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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.8 36 4.7 6.0 6.4 6.7 T 6.7 54 4.2 31 26 S0
Min/Max | 2.3/3.3  2.9/43 4.1/56 | 53/68 54/72 52/75| 6577 6.1/7.1 43/59 | 3.6/46 2835 2.1/29 | 46/52
Latitude -15 | Average 38 45 54 6.4 6.4 6.5 72 6.9 6.0 5.0 4.1 3.6 3.5
“ | Min/Max | 3.0/4.7 3.5/5.6 4.6/65|56/73 54/72 5.1(13 | 65/1.7 63/73 4.6/67 | 42/56 3547 2.7/42 | 5.1/57
Laticade Average 4.3 4.9 5.6 6.3 6.1 6.0 6.7 6.7 6.1 54 4.7 4.2 5.6
Min/Max | 3.3/55 3.8/6.3 4.8/6.8|55/72 5.1/68 47/68 | 6.0/7.1 6.1/7.1 46/68 [ 44/6.1 39/53 3.1/49|52/59
Latinide +18 Average 4.6 2.l 35 5.8 54 52 5.8 6.1 5.8 23 5.0 45 54
x Min/Max | 3.5/59 3.8/6.5 4.7/6.7 | 5.1/6.7 4.5/60 4.1/58 | 53/62 55/65 44/66 | 44/62 4.0/57 3.2/54 | 49/56
90 Average 4.1 4.1 3.8 32 25 4 2.4 3.0 3.7 4.2 43 4.1 34
i Min/Max | 3.0/53 3.0/53 32/46 | 2.9/3.6 22/27 2023 | 2325 2832 2842 | 3347 3449 2849|3237

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a

North-South Axis (kWh/m?/day), Uncertainty 9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 39 4.9 6.3 7.9 8.1 8.4 9.3 8.7 7l 57 44 37 6.5
Min/Max | 3.0/5.0 3.8/6.3 53/7.9 | 6.7/94 6594 6.1/9.8 | 8.0/10.2 7.8/93 52/80 | 4.6/64 3.6/50 2.7/44 | 6.0/69
fatinda-15 Average 4.7 5.6 6.8 8.2 8.1 8.3 9.3 8.9 7.6 6.3 5:1 44 6.9
: Min/Max | 3.5/6.0 42/7.3 57/8.6 | 7.0/98 65/9.4 6.0/9.7 | 8.0/102 7.9/96 355/86 | 51/72 41/59 32/53 | 63/73
f.atttade Average 31 59 7.0 8.1 79 75 8.9 8.8 7.6 6.6 5.6 49 7.0
¢ Min/Max | 3.7/66 44/78 58/88 | 69/98 6.3/9.1 5793 | 7.7/98 7.8/94 35587 | 53/7.6 44/65 3.4/59 | 64/7.4
{ aftiide 415 Average 53 6.0 6.9 7.8 74 74 8.3 8.3 7.5 6.7 5.8 =8 6.9
Min/Max | 3.9/7.0 45/80 57/8.7 | 6.6/94 5986 53/87 | 7.2/9.1 74/89 53/85| 53/76 4.6/68 3.6/63 | 62/7.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2. Axis Average 54 6.0 7.0 8.2 8.2 8.4 9.4 8.9 itk 6.7 5.8 52 T3
2 Min/Max | 3.9/7.1 45/80 58/88 | 7.0/98 6.6/95 6.1/9.9 | 8.1/10.3 8.0/9.6 55/87 | 53/76 4.6/68 3.6/64 | 6.6/7.7
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 33 33 3.5 4.1 4.0 4.2 52 4.8 4.0 37 49 32 39
Horiz Axis Min/Max | 2.0/46 2.1/49 26/5.1 | 3.2/55 27/51 20/54 | 4.1/59 39/55 22/48 | 26/45 25/43 1.8/42 | 33/43
1-Axis, N-S | Average 2.6 32 4.1 5.3 52 5.4 6.6 6.2 4.8 38 29 24 4.4
Horiz Axis Min/Max | 1.6/3.7 1.9/47 3.0/6.0 | 4.0/7.1 35/6.6 27/7.0| 51/7.6 51/7.0 2.7/58 | 2.8/47 2.1/3.7 14/32 | 3.7/4.7
1-Axis, N-S | Average 35 4.0 4.6 54 5.0 5.0 6.2 62 53 4.6 39 34 4.8
Tilt=Latitude | Min/Max | 2.2/5.1 24/59 34/6.7 | 4.1/74 33/63 25/6.6 | 48/72 5.1/7.0 29/63 | 3.3/56 2849 2045 |4.1/52
5. K wia Average 38 4.1 4.6 55 53 55 6.7 6.4 3.3 4.0 4.1 37 5.0
Min/Max | 23/54 25/6.1 34j6.7 | 4215 3567 23011 52777 5212 29/63 | 3357 2952 2148 | 42/54
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 13.3 14.1 14.7 16.5 18.2 20.3 22.8 23.6 224 20.1 16.3 13.3 17.9
Daily Minimum Temp 12 8.3 9.4 11.0 13.5 154 17.4 18.2 17.1 14.3 10.2 1 124
Daily Maximum Temp 19.3 19.8 20.0 219 22.9 25.0 28.2 28.9 27.8 25.8 323 19.4 234
Record Minimum Temp | -3.9 0.6 0.6 33 44 8.3 10.6 114 10.0 39 1.4 22 -3.9
Record Maximum Temp | 32.8 328 36.7 40.6 394 428 41.7 40.6 433 439 383 3439 439
HDD, Base 18.3°C 158 123 119 74 38 22 0 0 8 13 81 158 794
CDD, Base 18.3°C 0 3 L 19 35 80 142 164 132 67 19 0 667
Relative Humidity (%) 64 67 67 66 68 70 69 69 70 68 66 65 67
Wind Speed (m/s) 2.5 2.8 3.1 33 33 3.1 3.0 3.0 2.8 25 2.5 2.3 29
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dee Year
0 Average 28 3.6 4.8 6.1 6.4 6.6 al 6.5 53 42 32 2.6 49
Min/Max | 2.3/3.3 3.0/44 4.0/56 | 5.5/68 57/72 56/77 | 6480 61/70 44/58 | 3.8/45 2.7/36 2.1/3.0 | 4.7/5.1
LABAE LTS Average 38 4.5 55 6.4 6.4 6.4 7.1 6.8 5.9 5.0 4.2 3.6 53
2 | Min/Max | 2.9/4.6 3.6/57 45/64 | 5873 5773 5473 | 6379 63/72 4.7/66 | 44/56 3449 2743|5257
Tatitide A_Verage 4.4 =01 a7 6.3 6.1 6.0 6.6 6.6 6.0 5.4 4.7 4.2 5.6
Min/Max | 3.3/54 3.8/64 47/67 | 5.6/1.2 54/6.8 5.0/67 | 59/73 6.17.0 4867 | 47/6.0 3756 3.0/50] 5359
Latituda +15 Average 4.7 5.1 5.6 3.9 54 . 5.8 6.0 37 e Jo 5.0 4.5 54
Min/Max | 3.4/59 3.8/6.6 45/6.6|52/67 4861 44/58 | 52/63 55/64 45/65| 47/6.1 39/60 3.154]5.1/57
90 Average 4.1 4.1 3.8 3.3 2.5 2.2 2.4 3.0 3.6 4.2 4.3 4.1 35
Min/Max | 2.9/52 3.0/54 3.1/45 | 2936 2327 2123| 2325 2832 294.1 | 3547 32/52 27/588 | 3:3/3.7
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.9 5.0 6.4 7.9 8.0 8.1 9.0 8.3 6.9 5.6 4.4 47 6.4

Min/Max | 3.0/49 3.7/64 35.1/7.8 | 6.9/9.3 6.7/94 6.6/9.7 | 7.6/10.8 7.6/93 5.3/80 | 4.8/63 34/53 2.6/4.3 | 6.1/6.8
Eatitiide -15 Average 4.7 5.6 6.9 8.2 8.0 8.0 9.0 8.6 3 6.3 52 44 6.9

g Min/Max | 3.5/59 4.1/7.4 54/85 | 7.1/97 6894 6596 | 7.6/108 7.8/95 5.6/85 | 54/70 3.9/63 3.0/53 6.5/7.3
Fatitiidi Average adl 6.0 T 8.2 7.8 T 8.7 8.4 7.4 6.6 5.6 4.9 7.0

= Min/Max | 3.7/65 4.3/79 55/87|7.009.6 6592 6.3/93 | 7.3/104 77093 56/86 | 5674 42/69 33/59|65/74
Latitude +15 Average 54 6.1 7.0 7.8 7.3 71 8.1 8.0 12 6.6 5.8 3.2 6.8

Min/Max | 3.8/6.8 4.3/8.1 354/86|6.7/93 6.1/86 5886 | 6898 73/89 54/84 | 56/15 44772 3.4/63 | 6.4/73

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 8%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

ks Average 5.4 6.1 il 8.3 8.1 8.2 9:1 8.6 74 6.7 5.8 5.3 12
! Min/Max | 3.9/6.9 4481 5.6/87 | 7.1/97 6.8/9.6 67/9.9 | 7.7/11.0 79/95 57/86 | 5.6/7.5 44/12 3.5/64 6.7/&
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 32 34 3.6 4.1 3.9 3.9 4.8 4.5 38 3.6 35 3.2 38

Horiz Axis Min/Max | 2.0/4.5 1.9/5.0 2.4/49 | 3.3/54 3.0/51 2453 | 37/6.1 40/53 22/48 | 2844 2347 L1384l 3.4/4.2
1-Axis, N-S8 | Average 2.6 32 4.1 5.3 5.0 5.0 6.1 39 4.6 3.7 2.9 24 4.2

Horiz Axis Min/Max | 1.6/3.6 1.8/48 2.8/58 | 42/7.0 3.7/66 32/69 | 46/80 49/68 27/58 | 2.9/45 1.9/4.0 1.3/3.1 | 3.8/4.7
1-Axis, N-S | Average 3.6 4.1 4.7 55 4.8 4.6 5.8 57 5.0 45 39 35 4.6

Tilt=Latitude | Min/fMax | 2.2/49 2.3/6.1 3.2/6.6 | 43/72 35/63 3.0/65| 43/76 4.9/68 29/63 | 3.5/54 2.6/53 1.8/4.4 | 4.1/5.1
A Awte Average 3.8 4.2 4.7 5.5 Al 5.0 6.2 59 5.0 4.6 4.1 3.8 48

o Min/Max | 2.3/5.3 23/62 3.2/6.6 | 44/73 37/67 32/70| 478.1 5.1/7.0 2.9/6.3 | 3.5/55 2.8/56 2047 |43/53

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 13.8 14.2 144 15.6 17.1 18.7 20.6 214 21.1 193 le.4 13.8 17.2
Daily Minimum Temp 8.8 9.6 10.3 11.6 13.5 15.3 17.1 17.9 173 51 11.6 8.8 15
Daily Maximum Temp 187 18.8 18.6 19.7 20.6 22.2 24.1 24.8 24.8 23.6 21.3 18.8 21.3
Record Minimum Temp | -5.0 0.0 il 3.9 6.1 8.9 9.4 10.6 8.3 5.0 18] 0.0 5.0
Record Maximum Temp | 31.1 333 350 38.9 36.1 40.0 36.1 36.7 433 41.1 383 344 43.3
HDD, Base 18.3°C 143 119 124 88 53 30 3 3 12 18 71 143 810
CDD, Base 18.3°C 0 + 4 6 14 42 76 98 94 49 14 4 404
Relative Humidity (%) 63 68 7 #H 74 76 77 77 74 71 63 63 71
Wind Speed (m/s) 3 34 3.8 4.0 39 3.8 37 8.7 3.5 a3 3.2 3.0 3.5
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