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Stat Order dated 2010- | 2011- | 2012- | 2013- | 2014- | 2015- | 2016- | 2017- | 2018- | 2019- | 2020- | 2021-
¢ 11 12 13 14 15 16 17 18 19 20 21 22
Andhra Final- 26™ July,
Pradesh 2010 0.25 025 |0.25 |0.25
Draft- 21"
0.05 0.1 0.15 0.2 0.25
Assam June, 2010
Final-16"
Bihar November, 0.25 0.5 0.75 0.1 1.25
2010
. Draft — 9™
Chhattisgarh November 2010 0.25 0.25 0.25
. Final- 17 April,
0.25 0.5 1
Gujarat 2010
Final-
Haryana November, 0.25 0.5 0.75 1 1.25 1.5 1.75 | 2 225 |25 275 |3
2010
Himachal Final-12"
Pradesh March,2010 0.1 0.1 0.1
Final- 31
Jharkhand March.2010 0.25 0.5 1
Final-16"
K tak: 2
A March,2011 0.25
Final- 23
Kerala November, 0.25
2010
Madhya Final-19"
Pradesh November,2010 04 0.6 0.8 ! 0.5
. th
Maharashtra | P2 770une, o5 1025 1025 |05 |05
2010
Manipur Final- 5™ May,
0.25 025 |0.25
(JERC) 2010
Final- 21%
Meghalaya | December, 0.2 0.3 0.4
2010
Mizoram Final- 5™ May.
> 10.25 025 |0.25
(JERC) 2010
Final- 20"
Nagal 2 2 2
agaland October, 2010 0.25 025 1025
, Final- 16"
Orissa March, 2010 0.5 0.75 1 1.25
‘ 100
. st
Rajasthan f;ﬁalaflzm LMW fos fos |
uary; (PPA”)
Draft- 19"
il N: 1 2 2
Tamil Nadu May, 2011 0.15 025 |0.25
Tripura Draft- 9" 0.1 0.1 0.1




November,
2009
Ert;zresh illrll;l-st1,72010 0.25 0.5 !
Uttarakhand gffﬁ)l 6"y, | 0.03 | 0.05
. _ th
;VEB) (total E‘;llsioz oo |2 3 4 5 6 7 8 9 10

(Source: Analysis of state-wise RPO Regulation across India, MNRE. <mnre.gov.in/file.../Solar%20RPO/analysis-
of-state-RPO-regulations.pdf >)
* 333532339 2000 ?.gwwod, Power Purchase Agreement

2.9 T3 mo"de BODD, (F*0e, Feed-in Tariffs, FITs) sacsosumoms g smoos
WP EE WOTERAE  FORN  WIYER  STUINT. XD DROS: I IRCFOFWTWT 05
TRONPOT DTT TP B, VT N FATWTE TPBEY AT BTTINT. DT 0L30HNTY,
DT TBRT,IE FoTANGD WIS S, WP TIT, AWTF SWT Sp0E H$ed ANDRRII .
md@%mﬁ FVDCIORWIDTIVE OGS DRONYOT  DEFE T 33532336 YOTY DTS MTTOI)Y,
WZ R FOF IRENOT LFTNLONTY, ANDRAYERMITT. TSR, T TR, IDBOBTIT
QOFD YOTY TRMN %é‘éea’ QFT0E TBE TeoDWB. DFFRD By, AT emﬁm YO TRMN SplTowlen

623303359% 3@@;&5 289 QeBEDNT.

BReF T 2 RUSTY PT DTN FLINLMWN D% T8 IRT,E TT.

Tariff structure Tariff
Order (Rs/kWh) . .
State period Incentives
Dated Solar PV Solar (Years)
Thermal
Overall- Rs. 17.91 without
ﬁr 2322?1 Accelerated depreciation (AD) 25
and Rs. 14.95 with AD
Draft. .Rs. 5.50 ff)r Ist year and 3%
Assam 13.07.2010 increment in every subsequent 25
year
Bihar Final- Overall - Rs. 10.9 without AD )5
02.08.2010 and Rs. 9.85 with AD
Additional Rs.
Final. Rs. 15.84 (1 Rs. 13.26 (1 3.84/kWh for SPV and
Chhattisgarh 09.07.2010 MW and MW and 10 3.26/kWh  for solar
above) above) thermal (1 MW and
above)
Delhi Final- Rs. 17.91 Rs. 15.31




09.072010

Rs. 15 for (for Rs. 11 (for
) initial 12 initial 12
) Final-
Guyjarat 31.08.2010 years) and RS. | years) and RS. 25
T 5 (from 13th to | 4 (from 13th to
25th year) 25th year)
Rs. 9.18 for
) Crystalline
Final-
Haryana 08 01;1 z 010 SPV and Rs. 25
o 8.90 for thin
film SPV
Jammu & Final-
Kashmir | 02.06.2010 Rs. 17.91 Rs. 15.31
Final-
Jharkhand 73.06.2010 Rs. 17.91 Rs. 15.31
Final-
Karnataka 13.07.2010 Rs. 14.50 Rs. 11.35 25
Maximum of Rs.
10/kWh for solar
thermal projects
(commissioned by
Keral Final- Overall- Rs. 15.18 (including 10 31.12.2009 ) and Rs.
crasa 01.01.2009 incentives) 9.50/kWh for solar
thermal and Rs.
11.40/kWh for SPV for
projects (commissioned
after 31.12.2009)
Rs. 15.35
. (>2 MW
Madhya Final-
Pradesh 06.07.2010 and for rooftop Rs. 11.26 25
PV upto2
MW 15.49)
Final To be higher by Rs.0.50/kWh or
Mabharashtra 07.06.2010 such higher amou‘nt ‘as decided 25
by commission
. Final-
Orissa 09.07.2010 Overall - Rs. 15.39 25 Rs. 3.13/kWh
. Accelerated depreciation
Punjab Overall — Rs. 10.39 25 Rs. 1.04/kWh
Rajasthan Final- Rs. 15.32 Rs. 12.58 25




29.09.2010 | (commissioned | (commissioned
by 31.03.2012) | by 31.03.2013)
. Final- Accelerated depreciation
Tamil N 11-Rs. 15.51 2
amilNadu- | ¢ 672010 Overall = Rs. 13.5 > Rs. 3.35/kWh
Uttar Final- Rs. 5.50 (for 1* year and 55
Pradesh 22.06.2010 | increment of 3% every year)
Final- Accelerated depreciation
ttarakh I1-Rs. 17. 2
Uttarakhand | ¢ 7 5010 Overall =Rs. 17.7 > Rs. 1.65/kWh
Rs. 16.13
West Final-
100 kW to 2 25
Bengal | 10.08.2010 | W) ©

(Source: Renewable Energy Policy, MNRE, Gol.)

a. 23eo&'aezi 3N
Q
3

5, OF,0HTR TTND Y053 eBRF0TT:
) P B8, HIBFEINT JFeB T, INFTT SEUNT BRHDIT.

&) BReBRRoTTY, ez NI a"aeemwdsé S5,2590
Q) QO VBINYY T B WeRkd STEOTN QT LD 30%&3@3 WHATROT DTT T3,00, E3leclonnlbn)

QATLTOINT, FPRWOID L0TIW
B3) AT TRONYOT é)daézaioﬁasi TBohen TY03RENT DPINTTY, FOT SRWF)TH.

?. DTN, B, AN

9.0 VG ONT TWeS: FTor 3T

BELB W 29.9° cWoT 28.8° ©5 03 BBy, 00.8° 00T 08.&° TeawodnY TBF AT 0,60,260 #.

3.0 (WG 0) DA LOETTY TeodTW. W BeITY | e @ zirazs@ TR ENTY, B.8.00eR 290 RIWOT S

TRODTI. TIEEITe) PITST’ zﬁév\sa mﬁde& , &0 t;%ei;rﬁ@éa, 0ee 3@@@05371% @3y, 9€,000 ﬁm& é?s%

@smemq TRODT. cmzséd\) TRAET RORO A,LAS W.ANE TNE DI, TOXET HTIRD WAORRE K.

z%.m?s.:#o/w.&)ae/@d TRODTI. ?.Sg e cmu?szﬁ wéﬁmewdsi Qe 3.

9.9 T IFET WP 00T

@ ooz (NASA SSE) wnes naosnd S22,03n¢s) m3=008 @ 80 Smesn $5e0a
3238 TRTONOT By, WEBT HETHDT T3y, WBCRTORE Moeany TOTIVINPOT TRAFCING. &3 BIDTON
TPNT T, 03NF0TT ﬁséwr“\’ FOENT TNy, WINoT> (VTFFRTE) D3TD, JRE By, I, TNy,
emmmozﬁ, 20T0Z, ©ow ¥R [rZ, Ty, 20T emw—’@a mwdﬁeﬁmq WPABROT  [9B0RTHT
TO[INYIT emmmozﬁ DB, WIBAYRY, WIDRMITD. DT ISNW DI, W[RNREMN N




DAORRTONT, TWoHew ZoN LA fv’oz;;ﬁ@é Brg wInE FoZewmsnen %Bﬁ@dﬁ@@%d fegPe BTomosT
@2, 8T BTONwoBT APT é)z%o’s‘@ﬁ@éﬁaq @zﬁé%ﬁmﬁa%d. 25 JRENY = N (meﬁ’ej 0, OFSa, DoT BRI K0,

2008) W aFLFa wondoes (http://eosweb.larc.nasa.gov/sse/) z@z 1°X1° I3esz 5 gam,3
(NT) B3, ZFWIH F D PRI V2OKRE T,0BMYR, B3 o Fodrner wvd SN TET 328,

SRaT I, AT FoIR00HT OPIHT We Hed, , 23T weowey (Baseline Surface Radiation

Network, wozrescass) S 03ndrcnn DUITRRZLY T

Location: South India,
12.97° N, 77.56° E
Capital: Bangalore

N (Bengaluru)
W+E Literacy: 75.06%
) Area: 1,91,791 knr.
Area rank: 8"
Population: 6,11,30,704
Population Density:
320/km’.
Population rank: 9"
Number of Districts: 30
Number of Taluks: 176
Number of Villages: 29,406
Number of Towns: 270
Annual Rainfall:
3,638.5 mm (143 in)
Average solar insolation:
5.55 kWh/m*/day
Total wasteland area (W,):
13,030.62 km?. (1.4438*10"
m?) i.e. 7.53% of TGA.

BT O B oNT T3 — Fws oo,

188N

74.2 E

785E

kilometres

11.3N

= @qéoSDSdQ, zxm?smdo TOTD DT RXFFQR BRIVVT RTORO LIN3T DAONRRE dagoéﬁd;% @@Moa’ e’ Dol €6

E =3, Seamoz ¢ 0om as N Zedr 203 Hed onhdh Zeme «m0HI €00 NGNS
Hon AT E. DQ TIHNALT [T FTIHO PNST WIOHRE IFTNY, SoIWOTL woldh PR-1os 8o

8, Seam BT eTed DPITTT), YOTOIRNTLRMHTT.
5) Q -0
I=(G—-D)/sin ® (9)

g G 2033 =n2s waonad, D «oxd TR0 VAORRE 3, D 2omd RRONETZ, 2,0™ Sacs.
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@.5 83300 (Sector-wise) DWW 3. WIE

WO 57e) -0
D002-08. Dot 2000-00 TSV et DTy 8, wFEodhay SecF & T Ity INRT. IET Wi,
WPF0IN D0O,eFS. 08 YOI, N.e.o (2009-08) QOT ArEIB.D N.aR.Fo i (2000-00) ézyﬁ ToRT.

DT BN @d%g?{fi WY mTeF, éziﬁﬁqu (9005-08 DOT 9000-00 TITR) W 2 T FBWIITD.
goert, WYFoT GVTY TIoDHTY, e0THYTOOT IR TR DT BRTZOHNTY, RTOEHIT.

BReFT Al BB @d%g%i WS (N.z33.590 0Q))

SRE n,©-wed mséu?s WYE | BETAOH/ReTTO | B, medd okt WER,
9009-08 | ¥9RN.€R | 0O0r9.oE €52302..60 LROV.LES | 0920.88 | SOLEES. 98
2008-0% | Y¥E9.08 OLOE.OR SEE .96 LORS.Q | 900a.€R | La0va.02
2009-08%8 | ¥EoR.LE OF 9%8.9¢ £a.92.850 LR20.92 | 20aL.€8 | 99280.89
2008-08 | LR99.€% ARVE.SL 005085858 LE0.O0 | O90R.92 | SEESL.EQ
D008—06 | &&52&.859 YOOR.K3 00RYO.20 SOLE.B0 | 9ROR.GR | AODIR.99
D006-00 | &8&0.06 PAYE.QES 00BER.€ 2RO.9L | SELED.AE | ARSN0.88
2000-00 | $9850.69 R0OS. K80 0998K.9 SYRO.00 | 2LES.RY | ALELR.D

(Source: TEDDY Energy year book and Annual Report 2011-12 on The Working of State Power Utilities

& Electricity Departments by Planning Commission, Govt. of India.)
(Note: Electrical energy consumption data for year 2005-06 and 2006-07 is not available)

2000-00TY | B e &d%s%eio WYIORTy, WY & T WRWIW. Fyk B, ATT[O  JoTIRLFND
WIBDY daaoszséoﬁa@ma’% Be. a@ TR, (099aR.2 N.339.30) T é@o@d&, g,m0% Ton (Be. o2,
EYLO.00  N.,.F0), MyBWYE (Je. 29, S980.69 N.53,.390) 0Ty, =TT 38 (Je. 09, BOOL.KO
N.z39,.530) So3TT m@dzﬁ@qd.

BZ @ T QLT WFIT DRONY WIEH DO/ é’@@@%d&, aEdg QT en ©edd emﬁm DT,
YT TR0 TGS Ty (e, 98) TeodT. Z08TTY, RODTT (3e. 22), INETOFWTIIRT TRONY
&d%s%eio (Be. 29), REAST DBy, TTT[PED b, HAONH e, @ TI, TOTY (I 3e. 9) TRV,
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g Sectorwise electrical energy consumption
C 40000
£ 35000
= 30000 # Others
E‘ 25000 m Industry
Z 20000
$ 15000 S Agri. /lrrign.
Eﬂ 10000 # Commercial
2 5000
= 0 # Domestic
W8 9 2009-08 DOT H0N0-00 THITNT B eTz00> DTNYE G, W
w2 PRAE
Sector wise share of electricity utilization in
2010-11
2798.54,7% 8280.84, :
' 229 = Domestic
8442.11, m Commercial
23%
& Agri. /Trrign.
5018.51
> & Indus
14% wy
w Others

W & amzsz.a@o WYBHNA, g eZeT> T (2000-00)

Share of energy sources in total plant installed
capacity in MW

]
3385.97,25% Cosl

@ Diesel

m ‘

6121.23,45% Nuclear
# Hydro
=RE

3599.8,26%
234.42,2%

254.86,2%

U3 @ WD SYDRATT PUENY MHDF,EEE, DOF B8, BWONY T
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8. R0BREFT0 TJND WoBN

8.0 TIEWTTY_ APTI3, WPT
PTBY OOy, AT -RLZ DBy, NE-0L3 P FUTmeN TWELTIY WIRCIHET. INT ET &
.53, L BOBT BLEHT (NT-B&E) AT FUIRY'D) DBy, S6.90 8.5, MIFES NF 0L PRI
DT PUIRY'R, BRoDT. BB BB NEF-CLE BT PuERY'D) Teegs ¥8Y dead.

BREF T @1 TEWTRY AT Jg oD WYB (2.0.08..9000 ToI)

* NF-FWT VT Pus: & D,
* AW-O%3 T PuT (DFLD): I6.90 Street lighting 2,694 in nos.
8.53,. SPV pumps 551 in nos.
House lighting 36,134 in nos.
Solar lantern 7,334 in nos.
Solar cookers 253 in nos.
Power plants 255.41 8.

(Fr0: WFT woswod 9005 (NFRe Fowd), FeoReod Woswod B¢3eD, YPPTT FTETH WoswoT HB), FONETTD YT
WO, ITBZO)

=RWIFFE D003 Tod, X, ATETT DAGF BRemIoNRONY O £a.m25 WIDFT PTTE, PLINID,
W LAPNT. BAeFT ¥ 0O FHELTTY, WYSRALE BT LWT FRINY QTINITY AeBONT.

BReg T 8 OBTY WITRATLE AT DT FLFNH

TODF,E
83059 TS o3 3 odpens
@ (B5.59,) -7
BIELIT DT J IO
AN VOIS - RSN BAF AP TR
(Br0e°)
FLAINS®T (B0CT) a DL 9HTIFBLCTION
FLANGT (TROWRTY) a DD 9HTIFBLCTION
FLANS® (BFMR) a DL 9HTIFBLCTION
W, 0%

(Source: MNRE, Govt. of India)

8.9 BIEWTW RPTBS, TOTF,E
BooEE3TeY) ooNETeooN 85.2883 %.mé.wo./zi.aae./@s DTIRD WAONARBE THODT. WAOLRTOIN 0NE TN .58
00T & 8.53,.30./08.50e./ BT e ela] m?s&;%d (B ). BB (8-18.% 3.339,.390./83.50¢./ ©F) LSRN

TBRTDIRBR CTOZ%@ DY ﬁ@ﬁ@a DTORO 85.85—L..88 é.m?s.;wo./zs.ébae./@s DAORRT BRODI.
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N - TTORO WALRRT
h Bidar
erE 30N (z%.m?s.so./?s.&)ae/
’ 58171 @S)
;7‘9;3:“ ulbarga
“ Jan 5.36
Feb 6.06
Mar 6.56
e Apr11 6.38
Karnataka - Average value throughout year ' May 6 03
Insolation on Horizontal Surface ( kWhi/sqm/day )
Bss O . = June 4.84
0 55 :u 6.5 (19) sshvno“i:;a >
g s e July 4.50
kit @ Ch?kﬁf;:lur Aug 4_47
0 - i naksl:r;::;]j;m ‘ " 5“59;;";6”"’"” Sept 5 .03
, X o e Oct 4.63
kilometers Yo Nov 4.50
Dec 4.74

W 25 TRTLBRY FTOAD OXET AT WAOHRT (%.mzs.;wo./?j.&)oe./aS)

BT & (WINH £.0-£.09) TIRT TOXET WNIT DIORRE HTTNID, DB T. @ RS NY wWes
VAORKRT LTTINYY, ¥, £.0 (WITV) WoT ¥ £.09 (RFoWT®) TITNR AeRHNT.

8.2 PR WS EL

03T DT, N_%Ejdd dptmmy TosSTW ©ToPT ode odeerIn VTFATOT  PRWOH  DRLEIEDTI
OTIREWY WIWLEBTMI,T. T2 O 3.339 T DT T (DB LD STI0T) N—%&ﬁw 0TI 000 23.80¢
TR 6:953525&{3. DT T 03 LT BIOIN SHFOATE WoBNToTT: @) T[T, Slavicy WeRs &) TTeBRpoTTY
OPOTLT ATITOINE, PRNOH DALHE ) ToWORT Feows WeRBoNTy, TBRTEL IFLD WITRZT
£aeemwds§ o3,

8.9 B [T ATTOING, ToNe WOB PRI 0,3

BRCFT b T ATLHJOINT, PR WER FF0Z (2000) RTO T W0 ATOTOINT, Tone WIT
TR0 @?.p’?sé’ 2eRT. FEWBTY  ATOTOINT, LTROH @zp’?sé’om WERT PReews ITe3T e, 0.8
(RVWPTHT) DT OR.SS (w0) SOR AT, WTT PR @zsésom Je. 0.09 (THWED) HoT 0.8
(TR030BRTL) T

BRCFT &1 WO 20T ATITOING, ToMve WIT LoD @zp’?sé’ (23.8.80¢)

[ pie)

rrey | P | pof | o %of | %of
R Barren | Barren

Districts . (SRCIAY WL in | %wn* .
B3e3 Land in | Land

(23.3.800) TGA (23.3.800) .

(23.8.800) TGA | in WL
Bagalkot L RoR 2652 R/ 00.66 9.2 0.0t | 0o.s0
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Bangalore RSON 238585, 92 00.05 ©52.e5E 0.880 0R.69
Rural
Bangalore 2060 €0.2 9.02 0.£8 0.08 0.858
Urban
Belgaum 03.20% 00085265 5.0t 0.20 0.00 0.02
Bellary SO 02RE.ES 08R8.6565 2%.90 0.€0 8.9
Bidar RPLES A85R.00 2.0a 2.09 0.09 0.8
Bijapur OOREY 0Fes.92, 0.8¢ 99.2.0 0.92 99.82
Chamarajanagar | $e& RN E.Re5 %8.90 0.00 0.9
Chikmagalur 2200 28@.6L 2.6t 0%.£.%8 0.90 %8.09
Chitradurga BP0 ERR.EL 00.0¢8 o€ 0.6 .20
Dakshina CREEY 02.2.85¢ .52 Se.e€E 0.8 0R.£0
Kannada
Davanagere REE L PESR.E5O .00 .82 0.08 0.00
Dharwad ©.93.0 00.9.2.85 XS 0.t 0.00 0.8
Gadag PLRE 20%8.2.%8 L.8e OE.0 0.8 23..965
Gulbarga 0929 £E9.a%8 £.0a 002.0€ o.EE 00.2.85
Hassan LSO 2.965.965 ©.659 %8.96 0.08 oLl
Haveri 9e5R0O 03.2.09 EXSEY 0.85% 0.09 0.2
Kodagu 9009 002.9 5.t9 2.9%8 0.08 .03
Kolar 5992 2289.85 €.0%8 02€.00 0.82 | 02.0%
Koppal 20sE ©29.99 L.8e 2%3..0t. 0.2® 00.92
Mandya PELO 222.90 2. 8% 2%8.9¢ 0.20 €.93
Mysore LorE 00%.2.0 0.85%8 0.859 0.0a 0.82
Raichur 65965 £.2365. 998 ) 0085.09 0.88 | Or.oa
Shimoga SPER e50.982 8.6 2.6¢ 0.09 0.8
Tumkur O0REES Loa.2l 2.656 009.0 0.6 0285
Udupi 2REES 080.9% .09 at.2R 0.02 90.9%
Uttara Kannada | 0020 £90.96 £.99 2.8 0.02 0.0¢8
Total OFO2E0 | OK020.29 t.26 | 0oan.ca | 0.389 2.8

(Source: Wastelands Atlas of India 2011)

*Barren Lands: Sands-Coastal, Sands-Desertic, Sands-Semi Stab.-Stab>40m, Sands-Semi Stab.-Stab 15-40m,
Mining Wastelands, Industrial wastelands, Barren Rocky/Stony waste.
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8.8 OPWATT T WIFER0T AW RIS

PTERT  (QFLD BREOT) WRBROE  DTHNRYOT  Fedwen é’bzﬁazs&azzojomq TIoPWIOTH. AN
TR RAII ﬁoemwdsé e wISRTWED  (MTWYER) 9T om0 WeRd  BRT RS z&xazé
MIFET Q0T TIMN ATHTINT,/ WOB TWeBTY, WITRIWTT.

8.8.0 20 Dvewn Ied 3082 3 (Rooftop SPV)

RS HIRT Je. ee.wn OFp wIF M JTeINGY DRMWET, ¥ [T HTyE s, wIEon T
IR DIPAIT PO DoTW &0 3.53,.590 L. MRNe Je3T IR Siaicy WYBOIN ABITY OO0 00T 02
é.mes.@*o./éoﬁ%. 12,8069 I3 ROTT RTHRO ﬁoem&)we‘é DR EEPIE OOF.Ba 23.80¢. vqtﬁ%, RBO0T BT
DIT WeRBoNTy, FT TN VISR BRGRWIDD. UY & IO BT MmN B, INT JIeIT
>HINY ﬁoemwdséoja VSTT), IR0 3. ﬁoemwdséojae’ﬁm DFLD BoTR T WEL T Ionwh O &.am,.Fo.
DT WTOTD WERT DRLDET (N=00%, TOFEETO DRLOE = O, DR . ©0) FeS© Je.
Q.05 TR, (8.2 B.awe.) [P WSO,

WBPF; INT BB R3R0TTY VY HTHT ﬁoe%weé DRCWE ATIT> 0200 B.o& (00D 28.&0e.)
T, WY Je. ST, DALPETTY, BT Jh, TRoHLy YWBSANFWTD. INT TWeIT FTHO QW
WYPBOIN 000 DoT 0RO 3.599,.590. an. B My® Savicy Wedodmy, SIARAI ﬁoem&)m’é DR EIET Be. 00.0
(€.0 8.50¢.) TFD), BT WIE TRDE WFLD ToT R FRT BATFWTT.

Average rooftop area (rural) = Average rooftop area (Utban) =
45
109 sq.m e o

W &1 INT 0By, Mo ENeed @d’eémﬁ 003 ﬁaem&)m‘é DRLRET WS (MANST PR 9009,

http://www.googleearth.com)
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8.8.9 ATITOINE, PRMWOPN, ARTAWT® Y3 TS

¥ S B Fe. STR, ATHTOING, PADRLHET (920.£0 .3.00¢. WP WIW PRinodH Je. 9%8.0 IRY)
YOTY DFWTITRT @d%;%i Wy, TR0 WeRIonT SeeOAT. @d%;%i W TSI ZIF, WerInod
(ae,£28 N.a9.Fo.) BRF, 0.6 Jedy, @?%da@ddaq QT 3RO .

9000 7
8000 - L 6
7000 - 5 %“
£ 6000 - =
&) -4 §
£ 5000 | F42
+; =
20 4000 - .
) =
5 =
3000 - , =
- Q
2000 - z
1000 - i
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
—4—Generation from 2% of Wasteland =& Monthly avg. demand
== Generation from 1.2% of Wasteland =l— Avg. Insolation

B 6! TpT FOoR0 WeRE HT, TTF0 WRALRRISROQN DTITJOING, FRI0T é)cﬁaazijz?io QT T
B & T TWELITY, JRE, HINFT WeRT (R&,628 N.50,.370.) oHTY HWORL WP FOMET, 2 &zﬁo

M
3
YOI QDA WBBDTE ATOINE, PRI LHET (Je. 0.9, ORE.AL 8.00¢8.) DITAIIY, AeRT.

t. 90 Fe ITTRFTE,_ To’oﬁgpd ados%a_pmh dFTRIND

BLoINY,TH WBeRBINYRY, S5BOFLy DT, S008 WTY T PITARONTRH TORT-F el HRTZH SNT.
03w u%ioﬁa PTG E £@o@d& S WIDPESJ, WPRBROBE  TYINT ©08 0FINSRoON
0@ [OAT [PTT wWoINTR) FRZRAAYIWTIND. DT VT D o Iy DHIeoRFTH TN, MyT
Wy, ATHTO  WeRBNYY, BRT, RS WFE TRoDT. INT B, M TWeBNYY  Deon 68,3
POITE  PUERYDY, N—%wa?om B oeod 8,M0eTT0E, ITNOT, WM T[PRE oINIHIIR DA,
:io@%oﬁae?q WBALA &G WPTO0T FIeBReI0D @zpwg%ﬁ WITRIRMHZ T HTHTY, MOHELE03ET ‘@m
700w BOBQIHTY I TIRBITYT, HDOTIN OPAHT I0BTY, Iy, TN, WSATROE
TTBDT, VYT, TFY, TpoBRINIT. AT, Oedod Fp T TIT Jeddn DINYY TS 0edonQ T
WTITNTR VTSR FTTOIWMAWY T, DT 8, BeRd BRTAMBY DEPEHOTY  FTTONERME 9
zis% NEE (BBRNT, LRRD W) B, MLETE NT OWANTT WHNRROB DT YOTIOH  [RWS,
DFoReE;T DT B, YT T JoFw [NER Hed NHT FTOWT WHFFIWT.

& ARG, BOBRToTS:
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. WOUSR) JHRESPoOWTY, 200 QINY O K 6.59,.570./B.0e./BF oZOn TW, T I, ORI
TRODTOTYTOOT  DFFLD TNy, ADFTD 30%%@@571@55%{ WYL VT DA ébcﬁaézi)ficofﬁood
Wepd-mBng 3 ST R0 RNTWET. SRFde ITeITY, HTW s, erd IadFed wBI
mdazp’asd’@o@ﬁ DHWe30INT 30%2@@5?@3 DBy, AR, BT TIT 03N JOHEFTIOOITNWY T
5&@@7@@59@ BEI0Z  DFLOOIN  MRNEHD TN INT  HEDoWNRE QW Betd  BRT, RN
ATTIOIPMITT. MNED BADOWRPOTE, ST Z[ITY 20-N00 3.339.550. @35255,3{3 By, wTIY

BagEe  H-b wave.  Seop @l QReer WEMHIE (1=00%, W3oskIn 8
%.mé.so./zs.aoe./as qu@ef)m) DTy, FIETWIT M Need PRNANYS  TTIZO £aeemwds§ QA,LEIETY OO0
B.ane A [NT TReBNTY 00K .o, 7T,
. BREWEE WwtRT PRRePE DR e e 20, ATITOINT, PRW @zp’?sé’oﬁad%, Q@T e, OTRY,
DRPETY QTN BITRT TopOT ATITO TNy, MTWEIR DT YOTY DRWTTD.
. OTTEING,/ WTE z,ﬁq'aé)aojaeﬁm RALD 9FTRBIN a@eo@w@s &d%g%i ema&dﬁr? BtesiopleleMnipvicha]
By, @ gﬁezﬁmf@q 0eRMN éo@gﬁm@@, TRONACLTI0N0THD  WIHITodHeN ?Sésadésgﬁ@édaq
m%ﬁ@@?m’oiﬁ. RTBRY B, TR 98 TJOTF, BoeoWNRON &d%g%i TRT,BNHRZOY . ST
ebaYat 5&@@7@@59@&5@1 LD 9FTRY eﬂdéﬁéébdad é‘bcﬁaéssaiaq ema&@:iuaom; TONR ATH 19,8006
DTB €308, T,03T0 DTN,
Q )
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ABSTRACT

Solar energy incident on the earth’s surface primarily depends on parameters like geographic
location, earth-sun movements, tilt of the earth’s rotational axis and atmospheric attenuation due
to suspended particles. The intensity of solar energy insolation quantifies the solar resource
potential or availability of a region. A techno-economic analysis of the solar power technologies
and a prospective utilization of wasteland in each taluk demonstrate the immense power
generation potential with the prospects of greenhouse gases (GHG) emission reduction.
Karnataka has a very good solar potential which gets an average insolation more than 5
kWh/m?*/day, having about 300-330 clear sunny days. The study deals with the prospects and
opportunities to harvest nature’s bountiful solar potential to meet the decentralized energy
demand by all regions and activities.

Land required for electric power generation (direct or indirect usage) is a major concern due to
the associated ecological and environmental concerns such as deforestation, population
displacement, pollution of air, water and land environment. Considering the scope of harvesting
solar energy at each household’s roof tops, would minimize the demand for land. Approximate
area required to install 1 kW SPV panels is about 100 m’. Rooftop area required through SPV to
meet the monthly household demand of 50-100 units (kWh), would be a fraction of 100 m* (5-
6%) as area required is directly proportional to the installed capacity or demand. Similarly, to
meet the irrigation energy demand in rural area, the assessment shows that 1 to 3% of current
wasteland is sufficient.

Analysis the techno-economic aspects of different solar technologies (thermal and photovoltaic)
with the current scenario and future challenges have the equal importance in this context. Solar

21



thermal systems and photovoltaic systems are two fundamentally different concepts of solar
energy conversion. Solar thermal system concentrates heat energy in solar radiations and
transfers that energy to a carrying medium (liquid or gas). Solar photovoltaic directly converts
solar radiations into direct current (DC) using photoelectric effect. It uses semiconductor device
(silicon) which is called as PV cell. Techno-economic analysis shows the energy harvesting from
solar radiations in large scale is feasible considering the other power technologies.

Karnataka is the pioneer in Renewable Energy (RE) based power generation. Though 25% of the
energy come from RE sources, majority of the RE potential are still not exploited which include
rooftop PV technology and PV installation in waste/barren lands. Currently state is facing
electricity deficiency problem where the supply —demand gap is becoming wider. Hence it is
recommended that rather than installing capacity fossil fuel based plants, RE based decentralized
electric energy generation is effective and reliable.

Karnataka receives an average insolation of 5.55 kWh/m?/day annually. Insolation varies from
4.5 to 7 kWh/m*/day throughout the year. All districts of the state receive average insolation of
5.5 to 6.5 kWh/m*/day annually except Kodagu (5-5.5 kWh/m*/day). This highlights that solar
energy based electricity generation would help in meeting the growing energy demand.

The government support and encouragement for decentralized rooftop generation would
significantly contribute to meet the present and future electricity demand of the state. A
generation based incentive (GBI) would encourage decentralized electricity generation at
individual rooftops. Some of the other initiatives to be taken are 1) solar public and road lighting,
2) RE based generation in government organizations and infrastructure, 3) implementation of
solar rooftop generation in existing govt. building and financial encourage for the same.
Switching over to RE technologies would also help in bringing down GHG emission and
pressure on dwindling stock of fossil fuels.

KEYWORDS: Insolation, land use, wasteland, thermal and photovoltaic, photoelectric effect,
semiconductor device.

1. INTRODUCTION

Sun is the largest and everlasting energy source. Human civilization is harvesting energy from
solar radiations from time immemorial. India being in favorable location in the solar belt (40° S
to 40° N) and more than 300 clear sunny days in a year receives plenty of solar energy, which
plays an important role in food production (from photosynthesis) and sustains the economic
growth of a region [1]. Energy from the sun is received in the form of electromagnetic radiations.
About 99% of the solar energy received is in the wavelength band of 0.15-4 pm and about 40%
of the radiation received is visible radiation ranges from 0.4 to 0.7 um [2]. Solar radiations are
broadly classified as direct solar radiations, diffused solar radiation and global solar radiation.
Depending on the type of incidence direct solar radiation is divided into two types. Radiation
received on unit area which is held normal to the solar beam at the earth’s surface in unit time is
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the direct solar radiation at normal incidence (Ix). Direct solar radiation on a horizontal surface is

the radiation passing through a horizontal surface in a unit time (Ig). This is also called the

vertical component of the direct solar radiation. Diffuse solar radiation is the radiation scattered

due to suspended particles and cloud (D). Global solar radiation (G) includes both direct and

diffused solar radiations. It is the total quantity of solar radiation received on unit horizontal

surface area on the earth’s surface in a unit time [3, 4, 7]. The relation between G, D, Iy and Iy is
i=(G-D) and Iy=2 (1)

sinh
where ‘h’ is the angle of elevation of the sun.

Solar energy also referred as insolation, incident on the earth’s surface, primarily depends on
parameters like geographic location, earth-sun movements, tilt of the earth’s rotational axis and
atmospheric attenuation due to suspended particles [4]. Solar technologies such as Solar
Photovoltaic (SPV) and Concentrated Solar Power (CSP) systems utilize solar radiation
wavelengths between 0.29-5.5um as major part of the spectrum gets attenuated in other
wavelengths due to either absorption or scattering in the atmosphere. Factors affecting the solar
insolation are the solar elevation (at noon), atmospheric particles, duration of the day, and the
total amount of water vapor in the air and the type and amount of the cloud. Installation of SPV
arrays or CSP systems requires land area and the availability of land in a region is one of the
important factors in solar based energy plants [5].

2. SOLAR ENERGY: NEED AND OPPORTUNITIES

India has the second highest population (1.24 billion) in the world. The industrialization,
urbanisation and consequent activities have increased the energy demand. Electricity meets a
major portion of this energy demand and is notably related to the socio-economic progress of the
country. The energy from conventional sources accounts to 87.89%. The Compound Annual
Growth Rate (CAGR) of power generation in India since 2005 is 5.2% while there was a peak
shortage of 12.7% (over 15 GW) and average Transmission and Distribution (T&D) loss of
27.2% recorded during 2009-2010. The total installed generating capacity in the country has
increased by 255% from 58,012 MW (1989) to 2,06,456 MW (2011) [6]. Coal is dominant
(56.81%) among conventional energy sources. The Integrated Energy Policy (IEPR 2006) in
India has envisaged more than 8,00,000 MW (Megawatts) by 2032 which is 5 times the existing
power generation capacity. Considering the growing environmental problems coupled with the
diminishing stock of fossil fuels, the focus has now shifted to the renewable sources of energy,
which as on today accounts to only 12.11%. Globally India ranks fifth in harvesting renewable
energy with 15,691.4 MW grid-connected plants and 367.9 MW oft-grid plants [7].

Per capita electricity consumption has gone up by 170 %, from 283 (1992-93) to 765 (2010-11)
kWh. The energy/GDP in India is 10-20 times higher than that of the industrialized countries like
USA, Japan, etc.), indicating scope for improvement of the efficiencies in energy consumptions.
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In order to have more disposable energy, plausible approach hence would be to increase the end-
use efficiency or to minimize the loss and meeting the energy demand through the renewable
sources.

A drastic growth in the power sector during post-independence is unable to meet every ones’
energy demand evident from about 74 million households still not having access to electricity
and nearly 32,800 un-electrified villages in the country [8]. This necessitates a decentralized,
low-carbon, reliable, efficient and renewable options for energy generation. Key features of RE
based generation are;

Decentralized generation, reducing T&D losses;

Easier voltage management at substation levels and minimized voltage fluctuations;
Easier maintenance and reduced pilferages;

Possibility of remote location electrification [9];

Scope for decentralized development at local levels with job opportunities due to the
assured energy supply and availability of natural resources [10];

Lowered carbon emissions and scope for availing the benefits under clean development
mechanism (CDM) as per Kyoto Protocol;

Energy independence due to the reduced dependency of fossil fuels and imports.

In this perspective, power sector regulators, central policy makers with state authorities have
taken many initiatives to encourage RE generation and usage in the country. Some of the
prominent initiatives are discussed below.

2.1. Renewable Purchase Obligation (RPO): RPO is an agreement between Regulatory

authorities and the consumers or power supplying utilities. According to this agreement
Load Serving Entities (LSE), Open Access customers and Captive Power Plants (CPP)
are required to purchase a fixed fraction of annual energy purchase from RE based
power plants or they are required to generate that energy by their own. The RPO target is
fixed for the energy purchase and not on the total installed capacity [11]. Table 1 gives
the state wise RPO (Renewable Purchase Obligation for solar energy in % of total
energy purchase) in India.

Table 1: State wise RPO in India (% of total energy purchase)

Stat Order dated | 2010- | 2011- ] 2012- | 2013- [ 2014- | 2015- | 2016- [ 2017- [ 2018- | 2019- [ 2020- | 2021-
ate rder date 11 12 13 14 15 16 17 18 19 20 22
Andhra Final- 26" July,
Pradesh 5010 025 | 025 | 025 | 0.25
Draft- 210
Assam Jue, 2010 005 | 01 | 015 | 02 | 025
Final-16"
Bihar November, 0.25 0.5 0.75 0.1 1.25
2010
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. Draft — 9™
Chhattisgarh November 2010 0.25 0.25 | 0.25
. Final- 17 April,
Gujarat 2010 0.25 0.5 1
Final-
Haryana November, 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75
2010
Himachal Final-12"
Pradesh March,2010 0.1 0.1 0.1
Final- 31
Jharkhand March,2010 0.25 0.5 1
Final-16"
Karnataka March,2011 0.25
Final- 23"
Kerala November, 0.25
2010
Madhya Final-19"
Pradesh November,2010 0.4 0.6 0.8 ! 0.5
- fin
Maharashtra | T 7 S 105 | 025 | 025 | 05 | 05
Manipur Final- 5™ May,
(JERC) 2010 0.25 0.25 | 0.25
Final- 21*
Meghalaya December, 0.2 0.3 0.4
2010
Mizoram | Final- 5" May,
(JERC) 2010 0.25 0.25 | 0.25
Final- 20"
Nagaland October, 2010 0.25 0.25 0.25
. Final- 16"
Orissa March, 2010 0.5 0.75 1 1.25
. st 100
Rajasthan Jafl“:f' 3210 | MW |05 {075 |1
uary; (PPA")
. Draft- 19"
Tamil Nadu May, 2011 0.15 0.25 | 0.25
Draft- 9™
Tripura November, 0.1 0.1 0.1
2009
Uttar Final- 17"
Pradesh August, 2010 0.25 0-5 !
Final- 6™ July,
Uttarakhand 2010 0 0.03 0.05
WB (total Final- 10™
RE) August, 2010 2 3 4 5 6 7 8 9 10

(Source: Analysis of state-wise RPO Regulation across India, MNRE. <mnre.gov.in/file.../Solar%20RPO/analysis-
of-state-RPO-regulations.pdf >)
* Power Purchase Agreement

2.2.

Renewable Energy Certificate (REC) mechanism: REC mechanism provides a choice
to the customer or utility so that RE generated can be sold at pre decided tariffs. This
will help to utilize locally available RE source potential to generate energy and also
enables energy trading option.
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REC is a market based aspect which helps customers and utilities to meet their
obligations. It is not related to carbon credits but traded through auction in power
exchanges. REC price is determined once a month and quantified considering at least
one MWh of electricity injected into the grid from renewable energy sources [12].

2.3. Policy Initiatives: The National Action Plan of Climate Change (NAPCC) set the target
of 5% purchase of electrical energy from RE based generation (FY 2009-10), which is to
be increased by 1% per year for the next 10 years. Various federal governments in the
country have also taken up many initiatives through incentives to boost the RE sector.
The Ministry of New and Renewable Energy Resources (MNRE), Government of India
formulated Electricity Act 2003 realizing the scope of RE sector. Major highlights are;

e The State Electricity Regulatory Commissions (SERCs) to specify, for the purchase
of electricity from RE sources, a percentage of the total consumption of electricity
in the area of a distribution licensee.

e SERC has to promote co-generation and RE based generation with suitable
measures to connect grid or to supply local consumers.

e Friendly tariff structure to encourage co-generation and RE based generation by
SERC.

e SERCs have to specify a Renewable Purchase Obligation (RPO) with the specified
feed-in tariff and other terms and conditions to promote co-generation and/or
generation of electricity from renewable energy sources.

Subsequent, policy interventions are:

e National Electricity Policy 2005: Emphasis on the share of electricity from RE
sources and purchase by distribution companies shall be through competitive
bidding process.

e National Tariff Policy 2006: NTP, 2006 mandates that SERCs purchase a
minimum percentage of energy from renewable sources. This policy was further
revised to include solar power purchase obligation of 0.25% in Phase 1 with the
expected growth of 3% by2022. State utilities can also purchase solar-specific
Renewable Energy Certificates (RECs) from participating projects [13].

2.4. Feed-in Tariffs (FITs) were introduced to encourage the RE based generation. It is
basically a payment given for the consumer for generating electricity from RE sources
and feeding it to the grid. FIT is fixed by the power supplying utilities based on the
generation cost or the present per unit cost of electricity. Normally the FIT is fixed for
certain years in order to encourage the consumer to have long term generation of
electricity from all RE sources. Federal states in India have separate FIT structure for
RE generation [14-16]. State wise FIT structure for solar PV and solar thermal
generation is given in the Table 2.
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Table 2: State wise Feed-In tariff (FIT) structure for solar power plants in India

Tariff structure

Order (Rs/kWh) Tariff .
State period Incentives
Dated Solar PV Solar (Years)
Thermal
Overall- Rs. 17.91 without
Iér 2322?1 Accelerated depreciation (AD) 25
and Rs. 14.95 with AD
Rs. 5.50 for 1st year and 3%
Assam Draft- increment in every subsequent 25
13.07.2010
year
Bihar Final- Overall - Rs. 10.9 Without AD 75
02.08.2010 and Rs. 9.85 with AD
Additional Rs.
Final- Rs. 15.84 (1 Rs. 13.26 (1 3.84/kWh for SPV and
Chhattisgarh 09.07.2010 MW and MW and 10 3.26/kWh  for solar
o above) above) thermal (1 MW and
above)
Delhi | 0% | Rs.1791 Rs. 1531
Rs. 15 for (for Rs. 11 (for
. Final- initial 12 initial 12
Guyjarat 31.08.2010 years) and RS. | years) and RS. 25
T 5 (from 13th to | 4 (from 13th to
25th year) 25th year)
Rs. 9.18 for
) Crystalline
Haryana 0 812)1;1 2;1(—) 10 SPV and Rs. 25
T 8.90 for thin
film SPV
Jammu & Final-
Kashmir | 02.06.2010 Rs. 17.91 Rs. 15.31
Tharkhand | . PE | Rs. 17,01 Rs. 1531
Karnataka 13'12)1;131(-)10 Rs. 14.50 Rs. 11.35 25
Maximum of Rs.
10/kWh for solar
thermal projects
(commissioned by
Kerala Final- Overall- Rs. 15.18 (including 10 31.12.2009 ) and Rs.
01.01.2009 incentives) 9.50/kWh for solar
thermal and Rs.

11.40/kWh for SPV for
projects (commissioned
after 31.12.2009)
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Rs. 15.35

. >2 MW
Madhya Final- (
Pradesh 06.07.2010 and for rooftop Rs. 11.26 25
PV upto 2
MW 15.49)
Final- To be higher by Rs.0.50/kWh or
Mabharashtra 07.06.2010 such higher amount as decided 25
by commission
Ori Final- Overall - Rs. 15.39 25 Rs. 3.13/kWh
rissa 09.07.2010 verall - Rs. 15. 3.
. Accelerated depreciation
Punjab Overall — Rs. 10.39 25 Rs. 1.04/kWh
Final- Rs. 15.32 Rs. 12.58
Rajasthan 29.09.2010 (commissioned | (commissioned 25
T by 31.03.2012) | by 31.03.2013)
. Final- Accelerated depreciation
Tamil Nadu 08.07.2010 Overall — Rs. 15.51 25 Rs. 3.35/kWh
Uttar Final- Rs. 5.50 (for 1* year and ’5
Pradesh 22.06.2010 | increment of 3% every year)
Final- Accelerated depreciation
Uttarakhand 06.07.2010 Overall — Rs. 17.7 25 Rs. 1.65/kWh
. Rs. 16.13
West Final-
(100 kW to 2 25
Bengal 10.08.2010 MW)

(Source: Renewable Energy Policy, MNRE, Gol.)

3. OBJECTIVE
Objectives of the current study are

).  Assessment of solar energy potential-region and month wise;

il). Assessment of rooftop available in the region;

iil). Estimating the wasteland required to harvest electrical energy using solar PV
technology to meet the present demand in all districts; and
iv). To suggest viable approaches for harvesting electricity from solar sources.

4. MATERIAL AND METHOD
4.1. Study Area: Karnataka

Karnataka is located between 74.2° to 78.5° longitudes and 11.3° to 18.8° latitudes covering the
area of 1,91,791 km® (Figure 1). It is the 8" biggest state of the country with population density
of 320/km’. Karnataka state is located in peninsular India and has 30 districts, 176 Taluks with
more than 29,000 villages. State receives an average rainfall of 3,638 mm per annum and annual
average insolation of 5.55 kWh/m*/day. Figure 1 gives the overview of the state.
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Location: South India,
N 12.97° N, 77.56° E
W+E Capital: Bangalore
g (Bengaluru)
Literacy: 75.06%
Area: 1,91,791 km’.
Area rank: 8"

Population: 6,11,30,704
Population Density:
320/km’.
Population rank: 9"
Number of Districts: 30
Number of Taluks: 176
Number of Villages: 29,406
Number of Towns: 270
iealore{rban Annual Rainfall:
agalore Rural 3,638.5 mm (143 in)
Average solar insolation:
5.55 kWh/m®/day
Total wasteland area (W,):
aay 13,030.62 km?. (1.4438*10"
m?) i.e. 7.53% of TGA.
Figure 1: Overview of Karnataka
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(Source: Census of India 2011; Directorate of Economics and Statistics, GoK and Wastelands Atlas of
India 2011)

4.2. Quantification of Solar Potential

NASA SSE Global insolation datasets are derived from a physical model based on the radiative
transfer in the atmosphere along with parameterization of its absorption and scattering properties.
The primary inputs to this model include visible and infrared radiation, cloud and surface
properties, temperature, perceptible water, column ozone amounts and atmospheric variables
such as temperature and pressure measured using diverse satellite instruments. The long wave
and shortwave solar radiations reflected to the satellite sensors along with the collected primary
inputs are studied to obtain the global insolation for different locations and durations. The 1°X1°
spatial resolution SSE global insolation data derived from NASA SSE web portal —
(http://eosweb.larc.nasa.gov/sse/) for a period of 22 years (July 1st, 1983 to June 30th, 2005)
were validated (RMSE of 10.28%) with Baseline Surface Radiation Network (BSRN) data
available as daily, monthly and annual averages obtained from measured values every 3 hours
[17,18].

In this study, the state wise NASA SSE monthly average Global insolation data is collected for
more than 900 grids which optimally cover the entire topography of India within the latitudes 8°
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to 38°N and longitudes 68° to 98°E. A geo-statistical bilinear interpolation is employed to
produce monthly average Global insolation maps for all the states. The Direct insolation is given
by

[=(G-D)/sin® (2)
where G is the Global insolation, D is the diffuse component and @ is the sun’s elevation angle.
4.3. Sector wise Electrical Energy consumption

Sector-wise electrical energy consumption from 2002-03 to 2010-11 is listed in Table 3.
Consumption has increased gradually from 21698.23 GWh (2002-03) to 36975.2 GWh (2010-
11). Figure 2 shows the relative increase in the consumption of electrical energy by various
sectors during 2002-03 to 2010-11. State is currently facing electric energy deficiency as
consumption has exceeded the generation.

Table 3: Sector wise electric energy consumption in GWh

Year Domestic | Commercial | Agri. /Irgn. | Industry | Others Total
2002-03 | 4251.95 1162.76 8507.91 6504.78 | 1270.83 | 21698.23
2003-04 | 4462.13 1616.15 8992.48 6068.46 | 2003.95 | 23143.17
2004-05 | 4923.79 1925.48 9323.81 6470.47 | 2137.97 | 24781.52

2007-08 | 6322.94 3549.87 10808.65 6903.21 | 2403.27 | 29987.94
2008-09 | 6876.84 4014.53 11541.41 7266.81 | 2525.83 | 32225.42
2009-10 | 7360.09 4349.48 11894.9 7513.47 | 2692.39 | 33810.33
2010-11 8280.84 5018.51 12435.2 8442.11 | 2798.54 | 36975.2
(Source: TEDDY Energy year book and Annual Report 2011-12 on The Working of State Power Utilities
& Electricity Departments by Planning Commission, Govt. of India.)

(Note: Electrical energy consumption data for year 2005-06 and 2006-07 is not available)

Sectorwise electrical energy consumption
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O 40000

= 35000

£ 30000 & Others

g ;gggg i Industry

§ 15000 % Agri. /Irrign.
E’S 10000 & Commercial
S 5000

= 0 % Domestic

Figure 2: Sector wise electrical energy consumption from 2002-03 to 2010-11
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Sector wise share of electricity utilization in
2010-11
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Figure 3: Sector wise share of electric energy consumption (2010-11)

Figure 3 illustrates the sector wise electrical energy consumption in 2010-11. Agricultural and
irrigation pump sets tops the consumption with 34% (12435.2 GWh), followed by industrial
sector (23%, 8442.11 GWh), domestic (22%, 8280.84 GWh) and commercial sector (14%,
5018.51 GWh).

Figure 4 gives the share of energy from various sources, where coal powered thermal power
generation constitutes a major share (45%), followed by hydropower (27%) and renewable
sources of energy (Renewable Energy: RE) sources (24%). Diesel and nuclear energy sources
supply a small share of 4% (2% by each source).

Share of energy sources in total plant installed

capacity in MW

# Coal

3385.97, 25% oa
@ Diesel
# Nucl

6121.23, 45% ucieat

% Hydro
—RE

234.42,2%

254.86,2%

Figure 4: Share of various energy sources in total installed plant capacity

(Source: CEA, India)
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S. RESULTS AND DISCUSSION

5.1. Solar energy utilization in Karnataka

Solar energy is used as both grid interactive system and as off grid solar system in Karnataka. It
has 6 MW, grid interactive system and 29.41 kW, capacity standalone solar power plants. The
off grid solar systems in the state are given in Table 4.

Table 4: Solar energy utilization in Karnataka (as on 31.03.2011)

e As grid interactive system: 6 MW,
e As Standalone solar systems - Solar | Street lighting 2,694 in nos.
Photovoltaic (SPV): 29.41 kW, SPV pumps 551 in nos.
House lighting 36,134 in nos.
Solar lantern 7,334 in nos.
Solar cookers 253 in nos.
Power plants 255.41 kWp

(Source: Energy Statistics 2012 (19" Issue), Central Statistics office Ministry of statistics and Programme
Implementation Government of India New Delhi)

As of March 2013, state has cumulative installed capacity of 14 MW from solar energy under
different schemes by the government. Table 5 gives the details of the installed solar power plants
in Karnataka.

Table 5: Installed solar power plants in the state

Installer C(al\l/)[i;)lty Technology Scheme
Karnataka Power
Corporation Limited 5 Solar PV JINNSM
(KPCL)

KPCL (Kolar) 3 Solar PV Arunodaya Scheme
KPCL (Raichur) 3 Solar PV Arunodaya Scheme
KPCL (Belgaum) 3 Solar PV Arunodaya Scheme

Total 14

(Source: MNRE, Govt. of India)
5.2. Solar potential in Karnataka

Karnataka receives an average insolation of 5.55 kWh/m?/day annually. Insolation varies from
4.5 to 7 kWh/m*/day throughout the year (Figure 5). All districts of the state receive average
insolation of 5.5 to 6.5 kWh/m?/day annually except Kodagu (5-5.5 kWh/m*/day).
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Karnataka - Average value throughout year
Insolation on Horizontal Surface ( kWhr/sqm/day )
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Figure 5: Average annual solar insolation (kWh/m°/day) in Karnataka

Figure 6 (6.1-6.12) gives the annual global insolation details of the state. Global insolation
details of all the districts are shown for every month, Figure 6.1 (January) to Figure 6.12

(December).

Karnataka - January
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on Horizontal Surface ( k
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Tumkur
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Figure 6.1: Solar potential during January
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During January, except Gulberga and Bidar (5-5.5 kWh/m®/day) all other
districts receive the insolation of 5.5-6.5 kWh/m*/day. Over all, state gets
an average insolation of 5.36 kWh/m?/day in this month.
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Figure 6.2: Solar potential during February

During February, most of the districts receive insolation ranging from 5.5-
6.5 kWh/m*/day except Dakshina Kannada and Mandya which gets higher
insolation over 6.5 kWh/m*/day.
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Figure 6.3: Solar potential duringMarch
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Karnataka - April
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Figure 6.4: Solar potential during April

Figure 6.3 and 6.4 shows the insolation received in March and April; state
gets highest insolation in these months. All the districts of the state receive
the insolation more than 6.5 kWh/m*/day.
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Figure 6.5: Solar potential during May
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During May, 5 districts in the south-west region receive insolation of 5.5-
6.5 kWh/m®/day and other districts get insolation over 6.5 kWh/m?/day.
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Karnataka - June
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Figure 6.6: Solar potential during June

Districts in the coastal region gets lower insolation of 4-5 kWh/m*/day in
June. Mysore, Hassan, Dharwad and Belgaum receive the insolation of 5-5.5
kWh/m®/day in this month. All other districts receive insolation of 5.5-6.5
kWh/m?*/day.
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Figure 6.7: Solar potential during July

Districts in the western region (coastal region) gets lower insolation of 4-5
kWh/m*/day in July. Other 12 districts except Kolar (5.5-6.5 kWh/m’/day)
receive insolation of 5-5.5 kWh/m?/day.
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Figure 6.8: Solar potential during August

Mandya
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During August, 8 districts in the westrrn region and Bidar get lower insolation
of 4-5 kWh/m*/day. Other districts except Kolar (5.5-6.5 kWh/m”/day) get
insolation of 5-5.5 kWh/m®/day.
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Figure 6.9: Solar potential during Sepetmber

During September, all districts in the western part and northern part of the state
receive insolation of 5-5.5 kWh/m®/day. Other 11 districts get higher insolation

of 5.5-6.5 kWh/m?/day.
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Figure 6.10: Solar potential during October

During October 7 districts in the northern part of the state receive insolation of
5.5-6.5 kWh/m*/day. Southern districts get insolation of 5-5.5 kWh/m*/day,
but kodagu gets lowest insolation in this month (4-5 kWh/m*/day).
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Figure 6.11: Solar potential during November

Most of the districts of the state receive insolation of 5-5.5 kWh/m”/day except
Kolar (4-5 kWh/m’/day) and Uttara Kannada (5.5-6.5 kWh/m’/day) in
November.
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Figure 6.12: Solar potential during December
During December, Uttara Kannada, Dakshina Kannada, Shimoga,
Chikkamagalur, Hassan and Kodugu receive insolation of 5.5-6.5 kWh/m*/day.
All other districts receive insolation of 4-5 kWh/m?/day.
Figure 6: Global insolation maps from January to December

5.3. Land requirement

Land use by power plants is one of the major factors to be considered in the early planning of
any power plant. The assessment shows that to setup 1 kW solar power plant (SPV based) land
required is about 100 m*. Scope for solar energy is assessed considering i) the present energy
demand, ii) extent of wasteland available in the region, and iii) scope for rooftop based SPV for
meeting the respective household demand.

5.4. District wise availability of wastelands and barren land

Table 6 summarizes the district wise waste land and barren land in the state as per the ATLAS of
wastelands (2011). Availability of wasteland in Karnataka ranges from 1.88% (Bijapur) to
15.88% (Bellary) of TGA (Total Geographical Area). Unproductive barren land ranges from
0.02% (Haveri) to 1.58% (Raichur)
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Table 6: District wise distribution of wastelands and barren lands in km?

% of | Barren % of % of
o TGA | WL(NRSC) . Barren | Barren
Districts 2 2 WL in | Land* .
(km") (km”) TGA (km?) Land in 'Land
TGA | in WL
Bagalkot 6575 787.55 11.98 82.75 1.26 10.51
Bangalore 5815 58827 | 10.12 | 87.86 | 151 | 14.94
Rural
Bangalore 2190 90.3 412 | 168 | 0.08 | 1.86
Urban
Belgaum 13415 1108.38 8.26 1.31 0.01 0.12
Bellary 8419 1336.8 15.88 75.41 0.90 5.64
Bidar 5448 383.01 7.03 2.12 0.04 0.55
Bijapur 10494 198.43 1.89 44.71 0.43 22.53
Chamarajanagar | 5685 373.94 6.58 541 0.10 1.45
Chikmagalur 7201 284.96 3.96 14.65 0.20 5.14
Chitradurga 8440 935.97 11.09 77.79 0.92 8.31
Dakshina 4843 172.88 3.57 | 2699 | 0.56 | 15.61
Kannada
Davanagere 5966 483.81 8.11 4.87 0.08 1.01
Dharwad 4230 112.38 2.66 0.6 0.01 0.53
Gadag 4657 305.75 6.57 16.13 0.35 5.28
Gulbarga 16224 994.35 6.13 107.19 0.66 10.78
Hassan 6814 328.48 4.82 5.49 0.08 1.67
Haveri 4851 137.14 2.83 0.86 0.02 0.63
Kodagu 4102 107.4 2.62 3.25 0.08 3.03
Kolar 8223 752.8 9.15 129.11 1.57 17.15
Koppal 7189 472.42 6.57 53.06 0.74 11.23
Mandya 4961 374.41 7.55 35.29 0.71 9.43
Mysore 6269 115.71 1.85 1.82 0.03 1.57
Raichur 6828 658.25 9.64 108.14 1.58 16.43
Shimoga 8465 481.53 5.69 2.98 0.04 0.62
Tumkur 10598 623.77 5.89 102.16 0.96 16.38
Udupi 3598 181.45 5.04 36.75 1.02 20.25
Uttara Kannada | 10291 640.48 6.22 7.59 0.07 1.19
Total 191791 | 13030.62 6.79 | 103597 | 0.54 7.95

(Source: Wastelands Atlas of India 2011)

*Barren Lands: Sands-Coastal, Sands-Desertic, Sands-Semi Stab.-Stab>40m, Sands-Semi Stab.-Stab 15-40m,
Mining Wastelands, Industrial wastelands, Barren Rocky/Stony waste.
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5.5. Scope for electricity generation using solar potential

Electric energy can be harvested directly from solar radiations using solar photovoltaic (SPV)
cells (modules). These SPV modules can be mounted on rooftop (domestic supply) or can be
installed in an outdoor area (wasteland/barren land) for higher capacity of generation which shall
meet the irrigation demand.

5.5.1. Solar rooftop PV technology

About 68.43% of the population lives in rural areas of the state where the domestic electrical
energy consumption ranges from 40 to 60 kWh per month per household. In rural area per capita
energy consumption is about 10 to 12 kWh/month. This domestic demand can be supplied using
solar PV installation on the rooftop where the average rooftop area available is 109.83 m’. Figure
7 shows the digitization of rural and urban household rooftop in the state. To generate 60 kWh
per month using rooftop solar PV technology, roof area required is about 4.12% (3.62 m?) of the
total area available (n=10%, effective area = 80% of available area).

In a typical urban household the available rooftop area is about 1,200 sq. feet (112 m?) in which
80% of the area can be optimized for solar energy harvesting. The average electricity
consumption in urban area ranges from 100 to 150 kWh. This domestic energy demand can be
met by rooftop PV installation which utilizes 10.1% (9.1 m®) of the available roof top area.

Average rooftop area (rural) = Average rooftop area (Urban) =
100 sq.m 145 sq.m

Figure 7: Digitized images of urban and rural household rooftop area (Google Earth image 2012)
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5.5.2. Electric energy harvested from solar energy using wasteland

Figure 8 shows the month wise electric energy that could be generated using 2% of wasteland
area (260.61 km® or 25.1% of the barren lands) and the average demand. The estimate shows that
the electricity generated would be at least 1.9 times higher than the present demand (2010-11).
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Figure 8: Electrical power generation from wasteland with monthly average demand and average
insolation

Figure 8 also gives the wastelands required (1.2%, 156.36 km®) to generate sufficient electrical
energy which could meet the present electricity demand (36,975 GWh) in Karnataka.
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6. RECOMMENDATIONS FOR SUSTAINABLE ENERGY
DURING 215" CENTURY

Solar energy based generation seems promising and environmental friendly option to meet the
growing demands. India is blessed with the good solar potential and harvesting this potential
would minimize the environmental implications associated with the fossil fuels. Solar PV
technology has the potential to meet the domestic and irrigation demands in the decentralized

way. Appropriate policy incentives might help in the large scale deployment of solar devices at
household levels. There is a need to focus on energy efficient decentralized electricity generation
technologies with micro grid and smart grid architecture, which would go long way in meeting
the energy demand. In this regard, suggestions are:

1.

Electricity generation using SPV and CSP technologies would bridge the demand supply
gap as India receives abundant solar energy of more than 5 kWh/m®/day for about 300
days in a year. The adequate potential with mature technologies and apt policy incentives
would help in meeting the electricity demand in a region.

Roof'top based SPV would help in meeting the household energy demand in rural as well
as urban households. Rural household require about 70-100 kWh per month and to meet
this requirement 5-6 m” rooftop is adequate (at 1=10%, and insolation of 5 kWh/m?/day)
and the average rooftop in rural locations in Karnataka is about 110 m* and about 115 m’
in urban localities.

Adequate barren /waste land is available in Karnataka as the available waste land is about
7% of the total geographical area less than 1% area is sufficient to generate electricity
required for irrigation and domestic sector through SPV installation.

SPV installation in waste/barren lands supports decentralized electricity generation and
enables multi utilization of the area for activities such as grazing, livestock farming, etc.
About 45 million households are still not electrified in India, which have potential to
generate enough electricity from rooftop SPV installation; rooftop SPV installation would
be the revolutionary method of rural electrification.

Rooftop SPV installation is the most adoptable technology in highly populous countries
like India, where the monthly electricity consumption of a household ranges from 50 to
100 kWh. Encouragement for roof top SPV based electricity generation rather than
centralized generation through incentives, financial aid for initial installation and tax
holidays.
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To supply electricity to households in remote areas entails investment on
infrastructure apart from transmission and distribution (T&D) loss of
electricity. Current assessment reveals that T&D loss in Karnataka is
about 19.5% resulting in the loss of 7,210.16 GWh (annual demand is
36,975.2 GWh in 2010-11) of energy. Cost of energy loss ranges from Rs.
1,514.13 crores (@ Rs. 2.10/kWh) to Rs. 5,047.11 crores (@ Rs. 7/kWh)
depending upon the tariff (in the respective state).

Decentralized generation of electricity through SPV would help in meeting the respective
household’s electricity demand apart from the removal of T&D losses. Generation based
incentives (GBI) would herald the decentralized electricity generation, which would help
in boosting the regional economy. Considering the current level of T & D losses in
centralized system, inefficient and unreliable electricity supply, it is necessary to promote
decentralized energy generation. Small capacity systems are efficient, economical and
more importantly would meet the local electricity demand. The incentive could be

e Rs. 4.00 per unit for first five years (comparable to subsidies granted to mini
hydel projects, the power purchase at Rs 3.40) and Rs. 3.50 for the next two
years for the electricity generated from roof top solar PV.

e Buyback programmes for the electricity generated at household level and in micro
grid - GBI of Rs. 5 to be provided for electricity generation (< 5 kW) feeding to the
grid by SPV.

e Free solar home lighting (with LED lamps) under the Chief Minister’s Solar
Powered Green House Scheme (CMSPGHS), Government of Karnataka or JNNSM
(Jawaharlal Nehru National Solar Mission, Government of India).

o All street lights and water Supply installations in local bodies to be energized
through solar power (or hybrid mechanism) in a phased manner

e Install solar rooftops in all new government/local body buildings - implementation
of solar rooftops could be in a phased manner in the existing government/local body
buildings, etc.

e Exemption from payment of electricity tax to the extent of 100% on electricity
generated from solar power projects used for self-consumption/sale to utility to be
allowed for at least10 years.

e Fixing of standards for quality installation.

Commercial lighting in advertisement boards should only be from SPV panels. Complete
ban on usage of grid electricity for these purposes.

. Impetus to energy research through generous funding for the R and D activities to ensure
further improvements in the grid, technologies, two way communication energy meters
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(to connect rooftop generation with existing grid), efficient luminaries’ production, low
cost wiring, switchgears, appliances, etc.

8. Energy education (focusing mainly on renewable energy technologies, end-use energy
efficiency improvements, energy conservation) at all levels. School curriculum shall
include renewable energy (RE) concepts.

9. Awareness about energy independence and the necessity of RE sources in the present
gloomy energy scenario to the consumers

10. Education and awareness about applications and importance of renewable energy
sources.

11. Capacity building of youth through technical education for installation and servicing of
SPV panels.

12. Diploma /ITI courses with hand-on training on renewable energy technologies in all
taluks

13. Setting up service centers in block development offices to meet the requirement of
service support for RE technologies (Solar, biogas, energy efficient chulas, etc.).

14. Periodic revision of FIT structure and incentives to encourage the consumers.

15. Mandatory one week capacity building / training programmes to all bureaucrats and
energy professionals at the initial stages of the career. This is essential as lack of
awareness’knowledge among the bureaucrats is the major hurdle for successful
dissemination of renewable energy technologies in India

7. CONCLUSION

Solar energy is the most widely available RE source for decentralized energy generation through
PV and thermal energy conversion. Geographic information system (GIS) based insolation data
is used for assessing the potential and design of the system where the variations are in acceptable
limit and comparison with ground measurements have given better accuracy. With the
knowledge of insolation reception and rooftop digitization, potential assessment is done which
revealed only about 5 to 7% of the available rooftop area is sufficient to meet household
electricity demand. The fraction of open/wastelands (1 to 3%) in the region can be utilized to
meet the electricity demand of irrigation pump sets using solar PV system with micro-grid
architecture. Incentives for the generation of electricity from RE sources would boost up the
number of installations in future leading to decentralized generation which will scale down
dependency on conventional power plants.
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