onvectten and
Rachaten -

— Lok us asume Jov H’]Hl’ﬂﬂ.ﬂ A””l?f’“ purpete, Conduckion and
Conwechon loes aze Vmﬂbgrb 36,

Ablovbed Enargﬂ due to Spler Radioben = oc T
Enesgy lost dee to Radiotton = £o T4

Whew, € _ Emgtion Coefficent of a Flat platke
O - Stephen Boltzman’s Conslant
T - Absolule Tempesaitne on a Flat ploke -
For thewmat Equrltbaien -

(T = faT4

Thu Equntiém Car bo e twilkken bH Ke mmrgi}'ﬁ the Coefffeent al
?_‘:__:’_Ln e CT":I'."‘*“
e

Ths equatton Canbe Wuwniken by Inclucing the cijfusk Recliakor
ﬂhiorpﬂmn and Conuecktve |ostes ag J%Hf;:




THERMAL. ANALVSIE OF A CYLINDRICAL. PARABOLIC (onic ENTRAT i
COLLECTOR

“The c:malh'“-ﬂ of Performance &©f fﬂﬂ{éﬂl:mirha Collee ey Sigstoms U
Aone by enerqy Balance -
— Tha ““-‘%fﬁ” enevgy qain h&f Pa:mi::cﬁl[& E!Jltfndr}ml Collecter v le_:an by

Y = HbRp CF (T 0L) .»4;: 3 UL Ay (T -Ta)
Aa Aa

Whewe, q . _ Usesul Heot goin pes unik Apettne Arecy
Hp Ry, — Beam Miﬁ&féﬁ Entemrf(af oh a Hefeserce Strface -
P SPBCufcﬂ Riflac_]ﬂfm. of the F?P:\Fixzcbr Lwface
W o Tniovcept Factor -
Tt — The effectrve Produck of Tammitbante and Abserbance .
V) - Overall heot loxt Coeffiuent ©f the collector -
Ty - Terpesattne &f ihe Splor Kecemer
Ta- Amblenk Tempesature
Aa — Effeckie Awea of the Apevitme -
Av-  Effechve Avea of the Recenes -
Ty the whole Recelver 6 at a uniferm Tempervature Ty then the fokal
2nesqy SGaip 8 Geuen by

wha
Q?u = Hp Rp € P (T-e) — UL Ay {TT-Tqi]
Ht:.ﬁ; Gatp Per tnlt Collecles lergth L. u exprewed by
9= Aa HpRu@X (T-a) =TIDo Uy (T~ “[E,.){
L.

tuhewe TN N
= [ M tuinet h‘r)
HE'-"‘E, hm{,—d = b7 +3.8 H'-"rl' W{mﬂﬂf
h'r L E? [TT‘F-— Tﬂ+)

Tr-Ta

O — 57 x{gﬂEWng_ﬂc = Stesan - Boltz marn Constan-

e
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,1 (oLlEcToR EFFICIENCY FAacToRr [} ¢y s ~
The Jlat plate (ollector I'__f-jrr:mmtf Jacter (F') 0 defined ar the
Talie of actuat 1ate of Weful heok Colloctten to lhe Yole of tide fur)

heed tellection Yate Wwhen bhe collectsy absespting plate (Tp) i placed ai
the local lend  Termpesatine | )

F/ = Ruegul . R wseful
Q, ot (To=T) Ac (Y- UL tTgi-Ta))

@Lﬂﬁjl.ﬂ =] Fr Ac [%;L‘ UL{Tji ‘Tq:lj

5- QuTLET FLVID TEMPERATURE OF FLAT PLATE CollEcTor (Tfo) !

The Outlet Flend Tempesattwes ( Ty, ak =Ly) faom a Flak ploke
Collector Can be obloined as

T :T g _E_i“_ﬂ_. g — o FAC'ULT_:#
[0 Wl = (o) () e |

-

tWhese, Ac - Collector Avea
Cy — Specifte Heak Capacily ef the Flud
Ly — Length ef wiser b ke flow drrection
b (CoLLEcteor HEAT REMovAL FACTOR ( Fr)

Heat Rermoual Fackoy (Fg) of a flat plate Collector v clefined a5 0
RQHEI I?_-[ the ACH.IQ.E uéﬂgf‘r_d Eﬂﬂ#ﬁg Sﬂlln ﬁ"j dhe Luejt;uj qu:gyg gq]ﬁ .
Tr Gon be exprosted as '

fp = MmCr (Tpo - Tgy)
Ac [Qa- U ( Tp'-Ta)

7. CPTIMuM INCLINATION OF FLAT PLATE (OLLECTOR

On the basis of a literatewe _Suu,v_hi_ an OPkmum Inclination of
the Surface ¥ecewing moatiroum Radialton for wintoy Parmesscdariin

b =
d [ Optimum = ¢+ 150

Wwhere the Positue Sign "efere 4o winkey Condiitene and Negatire Sgp
vefers to Summey Conditimns .




I'Lf'_[ +o'I’ = EaT4 4 he (T-Ta)

tuhes - fonveckwe Heat Transfer Coeffieent
- Absovphon Coeffteent of cliffuse Radiattor .
T/ - Intensitzp ©f Aiffuse Radiaten .
Ta - Atmosphevie  Tempesaitte .
ol PEEF{:IEMANCE OF FLAT PLATE ColLLECTOR
The FQ-;‘.fgrrmnr.E of a flat plate Colleckor & descaibec] by an Enesqy
balancee Equatton: T indlicates the ditzibubion of intident Solat Enecagy

Into tseful  thagy 9ain and Verriows Imm.; -
~ The wejul Hhewmal erergy Du%put [ Q) per unit time o a flak
Plate Collector of Avea (Ac) i the clijfesence botrveen the ablorked
oolas Radiaton G, and Hhesmal loss -
Te & gaen by the Equation
&y = Ac Gu Yo = (T ) Ip

r@u = Ac [q,ﬂ-UL{TﬁﬂT&ﬂJ

t), - Duesall Heat lews Coeffitient ©f the tolleckn -

Ty - Tnlet Ternpevatuze  Of the Fluid

Tp - Trtensity of Sol Racliatten on the Collectey Sinjace -

( 7o) - Effecte Product of bansmitivity & te biantpaient Cever and
Abﬁmptml]&& &) abtorbey Swofate of the Collecior -

here.,

3 T wsTAnNTANEODS EFFICIENCY OF FLAT-PLATE CoLlEcCT
Ok
The thevmal Inttantaneotns Lificient
Geven by the ecuation

N Qu = G U (Tyi - Ta)
Ac Ip IF’ IP__—

d (n) of a FlaL plate tollecter

The oveiall thexmat Collectton Ej:{rciamjp ot @ Flot-plate Collector { e vativ
the dﬂr!ﬁ' weful gath o Lo Aaily Inctdent: Solay E”‘E’fﬂ"‘;,f) . 1
¢

[ Guck
‘ Aer fIPdL-

B




The Cellecion f;jijFNH it Gueen bff ol

T - Qs
He K

these A
Qu = F Aa [S~ 'EAEL Ty _Tq)]

n

FR b ACJ:tml ﬁarh

— e

Gﬂ!” tf o [E{‘lﬂT Squms Lere b Inlet Témpﬁatum 1}.“

- g o, A
EE&X“'[ﬁ b E?&J
. _Aa .S
(i -Ta ﬁ:ﬂ

twhee
L - Collectoy length

W- Widbh o te Collector
Uy - Heat Transfer Coefficlent

Ta - Ambient Temperatuie

—EE:'F Tnlet Ternpesoture of e mf‘*‘?j‘ Flurd -

T - Outler Tempesature of the Wonang Eleud

0 — Abcosbed Kadiatter Py upit Avea ef Unshaded Aperiene

[g = Hb R Nope

Oopr = C¥F (7 &)
U, = _L-, IH_EE
- hi D +( Di}
Do ke
“Do

Wheve d
Ta - Ambient “Tornpesar-ieno

ch - Flud Tempeyerture
- Theymead fmndue{iuriq o e Tede molovial

Lf‘:'la = WL |
LT"WDuLl

Dea - Dutey Dlametey
Dy - Taney Diamekyy .




Hur'llmh}r 41.{1!{3#1 Collecioy

Tn Lheymal Jim-:*]hr Mate , the mosamum  Temperatenm of Baisiiian ()
h X can be Oleulated wsing e folleewing equation

T;’:l\J—E’ﬁE.'_Ib
Eod

Lhere, 2 SPELuI.::A EE-HE::{:&!’JL& o} bhe E’qﬂgcm Raface
ol - Eﬁflec{-r;-f Altoibante
Tp - Prieck Solas Bacliatron th wim™
€ - Reflecker Emittante . |

0= 5b7 xlo" 8 W|m*°e - Slefan-Boltzmann Constant

| Ry — Solan duk Radins = £:695 Xloim -

LFMMHDMﬂwLﬂmydﬂ&mmﬁE@%:b¥ﬁxﬁ%-

Pambo]t}:, Aduh Collector -
The lempesature b} the Recewer of Parabolic digh tolleeter () i K
Can bo Caltrdaked uﬂ{ﬁr e following Equiation

Ty -':‘* 2R« Ip
Jﬁgf%t

the Nelabiery Yemeain Same @i the (ase of Paakeole -Hﬁrﬁh tollector
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5{"] AR THERMAL PowWER GrENI KATION

Eolea [hearmal m*"‘"‘ E']L‘ITF'IE':H.M‘I P'lﬂ[‘-]ﬂ{r& potuey I'."Ljfln?': tibhich coe
l‘qﬂmﬂﬂ' :‘!n-—‘.’{].f';i."d (ol I{n'rimuﬁ

D Leew Tempeyakume Cycles
-&) Medium Tﬂmpa-fqbuw. Cycles
3_) thh 'TmnPﬂJﬂEtnL Cycles -

Low ‘lednpeyadine '-'-'I_I:}c'FN ﬂi’r'ﬁ'iﬂﬂﬂ Le Tfnt-p]ntﬂ (ollectors So thak
Fasciinem Lempemimn,s ase limited o abeout |poc

- Mechum Tempeackme Cycles work ab Mawxymimn lemperattie darging frem
156° o 3ee%c

- (While Hf:jh Temperature Cycles work ab {formperatue cboue Ao e -
¥ lov low and Mediwm ’Fwﬂpo-m{u-m Yanges , bhe tm-arﬂodjmmr&
Cycle pofoned 5 Kankmwe cyele

For High Tempewatiie vange apat fiom RanKme Cycle, Eiagtm el
Stﬁ'llhﬂ Cycley ave alse Iazﬂf'ﬁ Considered

Low TEMPERATURE THERMAL PoWER GENERATION DSING
FLAT PLATE CollECToR

The Tlat plate Colleckor System and Solax Pond aw claasifred as

Leew Ternpesalene Colleciont - beccuve of |k temperatine Jange Ip bhe
Dacle of bo ke lpo € with Colleedion Ef{f'“ﬂ”ﬂh‘ of 30 o Bo . Maseimuen
- T the Systern , I w het Suitable {0 empley Ranxine cycle Solm
Fhearnad poruen puw!urrrbn Sptern becawse e qeneratten of Sloom thg
flat plate collector 03 Solr Pond w nol petuble ay jpe hotling “Termpovatunt

of thp Wales 8 fewe lhan loe'c ap -

¥ Sp It cannol ke lwued {‘him-l.ltﬂr Lo vun Lhe Pamg mecer . Thewe feae
Serre Olbet oqgante Tl ('!"nrhlﬂﬁﬂltlf Fagon Quonp) 1 wed wheh evepoiate)
at Low tempeicime and high pesiwe by abtoabing Lhe heat fom the
heateed Luaker

The VopPouA .'mew! Gw ke twed 1p run a bltwbime o 1”4;;,}].11 tohieh may |
Qonerale powes which tull be Sipficent: Lo Lléﬂ' lhe ﬂnf‘*tn}; of heuse efe |
Jor Rural Moas and for l?'nﬂn{m'n PLts perseg -
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JEMPERATORE THERMAL PowWER GENERATION Leing
SOLAR DISTRIBUTED CDLLECTOR

Mo um "ﬁ?mpemtm’ﬂ Thevimat Powey generatien Ehlfterm EmPI‘:}‘f Snlay
clstaibuted Collectoos b Lwhich Pasakolic brough Coreerirator colleckors Lot
line atotu-l ape Most ﬁ:}ﬁmnla- tlee for Cnmmh*ﬁﬁ the Stolas Ererqy (hin
Heoak Enmgif :

~ These »%*H:ﬂm‘: Can alto e Parabeleld cluh type Contentraling Colloctest .
Cylinchicat pazabelie ﬁpnﬂent:mhﬁg Collectors Qenevate Fernperature |n vange ¥
250 b Tob®c with 2fficienty of o707,

—“KI H‘!é?h Tmpwahme Collectrar Such as parabeloid kjpe Epncéntratﬂ.;h’r
Consteie o many Flok mirrert Peechice a termperattive I Tange o
boo - Qeeo’c tith an Efficenty of bo-75 4,

The 1 a meduelas Sppttom ﬂamutrhg & a dugh Shaped Powmbolic (ollecior
o Joting the Solon Radiation en a Receiver +o heot a twerking  Flaidl

Coupled with a Power Qeneratien wnik [ Engine / plresnarior) foy electsicity
genevakion - :

— Following kypes of heak Engines ase ommenly being tued Luith
Pasabelic dish [ brough Syskems -

r) Rankine Cepcle Evﬂine,

) Dfﬂan.‘fﬂ, -Rankine Cycle- Engine
(tr) Sti'thtﬁ Cycle Engine

V) A -Braylon Cycle Engine

Tn eath of Hhose Gyeles, hok gar oy Vapow i expanded though an Engine
o1 twwbine fo Procuce twovk and Ik s theweby Cooled -

The Qo o1 "u"cszir I AJenalbey Copled o ejeck heat ard Ik frj‘lnaifb;

reivined to ls Inikiat Slate fov getting enexqused bt Lolar Radirkion crel thus
Completing Lhe Cycle -

¥ Tn a dulstbuted Colleclor Leptem , the Seolar theymal E”‘E‘HH 2

Collected faom a laage Number of Sun- tracking Solan porakoli: trovgh typ or
Pavabelic clah type eylindsicat Collechors

Each Collector byansféys heat to a hi?cri:rtmnhcef Flue - The heat

branporting Flud available ab high Lemperatare from te ollectent 6 pooled
at Some (onbyal Powel Station .




v

The heal }‘“M:I” Tlnd con ke tetoy | Slecrn Lo be tuyee] f'h?l-‘f‘-”l']r ln A
Elecan benbine - A .'!melﬂ Pavabolie toncenlyotor Splay Poteed Qenesction Eﬁp‘.h‘ﬂ|
I:L\!na tuater b Lumlﬂr{e] Fled W Sheeon th ft9-2 -
~ TL (enstiel of a pavakelic tylinder Reflecter to (ontentyate Sunlight on
to a tollecting Pipe within Pymex o7 @lay Envelop - A Paopes Sun- tyacking
awangement is Miode So that the Mastinoura Sun hﬂh{ - foased on the wflecier
Jon predecing opluman  Efftaenty -
‘Iﬁo@r Lsually opesate 1p t&# L&:t.ufu temperaline Yeuges of ckout 90 10315 .
In b Sysker, oll having betling potok highes than te bolling Peint of tater
18 tued kb Cliculake bhiough the abtosber ttibe ef the (ontentyalesr (ollecten -
* The heated ol U then passed Though the heot Brchonger twhere
the heat & bnnsjmmd o the lwakey 4o 'P?ﬂducﬂ Stearn -+ The ok Skoam Gan

ther ko divectly tued to Power @ turbine for mechanical wesk which i
CQUP[QA o an C-!IE::{?!E Qéreroloy tp Qencicke Efﬂc‘t‘r'if_‘rtb"

: F iy g 3
3 S o3 a

H?-Q~Dlshrb¢ad Collector Soloy Thewrat elecisie Power plant .
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3%

The exhawt Lew Temperatene Steam from the tnbive b Condensed i
Condences toih the help ef Prsh (old liotey Cveulated by a woker Pump .
Thar Cordensake &8 fod io the heol Exchanger again wsing a Condensole Purp.

HigH TEMPERATURE THERMAL POWER PLANT Gi ENERATION
LSING CENTRAL RECEIVER SysTEM

A Lage Solar thexmal power plant Ip the vame of KoMW to doo MW
Comes Lindey Cenbral Receiver Scherres (cps) . Such Systems aw. economical
Ih MW Yange for nekwork Connecked planks -

— The high Capcity B Possible dueto high Tempesaiure Skeam I the
Cerbyal Recoiver Wesulting hugh Efficiency of planks - T 4o Gontred
Rocorves Sthere , Sewovad helistakt ave located on the ground level

¥ A helskor 5 a nearly flat mivior with bhe Provition 0 brack
bhe Sun th two planes - The veflecied Youp ave poinked Redwsy bowards
o Central Recoives mpuoted ona boll tower as shewn in figure: 3

- A [arﬂa (erbral Received F*i.dnt 3 wually build tp based ©n
Modulea Concepls + Each plant may have & modules ko lo modules and

yaked at |0 MW b looMW -
CompONENTS OF CENTRAL. KECEIVER SYSTEM
This System Can be Subdwided ko the Jollowing Subgystam - They

arve o follows :

|© The Tower with He Centyal Receoiver on bep of ik

Q- The Heat (onuvemsion Sub System -

3- The Heat Stowage desice

4. The Field of oviented Mirvens

|- CEnNTRAL TRECEIVER

The Centvad Kecewer ab the top ©f the tpuer hay o heat abgmbbﬁ'
Sﬂljﬂﬂl bcd which heol - branspest Floid 6 heoted -
= "Tﬁere.r:l?ﬂ twe bave Kecerver lonfigurations a Foll pews
a) Cavty Receles Type
b) Eaxdurnad Recetey Type -




-
-

-

Th 4he E‘mii{ﬁ Ko cores 'lm:-e s the Solaa Radiatton Yeflecked by helisial

the Exteinal Recerves Type—fig-4 Sheeus the fﬂ—tﬁ? Kocewer by pe (enkral Recetvep -

enlovs I-_Pnpuﬂh an ﬂFm-LmE ak the bottom of the {f‘au;}.r__r tubpaeas  lhe
Abtovber Swifaces ave on the extesior 8f a Toughly Cylindvicad Styuekme in

..Enﬁm._..u.& <
) < A3
LT h.z.xu.ﬂ.m -ung . Pl TS0l 2H .ﬂ.ﬂuﬂ.ﬂ ...__...._rw
Prilasiuy Aempwipug: = | pesun Aempmpy




Contrad Kecajuey

< Totwer
/ v
bt £ Heak Excharger
Trampoik ot
Fluic pipéng "‘“\1 | peo
Theymal Irsulotten

o RA |\
Nor

B
ZZANN

hom Heliesiats : From Heliastats
—— Tatwer

Fiqq_ Contred  Rocower
HEAT CorwERtian SUB SYCTEM !

Liquid wates Lnder prestuve enters the Recetuer . Then the heat enerqy o
absovbed by the wator ond 1k leaves cu Super heated Skecm .
- Typiiat Skear Concittone might ke a kempeiakine of 500" ¢ and Prescave
of [op atm - The Slecom B Pipec o a Qiound level wheve [k dhees Conuonbronal

Lusrbine Generator Qe -

HeaT STokaGE DEVICE
Short kerm Slovage ©f heat Com be paoviclesl by five byicke, (examle
ﬂxﬁm,,fuwi Salts and Sulphur
— The cholce of a Conuventtonat $lovage rerkerial b debormired by s gy
dmm'ﬂf bhesmad Cenduclwity , (onieston Chavaclenctie , Cotk and Conventerce ©f
Lide al el g i by e E}Pﬂﬂ!'r;q Lﬂ?mpﬂr{-‘r&rﬂq of wnm‘ﬁ? FJL!Fd-
MIRRORS !
The flat mmo? Stiface Canbe Manufactured by metallizatton. of float gl
pr Elexible Plastic Sheets -




musl be Skemable The Gless mizvors tueul

“The MR _
hich of Len occud b and lands watheuk iy

“'”htfnnd:ﬁ} e tnd leod L
Suppoiting  Shuckne -

g OF CENTRAL RECEIVER SYSTEM

IWORWIN .
7 j:or_u.le::l o a (entral Recotwey or a

The fhiﬂmil:ﬁ' Soloy Rﬂdfﬁhﬁ'ﬁ
na kall Totwer u.s.]n_ci' thotusands ©f plane Reflecton Wihich

bpiles mounked &
Cheliostaks

ar Sjeenable abeul bne awey Colled
Docsives | Solot Recliabron -

i

T T T TR AL TN e i 7y
'F!Ej‘fp‘ Aﬁanﬁﬂ_n’mﬂh of Conkral Recetver Heliostat .f'lrmtlm

~

A-_—Helio

F!*j'é Thowss Sehemate  View of an electric Potvex gem.raé:téﬂ uarnj
a Qgos Loibine pouer plant Wenang on Brayton Cycle
— the Mivvens ¢ heliostatt) Instolled 6n the Grourd ase drented Joan to
?Ej'hcl-; He divect Peam Radiatter Ihie an abioikey oF Recolvey a3 Showr
Ln j}ﬂ & - Which 18 mounked ot the op of a lower Lpeated hean the Center
In the fleld & Mllﬂﬂ?li o produce Pth Ternpevature .
W Peam Eac{ic‘-'.lﬂﬂﬂ inciddent Ip the boiley b abserbed by black prpes
b Which the lﬂﬂ't"hﬂr‘lﬂ' Flad u crveuloted and Hoated . The wewiing Flud
it allowed {6 ditve a tovbine iheweky Producrg Mechanical Enesgy -
The turbme which & Coupled tn an alteinatey Preduce eleckiieat Begy

A Suttaple heat Stovege B dlte Provided o fupp :
Period of Cloudiness - Supply the hest Enesgy denriy the

A hot be (apakly oy



1 ]f]l':s Shacos 1he JﬂHﬂut 8] Cleclite Powed hj’.Er]-Ein{r-r u.:;h? Kool vy !

41

3
&

Elechiond

&
3

A

Eleckri,
Grereratey

> § P

: g : .

33 " 3

£ : 3

E | -
i P ;
: PR '8

1 s

3 y 3

T

] :

- T T &

24 S | égj
%E < ——AAMMAN. }?EE
Eg}é \fgjz_j

Am,qu;gm OF A CENTrRAL REcEIvER SYSTEN|

The Mivayor ;Frild Ih a Cenkyad [ecetuey Syskern &1 bo be laped 1o
Such a Lay to Sk Jor both b tuihtey 8y Survmey .Eea;fg.n%-
- Thew v ho !S!rmc*f o one Mivror on the dlhes Miyror . Tﬁaqp:}:bw_ e
neliosiats aw pul apat and a fractien & the Quound (4) i only Covered -

The Valee &) & is Calewloted by (d}: Mm]
Wheye A? '

N - Numbey 8] Mnsors CHE[F‘E?!;{::I:!:SJ :
Am - Byea of each Mo

Ag—ﬁfnﬁjmundﬁmuﬂdmm the loaer -




Total Qavurd Mea Aﬂ . 4HR
tﬂﬂi QT

UJh;trE; -
H - Toewes Hﬂﬁm’.
Oy - Rn Haly Angle

Ermavﬂ'ﬂ absorbed bﬂ the- Reecoiey B Fa

rci’a:ib Aq &P lgﬂnt,!

twhex, Ib Beam Rodiobien lncident ©n Ap ¢
‘P Mrevor Uttlizateon Factod
0 = o8 Wn Mid-Summel
= -0 b Winker - Aftes noen
; Q Frackon of Solow Radenﬁa:'n
« - Absorbance Of the Recoley

Rﬂ.ctim

i T
o
\/ | |
"
I
A |

I:t@ -7
The Gnonbiation Kale b Glulaked by the fellowing Equattsp

CR i Niﬁlm qf,ﬂ
Pt "_ﬂ
Av Ay




1-

LK

Luhese , Ay — Hecetwey S faes Ayea -

Now the Erpaﬂ.?f-lc'rh for the weful Lnergy @ geen
q’ﬂ. = q’g_‘ CI.fF
q| = Ay Ex O [ﬂ+' T;ﬁj

Fi= L, Aq d:ﬁq&oc Ay Ex O (-ﬁ,+--rq+) _

twhese, £ _Emitkane ©f the Recerer Surfaces at the Radiating Termpetattie -

ADVANTAGES OF CENTRAL RECEIVER Sy<TEM

ve 18 obtained H!ﬁh Temperatuve 8 fuikoble for
conuventtonal metheds Such a3 Skeam Teakine
this Siptam Car

VEZTH’ H!S% Ternpevaty
Eh,chmg%u 5mmﬂ&u s lng
Te peovider Jpod Efficienty - By Conentvating the Sun light,
Qet bokter E_ﬂ‘i:imt than Simple Oolo Il -

A lowger Aweo Can be Coverd by wing velatiely Inexpensice. Mvcas 1othes

than unng expensive ol wfls -
Concen bratec! L!;ﬂa‘wl:- Con bo. vednectest I a Cuttable Locakton via,opiial

Cﬁbtr cable - Fov  EBxarple, ilfummi:f'nj; burlc]mﬁ»& Similee 1o l‘l:'_-fbﬂd Solay
ttghmhf : -
DISADVANTAGES
L@nmﬂi-_:rq,tg_d tollecten Shbﬂbzm.c Heqm}.e Aral arwis Sun backing ke roatnbate
the Sunlight fouw at the Lollecte
,'Inm][uﬁ ko paouide. potes In diffused light Conel) Ltone .
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UNIT- 11

OOLAR ENERGY STORAGE AND APPLICATIONS

SpLAR ENERGY STORAGE

One 6 the Impovkant Charactesisties &f a Stovage Syseern is
lne Lengtn of time cluving tohich enexgy Can be Kept Stoved with
Qecceptable Losses -

¥ Tf Solm Emrgy » (onvested lap Juel Suchas hydlroqen
Heve will be no Such a Hime | ik -

o Stomja In Hhe foam of theymal Eneigy My Last fos Very
Shoot time becawe of losses by Radliobion, Conuection ard (ordvetion
X Anotrer \mpertort chovackesistic of a Sioage Yptem B lis
Volumetvic Enezqy Capacip oF the Amount of Energy Stoweel pes unik

Volame -

s 'Iﬁﬂar:adbm ;@ Geod Syplern Should  have almg Storae Hme
ard a Small Volume Per unic 0} Stored  Energy .

DIFFERENT METHODS OF SOLAR ENERGY SrerAdE

¥ Solas Enevgy 6 Stoved 10 @ theymal Reseueiy for loter
tsage - Solax E”Hﬁﬂ Storage 13 clasci{red q-_-,:mi{"l}ﬂ bo the Wage -
Theymal Energy Obtained  Joom a Splar Sowce Canpe Stowed
l:meUﬁI'n thermal Phd’)'iml Yeactiond - Ik means thak e Eernpesatuse
if{erence 6f Makerials DY ( Phase Chaﬂgﬂ) B tsed o Skve He
¥ Hovmal Em‘ﬁfj” -
C q; I“';l” ahsbe Sk i'h'rf Chemical yoackions by
- ,
yeattng chemical jPeueg [SDIC” gl .,)




Saml? Emwﬁy TorPpAGE

S | i

Theymat
€ hemited

f_’_\ Jerprion I
v
\L,-,—'jf Chemieal Cospdion -

Shnsitle Heob  Lotert Hoak  Chemieod Sovplion phutica) Lovplion




THERMAL ENERAY STORAGE
Thesmal Enexgy Can be divectly Stoved -

D Sensible Heat dtorage [ SHS) -

Tn SHS , Such as Skeam 0¥ hok wokey by chonging dfe
}-_gm{;m.m{ﬂrﬂ of malerials ( chtufd oy (Salr'cl) dunr“g Pecik  howy
enevgy « the enexgy U Stpred 1o the Jorm of ® Sentible Heat?
i) Latent Heat Stovage (LHs)

Tn LHSy Such a3 phose change materials by changing the
Phase of material ( Liquid os Solid ) dwrhﬁ Poak hour enegy
the Enmgy B Stowed 10 e Jorw of € Lobent Heob?-

SoRpTIoN STORAGE

In SG%’PHHH Stovage | bwe Chemieals are bordec| kogethes
Under Standard Corditions Which are Sepasated Using Phok howd
Em(ﬂlf; ‘

X Eﬂﬂnﬁﬂ 3 Teleased tohen Hhe bwo chemicals coe mixed
ard oxpased ko Skandaad Conditions -

— The Choice of materials has a Greak \mpact: on bhe Pesprmans
o) He Slovoge Sylera

CHEMICAL. ENERGY STORAGE

Heal gererated jrom (onlontyoked Solar power 13 Lsed 0
Cmr@v out e Endothevmi¢c Chemical Lyvansfovmabion and produces
Stovable and Tyansperlable fuel -

L

Lxamples :

Solax Hychogen , Solar Metat and Spiar chemicat fait Pipe - |

|
|
e e ——: || "




THERMAL ENERGY STORAGE METHODS

Theymal Enerqy Skwage (TES) can be degined @ the
tomporasy Skovage of tpeimal Eneigy ak high or Low lerpesatures
¥ TES 15 not a hew (oncepe and |k has been wed for ntuyier
Eﬂ”ﬁéf Storage  Can Teduce e Hme or vake Mitmatch belween
enargy {gtt]??l%f and  Energy demand , ard It plags an Importank
vole In Energy Coriservabon: |
— [znevgy Skovage lmprowes the Pexfosmante. of eneyqy Sptems by
Smcotiing Supply and Incweasing  Reliabiliky - The higher Efficiency
World [aad: tDEm!aﬁ Cnhdmmﬁm and I paove- be (oik
effeckuzness -
¢ Thoe ave thee basic mebhads Jox j‘ﬁmhﬁ theymal Cresqy

1) Sensible Heat Skovage

i) Lakne Heat Stowge

1) Skvakified Stovege
SENSIPLE HEAT STORAGE (SHS)

T Sensible Heak Stovage [ SHs), thernal Enaigy 1B Siored
by vaising the temperatuie of Solid ov Liquid by tuing 1 heat
CaFor.Hﬁ-

X SHs Eﬂétum Lblizes the heat Caizx?té{:ﬁ and change |1
'f,@mpwahug of He malerial dm'm-g the Procest of Chmﬂmﬁ and
d[,'gchmaquﬂ :

¢ The Amount of heat Stored c!zpena!»: on the Specific heak

o the Medium , Tempemamz Change andl the ameunt ‘& Stowage
makerial .




-n;’E Qmpdrt: &f therial Emﬁﬁf Stoved i the formn o * Sonciple He:éﬂ.’
Can ke Caltulokd tﬂ ke _-}b[lamlr'?ﬂ Equatfon :

LE;mCP m;.

E . Amount 0f Heok Stoved 1b the mokerial (1)
m- Mass of Siovage makerial (¥q)
Cp - Specific Heat o5 the Skovag moterial {J‘fﬁfgﬂx)
AT= [Ta-Ti) — Tempeatwe Change ()
'ﬂ ond Ty - Lewer and Upper fempesabire levels of Stowage 'r.especmla-.
X A Uﬂ*ria!:ﬂ of Subgkonces haie been twed a3 Storage
malevial \p Such Saatym.

— These tnclude ' Liq/uida! liKe tuaker , Heak bransfer olls , and
Cerktaln mmaanic molten Solke 4 and L olicds ? like Yocks, Pebbles
and Ye jvoctory

¥ Thn e Cose qj‘-hﬁulid&}, Hhe. maleriak 1 Tr"wm'mb!ﬂ In
Povouws Jorm and Heab 13 Stored o extracked ba the flow of @
Gar or a Liquid through.  the Pever 01 Voids

¢ The Choice 6 be Subskance Wed depencis largely on be
J!:Ernfazmh:m. lewel ¢ the application , Water keing e oy bompualuse
belew |po’c and Eﬂmctmg Paicks bﬂiﬂfﬂ tged for kempraokused
Oveund \ooo ¢

= Sencible Heat Siﬂmge jhl-blfmj (8HSS) awe Simpley In Aesjgn

than  |otent Heak o FBnm' Stovage jlddf:ﬂn'ﬂﬁ

Properir ¢

tohere .

1.}]& Pmpmtfg.e looked at tuhen Eﬂﬂﬂﬁnﬁ a Lluitable malerial aw
Density , Specific Hoak, Themal Corductividp ard diffai ity , Vapecs |
Pressure | Compatibility , Chernical ﬁ!:ah‘;].‘;ﬁ.-



Troportantly ,be motevialt nead to hawe high thownal Gpacig and
be aburdart and Cheap -

DISADVANTAGES OF SHS
f) SHS Supposs Jrom the duﬁmduéhtoge of keing bigger I» Size
ID SHS Capnet Skore o1 deliver Enﬂgg at a Cohitant Tﬁmpzjﬂi:ﬂm 3

). LIQUID SENSIBLE HEAT STORAGE
waley 15 Known as One of the besk mataials that on be

tsed ‘o Skove theymal Enegy In the Jorm ©f P Concible Heot '
be tawe  toakey B aburdank {:hﬂaFJ, has a high ._E.P?ﬂ:ff‘ﬂ. Heak
and hat a High dgm'rtbn- '
‘ * In addition , e e of a Heak - Excchangey B auoided
If water b wed as the Heok Treng Jev Fluid 1» Solaa Hhasrred
Shutrzm,:-

& Unkil now ., Commerital Applications tie water foy themal

er{ﬂg Skoroge b ' Liquid lpased qﬁ'gfstems ’

¥ Mot Solar tuakey heatking and Space- heating Ypems use
hot twakey Skovage- Eanks locaked eithes Ihside oy Ouktide He
bLﬂldlhﬁﬂ or  Uncler Bwrd- :

B The Size Of Lank! e ‘b"nrﬂl Jrom a Jew hundred likres
ko a ggu; Houtand Cubic Mmekers An ﬂppm:nc‘lmak; ifximbmlﬁ
Followed for Jixing Lpo Size W o e aboub 75 lo \oo litres OF
Skorage ey Squave Meber of Collector Awear - .

X Woaler Stovage Eanis @w made Jrom a Vatloty of motsuial
qguch— a3 Skeel o Concrele and Fiber glast - The kanks are. Suitably
InSulaked  with ara_ﬁ Woo| Mineral Weel e Pﬂlﬂumﬁrana-

- The bhickness ©f Ihsulation Used U ]agje and Yange Jom
lo cm to &p Cm-

— T ""-._'I




14 Lhe water w ai Atmatphevic  Prescuse , Lheo lermperatens 13 /
limited to loo"¢ + Jr s postble o Skme water at Lem pevature a Litile
apove 100" ¢ by using Pressuvized tanks.

¥ Heat - Trans fay olls are Wwed n Sepsible Heat Storage ,Eaatws
(SHS) Jor 1pkeymediate bermpexabures yanging Jrom looc o Jofc -

— Cpme ©f the Heak bvansfex olls wed for thu purpase Qe
Down therm and Theyminel - The Proplem asspuated ith the tise %
Heak - Trantfes oils 1S bhak bhey kend o deﬂmda with bme

| N < ; Heat Exchanger 2.
mn | v

el
K

@ "

~ Radiabor
K oom =
A
/
/.r
Insulated
S Eﬂrﬁf Tank Heak E‘J(d‘:aiﬂﬂ I

h'ﬂ] Ll}*']_UM Sorcible Heat Horge System

’F,'ﬂ.|. Shows He Schemetic avangment of Liguid Sensible
Heat Stevage Syptem -
X The Sptem Consisk of a Lenge Liquid bath of mast"m’ ard
gﬁ“}‘nt Heat ' CP ’ Placed 1 an Insulated Vessel . The _%amm aho
includes a Lol Collector to Gue heak Gain ko the Collector Fluid

cnd a Teem b Which tha Heat Gaih 13 dijchargﬂd' 1|
— S — - _-J

r




' “The ﬁ{-‘amifﬂﬂ 0f xﬁbvipm Lakes place. th thvee Sleps Such as
1) Chmﬂlhﬂ ) Stovage and 1) Hermoval Processes
X The :f[u}d Efﬁrfnj He Collector tokes the Heak from bhe Jun

oo lis Eempactre. Inciaes - This Process 3" Cherging Process

a) Hot Fluid from the Solar (ollector 12 pased Hrolgh e
Lleak Facchanged | Which i tmmeed In the both of He Stovage

Lok and loowes ab He botom ©f the System at Low Temperokure -

b) While e hﬂtﬁw :pr'inﬂ I:Fm?uﬂh e Heat BExchames b
the bath l;imiuﬂaﬁura ﬂPPrﬂﬂﬂhﬁﬂ the hob j!ujcﬁ Inlet J:ezmlpemﬂ.w-

Tho procass (ompltes b Stovege Gele” -
¢) The Heating Procoss iz allowed o Continue up &0 the osinect
Skovage Material (water) bmperatuse - Aftey the Stomge Peviod,
e S vomoval  Process” begins |
d) Cold Fluid with Conskonk masss§low rate flows through the
Heat Exthangey 8 ard it Yeceiues Enexgy Jrom be - Liquid bath
and  then [eaves tiwﬁaamﬂ-
2) Tha heated fluid 5 then Pumped o e * Radiaer ko
awﬂ- heak Lo e Room and te Rese Rempual Qycle & (ompleted -

Table - | PanPEH Hes Of Commpn hNiquids Used S48

MATERIAL Temvperaruke | Densiy Specific Hoak
Range [0c] kg [m 3 Tlkg K-

Wakey T- oo \ooo 4190
Down thermg ld —&bo &b7 Qo0
Theymmnel bb —9 - 340 750 KO0

Eng‘ni' or) Upto 157 888 ] &80




)

SOLID SENSIBLE HEAT STORAGT

E””SH Canbe Stoved v Yeoeke 017 Pebbles Packed 10

[NSclared  vestele: Tt is Strople. 1 dﬂ.al;c_j‘n and relaEmlH Inexpencive .

X ypicolly , the Chavacteristic Size ef ine Piaces of vock tesed

Varies :me l¢m to B Cm - ftm C?.PP‘J’.{H‘JWEH! Tule of thumb ;FD’I'.E';ZF‘I'??

B o we- Joo kg kb 500 Kg of vock pes Square meter of Collector
Qrea Jov ISP{]CE.L_ Hmﬁrg ﬁppﬁmfﬁmmﬁ '

— Rock or Pebbles - Ped Siﬂrsgﬁ (on also be twed for Much
;U%[hﬁ Ferperatuves up to |ooo’C -

o The Qifficulties and Limitations velative ko' Liquids” Can be
auoided by Dsing ' Selid Materials * for Stoving theamal Eneigy

as t Sonsiple Heot’

- But Laﬁﬁﬁ ameunt of Splide ¥ reedesd then usﬁ‘lj thater”

due o thejmi: Hat Solids exhibit a Lowey JLawFﬁ &ch}fj-ﬂm Wates -
-n'lﬂl (ot -‘E} H‘.IIE Sfﬂfﬁf Eﬁtﬂm Fﬁrr L}nil; Eﬂerﬂla’ Stoved 8 howevey ,

SHll acceptaple for Recks

@ ‘Di‘fﬂﬂt Contack beteween b Solid Stnrﬁﬁ-a Saitemﬂlﬂ Heak
Tvansfer Fluid 1 fecossany bo tinimize He (sl Of Heal Exchange
th a Solid Stovage Medinm - '

— The Use of Rocks Jor Hhevmal Frer Stovage Provicles the

jo]lﬂu}lﬁﬂ Aduaricﬁ@ !
ADVANTAGE OF WSE OF Roeks
a) Rocks ave nok toxic ard Nop - Jlammable -

b) Roexs  ave !he:fpemiu-l
¢) Rocks act botk as Heat tzansfes Susface and Stowage Medum -

dii) The Heek bransfer beiween aiy ard a Roex bed g(ﬁaﬂ'.

|
b e m——




e

Mtﬁnﬁﬂm oxide chgmm), Alumipiam Oatce ( Alumina) and Slicon
D‘:Hifif e 3g:j‘g-£¢{ﬂ;i€:r Mamﬁﬂ,& ﬂn"—'* iméf e CIHO .SU.IJ'L’-THE -ﬁ‘_ﬂ Hl’gﬁ

ke thG'mLua'e Oonsible  Heat Stovage -

s Poick! made ©f Magnesia have been wed ip mang Countaies for

Many  Yeaus for Stowing  Heat.
Pw]:mﬁﬂa of e Common Solids lued |
(rabie- - ‘P?c:p?ﬂ:?ﬁé of Commen Solid l’nntn.ﬂaiq Used b SHS

S TEMPERATURE | DENSITY  (SPECIFIC HEAT
Range (°c) | Ka [m3 T/kg K
Kock 7-27 ABbo 879
(oneyeke 1- 27 Ao g&0
. Sand T-27 1550 Soo |
Briek |7~ 37 lboo 840 .

| ATENT HEAT STORAGE (LHS)

| atent Hoob Slovag (LHS) Wes b ‘Lakent Heal” of e
Mmalerial to Stove Heymal Enegy:

x The Lakent HML 8 Hhe amounk of heat alsorbed ©F
volasd duwing te Change of material from ppe phase lo
onothes Phase
Types oF LATENT HEAT Y

D latert Heab of Fusion
IF) Latont Heab ©f Vapowizakion .

i) JATENT HEAT 0F FUSloN

TL 13 the amount &f heat absosbed OF Teleased W
maokerial Changes from the Selid Phase o e Liguid phase ov

hen the

vice \Versa -

p SHS a:ﬁrz.aauﬁn n Tak#d :

]




) LATENT HeaT OF VAPORIZATION
T & He amourt 0f theymat eNeYqy ablorbed o1 Teleased

then He material Chamges fiom the Liquid phase 40 the Vepour
Phase or ViceVexsa -

X Tndeed lakere heak ©f Veporizakion i nok peiid - attention
Jov Lokt Thesroal eneigy Stovage Applications » betause o e leage
Change 1 the Volume accompained By bhas ByPe 0f * phase chapge?,

—The Gwount of thesmal Energy Skoved 10 e form 0f *latent
Heat 7 h a_ tnalkerial & Caledabd by ke following Equation

E=-mAn

Where, | Appunk 0f Heot Stored 1 e oaterial (3)
M- Mass of Stovage Material [ Kg)

Ah - latent Heat assocated with e phose change {:r;,fﬂ)
¥ tohen He Skored Heat b exibvacked bhn the load, the
haterial  will again Change ls Phose Jrom Liquid ko Solid or from

Vapous to Liquid
i Ah!d latent  Heak Theymal Enerqy Skoroge dSyskern Should
have ableast He ‘follnr.mhg three Cﬂmpor}anﬁ'
1) Suilable phase Change Mataxial (pem) ib the desiracl Temperatus
Tamge ' ‘
'[i) o Cpntament Fov the. Stovage Substance -
'I'Lp a Suiable H?:at f;clmﬂlhﬂ F[u’iicfm byansfewing the haot
2 ffectively Jrorn o Heab Jomee ko ibe Heak Jtovage -
PHASE CHANGE MATERIALS (PcM)

The. Latent Heok makerials Stove abeut 5 tp l4 times ove
heaL Per unik Vplume than cﬂﬂns'rbje Hﬂak _‘;};nnﬁcz Moterials [.SHS)

The Matenak twed to Skore  Heymal Enerqy Inform of latent Heak
ax Called ! Phase Change- Matarials” pew)




]W‘T S OF PHASE CHANGE MATERIALS ( Prw)

Pem ave E[a}:!ijizd Into thnee  Calegenies
), Ovgaric Pcv ( paraffin , fatty acids) -
1) Tnmaani‘c PeM ( hydiates, Mojken Salks, metal | and
“9 Eutectic Pem [Brﬂdﬂif—ofaanic Oyganic -1n oyganic , Inorgon: -

lﬂurgumt Compuurcls)

The |atenk heat of !‘.’J?ﬁaﬂiﬂi PeM’ vouges from o kz/ Kg o
3606 I{J{Kg Fov ! Tn oxganic PcM ° the Lakene Heat ¥arges from
2o ¥r| Kg b 50 U3/ hy " Butectic Pcmﬂfwgm Jrom loo K Ky
o doo Kr[Mg - '

¥ In a bypical Pem Stovage Sypstem, @ heat Exchanger 1
embeddec] 1h He Stovage matexial - ﬁﬂ“l Shotwt a Spkern Wik
irect Qeneration of Steam -

OF ® 0 fi“(”‘"‘”
' L Fluid
rr\ ,.-*-1.\
5 l@l l..’
?1 '@‘ f@* lﬂ‘

: ﬁ‘]'}' Sehematie 0] thewmal Stowge Syskem -

FTH‘Q | wsbrates the Sthemotic awangement Of Latenk Heak
Storage Siptem tiseq EIectriti‘l:ﬁv qenesation -




S0LAR  (oLLECTORS

The @nexqy Jrom the Sun i (olle cked btdu mﬂllinﬂ He P
[mpregnated hio the theimal Stovage block and then wiaqe §f the
heat yeleased from ipe Phove Change of the material to Produce
Steam and Qererate electyic Power

¥ Ehﬂbﬂ‘db{f 5 Pmﬁiﬂfﬂd E?‘:Pﬂfﬁl"ﬁ the Steam In a Lunbipe
by Coupling a buibo qenerater Witk Ik The med tum wed to dvive
the turbine 3 Pumped back to e heat Bxchonger and

¥e Civewlated tvithin Hhe LmP

Power Block Tarbines

oyt ﬂf'\‘

T | P

T N N
i B il S i

T e K] IX

A L R

dh Aedg b

" s w5

Heat .?.l'r:r:.;_t_ajf, .

Fh_ﬁj--ih E.hfi_uhr.’rlﬂt qererakion H-‘“"’{‘j lakent
ADVANTAGE OF LIS

i} Te Wncludes o lovge c‘kms'ﬂﬁ & Heat Stovege and Conskant lemparatens
i) The Process s Completely Yeuessible and Canbe TEPPatﬂ.cn:j Utllized
Luitheut dﬂamdai:im'

DISADVANTAGE OF | }¢ B

) The Pos Un:i:zfao Selidifreation and thesefore Ik Cannot Genesally be
Wwed Heat biemgges media 1 o Solas Colleetor o7 #he Lend

]
f
I
i
i



) Many Pevk hare poor thovmal Conductiony ond e fore , they
Yequhe lage Heab Exchonge Avea:

1) Serve PeMs ase Comesive and Requive Special (entaipers

ﬁ) Lotent Heat Stovege Makenald | LHS) ave Mmowe expensive Lthan

the Qensicle Heak Stovage (SHS)

V) Thay Incame the Jystent (ote:

AppLicATioNS OF LHS
) Steaming foec
1) Cooling Avinks With Cold worey and ice
tir) Exhrnamshmﬂ five by toing bﬂFItnﬁ tyakey *

3 STF’LATTFIED HeAT STORAGE

The printiple of Stratified TES (Thesmal Erergy Stovoge)
bank operaten i based o0 * bhesmal Stratificatien Procest’

¥ Shobfied Thamal Enagy Stowge (FTES) Syierms Gues Q.
Massive beotk o (oSt .Sd—uinﬂ- rreaauret- The theymel E””BH
SEEJ'{CBE_ Cﬂ“ﬂr_‘lﬂ' gy lonK B the mett Mpoytant Poat of e STES
Sﬁghm i
STRATIFICATION il Ve

Shiokification i defined 03 @ Netual Process tn Which both
Lasmth and densibyy 0 Luaker cve Invessely Poopertional Propaiies -

- The tuevm twakey twill ahuoups Settle on He h:r» o Cold untey -
The process takes place In @ Skyatified tm:rml Eﬂﬂjﬁ gwfzﬁ o Lankt

(STEE) Ih keym: L‘rb Hoo Dpemha:anﬁ Sueh as Ehaﬁirﬁ and dlschaﬁrna
_ﬁuﬂnﬂ ﬁha:ag'mjf Heat Chage Rate B Caltwlated by

&c: Me CPC (Tﬂ FTCG);




Stm.rlmlﬂr Heal duchmﬂl Rate B Caliwloked by

E: Mg Cpa (Tdo ~Tai)

whﬂ?—; E\}c - Heat C_l’la)ﬂﬂr- Kote th Watks -
M - Mass of toatey during Chaxing b ¥g -

Cpe - gpetific Heak of woker duwiing Chaiging 1 k1| kg K
Tci ~ Thlek Temperotuse of Loaker during Chaxging 1n K -
Teo - Dutlet Temperature of waley dunrg choiging 10 K -
oStrris}mkH ,Qd,mcj; de T 2 T4 e Cmmparﬁirg Paxameters
dmfrjj dischasgng  Heok -

Hot waker Tnlet Cold tvakey Thlet
7
Thi{Td.') + Ti:';
|
EI
W
5
|
1
V
The (Tas) i } Teo
Hot watey Outler Cold waley Dutles

f 19 1- PHHH}JH of Shrarified 1ot Stovage

CHARGING OPERATION

e

Chﬂiﬂiﬂg Opawation Stovis twhen the tank i Jull of waim twaker.

The Luokey v eplaced by * chilled tuakes "3!-’3ng are} Eaﬂah*%' [
i.

E

The chilled woler 13 Supplied from a Separster Chilles Unit - |




Thia Veplacement B Camied oot Jo Lwesal hewns tpko @ poipt
tWhere theve 1 ne longey ¢ tooem woter’ Ip e tark: and only the
t (pldsy waker i lesi -

1)  DiscHARGING OPERATION

This Procett 13 Just opposite to Hhe Choeging Proces . *Cold woia
B Yemoved Jvom e tank timough ‘di _fj;_um'-’ located ot the bottem
Jor Several  houss -

¥ “levm waker * enkexs He Eonk through Afffuserse Pplaced at
e top of the tark b Yeplace t' (old Lotey * @y Shouwn w fig -l
— Diffusers awe Cribial b both procotses betouse bey minmiza.
Ehe. mixing & cifferent layess of twater
® The thesmal- Emigy Stosage lowk i always Jull but Be
Inlevfaw  between (pld ard warm later (themocline ) Canbe
moves up and down deperding en whetter the Syttem i thazging”
Oy cl»l.chct-rﬂu:lﬂ
— The kwesmocline Canbe as. thick @3 1m dunbg Choaging and
Aischaging
¥ Hauina olptaned geud thegrnad th:hiﬁtaﬂm %lﬂl?mfndh;?ﬂ
h“i#rfﬂ , b 3 equally tmportant to maintaing the temperakure Jayex.
— Th ovder ko Maiptaw Stratification over long Hme Intereals ,
Yo tonk Should be provided With extremely gerd ‘hesmat Trsolatien .
% In Thamal ﬁ_mtijfmt:riaﬁ ' for excarple , bhe we of A
Hhin Plastic Fube o the Larne dmihd a3 the Liotey as ))lustrated
in fig-2
_ the kube Moves up and down accerding bo the densly of |
hob watay, placing e warm waler b the Mght past of e
bank




Well Trsuloted Tanx

'ﬂl'm wnﬂm:l
lastic tnbe
P Bl 53 = s - "‘-Q—Hutwqmﬁmw
a = - - — —> Hot waks
b aam LLJ"-'I'i:F-‘-I’___} e = . CEHFPJ‘?
\{W Colleckboy 7 T _ ~_~ Vo s R b Au;.,]ﬁ_ﬂhr
Sl EomELr e - Heatoy -
= === Loy Jor Hmﬂnﬂ kop wotey
- T < (ol Loty
(old wates
o Collecksy

*jiﬁ o Tﬁﬂ#’mﬂﬂtd} Shotified Hob Liquid Tank
ADVANTAGES OF STRATIFIED HEAT STORAGE

|- Eneray EFpiciency -
TES lkanke 0ve able ko Mmnimize te enexgy oy ard Save the
Pocie Eﬁm'ja- C’apauﬂﬂu
o GPT?MUM PrecEst

T has a Uni-:]m? load (ove that deleymines Hhe Chenge and
Aischarge Rates -
o Ta Serve a lide Tame ©f ﬂPPJ;{gEmH AEANEE‘. tanks e
Owatlakle 1h A fewent  Shopes and Sizes -
3 RELIABLE MATERIAL
The kanke ove ede with Covretion Resfitant Makesfal -
<~ Thermal Tnsulation Preperties 012 Foemo|fon -




THERMp CHEMICAL ENERGY STORAGE

Thexmo chermitad E-f‘ri'fgg Sor U P*mduwd When a Chemical
YeacHen with huﬂﬁ ng Involued b the Yeackon 1 wied o Slor
ey -

b 3 The. Jmpwta.hl: Tequmﬂmr:!ﬁ o tHhese Jaﬁfﬂm aye that ke
Products &1 the Reaction Shevld be able ko be * Stored "ol e Heak

Qtored d”””ﬂ He eacton JSheuld ke able ks be © yedyived? when e
Yoverse Reackhon Eakes place-

Th@w\jbm ,Dnlbb * Roversible RoacHens " Cap be tsed fov thu
5&3’.:5& Process - .
Types OF THERMO CHEMIGAL ENERGy STORAGE
These- ave hwo %pe.! of theymo chemical Enovgy Storage- duch a4
) Chemital Reackien qystems
I_i) Smpﬁm SHAT:EHH.‘
i) CHEmteaL REACTION Swt‘rﬁms 2
Tn Chemieal Recction Sysiems, dugh Lnemy Storage densisy
Onel Rgup,mbmtg are Yequind of the motevials:
— USLL-‘::I”H ; Chemital  Enexgy  Conversion has beties Enuqy Siovage

Performanc. Egfidensy baan phypical metheds Such as Sensible Mook
[ SHS) and Laknr Hest Stovege (Lps) -

¥ The most lhﬂpﬁ?ﬁant Chalknge & ko find the appropriate
Pe.mﬂibla. Chemital Reackion ;fm the Eﬂﬂ?ﬁb‘ Sowca used -

li) Sorprion SystEms

cgmpi:im 8 the fixation oY Capire Y a gas ova Vaper
(Sorpate) by a Solid ov Liquid Substance (Sospony).

- The Sowption of ges by Liqeuid] 15 Called M ﬁ:m;pam while ke
SosPton of Jas by Solid 1 Called * adSoxpiion *




AC\SNPH&H Includer two mechanisms

) Thevmp - phigtitat Reaction by Van der Waals forces (Phﬂaismpﬁah)
['I} Thesmo - Chemitol Keackion bg Valente forces (Chemf:;mpﬁan)
X Chemi MFHEH Procasses %‘Piﬂalkd Mowe tove heak Per wnik
Mass  Hhan EPhtﬁfJ}Jnrpﬁﬂn” but |L may be- [¥recexsible -
— The Damtiple OF ing Sovphen (ako for Heamo chemital Stowne)
to Stowe- Qﬂﬂgﬁ 3 based on o Revesdible Phhmr;- chemical Reackion .

A Tn b process Alp is umrkrf?j Sovbate [ Sovkent C(ouple:
When heat B Inbodued b the Sptem , AB will be Split Inio

Com'f;;aumﬁ A and P dur?nﬂ Ra_ﬂanﬂaﬁph oY Cpﬂ‘ﬁ“’ﬂ phose -

AB M Sorbate A + Serbent ‘BJ

The Compounds A and B have bo be Stomd Separately - Tn the
Same methed , Solar Hosmrel Enesgy © Chored as the Chemital
pokertal fov—Lerg-kovm Stovage - of A and B tith Negligible Lost

¥__Luken Which guwer Soyphion the potential fo Long-tevm Stoige
¢ When A and B av mixed , A i fixed o B o form
?A’Es"r “na]aﬂm'nﬂ heat Called !ngahmama Phase " The Reversible
Yeackon C(an be Wed lo Stove and Yelecse energy od macodee]

Types OF SorpTION SysTEMS

") Closed Soiption System

) Open Sovphon Shﬁtﬂrrr*

D CLostD Sorprion STORAGE SYSTEM

Tn a closed Sowplion Stowge System | the heat i tramfened

ko and from be adsorbent by o Hoot Exchonger . wually  Called
CDndenSﬂ/ Euapo'mtm .



The heal has lo he lxemspomted ko the absobe¥ at g Some Lime
L B extraded fwom the Condenser o Keep the high Femperaiicne Fluid,
UzuaIfH wotey jflgu.:mﬂ Jiom the adsosbes to the Condenser .

X The Eneiqy depsity B lower Hhan th * ﬁ:f:m Serpen gavgmm
becawe He ad sorpkive Fluid u the past of the Stovage Splem ard

algo has ko be Stved -
—~ Tn the Coue of tsing Zeolite oy Silica gel as adsorbent | Je

Can be upis Jo—40 /. Of the weight of the Stoiege moterial -
1) OPEN  SORPTION STORAGE SYLTEM

Th an Bpﬂn ..'Impfmn SEM@@ Saalﬂquif Emmpari:s toakey
Vapour and heat In and put of Hﬂ ab oy benk -
¥ In He dﬂm?h’m procest ' hot ain desorbs bhe woter Jiom
Ehe CLd.SMhﬂﬂtf Leaunng e System Copler and Saliivakad :
— Tn b t Adsovplion Process’ hunudifies] (ool aus éntexs the
Od sovberk which adsorpS He Wwiates Vopous and Relecses heak ard
albe e aiy leaves be Skorage tuorm and dfa..

ADVANTAGE OF CLOSEP SysTEMS ! *
D Bﬁ’—fﬂﬂ aple o Teach h,lﬁmf Dulpuk kompexatune: o heaHnﬂ
Eﬁ!:e;m}flans when Compard to  Open Syslems

i) Borig ate bo dupply  Lower  erperatere fou Cooling
ti}) Bt‘mg able {0 Preduce lce, In the Evapowatoy:




SpLAR FUELS

The. P?,huppa 0f Solar Fuels B Shewn b Jigure 1.

- U3‘rng L‘}FHcal Aevites | Ceatiered Sunt'iahb Can o {hp{urﬁcl and
bhe hoat genessted fwem (oncenbated Svlot power Ganbe tied to
Loy out Fndothermic Chemical Tyansformation to Produce Stowable

and Transportable fuels -
Exampres @ Solm Hydwgen Solar Metal and $as chemical Heat

ﬁ Pipe

/ dkﬁr"gf ,-
e
=7 /7 //Z - >
&“\/ * l \/7

HLlindl‘:aH | j\

il
-

‘F
Pnrnbn'riﬁ (ontentertor
JJEF__I
Reactants |—+——tChemical Renctor S P

Fiﬂl Solon  Frel Geneya Hen




The {?,hjfr:e. whieh Compusks hﬁdnﬂm lo Qonexale Pouer G (alled

‘ hﬂdm‘jm Erﬁfm !
¥ Thee owe Hwee different loy ko genmate hgdwogen tike

é\nlcu Power Such as

[) Electro chemital

i) Photo Chemical

['LF) Theyme Chernital -

Electaical Enarjg (an ke alio dixectly Otored as CSolay Fuels X
Te is tob ofjicont ko (onvert ‘elockicity Inko themmal Erergy ard
then pm:iums !Hgdvg'jm'?'- So Hw epkion u nhok tohsidlered -
X By wirg” e thearno chemical Reute ,Wakey and Fessil
Fuel Can be hsod a3 Source for rHﬁdmjm'

! Melals? Can alzo be Lwed bo Store-_‘ Soleu tnergy . Uﬂi’ﬁ Hhe
Contenbraked Splay Power O3 o heat Sowce ko Aissoriote mekel_
Oxides , the Soku Enetgy Can ke Stowsd in bhe nelal and eraigy
Con ke veleasd ci,;li!'rﬁ bhe  (ombwben Drems’

X-vﬁf Eﬂar:nple ;er}m hias been Shown o be an abtrache
Canditate for bais Process - |

¥




Sotar  PonD

INTRODUVCTION

A Noaturat o Axtificial bactao & woter for Cﬂlltcﬁrﬂ ain) I
absovbing Solax Radtabion Enegy and Storing [ a3 ‘Heat’. |
- TFIU..! a Seolay PDDCI {:ﬁi’bm&'ﬁ Sﬂ}.ﬂd Eﬂiﬁ‘d CD].IE&B.:}H and Sensible

Heat Stmrﬁe, '

PRiNcIPLE OF DPERATION L DESCRIPTION OF NON-(oNVECTIVE
SoLAR  PonD

A Solar pond & a mast of Shallow Laker absut oy 4 metres
d.EEP with o Lﬂ:ﬂl (ollecon Area, which act os a heat brap '
¥ It tontains dissolued Salks o Qenerate a. Stable dmi%v.
ijz:lf-znt Part ©f the- incedent  Solar Radiotion éntgﬂhj e Pond
Susface i absorbed Hmoughout the depth and the vemainder
which P.E.ﬂﬂ{:’mtﬂ He Ppn::l 1 abtorbed at the ! Black I&}H:Dm
— Dn He DHaer harnd , (pnveckon  Can be eliminaked by tmhaﬂﬂ
Cmﬁnﬂ a Sujffu‘m&lg Stvong ‘Salt. Conentration grchmk."
X At the botiom of Hhe Pord , a thick duyable plastic Liney
b Laid - Matlerials Wwed for the Liner Intlude l::utcl_,jl' Rubber , Plack
PG'!H Eﬁﬂ!mg and 'hHPglﬂn Tﬂ-ihjnmeal with M'H[@n mesh
Sales like Magnesium chloride » Sodium chlavide , c:r Sedium
Nitvate e disseleed In He tualer the (ontenbyalkion Uargrnﬁ'
Jrom 9o to 30 peront at e bottom to almest Zewo at the kop”

* Tn tne Solk - gradF:an SLolas P::nd/; Aitolued Salt i wed
o Cmﬂha Lat{ﬂ of tuaker Witk difjerent Aencities -

qgn{n:} Gvadlient Solon Pord Novmally Lonsists & ine follewing
Fhvee Zones a3 Shewn » fig- |




D Stjace (onveckive Zere ov Upper Conueetive Zone (frph uoter)
(0:3m-0:5m), Saliniy 2 5.

i'p Non - Lonveckive Zene ( bivadiant Zone )
( lm - 16m), Salinity  Incicases with depthn. -

iip | pwex (onveckive Zone ( Stovage Zene v Salk Sa{umh!d)
(t.5m-2m), Salmiy ~ 20 .

—my 0

\\, . Uppar (omuec tve ZﬂnLF - /
\i :-Nﬂ:i* %@E@r&n: _: __ = :_: /
V..
-—> " ., Stovag Zene ¢ - 'z—"—?“HuI:E*ling,
Retcan Brine. 5 e N

ﬁﬂ'l-_ Conveckive  Zones 10 8ol Pong -

i) SURFACE CoNVECTIVE ZonNE

<The Smjafl lonvectve Zore Wiua) IH hat a Small thicknest ,
Qvound 10 B Joem. Tt has a Low, un i:_fmm Contonkbration
Which 13 close to Zeso as well as Jetaly Uniform Eempesoture
which 1 ‘clowe 45 the Ambient Al bmpua&;re.

||) Non- CONVECTIVE LONE
The. Nen - Conveckive 7ene s mucn Hhicker and OCcuples
Pnovwe  Hhan halj‘ the daPm of the Ponel. .

& [Pots Cohten baatlon ard Tempamhtm Increcase twith cepkh

lh Ik Jb Sovues ma'imh» as an In.f.ulaafng layoy and meduces the
heak lose 1 the mecud Aireclon -




Thy pant acks a3 a Hevmal Slowage o Some of e hook 7
CollecHon Qlgo Eakes plaw 1 thes Zene -

lii) LowER CONVECTIVE ZowE
The lower ConwecHve Zome oy Stovage Zene i Compasable In
thicknest  bo e Nen- Convective Zone

¥ Poth e (onenbraten and Tempesoture. aze healy Constant

U thi Zone Tk Serves a3 the man Heak Collection as uellas
Ehormal Sh:raﬂﬁ Medtum -

'TFEdeEpﬂr Hhe. Z:.ne,,ﬂyemm heat i3 Stowed + The lowest
Zone. byaps heats Jor e long - perieds
CH ARACTERIS TC | |

The. Salk wed b a Lolaa Pﬂrﬂ ;F::r {:maf:ma demrl:a- Qradient
csjwl[d have the jﬂl[pwrng Chayaectpy1sbies

f) mwt hawe a htﬁh Value of Solubllity ko allow hugh.
Solublon densities _

fi‘) The- Solubility Should not Vary appreciably ‘*Lu}l:hhtampamm?ﬂ—f

L'izi) T Solubion must be Ckiaqu;}telha Erampasent to Solat Radiation:

“') TE st be lh ex pensive

V) Je must be aveilable 1p Abundaite hear Sike So that |u total
Adelivered (pst B Low

vi) Tt muwst pe envionmentally i:erugn ; Safe Eﬂhﬂﬂt:“#_.
Qvound  twottey -

EXTRACTION OF THERMAL ENERGY USING CoiAR PoniD

E”E':ﬁ'fl b Stowed 1o Low Qiade Hrermal  foum of ke
* Lower Convective Zpne *

= loneection 1 tie Zone B duets e Process of heat Exlyackion
Aclomplished by hot byine Withdyaw| and Crol Brine Retum - |

— )




=

Extrackion 6] thevmal Lnergy Sipted 1n e Louer layer of ihe
Pond Can be msilaﬂ accomplithed  Without dz’x{mb]n? Hio Non- onnchie
Sole Guadlien: Zone akeve::

¥ Hot woter Can be extzackd Jyom a Solar pord witheuk
Qisknbing the (ontnbation: gulian- This s achieved by Inttallibg the
Emtm m&let*at the Same heighr Qs e “toaker Inlet?

— Hot Beine Can be Withdvawn and Ceol Brine yebtnmed In a
L aminer Flow patkera becawse of the- Preserxe Of dﬁ“’“% grodient -

Hot twakey |

L : tooling Towey

-Cﬂndensu‘
SoLaR Rapmtion
. Ny
= Evaporator
o LBeilr) =
Brine SoLar Ponp
ot .
Grenerator | ESH Pwine
Y
:D “Tenwbine
= ’
= Llechritat ovipur

_Ff'ﬂ-i- Solay Pond elactic Pottiey Pfant tuith f;mf,,“}? knueiay i




Theymal Lm:‘gg Jrom Soleas Pond 1 tued to dajwe aﬂﬁnmﬂm ,-

i}jclz" Heot Eﬂalne
— Hot twatesr Joom the bottom lovel o the Pond i pumped to
fih:a'.l EUaFomtm ", whee He Organic I':uorkthg fluid o Vaporized .
The Vapour floas Under high Presuse fo the buwbice and
theveby expanding  tmough the Lusbine Wheel and the electric
Genevator  |tnked o Ik
X The Vapouy bren bravels o e Condenser where Cold
Weter Jrom the ! ﬁwhﬁg Tower * (ondenses tho Vopour back ik
o a Liguid
= The Mqufd 5 PumPEcl hacke to Eha!EuaFﬂmbﬂfj LWwhere e
Cyele 13 Yepeated -
AppricaTions oF SOLAR PonND
) Heating ard  Ceoling 0f PBuildings
1) Production of Power
t) Tnduskriat Procest Heat
1) Desalination
V) Heok Jor Biomast Convession
ADVANTAGES OF SOLAR ponDS
D) Tk Provides lew Investment (Ot Per nslalled tolfection Area
1) Thasmad Storage B Intorporated tnio tpe Colleckoy and b is Very Lows Cont
1) Sepaxate (ollector i3 not heecled
tv) Environmentad  Friendly
V) Thu kechrolgy o albroctive Jov Yurad axas 1 ceeeloping Cpuntsies *
LiMiTaTione COF SotAR penpé
}) Need Longe land Area to Junctfon Propaly «
i) I anke eperatid enly b Sumy days
() Longe Qankily o Sale i vequed for speroting tpo Solar Pord

[v) A Proper algae and dwt removal aw Neaddd o the Hema) Efiuerty as.ff:rhrm# %

i

i



DOLAR CELL

SOLAR (ELL FNTRODUCTION

The divect Cpnuevsion 0f Solar Energlp Into electrical Energy
bb‘ means Of EPth::V’oltaic. Ej:[a::t’ , thot s te Convession of Light
Into E,ie'chitibd-

PHoTovoLTAle EFFECT !

The Photovoltaic Effect B defined a2 the generatforn. Qf
Elechromobive force 08 a Yesolk of the émf}ﬁm of lonmation
Kadiation - '

- Enirﬁﬂ (pnoedsion dewices twhich aie tped {p C(onveik Sur\ftaﬁ':
bo elechicity by te We of the photo Voltalc Effect are Called
t Sowar cews A Single  Conuestey coll iz Called @ Soloa cell o

: Photovoltaic Cells’ @ Combination. &f Such cells , clengned to
\nerease. the electric Powty Oukpuk iz Llalled .::,__?énlm Moduh’
or ¥ ol Avouy ? i

PHoto voLTAIC  CELLS
PhotoVolkaie Cells are made up Of Semitonduckor¢  that qenevake
2lectriuty twhen E:Fmah ﬂ.bﬁc:'irb. 1'Ight
— As Phetont ave veceived , {m electrita Ch;:uﬁaa ae ﬁznemtaal
Hob Con o Colleled O Conkacks applied to the Snfaces of Hw
Semitonducters -
¥ The Silicon Cell Consisks of a Singe Cigstal of Silien Inio
Which a dc::llma rrotoyial Ci‘l"_ﬂudtecl to Jow a Som). ondecter |
_ The Siliton &z ore 0 the eovih’s Most abundant maoloyials |

|E 15 t?.xpensfuca: to extrack ( fom Sand | ohere B pecurt mﬂ;ga
in dhe Jorn S0y ond tefine to the Purity sequired for ol cels”

!
.'

e TR



SOLNR CELL PRINCIPLE
The Pjgcp_ o} Cormitonductey with ohe Side of the P. Type and
He otk of the N'%PE’ B Calld a " PN Juncdon” .

— In this Junction Afrer the photens e dbtorped , e Jree-
electrens of the N-Side will tend ko flow bo tHe P-Side Land Ha
hols Of te P-Side Wil &2nd o flow bo he N -Side lo (ompensake
Joo thea ‘respecHue deficiencies

X Thi Aiffuwion will treate an eleckric Jf)‘ald"[;_,l:f Jrom the
N - Regeon bo e P-Region - This fjeld will inciease urkl fb yeackes
Q_c]mlibri“um_ ﬁrxvﬂ’ » be Sum of the dfﬁwfﬂn Pghznt?ala Jor holes
ard  Electyons -

— The free electons will flow Jiom ke N-tgpe makial thicugh
He Conductor ko He F.-l%ﬂ:a malterial - The :ﬂaw of electvors
Hough He external (onduckw (onsbitamtes an eleclyic Quwent {I)
Whick will (ontinue as lorg 03 more free elechons ard holes aze

being Jormd by be Solar Rediatien

L
%ﬁd’ Solan Kadiation - >
 Photon Light) (  Clechion flow 7

L cHRE hod
Metallic
Conducting Srips o N-tgpe Silicon
/,,u:a OOOPO®O -
~Ve Elecbons ® o @'&1‘% o P- tgpe dilicon
®
v bioks © - ® Deplation Layex

ReGombination o €t h Subsbrake Pase

.....

| =l
| ]



Thus » e bevis 6 phetovellaic (oneestion , fhok & {be Conversion
o Selas Ereagy oo olechrital ereigy .

X The (embimadon Of teppeysion N —Hppe ard P-kype Somicorductor
Hhus Constitutes a photo Volkaic tell oy t Solax el * - All Such cells
Qeneiake- Apeet  [urrent ( D) twhich Con be Conveited] |nio aitmnah’ng
Cuprene (AC) If neaded -

( oNFEIGURATION OF A SOLAR PV PANEL

A *photo Volkaic modale ' is made of mulkiple Inkeyconnecked
Sola tolls
¥ A Solax pv ponel b a Colleckon of medules physicolly and
Llectnically Grouped togethey on @ Suppert Styuctore -
— These hedules 0ze Lonnecked 1P Sevies [ Pawollel ko Irerease
He Volkge [tument Yalings -
X Luhen moclulﬂs' are Cohnecled 1 Sexies , Ik 3 desirablk to howe

each meodule’s  Maximum Pﬂuﬂ Produclen ocaming itk the-
Sc:ma Curreok:

Pv 'Aﬁpmf : b
A Pv A"Tﬂ'd’, B a Colleckion of Parels « The medees 0 a PV
Anaﬂ are tsually  fhk Connecked 1h Sexles to Obtatn e desied
VDIE@E"_ . |
~ The Individual Sktyingt aw then Connecied Ih Paralle! 1o
olew Hhe Eéudlam I 'FJ'Jﬂ:!ﬂIE- mowe  (uavent
% Sploa Avays coe lgpitally measwed by the elaclsial poued
[:[rg_H Prcdute 10 Watks , Kilowatés o1 ecen M’ﬁﬂ Watke -
ﬁ'ﬁ.& Shews the Aiffewente belween (ell medue and parel
ord Avfaﬁ*




Most Sols Py Panels have 3o to 3b (bl (onnected ih Savies.
Fach (ell Pm-:lucm apouk o5V b Sun lta\hh . So a panel paduces
bV ko 1BV

— These panelz Qe dﬂ#ﬁhﬂd to Cl'ma?je 2 v Potteries « The Garenk
dEFMﬂ') on be Size of ech Ll and He Solar Radiation Infﬂnjibg-

Mest Cells produce a Cument Of @A o 3A In biighk Sup lighke
The. (wywenk i Same I &MH (oll hecouse Cells aw Connecked
\h Seades
¥ So He modules e |inked together to jorm an E,ﬂmﬁ’
Mast PV awvays tue an \pverkey ko Converte¥ ke De powey [Dﬂ)

Pioduced by He edules 1o Altevnoting  Cuvsenk (Ac) ot (an plug

lnto the exitting Infrashuckne lo power lights , moton an Db

Fonds * :

e
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fisis
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 [O000D| |[ooad
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H%IE a00g
©|pdoo (R
2) SoR CELL NN HEDD
) s Oooo
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xSf‘ﬁH"LH HEATING  TECHNIGUES

Thove ane many U323 i Jola Emrﬂ’a” Direct thevmal Applications
Involue the direck e Of heal thereby Tesulting the absowpbion of
c{\aim Radiation j?bb

~ Space. Hearting and ceoling  Of Residentes and obhey buildinga

~ o pdinde hot watey Jor Such building

— Lo provide heat Jor agnieuttual, Thdustrial and Othey

Dyexostes thak vequire only Mmoderake Fernperatuyes
. ¥ Varicws Solox divect thesmal application Syptom Q-
Ao cunsed briegly  here -
SoLAR WATER HEATER

Tt 13 o device bo heok wakeY u-!fﬂﬁ Solaa Emz:gaﬂﬂlm LwateY
hooters aye one 0f te bek optiens bo be odapisd 1b Mo Cleve loping

— Soloa Water heating Systems e (ommencally produced 1 the-
Cpunb?  Moste 8 Hhe Sautem; avelable \h Tndia ate dﬂrﬂ.nzcl o
Guu twater Lerperature. from be'c b qo'c -

y These are Juitoble Jor Drehecting the Jeed waler of beiless and
Processing  treltries ond hot Water applicatlon n hotels ; Bakferie
Trlusatrier ety

The kevm dplar Waker Heat'&rl Inclecler @ Conventional Flak
Plake (ollector Wit either * thevenosyphon or forced Circulation
Hlow Saatdm"’

¥ A Solax water heater hovmally Consists ) the Jolipwig Lomponents

a) A Flat plate (olleckr o absowbt Solar RHadlabton and corvest [
Into Ehesmal Emeu'

9’1 5?:0“35*“— Tank to J‘:EJH weter for e and (old wakey feeding Hie
Flak - plake Collector |




0 (onnecting pipes Inlet and Owtlet for fesclig (old waker faom Lhe
fSImnﬁe Lark ard Eamhﬂ hol water o lhe Stovage bark oy point o

thre -

) "THEEMUB\/W-JGM PR NATURAL ClRevLATioN SYSTEM

the Schematic diagram of a Splar waker heder Wikh noksel

Civeulation mede B8 Showo & fig .4

X Th tho S‘aékam, He Cirtulabion ©f heated woler B ottomplished
by tne Nabsal Convection = A Simple- Small tapaciyy Nakural
Civealakion Sgahzm & Suikable Jor demestic- Purpase .

— The Stovage kowk B an |nsuloted Vessel and (o *hwe
};MEH- Ore. s ko allow the hok woker fsom the (ollector and e
Other pre 8 ko allow the (old wokes from the Maip b0 Wach the |

boktom of e kank itheur miahg itk hot woler -

X Thee m&!{:wp putlen®. one B for He withchvawl of hot water
and the Okher One i3 Wwed to foed Cold water o ke (ollecor Inlek-

~ The bawk 1t located above he level of tie Collector  The entie

lengt of e (onnecking pipes B Covesed Witk glax-weol tnsulation

Ly yeduwce the heat lags -

Return line
f yom (olector

S
o

S &urcﬂa

Tank.

s Hot water
Outlek

e (old tuakey
Tnlek

Dowin comey

};‘-,34; “]'F,ermp,sﬂphm or Natwal Cireulation Waler Heotoy




i)

At wales v the -jlﬂl' Plale (olleclor 1 heated by b Colm L”“ff'd.'“'

b flows auiomatically to the lop pp bhe walker tonk dueko Lews clemsity .

— The Vatuum Creakd by tha flow b filld up by be ol woles
Ayom bop o) e Storage tank . Wwhenever |E s dpne , Cold Wakey
Qutomotitally enkexs at the botom

X An ﬂnx‘tlimau healing %Htam s Provided for we on Cloudy ov
Raing days: Typically , Such Systems have (apacides Yanging Jrom
oo lives o doo |libes armd adequately Suppley Ho neecls of a Family
o] Jour ov FHuve Ppextons
FORCED CIRCULATION SVSTEM :

The Schematic dfcgmm ©f a Solan waler heatey With Aorced
Civeulation Mede 13 Sheewn th Jg- &

— In bhis Siplem. ,a Small waker pump B tequind for ihe
Jlow o twoles bepsen Plab-plote (ollecior and Sipyage Tank

¥ The collectort Can ako be (onneckecl th Sesies for high uokex

Lem povatne 1_{ seqjreived -

| ——>—— Hot water
| = Lead
Rebuvn Line S
‘:rrnm (o llecbor fﬂl‘tfﬂe
Tank
—<—— Cold twatey
£ (ollactor
/ 1
oo e
Tnlet line to
Collector

Hg-2. Foveed Civeulation Saﬁtam ;

[ R e -



LN 4 WIND ENERAY AND Blo-MASE ENERGY

| NTRepueTION To WIND ENERGY

wind Power & the (onveysion 6} wind Enexgy Ibio a Uisefal
Jovm of Enegy Such as tsing wind knbines ko Mmake elechioty
toind Mills Jor Mechankal powver, wind Pumps for wales purrping 01

hainap o Sails o propel Ships

SpuRce OR ORGIN OF WIND

Wind i3 Pwduwcl by the bnauen ]’mHng o the Eoaihls Surjace

by tnergy Joom the Sun

% The poles of the Eouth Yecoie less eneggy Joom Ehe-Sup than
He- equator - Ams-na these bwo, the &rﬁ land heats up (and teols dewn)
Meve t’lluie::lclﬁ then Sea -

— The difjerential heating dyives a gobal Atmospheric Cenueckion
\Sgﬁﬁzm ?’mc}:ﬁ‘lﬂ Joom Lanth’s Susface lo the Skvatosphere which acts
o a Vivtual wiling -

¥ Since the Farth's Suiface b made o different kgpes of lard and
Watey , I @bsorbt Sur’s Radiant Eneigy ob different Takes : Muck of
this eneqy 1s Conerizd ot heot o3 lk 5 ablorbed by land 01008,
bodies of twoker and e air Oues Ehese Jormations -

— Ona f]‘{Dhﬂ-ﬁ Scale , e Non - uniform thesmal efjechs Combine
With e dynamitc efforts from be Forih's volabon o prockce
P’mx,lnjlina wird Patkernt -

X These Ove QMo Mimo¥ Chonger I the flow of e aiv asaveselt
of ke diffesential heating ©f Secx and Lond. “The nabewe of tavrain
Yanging From mountain ond Valipﬂd to move |ocal obskacles Such as
buildings and trees also has an Importark effect on e
t Digin o Wind ?




+ o ‘ L]
bfpmmﬂa p dmmg Amd ime , the aiy above land Mags bonds to
heal up move Yapidly than the it abeve water .

X Tn Coastal Regeen, it manifests [ESelf 1p a Skrorg on shore
Lind - _TﬂtNi@ht time ‘,, the Procest 1 Yeversed betousse of He aw
Ceols deown move 'mpid!a over the Land and the lyeeze, B-p-mjtgm blows
01§ - Shoro- Similoa Process Occened in mountains and Vajisahu*'mmfi:
Creates t Locad wind ”-

¥ The S]md of wind i 0ffocked by the Surface ower which
It blowt - Rmr.ﬂ!'t Svafaces Such a3 areas with breer ard bLl:licifnad
Produte Mmore JricHov and Turbulence than Sppoth Surfae Such as
lakes o3 open Caopland -

— The grealer Friclion means bhok. Hhe Wind ﬁ'-Fﬂﬂd Neaz the
3‘imurd 8 vecleced - Mmsk of b energy Sloved 1n ihese ¥ twind
movemenks Com be Jourd ab high Alblude there tre Continuous wind
Speed of cver |bo km [k octuss

% Bventually , He wind enexgy b Converked thyough frickieon
Into diffuse heat Ebroughouk Lonihs Suxface and Atmosphese .

CHARACTERISTICS OF WIND ENERGY

| Wind - power ‘Sﬁﬁ‘“" do nok pollute the Atmosphere -
Q- Fuel Provision and Transport aw Nok Yequired th Loind -power

%ﬂkﬁmﬁ

3- Wind Em:{gﬁ B a Kenewable Souvce ©f Enexgy -

4 Wind Energy hen pacduced on Small Stale 5 cheap. but Ik &
lompetitive tith Conwentional powet gereraling .Saggm when
Docduced o1 a Lmﬂz Stale -

ININD SPEED

Powes b the wind b Proportional to the Cube of the wind Speed -

The hiﬂha&. twind Veloeitles ate gww.mHEr jmkﬁ on Hill fc:p;t,

|
i

o



qummA oot and el al J

Winp DATA:

The wind 1 measured on the basis of many factors Such al
Time ﬂm”‘lb-rmﬁr‘bwdﬁ& allocated  for the Measurement and Acarags
Needed for Ho estimabien -

— Tk u betkey bp e h’}af:rﬂlﬂgimﬂ data or cvl avation data -
Qag{faﬂg, e memsusemenks are tind J‘Przgq' ard wind dhvection

¥ The Skardadized twoind data Should ke twed Similor o a
retsologieal dlegastment. - The. Metrolegical depaimert: (olbck clota
Can&inu.ﬁmlbe abeut wind frort many iz porit and Jrom
anemometers locaked ak lom heiﬂhg thorder b Jollow tho Luorld
Skandand




Typre of WIND MILLS

Based on khe axis 0f Rotation of the Yolor , Wind Lurbines

ae :J'mrtma E.}aaaﬁiui 23 L_-]bHa::uJ.i ’
| . Horizontal -axis wind Machines

8. Vestical - auit wind Machines

LeR1ZONTAL AXIS WIND MILLS

Ta horizontal Aycis wind mills o tuvbings , e aods of

Rotation B8 hovizonta)! with. vespeck o e ground
_ Th b Cose the voating Shaje B Davallel to the g
ord the Blades aw perpendiewlar to e Groanel
X Heri zontel - aacts 6% Propeller- bgpe Yurbines awe more
Cotnmer. and mghrg Jeveloped [ﬁa{l..l' Vertical - axis Hebines”
‘trﬁ“m"! Shows @ Schemabic avvangment o a hovizorial axis
twind Aubine « Altheugh Hhe Commen wind ko With a hotzort=tl
Qgis b Simple th prindple Yeb the- design. &f o Complete Systerni
&sfnciallay a lame one thak weuld Drodece elechic pouey
economically v Complex -
K Te O Prfmﬂ 1m]:-m!;m1n. thak Ehe (omponents Such as
Kotov 4 Tmﬂﬂm"“'bﬂ- ,-«Q'E”“ﬂ*m and Tower Should not antg ke as
hut ko lfﬂlaﬂ st function 0 ffeckively Ir?

o -’.!ﬂﬁl

RIx Jtent Q8 PD,'U 1ble
Combmation -

— Hovizontal Axis Wind Tesbines “MNT) have the main
Rotor Shaft and electrical Generaloy al the lop of the towes and i
st be Poinked \nko bhe wind

¥ Small hubines ave pointed by a Simple wind Vene Lhele
'me:ﬂ?‘ krbins Wﬂ”ﬁ we a 'twind Sﬂr}snr'rfmplad with & &Tmmlﬂll:ﬂ’-a’j

I

e e PR T
E C P R .'l



Maest o] therm have a Qe beox Which fnns he blades ‘”'ﬂ“"'f
Ihte a C[chk Rotatien tuhich 13 move  Suiable ko crive an Eleetsica)

Gieberaiey -

¥ Sinee a towes produces babuelence behird b, the brbine U
Wually Pointed upwind &f the kowey. Tutbire_ Blades Qe Mack Skigf
ko prevent Dlades from being pushed Into a bower by hegh winds

iz Addrﬁam”b& , e blades me placed at a (pnsiderake Adtane
lh'jﬂmnt o the torwey and ﬂﬂé’ ae Seme timed Hlted up a Small Amewnk.

5 Dot wind Machines” have beon puilt. despite. e Proiem o
Lybulente becawse Hﬁg Ao nob heed an additienal Mechonism for
Keoping boem 1h lihe Witk te. tuind and hugh buinds

— The blade:s Can be allswed b kond Which veduces thed Suwepk
Onoo and Hus B Teduces bheir Wwind Resiskance

¥ Since He Cdclitz tusbulence may Le.:hd o fabﬁm Jotluzes , most
HAWT: cwe of ' Upwind Machines *
ADVANTAGES !
. Variable blade piich Lwhich 3we¢5 Hhe knbine plades te opHmum

ana[p, %a[:!:at}f

. he Tall touer Bate allows an access to Skvonger wind b Sjkes
Wity twind Sheon

3. Efficientyy 13 high

4. The face ofa hovizonkal axit blade 1 Sauek bH te tind Ot a
Consiskent Angh Yeqoadlest of Lhe- position Ip b disection:

DisapvanTAGES ! |

- HAWT  hawe diffieulties W Operating 10 Nean Quourd and durbulent
winds « These fone , Tall Towers aQu Kequiad -

g+ The dall touert and blades tpio qom long @ Aipficalt o

hmpml:




3 Tall HAWTs e diffiwlt to Install and they neecl Uery Lall

/)

are) expensive  Cranes and Skilled Opevators
4« Mmassive boweyr (onstyuction & Yeduird ko Suppmt heavy blades |
Gecyy box and Gerevalor «
5 HAWT, vequive an cddilonal  Yaw (ontrol mechanim bo keon e
blodes lowards twind -
L- Detwn wind Variants Suffer fiom Jatique and shuctural Failuos
Cawed by TTewbulence

A

wind
_ < —
ooy =
Wind mill Heac) Tail Vane
§ !

L -
Su[:Po:H'rﬁv
Staucture

Wfffffffffffffffff/ﬁ—m?_?__
5

Flﬂ - Honzontad  Asei el nil]

S



VERTICAL AxIS IWIND MILLS

Th Vertical - Axtt Wind turbines (VAWT), the main Kotox
‘Shafe. avvanged Vevtically and the axis of yotation 18 Veriial it

TE;PEEL o the (Gpound

F‘g& Shows a Vevtieal axis kgpe- wind Machine - The Fc’e%
Odvantage & Enp cwangement B bhol He Lobioe Soesnot noed o
be ponted Into te wind Sheams lo ke effective bocouse bheiy opeiotion

i Independent ©J wind direclion and hbwse Uerbital axis machines

oo Called * Panemones ’

- db 1 an advankag on Siked there te (uind divecton
hiﬂ'”ﬁ Venlable . with a Vertial axis kakine [ VAWT), lhe gerevater
ard Gembox €an be plased heon the ground So e kowes dloes Pk }
Need ko &A?pmrt (b and £ & meve accessible o mainkenanie |
% Drawbacks ove thak Some designs produce pulsatiig Terque:
Ti & difjitul & Meurk. Vertical -aats fnbines on towert because they
e Often lnskalled hear the Pose on which- they vest Such a3

ﬂlarnund oY a bu'rldl'rﬂ Yoof top
— The ting qud- 3 tow at a louxr albkude - So ok ikind

enexgy i cwailable Jor & guen Size ©f knbine - Aiv Jlow near te
Ground and  OEeY pljacks Con Cuecte burvbulent Flow which. can
\nbroduce. Istues Of Vibration Inc.'ludrhﬂ Neise and E:em;ﬁfa Luea
Wwhich. ey Increast He Maipkenance O Shoiten the Sevvice Life -

% Hewewsy , When @ Lbine i3 mounked on o Yoof top, the
building genexally  vedlivects Wind Ower lhe Yeof ard ik Gan deuble
Bo tind Speed ab e fusbine

i I.,:!" the. I"—llghl'. o} {'h‘-? Taq.{h:-lp piounted  Eurbine dotver L8
oppesimately 50 4. of the Building hoight b 6 nem ko the optimu
poink for maximum wind Energy and Minimum  Wind Teabulerce




v(j-;]plt.'-. I(Iﬂ'\ﬁ’& Dy U{:"Jl.it'd[' - (W18 Luird lcnbingy cve M ol

1+ Dawiens Roto

5. Savonius Koto¥

3. Multiple Blade Rotor
4 Musgrove Rotot

5. Evant Roto¥

Q) DARRIELS RoToR

The Yotalor u s}fmped Such as an  Egg Beater and Ik Comisk
Of bwo OF tree (uwed Blodes Shaped Such o CAevo ol

— The dvimha Jovces e Iijﬁnﬂ forces « Thus will wind mill
Noecs much less Swaface Avea - The masimum tovque. Octans When
a blade B Mouving acess e wind of a Spad Mmuch high thar e
wind  Speed - |

¥ Tridat Mmovement may be \hibaked with the eleckrical
Generaloy twed a3 a Molor:

b) Savonivs RoToR

The bgpe of wind mill s hollow  cybe Ciztutlar Cylinclex
Sliced 10 haly and e Wolue ave meunted on A Vertieal Shape with
a gap b bettoeen them -

— There 3 @ Complicated Mokion of wind thwouga and around
e bwo Lumed Sheek Aero Joils votates by chag Jowce

¥ Torque © Preducad by e Pressuie dipference betveen e

lwe Sides of the halp Jacing the wind - Tt b quite Epjitiect buk i
needs o lounge Susfacs Avea . Tb & Siwple1p Construckion and & 3

h Ex.Pansqu. :




) MuULTIPLE Prabi -]W,L

Tt s the momt widely Led tgpe o tuind mil) - Tk has 15 4o 20
Blades mack fiom mekal Sheets -

X The Sail kype has Hhwee Blocles tade by Skitching bub bviangula:
Pieces of Canvas Cloth- Doth these lgper vun at Low speec of bowpm
ko 80 Ypm -

d) MuseRroVE RoToR
Tn thi Rotov, bhe Blades ase Vevtal :fb:r nevmal potver Gerexotion
1 Rotoy hos an odvantage of Foil-Safe Shunt down in Skrong wirds

e Evans RoToR
Verticat Blades fwit about a Vertieal o Speed Jov ookl and
a ﬁ;ni!fSajt‘e, Shut Adetwn -
¥ Othes bypes of wind mill avallable Jor the Power Gereatio x|
Four - Plade. Pukdh wind mill and Piopeler ype
Hﬂ-;}. Shows Variow %-peﬁ of \eatical - axit wing tusbines

L‘IAWT.::)- Rotpy Can alo be clossified ©n the baslt ©f thery mouerent

ar Variable .,SPud Yoot ©1 (onskank £Peﬂd Rotow | I.
¥ [or Wales purping and Small -patbsg operaken, Ik

Aositable ko allow He- YooY J:Pu.d ko Vowy However, Jor the Longe-
Ccala Grenesabion 04 electmtiby 4 It 13 (emmon |p ﬂf}g‘i’mmrw;rﬂ trwbines
ok Conttont Spesd ?

P\ aniable 3Pu-cl wind Rnbjmﬂ e Somekimes Ltbed\fmatemiﬁkﬁ
qeneration buk oo Power electsonic. Joequenty Corvestey 5 then
e uiredd o Conneckt the Veanable jﬂqmmho Output of the wind

Luvbine to the ‘-.rlﬂcl Jrequency 0 ihe electrital Sysern




{mﬂvi Aeratoil Bladk,

/ [ tatanen " Shape.)

X
X b5m
X |
Veskrad ,-'-'""_7 ><
(Shn‘_.f}; l><
ﬁmf pto?
B

ﬁ{i:? Verbed axis tind mil]

ADVANTAGES

[. Deigns withput  Yaw mechanisms ave- Possible with fixed pitch
Rotor designs

2 VAWTs May howe o Lowesr Nolse Sighattre

3* VAWNTs Situated close bo the Gaound Can [nespase the Lund Velotdy .

A VANTs have Lpwer wind Stentup Speeck than HAWTE - Typically
bey Stet to Qerczate eledricity at 1o km/h .
5. VAWT; May pe built ak locations where tall Sbucte ax probibited

DISADVANTAGE
[« VAWT Which twes Guy tures to held [k, Whole Weight. of ke voios »‘saf‘:rﬂevij
o+ The Tevertal b} Shor [nprecves .the chane ©f failur by Jotigua. -

3. Changig of VAWT Park neasly Impessible tolbhouk cismantlig e Stuuckuns
If & U nok desgred Paoperly .

»




TYPES OF WIND POWER PLANTS

. - i
| KEMOTE OR OFF-GRID WIND POWER PLANTS

Preas twhide awe Yermote bub awe blesed Wit geed Wind Spied
and J:"‘T”M‘J heed @ “}““'ﬁ Tembine. Which & Maibterane Jaee or
Low- treinteaane. fov lﬂrﬁ peried o Hime - These pper of knbira @e
Known a3 ® Yomote Wwind power inbines !

¥ Thee pows plang aw fied b Situations b which Yewote or
Non- Gaid (pnneced powser is needed ot power st alwag be aueilobl
:FJE oxample 4o Keep Vaceines old ov a Rural clinic's Lﬁhﬁ on o7
Cormunitatons M}ammb ‘I:Jnr‘?irﬁ Eont?nuamhff-

9. SmaLL SCALE ok STAND-ALONE, NIND TURPINES PLANTS
T i3 mowe Suidable- Jov Small Stake Wind pavey' Such as
Apmestic %&Mrﬂ F!al Shows. the. (pmponents -and lie opraigement for

Cmalt Swbe demetic wind pouer Sgitem |
¥ One Choice 1 I hawe litle. Contaol 30 thek the Cuipud ¥ of

Vasiople Velkap- Jor we & Heot o1 Rectified poway - Such a lfpe
Powar Supplp B Wy L J




J"‘R 'iﬂﬂt!iﬂﬂlﬂ‘ Small ampant t'j powwe that wt-'ﬂ”(au hat lobe (entolled
at oy 240V [50 Hz o liov [bo Hz (anbe obtaned from botisies /%)

b’d [noes keas
— Howewey & B prefomed Io hawe elechicity at (onstant frecuency .

Macharical (onkiol and piick. power Conbsol €f wind durbines ax qenexolly
used for *Constant Frequency Gerevation?

";) MEDIUM ScALle WIND TURBINES PLANTS

Medium Scale wind power plants 0w ted ln Voriely § plact
Such as Communiy Gnter, Haabtn Clinie or Jcheol
X The Posic amm of the Wwind duybine 1 1o be o diesel fawer:
The dlesel Jenevator’ Jupplies Power | wind lest perieds
— A teasonable cmeunt of diesel fuel (ould be Saved with a-
Conlbrol Strakegy and Srau{#m avchikectine. wWhich alloevs b Jhuﬁ?r?jdan
Lo diesel Genesator when e twind & Sufficient o Carvy Mo Lend -
Tr this (e, there e hwo oxbspme Modes of Operabioh -

@SIM&LE MODE ELECTRICITY | SUPpLY DISTRIBUTION

T i3 wually a ihree -Phase &.tpplﬁ thok taxes Singte phase o
domastic dusllings Witk Single- Set. o) idribution Cables ard e Sptem
Opesoles b a Single medk At fixed Voltage &4 hv maivleunes! Sepply

Without Load -n’unaﬂwﬂlh Con el dipm uauaHEr en ﬁamfaﬁm
dueto non-availability ©f Lind -




The diese) 1 either left on [ﬂ.’ﬂ:iﬂuﬂuﬂhj Swikth-0ff when extesive

Wwind bletws -
- G{qn:amlfbu,q Ia}ﬁu arnount (owey To ) o] the
B o ke dumped Inio @ Oukside Resistor bopks Owing 10 e mismatch

Qupply o demond th w}fﬁﬁ tonditiens Shown b ‘_fcﬁ;

b) MULTIPLE - MepeE DISTRIBUTION

wind ge.m.mhd pouey

C}Vtig He Loads on bhe Excpensive Supply o E““*bh’:f ko ,$uppz.af"
Pocver bH a diese]l Gerevoloy witheet availabiliby  of wmﬂ]'ﬂ

% The Economic advartzge Of mulbipe mode pperalion & wed
at all Hmes- Hg 3 Shows Sthemetc avrangunenk of mulitple - ade-
Jdupply of Wind / Dieel drepply -

— Lowp and Mo CD&H&f huvbines Generally have- Qeared it
Petwer boum {foi Ac Output- Also, troy ave ackiely Jocused thio B
Lind - |

¥ Dhect Ayvive Generators and Aevo eleubic bltades Jer b:rﬁ-l
tuind Hibines  Oge bsu'rrﬁ vesiarched - . -

——a —— i —— e s ATy



V)

Hywuw WIND POWER PLANTS

Wind s nok fully Reliable - So, toe Cannot depend on Wind Alone
Jor gemesating poceer

¥ A wind pooes plank i (omlsinad with Some otber Renewable Sourto
b} lrnerqy Such as the SUN o1 Solen Enegy o get move Efffeianey . Such an
avangemenk b Wrown ot b Hﬂbn!:} Awarg;zn;-eng,"

DLtﬂng wind Resownce available Peﬁad, Hﬂ-‘.%'ﬁtﬂm m@h}_ LuenK Ol
Sugle Spiem. to proctuee Eleckicityy - Demng peaic peviee] power domesed,
the. ]—wbﬁd Splorm s m:ui:-lap twed 1h oides ko Mmesk bhe demord -

¥ Tnaddition , Some tHimes | the Powwey %&bzm mﬁbb add * Piomass’
by ﬁadw oY Othey 3ﬂnﬂmﬁnﬁ sﬁyz Sources tn mhﬁbrﬂ Jgﬁham brsed en
te Lotal Respure Am}tab‘r!'r%»-

LiriD (ONWECTED WIND PoWER PLANTS

The Conept B8 Similar o a hﬁbﬁd Systom. and e wind  powey
Plank B used W Conjunchon With o mai gvid | Whick. Supplies iz mast
o the power -

.3




The Maw foposs 0] te wind knbmes & Lo Supplemeat ite trerqy
ﬂ';?ujaplg Joo b2 Gaid  thewad {he maw junr&i'e:n n Lhe Fﬁhmi ..FHsan Mo
(omplervent lhe eresgy Supply:

— The jg 4 Shows Schematic Qiamement 0f  Gaid- liixed tuind
Potuey plark -
Vi) WIND FARMS

tind Foom B a Collection of wind turbines fov genesoling power
I a gaen ama o Ublily and hence, Bre harness of wind Joe i
a (olleckive Mornex amplifies e Ejeck 0} a Sige Unit

X These Cﬂrﬂjmﬂﬁﬂ'm ae lued at Vayieews locakions deperding
on the Condilions of Regeon and tne presenco of olhor Sowiar Jox

— An opHmum. mix would Comsist ©f an Ingepiows tombipation
of Vaviows Sowes 15 de ket Fesibe hoenner -

SITe SELECTION For WIND ENERGY SYSTEMS

Mainly , Jou Sites are Selected o Install wind mills for tre
Cxbyack of wind  Eneigy Tﬁmd ave- as Jollows

U' Plane Sike-

1y Hill kop Sike

i) Sea -Shore Site

l,"i) Off - Shore Shallow waker Site

The main Considesalions Jor LSalt!cHng a Site fov wind tuvbine
|nstallalions aze a9 Jollotws

|~ Wind Fooms ave |peated away Jom maip Cities to avpid Residene
ko e v Mowment Cyealee bb' bu'l!clirﬁﬁ

5. Wind Pouer b based on the wind Velocikyy a8 Ho wind power 1@
pmmamai o the Cubic Power of tuthd Spead

e T T e U E . DI,




3. The Seleeted Site Should provide Jeod aurage of wind Velooly
vaﬁd—wui e Year (ontinuous Genexalion ©Of Energy -

A The popoied Sike Should be Checked Jox high altitude Aue to
L@;_mhg Luiings ‘

5 A Stable Guourd 1 Seleckd

L Small lyem ard Goass aw avoided tindey wind mill Inoxder o |
minimise the lnstallakben (ot ‘

7' The Sike Showdd be neay the tonsumer fos Tecusing the Cast ond
Evansmission [o%e8 ©f kpe Jenerabed Power: |

8. Wind direckibn . 6 ake fonsdeaed fos the Sitke Selection -

q. The Land tost Should ke Javourable S0 that the- botal| Project (ot
3 rinimel.

o T@gﬁﬁmpﬁbp Such a3 Mmeoubtain gap he lps o thannelize ard
Spmdup Lwirels -

II. The Selecton of Coostal Awa o Lake Area for wird mill inska llaken
5 Jowourable because land Genotates wind of Sufficient Speedt

13- The Selected Site Should be easily Accessible lo provide e transpert
Facility Jor bre prection of equiprpent: and Skructuies csuell as for

Mainkenante
PERFORMANCE CHARACTERISTICS OF IAIND TORBINE RoToRS

SolIDITy

Sﬁl'rdil;ﬂ 1A daj{rmd as the peytentage of tirm;hjg_m of bhe
Yooy which Conkaint  the. malevial  [nkead ef alt)
K Solidity & Caleulaled by

F“ﬂ”f‘ﬁ“ % Slidity = 318 x No-of Blacles x Blade 'Widi x Roter Drmha?




- HP-SPreD Rane
Tt 13 defined as b volio o Speed of te blade Tip of a Wind Mil

Rolow to the Speed 0} Free toind
¥ Tr 1 a Mmeatne b Knot Hm,rﬂeawr'}ﬁ Ratio’ ﬂjﬁgﬁﬂw.

i

Tip- Specd Ratio = Blade Tip Speec]
Wind Spesd

3. PeRrormANCE  COEFRICIENT o
The prcportion Of Pouwer Ip e wind thok the- Y00 lan exbock
b termed as t pexformante Co-efjiciont ()’
-k Tt & a Junclion & Tip dpeed Habo which. B novmally wred o
dﬂ&i[ﬁf the 'Eﬁll of Kotor -

4 TORQUE
Tk 3 the taning Momesk Pavduced by ke Roloy - Tk Aeos. maibly

deperd en Soliditg cncd Tep Spoecd Ratio of the- Rolor -
PERFORMANCE CHARACTERISTICS OF WIND ML
The. Lfo”aang ave he ‘:b.lir Im,:mtant char:ﬂc."_e}i_!b"ml of te
Luined Speecls -
. CUT-IN WIND SPELD ! |
Tt 13 te Wwind Speect When the Machine begum to Predute powwer -
Tt b typially betwesn 3 mls and 4.mls (1o km [ky ond 14 ko [he)
'Dg. DESIGN WIND SPLED |

T 1 the twind Speed When the Windmill veaches [ maxdimam
E:H}'u‘an%]--




RATED WIND SPEED !

Tt 1 abo Called ‘Narme Plate Capatiy > Tt v the Wind Speed
twhen the machine Yeackes 1B Mozimum Ouipt Power.

X The Toked wind Sped & igpically. apeut 15 wfs (54 Km[in)
CUT-ouT WIND SPEED

Te o He moximum Safe werking wind Speed ard b Spoed ak
Which. te tind ksbire i dosigned do be Shuk dewn by applying biokes
ko prevent darnay to Hhe- «%ﬁkﬂm :
) STALLING : |

Te b the Se)f- Cowecting oF passive Shiotgy Which Capbe Les
with fixed APaed wind knbines -

—As e wind Speed Increass, the wind angle of atkack e
Wniil 1L weaches I Skalling Angl - |

) FURLING OR FEATHERING

Tt b a bechnique devived from Sailing b which tre. pitch
(ontwo] of be blades 13 Wwed to decease the amgle of aliack tWhich
b b veduces the Y on blades
1) SURVIVAL WIND SPEED

Tho 13 the maximum ipﬁﬂd thot a gewen loind Huobine 3
Clongredl to withskand above which Il cannol Stevive

X The Suwival Speed of Commerical wind sbine: i3 |n e vane
0f Bomle (180 km/hr) o 72 m|S (259 km [hv)




Piomass ENVER&Y

The enerqy obtabed Jvom ﬂi’éanfﬂ Matkey Aerived foom
Biplpaimj ﬂ!ﬁﬂtnrirﬂ.& [plants and Animals ) 1B Known a3 !Bi‘a E““j'ﬂ’
ov ¥ Bip mast Enﬂgb-’

— Animals {eed on planis and Plants grow bwough the photo -
SgnHﬁSFS Process wsing Solax Enesgy

X F’i‘}a PhDEﬂJanH}EéfS Pﬁﬂﬂlﬂ ¥ PﬂmaﬂiH Tﬁlpﬂnﬂﬂe fos te
ﬂﬂ_ﬂﬂ'ﬂﬂﬂ-ﬂ ﬂ..{' Biomasst E.I"LEIEH* E;ngaﬂ Enﬂjg Resousced s cvallable
:r-mm bokanital PIN}B,V&&EMHQE, Alﬂaa,;%}mals and D'Tganijnﬁ Hu’mg
on land &Y In LWaker -

- B}gnua!s RM[}H’IEEJ ave rnainlﬂ dax—syrﬂd intp oo ::al:zcﬂmiﬁ& .
|- Riomaus Jrom (ultivaked Fields, Coops and Jowasls
9. Diomass Jmm Municipat Waste , Animal Durg , fomt Watte, Agnculizial

weske , Bio procest winle and Fisheyy toste - |
¥ Piomass Enagy mMay ke taansfommed eithes by Chemical oy
E’Jﬁaicﬁr"tﬂi Processes bp  Produce \nkeymediate Bip - fuels Such as Mebare ,
Droduces Gas, Etharo] ond chaacdal 2it;

— Blomass Uycle mointains the envivonmental bolara o] Goggen,
(D ,Yain ekty Biomas B wed Jov prodating the Procest heat and
Electaicity , Gaseous arel  Solid fueks , Liquid ond  Chemicals -

Biomass RESOURCES

Piomass Resouscss Jor Eneiqy Psoduction entompass @'
Lide dPaChum 0j rnolenals Yanging faom Jorast, Aﬂnf&t“ﬂﬂfﬁq‘?uaiufmﬂ;
{ ﬁrmh ond Sea woles) and Industaial and Sotial ackikter Such as
oA Procesting . Us ban Refuse etcy |




) JorEers

Fovests , Natsal 07 (ulbivated | Sevve a8 Sottrces of fuel weeel »
Chartoal and Produtes Ged - : -
— Seme :fagt growing  [nkensive tyoes Such as Eucalyptas , Poplar and
Pine- Qe SPauaHH Culivakd Jov e purpole of tnegy
i) AGRICULTURAL. RESIDUES

Cyop Residuss Such v Skraw), Rice huwsk, Cotonul Shell, Grovndnut
Shell .-5t£f}9-1 @he- , Baﬁgﬁjﬂ ke, axe Smiﬁm} to obtaip Preducer Gos:
i) ENERGy CReps

Cestaln (ultivated plank Proclute Raw makestal  for tE-Tafdhdd-’.
‘Tﬁaﬁ e o Jollows
a) SuGAR CANE ! .

! "

Tr b a Raw material Sowrte Jov Bio-etharol - The Sugen cane.
Stemt are milled o Obtatn b Cape juie whick B Subsequent el
Jor Sugan ( Sucsose) 0v Altokel (ethanol) Production -

¥ The Residual Fractien Jrom bhe Sugax cane Skom milling 1
Named a3 baﬂm’- Dne-third o) te lotal epexgy ¥ available I
Sugoa Cane and another Similoy amount B available In Bagosse, leaes
ond Cang l:aps~
b O PRopUCING PLANTS

ol producing plants Such as Sun Jlower , Rapeseed , Palm oil
Castor oil, Smdbmn , Goound nuk and  Cotfon Seed hare ke Capabiliba %
Pooducing  bnergy - .

1{9 AGUATIC  PLANTS

Some Water Planks qow veiy Jesk and proude Reaw moterials

dov Producing Biogas ov  Ethanol
—Thee oxe Water Kelp, Seaweed ond Algﬂgﬁgk’;




V) URPAN WASTI
Uvban waste 13 0f due dypes - They ove guen below -
A Muntpat Solid Weute | MSw)
b Sewage ( Liquid woste) .
ADVANTAGES AND DISADVANTAGEL OF Blo ENER&GY
ADVANTAGES OF Bro Everay

|- Tt ¥ a Repewabk Sowce

2+ The Pol]u!:ant Emissions Joom  (pmbwkbien of Pipomas 012 Luud“ﬁ
losses Hhan Fossiel Fuels-

3. (ommestal we of Bio mass may auoid oF Reduto e Poblems ©f
Woske- disposal 1h other Inclulsies

4+ Use of Bioges Planis- apmit foom Supplying Cloan Gas |alio loacs 4o
Improved and Slabilized  Sanitabion:

b The- Josestry and Agritultural Techubies tohich Supply  fred Stocis aze
Qo provide Stibstantial  Economic | develepment: opportunities th Rual
Agoas

 DisApvantages OF Bro ENeRay

Ol d,hpeﬂed and lard Tnkensive Spurce

a- Tt 6 ojten o] Low Energy density

3 Te 1 alse labour Tplontive and e Cosl ?}.tﬂlkcﬁrﬁ j_ﬂijﬂ quantities
O} Plo may for (ommesical applicolion ¥ Significan .

APpLicATIONS OF [blo ENERGY

Plomar ¥ an m portant Sousce of Enﬂ@a-. and the nmsif}npp?hln-‘:
Fuel Wosld Wwide afley tead, pj] and Notwal Gt
¥ Rlo-Eneqy b the fovm o} Pio gas which ¥ derived from Piomess

Gassifier B expectsd to betome one of the ey Energy Resoucs S
Global Swstarnable Development -




Piomass 0] fer Mﬂ:‘na Enesqy Efjicienty thiough Jown of Bio gas
than by diveet Puwning -
3 Some of the polential applications 0f PBio enerqy axe : (poking .
Mechanital applications , Purnping and Powes Generatien-
Biomass Gastfiess (onvest the Solid Biomans ( Bauitally upd wate,

Aﬁﬂwlﬁmml Residues elty) Inko @ Compustible Ges Mixtue nosmally
Colled ¢ Paoduter Gas’

APPLICATIONS

WATER PuMPpiNg AND ELECTRICITY GENERATION

Using Biomas Ges It 3 possible ko operate & diesel Engine on
Duel fuet mede + Paak diwsel and Past Biomass Gas -

¥ Dintel Sulstrtubion 6f the ovdey of 754 o 801 canbe obinined
ok Neminal Leacls |

— The Mechanital Tnexgy Huu Aevived Can be ted ﬂﬂwjmﬂm:rgrﬂi'ﬁ
o wakey pump Sk for Lrrigotional purpose- OF jo¥ Coupling with an
Altesnator  for eleckrieal power genesotien of 35 kw - 1o MW -

HEAT GENERATION
A :LELU 0} tre devices o Which Jar|fiex Eﬂuidk:g yebvo fitked aie
dwers Jor dwging Taa, Flower , Spices , Kilne Jor Baxing tiles or polteriss,
Fuinow  jor relbing Non - Jovious Melals , Poilers for Poecest Stoam ekt
¥ Dinet (ombwbeon o] Plo mews  hew been ?Ew{?mzad a1 an
Importont Route fo ﬂunﬂﬂi-?c:ﬂ o] prever by Utthzation of Vest amount
Of -Pﬁ*}ftu'l&iml Hesidues , :‘"lf‘jﬁm Indwsbrial  Rosidleer ard forest pastes -
— Gionfims (an be s Jor Poues Genevation and aunilable vplo a
CaFatﬁ-ig boo Kw -
H16H [‘-”'IEI’E..M("‘?I WoopD BUEMJM@ STOVES
Thexe Skoves Sele more Hhan ho. Fuel tue flﬂbnsum"p&bn~




The
4 Qdee Jeduce d]l.t:{qﬂ.'lcl]t of wemen ‘gmfj, time In (ooking nd
’f.-uff (olleciten and (onSequent Healtt, Hazands -

¥ Ihag alo help 1p jnuing' _j"a"mwah' fe.:rd{rﬁ lp tontetvalion
of Foverls - Theﬁ ale Cveate dplegment Oppoy bunities foi People In e
Rival Aveas-

Pro Juels
Unlike Othes Ronewable Enmﬂﬁ Sotnces y B}ammﬁ fan be Convested
Qivectly Into Liquid fudbs and Do fuels for o Lramspoatotion. needs
( Cavs, Tvucks, Buses , Aty planes and Tm,h;) ;
% The Ewe Mot [pmmon bpe> of Bio_fusks' coe

Rio diesel P?nﬁuaﬂc’ L:H plants Such )’.gpeﬁmc[ [If}::u-mrﬁa,)rr Sun Elocwers
ond - oy beans Con o exhiacted and ¥efined tnto fael phich. tap be-

bumned 10 diesel Engwes and Puses
— Bjo diesel Can cibio be made-by Corobining aleohol with Vegetable

ol o Hﬂcﬁnl&d kal;'lﬂ Greases -
X T tanke usd a3 an Addibve: & geduce Vehicle Emissions

[{af?[cﬂﬂg &51;1) oy o B Pwe jbm! a a Rgnmmblg Altearptive ﬁfﬂi’
Jou Aiosel Enamna*

" Eiparol imﬂt Biodiasel g

Biomass FUELS
Bio mass Lt an Di’aanit Cavbon based talevial ot yeacts
Luith Oxygen \h Combuukion and Naltaal Melabelic Procost ko releas

heat -
¥ Some 04 ¢ Jorem avaiable 1o Lsert e ﬁamp below

- Fuel woocl 5 Bioges
3 Chow toad b Paoducer Ga
3 Frel Pelless 7- Vegepable otb (B
Jo-Afesel )
A E}Iﬂ-fﬁﬂmm] | Eﬁe Iﬂ. i I)




I Fote woep
leed ¥ the most Obvieus and oldest Sowrce of Biomas Erergy .
Disect  Compuwtion B the Simplest Way to obtetn feak Lneigy -
¥ Tu Enogy densiy w “lb-20 M:rikﬁr- Tt tan ako ke Converted
ke mose  tweful forms Such as charcoal ov Producer Gas
L CYARCOAL :
Chawteal B a Clean ,.C]QH, Solid Fuel o Plack Colour. :I.:L has ;
T5-80 ) Casbon lontenk and has energy deniy chztmi:jom;rjxj
X Tt & Obtaied by Cavbonizalion Procest of eedy Biomass
bo achiove higber Enerdy clensity per’ Unie Mess’ Tt 1 alko wad for
Making high quality Skeel
3+ Fuer PeuETS !
Cyop Resiclues Such @ Skraw, Rice hwsk, Cow dung et o2
Pressed fp Jorm [umps, Kneen as fuel Pellers” and toed as Solid Fuel -

t.

A Blo-ETHANOL :
E thanel { o Hs DH) B a Coloayless Liqufd .Bfnjdri- Tis Boiling
bone I3 T8°c ond En2igy Aonsity 4 269 M:rfxﬂ
— Tt C(anke derived oo Lot Rio mass ﬁphlﬂannﬂ' J'.u;afu Stareher
or cellulese - [omomeritad  Ethanol wed 1o Ic'ip\’:‘fiﬁlfﬂ dm:ﬁmd Te E’ﬁfrﬂ
5 Bloans |
Drganic wastes from plants , Animals and hunma?s Condenn Rhough
Bﬂﬂfﬂﬂ o (onkribuke. Stanij—i‘mrwﬂﬁ to ePeIgy ‘g“PPFH I mey Aveces
X Bioges b Paoduced  1b @ Piogas Fevmenter o digestors: I e
Roww molerial 13 (ow Maniae ,the Ovtpuk bioges will Contortp, abeuk
Lo /. o bot CHy , 30/ to 40/ (O 4 5/ to |0+ tg e 057 to 07+,
Ny tith tyace amouns of Dg ad Hod .
— Tb enexgy clensity i abeut 83 MT/m?. T & twed for (eking,
Lighting » Heating ard Opesciing Small e tnguves eke

— o ————— !




b

PRopuct R GAS
Weody matier Such as Cyop Resichee , oeod Clups, Bagasse, Rics
husic, coconut Shell 24ey cap be brant foomed to Producer Gas (woed s,
tuatey Gos or Blue é‘w) by a methed Knotwn as rﬁaa\i_f-}"iﬂﬁﬂh ‘#3; Solid Fuel -
X The ga poocluetion cio.pm:b upor the tgpe & biomoss and the
daxge of Giesifier -
VEGETABLE * OILS [ Blo-PIESELS)
Tt canbe twed 03 Such' ov Plended wit diesel maDr‘ajeJErﬁﬁaﬁtﬁl'

BIOMASS GASIFICATION

The word GasiFication limplies bhe Conversion o} Solid Fel lnip a
Gieveous fuel bh‘ a theyme- chemital Methed without Izﬂur;l-ﬁ any
Solid Covbonateos Residue - .

¥ Grouijer 1 equipment Which tonverts Biomens o
Papducer gos: Mast Commen Row Motials e gaen below -

|+ Wood Chips
9. Cocpnut Shells -
3 Shraw |
4 Rice Husie * |
Gfmlfl‘cni;fcm thuoluer  the partial (bmbwiion ard Recluekion opesaliers '
0} Blomass - Wt . i Beq
% In a Fapiml Lombustien: Protess, e (ombestion Draducs rminh»
Coobon dioxide , Waler Vapour, Nitaogen , Ceorbon Mpnoxide and Hychrgen
Poss Eﬁmuﬂh ﬁﬂw}nﬁ lﬂj'ei Of Charcestd for the Yecluction pyocess o
OCLHy -
, Tha Cum[:w_!ﬂ;inn o) 9o Paeduckion Cl:epﬂ.rr:lg on te degree Of
apuilvriaes Gy Nowious Redions - |




!

UniT-V

NEOTHERMAL AND OTHER RENEWABLE ENERGY
Souvreces -

The Eheyrmat Erwjh- (ontaned I the |pierior of the eorth o
Called t Goo Ahermal enexgy * . The Geo theymal eneggy 1 enevnous
ard [ast Jﬂ'-l’ Several milions ©f 51&!5‘H2n££ £ i Called *Renewable
EMSH E

X Eﬂﬁgﬁ Present cn heat (Thernwi Enerﬁg) In be eartb’s
Crwst - The move Tﬁc}di-lg accesible heat B o the Llf,DPa:r ek {Iﬂ P:m}}
Tha heat s _Ctpﬁafmt vamm He |ncecwe Jn bamperawa’z &) tie eorth
With \ncease Ip dipl:h kelow e Surface -

Altheugh higher ond lotey bemperaige occuy, dhe cuerege
Eﬂmp:zx:rhrrﬂ alF o c:lap’ch of 1o km B Sop €. The molten Yock toithin
He corth © Called "Mcﬁm“ '

¥ Tt Comrrmn]'au Pwesent at a dn_pth of about 33 km on an
Querage Wi the. Eemperatuse- Of about 3o00C ¢ In Some places
anp malpus ﬂr_nloﬁfc (onditiond lowe the Megma- o be Pu;hnc] up tpewards

the 5mr’_jhm wheye the heat of He Magma- 5 be.irlﬂ Londescked upumd

Eﬁwuﬂ’l’h an Duaﬂﬂth‘a Rock lLayed
r:I-J. aﬁ'—ﬂ’ tﬁﬂ.!n’lﬂj -F;EJ!’—"I . rm:_?__ hot_ rnaﬂ.m

- Erg-; Shaws a kgpic |
nem He bottorn Surjoce- Solidifier Into Igneous Soltd Rock () The heak |

o} Maﬁnu is Conducked LL]med ko Lhi.xhl |
X Ground Laker tohicke finds N Wag clown ~151'5' the Rock thiough
Cyacks B heated by bhe heat o} Kotk o7 bg rang itk hok Goses
and Sham Com1ng Jrom tagma - The heat B bronsported fiom hot
yocks By Civadoting rotemenk - Then  the bheated waker Lonuectuely
yises tupruoad inko o Poros ard Pevmeable  Reservoir abewe the Solid

Rock -

gheow Rock -




OCEAN  THERN Gy (
FAN THERMAL ENERGY CONVERSION { O7pc)

Enexgy s available frem the- ocon by
f) T“PFF"E] Ocean  Cuwments
H) Ujlhﬂ He Ocgan as a heak Eng.,m
W) Tidal Energy
V) Wave Ehlu’gﬂn.

Rivers, Oceans, Laxge lakes and bays are Wb the Jorm of
Roservows Contidered as Renewable Energy Sou7cet Wwhich ae

hu;ja
teful lo preaete Eloetyical Eneigy -

a4 Tn e tworld, ﬁﬁemrﬂg ava)lable ﬁm::-u_aﬂh Plean B Qiound
b piw - Due b Variow Teasens, DHEH less ampunk Of eneigy

120 x 10
Can ke g{nﬂnm'r:tallg Yo Covonmed - 10 - Of bhe conthls - Suuface i Occupied
bﬁ Salt Wwater” :

_ There ave five Pﬁmi[xtl Drears fl‘-’-_fu“rxdsz

1) Indian Otean

i) Atlarbc Ocean

i) Antartic Ocean

ET.F) Pamj' ic Oteart

V) Aqekic Oteot

Ocean TEC 1 an Eneigy technology that Conuerte Solen

Qadinl:fm jaﬂr‘nﬁ on the DCean .Euz:jfnfa Inko El&d.‘lir_-Pmﬂ' The tse Of
Stored  Yresmal  Energy b*d Splar Rediakion Jrom Oceans wos finst

P"":'Pﬂ”d by a French Ph-d'z.'rc:'sl; A7 Aysonval 10 1881 -
X OTEC Jﬁ&tﬁ.mi use the OCean's Natural theymal Gyodient

The Lﬁrﬂpm’n!:m‘t Aifferente petyxren Warm Surface twakey on te UpPE
Lﬂfjﬁ o} oCean and Cold dzﬂ? wakes pelow boom B abeut JIp°C -




rf‘[] ﬁ”.f 1ﬁH_"-I.N‘H f‘t""lﬂ lﬁfﬂurﬂ (A | Sf:}”;{-j!fﬂ!ll AN Icenk ﬂj Fr"&n.lﬂh
Luu.'ﬂ {1 heymal i;';fvlffﬂl' The Dteant e Ul Ppr:fuﬂh]'; Tprowncos
With lhe Pﬂhrﬂ-ﬂj to help 1h Pradu-:rhj billions of Wott of electric
Powey: |

¥ The (Cold Sea tvakex waed th OTEC Pmmsi ¥ alse vich v
Nulsienk ond Ik Can be tsed b (ulture both Mentne Diganism: and
Plant life Neay the Shore or on lard

Lombert's law Skates theb Lach Iaﬁw of EcIunl thicknest
abtorbt He fraction ef Light thak passer though ik. Solar Eregy
Al tosplion bﬂ' Sea wntey ﬂfﬂm’dﬂ;ﬂ bo Lambest's lew of Abserphion
i gian by
Ax

'[I{?ﬂ = Iﬂ E_"H:‘

whee, T, and T(x) are InkensiHes of Radialion at the Suifac
o-p crd X

K = Exhbineton Coefficient o Absovption (peffitient’

= 005 M for Clean Fosh Wates
- o7 m for dirtH tuakey
= oBom for Sally Watey
Thus, Solar [nkonsity Aecrecses oxponentially  tuith depth- Tt deperls
Lpon "K' Almast all absosption  BCens Ueayy Clese to tre Sunface of
dﬂﬂf water- Wakes densits Aecvenses twith an (hareake 10 Tompesalene
— Thus [t ptceas ho Hwrmad (onvecHen (wwwent bebeeon Warrner
ard (oldes F{eﬁégnj . Hence, the lighes Waler 1i ot e top and (older
ard Heavier walr i oL the boitom - Thermal (onduction Heot Teansfe
belween Hem acwess te loage opihs 13 V.Eﬂ'(tf Low




Thus , the Mixing ik yedaucled « Thave awe essentially fevo 1nfinite faot
Pﬂjﬂ :Jr.-rh ,a l':u?r:rl Sowce at tpe Jm_{am of wound 26°% and a Heat
Sink of Qbouk ,.q_“c ak a dutanee of nﬁmfg locom polow e Swrface b

Tfafrpimi Otean

X Poth Reserwons awe mathtaee  annually by Solas Radiation
The Concept of OTEC U based on He Dbilsation of ths lomperature diffarers
I o Heak £nﬁ me o 3&!}%::&- electyical Powwey

~ The fiwst OTEC plant was built th 1930 Ir Ctiba hbf!&wrge
Claude? and the plant generaked RAKkW & electuicily - Claude. plant &
the Seford Plank Ip 1935 was made of He (omt o Prazil ard w8
Mmounted Onio a Lo Transpoter Tankey

¥ OTEC Eﬂﬁﬂnamr&:i’ﬂn Plah{;"» deliver electyical eneigy and TFresh
wwaker . The unik Size of Huwbine Geniatort i | the Tonge of 10MW 12
5o MW+ The pPlant yadings i of oMW ard 1o MW ¢ |

— OTEC E:Echnalagim ':_i‘ﬂqufrf Hﬁh Capital Cost ard an il
The Teason W thak the bemn peva tuve Aiffesence even I the bropieal Rﬁﬂ’m
3 lest and hence ,ihe ejﬁ&iaﬂdﬁ i also Jest - The bheovelieal efficienty of
otee % Small (e2+4)

PpincipLE OF OTEC

Ocecn Therroal ,Engrﬁﬁ extsk 1 e form- of !:ngua,tu;p Aifferarce
between Wanmn £mjme Werkey and Cold dfe-p Liater . The a.b,:mPHﬂﬂ of
Solas Radiation by the Con apd Ocoan Cowe a Modevale tomperattie
Aiffevence between LPpeT ard lower (ovels 'of takey

MY Partic.uié:nlarf Yo Ocoans 10 the bropitad Region Collect and Store
a lage omeunt o} Solor Enegy + Tt Skoved heat Enagy Canbe conuested
o Werk tuith e help of Ehﬂrmﬂdgmrﬂu':l tyele . Tk 33 colled * Ocean
thevmal Eneigy Contertion:

— OTEc ¥ a Vory ¢lean f"‘_m of Enm;%h.:[;; - wl,m”ﬁ o
dangerews polluion Rik.




OTEC 1 a methed 0f Procueing olectvical pnergy foom differerce i
water Temperattne - The Lipper Suaface o the Ocean Waler gebs haatac! up
NaEt,Am][hu Auelo Solan Radiatien Similar ko a Sotar Collector and It i
Lonsidered a@  Infinite Heot Stowege Reservoir -
X The Wermesk tater & Jound agourd the equator with
Sua&]hm Luakey afeachtiﬁ a fMaxrmum f:ﬂmpemklre of 4% o 277 whilsk
I:hg__deﬁf’ Wwakey Can Yeach the }:ampnmkum Close b 0°C - Fhe
— The OTEC Syskem Ulet thit Change i kermperatuie O tre Soa waler
Lo tun a Heat Ergr’m. Which Converts the heat Lnergy into Mechanital weri -
¥ For OTEc o Wwork  thew b heed of a pinimesn Temperokne
Aifference petteent warm wakey ord (eld twabey 0f a5 pver a looom
C:LLFHL* ,Saa.tnms ak Q% awe VY Inefficient. buk {#3 betpme. Mo
2ffrcienk with. Qreater Tempevateae Aifference -
" ¢ The ?":EHE Commm!ao ted heak Cyele Jﬂr OTEC B &
Rankine Gyele using o low- prestuae- Turbine - Syskoms froy be
tithey 1) Clowd Cycle bY ii) Opn tycle -
|) CLoseD - G/¢LE ENGINES
Te Lwe wnrkinﬂ f[ndds which oae lﬁp}mllﬁ of Rijﬂj&lﬂhkﬂ
Such a Mmenia. 0¥ R-124a -

1'1') OPEN- CyelE ENGINES

Tt we: the Wwaley heat Sowrice qs g Lmam}ﬂ Fluid -

¥ A Heok Engine i opevatsd belueen Ewe femperatwes Nuch at

T, and TEITYHE.T-E:T;,P; Consiclered o8 a @uarﬂ-lpienpem{um Which
s the },ernpem}uw of "wam Seoface wﬂ!#rrg Acean ard e Sink
bomperalure Wwhich U lhe' Cold cleep toker ? of Ocaan '

- At‘.‘.‘fcﬂdtﬁg o tHheymo dﬂnamrl fﬂncﬂpt , the. Maaurnum
Hheonitical 2ffiviency of the heal Lngine bewed on Cavnot Gycle & guen by

ﬂﬂ = -ﬂ'_'—rﬂ
T

——————r—— T T



i‘t‘ﬂ-]. Heak Enﬁfna

The Wﬂﬂi 5u:jam Enm;x-mécnm of Lyopical Deean Water * 12
the Yanqe Bf d4°c and 27% and the deep woker temperature B akout
A% b b°c P K depth '

Themal !%[{}cfanta- of the CGyele, i, = 27- b xm,;:;]
Q7 + 273

¥ The actual ejd',tr‘pmh’ of Practieal OTEC Plant Varies Jaom
l'b / to &) The OTEC Pplant Should hewe the Jolloaviiq o Incsease
th Efjicincy
D I.C.uﬂf. Intake- of Wasm Waley
il-) L:ngz Number 0} D a’gqmmd o Qenevate Lm‘ﬂﬂ amount b} Poaer:
The Above tertloned  Jactort twill lead to Hﬁfnc:fm'rﬂrmﬂi: 5;]_,,32
Pipeline.., Purmps , Moot Eachanged , Losge plant Size-, High cost of tnstallabion
High Cost Jov Powet Gerevatlon et




SETTING OF OTEc PLANTS

Wasm Watey 55 Collecked on the JSuiface of the tsepical Ocan
ard pumped by a tumm taler pump. The wates & purnped  thiough the
Boiler where Some 0f water & Wwsed iy heot the Workng Fluid -

¥ The Wworking Fluid Mag be propane or Some Similar Fluids:
Ij A cg.:,;ﬂ is wed, the- I.Uﬂfklﬂa‘ Flm:l having low boiling powk Suchas
Ammanm 3 Selachd -

— The PmPanL "'Ifalwur Expardﬁ. ‘H‘Trouﬂh a turbine Which 13 ﬂbupfed
to o Qenerator tp Generate eleckric poper Cold twoter from the. lottom
13 'Purnp:ﬁ H‘r?mﬁh Londenters  twheywe Hie "u’a]pnw’ (ovnes Lo J'JFnLL.!chh:J
Stoke. The Flud 1B pumped barck Into the Poiler -

¥ Some Small Fraction of Powey ‘:-}_?mn the duvbmwe B Lued io Pura p
Walsy Hhvough Yre- Sytem ard to fowsd Other Intesnal eperations bt irost
O} them owe cwailable a3 Neb Powed

— Theve ave ke diffenent Ktnds of OTEC power plants Such s
Lond D Lond Beosed plant

) Floating Power plant

L AND - RASED POWER PLANT

The land basd pilot plant has a building « Thi b.;.}ran;ﬁ
will  Conkain Heak Exchanjws s Tusbies , Generatous ard Contwok - Te willbe
Connecked t0 the Dtean Vie Sewial Pf}m

— Yk , Power thput L qS‘UFPiEed o puimps to Skent the Process:
Fluid pump P?ESJuTizex and Prushes the Lumlcfrﬂ Fleid #o ~LEJ"J.:milt:\p:nc:uﬁ':-i’ 3
Heat addition foxm hot tuater i wsed to evaporate the wevkng ¥ luid
within the ook Exchanger Called ¢ Eu.:npamﬁar ’

¥ The VaFﬂur 1 E:.&:Pardai i the Hobine {fna’gbs Totatrng the.
Shaft which i divectly (oupled 1o tfe Gerviakor- hoefore. e dlectrica)
Oneigy s prodluced 1h e Generator The exparded Napeur is (orclensed 1@
the conclenser” The (onclensation 1 Camied Ouk b Supplipting  Cold Il -

e g



l- LOATING FowtR PLANT

The Lucrlmh-ﬂ» P:rr?r;ip!e o} F]mr‘:inﬁ Pawari]:)hnt B Similar to the
Land - pawd Plant but b diffexs b (orslruction O plant 1 ’F,lmﬁ*hﬂ,’

THERMOD DynNAMIC CyclES IN OTEC

Theve cue” fwo Bpes of OTEC thermo dynamic Cycles s follows :
- open yele ~ ( Claude yele, Stoam Gyete ), -
2 Closd %‘EIE (ﬁ;ac!nmn Cyele, Vapccﬂ Cgcff;).
Both open and Closed OTEC Sptame tse e borperaione diffosoree

between Weaym Surfdce watex - and Docp told wettar 40 Crate a Progure
dl‘ﬁ‘ﬂmcﬂ. that Can be tsed ba_'gg,nm:n_ Elﬁ-‘thmﬁff’

OPEN CycLE OTEC SySTeM

T on open DTEC System, the Cold woker is wod i wduce be
Pressewe 1o be-pask of the Sptem So that the Warm Sugface Latey
ackually geb boiled thio @ Vapour ok 85°F . The. Wwawm Oceon wokey i
Converkzel lnko Skeam 1h ok lEuaP::mi-w"_

The Skeam drives Skearm-Turbine Qeneyator ko deliver oleelyiead
Energﬂ A Spauaﬂa- dﬂa!gnfd Steom tabine dviver He Elechiiad Generator -

Tre Wates Vapouy trawels from hﬂh Pregseve  Wew Side of te System
binough o bvbine ko dvive o qenasakor and ke the Low-prossuze

(pld Side ©f the SHSLNH
— Then, the. UﬂFpur Condentes |nto desalinaked water. Skeam i3

(Londersed 1nh & Conkact Condenter and Condlentoke s ch;chaﬁe.ci ke
Sea by an * Open Gyele OTEC”
ADVANTAGE

The big aduantoge of bpen Systern OTEC b that e desalinabed
Wakes &ffluerkt hes mulkiple tues eSpecially c:i:rmmhﬁ water ard & Can
tntveasx the Econoee Efficeney by over 3p.)

i m————— T



G!mtmkdr
r By ::mn: _
~TE'“"{

Lold woksy from

Dceon dLFuL
FJEF I+ O7Ec Planh'

Waym watey B Colleckd ihranﬂh a Sereened epelesure ¢leaw Lo the
Shove- A long Pipe laid on the Slope Colleck b (old Wakr - Power ard

ng;h tuaker are- E]Eﬂ!;rat'zd In the bu'rfdinﬂ‘ kﬁ' ﬁﬂ.ﬂqﬂpm”t-
¥ Uted waky B Jissk Ciseulated inio the mavine Lulkure pond

( Fish Fowm) ard then £ 18 df.tf:hmﬁ?f] 123 the third pipe Inko dhe
Dtean , Aewn skream  from  the- Wawm woler Tnlet -
— Tk iz done o aweid tﬁt. Tﬂrﬁrﬂﬂhﬂ of Oubflew bo tie plant
Lgl;ﬂl He Yeuse of luaym Luater Yeduces Avarlable .':Empﬂ:rqﬁw, dpﬂumm
¥ A lord Based Plont Costs thaee Eimes Qs uch per unit pours
D"hp"t'madm”b:ﬁf’- of land Pased Powey Plark 15 that ik Makes e
Procass Ea"éj tse of Some of bﬁ- Produck twithout any Expwmht Tmmlﬂg ':

)

R — ————— e e ———— T —T




INORKING OF OPLN Cyert OTEC

In an open f—:jﬂlf OTEC , Wanm toker from Ocean Suiface (al:
Obout 9b° ) ¥ admitked Inko the Evapoiatoy The Evaposator
mc:uh-f;m;?ed at  Vacuum Prestue b{f hears of a Vacutm PumIP-

¥ At low Vacoum Pressures , the bﬂ"rfrhg Point of water vecuces ard
meve Skeam i3 Bﬂ,ﬂﬂmm& - Shram 5n,mmﬂc\' 1» the Evapovotor entes Inko
a SPEU.:CL[ Steam lvbine Gen and te Yﬂmﬁ!nrﬁﬁ Wakeyr from ERLELfaI,EBwW
2 d&échmgzd Inte the Sea:

— Skeam Yewbine lonverts Thermal Enaigy tnto Medhanital Tneigy -
Skeam Ieawi'ﬁ the- EVaporator 13 Eanpafahiﬁﬂ? ab Lew Precture ard High
Specific Volumes as (omporad bo Conventional powet plank -

¥ The Skeam admitiid 1n Skeam turbine Ayives the o beam durbine
Yokor and |k 13 exthausked to the Condenser . Exhounk Sham from turbine
B londenssd and dacheaged 10 b Otean ab 7% - Cold water from deep
Sea 5 admitkd Ink Hhe Condenser. The kemperalure .of told woles s
abeut 15 -

| L Vacuum Pump - Elechyical

DIHﬂIU&J 16'&”, ﬂﬂd Afl EmPﬂTﬁiﬂf

'Ffﬂm A
Ocecn oSH’{f“” Waym Wobr 95 ¢ Electric Gerexotny
T Bpsnns - . Dizect lonkack
Un euapoated Wate¥ 22 C Conclensey
S id i \' f;jé{;
From Dﬁm’;{i‘;‘f’ (old water 13'c
kK I)L!cha:jﬁ. Foom Condensex
Ip OCean. 4

EH"’ Open Gyele OTEC Poued pPlant -

WL gma



“The ‘?H'jtimrH- Can ko 1ncveased .Slfﬂﬂlﬁ itk Moc flec Eppn Cyele OriEe

SLlfﬁlnm1 'H‘MH e ijIpu;s-
D) Contiolled Jlash-Steam Evapovater is Lued Ipibead of a Conventione

%PE of Evapovotor
H) (ontact (pndenser B ?Epfamd ﬁﬁ a &ujam Condencey -

l'ly The open liljﬂfe ODTEC Canke led a3y a Eﬂﬂpmmﬁm bjele lo preduce
both Lleckitad powes and Fresh Luater

LIMITATIONS OF OPEN CyclLE OTEC SYSTEM

- Tusbme i3 Phaﬁ}mﬂrﬁf Laxge-

R The (b of Plant b High _

3 Ik (an allow o ‘Jma- lcujeL flow of Ocoon Wwaler Intexms of Maat and
\olume- ‘

4 The plont is Subjecksd to Ocean Stowms, High wavet eit;

CLOSED CyeLE OTEC SYSTEM

Ina closd tycle OTEC Spram Yother than beiling waler &
Make  Skeam , phe of Several fzjﬂﬂmnﬂ ‘which he:wé a ]nw I:x::;fmﬁ
Potnf; ls tued - o

PR i Ammamm oy E;u.':ﬂna or Fmon b uned as a Rﬂ\fhgg?ant_ . The

W;Fﬂjﬂwt boiks ond It creatas a V&Pouif Lhen é;t'Feud b dre Wourrd
o '-?“{‘fqm' l-”ﬂt"-f The *Vapouwy &} the. Ltlﬂﬂ{?ﬂﬂ Fr_ud cyives a Vapou
Lusbine  Gemesator to Jeneiote E!E'c‘.bffﬂl Ene:rﬂg

— Then ;aI:FLE Tﬂjﬁkﬂzm&t Ennq‘emex and lowes e pnﬁmeﬂ tuhen E;rpﬁ!!f—“

to (old rémpnmhxre Jrom ﬁtTEEF tndey -
X Ihr-'L ¢ losed CL'-[.‘:IE OTEC PJ::JHL- 1he Lummnﬂ HU-’& s Ciatedated

Ih the Cycle ﬁomPari.imﬂ of Heal Bxchonger, Vopeen Tinbine , Stafoce
(ondenser and kaﬁcl Vapour Pze.ﬂumm




INCOKKING
The toong Fluid [ Armmenia , Nil3) B Cirtuloted tmough the Closed
ﬂﬂcle Em’tpai.ﬂhﬂ' of the ‘folfpwrifﬁl Campﬂmn!s-
| |* Evapoiaiol
D "u".-:u}::wr Turbine ( Tuske 321':2:.::&:*:)
3+ Vapow (ondenses
4 Mél,u.id Pressurizer -

The wc:rmlﬂﬂ Fluid exbwact heat from bhe Waim pean Waler and
Ik 13 Vnpguﬂud' The VﬂFmY h_amhﬂ thermal Enu’ﬂ% 15 Expwr}aﬂ W bhe
Vapous Tosbiine + This Vapoor Teabine dives the Eleckrial Generotor Yolor ar
tEd o " o 1 rechond |
. X Tre expanded Vopour, fipm He dabine 5 Londensed 10 the
fﬂm : Lifi,u!_flﬂd M-‘D'i"lffﬂﬁ Flwd b Paﬂnr-"l -I:P',-r.:mﬂﬁ Pietturiser Into the
FEUQPDE:&:T" - The LUDWII‘ﬁ Flud i Ciatellated “agoi andl. again. tnough the
Closed Gyele to Generabe: Power (ontinuoudy .

Wiarm: wakes nlek .!?ﬂc N 1 Eleetyic

Fom -—» '. . Power Outpur
OCean (j_, H‘lﬁh Pmuufﬂ. NH3 ""I'Iapbm’ &4..&,

f

Hi&chmjﬂi
Tualer| NHy “HP. NH3 Liquid
I . ' ! Grencrator

T el
lo 4 | Liquid it Pump

Otean dpert WJalas e NH3 Condensey Y NH3- L::’ Pressuse

t— .bfl' apeui -
T hquid N1 Le—-NVNNWWWL
ﬂ L]
, ———4 I "W——“'_‘]

il Cad dioter ﬁ:;':l* | Lold tvater Tnek
From be

O cean - —

Fig-1 Closed tycle OTEC Plant -
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FivBRiD OTEC

Ih a h:tjb:id Systern, the Closed System OTEC OF Oper Systern OTEC
i [fombined With othes nghzm thok Con Offer Some ©f the arlvartoges
pj ¢ach Sytem-

X The Essence of both open and Clased Sptem OTEC 1 that they
bnhj (old wetey from dEFHt ard wse b witkh warm Swface waker o

ijumtn EHHBH - |
— Anothey option 12 o (ompine these o processes logqakhey Into @

Open-tyele ov Clased -Cycle- Hylbrid which might Prvduce. both eleciaicity

ond Aesalinaked waler ove Efficiently Nty Turbine
&
Deaeratoy EanW-ﬂ-‘DT mew :@
..-—-L L I Gm;-fn’:nl'
— > [*j | |
Sifﬂm
L7
R
'ﬁ;'-.lml'fL Al EL&:LF&‘FTJH"

1-

Wi bey v \J

NH3

hg- - Hybrid OTEC Gele Waker (old water




4
These e o metheds twed lo Yun the Ihbrici i_ﬂdﬂq- In the fiast lsgpe
of a "'ﬁbi:‘d OTEC 53!Lzm, e tweim Spn tuaker m:ﬁ%h enter a Deaerater

Whee [k would be Fim'h" Evaporated It Steam which i3 Similar ko the.
p
ﬂPEﬂ - E’jr: le EUaFnraEan Process

¥ The Sham o3 Warm woter Might tren pass through an Evaperator

ko Vapmim the mihﬂ Flud &} ﬂ‘CIusacLEH,:JL [_g.ng. The Vapotized
Fluid wedld then drive o lurbine bp Prockee Electricity, while- e Skeam
would be Condensed withur e Conderser b Pioduce the desalinated Waker -

— In be Seterd bape of o hﬁhﬁ OTEC Sypkern , the Skeom (oming Ok
% a Flagh Et,raf:varnhur B Senk to e Ammonia Evaporator which. has
Lew beilthg poit. Hee the Super hooted Armmenia i Produced and ituwillbe
JPrE ko Ammonia Tuvbine Jov Fenther Excpanéion o produce Eleckricald
(Fenevation -

¥ The 'E.&:Pard.ed Linmonia Vapn,zf u. Condensed n sz,;";mrmnlia_
Condenter and Pumpﬁ:! back to Ammenia Evapovator . FJ‘E}-F Lhewe thet

f:(ljpa,e‘%}‘ OTEL 535&2711- :
ADVANTAGES OF OTEC

i) PELUEI j:fﬂm DTEC I3 EonEtnuﬂLﬂ, ﬁ‘mnuﬂbitfﬁ:ﬂuﬂ’ﬂn ;Tma eurrd
Enuivenmen tallH ;

1) Unlike Other forms o} Solon Enexgy , bhe Output of OTEe Shows
Vesy liktle doily Of Seasonal Vaviakion.

= IR foes plants Can Preduce E:lumﬂhd‘ 4 heust a d“&{ g
355 dﬂﬂ‘} fa ] Hﬂﬂh
) Diceltng of warm and told Sea water and Fekenring o} the Sea

Walkey , close ko the thevmotling , tould ke accomplished with
M D wm Lrnunenment ImFuE[:'

W) Eleckic power generated by OTEC Could be used ko froduce. "Hycliogen’
V) Tropreat and Sub- Lvopicat 1sland Sikes Coubd ke made free from Pollution
Caused bb‘ Convendfona!  fels o Ef&h’i&h&f Greneyakion




"ufi) T .55,:tpm mrﬁht hetp v Lnrichment o Fr'mrr'g Founds  dueto
the Nutsients fyom the Un paodactive deep tuatess to the tucme
Smjme Wakenr

Vil) A Fleating OTEC plank Can genciale povei even ot rid Sea and
Can be toed o pProvide Dowes jor Off Shore- M}hrr?ﬂ and Doesing

o} Maﬂamaa Neodeles -
Vit) Efther epon o Clowed Sysiem OTEC Could be wed i either
On Shove 0f Off there Sﬂgkﬂm!-
DISADVANTAGES OF OTEC
i) Lapitat Tnvestment b Very High -
) Seasonal Vaviations and Naiewal Calamikies affeck OTEC pejormanct
i) Dueto Small Tempaoine clifferente ln bebueen the Surfote Unter
Qnd dﬂﬁp Waker , He Conuersion Eﬂfdmtﬁ 15 Very Lotw) abeout 3 4.
1) Low Effivienty of thee planks Loupled with high (apital tot ard
Majpleannte tosk makes thero tneconomitad dov Small plank
""Q CorstyucHon ©f OTEC Planﬁ and laﬂinﬂ of P}pu-t'nimkal tuakey
maﬁ Cawse o |pcalised darnaﬂe o 7048 and Neax - Shove mailine
EC::-S&JLME*
Vi) Tt needs Voay lotrge Stzed] turbiney due to the use &f Lew pragiure.
of Skeam Irmut'nj high Specific Volume i (ase of open tycle -
APPLICATIONS DF OTEC
f)ﬂpen tycle OTEC plant 13 (wed to Parcuce desalinated water which O
Mamly useel fon f?r}ﬂaifan and  Hurven Consumption
ii) A Closed tycle OTEc Plane b toed ax @ Chemical Tieatment plant -
iij) In mciovity o] the aiv Conclikionibg Plank ,Open tycle OTEC & vaed
W) The power gereabed by oTEe Plants Canbe ted i [fyclsogen Prvlction
thiough tates E[eehglﬂsfs Drocest




Jx/pa_r.h CF TIPAL. STREAM GENERATCKS

They aue mapr thice types of Tidal Styeorn gererator as foliows
0) Asial Tuabines
b) Vertital and Hovizontat Axis Cyoss flow Turbices--
¢) Helical Turbine ‘ 5 &

Axial Etubines aie Close in (oncept o bradiional wind mills
Dperating nder the Sea -Vestited and Hortzontal axis Ciots Flow buabives
Can be d&lplaged either  Verthtally oy Hmizmtaﬂﬁv ‘

X G'Wﬂ”"ﬁ’s Hovizontal Flow tusbines are Selected Ve
Cyoxt- flow Turbines ave Lsed with ebb generation -

yhad axs

I HORIZoNTAL - AXIS TiDAL TURBINE ( HATT)

Herizontzl - Axis Tida! Tavbines | HATT) awe the mest mature
ond Promising Technology b S'Méi Lompanies -

— HATT bmiﬂﬂ“z‘ werk: on the Same ' Principle a3 a Herizonkal -
Axit wind Turbine - Mﬂfﬂ‘g; Pelton knbine used as HATTe HATT
Yolor blades Converk the Tidal (urent Kinebic Ene:gh' nto the Shafe
Mechanical  Energy ard a G«e:qqaiawr (orverss khis Mechanital Enesgy
Lnto Elec.hjt.ih& ;

¥ Tvvespeckive Of lonfiguration wed , the Rotay blade 1 the
lmportant Component o extract Emrﬂﬂ’-] Jrom Ticles .

o nmriH eloborates the pesfovmance , Loads and ci('jnﬂrr’-”i* o
e Whole Tuabine Sﬂstﬂma There fore »an Eﬂ;‘uﬁniﬁ blade dé.iggn i
Cridt 1o bhe Success of the HATT -




ﬁiﬂ rjllnn.silfn}.ﬂ}an
b_q (tSPEPd Tncreaser, Dhive Shafr , clutch,
\‘ Loupling etcy )
T v
lide ;
— Hub
7 :

fe s i b Flectrital Generakor

JuPPm‘Hnﬁ
Skaue biwe-
Concrele- Block
Hg 1. Hovizenkad Axts Tidel Tenbine
; s 1Ak -
Tt \/ 5
Awrofoil Blades -

\THL

Shajl:- -—————}->< '

Gentaloy I,

?IB--:E‘- Vertical Bacis Tidad Teabtne |
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HELICAL  TURRINE
Tidat D’Hﬁﬂ {an be iil?{im!d Ejj'ftiﬂﬂﬂh* ard l'rwern.s|ua.13
miﬂﬂ the helicat bevbing -Fl’a# desevibes lhe Construction ©f helical
Tusbine tWwhich b Self- explanatory
kamm r:iE Helteol turbine
i,) Te bs dﬂ.ﬂgnnﬁ for hﬁdm ¢lectaie AFFHcaHam

T Oppiatet Oceon, Tidal and Rive Cuirents
-”.') To does nok Tequire Expamn& Aarns  that Can harm the Ernumenment

W) Te is Self- Skouting with. flow ar low as 06 mfs-

In Jree rjh:uﬂ}j walar .

V) Te vuns Smna{h.lﬂ~
T¢ vokates in the Same Adirection. ¥egasdless ©f

thexe by making Ik ideal fou Tidat Applicotions

'JI) the direckon of Flow

;‘f} s
%

T’E{"' Helited Tuvbine:




'Iypr_.i OF TURBINE
“Thews aw l’mﬂh{‘ Eb‘fi% ﬂj Lnbines tsed th Tminf Power Llatioht fﬂiﬂihﬂ!

Q) E:ulb Fabine
b) R'Iﬁ'i {:mlofr:a
O Tubul Tewbine

Q) RBULR TuRBINE ( TuBuULAR TURBINE )

In this !Efpa ,the electne Generalor (oupled ko the Kaplan Tuabine
L enclosd ond ovks Inside @ Straught pasage having the Shape &
o Bulb-

— The twokes Eiflj'hh Bulb B Submeiged dr}mﬂﬁ o a Sbyeam ©f woler
and bends at tnlet 1o {’lml;ihﬁu, .:im}b beebe ehy twhich. oe mapwih!w fes
be Loss 6} head dispensed -

¥ The Unik then heecls Lest mskallakion J'.Pam with a Cpn_'-e::iuﬂnﬁ
Yeduckion |h G Excavation ond Othes Livil E“Eii‘nﬂlﬂi:ﬁ toovks « These
Hubines Qe T&jamd o Tubular or Bulk tmbines

— The dubulox kowbine B @ modified Axial Flew fcrabine - The
Eohomical hasoessing & Faidy Low haacls-on Majos ¥ivexs s poside
Wik high - Output Bulk busgboines,
FEATUREs OF PuLB TURBINES

I) A tubulea Pule {urbine » an Axlal Flew Leerbine
odjwtable 0f Non -adjwtable Runnex Vanes |

iy Tn Such o lubine , the Seroll fmhhﬂ s not provided but the Tunner is |
Dlaced 1h a dube exlonding Joom head water to lhe lail water

i) Je v a low head Turbine ard ik 3 emplogect  for ead Venyiiq from
Im fo 15m - |

N) The dwpesition of Shajt In a tubulay Tusbine tay be Verlical oy
tnelmed oY hesizontal -

Witk 2 1theY




Lonical dreft Tube

_— L Ty e

A el
— = .

E{mnrn&:r Towrbine

1::'31]- Pulb Twbine
ADVANTAGES |

) Dwio the AbSerce of Spial Casting , the plank width iz $mall -
) Je Canbe Lused ;fw tre Sites having Vary Low head]

lif) Becaun of almost Stycght flow and Shraight draje 'tube , tie
Mastiroum bwbine Effidency s Incased by 3 /.

V) Bulb Units oze able ko pax ha?-u clis cheuge |

V) Ak Poak Loods , Brewe is Yeduced losi of Efficiency

Vi) T & qfuite. Suitable for pperation on wfc:lelar Vmﬂ}hﬁ heads -

vii) PBetcuse of Small dimension of Pewei house , theie is Sawing b
extavaien and il Engmesnng LWOTKS

DISADVANTAGES :

I:) lﬁak:::.rjf of waled (nlo Geneiator thamiper and Lerdensation are Sources o
Erouble

1) The Exechion rﬁﬂhﬂiq’ﬂ“ fray be Hmﬂrfonmm;hg,

e




b :
) R1m OR STRAFLO TuRBINE

T ]

: Smﬂf[ﬂ i the cbbreviabion o} .ﬂtTa]gh:: Flow Whith iz Siilay
L duiﬁ”— as Koplan tbinec and & perates tuith extevnal Rim

Genuators [, be Yoo Sits bn o Ying atbacked fo the Runner blades
O} tre tusbine

X Tk dﬂ&iﬁﬁ ¥ Showwo Lrﬂﬁ'a'g Ve dh %J,F,;?fiﬂrb]mf He
Sh—fr Bulb behind Be Kunrer 3 the ing beaﬂ'rﬁ e} the Lusbine -

Bt Coue of Eheir fiﬂ*"fg‘%ﬂ,rﬁﬂt Effiventyy luwe ab an puerall high
level Canbe Yealized j‘D‘lj! Stvaflo - bosbines !
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