& &'

0)*



Renewable Energy Cooperation-NetworK for the Asia Pacific

An Initiative of the

Asian and Pacific Center for Transfer of Technology (APCTT)

%

# ! #

BESCAL

% $ #

$



))

)1

)2

)7

)8

)+)
)+ +
)t
)+0
)+1
) +2

)0)
)0+
)0.

)1)
)1+

)1.

)2)
)2+
)2.
)20
)21

)7)

)7+

)8)
)8+
)8.
)80

*

$+



(0

++

* *
/
)81
):) 4
%
6
/
)+
%
*
*
<;*=
).
3>
3
3
3
3
3
+.) -
, - ?
" - @
+.+
3
@ *
. *
+ 3
A @ 'A+
/ 3 "



.10



.11
.12

.20
.21
.22
.27
.28

.7)
LT

.70
.71
.72
e
.78

%

ol

3>
3>
3>
3>

<||



0)
0+

+ /0

~

)26/ 9

+0?

(+

9B 4

9

F %% F)")E

%

9/




P+

+/

36

E

)




$$ 6/

9B

9/

(O]

3>

G/

6/

6/

69

35C




21
+)EE

I % [

+) < 1)::8=
+E1E!
> | >
+E1E +)EE
> |
$
!
&
E)H

)E?)1



):82=

B5! B !




)1 JE ®el( ! )E!EEE
= )76/ *
? <" =
< O= 9
? <? =
?7& =
!
)
6
; surface
Light rﬁ—le'“dm“ minus}  reflective coating
— = \
ntype
semicaonductor
& petype
l l semlconductor
!l.

statrode(pus)/ \”ﬂdm'dﬂ

reflective coating

+1 >



&(&07

-&(&-&

/

+

a = the sun'’s altitude or elevalion angle
& = the sun's azimuth angle

6 < |



-&(&(&

> </(K=
< )0+ /(K F )4+) /(K
5 <
<).22/( " )+70L)E® ‘*=)70EL)E N

- )22
! 2:H
F = J
)+7\0EEIEEE 6 K=!

1H

L22 (K > )2
= 5




-&(&1& 8 9

North
Sun's path e ee”
December 21  Cast Sun’s path
June 21
5 ol /| < | =
-&(&3&
$ H I O7H
< = <O=
*0p

02H



Spectral Irradiance (W/m?2/nm)

6/ (

Solar Radiation Spectrum

uv

%

Visible Infrared ——

Sunlight at Top of the Atmosphere

5250°C Blackbody Spectrum

/

Radiation at Sea Level

Absorption Bands
H,0
2Y CO,y H,0

500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)



-&(&;8%

Irtadiance (hW/m")

) 6/( =
6 B
A1 = A2
Peak
12 12 sun —
hours
10 = 10 e — P'e2ak sun
E %
o8 Z os
0.6 g o8- 35
s Az
D.4 £ 04 N
‘--._ o “.\\ w, _\|
02 o.zg N\ \\:\:
{ : N . SONONONONN
o L - I
6 B 10 12 2 4 ] 0 2 4 1] 8 0
Tima of Oay Equivalent Time (hours)
5 21 6 < 1 =
A <'A= *4' <
‘A
F F
<F =
1EH +1H
%



.EH

$<

)EH



-&18& 7 +

3 |
% %
6
I
- 3
*
- 2 I
> 47
JE )7H!
(
1 , !



-&3& 4
-&3&-&
5
?2 6 5 |
2 2 6 | 6
5 7
5 715
-&3&(&
- I %
[
* 6 I- 6 ! 6
2
? 6 I- 6 !



-&3&1&



line concentrators

point concentrators
Receliver L i
|II ||
Il \
l
|
]I N |
Heliostats

Steam at Molten Salt, Air or Helium at
350-550°C 600-1200°C
80-120 bar* 1-20 bar*

Sunlight

Secondary
= Refeclor
© 7 Fresnal Reflactor
T Absorber Tube
5 | < =
6
- & |
|
)
& ! ?
< =



5
5
-&:&-&
<? = |
+EH
S
? |
>
? )7?)8H
5 )E




"#S

? 6
6 2
>
).?)0H
&8&(&
- 5 ! <
6 =
9 2
? >
B | < 7?)EH=
> ! >
> > | |
3&




% & %

<? ?1IB=

< ? ? 1B=!

$ % % & %

N
I

N

-&:&1& 7

- < O= |



-&:&

%

n ?



-&,&-&

6 6 )1E?.1EM



Absorber
"I:ube

-\}‘ £

P ="

=5 | =
Pt



%

Yol

)0



-&;&18&%

6 +1E?7EEM

+1H!

-&;&3&

49



5 )2 < | 6 7> =

1EE?)EEEM

" )E < )E=



?I




-&<&

-&<&-& 7

i )

Fluorescent lamp Pump

A

DC Current DT Current AC Current

@ T
oo ﬂ""’"’ ? a

1

Oampl.nw H'efrlgumr
Battery
AC Loads

5 )8l B 4



+l

6= $ + 9 -(6 ()8
%
)+9)8/ )+9 +E B )://0 54 *
)+9 .7/ )19 OE B ):/|0 54 2 )5
)+9 70/ 49 71B ):/0 54 )E )5
- ?
n l) 6
( 6
5 ) > ?
Salar Panel
OC Pawer fram Panel
Electronic
Pump
Enhancer
Water Tank

—B':“'e

Stainless Steel Support Wire

Bore Pump

Float Switch




+EE

‘EE

)+EE

.EEE <

).1IEEE

% JE@)EE 6/ <6  =!

?

)8EE

E 1?72

21'EEE

O1EEE

‘EE



-&<&(&

5 +El)26/ 9

?

)6/ )E6/

71/ '+09

.EEB*3089)1E B4

% !

.EEE

81



Lo
3 )0E(? 3 ++E(? 0
JE?)L !

Solar collecior

To laps
Controller

Cold water feed

Pump
5 4l / B
|
B 2E )+E
)EE 3 ++EEE (?
3 ++EE(?
6 1

)1 * .



-&>&,

-&>&-&

%

5 ++l




)7EE 6/ (K?

-&>&(&
5 %
)
+
* I 6!
- !
%
!
P Q
; ! ?
%

. %
6
‘H
2H
H
I
!
?4
I
%

‘A31B 3!R, )’ Q

%

%

' 6

%



5 41" to< ' =

-&>&1&0 6




-&>&3&

-&>&:&

7

36



136
& & $ °
$
) +) + 0+ 2.
+ +E + OE 2E
. ): + .8 17
0 )8 10 2
1 )7 1) )7
2 )2 )2 08
7 )1 ) 01 )1
8 )0 . )0 0+
). ) "
JE )+ )+ 2
)) = ) ++ + +
)+ )E ) )E )E
). *D' ) )
)0 8 + +0 )2
)1 7 7 +)
)2 2 )8 )8
)7 1 + )E )E




)8

)+

+E | 4

+)

-&*&

-8*&-&+

%

%

%

6R




-&*&(&

%

-?9

%



) %
?
> -
- nY,
| - |
8818 %
; %
!
>
6
0
> %

EM!

%



%

%



0/%/0 [ [+

(&-&

ol




(&(& =

+07? %

" 5 +1 - +07?




+2!

2







Black !

absorbing :

Hemuspheriqﬂ surface |
glass sbwer Insulation :

—

——————— A — T e ol
- Ambient Thermocouples
Electrica) || temperature
readout

compensation

//—--.%

£ /
Diffuse S

I
"y,
N3 L _:\ ':_ ___f__
= = ! \\
ALY /M Reflected ,
7\ e
4@\ */y Insert
e ) -

/
1, Reflected from 7
surface if / This diffuse
instrument is above / / radiation is
ground level —«—— |not measured

Shadowing strip
(blocks the sun’s disc)

Measuring I, .

+21 % ! !



+7

6/ (

T 1T 1

%

1000

2

w/ m

~ 800

600

400

SOLAR IRRADIANCE

200

10:00

1 |
12:00 14:00
TIME. HOURS
(a)

1
16:00

18:00

1000

2

800

600

400

SOLAR IRRADIANCE, W/m

A I .IA

200

L

pir

;

8:00

+71 < =

, "< 66 !)72=l<=

10:00

1 |
12:00 14:00
TIME, HOURS

shny

%

|
16:00

18:00

7.

+7) 'F(+0O
F(+



50
Acceptance
angle

Tube (blackened inside)

Alignment indicator
Thermocouples

Black absorber plate

Insulation

Temperature
compensation

Electricai
readout

% -

6 6! 6



I 6
!
% %
(&1&(& =
!
R R
? 6
I p Q
$ #$ )
?
*/' |
?
)
JE6
? <E117E 71

%



(&1&1&

< D,

%

3

E?

):2)

I +EEE=

# %"34

)+



* +EE

I((

):8)?)::E

++

N:1l

(2 ((

( %

S

%

**3' +EEE=






T5



1+8 .8

| 77 )+



"7

2= =44



II8@

(@#

1E16/(

“(



=1 ,IA/O /O

1&-&0 %

1&-&-6&

+97 . 4

1&-&(& B



1&-&18

1&-&3&

1&-&:&

/

%

%



;6 1"

1&-&;&

0

%

94

9"

%



1&(&

18&(&-&

%

1&(&(&

%



1&(&1&6 7

*

%

/ 6



1&1&

1&1&-&

-& %
(&

1& %

%

% -

C% " #5
C 9 "9 #5

#C% 9 "9 #@

% 7

D

%



<44 ) ! OE/ 9
+0 "
)+9
% + % @9 8
"8 #
+ + 0 + 1+8
+ + E:+ 1 + +72
6 ) 0 + +20
, ) + 8 + A+
/6 "4 ).88




6 < 75 =
OE ! !
% + 8 % @9 8
"8 #
5 OE 8 1 )+8EE
+ + ) + 1 +++
+EE 0 1 8EEE
B .EE 1 OlEE
= 97 8EE i 1 8EEE
.EE 7 )28EE
/ 6 </= 1E.+E
8 7 "8 # Cc8 "BH@ <
Clp@<
C<->>
1&1&(& 2




%

%

-& $

(& $

%

6

"% %#

8EH

Co6

C%

@6

%

1EH

+151



1&

3&$

& $

)0

C% @
C6 5
% 75% #@
=4 G 5 5
C+ 7 @% 7
)
C6 @6
C-(7 @-37
C)&>:
C>G
+EE ( )+
C% @
C() @)&"

C(((

?+E



1EH

7&

0+)

%
E 1!
8EH

)12

)12E 1+9

Cs$

%
C"4(3#@)&:

©)

C": 5B53- @ #@")& 5)&>:5-&#

Cl<:

Cil<@-)" #

C (&)1



CBo@(" #
C(
1&1&1K7 |/
'1IE 2EB% ))7 ++E
/7 !
/7 87
6 > I
% [/ 7 . " %
|
)+9 +09
6 I
7
B - >

1&1&3&



9
1&1&:& 2
!
0 &
-&
(&
4 -
5
00

6
%
%
C% "#@
5= 5% #
C% "H@
5= 5% #
C 7 @
7
+09 " 0+)
6 O0E®6/( N
:EH )EH

= C3&)53&3C-<& @

71/



C% "#@
5= 5%

C3(-" #@ ")&* 5 H-&<; 5)&* #

C (*&:
C1)
cCB7 @
C(
C(51)C3)
1&3&% + " #

1&3&-&



)E 0 OLE 8I.E 6
1
18&3&(& +
1
)
114
+ +
/ B /[ ?
54 54 /
) ) 0 )1 2E 0 +0E
+ + 0 )1 2E 0 +0E
0 1 PE 0 +0E
+ )1 E 0 }+E
) ) 2 2 +0
+ ) 2 2 +0
((( >>>
.+
/ B ! ?
5 5 /
) ) DE 8E )E )8EE
+ + 2E )8E )E )BEE
2E 8E )E )8EE
0 + 2E )+E )E )+EE
) )




/ ! ?
/
) * .EE EE )8EE
1)) ->))
8
/ /7
/
) ) HEE +EE )JEEE
Q) -)))
T ( +0 !
1
8 )(>>
8 )&(>>
214
@
& 8 9 @ "8 F #
) 54 4 1 0 +E 0 80E
+ 54 4 2 + )+ 0 08
: 5 2E )) 22E )E 22EE
0 .EE ) EE 2 Y8EE
1 / +EE ) +EE 1 YEEE
-1>( -)(>>
) )E +8 6/
8§ 3 )+ 6/ (
1&3&1& %
9
4 <F =@ +. +M




8EH

<F =@ 8: +M
EM  @0:86/(+( <
@'9)+1
@ 4'OEE
@ES
@ +
@ 81H
@ :EH

@ 81H

> @.EE 1089
! > @.71
+ @ 7+E 089
@ 4'71E!'+9! 71E
@ +0
@)
Uu+0 )U+0

> @)216/!089
)JIH ?): 0 6/
0:8 @ . 8: 6/
@"9)+1<).E/!+819 101- =
uog(+81U+

U7E(01U)2

E



- > @+69!) 1089(+.E9
$ 3
3 @7E '089
)
&*
) o > > #
0
+ ! + I, +
&* -0 ( &(-
&* 1
&* &*
A 4
$ 1% &
+ T,
/
(
5 +1 9B 4
!
9
1&3&3&] E " E#
* >
>
> # 0 $

&*

&*




1&3&:&7

1&3&;&

9

E

w w w w

/ 6

9B



%
-& -
6
2 . %
* % >
&
6 |
|7 -
- - - S
$ ;
8 @0 (
B 6
& S
1& , |



%
1&3&<& 2

%

1&3&>k

(&

%



1&

1&3&*&
) =

/ S/
+ 7

S

0
0
1 K=

1&:&%
1&:&-& %
>

6/

S/

6

S/

9



1&:&(& 9 0

1&:&1&

+6/ 9 )E
V4

%

< =@ +) EM
< =@ 778M

+IM @ 1106/ (+(

9 @4 9)+1

@ 4' 21E
@ES8
@ +
@ 81H
@ :EH
@ :1H
@ 81H

> @+1E '089
8EH ! > @)1
> + @2E 089
@ 4'21E! +9! 21E
@ +0
@)
Uu+0 YU+0

> @).786/1089



@ 9+1<).E/'+819 !101- =

)IH ?)2 +) 6/

110

@ .EE 6/

uog(+81U+
U2E(01U)O
U)o +U+8
> @+69!) 1089(+.E9
@2E '089
_&*
&* > A >
(0
- T,
0 (
&* &*
A 4
$ % &




E
1&:&3&
4%
) I
+ ;&,8& I-
F13&

1&:&:&

7

.El

)EE6/

?



+ ;&,& !-
F 13& I-
(.
L} + i
3
!
< =l
1.
7'8
71
+E EW
7. W
+:
%
7 8
&
" 2&#
M H 6/ (K( 6 ( M M ? M ?
4.+ g1 7H g 8E 8) +1 +1. E D)E
+RE QE +H 121 17 +8 +:0 E D08
BE .Q1H 2+ 712 +7 Of: E 2+E
)2 OE EH 220 7. H: 2 E 208
.2 .8|1H 21 TE +: 80 E 7.4
.EE 2) H D72 (2 |E +0 B 2E)
+71 7+ 2H .0 (7 E . E +8 1 E 10+
+P 7,8H L7 7 +: +71 1+
+7 2:4H 02 7. +. +8 + E 1)0
+20 1 +H 1|E+ 72 H+ +77 = 1E8
+0 2 07 )H 0:) 8E +1 +1: E 0.8




+H

+71

1+ .H

:&-(

71

+7

2171




8l ;&
&
+. . W
2:7TW
8E
7 % 8
= F
" 28# &
M H 6/ (K( 6 ( M 2
F )70 2E1H 0+0 )E) + )0 +.: ++:
5 +) + 12 +H 0:1 )E)E )8 +2 + )0
' +2 + 11 1H 127 )JEE 8 + . E7 1E+
+ 10 7H 2) )EE 1 .0 .0 1:7
' ): DE 7H 207 )EE) 0. E p7:
4+ 21 8H 2)8 w7 02 .. E 222
.E) 70 2H 1+0 w7 02 JE 2+,
+ E 70 8H 0:2 D + .E. E 18:
+) 7) OH [ +8 \EE . E 3 7.
* +8 2 18 1H 0:0 JEE7 )1 +1 177
+.7 10 EH 0.. E)E ) 0 )
" )88 12 1H E)+ YE 7.
+21 2+EH &(- JEE 1 +8 E) 2IE..




F
+2:W
TE:W
).E
7 % 8
= F F
" 28&# &
M H 6/ (K( 6 M M ? M ?
F )2. .0:H .87 )EE) .12 )i
5 )88 +::H 02E .V +) E +02
' +02 +1+H 1. R H7 . D1.
+ E +: EH 2)0 ) 0E 17)
' )8 .7 0H 21: 87 ao 12 E 271
NE 1) 1H 22+ :80 0: 18 E 217
E2 2.7H 182 8. E 2.8
+:1 22 OH 110 82 .1 +0 E 2E1
+:1 1. 0H 1.+ ©E .8 +8 E 180
* +78 J):H 070 a1 .0 E 7 E 1+
++: +7 )H + +0 7 B .88
" )8 + JEH 11 )EE + ¥ )10 E 1.
+1: OE +H &< +88 1. 118)7
* : &
! 1+) 6/ ( *( ! L&
1&:&;& %




%

9
5
! 6
/ 3 !
;& )E
)EE6/ 9 ;& ?
< = |
)EI ;& ?
7
2
6/ )EE EE
H ). EH
M 01
H(M E OEH
K 72:
H ) EH
17
H :1EH
6/ JEE E
H .EH
H ): EH
) )22 77
6 5
M ++E
% M EE




% F 4
= ) % F
8@L@ 8@L@ =8
F 0+0 1.+ )0 +)
5 0:1 177 ). 22
' 127 2E8 )1 12
2) 2+1 )1 +0
' 207 2 EO )1)2
F 2)8 12. ). 7.
1+0 087 )+ 0:
0:2 0 8E )+ .0
1+8 101 ). 0.
* 0:0 117 )0)2
0.. 1+1 ). +)
" 1)) ). 1:
&(- &:- -1&<<




)1 ;&

6/ )EE EE
H 7EH
M 01
H(M E)H
K )I0+:
' H )EH
17
H :1EH
6/ JEEE
' H .EH
H +E OH
! )78 8+
6 5
M ++E
% M EE
% F 4
= ) % F
8@L@ 8@L@ =8
F 0+0 1.+ )0 8)
0:1 177 )0 00
' 127 2ES8 )2 70
2) 2+1 )2 1.
' 207 2EO )2 12
2)8 12. )0:1
F 140 087 ). 0+




0:2 0 8E ). +0
1+8 101 )0 1)
* 0:0 117 )1.)
0.. 1+1 )JOE1l
1)) )0 +)
&(- 8- -<>&>(
- ; &! ?
)2277 ' ( <)2277E 6/ ( = )78 8+'/( <)788+E
6/ ( = ? < )EEG6/
9 &
I+
>
>
)EE 6/ 5
- I 6
& +
) < = E:1l
+ 9 < = ++E
9 <. '1EB%! = 0)1
0o B/ <« = YEEIEEE
1 D)E "<) = E:1
2 & | <0(1= )EL+2.)2
7 B 0
8 <2 7=</ ? = 0+)IE14 2.
< 8= 0+)IE 1+ 2.
)E ? <:(+= )}). 8712
) > YEE!EEE
)+ > )JE11+2.)2




% ! 6
! 6 E109
+9 )EEE 5 6
; 6
$& $ 2
) ‘ )
+ < = E1l
: B3> <)ET<;)(j+== 8+7 1
;0 ? <+9 = JEEE
1 <;.(;0= .8. 0
;2 <+(; 9 = ))E EE
7 <1T;2= 0+) E
8 ? <:1T;0= B8+771
: 6 ? <;8T<+()EE E== 80+))
JE <)E(:8= El
?)XE G 6 6
)+E/ < =l
9 ;




& 7 2
) <:= 0+)!E1+ 2, /
+ : ? E 81
B3> ( <)(+= 0:1.12 EO /
0 9 < E 81= 27 9
1 9 )+E /
2 1+)
7 * ( (<1 2= 2+1 + /
8 < 7 E8)= 1E2 0) /
> < (8= 78)7
)E > ( <+(0= .+8 0
) <:()E= +7E + 8
)+ <)E )= 78)7 7
) 9 )+E /
)0 <) )+= ))7.8E) 7 /
$
9 "
> <))= "
> <)+=

%& 17
) > <)+= JE11+2.)2 /

<))= YEE!EEE EE




18:8<&J , E " K(#

>
> # %
, D
9
8§ 9
8§ ;
§ -
§
/6
* D'
9
6
* D'
< =
1&:&>&7 E " -K(#
> >
2 I
>



9
1&:&*& 9
>
%
-&
6
2
* %
(&
17
$ :

%



B 6
& S
1& , |
- >
B
>
% ?
1&:&-)& 2 " K (#
% !
6
%
1&:&--& 7" K (#
* |
6
& | 9



1& . -

18:8-(& " K(#

/ S/ S/

1&;&% 68 !



1&;&-&

)
+

>
0

>
1

%

"%

#.



F %% F)"E
5 )

5 I F %% F)")E
< | =

18&:&(& %



E OE8

4 6 >
4 <3 =@ +) +M
4 <3 =@ 8)2M
+1IM @ 1.86/(+(
9 @ 9)+1
@ 81H
& 7
) 1.8 6/ ( (
+ <1H )=<) E:= 1)) 6/ ( “(
<+= 1) [6/(
8"
$& 9 J E
Y > OEEE (
+ X;)(< . 2E=Y )- EO (
6 2E
( =
g )
0 X<i+(;. ‘= EOESY 1.+ (




0 /
J
< =< )1
< + =
" < N1
=<)1ZO0OE Z 2E=
3] E
<. +))= E
<+.) =
<2E Z OE= )EE
5 .+ % 9/




& J E
%
2 9 <0 " EE)1= E 00
<E E)11 ( =
EM > )
+7E
: <)1ZOEZ2E Z)E= )+
)E <8Z = )+7 7E
) b ++ 7.
<5 ) )EE
)78 )+7 7E ++7. =
)+ <27))s= +.)7
). <1Z)+= )+0
+ 0
%& J E
" B <) ). EEE)= )1.8 /(
<E EE.) ? =
"+ |B <+ ). E)88= .EO /
<E )88 =
& E
< 5 )=
) 11 9
+ > ‘EE /
> 02EE /(
> <+ =




& 7 2 E
5) 9 +EE /
< E 81= )7E
5+ 9 ' +8 9
< E = +1+
5 9 ' 7
< E .= 2.
50 <.= 02EE /(
51 * ( ( <5 .= 828 87 /(
52 | <51 E8)= 7E. 78
<E 8) =
57 > 7
> <50(52=
58 > <)(5+=
5: <57(58=
5)E <58 b5:=
!
6 9 1

1&;&1&J |, E

* > I >
> >
> # $ > 6>
[
, D

8 3>

8 >

8 >
9



1&:&3&7 E
>
?
* >
9
1&:&:& 9
-&

%



(&
8
1& ,
%
18:&:8.

%

2

%



1&;&<&

(&

1&

1&;&>&

S/

S/

%

S/



S
0 /
>
0 B
1 K = / D
1&<&% 8
18<&-&
i) & B
B > )EE

18<&(& %



4 < =@ +) +M
4 < =@ 7+ 8M

+EM @ 11+6/(+(

> @ )EE
> @ 2EM
@ +EM
( @ .EH b
O+F((M
)6/ U.2'F

+ 0 '

> 6 F <6F=UO0+ >

6BFUO+ )EE <2EM?+EM= UO+ )EE OE U )28EE 6F

U)28F< & =

> 6 / <6/=U)28(.2 U0276/
-
$ 0

> U (< =
U027(<l1+ E .=
U+8+ *
!

6 7
1&<&1&J E
* I S



1&<&3&

1&<&:&

9

E



(&

1&

%

%



%
1&<&;&
X 2

%

1&<&<&

&

1&

%



1&<&>&



+ /

3&-&

3&(&0 0
$/$+/0 M






	CHAPTER 1
	INTRODUCTION
	1.1. Principle of Operation of Solar Energy
	Solar energy is available in abundance in most parts of the world. The amount of solar energy incident on the earth’s surface 
	Solar cell is a device which converts photons in Solar rays to direct-current (DC) and voltage. The associated technology is c
	When the sunlight hits the semiconductor surface, an electron springs up and is attracted towards the N-type semiconductor mat
	1.2. Governing principles of Solar Energy
	Ultraviolet, Visible and Infrared Radiation
	Average Daily Solar Radiation
	Peak Sun Hours
	Hourly Solar Radiation data for each month of a typical year
	1.3. Advantages and Limitations of Solar Energy
	Advantages
	Limitations
	1.4. Solar Receiver Technologies
	1.5. Solar Photovoltaic Technologies
	Mono-Crystalline Silicon
	Multi-Crystalline Silicon
	Amorphous Silicon Thin Film Technology
	Cadmium Telluride Thin Film Technology
	1.6. Solar Thermal Technologies
	1.7. Applications of Solar Energy
	Solar home lighting system
	Solar water pumping system
	Solar Power Plants
	Solar Water Heating Systems
	1.8. Factors to be considered in Solar System Design
	Air Mass
	Solar PV Systems
	Concentrating Solar Thermal Heating Systems
	Availability of Land and Foundation needs
	Orientation and Obstructions
	Proximity of Power Evacuation
	Water Availability
	Any industries of pollution nearby
	Power supply for construction
	1.9. System Design of Solar PV Systems
	Accurate Sizing
	Peak current loads
	Worst case scenarios
	Plan for the future
	Compatibility issues
	Determine design margins
	Collector size
	Selection of most appropriate module
	Dirt and Other contaminating effects
	Orientation and Tilt issues
	Design of Balance of Systems (BOS)
	Physical and Performance Requirements
	Reserve Capacity
	Temperature and Ageing deration
	Regulation and Charge control
	CHAPTER 2
	GUIDING PRINCIPLES FOR A RESOURCE ASSESSMENT PROGRAMME
	2.1. Resource Assessment Sources
	2.2. Resource Assessment through Solar Energy Maps
	2.3. Resource Assessment Tools
	Global Solar Irradiance – Pyranometer
	Direct normal Solar Irradiance – Pyrheliometers
	Diffused Solar Irradiance
	Sunshine Recorders
	Cloud -Cover Observations
	Satellite Observations
	Typical Meteorological Year Data Sets - TMY2
	European and Worldwide Solar Radiation Data Bases
	Surface Meteorology and Solar Energy – Sponsored by NASA
	Step 4: This is known as Login screen. If the use is first logging into the site, he has to enter
	 His E-Mail ID
	 Password of his choice
	 Re enter the same password in third field*
	*For an already existing user, he need not enter the password in this field
	After entering all the details, if the user clicks on Submit button, the following screen will appear
	Step 5: The user has to enter the Longitude and Latitude of the location for which he is interested in measuring the solar rad
	For example: If the use is interested in solar radiation assessment in Delhi, he has to enter the following values in the lati
	After clicking on Submit button, the following screen describing various parameters will appear.
	Step 6: The user can select the parameters interested for his system design.
	For example: If the user is interested in getting the data associated with Diffused radiation in Delhi, he has to select Insol
	CHAPTER 3
	ESTIMATION OF SIZING USING RESOURCE ASSESSMENT TOOLS
	3.1. General issues of System Designers
	3.2. System Design Philosophy
	3.3. System Design Procedure
	Required Formulae
	Required Formulae
	Required Formulae
	3.4. Designing Solar Home Lighting Systems (Case study)
	Load Profile at a glance
	Assumptions in System Design
	Battery Design
	PV Array Design
	Inverter Capacity
	Charge Controller
	Overall System Design
	3.5. Designing Stand alone Solar PV Power Plant
	Case study 1
	Assumptions in System Design
	Battery Design
	PV Array Design
	Inverter Capacity
	Charge Controller
	Overall System Design
	Technology Selection
	Load Estimation
	Battery Design
	PV Array Design
	Inverter Capacity
	3.6. Designing Solar PV Water Pumping System (Case study)
	Case Description
	Assumptions in System Design
	Insolation Availability
	Pumping Flow Requirement
	Pumping Head Requirement (Static)
	Pumping Head Requirement (Dynamic)
	Pumping Energy Requirement
	Pump Selection
	PV Array Design
	3.7. Designing Solar Thermal Water Heating System
	(Case study)
	Assumptions in System Design
	Energy required for heating water
	Collector Area Required
	CHAPTER 4
	CONCLUSION
	4.1. Summary
	4.2. General Guide lines
	BIBLIOGRAPHY

