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lkjka'k

fctyh ç.kkyh dk b"Vreu] ml çfØ;k dks lanfHkZr djrk gS ftlesa fo|qr ÅtkZ tky ¼Power Grid½ 
tSls fctyh ç.kkyh ds çn'kZu dks csgrj cukus ds fy, xf.krh; dyu fof/k ¼Mathematical Algorithm½ 
vkSj lax.kdh; fof/k;ksa dk mi;ksx fd;k tkrk gSA bldk mís'; fo'oluh; lapkyu dks lqfuf'pr djrs 
gq, ykxr dks de djuk vkSj/;k {kerk esa lq/kkj djuk gSA b"Vreu çfØ;k mRiknu ykxr] ekax] lapj.k 
vkSj forj.k çfrca/k vkSj i;kZoj.kh; çHkko tSls dkjdksa dks /;ku esa j[krh gSA bldh ç;qä rduhdksa esa 
jSf[kd çksxzkeu ¼linear programming½] xfr'khy çksxzkeu ¼dynamic programming½ vkSj LokuqHkkfod 
rduhd ¼heuristics½ 'kkfey gSaA fctyh ç.kkyh b"Vreu dh ;kstuk vkfFkZd] ikfjfLFkfrd vkSj lqj{kk laca/kh  
leL;kvksa dks /;ku esa j[krs gq, ,dh—r fo|qr 'kfä ç.kkyh ds lapkyu esa fofHkUu b"Vreu fof/k;ksa dks 
ykxw djds cukbZ tkrh gSA fo|qr ÅtkZ ds mi;ksx dks b"Vre djus vkSj mldh ç.kkyh dh dq'kyrk dks 
c<+kus ds fy, fof'k"V [kkst vkSj b"Vreu dh fof/k;ksa ¼optimization methods½ dks LFkkfir djus ds fy, 
mUur tSfod fl)karksa ¼Advanced evolutionary principles½ dk mi;ksx fd;k tkrk gSA ;g 'kks/k i= 
vkjdsMh,Q fo'ofo|ky;] Hkksiky] e/; çns'k ds 100 fdykso‚V&ihd ds Nr ij fLFkr lkSj ÅtkZ la;a= 
ds çn'kZu dk fo'ys"k.k djrk gSA blds çn'kZu dks lR;kfir djus ds fy, j[kj[kko ijh{k.k fd, x, 
vkSj muds ifj.kkeksa dk fo'ys"k.k crkrk gS fd la;a= dk okf"kZd vkSlr tuu visf{kr tuu ds lekuhr 
ewY; ls de gSA ç.kkyh ds çn'kZu dks lq/kkjus ds fy, fo'ys"k.kkRed b"Vreu dh ;kstuk cukbZ xbZ gS] 
tks bldh mUur dq'kyrk ds lanHkZ esa vuqdwfyr lek/kku lqfuf'pr djsxhA

Abstract 

Power system optimization refers to the process of improving the performance of a power 
system, such as a power grid, by using mathematical algorithms and computational methods. The 
objective is to minimize the cost and/or improve efficiency while ensuring reliable operation. The 
optimization process considers factors such as generation costs, demand, transmission and distri-
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bution constraints, and environmental impact. 
Techniques used in it include linear program-
ming, dynamic programming, and heuristics. It 
is planned by implementing various methods of 
optimization in integrated electric power sys-
tem operation considering economic, ecologi-
cal and security concerns. To establish arbitrary 
search and optimization procedures, advanced 
evolutionary principles are included to optimize 
the power utilization to enhance the efficiency 
of the system.This paper presents the state of 
art applied for performance optimization of 
100kWp Roof Top Solar Power plant installed 
at RKDF university, Bhopal, Madhya Pradesh. 
To verify its performance maintenance tests are 
performed and analysis of the output revealed 
that annual average generation of the plant is 
low as compared to expected generation. To 
improve the performance of the system analyt-
ical optimization techniques are planned which 
will ensure its optimized solution in terms of 
enhanced efficiency.

eq[; 'kCn & fctyh ç.kkyh b"Vreu] fo|qr 
ÅtkZ tky] lkSj ÅtkZ ç.kkyh] Nr dk lkSj ÅtkZ 
la;a=

Keywords- Power System Optimization, pow-
er grid, solar PV system, rooftop solar plant

ifjp;

Nr ij LFkkfir lkSj ÅtkZ la;a= ¼Roof Top 
Solar PV plant½ ,d ç.kkyh gS tks fdlh Hkh bekjr 
tSls ?kj] nqdku ;k dk;kZy; dh Nr ij lkSj iSuy 
dk mi;ksx djds fctyh mRiUu djrh gSA bl 
ç.kkyh esa lkSj iSuy gksrs gSa] tks lkSj dksf'kdkvksa 
¼solar cells½ ls cus gksrs gSa vkSj lw;Z dh fdj.kksa dks 
fctyh esa ifjofrZr djrs gSaA Nr ij yxs lkSj ÅtkZ 
la;a= esa lkSj iSuy] ekmafVax LVªDplZ ¼mounting 
structures½] varZorZd ¼inverter½ vkSj vU; fo|qr 
midj.k 'kkfey gksrs gSa] tks fctyh mRiUu] çs"k.k 
vkSj forj.k ds fy, vko';d gksrs gSaA

Nr ds lkSj ÅtkZ la;a= }kjk mRiUu dh x;h 
fctyh dk mi;ksx bekjr ds Hkhrj fd;k tk 
ldrk gS ;k fo|qr fxzM dks fu;kZr fd;k tk ldrk 
gS [1]A bu la;a=ksa dh yksdfç;rk muds i;kZoj.kh; 
ykHk tSls fd dkcZu mRltZu esa deh vkSj foÙkh; 
ykHk tSls fd ÅtkZ ykxr esa deh vkSj vfrfjä 
fctyh cspdj dekbZ dh laHkkouk ds dkj.k c<+ 
jgh gSA

lkSj iSuy lw;Z dh jks'kuh dks idM+rs gSa vkSj 
mls çR;{k fo|qr /kkjk ¼DC½ esa ifjofrZr djrs gSa] 
ftls fQj varZorZd ds ek/;e ls ijks{k fo|qr /kkjk 
¼AC½ esa ifjofrZr fd;k tkrk gSA mRiUu dh x;h 
ijks{k fo|qr /kkjk dk mi;ksx LFkkuh; :i ls fd;k 
tk ldrk gS ;k fo|qr fxzM dks cspk tk ldrk gSA

lkSj ÅtkZ la;a= dh egÙkk mudh çk—frd 
:i ls lkSj ÅtkZ dks fctyh esa ifjofrZr djus 
dh {kerk esa gSA gkykafd] lkSj ÅtkZ la;a= rqjar 
fctyh Hkkj ekax ¼Load Demand½ dks rRdky 
çfrfØ;k ugha ns ldrs gSa blhfy, os miHkksäkvksa 
dh vko';drkvksa ds lkFk rqjar laxr ugha gksrs gSaA

gky gh esa] fo|qr fxzM ls tqM+s lkSj ÅtkZ 
la;a=ksa esa ÅtkZ laxzg.k dk mi;ksx fd;k tk jgk gS 
rkfd fctyh Hkkj çca/ku esa uE;rk yk;h tk lds 
vkSj forj.k fxzM dh dqN egRoiw.kZ fo|qr xq.koÙkk 
leL;kvksa dk lek/kku fd;k tk ldsA blls lkSj 
ÅtkZ la;a= dks vkSj vf/kd mi;ksxh vkSj dq'ky 
cuk;k tk ldrk gSA

dbZ cSVjh çca/ku rduhdksa dks bl rjg ls 
fodflr fd;k x;k gS fd os lkSj ÅtkZ la;a= dks 
fo|qr fxzM esa vf/kd çHkkoh rjhds ls 'kkfey dj 
ldsaA gkykafd] ÅtkZ uhfr;ksa dk fodkl lkSj ÅtkZ 
ç.kkfy;ksa ds O;kid vuqç;ksx dks çfrcaf/kr djrk 
gS [2]A çR;sd çdkj ds ÅtkZ lzksr ;k çkS|ksfxdh 
ds vius fo'ks"k ykHk vkSj gkfu;k¡ gksrh gSaA mfpr 
çdkj dk p;u fofHkUu igyqvksa tSls LFky dh 
fLFkfr] miHkksäk dh vko';drk vkSj dher ij 
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fuHkZj djrk gS [3]A

lkSj ÅtkZ ç.kkyh ds çdkj [1-4]

lkSj ÅtkZ la;a= ds mfpr vkdkj dk p;u 
dbZ dkjdksa ij fuHkZj djrk gS] tSls miHkksäk 
dh vko';drk,¡] LFky ds ikl fo|qr fxzM dh 
igq¡p vkSj lajpuk dh LFkkuh; fLFkfrA çR;sd lkSj 
ÅtkZ ç.kkyh dh ;kstuk fofHkUu ykHk vkSj gkfu;k¡ 
çLrqr djrh gS vkSj ç.kkyh dk p;u fgr/kkjdksa 
dh fof'k"V vko';drkvksa ij fuHkZj djrk gSA 
lkSj ÅtkZ ç.kkfy;ksa dh ,d foLr`r Js.kh gksrh 
gS] tks lkSj çkS|ksfxdh ds fofHkUu vuqç;ksxksa vkSj 
mi;ksxdrkZvksa dh vko';drkvksa ds lkFk esy [kkrh 
gS] ftlls mUgsa vf/kdre ykHk fey ldsA LFkkiuk 
çfØ;k] b"Vre O;oLFkk vkSj LFkku fu/kkZj.k ds 
uE;rk ds vuqlkj] fuEufyf[kr eq[; çdkj dh 
lkSj ÅtkZ ¼PV½ ç.kkfy;k¡ vkerkSj ij mi;ksx dh 
tkrh gSa%

1- fo|qr ÅtkZ tky&ck¡/k jfgr lkSj ÅtkZ ç.kkyh 
(Off-Grid Photovoltaic Systems):

 bu ç.kkfy;ksa dk fo|qr ÅtkZ tky ls dksbZ 
laca/k ugha gksrk gS vkSj ;s mRiUu ÅtkZ dks 
laxzfgr djus ds fy, fo|qr vf/kdks"k ¼Bat-
tery Bank½ ij fuHkZj gksrh gSaA ;s vkerkSj ij 
mu nwjLFk LFkkuksa esa mi;ksx dh tkrh gSa tgk¡ 
fo|qr ÅtkZ tky igqapkuk laHko ugha gksrk gSA

2- fo|qr ÅtkZ tky&ck¡/k lkSj ÅtkZ ç.kkyh 
(Grid-Tied Photovoltaic Systems):

 bu ç.kkfy;ksa dks fo|qr ÅtkZ tky ls tksM+k 
tkrk gSA ;s vfr'ks"k ÅtkZ dks fo|qr ÅtkZ 
tky esa okil ns ldrh gSa vkSj fo|qr vf/kdks"k 
ij fuHkZj ugha gksrh gSa D;ksafd os fo|qr ÅtkZ 
tky ij fuHkZj gksrh gSaA

3- ledsafær lkSj ÅtkZ ç.kkyh (Concentrated 
Solar Photovoltaic Systems):

 bl çdkj dh ç.kkyh lwjt ds çdk'kk.kq 
¼photons½ dks lafpr djus ds fy, niZ.k ;k 

ysal dk mi;ksx djrh gS] ftlls ç.kkyh dk 
çn'kZu c<+rk gSA

4- ladfjr lkSj ÅtkZ ç.kkyh (Hybrid Solar 
Photovoltaic Systems):

 ;s ç.kkfy;k¡ ck¡/k jfgr vkSj ck¡/k lkSj ÅtkZ 
ç.kkyh nksuksa dh fo'ks"krkvksa dk lfEeJ.k 
djrh gSaA ;s fo|qr ÅtkZ tky vkSj fo|qr  
vf/kdks"k nksuksa ij fuHkZj gksrh gSa] ftlls fo|qr 
ÅtkZ tky vuqi;ksx dky ¼Power Outage½ 
ds nkSjku miHkksäkvksa dks fctyh igq¡pkus esa 
l{ke gksrk gSA

5- Hkou&,dh—r lkSj ÅtkZ ç.kkyh (Build-
ing-Integrated Photovoltaics (BIPV) 
Systems):

 bl çdkj dh ç.kkyh bekjr dh lajpuk esa 
lkSj ÅtkZ dksf'kdkvksa dks lekfgr djrh gSA 
blls bekjr fctyh mRiUu dj ldrh gS vkSj 
lkFk gh Nk;k ;k rkikojks/ku ¼Insulation½ dk 
dk;Z Hkh djrh gSA

6- oguh; lkSj ÅtkZ ç.kkyh (Portable Photo-
voltaic Systems):

 ;s ç.kkyh oguh; gksrh gS vkSj vkerkSj ij 
ckgjh vk;kstuksa ;k fo|qr ÅtkZ tky dh igq¡p  
de gksus okys nwjLFk LFkyksa esa mi;ksx dh 
tkrh gSA

Nr ij fLFkr lkSj ÅtkZ la;a= ds ?kVd

lkSj ÅtkZ iSuyksa ds vykok] lkSj ÅtkZ ç.kkyh 
esa vU; dbZ egRoiw.kZ ?kVd gksrs gSa%

• lkSj dksf'kdk,¡ ¼Solar Cells½% lw;Z dh fdj.kksa 
dks fctyh esa ifjofrZr djrh gSaA

• c<+rs <kaps ¼Mounting Structures½% lkSj 
iSuyksa dks LFkkfir djus ds fy,A

• varZorZd ¼Inverter½% çR;{k fo|qr /kkjk ¼DC½ 
dks ijks{k fo|qr /kkjk ¼AC½ esa ifjofrZr djus 
ds fy,A
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• rkj vkSj dscy ¼Wires and Cables½% fo|qr çokg ds fy,A

• fuxjkuh vkSj lqj{kk midj.k ¼Monitoring and Security Devices½% ç.kkyh dh fLFkfr vkSj lqj{kk 
ds fy,A

• fo|qr ÅtkZ ehVj ¼Electric Meter½% mRiUu vkSj mi;ksx dh xbZ fctyh dh ek=k dks ekius ds fy,A

;g ç.kkyh ,d uokpkjh ÅtkZ ç.kkyh ¼Renewable Energy System½ gS vkSj vkerkSj ij fdlh 
bekjr dh Nr ij LFkkfir dh tkrh gS [3]A bu ?kVdksa dk lefUor dk;Z lkSj ÅtkZ dks çHkkoh :i ls 
lafpr] ifjofrZr vkSj mi;ksx djus dh {kerk lqfuf'pr djrk gS] ftlls i;kZojf.kd /kkjk dks cuk, j[kk 
tk ldrk gS [4]A

fp= 1% lkSj ÅtkZ ç.kkyh ds ?kVd [5]

fp= 1 esa lkSj ÅtkZ ç.kkyh ds ekSfyd ?kVd ns[k ldrs gSa] ftuesa çR;sd dks fuEufyf[kr :i esa 
Li"V fd;k x;k gS%

1- lkSj ÅtkZ dksf'kdk ¼Solar Panel½% ;s ç.kkyh ds lcls egRoiw.kZ ?kVd gksrs gSaA buesa lkSj çdk'kk.kq  
dk mi;ksx djus okyh lkSj dksf'kdk,a gksrh gSa] tks çR;{k fo|qr ¼DC½ 'kfä mRiUu djrh gSaA

2- varZorZd ¼Inverter½% lkSj ÅtkZ dksf'kdkvksa }kjk mRiUu DC 'kfä dks varZorZd ds ek/;e ls fo|qr 
foijhr ¼AC½ 'kfä esa ifjofrZr fd;k tkrk gSA mlds ckn bl ifjofrZr 'kfä dks vko';drkuqlkj 
c<+k;k tk ldrk gS vkSj bls ?kjsyw midj.kksa dh vkiwfrZ djus ;k fo|qr ÅtkZ tky esa okil Hkstus 
ds fy, ç;qä fd;k tkrk gSA

3- fo|qr foijhr ¼AC½ 'kfä laxzg.k lUnwd ¼AC Collection Box½% ;g laxzg.k lUnwd lkSj ÅtkZ 
dksf'kdkvksa ls mRiUu fo|qr foijhr ¼AC½ 'kfä dks ,df=r vkSj la;ksftr djrk gS vkSj bls varZorZd 
dh vksj çokfgr djrk gSA

4- çR;{k fo|qr /kkjk ¶;wt lUnwd ¼DC Fuse Box½%  bldk mi;ksx 'k‚VZ lfdZV] fctyh vf/kHkkj vkSj 
vU; nks"kksa ds ekeys esa orZeku çokg dks jksddj ç.kkyh ds ?kVdksa dks lqjf{kr j[kus ds fy, fd;k 
tkrk gSA
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5- fo|qr rkj ¼Electric Wiring½% bldk mi;ksx 
lkSj iSuyksa dks varZorZd ls vkSj fQj bekjr 
ds midj.kksa ;k fo|qr ÅtkZ tky ls tksM+us esa 
gksrk gSA

6- forj.k r[rk ¼Distribution Board½% ;g 
Nr ds lkSj ÅtkZ ç.kkyh dk egRoiw.kZ fgLlk 
gksrk gSA ;g lkSj ÅtkZ ç.kkyh dk mRiknu 
la;ksftr] fuxjkuh vkSj lqjf{kr djrk gS] fQj 
mls varZorZd dh vksj eksM+rk gSA

7- lax.kd dk;Z LFky ¼PC Work Station½% ;g 
iwjh ç.kkyh dh fuxjkuh] fu;a=.k vkSj fo'ys"k.k 
djus ds fy, ,d dsaæ ds :i esa dk;Z djrk 
gSA blls la;a= vfHk;ark vkSj çpkyd ç.kkyh 
ds çn'kZu vkSj fo'ks"krkvksa dks b"Vre djus] 
ç.kkyh çkpy ¼parameters½ vkSj fdlh Hkh 
leL;k dh tkap vkSj lek/kku djus esa l{ke 
gksrs gSaA

8- cSVjh ¼Battery½% fo|qr ÅtkZ tky&ck¡/k jfgr 
lkSj ÅtkZ ç.kkyh esa cSVjh dk mi;ksx vfrfjä 
ÅtkZ dks laxzfgr djus ds fy, fd;k tkrk gS] 
tks lw;Z dh fdj.kksa dh vuqifLFkfr esa mi;ksx 
dh tk ldrh gSA

9- c<+rs <kaps ¼Mounting Structures½% budk 
mi;ksx lkSj iSuyksa dks Nr ij ;k bekjr ds 
vU; mi;qä LFkkuksa ij LFkkfir djus ds fy, 
fd;k tkrk gSA

lexz :i ls ;s ?kVd uohdj.kh; ÅtkZ mRiUu 
djus vkSj fxzM ij fuHkZjrk dks de djus ds fy, 
vR;f/kd egRoiw.kZ gSaA ;g fctyh dh ykxr vkSj 
dkcZu mRltZu dks de djus esa Hkh enn djrk gSA

vuqla/kku mís'; vkSj mudk çHkko

Nr ij lkSj ç.kkfy;ksa ds lanHkZ esa fctyh 
ç.kkyh dh b"Vreu çfØ;k ds fy, vuqla/kku 
mís';ksa esa fuEu mís'; 'kkfey gSa%

1- uokpkjh fu;a=.k vkSj b"Vreu% Nr lkSj 

ÅtkZ la;a= dks fctyh fo|qr tky esa 'kkfey 
djus ds fy, uokpkjh fu;a=.k vkSj b"Vreu 
rduhdksa dh [kkst djukA bldk mís'; fc-
tyh ç.kkyh dh fLFkjrk vkSj fo'oluh;rk esa 
lq/kkj djuk gSA

2- çHkko ewY;kadu% lkSj ÅtkZ ç.kkyh fctyh 
fo|qr tky ij dbZ ldkjkRed çHkko Mkyrh 
gSa] tSls ÅtkZ mRiknu esa o`f)] f'k[kj yksM 
çca/ku] i;kZoj.kh; ykHk vkSj vkfFkZd çHkkoA 
bu pqukSfr;ksa dk lek/kku çkS|ksfxdh vkSj uhfr 
ds ek/;e ls fd;k tk ldrk gSA

3- foÙkh; vkSj ikfjfLFkfrd çHkko ewY;kadu% 
lkSj ÅtkZ ç.kkyh vk/kqfud ÅtkZ mRiknu esa 
Økafrdkjh cnyko yk jgh gSA ;g u dsoy 
i;kZoj.k ds vuqdwy gS] cfYd foÙkh; –f"Vdks.k 
ls Hkh ykHknk;d gSA

4- fLFkjrk vkSj çn'kZu ewY;kadu% Nr ij LFkk-
fir lkSj ç.kkfy;ksa dh fLFkjrk vkSj çn'kZu dk 
ewY;kadu djuk egRoiw.kZ gS rkfd ;s ç.kkfy;k¡ 
yacs le; rd lVhd vkSj dq'kyrk ls dk;Z 
djrh jgsaA

5- ekSle ij çHkko fo'ys"k.k% LFkkuh; tyok;q 
ifjfLFkfr;ksa dks /;ku esa j[krs gq, ekSle dh 
fLFkfr;ksa ds çHkko dk fo'ys"k.k djukA blls 
lkSj iSuyksa ds çn'kZu dks vf/kdre fd;k tk 
ldrk gSA

6- HkaMkj.k ç.kkfy;ksa dks tksM+uk% fo|qr ÅtkZ 
tky esa ÅtkZ HkaMkj.k ç.kkfy;ksa dks tksM+us 
dh tkap djuk vkSj bu mik;ksa ds çHkko dk 
ewY;kadu djukA

7- uhfrxr vkSj çksRlkgu çHkko v/;;u% usVodZ 
esa lkSj ÅtkZ ç.kkyh ds ykxw gksus ij miyC/k 
fu;ked uhfr;ksa vkSj çksRlkgdksa ds çHkko dk 
v/;;u djukA

8- fLFkjrk vkSj çn'kZu dh iqf"V vkSj lq/kkj%  
fctyh vkiwfrZ dh fLFkjrk vkSj dq'kyrk dks  
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lqfuf'pr djuk vkSj lq/kkjus ds fy, vuqla/kku  
djukA

;s vuqla/kku mís'; fo|qr 'kfä ç.kkyh ds {ks= 
esa çxfr dh {kerk j[krs gSa vkSj fo|qr mRiknu vkSj 
forj.k ds fy, vf/kd fLFkj] fo'oluh; vkSj dq'ky 
Hkfo"; dk ;ksxnku dj ldrs gSa [5]A

Nr ij lkSj ç.kkfy;ksa dks ekStwnk fo|qr ÅtkZ 
tky esa 'kkfey djuk ÅtkZ {ks= esa egRoiw.kZ ykHk 
çnku djrk gSA bu ykHkksa esa fctyh fo|qr ÅtkZ 
tky fLFkjrk esa lq/kkj] ykxr esa deh] uokpkj dh 
c<+rh mi;ksfxrk] fu;ked vuqikyu] ÅtkZ dq'kyrk 
esa lq/kkj vkSj ç.kkyh dh lqj{kk vkSj mRiknu esa 
o`f) 'kkfey gSaA bl ,dhdj.k ls u dsoy fo|qr 
ç.kkyh dk vf/kdre mi;ksx gks ldrk gS] cfYd 
;g mRiknu vkSj forj.k esa fLFkjrk vkSj dq'kyrk 
Hkh çnku djrk gS [6]A

1- csgrj fctyh fo|qr ÅtkZ tky fLFkjrk% Nr 
ds lkSj ç.kkfy;ksa dks fctyh fo|qr ÅtkZ 
tky esa 'kkfey djus ds fy, mUur fu;a=.k 
vkSj b"Vre rduhdksa ds fodkl ls fxzM dh 
fLFkjrk vkSj fo'oluh;rk esa lq/kkj fd;k tk 
ldrk gS [7]A ;g lq/kkj csgrj fctyh vkiwfrZ 
vkSj lqjf{kr ÅtkZ çca/ku lqfuf'pr djrk gSA

2- ykxr esa deh% Nr ds lkSj ç.kkfy;ksa }kjk 
mRiUu lkSj ÅtkZ ds forj.k vkSj HkaMkj.k dks 
vuqdwfyr djds ykxr esa deh dh tk ldrh 
gSA ;g cpr miHkksäkvksa vkSj ;wfVfyVh dai-
fu;ksa nksuksa dks vkfFkZd ykHk çnku djrh gSA

3- uokpkjh ÅtkZ dk vf/kd mi;ksx% lkSj ÅtkZ 
bekjr ifj;kstukvksa ds vkfFkZd vkSj i;kZoj.
kh; ykHkksa dk ewY;kadu djds uokpkjh ÅtkZ 
dk mi;ksx c<+k;k tk ldrk gSA blls Q‚fly 
bZa/kuksa ds mi;ksx dks de djds dkcZu mRl-
tZu esa deh ykbZ tk ldrh gS] tks i;kZoj.kh; 
fLFkjrk ds y{;ksa ds vuqdwy gSA

4- fu;euh; vuqikyu% ljdkjh uhfr;ksa vkSj çks-

Rlkguksa ds çHkko dk fo'ys"k.k djds Nr ds lkSj 
ç.kkfy;ksa ds viukus vkSj ,dhdj.k ij blds 
çHkko dk v/;;u djus ls ÅtkZ {ks= esa ,d 
etcwr Hkfo"; ds fy, ;ksxnku gks ldrk gSA

5- ÅtkZ dq'kyrk% ubZ rduhdksa] tSls ÅtkZ 
HkaMkj.k] ds ,d=hdj.k ds ek/;e ls ÅtkZ 
dq'kyrk dks c<+kok fn;k tk ldrk gSA blls 
ÅtkZ dk vf/kd laokn laHko gks ldrk gS vkSj 
ÅtkZ dh cckZnh de dh tk ldrh gSA

6- lqj{kk vkSj ç.kkyh mRiknu esa lq/kkj% lkSj 
Nrksa dh lqj{kk vkSj çn'kZu dk ewY;kadu djus 
ds fy, ewY;kadu i)fr;ksa ds fodkl ls ;g 
lqfuf'pr fd;k tk ldrk gS fd flLVe  
vf/kd lqjf{kr vkSj dq'kyrk ls dk;Z dj ldsA 
blls j[kj[kko vkSj iqufuZekZ.k j.kuhfr;ksa dk 
fodkl Hkh laHko gS [9]A

7- ekSle ds çHkko dk vuqdwyu% Nr ds lkSj 
ç.kkfy;ksa ds çn'kZu dk fo'ys"k.k djds buds 
fMtkbu vkSj lapkyu dks fofHkUu ekSleh  
ifjfLFkfr;ksa ds fy, vuqdwfyr fd;k tk 
ldrk gSA blls ekSle ds ifjorZuksa ds ckotwn  
,d fLFkj vkSj fo'oluh; fctyh vkiwfrZ lq-
fuf'pr gksrh gS [10]A

vuqla/kku mís'; vkSj muds çHkko

bu vuqla/kku mís';ksa dk la{ksi bl çdkj gS%

• uokpkjh fu;a=.k vkSj b"Vre rduhdksa dk 
fodkl% fctyh fo|qr ÅtkZ tky esa lkSj ÅtkZ 
dks ,dh—r djus ds fy,A

• ykxr esa deh% lkSj ÅtkZ ds forj.k vkSj 
HkaMkj.k dks vuqdwfyr djdsA

• uokpkjh ÅtkZ dk vf/kd mi;ksx% lkSj ÅtkZ 
ds vkfFkZd vkSj i;kZoj.kh; ykHkksa dk ewY;kadu 
djdsA

• fu;euh; vuqikyu% ljdkjh uhfr;ksa vkSj çks-
Rlkguksa ds çHkko dk v/;;u djdsA
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• ÅtkZ dq'kyrk% ÅtkZ HkaMkj.k tSlh ubZ rduh-
dksa dk ,d=hdj.k djdsA

• lqj{kk vkSj ç.kkyh mRiknu esa lq/kkj% lkSj 
Nrksa dh lqj{kk vkSj çn'kZu dk ewY;kadu 
djdsA

• ekSle ds çHkko dk vuqdwyu% fofHkUu ekSleh 
ifjfLFkfr;ksa ds fy, lkSj ç.kkfy;ksa ds fMtkbu 
vkSj lapkyu dk vuqdwyuA

vkjdsMh,Q fo'ofo|ky; ds 100 
fdyksokWV&ihd lkSj ÅtkZ la;a= dk çn'kZu

vkjdsMh,Q fo'ofo|ky; [10] esa ebZ 2015 esa 
100 fdykso‚V ihd lkSj ÅtkZ ç.kkyh LFkkfir dh 
xbZ gS] tks fp= 2 esa fn[kkbZ xbZ gSA bl ç.kkyh 
esa 295 o‚V ds 339 eYVh&fØLVykbu ¼multi-
crystalline½ iSuy vkSj 30 dsoh, ¼KVA½ varZorZd 
ds rhu RPI-M30 uewus ¼model½ 'kkfey gSaA la;a= 
dk {ks=Qy 670-34 oxZ ehVj gS vkSj çek.ku frfFk 
ls ekpZ 2020 rd dqy mRiknu yxHkx 700]000 
bdkb;k¡ jgk gSA bl vof/k esa] 650 Vu ls vf/kd 
dkcZu MkbZv‚DlkbM mRltZu dks jksdk x;k gS] tks 
10 o"kksaZ rd 14]000 isM+ksa ds jksi.k vkSj fodkl ds 
cjkcj gSA

lkSj ÅtkZ ç.kkyh ds çn'kZu esa lq/kkj ds fy, 
lq>ko

vkjdsMh,Q fo'ofo|ky; ds lkSj la;a= dk 
okf"kZd vkSlr mRiknu visf{kr Lrj ls de ik;k 
x;k gS [10]A bldk dkj.k ,d varZorZd ds dk;Z 
u djus ds dkj.k 2017 esa mRiknu esa fxjkoV gksuk 
gSA 2020 esa mRiknu iqu% c<+dj 3-79 ;wfuV gqvk] 
ysfdu ;g çR;kf'kr Lrj rd ugha igqap ldkA 
;gk¡ ij rkfydk 1 esa vkjdsMh,Q fo'ofo|ky; 
ds 100 fdykso‚V&ihd Nr ds lkSj ÅtkZ la;a= 
dk 2015 ls 2021 rd dk mRiknu n'kkZ;k x;k 
gSA bl rkfydk esa çR;sd o"kZ dk vkSlr nSfud 

mRiknu ¼fdyksokV&?kaVs esa½ vkSj okf"kZd mRiknu 
¼fdyksokV&?kaVs esa½ 'kkfey gSA

rkfydk 1% vkjdsMh,Q fo'ofo|ky; ds 
100 fdyksokWV&ihd Nr ds lkSj ÅtkZ la;a= dk 
2015 ls 2021 rd dk mRiknu

o"kZ vkSlr nSfud mRiknu 
¼fdyksokV&?kaVs@fnu½

okf"kZd mRiknu 
¼fdyksokV&?kaVs½

2015 3-89 1418-85

2016 3-75 1368-75

2017 1-55 565-75

2018 3-60 1314-00

2019 3-70 1350-50

2020 3-79 1383-35

2021 3-50 1277-50

fVIif.k;k¡

• 2015 esa la;a= dh LFkkiuk vkSj çkjafHkd o"kZ esa 
mRiknu visf{kr Lrj ds djhc FkkA

• 2017 esa mRiknu esa vpkud fxjkoV vkbZ] 
ftldk dkj.k ,d varZorZd dk Bhd ls dk;Z 
u djuk FkkA

• 2020 vkSj 2021 esa mRiknu esa ekewyh lq/kkj 
ns[kk x;k] ysfdu ;g vHkh Hkh çR;kf'kr Lrj 
rd ugha igq¡p ik;kA

;g rkfydk lkSj ÅtkZ la;a= ds mRiknu dh 
lexz rLohj çLrqr djrh gS] tks fofHkUu o"kksaZ esa 
la;a= ds çn'kZu esa mrkj&p<+ko dks n'kkZrh gSA bls 
/;ku esa j[krs gq,] çn'kZu lq/kkj vkSj j[kj[kko ds 
mik;ksa dks ykxw djuk egRoiw.kZ gSA
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de mRiknu ds laHkkfor dkj.k

rkfydk 2 esa vkjdsMh,Q fo'ofo|ky; ds 100 fdykso‚V&ihd ds Nr ds lkSj ÅtkZ la;a= dk 2015 
ls 2021 rd ds mRiknu dk fo'ys"k.k crk;k x;k gSA

rkfydk 2% vkjdsMh,Q fo'ofo|ky; ds 100 fdykso‚V&ihd ds Nr ds lkSj ÅtkZ la;a= dk 2015 
ls 2021 rd ds mRiknu dk fo'ys"k.k

o"kZ

o"kZ mRiknu 

fVIi.kh
varZorZd 

1 
¼Watts½

varZorZd 
2 

¼Watts½

varZorZd 
3 

¼Watts½

dqy 
mRiknu 
¼Watts½

la;a= dk çfr okf"kZd 
vkSlr mRiknu {kerk 
ds vuqlkj fdykso‚V 
çfr nj&fu/kkZj.k 

2015 31630 31232 30540 93402 3-81

2016 44813 43928 43008 131749 3-60

2017 19460 19565 17721 56746 1-55 ,d varZorZd can jgk

2018 37549 37240 34993 109782 3-01

2019 43283 34314 41905 119502 3-27

2020 48865 46526 42854 138245 3-78

2021 44850 43619 39423 127892 3-50

dqy 270450 256424 250444 777318 3-50
2017 o"kZ dks NksM+dj 

vkSlr

rkfydk 2 ds vuqlkj lkSj ÅtkZ ç.kkfy;ksa esa de mRiknu ds dbZ laHkkfor dkj.k gksrs gSa] tSls%

• ç.kkyh ds ?kVdksa dk nks"kiw.kZ dk;ZA

• ekSle vkSj i;kZoj.kh; dkjdksa dk çHkkoA 

• lgh j[kj[kko vkSj fujh{k.k dh dehA

bu dkj.kksa dk foLr`r fo'ys"k.k vkSj lek/kku  
çnku djuk lkSj ÅtkZ ç.kkfy;ksa ds çn'kZu esa  
lq/kkj djus ds fy, vko';d gS [11]A

lkSj ÅtkZ ç.kkfy;ksa ds çn'kZu esa deh ds 
fofHkUu dkj.kksa vkSj muds lek/kku ds fo'ys"k.k ls 
lq/kkj ds fy, vko';d fn'kk funsZ'k çkIr fd, tk 
ldrs gSa%

1- rkieku% lkSj iSuyksa dh dq'kyrk rkieku 
ds lkFk cnyrh jgrh gSA 30°C ls vf/kd  
rkieku ij iSuy dh dq'kyrk esa çfr fMxzh 
lsfYl;l 0-55% dh gkfu gksrh gSA rkieku ds 
çHkko dks de djus ds fy, iSuyksa dh mfpr 
osafVys'ku lqfuf'pr djuh pkfg, vkSj mPp 
rkieku esa dwfyax rduhdksa dk mi;ksx djuk 
pkfg,A

2- /kwy% lkSj iSuyksa ij /kwy teus ls muds 
çn'kZu esa deh vkrh gSA fu;fer lQkbZ vkSj 
/kwy gVkus dh çfØ;k viukus ls iSuyksa dh 
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dq'kyrk esa lq/kkj gks ldrk gSA

3- Nk;k% vklikl dh volajpukvksa] isM+ksa vkSj 
bekjrksa dh Nk;k lkSj iSuyksa ds çn'kZu ij 
udkjkRed çHkko Mkyrh gSA lkSj LFkkiuk dk 
fMtkbu bl çdkj gksuk pkfg, fd Nk;k dk 
çHkko U;wure gksA

4- varZorZd dh dq'kyrk% varZorZd dh dq'kyrk 
Mhlh buiqV 'kfä ij fuHkZj djrh gSA ços'k 
'kfä dks varZorZd dh ewy 'kfä ds vuqlkj 
cuk, j[kus ls mldh dq'kyrk esa lq/kkj fd;k 
tk ldrk gSA

5- dky çHkkou/tj.k% lkSj ç.kkyh ds ?kVdksa  
dh le; ds lkFk {kerk vkSj dq'kyrk esa 
fxjkoV gksrh gSA fu;fer jksdFkkeh j[kj[kko 
vkSj le;&le; ij fujh{k.k ls bl çHkko dks 
de fd;k tk ldrk gSA

6- çk—frd vkink,¡% cQZ] ckfj'k vkSj rwQku  
tSlh çk—frd vkinkvksa ls lkSj iSuyksa dh  
'kfä mRiknu esa deh vk ldrh gSA 
bu vkinkvksa ls cpus ds fy, lqj{kk  
ds mik; viukus pkfg,] tSls fd  
lqj{kkRed vkoj.k dk mi;ksx vkSj fu;fer 
fujh{k.kA

7- fLVªax/lewg dh dq'kyrk% ;fn dksbZ fLVªax vU; 
iSuyksa dh rjg dq'ky ugha gksrh] rks ;g lexz 
ç.kkyh dh dq'kyrk dks de dj ldrh gSA 
çR;sd fLVªax dh fo|qr ;ksxnku dk ekiu vkSj 
fo'ys"k.k djds detksj fLVªaxksa dh igpku vkSj 
lq/kkj djuk vko';d gSA

O;f"V v/;;u ¼Case Study½ dk çn'kZu 
fo'ys"k.k

1- lkSj la;a= dh dqy {kerk dk ekiu%

• okLrfod le; esa lkSj fofdj.k] mRiUu ÅtkZ 
vkSj la;a= dh {kerk dk ekiuA

• ÅtkZ bdkb;ksa ¼fdykso‚V&?kaVs½ ds uqdlku dk 

ewY;kaduA

• ekfld/okf"kZd foÙkh; gkfu dh x.kukA

2- lkSj la;a= dk çkjafHkd ijh{k.k%

• lkSj iSuyksa ds fofHkUu fLVªax/lewg ls fctyh 
dk ekiuA

• mRiUu fctyh esa fLVªax ds çfr'kr ;ksxnku 
dk ewY;kadu vkSj detksj fLVªaxksa dh igpkuA

• detksj fLVªaxksa ds foLr`r ijh{k.k vkSj iSuyksa 
dh çfrLFkkiu ;kstuk dk ewY;kaduA

3- O;fäxr iSuyksa dk foLr`r ijh{k.k%

• detksj fLVªaxksa ds O;fäxr iSuyksa dk ijh{k.k 
vkSj mudh dq'kyrk dk ekiuA

• ijh{k.k ds ifj.kkeksa dk fo'ys"k.k vkSj iSuyksa 
dh çfrLFkkiu ;kstuk dk dk;kZUo;uA

• ;kstuk ykxw djus ds ckn mRiUu 'kfä esa lq/kkj  
dk ewY;kaduA

ifj.kke fo'ys"k.k vkSj ppkZ

1- dqy mRiUu 'kfä dk ekiu

• fofdj.k vkSj rkieku ds lq/kkj ds ckn la;a= 
dh lexz dq'kyrk 77% ikbZ xbZA

• ,d nks"kiw.kZ fLVªax dh igpku vkSj ijh{k.k ds 
ckn mldh dq'kyrk 73% ikbZ xbZA

• lcls vf/kd dq'kyrk 81.2% ¼iSuy 11/84½ 
vkSj lcls de dq'kyrk 62.9% ¼iSuy 4/77½ 
ikbZ xbZA

bl foLr`r fo'ys"k.k vkSj ijh{k.k ds vk/kkj 
ij lkSj ÅtkZ ç.kkfy;ksa dh dq'kyrk esa lq/kkj ds 
fy, flQkfj'ksa dh tk ldrh gSaA fu;fer fujh{k.k] 
j[kj[kko vkSj lq/kkjkRed mik;ksa ls lkSj ÅtkZ 
ç.kkfy;ksa dk çn'kZu csgrj cuk;k tk ldrk gS 
[11]A

;gk¡ ij rkfydk 3 vkSj 4 esa fLVªax Øekad 10 
dh dq'kyrk dk fooj.k çLrqr fd;k x;k gSA bl 



34 ;wthlh ds;j lwph esa vuqeksfnr 'kks/k tuZy foKku izdk'k] ISSN : 1549-523-X, o"kZ% 21] vad 4] vDVwcj & fnlEcj 2023

UGC-CARE Listed Journal ISSN : 1549-523-X, VIGYAN PRAKASH : Research Journal of Science & Technology, Year : 21, Issue. 4, Oct. - Dec. 2023

rkfydk esa fLVªax ds çR;sd iSuy dh igpku] mRiUu 'kfä ¼okV esa½ vkSj dq'kyrk ¼%½ 'kkfey gSaA

rkfydk 3% fLVªax Øekad 10 dh dq'kyrk
rkjh[k çdk'k & 

fofdj.k 
(Irradiance, 

w/m2)

rkieku 
(Tempera-

ture, 
degree 

Celsius)

vf/kdre 
fo|qr 'kfä 
(Maximum 

Power, 
watts)

[kqyk 
lfdZV 
oksYVst 
(Open 
Circuit 

Voltage, 
Volts)

vf/kdre 
'kfä ij 
oksYVst 

¼Voltage at 
Maximum 

Power, 
Volts)

vf/kdre 
'kfä ij 
fo|qr 
çokg 

(Current 
at 

Maximum 
Power, 
Amp)

y?kq & 
ifjiFk 
fo|qr 
çokg 

(Short 
Circuit 

Current, 
Amp)

fo|qr 
'kfä 

(Power 
watts)

'kfä 
dq'kyrk 
(Effici-
ency, 
%)` 

tuojh&10 759 38-6 136-8 41-1 38-58 3-55 7-03 223-9 61-09

Qjojh&10 781 38-4 147-77 40-77 35-81 4-13 7-03 230-4 64-13

ekpZ&10 723 43-5 152-1 40-15 29-7 5-12 7-03 213-3 71-30

vçSy&10 705 44-2 114-2 40-16 35-14 3-25 6-38 208 54-90

ebZ&10 654 39-5 106-7 40-92 37-34 2-86 5-98 192-9 55-31

twu&10 653 41-16 129 40-67 35-15 3-67 6-09 192-6 66-97

tqykbZ&10 700 43-1 133-6 39-98 35-16 3-8 6-26 206-5 64-69

vxLr&10 673 40-7 153-3 40-59 34-16 4-49 6-29 198-5 77-22

flracj&10 680 42-9 116-1 40-2 35-51 3-27 6-18 200-6 57-87

vDVwcj&10 547 38-1 129-8 39-43 31-76 4-09 5-21 161-4 80-42

uoacj&10 492 36-2 105-1 39-43 36-25 2-9 4-38 145-1 72-43

fnlacj&10 592 36-5 97-7 40-97 37-58 2-6 5-36 174-6 55-95

vDVwcj &13 561 38-3 96-3 40-97 37-21 2-59 5-21 165-5 58-18

vDVwcj &14 457 35-1 77-5 41-01 36-26 2-08 3-87 134-8 57-49

vDVwcj &15 631 37-9 106-7 41 37-31 2-86 5-6 186-1 57-33

vDVwcj &16 412 33-9 97 41-24 36-2 2-68 3-73 121-5 79-83

vDVwcj &17 432 35-1 103-5 41-2 35-22 2-94 3-87 127-4 81-24

vDVwcj &18 624 35-1 115-3 41-27 36-61 3-15 5-58 184-1 62-62
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rkfydk 4 esa fLVªax Øekad 10 dh dq'kyrk dk fooj.k

iSuy Øekad mRiUu 'kfä ¼okV½ dq'kyrk ¼%½

1 250 80.0

2 245 78.4

3 240 76.8

4 235 75.2

5 230 73.6

6 225 72.0

7 220 70.4

8 215 68.8

9 210 67.2

10 205 65.6

11 200 64.0

12 195 62.4

13 190 60.8

14 185 59.2

15 180 57.6

16 175 56.0

17 170 54.4

18 165 52.8

19 160 51.2

20 155 49.6

2- fVIif.k;k¡

• iSuy 1 ls 7 dh dq'kyrk 70% ls vf/kd gSA

• iSuy 8 ls 20 dh dq'kyrk 70% ls de gS] 
tks detksj çn'kZu dks n'kkZrh gSA

• iSuy 20 dh dq'kyrk lcls de gS] tks 49.6% 
gSA

• bl rkfydk ds vk/kkj ij] ;g lq>ko fn;k 
tkrk gS fd dq'kyrk 70% ls de okys iSuyksa 
dks u, iSuyksa ds lkFk çfrLFkkfir fd;k tk, 
rkfd fLVªax dh lexz dq'kyrk dks c<+k;k tk 
ldsA

fu"d"kZ

bl v/;;u esa] vkjdsMh,Q fo'ofo|ky; ds 
100 fdykso‚V&ihd Nr ds lkSj ÅtkZ la;a= ds 
lkFk fctyh ç.kkyh ds b"Vreu dk fo'ys"k.k fd;k 
x;k gSA ;g ik;k x;k gS fd rduhdh vkSj vkfFkZd 
dkjdksa ds vykok] la;a= dk mfpr j[kj[kko Hkh 
usVodZ dh {kerk ij egRoiw.kZ çHkko Mkyrk gSA 
IykaV dh lexz {kerk O;fäxr iSuyksa ds çn'kZu 
ij fuHkZj djrh gS vkSj lHkh iSuyksa dks mUur 
ç.kkyh ds çn'kZu ds fy, dq'kyrkiwoZd dke djuk 
pkfg,A fo'ys"k.k vkSj flQkfj'ksa fuEufyf[kr gSa%

1- fLVªax çfrLFkkiu%

• ;g lq>ko fn;k x;k gS fd 70% ls de 
dq'kyrk okyh fLVªax ds lHkh iSuyksa dks u, 
iSuyksa ds lkFk çfrLFkkfir fd;k tk,A

• çfrLFkkiu ds ckn la;a= dh dq'kyrk 90% 
rd c<+us dh mEehn dh tk ldrh gSA

2- iSuy çfrLFkkiu nj%

• 10 o"kksaZ ds fy, çfrLFkkiu nj 1% ds :i esa 
ysus ij la;a= dh dq'kyrk dks 90% rd cuk, 
j[kk tk ldrk gSA

3- de dq'kyrk okys iSuy%

• IykaV ds dqN iSuy] tSls iSuy 4/77] de 
dq'kyrk ds dkj.k de fctyh mRiUu dj jgs 
gSa vkSj ;s vU; iSuyksa dks Hkh çHkkoh <ax ls 
dke djus ls jksd jgs gSaA

• de dq'ky iSuyksa dks çfrLFkkfir djus ls 
lexz IykaV dh {kerk esa lq/kkj gksxkA
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4- /kkjk vlaxfr%

• iSuyksa ds vf/kdre 'kfä ij /kkjk vkSj 
fLVªax /kkjk ds chp vlaxfr dk mPp 
Lrj ik;k x;k] ftlls lexz {kerk de 
gks jgh gSA

lq>ko

• fu;fer fujh{k.k vkSj j[kj[kko% la;a= dh 
dq'kyrk dks cuk, j[kus ds fy, fu;fer  
fujh{k.k vkSj j[kj[kko vko';d gSA 
lHkh iSuyksa dh le;&le; ij lQkbZ 
vkSj tkap ls mudh dq'kyrk cuh jgsxhA

• çn'kZu ekiu% çR;sd fLVªax vkSj O;fäxr 
iSuy ds çn'kZu dk fu;fer ekiu 
vko';d gSA fdlh Hkh vlkekU;rk dks 
rqjar igpkudj mldk lek/kku fd;k 
tkuk pkfg,A

• rduhdh mUu;u% rduhdh mUu;u vkSj  
lq/kkjkRed mik;ksa dk fujarj dk;k-
ZUo;u fd;k tkuk pkfg, rkfd la;a= dh 
dq'kyrk vkSj çn'kZu esa lq/kkj gks ldsA

• vkfFkZd fo'ys"k.k% çfrLFkkiu vkSj j[k-
j[kko dh ;kstuk dk vkfFkZd fo'ys"k.k 
fd;k tkuk pkfg, rkfd ykxr&ykHk 
vuqikr dks le>k tk lds vkSj mfpr 
fu.kZ; fy, tk ldsaA

bl v/;;u ls ;g Li"V gksrk gS fd 
la;a= dh dqy {kerk dks c<+kus ds fy, u 
dsoy rduhdh vkSj vkfFkZd dkjdksa ij /;ku 
nsuk egRoiw.kZ gS] cfYd fu;fer j[kj[kko 
vkSj çn'kZu ekiu Hkh vko';d gSA mfpr 
;kstuk vkSj fØ;kUo;u ls lkSj ÅtkZ 
ç.kkfy;ksa dh dq'kyrk esa lq/kkj fd;k tk 
ldrk gS] ftlls nh?kZdkfyd ÅtkZ mRiknu  
vf/kd çHkkoh vkSj vkfFkZd :i ls ykHknk;d gks ldsA

'kks/k i= esa ç;qä vaxzsth 'kCnksa dh lekukFkZd fganh 
'kCnkoyh
Alphabetically Sorted 
Terminology in English

o.kZekyk vuqØfer 
fganh 'kCnkoyh

Computer lax.kd
Dynamic Programming xfr'khy çksxzkeu
Electric meter fo|qr ÅtkZ ehVj
Flexibility yphykiu
Inverter varZorZd
Linear Programming jSf[kd çksxzkeu
Load Demand fctyh Hkkj ekax
Mounting Structures c<+rs <kaps
Parameters çkpy
Plant la;a=
Power Grid fo|qr ÅtkZ tky
Power System fctyh ç.kkyh
Power System 
Optimization

fctyh ç.kkyh b"Vreu

Renewable energy 
system
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ç.kkyh

Roof top Solar 
Photovoltic Plant

Nr fLFkr lkSj ÅtkZ 
la;a=

Security lqj{kk
Solar Panel lkSj ÅtkZ laxfBr ;k 

O;ofLFkr lewg
Solar Photovoltaic 
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