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1 eKalkarN¾RKwHénfamBlkekIteLIgvij 

1>1 niymn½y 

RKb;RbPBfamBlRtUv)anEbgEckCaBIrRbePT³ 
RbPBfamBlkekIteLIgvij (RES) rWGacehAmü:ageTotfa non conventional energy sources 

(NCES) KWCaRbPBfamBlEdlekItmanCaRbcaMenACMuvijbriyakas dUcCafamBlRBHGaTitü famBlxül; 
famBlTwk.l. PaKeRcInénfamBlkekIteLIgvij)anmkedaypÞal; rWminpÞal;BIRBHGaTitünigxül; ehIyEdl 
minecHrwgs¶Üt dUecñHehIy)anCaeKeGayeQμaHvafa famBlkekIteLIgvij.  
pÞúyeTAvij famBlminkekIteLIgvij (non-renewable energy resources NRES) ekItmanenAeRkam 
rUbPaBCasarFatubMrugEdlekIteLIgedayFm μCati ehIyEdlGaceRbIsMrab;karplitfamBl.  ]TahrN¾énRbPB 
famBlTaMgenHmandUcCa\n§n³nuyekøEG‘r FüÚgf μ eRbg ]sμ ½n.l.  
RbPBfamBlminGackekIteLIgvij mindUcRbPBfamBlkekIteLIgvijeT eRBaHbrimaNrbs;vamankMrit ehIy-
GacexIcedaysarEt\T§iBlrbs;mnusS.  
 

tarag 1 ³ kareRbobeFobcriklk μN³rbs;RbPBfamBlkekIteLIgvij nigminGackekIteLIgvij (Twidell, 
1986) 

criklkçN³ RES NRES 

RbPB ¬]TahrN_¦ RBHGaTitü xül; FüÚgfμ eRbg ]sμ ½n 

TIkEnøgEdlman enACMuvijbriyakas RbmUlpþúMmYykEnøg 

TMrg;énkarkekIt lMhUrfamBl famBlmankMrit 

ry³eBlEdlman minkMnt;  kMnt; 
tMélfamBl min)ac;R)ak; ekIneLIgCanic©  
tMélbrikça x<s; (RbEhl 2000 US$/KW) mFüm (RbEhl 500US$/KW) 

karkMriténkareRbIR)as; GaRs½ynwglkçx½NÐtMbn; nig tMrUvkar-
TIpSarfamBl 

KμankarkMrit 

TMhM snSMsMéccMeBaHRbB½n§tUc RbB½n§FMkan;Etl¥  
sVy½tüPaB RbPBfamBlpÞal;xøÜn GaRs½yelIkarpÁt;pÁg; 
karb:HBal;dl;brisßan minsUvx<s; CaBiesscMeBaH RbB½n§tUc brisßanRtUv)anbMBulCaBiessxül; nigTwk  

 



Promotion of the Efficient Use of Renewable Energies in Developing Countries  
EIE-06-256 REEPRO 

 

2 

tarag 2 ³ GaMgtg;sIuet nigxYbrbs;RbPBfamBlkekIteLIgvijmYycMnYn (Twidell, 1986) 

RbPB xYb ):ar:aEm:RtkMnt; sMKal; 
kaMrsμ IRBHGaTitüRtg; 24em:ag 1qñaM GaMgtg;sIuetkaMrs μ I ¬va:t;¼m2¦ enAeBléf¶Etb:ueNÑaH 

kaMrsI μpøat 24em:ag 1qñaM BBk  pþl;famBlKYreGaykt;sMKal;  

CIv\n§n³ 1qñaM KuNPaBdI kaMrsI μ Twk criklkçN³  
rbs;\n§n³ kareRbIR)as; \n§n³ 

maneRcInRbePT nigeRcInRbPB ³ 
éRBeQI ksikm μ sMram  

famBlxül; 1qñaM el,Ónxül; nigkMBs;elIépÞdI ERbRbYlmineTogTat; 
famBlTwk 1qñaM kMBs; nigFarTwk RbPBGacmanlkçN³sib,nimitþ 

1>2 RBMEdn nigPaBGacGnuvt  þn_)an  

CaeKalkarN¾ RbPBfamBlkekIteLIgvij manlkçN³xusBIRbPBfamBlEdlminGackekIteLIgvij eKGaceRbI 
vaRbkbedayRbsiT§PaB)an luHRtaEteKyl;dwgc,as;BIeKalkarN_RKwH EdlmanlkçN³Ca viTüasaRsþ rbs;RbPB 
famBlTaMgenH.  
• karviPaKelIRbPBfamBlkekIteLIgvij³ lMhUrfamBlkekIteLIgvijekItmanCanic©enAkñúgbrisßanCMuvijxøÜn 

eyIg. dUecñHkareRbIR)as;famBlkekIteLIgvij KWsMedAeTAelIRbPBfamBlEdlmanRsab; EtminEmnbegáItfμ I 
eT.]TahrN_fa edIm,IvaytMélsk þanuBlfamBlrbs;ksidæanNamYy KWeKvaytMéleTAelIbrimaNkak 
sMNl;EdlmanRsab; b:uEn þminEmnbRBa©asmkvijeT. munnwgcab;ep þImGPivDÆn_KMeragfamBl edayBwgEp¥kelI 
RbPBfamBlkekIteLIgvij vacaM)ac;Nas;kñúgkarvaytMéleGay)ansuRkit nUvsk þanuBlrbs;va. TaMgenH 
TamTareGaymankarGegátry³eBlEvgnigeTogTat; RBmTaMgkarviPaKeTAelIRbPBfamBlTaMgenH. 

• criklkçN³énkarpÁt;pÁg;rbs;RbPBfamBlkekIteLIgvij³ CaeKalkarN¾ tMrUvkarfamBlmanPaBERbRbYl 
eTAtamry³eBl.  ]TahrN_ kareRbIR)as;;GKIÁsnImankMritGtibrmaenAeBlRBwk nigeBll¶ac b:uEnþGb,brima 
enAeBlyb;. eragcRkGKiÁsnIEdledIrcMhay GaceFVIkarbMErbMrYlkarplitrbs;xøÜn )any:aggayRsYl edIm,I 
eqøIytbeTAnwgtMrUvkareRbIR)as;. kñúgkrNIEdleKeRbIRbPBfamBlkekIteLIgvij minRtwmEttMrUvkarfamBl 
b:ueNÑaHeT sUm,IEtkarplit k¾ERbRbYleTAtamry³eBlEdr. dUecñH GanuPaBtMelIgrbs;RbPBfamBlkekIt 
eLIgvij RtUvpSaP¢ab;CamYykt þaTaMgBIrenH EdlCaTUeTAmanPaBpÞúyKña. CaerOy² criklkçN³énkarpÁt;pÁg; 
rbs;RbPBfamBlkekIteLIgvij ERbRbYleTAtamtMbn;. 

• famBlEdlmanGaMgtg;sIuetTab ³ RES nig NRES manPaBxusKñaxøaMg enARtg;GaMgtg;sIuetfamBl 
cMbgrbs;va. cMeBaHRbPBfamBlkekIteLIgvij famBlcMbgmanGaMgtg;sIuetRbEhl 1 KILÚva:t;¼m2 
¬]TahrN_ kaMrsI μRBHGaTitü rWel,Ónxül;kñúgkMrit 10 m¼vi¦. cMENkÉGaMgtg;sIuetrbs;RbPBfamBlEdl 
minGackekIteLIgvij mankMritFMCageRcIndg. ]TahrN_ LplitcMhaymanGaMgtg;sIuetkMedA rhUtdl; 
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100 KILÜva:t;¼m2 cMENkÉGaMgtg;sIuetkMedArbs;]bkrN_bN þÚrkMedA enAkñúgLRbtikm μnuyekøEG‘r Gacman 
kMritrhUtdl;rab;emkava:t; kñúgmYyEmRtRkla. edaysarPaBxusKñaénGaMgtg;sIuetenHehIy )anCakartMeLIg 
RbB½n§famBl edayBwgEp¥kelIRbPBfamBlminkekIteLIgvij manRbsiT§PaBkan;Etx<s; enAeBlEdlvaman 
TMhMkan;EtFM b:uEn þeKRtUvcMNayx<s; elIbN þajEckcayfamBleTAdl;GñkeRbIR)as;. pÞúyeTAvij kartMeLIg 
RbB½n§famBl edayBwgEp¥kelIRbPBfamBlkekIteLIgvijvij manRbsiT§PaBkan;Etx<s; enAeBlEdlvaman 
TMhMkan;EttUc b:uEn þeKRtUvcMNayx<s; kñúgkarbegáInGanuPaBrbs;RbB½n§ tamry³karP¢ab;nUvRbB½n§tUc² eGayeTA 
CaRbB½n§eTalmYy.  dUcmanbgðajenAkñúgPaBCak;EsþgRsab; kareRbIR)as;famBlkekIteLIgvijsMrab;pÁt;pÁg; 
famBl manlkçN³smRsbnwgkarrs;enAtamCnbT CaCagenAkñúgTIRkug ehIyEfmTaMgGacCYyGPivDÆn_ 
esdækic©sgÁm)aneTot.  

• PaBs μ uks μajkñúgkarerobcMKMeragfamBlkekIteLIgvij ³ RbPBfamBlkekIteLIgvij KWCaEpñkmYyrbs; 
brisßanEdlminGaceFVIkarTijdUr)an. karsikSarbs;va minEmnkMritmkRtwmEtmuxviC¢amYy ]TahrN_rUbviTüa 
rWbec©keTsGKiÁsnIb:ueNÑaHeT b:uEn  þkarsikSaenHRKbdN þb;taMgBI]sSahkm μbec©kviTüaCIvsaRs þ eGLicRtUnic 
rhUtdl;dMenIrkarénkarRKb;RKgEfmeTot. ]TahrN_  kaksMNl;rbs;ksidæanciBa©wmstV rWksidæanksikm μ 
GaceRbIR)as; CavtßúFatuedImkñúgkarplitCIv]sμ ½n \n§n³rwg nigrav ehIykaksMNl;eRkayBIkarbMElg Gacyk 
mkeFVICaCI)aneTot.  

• tYnaTIrbs;sßanPaBtMbn; ³ KμanRbPBfamBlkekIteLIgvijNamYy EdlmanlkøN³CasklcMeBaHRKb;sßan 
PaBenaHeLIy. RKb;krNIénkareRbIRbPBfamBlkekIteLIgvij RtUv)ankMnt;edaylkçx½NÐFm μCatiCak;lak; 
nigeTAtamtMrUvkarrbs;sgÁm. dUecñH edIm,IerobKMeragfamBlkekIteLIgvij eGaymanRbsiT§PaBx<s; eKRtUv ³  
• eFVIkarRtYtBinitü nigGegát CalkçN³RbB½n§ elIlkçx½NÐTaMgLayrbs;brisßan 
• sikSaGMBItMrUvkarrfamBlCak;lak;rbs;tMbn; faetICakarpÁt;pÁg;sMrab;;]sSahkmμ ksikm μ rWlMenAsßan.  

CaBiessRtUvkMNt;eGay)an nUvrcnasm<½n§énGñkeRbIR)as;famBl edIm,IQaneTAdl;kareRCIserIs 
RbPBfamBlmYyEdlmanlkçN³GMeNayEpñkesdækic©. 

dUecñH eKKμanviFIsaRs þsamBaØ nigmanlkçN³Caskl kñúgkarerobcMKMeragfamBlkekIteLIgvij sMrab;RKb; 
krNITaMgGs; minfafñak;Cati rWGn þrCati.  ]TahrN_ kartMelIgfamBlGKÁIsnIBnøWRBHGaTitüenAPaKxagt,Úg 
énRbeTsLav xusBIkartMelIgenAkñúgRbeTscin nigsUm,IEtkartMelIgenAPaKxageCIgénRbeTs Lav. eK 
Gac):an;sμan)anfa karerobcMKMeragfamBlkekIteLIgvij GacmanPaBsuRkitEdlGacTTYlyk)an EtenA 
kñúgtMbn; EdlmanTMhMtUcCag 250 Km.  

1>3 plb:HBal;brisßan 

enAkñúgBiPBEdlmankarlUtlas;kñúgvis½y]sSahkmμ vamanTMnak;TMngc,as;las;mYy rvagkarGPivDÆ nig]sSa
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hkm μFüÚgfμ EdlTMnak;TMngenHekIteLIgminEmnEtkñúg 1 stvtSn_enaHeT. pÞúyeTAvij karGPivDÆEpñkesdækic© 
sgÁmrbs;RbeTskMBugGPivDÆman manTMnak;TMngy:agxøaMgeTAelIkarrukrkeRbg nigkareRbIeRbgEdlminmantMél 
éfø. karGPivDÆenAkñúgRbeTskMBugGPivDÆn_ BwgEp¥kya:gxøaMgeTAelIeRbg nigCalT§plnaMeGaymankarpøas;bþÚr 
y:agxøaMgelICIvPaBrs;enArbs;RbeTsTaMgenH. 
eKsgÇwmfanwgmankarpøas;bþÚrRsedogKñaenH RbsinebIRbPBfamBlkekIteLIgvij RtUv)aneRbIR)as;y:agTUlM 
TUlay. viTüasa®sþ nigbec©kviTüaTMenIb GacCYyeFVIeGayRbesIreLIgnUvviFIkñúgkareRbIR)as;famBl nigelIktMe-
kIgkMritCIvPaBenAtamCnbT. eKminGacTsSn_TayenAral;plb:HBal;TaMgLayNa EdlbN þalmkBIkareRbI 
R)as;RbPBfamBlTaMgenHeLIy b:uEn þedaysarEtlT§PaBkñúgkarkekIteLIgvijrbs;va eKeCOfavaCaCMerIsmYyd¾l¥ 
kñúgkarpÁt;pÁg;famBl RbkbedaycriPaB nigsßirPaB ebIeRbobeFobCamYyRbPBfamBlpUsIul CaBiesseRbg. 
RbPBfamBkekIteLIgvijepSg²Kña GacnaMeGaymanplb:HBal; nigplvi)akepSg²Kña eTAelIbBaðaesdækic©sgÁm.   
famBlkekIteLIgvijmanlkçN³smRsbkñúgkartMelIgdac;²BIKña nigGacCYykat;bnßyya:gmanRbsiT§PaB 
nUvbBaðacMNakRsuk.  CaTUeTA GaMgtg;sIuetTabrbs;RbPBfamBlkekIteLIgvij manlkçN³smRsbnwgtMrUvkar 
famBlEdlmankMritTab rbs;RbCaCnenAtMbn;CnbT Edlrs;enAdac;²BIKña. elIsBIenHeTAeTot kareRbIR)as; 
famBlkekIteLIgvij GacbegIánlkçx½NÐrs;enArbs;RbCaCnenAtamCnbT tamry³karbegáIt»kaskñúgkarrk 
R)ak;cMNUl. RbCaCnminmanPaBcaM)ac;kñúgkareFVIcMNakRsukeTAkan;TIRkug dUecñHbBaðacMNakRsukRtUv)ankat; 
bnßyya:gmanRbsiT§PaB. tamry³meFüa)ayenH ral;bBaðaEdlTak;Tgesdækic©sgÁmnigbrisßan EdlbN þal 
mkBIbBaðacMNakRsukRtUv)anlubbM)at;. 
plb:HBal;dl;brisßan ³ dUcEdl)anbBa¢ak;BIedIm RbPBfamBlkekIteLIgvijeRbIR)as;RbPBfamBl Edlman 
Rsab; dUecñHvamanplb:HBal;dl;brisßantictYcbMput. elIsBIenHeTAeTot RbPBEdlminEmnCapUsIul GacplitCa 
kMedA nigfamBlGKÁisnI edayminbeBa©jbEnßmnUv]sμ ½nkabUnic EdlcUlrYmcMENkRbEhl 60 eTA 70° kñúgkar 
ekIneLIgkMedAenAelIBiPBelak. kareRbIR)as;famBlkekIteLIgvij Gackat;bnßy]sμ ½nBuldUcCa s‘ulpYrDIGuk 
sIut kabUnm:UNUGuksIut GasUtm:UNUGuksIut EdlCamUlehtusMxan;bgáCaCm¶WpøÚvdegIðm dUcCaCm¶WhWt Cm¶WrlakTgsYt 
Cm¶WmharIksYt Cm¶WpøÚvdegIðmCaedIm.l. 
kardaMduHrukçCatiCIv\n§n³ edaydaMdMNaMf μ IenAelIdI\tCICati EdlGacbegIáncMnYnedImeQI EdlGacp þl;GtßRbeyaCn_ 
CaeRcIn. edImeQITaMgenHGacRsUbyk]sμ ½nkabUnic EdlGacCYykat;bnßykareLIgkMedArbs;Epn dI.  
RbPBfamBlkekIteLIgvij k¾manplb:HBal;eTAelIbrisßanEdr ]TahrN_karsagsg;GagTwk sMrab;sßanIy_varI 
GKÁisnI GacnaMeGaykarbMpøajeTsPaBFmμCati ya:gF¶n;F¶r.  
plvi)akry³eBlEvgénkareRbIR)as;RbPBfamBlkekIteLIgvijTMrg;FM ³ CaTUeTA eKGaceFVIkarkMNt;RbePTén 
kareRbIR)as;RbPBfamBlkekIteLIgvij tamry³kar)a:n;s μaneTAelITisedAGPivDÆn_rbs;bec©kviTüa nigsgÁm. 
visVkm μénfamBlkekIteLIgvij cab;ep þImBIkarcMNayya:gx<s; eTAelIkarGPivDÆEpñkshRKas nigbec©kviTüa 
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rYmnwgkarpøas;b þÚrmYycMnYnTak;TgnwgkarGb;rM karerobcMKMerag hirBaØb,Tan nigplitkmμ. cMENkÉeKaledAcug 
eRkay KWkarGb;rMsgÁmeGaymankaryl;dwgGMBITMnak;TMngrbs;eK CamYynwgbrisßan. dUcEdl)andwgmkehIy 
karcMNayfamBld¾FM KWsMrab;plitkMedAnigPabRtCak;enAkñúgGKar enHmann½yfa kareFVIeGayTUlMTUlay nUvkar 
Gnuvt þénRbPBfamBlkekIteLIgvij naMeGaykarpøas;b Ú þr nUvsßabtükmμrbs;GKar.  
karpøas;b þÚrd¾KYreGaykt;sMKal;nwgekItmaneLIgenAkñúgvis½yGb;rM nigkarRsavRCavviTüasa®sþ. ]TahrN¾ enAkñúg 
karsikSarUbviTüa eKRbEhlCaRtUvsgát;F¶n;eTAelIRbFanbTmYycMnYndUcCa karcMlgkMedA emkanicénGgÁFaturavnig 
]sμ ½n (fluid mechanics) emkanicGIuRdUlIk (hydraulic mechanics) CaedIm.  

2 RbPBfamBlkekIteLIgvij 

2>1 famBlxül;  

2>1>1 lMnaMedIm 

enAeBlEdlkaMrsμ IRBHGaTitü)anbBa¢aMgmkelIRsTab;briyakasEpndI tMbn;nimYy²énEpndI RtUv)ankMedAeday 
kMritxusKña² edaysarEtragmUlrbs;EpndIr. kMedAenHmankMritx<s;enAtMbn;eGkVaT½r nigmantMél TabenAtMbn; 
b:Ul. enHCamUlehtu EdlnaMeGaymanxül;)anbk;BItMbn;ekþAeTAtMbn;RtCak;. KwkMlaMgxül;enHehIy EdlnaM 
m:asIunt,al;mandMeNIrkar nignaMeGaymankarplitfamBledayTYrb‘Ínxül;. 
visVkm μfamBlxül; rYmCamYybrikçabec©keTsTMenIbRtUv)anGPivDÆn_ya:gl¥. TYrb‘Ínxül;EdlmanTMhMBIrab;sib 
KILÚv:at; eTArab;sibemháav:at; RtUv)anplitnigtMelIgrYcehIyenAGWr:ub Gaemric nigtMbn;epSg²eTotenAelIBiPB 
elak edIm,IplitfamBlGKIÁsnI sMrab;RbB½n§EdlP¢ab;eTAbeNþj k¾dUcCasMrab;RbB½n§sVy½tü. 
CaTUeTAGanuPaBEdlplitedayTYrb‘Ínxül; smamaRteTAnwgRklaépÞkab;xül; nigel,Ónxül;elIkCaKUb. eday 
sarEtPaBKμansßirPaBrbs;el,Ónxül; ehIyGanuPaBEdlplitedayTYrb‘Ínxül;manPaBTMnak;TMngy:agxøaMgeTA 
nwgel,Ónxül; dUecñHkareRCIserIskarsagsg;TYrb‘Ínxül; EdlmanlkçN³RbesIrbMputmYy RtUv)ankMnt;edaytMrUv 
karénGanu PaBbnÞúkeRbIR)as;. 
GanuPaBmFümRbcaMqñaMEdlbeBa©jedayTYrb‘Ínxül;mYy kñúgmYyÉktamRklaépÞ smamaRteTAnwgemKuNbMElg 
(Cp) dg;sIuetxül; (ρ) nigel,Ónxül;elICaKUb. naMeGayeK)an 3)(~ uCP pρ . enHmann½y cMeBaHel,Ón 
xül;dUcKña TYrb‘Ínxül;mYyGacplitfamBl)aneRcInenArdUvrgar CagenArdUvek þA edaysardg;sIuetxül;enArdUvekþA 
TabCagenArdUvrgar. RsedogKñaenHEdr TYrb‘Ínxül;mYyGacplitfamBl)anticenAry³kMBs;x<s; ¬ry³kMBs; 
eFobnwgkMritTwksmuRT¦ CagenAry³kMBs;Tab edaysarsMBaFxül; k¾dUcKñanwgdg;sIuetxül;Edr KWmankMritTab.  
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GanuPaBGtibrimaénTYrb‘Ínxül; RtUv)ankMnt;eTAtamsþg;daénel,Ónxül;. CaFm μta ebIsinel,Ónxül;esμ I 12  
m¼vi GanuPaBplitedayRklaépÞkab;xül; 1 m2 mantMélRbEhl 300 va:t; sMrab;emKuNbMElgBI 0>35 eTA 
0>45. enAkñúgtMbn;EdlmanRbPBxül;xøaMg famBlGKIÁsnIplitRbcaMqñaM GacmantMélelIsfamBl EdlRtUvnwg 
GanuPaBGtibrma BI 23° eTA 33°. Gayukalénm:asIunedIredaykMlaMgxül;manry³eBlminticCag 15 eTA 
20 qñaMeLIy. tMélkñúgkartMelIgGacERbRbYlBI 1000 eTA 1500 US$/kW . enAkñúgqñaM 2003 
famBlxül;Edl)antMelIgenAelIBiPBelakTaMgmUl manTMhMsrubRbEhl 39000 emkava:t; ¬sUmemIlrUbxag 
eRkam¦.  
 

 

rUbTI 1 ³ kartMelIgTYrb‘Ínxül;RbcaMqñaM [Source Danish Wind Turbine Manufacturers Associa-
tion] 

2>1>2 bec©kviTüafamBlxül; 

CaTUeTA kartMelIgTYrb‘Ínxül; pÁúMeLIgedayFatusMxan;²mYycMnYn ¬sUmemIlrUbTI 2¦³ ¬1¦r:UT½r ¬2¦RbGb;elx 
¬3¦begÁal ¬4¦RKwH ¬5¦RbGb;bBa¢a ¬6¦ma:sIunePøIg 
FatucMbgkñúgkarbMElgfamBlxül; KWTYrb‘Ínxül;. eTaHbICamankarKUsbøg; nigkarksagepSg²Kñak¾eday eKGac 
EckTYrb‘Ínxül;CaBIrRbePTepSgKña ¬sUmemIlrUbTI 3¦.  

• TYrb‘Ínxül;RbePTGk½SQr ³ enAkñúgkrNIenH G½kSrgVilmanlkçN³bBaÄreFobeTAnwgdI ¬nigEkgCamYy 
kMlaMgxül;¦. 

• TYrb‘Ínxül;RbePTG½kSepþk³ enAkñúgkrNIenH G½kSrgVilmanlkçN³epþkeFobeTAnwgdI. 
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rUbTI 2 ³ FatusMxan;²rbs;RbB½n§famBlxül; [Source Danish Wind Turbine Manufacturers As-
sociation] 

2>1>3 RbPBxül; 

edIm,ITTYl)anplcMeNjEpñkesdækic©BIRbBn½§famBlxül; eKcaM)ac;RtUvmanxül;pÁt;pÁg;RKb;RKan;. CaTUeTA RbBn½§ 
famBlxül;TamTar nUvel,Ónxül;mFümRbcaMqñaMy:agticbMput 15 Km¼em:ag rW 4>2 m¼vinaTI. taragxageRkam 
enH bgðajBIsk þanuBlkñúgkarplitGKIÁsnI cMeBaHel,Ónxül;epSg²Kña. 
tMbn;Edlmansk þanuBlfamBlxül;l¥ rYmmantMbn;eqñr kMBUlPñMEdlmanCMral RckPñM valTMnab RClgeRCaH. Ca 
karBitNas; el,Ónxül;ekIneLIgGaRs½ynwgry³kMBs;. CaFm μta xül;manel,ÓnxøaMgenArdUvek þA ehIymanel,Ón 
xøaMgenAeBlyb; CagenAeBléf¶.  
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rUbTI 3 ³ FatusMxan;²rbs;RbB½n§famBlxül; [UNIDO energy training manual (BEE), Book I] 

tarag 3 ³ cMNat;fñak;el,Ónxül; [BEE, 2001] 
Km¼em:ag m¼vinaTI PaBsk þ ism 

rhUtdl; 15 rhUtdl; 4 minl¥ 
18 5>0 exSay 
22 6>0 bgÁÜr 
25 7>0 l¥ 
29 8>0 l¥RbesIr 

 

2>1>4 kareRbIR)as;famBlxül; 

RbB½n§famBlxül;GacbMElgCafamBlGKIÁsnI sMrab;pÁt;pÁg;eTAbN þajrYm rWbNþajsVy½tü pÁt;pÁg;famBlsMrab; 
tMbn;dac;Rsyal m:asIunbUmTwk t,al;kinCaedIm .l. eRkABIenH RbB½n§famBlxül;)anFanacMeBaH 
RbB½n§bNþajfamBlexSay bnßynUvtMéleRbIR)as;GanuPaB bnßykMhatelIbNþajbBa¢Ún nigbNþaj 
Eckcay.l.  
• RbB½n§minP¢ab;eTAbNþaj³ CaTUeTA TYrb’ÍnEdlmanGanuPaBtUc ¬50 va:t; - 10KILÜva:t;¦ RtUv)aneKeRbIedIm,I 

pÁt;pÁg;GKIÁsnIsMrab;bnÞúkeRbIR)as;EdlsIuGanuPaBtUc² karsakGaKuy m:asIunbUmTwkCaedIm ¬sUmemIlrUbTI 
4¦. GaKuyGacpÁt;pÁg;GanuPaBenAkñúgry³eBlEdlTYrb‘ÍnmindMeNIrkar. RbB½n§enHGaceRbIrYmpSMCamYym:asIun
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eRbIeRbgma:s‘ut rWpÞaMgkBa©k;BnøWRBHGaTitü edIm,IeFVIVCaRbB½n§GIuRbIud. 

 

rUbTI 4 ³ TYrb‘Ínxül;EdlminP¢ab;eTAbNþaj 
[www.RETscreen.net_ Southwest 
Windpower, NREL PIX] 

  

rUbTI 5 ³ TYrb‘Ínxül;EdlP¢ab;eTAbNþajsV½ytü  
[www.RETscreen.net_ Southwest 
Windpower, NREL PIX] 

 
• RbB½n§P¢ab;eTAbNþajsV½ytü ³ CaFm μta TYrb‘ÍnmanTMhMRbEhlBI 10 dl; 200 KILÚva:t;. RbB½n§famBlxül; 

EdlP¢ab;eTAbN þajsV½ytü GacCYykat;bnßycMNayplitenAtMbn;dac;Rsyal. RbB½n§cMruHCamYyma:sIunePøIg 
eRbIeRbgma:s‘ut KWCMerIsd¾RbesIrsMrab;karpÁt;pÁg;famBlenAtMbn;dac;Rsyal ¬sUmemIlrUbTI 5¦. 

•  RbB½n§P¢ab;CamYybNþajrYm ¬rUbTI6-rUbTI7¦ ³ TIFøaenAkñúgbrievNeragcRkfamBlxül; GacykmkeRbI 
R)as;sMrab; bMNgepSgeTot)an.  

  

rUbTI 6 ³ sßanIy_GKÁisnIfamBlxül; 
[www.RETScreen.net_ Photo Credit 
Warren Gretz NREL Pix] 

 

rUbTI 7 ³ sßanIy_GKÁisnIfamBlxül; 
[www.RETScreen.net_ Photo Credit 
Warren Gretz NREL Pix] 
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2>2 BnøWRBHGaTitü  

2>2>1 FrNImaRtRBHGaTitü nig EpndI 

RBHGaTitü)anbeBa©jkaMrsI μfamBlmkeRkA CasNæanrlkeGLicRtUm:aejTic EdleKehAfafamBlRBHGaTitü 
rWBnøWRBHGaTitü. s<iceGLicRtUm:aejTicenH rab;bN©ÚltaMgBIkaMrsμ IhÁama: ¬EdlmanCMhanrlk 10-10 sm nigTab 
CagenH¦ rhUtdl;rlkviTüú ¬EdlmanCMhanrlk 105 sm nigx<s;CagenH¦.  
EpndImancm¶ayRbEhl150lanKILÚEm:RtBIRBHGaTitü nigmanépÞRklasrubRbEhl 510 lanKILÚEm:Rtkaer 
EdlépÞ 21° CadI. EpndIvilCMuvijRBHGaTitü tamKnøgTMrg;BgRkeBI kñúgel,ÓnmFümRbEhl 30 Km¼vinaTI 
ehIykñúgeBlCamYyKñaenH vilCMuvijxøÜnÉgkúñgel,Ón 0>5 Km¼vinaTI nigmanlMgak 23>45 dWeRk BIKnøgEdlvil 
CMuvijRBHGaTitü. clnargVilCMuvijxøÜnÉg lMgakBIKnøgrbs;xøÜn nigxYbrgVilRbcaMqñaM KWCakt þabIy:ag Edlman 
\T§iBleTAelIkarEckcaykaMrs μ IedlcaMgmkelIEpndI nigkarpøas;b þÚrry³eBlénéf¶.  
briyakasEpndIpSMeLIgeday ¬KitCamaD¦ GasUt 78>08° GuksIuEsn 20>95° cMhayTwk 0>1 eTA 2>8° nig 
]sμ ½nkabU niic 0>00033°. 

 

rUbTI 8 ³ clnargVilrbs;EpndICMuvijRBHGaTitü [Adapted from Twidell 1986] 

kaMrsI μBnøWRBHGaTitüEdlTTYlenAelIépÞEpndImines μ IKñaeT. PaKeRcInénehtuplEdlnaMeGaymankarERbRbYlenH 
GacBnül;)antamry³karyl;dwgBIlkçN³RKwH énmMurvagRBHGaTitünigEpndI. eyIgGacsegátemIlenAkñúgCIvPaB 
RbcaMéf¶rbs;eyIg fakaMrsμ IBnøWRBHGaTitümkelIépÞEpndImanPaBERbRbYl ³ 
• eTAtamry³eBlénéf¶ ¬BIeBlRBwkdl;eBléf¶Rtg; nigBIéf¶Rtg;dl;eBll¶ac ehIymankMritGtibrmaenAeBl
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éf¶Rtg;¦. eKehAkarERbRbYlrebobenH CakarERbRbYlRbcaMem:ag. enHedaysarEtclnaénRBHGaTitü Edl 
mkBIxagekIteTATisxaglic enAkñúgkMlugeBléf¶ ehIyvaekIteLIgenAelIRKb;tMbn;énépÞEpndI. 

• erogral;Ex ¬rW erogral;rdUv¦ edaysarEtTItMbn; nigTItaMgrbs;RBHGaTitü 
• BItMbn;mYyeTAtMbn;mYy 
• GaRs½yelImMuTMertrbs;pÞaMgEdlRsUb faetIeKdak;pÞaMgenaHeRTt rWep þk 
• GaRs½yelIvt þmanrbs;BBk. vt þmanenHERbRbYleTAtamrdUv rWRbcaMéf¶ ehIyvaGaRs½yelITIkEnøg nigeBl 

evlaénqñaM. 
• edaysarmanBBk vaGacCardUvenAkñúgFm μCati rWk¾enAeBléf¶ nigGaRs½yeTAnwgTIkEnøgnigry³eBl énqñaM. 
eKGackMNt;TItaMgNamYyenAelIépÞEpndI tamry³kUGredaenénry³TTwg (ϕ) nigry³beNþay (ψ). TItaMgrbs; 
RBHGaTitü enAkñúglMhGackMNt;)an tamry³mMueBl (hour angle ω) niglMgakénRBHGaTitü (sun’s dec-

lination δ). TItaMgeFobrvagFatuTaMgBIr GackMNt;)anedaymMukMBs; (altitude α) nigazimuth (φ) ¬sUm 
emIlrUbTI 9¦.  

  

rUbTI 9 ³ esckþIBN’naGMBImMuenAkñúgRbB½n§RBHGaTitü [Adapted from Twidell 1986] 

tamry³eKalkarN_muMRBHGaTitü-EpndI eKGackMNt;)any:agc,as; nUvTItaMgNamYyenAelIEpndI eFobnwgRBHGa-
Titü. TMnak;TMngrvagRBHGaTitünigEpndI RtUv)ansÁal;tamry³mMumYycMnYndUcCa mMucMnaMgb:H (incidence angle 

θ), mMu zenith (zenith angle θz), mMu azimuth rbs;pÞaMgTTYl (receiver’s azimuth angle γ), mMu
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TMertrbs;pÞaMgTTYl (receiver’s slop or tilt β) ¬sUmemIlrUbTI 9¦.  
karsÁal;BITItaMgrbs;RBHGaTitümansar³sMxan; kñúgkarKNnaTinñn½ykaMrsIμ nigfamBlEdlGacplit)aneday 
pÞaMgRsUbkaMrsμ IRBHGaTitü.  
elIsBIenHeTAeTot  cMenHdwgmUldæaneTAelITMnak;TMngmuMrvagRBHGaTitü nigEpndI mansar³sMxan;Nas; kñúgkar 
sikSaGMBImøb;. møb;KWCa)atuPUtmYy EdlkaMrs μ IBnøWRBHGaTitüRtUv)ansáat;. møb;KWCaGVIEdleKcg;)anrWmincg;)an Ga 
Rs½yelIkarGnuvtþ. ]TahrN¾ Gñkrs;enAkñúgpÞHEtgEtmincg;)anBnøWRBHGaTitücaMgcUlkñúgpÞH edayqøgkat;tam 
bg¥ÜceT. enAkñúgkrNIenHeKeRbIvaMgnn rWeRbIpÞaMgBüÜrepSg² edIm,I)aMgBnøWRBHGaTitü. b:uEn þenAkñúgkartMelIgEdl 
EdlRtUvkarRbmUlBnWøRBHGaTitü eKRtUvecosvagtamEdlGaceFVI)an edIm,IkMueGaymanmøb;. 

2>2>2 GaMgtg;sIuetkaMrsI μRBHGaTitü  

• kaMrsI μRBHGaTitüenAeRkARsTab;briyakas ³ tMélmFüménkaMrsI μRBHGaTitü EdlcaMgmkelIépÞmYyEkg nwg 
kaMrsμ IRBHGaTitü sßitenAry³cMgay 1 AU ¬mann½yfa cMgayrvagRBHGaTitünigEpndI 1 AU = 149/6 
lanKILÚEm:Rt¦ manGaMgtg;sIuet 1367 va:t;¼m2 EdleKeGayeQμaHfakg;s þg;RBHGaTitü (solar 

constant).  
• kaMrsI μRtg; nigkaMrs μ Ipøat ³ kaMrsI μRBHGaTitüEdl)anmkdl;épÞEpndImanTMrg;BIry:ag KwkaMrsμ Irtg; nigkaMrsμ Ipøat 

¬emIlrUbTI 10¦. kaMrsI μpÞal; KWCakaMrsμ IenAkñúgTisedARBHGaTitü nigTItaMgNamYyenAelIEpndI. vanwgeGay 
møb;RbsinebImanvtßúNamYyenA)aMg. cMENkÉkaMrsIμpøat KμanTisedACak;lak;eT. enAeBlemXRsLH kaMrsI μ 
Rtg;man\T§iBlxøaMg EtenAeBlemXmanBBkeRcIn kaMrsμ Ipøatman\Ti§BlxøaMg.  

 

rUbTI 10 ³ kaMrs μ IRtg; nigkaMrs μ Ipøat [DGS guide (PV)] 
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• Air mass  nigs,ic (spectrum) rbs;RBHGaTitü³ BnWøRBHGaTitümanry³cMgayxøIbMput enAeBlEdl 
TItaMgrbs;va EkgnwgépÞrbs;EpndI. enAeBlEdlmuMcMnaMgb:Hkan;tUc ry³cMgayrvagEpndI nigépÞenAelIEpndI 
kan;EtEvg. enAkñúgkrNIenH karRsUbedayRsTab;briyakaskan;EtFM ehIykaMrsμ Ipøatk¾kan;EtFMEdr EdlCa-
mUlehtucMbg EdleFVIeGaykaMrsμ IRBHGaTitüEdlTTYl)anenAelIépÞmYyenAelIEpndI mankMritTab. pøÚveFVI 
dMeNIrrbs;kaMrsμ IBnøWRBHGaTitü qøgkat;briyakas mkelIépÞénEpndImaneQaμHfa Air Mass (AM). TMnak; 
TMngrvagTItaMgRBHGaTitü (altitude α) nig air mass KW ³ 

1 1
sin cos z

AM
α θ

= =  

AM=0 mann½yfaTItaMgRsUbenAsßitkñúglMh. cMENkÉ  AM=1 mann½yfaRBHGaTitüenAelI Zenith (θz=0 rW 
α=90°).  
• enAeBlqøgkat;RsTab;briyakas kaMrsI μRtUv)ankat;bnßyeday³ 

• karRsUbrbs;RsTab;briyakas 
• karRsUbedaym:UelKulenAkñúgbriyakas (O3, H2O, CO2, O2) 

• PaBr)a:t;r)a:y Rayleigh (Rayleigh scattering: PaBr)a:t;r)a:yrbs;m:UelKul) 

• PaBr)a:t;r)a:y Mie (Mie scattering: PaBr)a:t;r)a:yrbs;FUlI nigkarbMBulbriyakas) 

taragTI 4 bgðajTMnak;TMngrvagkaMrsI μRBHGaTitü nigmMukMBs; (angle of elevation α). karRsUb  nigPaB 
r)a:t;r)a:y  Rayleigh ekIneLIg enAeBlEdlmMukMBs;rbs;RBGaTitüfycuH. PaBr)a:t;r)a:y  Mie ERbRbYly:ag 
xøaMgeTAtamTItaMgnimYy²enAelIépÞEpndI. vamankMritFMbMput enAkñúgtMbn;]sSahkm μ.  \Ti§BlGakasenAkñúgtMbn; 
dUcCaBBk ePøóg rWRBil GaceFVIeGaykaMrsIμRBHGaTitüFøak;cuH)an. 

tarag 4 ³ TMnak;TMngrvagmMukMBs; nigkaMrs μ IRBHGaTitü [DGS guide 2005] 

α AM karRsUb Rayleigh 
scattering 

Mie 
scattering 

karFøak;cuHsrub 
90° 1,00 8,7% 9,4% 0-25,6% 17,3-38,5% 

60° 1,15 9,2% 10,5% 0,7-29,5% 19,4-42,8% 

30° 2,00 11,2% 16,3% 4,1-44,9% 28,8-59,1% 

10° 5,76 16,2% 31,9% 15,4-74,3% 51,8-85,4% 

5° 11,5 19,5% 42,5% 24,6-86,5% 65,1-93,8% 

 

• kaMrsI μRBHGaTitüenAelIbøg;TMert ³ kaMrsμ IRBHGaTitümankMritx<s;enATItaMgEdlEkgnwgkaMRBHGaTitü CagTItaMg 
EdlenAep þk cMeBaHRklaépÞesμ IKña ¬elIkElgEtkaMrsμ IRBHGaTitüEkgnwgépÞedk¦. enAeBlEdl azimuth 
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nig elevation angle pøas;bþÚreTAtaméf¶nigqñaM enaHmMuTMertrbs;TItaMgmYy k¾ERbRbYlEdr. edIm,IeFVIkar)a:n; 
sμanGMBInirn þPaB énTItaMgEdlRtUvtMelIg enAkñúgkareRbIR)as;famBlRBHGaTitü karviPaKelIkaMrsμ IRBHGaTitü 
GacmanRbeyaCn_ya:gxøaMg. kartMrg;TisénpÞaMgRsUbBnøWRBHGaTitü naMeGaykaMrsμ ImankMritxusKña. rUbPaBTI 
7 bgðajBIs,icénkaMrsI μRBHGaTitü kñúgkrNI AM=0 ¬eRkARsTab;briyakas¦ nig AM=1 
¬enAelIépÞEpndI¦. 

 

rUbTI 11 ³ kaMrs μ IRtg; nigkaMrs μ Ipøat [DGS guide (PV)] 

• mMuTMertRbesIrbMputrbs;pÞaMgRsUb ³ mMuTMertRbesIrbMputrbs;pÞaMgRsUbBnWøRBHGaTitü RtUv)ankMNt; GaRs½ynwg 
eKalbMng EdlRtUvbBa¢ak;eGay)anc,as;las;. 
• faetI pÞaMgRsUbRtUvpÁt;pÁg;bnÞúk EtkñúgrdUvrgarEmneT? ]TahrN_ eKeRbIfamBlRBHGaTitüsMrab;kMedA 

GKarmYy EtenAkñúgrdUvrgarb:ueNÑaH. enAkñúgkrNIenH eKRtUveRCIserIsmMuTMert EdlnaMeGaymankar 
plitfamBlGtibrma enAkñúgrdUvrgarEtb:ueNÑaH. 

• faetI pÞaMgRsUbRtUvpÁt;pÁg;bnÞúk eBjmYyqñaMEmneT?  
• sMrab;bnÞúkeRbIR)as;enArdUvrgar mMuTMert = ry³TTwg + 100. sMrab;bnÞúkeRbIR)as;eBjmYyqñaM mMuTMert = 

ry³TTwg. 
• karpøatBIdI (ground reflection) ³ GaRs½yelIsmaFatupSMéndI kaMrsμ IpøatBIdI EdlRtUv)anehAfa al-

bedo ERbRbYlGaRs½yeTAtamGaMgtg;sIueténcMNaMgpøat. kalNa albedo kan;Etx<s; enaHBnWøRBHGaTitü 
kan;EteRcInRtUv)anCHRtLb;vij nigeFVI[kan;EtPøWenACMuvij ehIykaMrsIμpøatk¾kan;EtFMEdr. CaTUeTA albedo 
mantMélesμ I 0>2 ¬elIkElgkrNIBiessEdleKbBa¢ak;¦. 
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• karvas;kaMrsI μBnWøRBHGaTitü³ eKGacvas;kaMrsμ IRBHGaTitü)anedayeRbIBIra:NUEmRt rW]bkrN_rgVas;GKÁisnIBnøW 
RBHGaTitü rWtamry³kareFVIviPaKeTAelIrUbPaBBIpáayrNb. BIra:NUEmRt KWCa]bkrN_EdlsmRsb bMput-
kñúgkarvas;kaMrsμ IRBHGaTitüenAelIbøg;edk. vapÁúMeLIgGMBIEsV‘rBak;kNþalcMnYnBIrEdleFVIBIEkv elah³BN’ 
exμAEdledIrtYnaTIsMrab;RsUb GgÁFatukMedAmYyenABIeRkam nigKMrbelah³BN’smYy. kaMrsμ IRBHGaTitüqøgkat; 
EsV‘rBak;kNþalEdleFVIBIEkv ehIycaMgeTAelIbnÞHRsUbkMedA edIm,IkMedAbnÞHEdk. enAeBlEdlsItuNðPaBekIn 
eLIgGaRs½ynwgkaMrsμ IRBHGaTitü eKGaceFVIkarKNna edayyksItuNðPaBrbs;bnÞHRsUbkMedA dkeGaysI 
tuNðPaBrbs;KMrbBN’s. tg;süúgrbs;GgÁFatukMedA nwgERbRbYlGaRs½ynwgPaBxusKñaénsItuNðPaBenH. eK 
GaceFVIkarKNnakaMrsμ IRBHGaTitüedayKuNtg;süúgEdlvas;eXIj nwgemKuNmYy)anya:ggayRsYl. BIra:NU 
EmRt k¾manlT§PaBvas;kaMrs μ IpøatpgEdr enAeBlEdrkaMrsμ IRtg;CYbnwgr)aMg. karvas;kaMrsμ IRBHGaTitüeday 
BIra:NUEmRt GaceGayeKTTYl)annUvPaBsuRkitbMput. Kñúgkarvas;kñúgry³eBlEvg kMritel¥ógmanRtwmEt 
0>8° b:ueNÑaH.  

2>2>3 karGnuvtþrbs;famBlBnøWRBHGaTitü  

famBlBnøWRBHGaTitü GaceRbIR)as;)anCacMbg kñúgBIrrebob³ pÞaMgkBa©k;BnøWRBHGaTitü nigkarkMedA.  

2>2>3>1 pÞaMgkBa©k;BnøWRBHGaTitü  

GKÁisnIBnøWRBHGaTitüKWCakarbegáItkMlaMgGKÁisnIclkr tamry³karRsUbkaMrs μ IRBHGaTitüEdl)ankøayCaGIuy:ug. 
dUecñH eKGacplitGKÁisnIedaypÞal;BIkaMrs μ IRBHGaTitü edaymincaM)ac;qøgkat;dMNak;kalénkarbMElgCafamBl 
kMedAsinenaHeT. GgÁFatuEdleRbIsMrab;bMElgkaMrsμ IRBHGaTitü eGayeTACaGKÁisnI maneQμaHfaekasikapÞaMgkBa©k; 
RBHGaTitü.  

 

rUbTI 12 ³ eKalkarN_kñúgkarplitGKÁisnIedayekasikapÞaMgkBa©k; [DGS guide (PV)] 
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ekasikanimYy²plittg;süúg)anRbEhl 0>5 v:ul cMENkÉcrnþvij smamaRtnwgRklaépÞrbs;ekasikapÞaMgkBa©k; 
¬sUmemIlrUbTI 12¦. ekasikaTaMgenHRtUv)aneKtCaes‘rI rWCaExñgedIm,ITTYl)antg;süúg nigGanuPaBeTAtamtMrUv 
kareRbIR)as;EdleKcg;)an ¬sUmemIlrUbTI 13¦. 

 

rUbTI 13 ³ ekasikapÞaMgkBa©k; pÞaMgkBa©k; nigbgÁúMpÞaMgkBa©k; [ RETscreen.net] 

ekasikapÞaMgkBa©k; RtUv)aneKplitdMbUg sMrab;kareRbIR)as;enAkñúgvis½yGvkas EttaMgBIqñaM 1975 mk eKk¾eRbI 
ekasikaenAelIépÞEpndIEdr. 

 

rUbTI 14 ³ kartMelIgpÞaMgRbcaMqñaMenAkñúgBiPbelak [ PV news RETscreen.net] 

karGnuvtþn_mYycMnYnrbs;RbB½n§GKÁisnIBnWøRBHGaTitü mandUcCa karbMPøWsMrab;GKarBaNiC¢km μ ePøIgbMPøWsaFarN³
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 karbMPøWeKhdæanenACnbTnigPUmiRsuk kEnøgkMsanþtUc²enACnbT mNÐlsuxPaBnigkarrkSava:k;saMgCaedIm. 
RbB½n§ famBlGKÁIsnIedIredayBnøWRBHGaTitü mincaM)ac;BwgEp¥kelIkareRbIR)as;bNþaj. RbB½n§GKÁisnIBnWøRBHGa 
Titü nwgp þl;karcMeNjya:geRcIn CaBiesscMeBaHtMbn;PñM rWtMbn;dac;Rsyal Edlkarsagsg;bN þajTamTarnUvkar 
cMNayx<s;. 
• RbB½n§gaktamkaMrs μ IRBHGaTitü ³ RbB½n§KWCaCMerIsmYyeTotkñúgkartMeLIgpÞaMgkBa©k;. pÞúyBIkartMelIgpÞaMg 

kBa©k;eGayenAnwg eKGactMelIgyn þkarmYy edIm,IeGaypÞaMgkBa©k;GacgakeTAtamRBHGaTitü  enAeBlEdl 
RBHpøas;b þÚrTItaMg. RbB½n§GaceGayeKbegáInfamBlplit)anRbEhl 40°.  

• RbB½n§bMrug ³ RbB½n§enHmansar³sMxan; eRBaHRbB½n§GKÁisnIBnøWRBHGaTitü plitGKÁIsnI)anEtenAeBlEdlRBH 
GaTitükMBugEtbeBa©jBnøWb:ueNÑaH. viFIBIrEdleKeRbICajwkjab;bMput KWkarP¢ab;eTAbNþaj nigkarpÞúkfamBl 
EdlelIstMrUvkar enAkñúgGaKuysMrab;eRbIenAeBlyb; rWenAéf¶EdlmanBBkeRcIn.  

2>2>3>2 kareRbIfamBlRBHGaTitüsMrab;kMedA 

enAkñúgfamBlkMedARBHGaTitü famBlRBHGaTitüRtUv)anbMElgCafamBlkMedA tamry³pÞaMgRsUbkMedA. famBl 
RBHGaTitüRtUv)aneRbIsMrab;kMedATwk rWxül; GaRs½yeTAtamtMrUvkarCak;Esþg. dMeNIrkarkMedAenH eFVIeLIgeday 
karRsUbkaMrsμ IRBHGaTitü tamry³pÞaMgRsUbkMedA eFVIeGaykMedAekIneLIg. bnÞab;mkkMedAenH RtUv)anbBa¢Úntam 
ry³GgÁFaturav rW]sμ ½nmYyEdleFVIclnavilvl; sMrab;kareRbIR)as;epSgeTot. kMedAGgÁFatuepSg². 

RbsinebIépÞEdlRtUvcaMgb:HedayBnøWRBHGaTitü esÞIrEtesμ InwgépÞEdlRsUbkaMrsI μRBHGaTitü enaHeKfa]bkrN_RsUb 
enHCaRbePTminp þ ú MkMNMu (non-concentrating type) rWeKniymeGayeQμaHfa pÞaMgRsUbépÞrabesμ I (flat plate 

collector FPC). pÞaMgRsUbEdlmanTinñpll¥ GacRsUbykkaMrsμ IRBHGaTitüEdlcaMgb:HnwgépÞrbs;va )anGti 
brma ehIybMElgeTACafamBlkMedAsMrab;eRbIR)as; edaKμankMhatbg; rWkMhatbg;Gb,brima.  
]bkrN¾kMedAedayBnWøRBHGaTitükMritTabRtUv)aneRbIenAkñúg]bkrN_kMedATwkedayBnWøRBHGaTitü ]bkrN_kMedA 
xül; cRgáanRBHGaTitü nigranhalsMgYtRBHGaTitüCalkçN³RKYsar nig]sSahkm μ. 

2>2>3>3 ]bkrN¾kMedATwkedayBnWøRBHGaTitü  

kareRbIfamBlRBHGaTitüedIm,IkMedATwkminEmnCaKMnitf μ IeT. Cag 100 qñaMmun GagTwkEdllabBN’exμA RtUv)an 
eRbICa]bkrN¾kMedATwkenAkñúgRbeTsCaeRcIn. bec©kviTüakMedATwkedayeRbIBnøWRBHGaTitü (SWH) RtUv)aneFVI 
eGayRbesIreLIgya:gxøaMgenAkMLúgstvtSn_knøgmk. bc©úb,nñenH pÞaMgRsUbkMedAEdlmanRklaépÞsrub 30 lan 
Em:Rtkaer RtUv)antMeLIgenAkñúgBiPBelak. ]bkrN¾kMedATwkedayBnøWRBHGaTitüCaeRcIn RtUv)aneRbIenAkñúg 
RbeTsmYycMnYndUcCa³ cin \NÐa GaløWm:g; Cbu:n GU®sþalI nigRkic. CaBiessenARbeTsxøH eKTamTar[mankar 
sagsg;]bkrN_kMedATwkedayBnøWRBHGaTitü enAkñúgKMeragsMng;fμ I² ¬]TahrN_RbeTsGIuRsaEGl¦. 
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esvakm μTwkekþAmaneRcInRbePT CaBiessKWRbB½n§TwkekþAsMrab;lMenAsßan dUc)anbgðajenAkñúgrUbTI 15. enAkñúgkar 
Gnuvt þenH eKmanGagTwkmYy)ansþúkTwkekþA. cMeBaHRbB½n§EdleRbIGgÁFaturavsMrab;bBa¢ÚnkMedA kMedARtUv)ancMlg 
BIGgÁFaturavenHeTAkan;TwkEdleKcg;kMedA tamry³]bkrN_bN þÚrkMedA.  

 
rUbTI 15 ³ ]bkrN_kMedATwkedayBnøWRBHGaTitü [RETscreen] 

RbB½n§kMedATwkedayBnWøRBHGaTitüGacCaRbB½n§skmμ nigGskm μ. RbB½n§skm μRtUv)aneRbIR)as;y:ageRcIn edayeRbI 
m:asIunbUmTwk eFVI[TwkmanclnaenAkñúgpÞaMgRsUb nigGagsþúkTwk. RbB½n§Gskm μ dMeNIrkaredayBwgEp¥kelIkMlaMg 
TMnajdI nig)atuPUtrgVilrbs;TwkenAeBlEdlvaeLIgek þA. 
]bkrN_kMedATwkedayBnøWRBHGaTitü RtUv)aneKeRbICalkçN³]sSahkmμ enAtamsNæaKar eragcRktm,aj erag 
cRkRsaebor nig]sSahkmμTwks¥at .l. 

2>2>3>4 karkMedAxül; 

eKRtUvkarxül;ekþAedIm,IsMgYtRKab;FbaØCati nigkMedAbnÞb;. ]bkrN¾kMedAxül;edayBnøW RBHGaTitümanlkçN³dUc  
]bkrN¾kMedATwkEdr Edlxül;RtUv)ankMedAenAeBlEdlva)anqøgkat;pÞaMgRsUbkaMrsI μRBHGaTitü ¬sUmemIlrUbTI 
16¦. CaBiessenAkñúgkrNITaMgBIrenH \T§iBlénkartMrg;Tis nigkMhatbg;kMedAedaysarxül;bk; manlkçN³dUc 
Kña.  
• RbB½n§kMedAGskm μ ³ enAkñúgkarkMedARbePTenH eKRtUveRCIserIsmuxkat;pÞaMgRsUbkMedA kartMrg;Tisrbs;pÞaMg 

edIm,ITTYl)annUvfamBlGtibrmaBIRBHGaTitü sMrab;GKarNamYy ¬sUmemIlrUbTI 17¦.  
• RbB½n§kMedAxül;skm μ ³ RbB½n§kMedAxül;skm μedayBnøWRBHGaTitümanBIrEpñkKW pÞaMgRsUbkMedARBHGaTitüEdl 

eKtMelIg enAEpñkcMehogrWdMbUlGKar ehIytMrg;TiseTAeGkVaT½r nigkgðar RBmTaMgRbB½n§Eckcayxül;enAkñúg 
GKar ¬sUmemIlrUbTI 18¦.   
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rUbTI 16 ³ eKalkarN_rbs;RbB½n§kMedAxül;edayBnøWRBHGaTitü 

 

rUbTI 17 ³ eKalkarN_RbB½n§kMedAxül;Gskm μ  [Fraunhofer ISE (from www.RETScreen.net)] 

• snÞHbiTebIkxül; ³ snÞHbiTebIkxül;eRbIsMrab;ebIkxül; eGaycUlkñúgGKar enAeBlEdleKminRtUvkarkMedA 
xül;. enAkñúgRbB½n§enH eKeRbIETrm:Us þamYyedIm,IRtYtBinitüsItuNðPaB enAxageRkAGKar edIm,IbBa¢aeTAelIsnÞH 
biTebIkxül;. ETrm:Us þanwgbBa¢aeGaysnÞHbiTebIk cMhRbsinebIsItuNðPaBenAxageRkAmankMedARKb;RKan; 
EdlmincaM)ac;eFVIkarkMedAxül;.  

• karGnuvt þénRbB½n§kMedAxül;edayBnøWRBHGaTitü ³karGnuvt þrYmmankarkMedAxül;sMrab;GKar nigkarkMedAxül; 
sMrab;dMeNIrkarplitepSg². RbB½n§kMedAxül;sMrab;GKar mankarERbRbYlGaRs½yeTAhñwgRbePTénGKar 
¬]TahrN_ ³ ]sSahkm μ GKarBaNiC¢km μ rWGKarsñak;enA¦. xül;ek þAenAkñúgbriyakas RtUv)aneRbIedIm,IeFVIkar 
sMgYt dUcCasMgYtplitplksikm μCaedIm .l. karkMedAxül;edayfamBlRBHGaTitü k¾RtUv)aneRbIR)as; 
Ca]bkrN_kMedAbzm sMrab;karkMedAenAkñúg]sSahkmμ EdlTamTarnUvsItuNðPaBx<s;.   
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rUbTI 18 ³ eKalkarN_RbB½n§kMedAxül;skm μ [RET-Screen.net] 

2>2>3>5 cRgáanedIredayBnWøRBHGaTitü  

cRgáanedIredaykaMrsμ IRBHGaTitü eRbIR)as;famBlRBHGaTitüedIm,IeFVIkarcMGin dUecñHeKeFVIkarsnSMsMéc\n§n³pUsIul 
Gus nigGKÁisnI)anya:geRcIn. enHKWCacRgáancMGinmYyya:gsamBaØ sMrab;kareRbIR)as;CalkçN³RKYsar 
ehIyeKGaceRbIR)as;va)anesÞIreBjmYyqñaM elIkElgeBlmanBBk nigenAkñúgrdUvrgar.  

• cRgáanRbePTRbGb; (Box type solar cooker)³ cRgáanRbePTRbGb; EdlmankBa©k;cMNaMgpøat 
eTal RtUv)aneKniymeRbIy:ageRcInenAkñúgRbeTs\NÐa. cRgáanenH)anbgðajnUvPaBRbCaRbiyya:gxøaMg 
enAtamtMbn;CnbT EdlRs þIPaKeRcIn)ancMNayeBlya:geRcInkñúgkaredIrRbmUlGus. cRgáanenH 
sk þismnwgRKYsar EdlmansmaCikBI 4 eTA 5 nak; nigGacsnSMhÁas)anBI 3 eTA 4 FugkñúgmYyqñaM.  

• cRgáanRbePT)a:ra:bUl ¬rUbTI20¦ ³ cRgáanRbePT)a:ra:bUl pÁMúeLIgedaycan)a:ra:bUlmYyEdleFVIGMBI 
Fiber Reinforced Plastic (FRP) EdlBasedaysnøwksMrab;eGaykaMrsμ Ipøat eFVIBIEdkEfb 
rWsnøwkGaluymIj:Úm. qñaMgcMGinRtUv)aneKdak;enAcMkMNMuénkaMrsμ IRBHGaTitü EdlpøatBIcan)a:ra:bUl. 
CYnkalkaMrs μ IEdlpøatmkBIcan)a:ra:bUl RtUv)anp þMúKñaenARtg;bnÞHpøatmYyeTot eTIbpøateTAcM)atqñaMg. 
CamYycRgáanenH eKGaceFVIkarcMGin dut bMBg GaMg.l.    
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rUbTI 19 ³ cRgáanRbePTRbGb; 

 

rUbTI 20 ³ cRgáanRbePT)a:ra:bUl [BEE_12] 

2>3 CIvm:as; 

2>3>1 GVIeTACaCIvm:as;  

CIvm:as;KWCarukçCatidUcCaedImeQI esμA RKab;FBaØCati rWsarFatusrIragÁepSgeTot. rsμ IsMeyaK KWCasmtßPaBrbs; 
rukçCati kñúgkarbegIátCaCIvm:as; BI]s μ ½nkabUnicenAkñúgRsTab;briyakas CamYyTwknigCIvCati. kareFVIrsμ IsMeyaK 
nwgbeBa©jnUv]sμ ½nGuksIuEsn EdleKRtUvkaredIm,IdkdegðIm. dUecñHkareFVIrsμ IsMeyaK KWCamUldæanrbs;RKb; CIvit

Transparent 
cover 

Metallic

Sun rays 
Reflec-
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TaMgGs;enAelIEpndI. 
etIrsμ IsMeyaKdMenIrkardUcem þc? kør:UPIlEdlmanenAkñúgsøwkeQIBN’ébtg KWCaGanuPaBEpñkxagkñúgénRKb;rukçCati 
kñúgkarbMElg]s μ ½nkabUnic eTACIvm:as;. eRkABIkaMrsI μRBHGaTitü rukçCatik¾RtUvkarpgEdr nUvsarFatuEr: EdlmandUc-
CaCIvCati nigTwk ¬sUmemIlrUbTI 21¦. GaRs½yelIRbePTrukçCati rs μ IsMeyaKGacplitcgVak;kabUnepSg²Kña)an 
EdleKeGayeQμaHfa kabUGIuRdat.  
rsμ IsMeyaK KWCaGñkpÁt;pÁg;GuksIuEsnEtmYyKt;enAelIEpndI EdlmnusSnigstVRtUvkaredIm,Irs;ranmanCIvit. eK-
GaceXIjsar³sMxan;rbs;rsμ IsMeyaK kalNaeKKitGMBIsNæanCasklrbs;va nig\T§iBlCaRbvt þisaRs þeTAelI 
bBaðakarERbRbYlGakasFatu.  

 

rUbTI 21 ³ kareFVIrs μ IsMeyaK [DGS guide Bioenergy systems 2005] 

2>3>2 TMrg;epSg²KñaénRbPBCIvm:as; 

CIvm:as;GacEckecjCa 4 RbePTsMxan;² GaRs½yelIRbPBedImrbs;va.  
• rukçCatisMrab;famBl³ rukçCatisMrab;famBl RtUv)aneKdaMduHsMrab;karplitfamBlb:ueNÑaH. vaRsUbykkaMrsI μ 

BnøWRBHGaTitü ehIypÞúkeRkamrUbPaBCIvma:s; edIm,IeRbIR)as;enAeBleRkay ]TahrN¾ páaQUkr½tñ TMBaMg)ayCUr 
nigeBatCaedIm.  

• kaksMNl;eRkayeBlRbmUlpl³ kaksMNl;Edl)anmkBIkarRbmUlplRKab;FBaØCati nigkarkab;rMlMén 
edImeQI mandUcCacMebIgnigkMeTceQI KWCakaksMnl;FmμCati. kaksMNl;TaMgenHGacykmkplitCafam
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Bl)an EdlCakt þamYykñúgkarkat;bnßytMélplitkm μ rWbegáInTinñplRbmUlpl.  
• GnuplsrIragÁ ³ CIvma:s;EdlRtUv)aneRbIR)as;edaymnusS nwgbegáIt)anCaplitplGnuplmYyRkumeTot. 

GnuplTaMgenHmanlamkénksidæanciBa©wmstV kaksMNl;]sSahkm μeQI nigséssURtCaedIm. kareRbIR)as; 
GnuplTaMgenHGaceGayeKbegáInR)ak;cMeNj nigFana)anfaRKb;EpñkénkarplitTaMgGs; naMeGaymannirn þ 
PaBénbrisßan. 

• kaksMNl;srIragÁ³ kaksMNl;TaMgenHrYmman kaksMNl;rbs;eKhdæan Pk;beBa©jedayeragcRkvaynP½NÐ 
nigkaksMNl;rbs;sib,km μrW]sSahkm μplitcMNIGahar.  

rUbPaBTI 22 dl;TI 24 bgðajBIRbPBCIvma:s;mYycMnYnenAkñúgRbeTsenAkñúgtMbn;GasIuGeKñy_.  

 

rUbTI 22 ³ rukçCatifamBlenAkñúgtMbn;GasIuGaeKñy_ - eBat 

 

rUbTI 23 ³ rukçCatifamBlenAkñúgtMbn;GasIuGaeKñy_ - GMeBA 
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rUbTI 24 ³ rukçCatifamBlenAkñúgtMbn;GasIuGaeKñy_ - és<exμA 

eKGacbMElgCIvma:s;eTACafamBl EdlmanTMrg;epSg²Kña GaRs½ynwgcriklkçN³rbs;CIvma:s;EdlykmkeRbI. 
Ca]TahrN_ eKGacbMElgCIvma:s;eTACa\n§n³sMrab;dMenIrkarma:sIunCaedIm.  
 

 

rUbTI 25 ³ kaksMNl;TIRkug ¬TIvalcak;sMraménTIRkugevogcan;¦ [Khamphone 2006] 
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rUbTI 26 ³ kaksMNl;BIsib,km μEkéqñeQI ¬Lav¦ [Khamphone 2006] 

 

rUbTI 27 ³ Ggáam ¬PaKxagt,ÚgLav¦ [Khamphone 2006] 

rUbPaBTI 28 bgðajBIkarbMElgCIvma:s;TaMg 4 RbePT eTACaRbPBfamBlCIvEdlmanTMrg;rYm 3 RbePT. TMrg;rYm 
TaMg 3 RbePTenHrYmman GgÁFaturwg rav nig]sμ ½n.  
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rUbTI 28 ³ viFIsaRsþkñúgkarbMElgCIvma:s; [DGS guide (bioenergy system) 2005] 

2>3>3 kareRbIR)as;RbPBfamBlCIvsa®sþ 

famBlEdleRbIR)as;manTMrg;sMxan;²cMnYn 3 enAkñúgCIvPaBTMenIbsBVéf¶ . TMrg;famBlTaMgenHmanfamBlemka 
nic kMedA nigGKÁisnI. kareRbIR)as;famBlCIvma:s;enH GacbMeBjtMrUvkarfamBlTaMgbIsNæanenH)an.  
•  kMedA³ kMedARtUv)anbegáIteLIgenAkñúgRbB½n§cMehH. enAkñúgRbB½n§CIvma:s;EdleKeRbIsMrab;plitCafamBl 

kMedA \n§n³RbePTGgÁFaturwgRtUv)aneKeRbIya:geRcInelIslb;. cMeBaHRbB½n§CIvm:as;EdlmanEtmYyedIm,I 
begIátkMedA. kaksMNl;eQI rWeQIRss; rWkaksMNl;Edlsl;Biksidæan k¾RtUv)aneKeRbIR)as;edIm,IplitkMedA 
Edr edaysarEtkarcMNaymankMritTabkñúgeRcokeGayeTACadMul¥it nigsMgYt.  

• famBlemkanic³ famBlemkanicRtUv)aneRbIR)as;CacMbgenAkñúg]sSahkm μdwkCBa¢Ún. enAkñúgkarGnuvt þ fam 
BlemkanicRtUv)anplittamry³ma:sIuncMehHkñúg. kareRbIR)as;famBlCIvma:s;enAkñúgvis½ydwkCBa¢Ún )an 
TTYlkareCaKC½yy:agxøaMgenAkñúgRbeTsmYycMnYndUcCa kareRbIR)as;CIvDIEslenAkñúgGwr:ub kareRbIR)as;l,ay 
eGtaNulenAkñúgRbeTs)araMg nigGaemrik nigkareRbIR)as;eGtaNulsuT§enAkñúgRbeTseRbsIul. bc©úb,nñenH 
\n§n³CivfamBlmanlkçN³bec©keTsRKb;RKan;edIm,ICMnYsRbPBfamBlpUsIul. eKGacbMeBjtMrUvkarkñúgkar 
bMlas;TI EdlmineFVIeGayb:HBal;dl;brisßan tamry³kareRbIR)as;eRbgbEnøEdl)anmkBIetñat RKab;páaQUk 
r½tñ RKab;lðúgxVg nigGakulEdlplitBICIvma:s;. 

• GKÁIsnI³ karplitfamBlGKÁisnI edayeRbIR)as;RbPBCIvma:s; GaceFVIeTA)antamry³karbMElgeTACa 
famBlkMedAsin. famBlemkanicRtUv)anpliteLIgtamry³ma:sIuncMehHkñúg rWtamry³TYrb’ÍncMehHpÞal; 
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rWcMehHRbeyal. famBlemkanicEdlplit)an nwgykeTAP¢ab;CamYyma:sIunePøIgedIm,IplitfamBl 
GKÁisnI.  

2>3>4 sNæanfamBlCIvma:s; 

• famBlCIvm:as;rwg³ RbPBfamBlCIvma:s;RbePTrwgFMbMput KWral;plitplTaMgLayNaEdl)anmkBIeQI. 
eKGacTTYlykeQITaMgenH)an BIkarRbmUlGusenAkñúgéRB rWkaksMNl;eQIBIsib,kmμEkécñ. enAkñúgkrNI 
CaeRcIneTot Gnuplksikm μEdlmandUcCacMebIg Ggáam.l. k¾RtUv)aneRbIedIm,IplitfamBlGKÁIsnIEdr.  

• RbPBCIvm:as;rav³ karbMlas;TIKWCaebHdUgsñÚlenAkñúgsgÁm]sSahkm μTMenIb. kardwkCBa¢ÚnmnusS 
nigTMnijRtUvBwgEp¥kelI\n§n³rav. bc©úb,nñenH RbPBfamBlCIvm:as;ravmYycMnYn smmUlCalkçN³bec©keTs 
eTAnwg\n§n³pUsIul ehIyRtUv)aneKeRbIedIm,ICMnYsRbPBpUsIulTaMgenH. eGtaNulEdl)anmkBIkarkac;em nig 
emtaNulEdl)anmkBICIvma:s;EdlmanpÞúk lignocelluloses eRcIn suT§swgCa\n§n³CIvsaRs þ. eRbgEdl 
)anmkBIrukçCatifamBl ¬dUgeRbg páaQUkr½tñ lðúgxVg¦ kMBugRtUv)aneFVIkarsakl,g nigRtUv)aneRbIeRkamTMrg; 
BIFm μCatirbs;va rWRtUvplitCaCIvDIEslsin. kareRbIR)as;RbPBfamBlCIvma:s; minnaMeGaymankarbeBa©j 
]sμ ½nkabUniceLIy ehIymancriklkçN³kñúgkarbeBa©jRbesIrCagRbPBpUsIul.  

• RbPBCIvm:as;]s μ ½n³ famBlCIvRbePT]s μ ½nRtUv)anpliteLIgtamry³karbMElgCIvma:s;. vaRtUv)anplit 
edaykarbMElgrbs;BBYkmIRkub mandUcCakarrMlayedayKμanvt þmanGuksIuEsn. vaRtUv)anplitpgEdr tam 
ry³karbMElgeTACa]sμ ½nedaykardutCIvma:s;.   

2>4 famBlvarIGKÁIsnI 

varIGKÁIsnIKWCafamBlkekIteLIgvijmYyEdlmanTMrg;cMNas;bMput Edl)anpÁt;pÁg;RbEhl 19° énkareRbIR)as; 
famBlGKÁisnITUTaMgBiPBelak tamry³eragcRkGKÁsnIEdlmanGanuPaBTaMgtUcTaMgFM. RbeTsmYycMnYndUcCa 
eRbsIul shrdæGaemric kaNada nignrEv:l )aneFVIkarplitfamBlGKÁisnIya:gsMebIm tamyr³sßanIy_varIGKÁisnI 
xñatFM. pÞúyeTAvij eragcRkvarIGKÁIsnIxñattUc ya:geRcInGenkkMBugdMeNIrkar enAkñúgtMbn;mYycMnYnFM enAelIBiPB 
elak rYmmantMbn;GasIuGeKñy_pgEdr.  
eBlEdlmankarekIneLIgnUvplGviC¢maeTAelIbrisßan nigesdækic©sgÁm kñúgkarksageragcRkvarIGKÁIsnIxñatFM 
RBmTaMgtMrUvkarGanuPaBEdlmankMritTab kñúgkareFVIGKÁisnIPavUbnIykm μCnbTenAkñúgRbeTskMBugGPivDÆn¾ eKcab; 
Garm μN_EteTAelIvarIGKÁIsnIxñattUcb:ueNÑaH. enAkñúgn½yenH varIGKÁIsnIxñattUcRtUv)anelIkykmkBiPakSaenAkñúg 
esovePAemeronenH.  

2>4>1 mUldæanénkareRbIR)as;famBlvarIGKÁIsnIxñattUc 
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eKGacKNnaGanuPaBkmøaMgTwksrubenAkñúgsÞwgmYy)an RbsinebIeKdwgGMBIkMBs; ¬H KitCaEm:Rt¦ nigFarTwk ¬Q 
KitCam3¼vi¦. eKGacKNnaGanuPaB ¬KitCaKILÚva:t;¦ tamry³rUbmn þxageRkamenH)an.  
P gQHρ=           

Edl ρ - dg;sIuetTwk (kg/m3); g - snÞúHTMnajEpndI (m/s2) 

TYrb‘ÍnmantYnaTIbMElgGanuPaBenH eGayeTACaGanuPaBemkanic nigbnÞab;mkeTAfamBlGKÁisnI.   
eKGacesck þIGFib,aysßanIy_varIGKÁIsnIxñat edayEckecjCaBIrEpñkKW karsagsg; nigbrikçaGKÁisnI nigemkanic. 
rUbPaBTI 29 KMnUsbMRBYjrbs;eragcRkvarIGKÁIsnIxñattUcmYy. 

 

rUbTI 29 ³ KMnUsbMRBYjéneragcRkGKÁisnIxñattUcmYy [www.RETScreen.net] 

2>4>1>1 kargarsMNg; 

CaTUeTA kargarsMNg;cMbgrbs;varIGKÁisnIxñattUcmYy rYmmankarsagsg;Gags þúkTwk TMnb;Twk pøÚvsMrab;TwkhUr 
nigeragGKÁisnI ¬sUmemIlrUbTI 30¦.  
• RckcUlrYmmantMrgsMrab;raMgsÞHsMram TVarTwk nigpøÚvcUlRbLay rWbMBg;bgðÚrEdlP¢ab;eTATYrb‘ÍnedaypÞal; 

GaRs½yelIRbePTsMNg;. RcksMrab;TwkcUlsagsg;eLIgBIebtg; tMrgsMrameFVIeLIgBIEdk cMENkÉTVarTwkvij 
eFVIeLIgBIeQI rWEdk.  

• RbLay RblayrUgeRkamdI rW¼nigbMBg;bgðÚrTwk mantYnaTInaMTwkBIRckcUl eTAkan;eragGKÁisnI EdlTYrb‘ÍnRtUv 
)antMelIgenATIenaH. CaTUeTARblayRtUv)anCIkeTAtamTMrg; nigPUmisaRs þrbs;tMbn;. RblayrUgeRkamdIRtUv 
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)aneKCIkedayeFVIkarxYg rWbMpÞúH rWeRbIma:sIunxYg. bMBg;bgðÚrTwk EdlnaMTwkEdlmansMBaFx<s; eFVIeLIgBIEdkEfb 
EdkFm μta C½r sMLIEkv ebtug rWeQI.  

• RckcUl nigRckecjrbs;TYrb‘Ín rYmmansnÞHbiTebIk  nigTVarbiTebIk edIm,IbBaÆb;lMhUrrbs;Twk kñúgeKalbMng 
bBaÆb;karplit nigeFVItMEhTaM. CaTUeTAFatuTaMgenHeFVIeLIgBI EdkEfm rWEdkFmμta. TVarbiTebIkenARckecj 
rbs;TYrb‘Ín GaceFVIeLIgGMBIeQI.  

• RblaybgðÚrTwkecj mantYnaTInaMTwkEdlecjBITYrb‘Ín Rtlb;eTAkan;EpñkxageRkaménsÞwgvij. vamanlkçN³ 
dUcCaRblaybgðÚrTwkcUlEdr KWeKRtUveFVIkarCIk.  

• eragGKÁIsnIpÞúkeTAeday TYrb‘ÍnmYy rWeRcIn nigbrikçaGKÁIsnI nigemkanicCaeRcIneTot.  
• CaFm μta karcMNayeTAelIkargarsMNg;esμ IRbEhl 60° énkarvinieyaKsMrub.  

  

rUbTI 30 ³ kargarsMNg;sMrab;varIGKÁisnIxñattUc [www.RETScreen.net] 

2>4>1>2 brikçaGKÁisnI nigemkanic 

brikçaGKÁisnI nigemkaniccMbg enAkñúgvarIGKÁisnIxñattUc rYmmanTYrb‘Ín nigma:sIunePøIg.  
• TYrb‘Ín³ TYrb‘ÍnRbePTepSg²KñamYycMnYnRtUv)anplit edIm,IeRbIR)as;enAtamsßanIy_ Edlmanlkçx½NðxusKña 

BImYyeTAmYy.  
• TYrb‘ÍnEdleRbIsMrab;varIGKÁisnIEdlmankMBs;TwkTab nigmFüm KWCaRbePT reaction type EdlrYm 

manRbePT Francis ¬rUbTI 31¦nigRbePTsøabcRkEdlmanmMuefr nigERbRbYl (Kaplan). 
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• TYrb‘ÍnEdleRbIsMrab;varIGKÁisnIEdlmankMBs;Twkx<s; KWCaRbePT impulse turbines EdlrYmman 
RbePT Pelton ¬rUbTI 32¦ Turgo nig crossflow. 

• TYrb‘ÍnsMrab;varIGKÁIsnIxñattUc GacTinñplrhUtdl;RbEhl 90°. 
• ma:sIunePøIg³ ma:sIunePøIgBIrRbePTRtUv)aneKeRbIenAkñúgeragcRkvarIGKÁIsnIxñattUc Kwma:sIunsaMgRkUn nigma:sIun 

GasaMgRkUn. ma:sIunsMagRkUn GacdMeNIrkaredayELk cMENkÉma:sIunGasaMgRkUn dac;xatRtUvdMeNIrkar 
edayP¢ab;eTAnwgma:sIunepSgeTot. ma:sIunsaMgRkUnRtUv)aneKeRbIR)as;CaTUeTA edIm,IplitfamBlGKÁisnI enA 
tameragcRknana rWenAkñúgbN þajEdlenAedayELk nigenAkñúgvarIGKÁisnIxñattUc. 

 

rUbTI 31 ³ TYrb‘ÍnRbePT Francis sMrab;;varIGKÁisnIxñattUc [www.RETScreen.net] 

 

rUbTI 32 ³ TYrb‘ÍnRbePT Pelton sMrab;;varIGKÁisnIxñattUc [www.RETScreen.net] 
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2>4>2 RbePTvarIGKÁIsnIxñattUc 

eKGaceFVIcMNat;fñak;varIGKÁisnIxñattUc)an edayQrelImUldæancMbgbIepSgKña.  
• TMhMénkartMelIg ³ minmanniymn½yNamYyRtUv)anTTYlsÁal;Caskl Tak;TgnwgBakü “varIGKÁisnIxñattUc” 

Edlniymn½yénBaküenHERbRbYleTAtamtMbn;epSg²Kña. Baküfa “xñattUc” GacERbRbYlBI b:unμanKILÚva:t; 
rhUtdl; 50 emkav:at; rWk¾GacFMCagenHeTot. CaerOy² varIGKÁisnI “xñattUc” GacmanTMhMcab;BI 1 eTA 10 
emkava:t; varIGKÁisnI “xñatmInI mini hydro” GacmanTMhMcab;BI 100 KILÚva:t;eTA 1 emkava:t; varIGKÁisnI 
“xñatmIRkU” manTMhMeRkam 100 KILÚva:t; nig “xñatBIkU” manTMhMeRkam 100 KILÚva:t;.  

• kMBs;Twk ³ cMNat;fñakbIxageRkamRtUv)aneKeRbIR)as;enAkñúgÉksarmYycMnYnFM  
• kMBs;Tab (H < 15 m) 

• kMBs;mFüm (H=15 to 50 m) 
• kMBs;x<s; (H>50m) 

• RbePTsMNg;FarasaRs þ ³ eKGaceFVIcMNat;fñak;varIGKÁIsnIxñattUc eTAtamRbePTsMNg;FarasaRs þ  
• RbePTédTenø (Run-of-river) ³ RbePTenHsMedAeTAelIvarIGKÁisnI EdldMeNIrkaredaysarTwkhUr 

CalkçN³Fm μCatienAkñúgTenø ¬sUmemIlrUbTI 33¦. varIGKÁisnIRbePTenH CYbbBaðaenARtg;K μankarsþúk 
Twk CaehtueFVIeGayGanuPaBERbRbYleTAtamFarTwkrbs;Tenø. dUecñHkarsagsg;varIGKÁisnI RbePTenH 
manlkçN³smRsbkñúgkarpÁt;pÁg;famBleTAbN þaj CaCagkarpÁt;pÁg;famBlsMrab;kareRbIR)as;kñúg 
tMbn; .   cMeBaHtMbn;dac;RsyalEdleRbIRbPBfamBlvarIGKÁIsnIxñattUc eKEtgeRbIRbPBfamBlmYy 
bEnßmeTot ¬CaerOy² eKeRbIma:sIunedIredayma:s‘ut¦. enAkñúgkrNIvarIGKÁisnIxñattUcCaeRcIn eKGac 
bEgVrTislMhUrrbs;TwkTenø edIm,ITajykGtßRbeyaCn_BIry³kMBs;énTenø EdlmanPaBxusKñaxøaMgrvag 
EpñkxagelI nigEpñkxageRkam. karbEgVrTislMhUrenH TamTareGaymankarsagsg;TMnb; rWGagtUcmYy 
edIm,IbEgVrTwkeGaycUleTAkñúgRckcUlénsßanIy_varIGKÁisnI.   

• RbePTGags þ úkTwk (Reservoir) ³ edIm,IeGayvarIGKÁisnImanlT§PaB kñúgkarpÁt;pÁg;bnÞúkeRbIR)as;Edl 
mankarERbRbYlCab;Canic© nigbnÞúkeRbIR)as;Gtibrma eKRtUveFIVkars þúkTwkenAkñúgGagmYy rWeRcIn. 
RbsinebIKμanbwgFm μCatisMrab;eRbIR)as;eT eKnwgRtUvtMrUveGaymankarsagsg;GagTwkmYy rWeRcIn rWbwg 
sib,nimit þ. ktþaenHnwgCH\T§iBlCaviC¢man nigGviC¢man eTAelIbrisßanCMuvij eTaHbICakarGPivDÆEdlCa 
lT§plénkarsagsg;varIGKÁisnIenH GacTUTat;nUvplGviC¢mank¾eday. edaysarEtTMhMesdækic© nig-
PaBsμ úKsμajkñúgdMeNIrkarEsVgrkkaryl;RBmeGaymankarsagsg; varIGKÁisnIRbePTenHRtUv)ansag 
sg;CalkçN³FMEtm þg. karbegáItGags þ úkTwkfμ I sMrab;kareRbIR)as;kñúgvarIGKÁisnIxñattUc nwgminp þl;pl 
cMeNjeLIy elIkElgEttMélfamBlEdlenAtMbn;dac;RsyalenaHmankMritx<s;. kars þ úkTwkmYy 
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RbePTeTotmaneQ μaHfa (pumped storage)  EdlTwkRtUv)anbUmBIEpñkxageRkamsÞwgeTAkñúgGag 
TwkEdlenAxagelIvij ¬sUmemIlrUbTI 34¦.  

 
rUbTI 33 ³ FatusMxan;²énmIRkUvarIGKÁisnIRbePTédTenø [SEPC UNIDO 2006] 

 

rUbTI 34 ³ RbB½n§GIuRbIudrvagvarIGKÁisnInigGKÁisnIRBHGaTitü [NEDO_MEM 2006] 

• mUldæanmYyeTotEdlRtUv)aneRbIkñúgkareFVIcMNat;fañk;varIGKÁisnI KWRbePTbNþaj rWeKaledAkñúgkarpÁt;pÁg; 
famBl.  
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• RbePTminP¢ab;bNþaj³ famBlEdlplit)anBIeragcRkvarIGKÁIsnIxñattUc nwgpÁt;pÁg;eTAbNþajsV½ytü 
EdlbN þajenHminRtUv)anP¢ab;eTAbN þajrbs;CatieLIy. enAkñúgkrNIenH eKk¾GaceRbICalkçN³ 
GIuRbIudCamYyRbPBfamBlepSgeTotk¾)an.  

• RbePTP¢ab;eTAbNþaj³ famBlEdlplit)anBIeragcRkvarIGKÁIsnIxñattUc nwgpÁt;pÁg;eTAbNþajCati. 

3 mUldæanRKwHGKÁIsnI 

GKÁIsnIKWCakMlaMgEdlmanR)adkenAkñúgFm μCati vaekItmaneLIgenAeBlNaaEdlmankarepÞrbnÞúkGKiÁsnIrvagGgÁ 
FatuBIr. GKÁisnIRtUv)aneRbIR)as;enAkñúgvis½y]sSahkm μdUcCaeGLicRtUnic nigGanuPaBGKÁisnI. 

3>1 tg;süúgnigTMlak;tg;süúg 

3>1>1 tg;süúg 

tg;süúgKWCakMlaMgGKÁIsnImYy EdleFVIeGayeGLicRtugesrIeFVIclnabMlas;TIBIGatUmmYyeTAGatUmmYyeTot. 
dUcCaTwkEdlRtUvkarsMBaFedIm,ICMrujva[qøgkat;tambMBg;mYy crnþGKÁIsnIRtUvkarkMlaMgedIm,IeFVI[vamanclna. 
“v:ul” KWCaxñaténsMBaFGKÁIsnIEdleFVI[crnþrt;. tg;süúgKWCaplsgb:Utg;Esülrvag2cMnucenAelIExScMlg. enA 
eBlxøH eKtagkMlaMgGKÁIsnIclkredaynimitþsBaØa E ¬rUbTI 35¦.  

 

rUbTI 35 ³ sMBaF nigkMlaMgGKÁisnIclkr [www.cipco.apogee.net] 

 

tg;süúgRtUv)anpÁt;pÁg;edayma:sIunePøIg rWGaKuy. ma:sIunePøIg eRbobdUcCam:asIunbUmTwkenAkñúgRbB½n§bUmTwk nigGa 
Kuy eRbobdUcGagTwk. RbB½n§TaMg2manb:Utg;EsülxusKñarvagRbPBGanuPaBnigEpñkxagcugBIRbPB.  

3>1>2 TMlak;tg;süúg 

enAeBlEdlcrnþ I qøgkat;ersIusþg;mYy tamc,ab;GUmtg;süúgenAcugsgxagersIus þg; R esμ Inwg I x R 
etICacrnþmagGaMgtg;sIuetb:un μan enAkñúgesoKVIénrUbTI 36 ? 
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 ersIiusþg;srub 4 + 6 = 10 GUm dUecñH  10 v:ul ¼ 10 GUm = 1 GMEBr 
dUecñH tg;süúgsrub Vt = 10 v:ul pÁt;pÁg;eTAersIus þg;mYy Rt = 10 GUm naMeGaycrnþ I = 1  GMEBr.  

 

rUbTI 36 ³ esoKVIGKÁisnI [http wwwhvacmechanic.com] 

\LÚvenH eyIg)andwgcrnþqøgkat;esoKVI dUecñHeyIgGacKNnaTMlak;tg;süúgenAelIersIusþg;nimYy² edayGnuvtþ 
c,ab;GUm ³ 
 V1 = I x R1   1 GMEBr x 4 GUm naMeGayTMlak;tg;süúgesI μnwg 4 v:ul BI A eTA B  
 V1 = I x R1   1 GMEBr x 6 GUm naMeGayTMlak;tg;süúgesI μnwg 6 v:ul BI B eTA C  
 dUecñH TMlak;tg;süúgsrubesI μ 10 v:ul 
IxR KWCatg;süúgenAcugsgxagersIusþg;nimYy² maneQ μaHfamTMlak;tg;süúg. TMlak;tg;süúgsrubRtUvEtesI μnwg 
tg;süúgrbs;RbPB. 
manktþamYycMnYnEdlnaMeGayTMlak;tg;süúgelIskMrit. ebIsinCatg;süúgTabeBk RtUvBinitüTMlak;tg;süúg Edl 
KYrEtK μanenAkñúgkrNIFm μta ]TahrN_tg;süúgenAcugsgxagkugtak; rWExScMlgGacEvgeBk rWExScMlgmanmuxkat; 
tUceBk RtUvBinitüpgEdrnUveRKOgeGLicRtUnicEdltCaesr‘ÍCamYybnÞúk. 

3>2 crnþ 

crnþKWrgVas;énGRtalMhUrrbs;eGLicRtugEdlqøgkat;GgÁFatumYy. xñatrbs;crnþGKÁIsnIKWGMEBr “A”. crnþenHekIt 
maneLIgenAeBlEdlmankMlaMgrucRcaneGLicRtugeGayrt;BIGatUmmYyeTAGatUmmYyeTot. mYyGMEBr mann½y 
fa 6>28 x 1018 eGLicRtug¼vinaTI.  
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]TahrN_éncrnþGKÁIsnIrYmmankarcMlgGKÁisnIelah³ EdleGLicRtugeFIVbMlas;TIenAkñúgExScMlg nigkarcMlg 
GKÁisnIenAkñúgeGLicRtUlIRt EdlGIuy:ugrt;enAkñúgsUluysüúg ¬sUmemIlrUbTI 37¦. 
enAeBlEdlcrnrt;kñúgGgÁFatucMlg kMedARtUv)anekIteLIg BIeRBaHRKb;GgÁFatucMlgersIusþg;kñúgrbs;va.  dUecñH 
crnþEdlqøgkat;esoKVImansar³sMxan;Nas; eRBaHenAeBlEdlmancrnþqøgkat;kan;EtFM kMedAekIneLIgkan;EtxøaMg. 
eKGackt;sMKal;nUv)atuPUtkMedAenH)an enAeBlEdlExScMlg rW]bkrN¾GKÁIsnIRtUv)anqøgkat;eday crnþkñúgry³ 
eBlmYy. 
karKitBIkMedAenHmansar³sMxan;Nas;kñúgkareRCIserIsTMhMExScMlg. enAeBlEdlExScMlgRtUv)anqøgkat;eday 
crn þ EdlmanGaMgtg;sIuetelIskMritEdlvaGacFn;)an eKniyayfaExScMlg {elIsbnÞúk overloaded}. Kar 
elIsbnÞúkenH GaceFVIeGayGIusULg;ExSrlay ehIybegIáteTACakarqk; rWGKÁIP½y. 
  

 

rUbTI 37 ³ crnþrt;kñúgExScMlg [http wwwhvacmechanic.com] 

3>3 ersIusþg; 

ersIusþg;KWCaGñkRbqaMgeTAhñwglMhUrcrnþ. RKb;GgÁFatumanersIusþg;rbs;xøÜn ehIytMélersIus þg;enH RtUv)ankMnt; 
edaysarFatuedImrbs;GgÁFatu TMhMrbs;GgÁFatu nigsItuNðPaB. vamaneQ μaHfaersIusÞIvIet. Xñatrbs;ersIusÞIvIet 
KW GUm¼sm3 enAsItuNðPaB 20 GgSa. GMBUlePøIg m:UT½r ]bkrN¾kMedAGKÁIsnI nigrbMurWueL suT§EtmanersIusþg; eTaH 
bIBYkvaRKan;EtCaExScMlgk¾eday. 
ersIus þg;rbs;GgÁFatumYyKitCa  :GUm :. kalNaGgÁFatumYymanersIus þg;kan;EttUc GgÁFatuenaHcMlgGKÁisnI)an 
kan;l¥. ]TahrN_ Tg;EdgmanersIus þg;tUcCagGaluymIj:Úm dUecñHTg;EdgCaGgÁFatucMlgl¥Cag.  
eyIgGaceFVIkareRbobeFobcrn þeTAnwgRbB½n§TueyaTwk)an. ersIus þg;EdlTb;lMhUrrbs;Twk KWGaRs½ynwgmuxkat; 
bMBg;. PaBERcsenAkñúgbMBg; vtßúEdlsÞHenAkñúgbMBg; PaBbt;EbnnigtMN suT§swgEtCakt þaEdlnaMeGayersIus þg; 
ekIneLIg.  
crn þEdlrt;enAkñúgesoKVIGKÁisnIk¾manlkçN³dUcKñaEdr. mankt þamYycMnYnEdlkMnt;ersIus þg;rbs;ExS dUcCamuxkat; 
ExS RbEvgExS sarFatuedImrbs;ExS. ]TahrN_ ExSEdlmanmuxkat;tUc manersIus þg;FMCagExSEdlmanmuxkat;FM 
ehIyExSEdlmanRbEvgEvg manersIus þg;FMCagExSEdlmanRbEvgxøI ¬sUmemIlrUbTI 38¦.   
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rUbTI 38 ³ RbePTExS [www.cipco .apogee .net] 

enAeBlEdlGKÁIsnIqøgkat;elIersIusþg; famBlRtUvxatbg;CakMedA. ebIsinCakMedAmanGaMgtg;sIuetxøaMglμm ersIu 
sþg;GaceLIgBN’Rkhm enHCaeKalkarN_dMeNIrkarrbs;GMBUl. sésqμarrbs;GMBUl eFVIeLIgBIsarFatuEdlGac 
Fn;nwgcrn þEdlmanGaMgtg;sIuetx<s; ehIyeLIgek þA nigbeBa©jBN’Rkhm.  
xñatrbs;ersIus þg; KitCaGUm ehIynimit þsBaØarbs;GUm tagedayGkSrRkic GUemka (Ω). CaTUeTAersIus þg;RtUv)aneK 
tagedayGkSr “R”. 

c,ab;GUm³ enHCac,ab;RKwHénesoKVIGKÁisnI vaRtUv)anrkeXIjeday George Ohm. c,ab;enHEcgfa crnþEdlqøg 
kat;esoKVImYyEdlmanersIusþg;suT§mYy smamaRteTAnwgkMlaMgGKÁIsnIclkr nigRcassmamaRteTA nwgersIus þg; 
srubrbs;esoKVI. 

V = R × I            

TMnak;TMngenHmanlkçN³lIenEG‘r. kalNatg;süúgekIneLIgBIrdg enaHcrn þnwgekIneLIgBIrdg cMeBaHersIus þg;dUc 
Kña. RbsinebIeKcg;)ancrn þdEdl enAeBlEdltg;süúgekIneLIgBIrdg eKRtUvtMelIgersIus þg;eGay)anBIrdg.   

3>4 GanuPaB nigfamBl 

GanuPaBenHKWCargVas;énfamBlplit rWeRbIedayesoKVIkñúgmYyxñateBl. enAeBlEdlcrnþqøgkat;ersIusþg; kMedA 
nwgekIteLIg. kMedAKWCakarcg¥úlbgðajfafamBlkMBugRtUv)aneRbIR)as;. enHCaeKalkarN_dMeNIrkarrbs; 
hVú‘ysIub eRBaHfaenAeBlEdlcrn þEdlmanGaMgtg;sIuetelIskMritqøgkat;va enaHvanwgrlayehIycMhesoKVI. 
GanuPaBKitCav:at; ¬w¦. 
]TahrN_faeKmanGMBUlBgman;mYyEdlmanGanuPaB 100 va:t;. tMél 100 va:t;enHminsMedAeTAelIGaMgtg;sIuet 
BnøWEdlRtUvplitenaHeT b:uEn þvaCaGanuPaBEdlGMBUlRtUvkar. GMBUlEmRtEdlmanGanuPaBRtwm 17 va:t; Gacplit 
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GaMgtg;sIuetBnøWxøaMgCagGMBUlBgman; 100 va:t;eTot edaysIuGanuPaBRtwmEt 17° énGanuPaBrbs;GMBUlBgman; 
Etb:ueNÑaH ¬sUmemIlrUbTI 39¦. GñkpliteRKOgGKÁisnIEtgeFVIkarbBa¢ak;GMBIGanuPaBEdlsIueday]bkrN_rbs; 
xøÜn KitCav:at;.   

 

rUbTI 39 ³ GMBUlEm:Rt nigGMBUlBgman; [www.cipco.apogee.net] 

etIersIusþg;mantMélb:unμan? 
cMelIy³ R = V / I = 12/6 = 2 GUm 
etIGanuPaBEdlsIuedayersIusþg;mantMélb:un μan? 
cMelIy³ P = I x V  = 12 × 6 = 72 v:at; 
c,ab;s‘Ul GacbBa©ÚlCamYyc,ab;GUm edIm,IbegáItsmIkar 2 EfmeTot³ 

watts72
2

12Por      watts7226P     ;
R

VRIP
2

2
2

2 ===×==×=  

famBl³ KWCatMélGanuPaBmFümEdl)aneRbIkñúgry³eBlkMnt;mYy nigRtUv)anvas;Ca {KI;LÚv:at;em:ag}. famBl 
EdleRbIedayGtifiCn nigGanuPaBGtibrmakñúgkMlugeBleRbIR)as;mYy RtUv)anvas;y:agsuRkiteday]bkrN_rgVas; 
rbs;eragcRkGKÁIsnI. famBlmanTMrg;epSg²Kña dUcCafamBlkMedA BnøW sMelg GKÁIsnI nigKImICaedIm. 
]TahrN_ eKcg;KNnafamBlEdleRbIsMrab;kgðarsMgYtmYy EdlmanGanuPaB 1500 va:t;. enHKWCaGanuPaB 
EdlvasIuenAeBlEdlvadMeNIrkar. RbsinebIkgðarenHdMeNIrkar)an 2 em:agkñúg 1 Ex enaHvaeRbIfamBlGKÁIsnI 
Gs; 1500  v:at; x 2 em:ag = 3000 va:t;em:ag rWesIμnwwwg 3 KILÚv:at;em:ag. ]TahrN_enHbgðajeGayeXIjfa 
famBleRbIR)as;GaRs½ynwgkt þacMbgBIr KWGanuPaB nigry³eBleRbIR)as;.  

3>5  crnþqøas; nigcrnþCab; 

3>5>1 crnþCab; 
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crnþCab;RtUv)anpliteLIgedayeGLicRtugEdleFVIbMlas;TIenAkñúgTisedAEtmYy. GkSrkat;rbs;crn þCab;KW 
"DC". edaycrnþCab;rt;kñúgTisedAEtmYy enaHtg;süúgrbs;vak¾manTisedAEtmYyEdr rWEdleKeGayeQμaHfaCa 
b:Ul. RbB½n§GKÁisnICalkçN³BaNiC¢km μdMbUgeKbg¥s; RtUv)anbegáIteLIgedayelak  Thomas Edison nig 
RbB½n§epSg²eTotk¾eRbIcrn þCab;Edr. b:uEnþedayeyageTAelIPaBcMeNj enAry³eBleRkaymk eKeRbIvaCaRbB½n§ 
crnþqøas;vij. sBVéf¶enHGaKuy pÞaMgkBa©k;RBHGaTitü Fuel cell ma:sIuncrn þCab;suT§Etplitcrn þCab; ¬sUmemIl 
rUbTI 40¦. 

  
rUbTI 40 ³ crnþCab; [www.cipco.apogee.net] 

3>5>2 crnþqøas; 

crnþqøas; rW "AC" KWCaRbePTGanuPaBEdleyIgsÁal;ya:gc,as;. vaRtUv)aneRbIR)as;enAkñúglMenAsßan GKar 
BaNiC¢kmμ nig]sSahkmμ BIeRBaHGanuPaBcrnþqøas;manlkçN³cMeNjCagcrnþCab; TaMgkarplitnigkareRbIR)as;.  
GanuPaBGKÁIsnIrt;enAkñúgTisedAmYykñúgry³eBlxøImYy ehIyrt;kñúgTisedAbRBa©askñúgry³eBles μ Ikña eTIbRcas 
mkedImvij. clnarbs;crn þEdlrt;kñúgTisedAeTAmux fyeRkaycuHeLIg²enH RtUv)aneKeGayeQμaHfaxYb ehIy 
cMnYnxYbkñúgmYyvinaTI maneQμaHfaeRbkg; KitCa "Hz" ¬sUmemIlrUbTI 41¦. eragcRkGKÁIsnImaneRbkg; 50 Hz 
rW 60 Hz GaRs½yeTAtambRtdæanEdlRbeTsnimYy²)aneRbI.  

 

rUbTI 41 ³ crnþqøas; [Adapted by Khamphone]  
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crnþqøas;EdlmanlkçN³BaNiC¢kmμdMbUgeKbg¥s;)anbegáIteFVIeLIgeday George Westinghouse enAkñúgqñaM 
1886. enAeBlenaH Edison kMBugEteRbIR)as;crn þCab;edIm,IpÁt;pÁg;GKÁisnIenAkñúglMenAdæan b:uEn þbN þajrbs; 
Kat;manRbEvgRtwmEt 1 m:ay b:ueNÑaHenAkñúgrdæ New Jersey. edaysarEtmankarcMNayTabeTAelIkarEck 
cayGanuPaBcrn þqøas; vak¾RtUv)aneKeRbICaerogrhUtmk.   
criklkçN³TI 1 éncrnþqøas; EdlGacp þl;PaBcMeNj lT§PaBkñúgkarpøas;b þÚttg;süúg edayeRbIRtg;sVÚ. eKGac 
TMlak; rWtMelIgtg;süúg)anenAeBlEdleKRtUvkar. TaMgenHGaceGayeKeFVIkarEckcayfamBl)an kñúgRTg;RTay 
FMtamEdleKcg;)an.  

3>6 esoKVIGKÁIsnI  

3>6>1 esoKVIes‘rI 

esoKVIes‘rIKWCaesoKVIEdlmanp þl;pøÚvEtmYyKt;sMrab;crn þ. dUecñHcrn þEdlrt;enAkñúgesoKVIes‘rI mantMéldUcKña 
TaMgGs;. ersIus þg;enAkúñgesoKVIRtUv)antBIcugmçageTAcugmçag ehIytMélsrubGacKNna)antamrUbmn þxageRkam ³  

Total 321 R R  R  R =++             

cUrKNnacrn þenAkñúgesoKVIxageRkamenH ¬rUbTI 42¦ 
 R = R1 + R2 + R3 = 6,    V = 12   cMelIy I = 2 A 

 

rUbTI 42 ³ esoKVIes‘rI [www.hvacmechanic.com]  

3>6>2 esoKVIExñg 

enAkñúgesoKVIExñg bnÞúkEdleKaltg;süúgviC¢manRtUv)anP¢ab;Kña nigEpñkeKalGviC¢mank¾RtUv)anP¢ab;Kña  ehIycrn þ



Promotion of the Efficient Use of Renewable Energies in Developing Countries  
EIE-06-256 REEPRO 

 

40 

rt;qøgkat;RKb;ExñgTaMgGs;. ersIus þg;srub KWCacMrasersIus þg; EdlCaplbUkcMrasersIus þg;TaMgGs;. 
ersIus þg;srubrbs;esoKVIkñúgrUbTI 43 KW ³ 

3
1

2
111

1 RRRReff

++=        

Edl R1= 3 GUm + 4 GUm = 7 GUm; R2=13 GUm; R3=11 GUm 

11137
13711711131

11
1

13
1

7
11

××
×+×+×

=→++=
effeff RR

=   0.31  Rsrub=3.23 GUm 

 

rUbTI 43 ³ esoKVIExñg [www.hvacmechanic.com]  

3>7 karplitGanuPaB  

karplit KWCadMeNIrkarbMElgTMrg;famBlGVImYy eTACafamBlGKÁIsnI. pøÚvEdlgayRsYlCageKkñúg karKitGMBI 
karplitfamBlGKÁIsnI KWKitfavapÞúynwgkareRbIGanuPaB dUcCam:UT½rEdlvilbRBa©as. m:UT½rbMElgfamBlGKÁIsnI 
eTACafamBlemkanic nigclna. ma:sIunePøIgbMElgfamBlekaniceTACafamBlGKÁIsnI ¬rUbPaBTI 44¦    

 

rUbTI 44 ³ karplitGanuPaBGKÁisnI [www.cipco.apogee.net] 
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ma:sIunePøIgmYyrYmpSMedayemEdkmYyFM vilenAkñúgsMNMurbMuExSEdlenAnwg. enAeBlEdnma:ejTicRtUv)anplit 
ehIyvilenAkñúgrbMuExSEdlenAnwgenaH tg;süúgnwgRtUv)anbegáIteLIg. kalNaeKbegáIncMnYnrbMu enaHeKnwgplit 
)ancrn þkan;EtFM.  

3>8 karbBa¢Ún  

edIm,IedaHRsaybBaðabBa¢ÚnGKÁIsnI EdlmancMgayq¶ay William Stanley )anbegIát]bkrN¾EdlmaneQμaHfa 
Rtg;sVÚ. Rtg;sVÚGacbgálT§PaBkñúgkarbBa¢ÚnGKÁIsnIkñúgry³cMgayq¶ay nigRbkbedayTinñplx<s;. karbegIátrnH 
bgálT§PaBkñúgkarpÁt;pÁg;GKÁIsnIdl;lMenAsßan TIkEnøgBaNiC¢km μ EdlenAq¶ayBIeragcRkGKÁIsnI ¬rUbPaBTI45¦. 
 

 

rUbTI 45 ³ karbBa¢ÚnGKÁisnI [www.eia.due.gov] 

GKÁIsnIRtUv)anplitedayma:sIunePøIg nigrt;tamExScMlgeTAkan;Rtg;sVÚ Edl)anbMErbMrYlBItg; süúgTabeTA 
tg;süúgx<s;. GKÁIsnIGacbBa¢ÚneTAcMgayq¶ay RbkbedayTinñplx<s;edayeRbItg;süúgx<s;. bNþajbBa¢ÚnRtUv 
)aneRbIedIm,IbBa¢ÚnGKÁIsnIeTAkan;GanusßanIy_. GanusßanIy_manRtg;sVÚEdlGacTMlak;tg;süúgBIx<s;eTATab)an. 
ecjBIGanusßanIy_ bN þajEckcaynwgpÁt;pÁg;GKÁisnIsMrab;lMenAsßan kariyal½y eragcRk EdlRtUvkartg;süúg 
TabedIm,IeRbIR)as;. 

3>8>1 karEckcay 

eragcRkGKÁIsnIminEmnCakEnøgpÞúkGKÁIsnIeT vaCaGñkplit ehIyEckcayCabn þbnÞab;. Rkumh‘unGKÁIsnIRtUv dwgCa 
munGMBItMrUvkarGKÁIsnI ehIyeFVIkarEckcayvaeTAkan;GtifiCn.  
GKÁIsnIGacRtUv)anEckcayedaymanTinñplx<s;enAeBltg;süúgmantMélx<s;. Rtg;sVÚrRtUv)aneRbIsMrab;{begIán} 
nig{TMlak;}tg;süúgenAelIRbB½n§bNþajEdlbBa¢ÚneTAkan;GtifiCn ¬rUbPaBTI 45¦. 
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dMbUg tg;süúgEdlplitedayma:sIunePøIgenAkñúgeragcRk RtUv)antMelIg tamry³rbMuTIBIrrbs;Rtg;sVÚ EdlrbMuman 
cMnYnCMueRcInCagrbMuTImYy. bnÞab;mkRtUv)anP¢ab;eTAnwgExSbN þajbBa¢Ún.  
bNþajbBa¢ÚnmantYnaTIbBa¢ÚnGKÁIsnIkñúgry³cMgayq¶ayeTAkan;GanusßanIy_. GanusßanIy_manRtg;sVÚEdlGacTMlak; 
tg;süúgBIx<s;eTATab)an. enAkñúgGanusßanIy_ tg;süúgRtUv)anTMlak;tamry³rbMuTIBIrrbs;Rtg;sVÚ EdlrbMumancMnYn 
CMuticCagrbMuTImYy. ecjBIGanusßanIy_ GKÁisnIRtUv)anbBa¢Úntamry³bN þajEckcay eTAkan;Rtg;sVÚrbs;RbGb; 
ePøIgrbs;Rkumh’unGKÁisnI edIm,ITMlak;tg;süúgeGaykøayeTACatg;süúgTab edIm,IgaceRbIR)as;)anenAtamlMenA 
sßan kariyal½y hagTMnij nigeragcRkCaedIm. BIRbGb;ePøIg eKeRbIExScMlgedIm,IbBa¢ÚnGKÁisnIeTAkan;TitaMg 
eRbIR)as; edayqøgkat;naLikargVas;. naLikargVas;enHnwgkt;RtanUvfamBlEdleKeRbIR)as;RbcaMEx.  
ecjBIkugT½r ExScMlgRtUv)anrt;kñúgCBa¢aMg rWkñúgbMBg;edIm,IpÁt;pÁg;eTARBI rWGMBUl rWbnÞúkeRbIR)as;epSg²eTot. 
GanuPaBRtUvmankMritefredIm,IeGaybnÞúkeeRbIR)as;dMenIrkareTA)an.  

3>9 karpÞúkfamBl 

karsþúkfamBl KWCakarpÞúkfamBleRkamTMrg;mYyepSgeTot ehIyGacTajykmkeRbIvij)anenAeBleRkay enA 
eBlEdlmantMrUvkar. famBlTaMgenaHmanTMrg;dUcCafamBlb:Utg;Esül rWfamBlsIuenTic. GaKuypÞúkfamBl 
eRkamTMrg;famBlKImI cMENkÉGagvarIGKÁisnIpÞúkfamBleRkamTMrg;famBlb:Utg;Esül.  
eKGaceFVIkarpÞúkfamBlenAkñúgbNþaj)an tamry³karbBa¢ÚnfamBlenAeBlEdlelwstMrUvkar ehIyTajykfam 
BlBIbN þajmkvij enAeBlEdlmankgVHxatfamBl.  
viFIsaRs þkñúgkarpÞúkfamBlrYmman³ ¬1¦KImI ¬GIuRdUEsn CIv\n§n³¦ ¬2¦GKÁIsnI-KImI ¬GaKuy GaKuyTwk Fuel 

cells¦ ¬3¦GKÁIsnI ¬kugdg; karsþúkfamBlm:aejTic¦ ¬4¦emkanic ¬bMENnxül; karsþúkfamBlvarIGKÁIsnI¦ 
¬5¦ kMedA (molten salt, cryogenic liquid air or nitrogen, seasonal thermal store, solar 

pond, hot accumulator, steam accumulator and fireless locomotive).  

4 karvaytMélsk þnuBl 

4>1 Tinñn½ysMrab;eFVIkarvaytMél 

• Tinñn½y]tþúniym ¬RBil sMeNIm sItuNðPaB ry³eBlRBHGaTitürH kaMrsμ IRBHGaTitü¦  
• sßiti ¬Tinñn½yplitkmμ ]sSahkmμ nigksikm μ¦ 
• Tinñn½ykaksMnl;³ karecalsMram karkb;kñúgdI karEkécñeLIgvij   
• karGnuvtþn_ksikmμ nigéRBeQI³ ksikmμ karRbmUlpl karRKb;RKgéRBeQI .l. 

4>2 karvaytMélsk þanuBlfamBlkekIiteLIgvij 
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4>2>1 xül; 

FnaKarBiPBelak)ane)aHBmÖpSayEpnTIRbPBfamBlxül;sMrab;tMbn;GasIuGaeKñy_ Edl)anp þl;Bt’mand¾KYreGay 
cab;Garm μN_ Tak;Tgnwgsk þanuBlfamBlxül;enAkñúgRbeTskm<úCa Lav éf nigevotNam. sißti)ankt;RtanUv 
el,ÓnenAry³kMBs;; 30Em:Rt nig 50 Em:RtBIdI RBmTaMgel,ÓnmFümRbcaMqñaM nigeRbkg;énxül;. 
EpnTI)anbgðajfaRbeTskm<úCamanfamBlxül;ticCagRbeTsCitxag. eTaHbICay:agdUecñHk¾eday enAkñúgEpnTI 
manKUsbBa¢ak;BItMbn;xøHEdlmanb:Utg;Esülx<s; nigel,Ónxül;mFümRbcaMqñaMelIsBI 7 EmRt¼vinaTI.  tMbn; 
TaMgenHCaTUeTACatMbn;x<g;rab nigtMbn;PñMenAPaKnirtIénRbeTskm<úCa. xül;Edlmanel,ÓnelIsBI 7>0-8>0 
EmRt¼vinaTI RtUv)anrkeXIjenACYrPñMRkvaj Edlmanry³kMBs; BI 1000 eTA 1200 EmRt sßitenAPaKnirtI nig 
PaK\sanénRbeTs.  
enAkñúgr)aykarN_rbs;FnaKarBiPBelak eK)an)a:n;sμanfa Tyrb‘Ínxül;EdlmanGanuPaB 1380 emkav:at; Gac 
plitfamBl)an 3627 CIkava:t;em:agkñúgmYyqñaM. tYelxenHKWes μ Inwg 3 eTA 4 dgénfamBlEdlplitsBVéf¶. 
enAkñúgEpnTI k¾mankar)a:n;sμanfa RbCaCnRbEhl 6° rs;enAEk,rtMbn;Edlmanel,Ónxül; cab;BI 5 eTA 6 
Em:Rt¼vi enAry³kMBs; 30 Em:RtBIdI Edlel,Ónxül;enH manlkçN³RKb;RKan;kñúgkarksag bN þajsMrab;PUmi. 
dUecñHRbsinebIRbCaCn 50° Edlrs;enAkñúgtMbn;enH eFVIkartMelIgTYrb‘Ínxül;EdlmanGanuPaB 400 va:t; kñúgmYy 
RKYsar enaHGanuPaBtMelIgsrubKW 22 emkava:t; EdlGacplitfamBl)an 39 CIkava:t;em:agkñúgmYyqñaM.  
GnuelamtamEpnTIxagelI sMrab;RbeTsLav sk þanuBlfamBlxül;mankMritx<s; enAPUmiPaKkNþal 
nigPaKxagt,Úg b:uEn þsßitenAry³kMBs; 65 m nigenAelIkMBUlPñMtamRBMEdnLav-evotNam. dUc)aneXIjenAkñúgrUb 
TI 46 el,Ónxül;mFümRbcaMExenARbeTsLavenAry³kMBs; 50 m BIdI mankMritTabEdlminsmRsb kñúgkar 
tMelIgTYrb‘Ínxül;xñatFM)an. 

Monthly Mean Wind velocity of 17 provinces in Lao PDR
(at 50 m above ground) (SSE/NASA)
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rUbTI 46 ³ el,Ónxül;mFümRbcaMExenAkñúgRbeTsLav [Adapted from SSE 
data_www.eosweb.larc.nasa.gov] 
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4>2>2 BnøWRBHGaTitü 

TaMgRbeTskm<úCa nigLav KWCakEnøgEdlkaMrs μ IRBHGaTitümankMritx<s; ¬sUmemIlrUbTI 47 nig48¦. RbeTskm<úCa 
)anTTYlkaMrs μ IRBHGaTitüEdlmankMritx<s;eBjmYyqñaM EdlkaMrsμ ImFümRbcaMéf¶es μ Inwg 5>10 kWh/m2 CamYy 
lMgakmFümRbcaMExesμ Inwg 11° .  
CaTUeTA eKGacTTYlfamBleRcInCag 1600 kWh/m².a BIRBHGaTitüsMrab;bMElg eTAfamBlsMrab;eRbIR)as;. 
edIm,IKNnatYelxxagelIeTACa kWh/kWpeak famBlRtUv)anfycuH 15° edaysarGakasFatuekþA dUecñH 
TinñplRbcaMqñaMRbEhl 1450 kWh/kWpeak RtUv)anplittamry³karbMElgCaGKÁisnIBnøWRBHGaTitü.  

 

rUbTI 47 ³ EpnTIkaMrs μ IRBHGaTitürbs;RbeTskm<úCa [SEPC 2006] 

 

rUbTI 48 ³ EpnTIkaMrs μ IRBHGaTitürbs;RbeTsLav [Khamphone adapted from SEE 
data_www.eosweb.larc.nasa.gov 
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4>2>3 CIvm:as; 

KYrkt;sMKal;faenARbeTsLav nigRbeTskm<úCa CIvm:as;KWCaRbPBcMbg énkareRbIR)as;famBlsMrab;cMGin. 
b:uEn þCIvma:s;xøHdUcCasMNl;eQI ¬kMeTseQI Gac;rNa¦ rWsMNl;plitplksikmμ ¬Ggáam cMebIg¦ minTan;RtUv)an 
eRbITUlMTUlayeT ¬sUmemIlrUbTI 25 dl; 27¦. 
eRbgEdl)anmkBIRKab;rukçCatifamBl Edllatsn§wgenAkñúgtMbn;GasIuGeKñy_ ¬dUgeRbg páaQUkr½tñ lðg;xVg¦ kMBug 
TTYlkarsakl,g ehIyRtUv)aneRbIeRkamTMrg;edIm rWbMElgeTACaCIvDIEslsin.  

4>2>4 varIGKÁisnI 

TenøemKgÁ nigédrbs;va KWCaRbPBfamBlvarIGKÁIsnIsMrab;saFarNrdæRbCamanitLav nigRBHraCaNacRk km<úCa. 
FnaKarGPivDÆn_GasIu)aneFVIkar)a:n;sμanfa RbeTskm<úCamansk þanuBlfamBlvarIGKÁIsnI RbEhl 8600 emka 
va:t; cMENkÉRksYg]sSahkm μ Er: nigfamBl )aneFVIkar)a:n;sμanrhUtdl; 10000 emkava:t;. RbsinebIeKKitfa 
karplitmankMritTabCagGanuPaBtMelIg 50° enaHeKnwgTTYl)anfamBlRbEhl 37000 CIkava:t;em:agkñúgmYy 
qñaM. tYelxenHesμ Inwg 70 dgénfamBlEdlplitedayRkumh’unGKÁisnIkm<úCasBVéf¶. EpnTIKMeragvarIGKÁisnIxñat 
tUcrbs;RbeTskm<úCaRtUv)anbgðajenAkñúgrUbTI 49.   

  

rUbTI 49 ³ EpnTIskþanuBlvarIGKÁisnIxñattUcrbs;RbeTskm<úCa [SEPC_Source: MIME ] 
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sk þanuBlvarIGKÁisnIrbs;RbeTsLavRtUv)aneK)an):an;sμan;fa mantMélRbEhl 23000 emkava:t; EtvarIGKÁisnI 
EdlkMBugdMenIrkarmanRtwmEt 670 emkava:t;b:ueNÑaH. sk þanuBlvarIGKÁisnIrbs;RbeTsLavedIrtYnaTIya:gsMxan; 
kñúgkarpøas;b þÚrCamYyRbeTsCitxag ¬sUmemIlrUbTI 50¦. 

  

rUbTI 50 ³ EpnTIskþanuBlvarIGKÁisnIrbs;RbeTsLav [PSDP_MEM, 2006] 
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