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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainiy +9%
Y Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.8 35 4.0 50 6.2 6.8 6.9 6.2 5.0 4.0 2:9 2.4 4.8
Min/Max | 2.2/3.2  3.04.0 3.6/53 | 50/64 5669 61/7.4 | 5878 56/69 42/57| 3346 2435 2.0/2.8 | 4649
{aithide 218 Average 3.9 44 - 6.0 6.2 6.6 6.8 6.5 5.6 3.0 39 35 53
- | Min/Max | 2.7/47 3.5/53 4.1/63 | 53/69 56/69 59/7.2 | 58/77 5872 4.6/65 | 39/59 3.0/49 27/43|50/56
ot Average 4.4 49 5.5 5.9 5.8 6.0 6.3 6.3 i 54 4.4 4.1 54
Min/Max | 3.0/5.5 3.8/58 4.1/6.6 | 5.2/6.8 52/65 54/6.6 | 53/7.1 56/69 46/66 | 4.1/64 3.2/57 3.0/5.1 | 50/57
Latitude +18 Average 4.7 5.0 5.4 33 3.2 32 5 57 55 53 47 44 52
77 | Min/Max | 3.1/6.0 3.8/6.1 4.0/6.5 | 4.9/6.3 4.7/58 4.7/57 | 4.7/62 5.1/63 44/64 | 4.1/65 3.3/6.1 32/56 | 48/55
50 Average 43 4.1 38 32 2.5 2.3 2.4 3.0 36 4.2 4.1 4.0 34
Min/Max | 26/55 3050 2846 | 28535 23027 213 2226 2932 2941 | 3251 27963 1952 | 3437
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 4.0 4.9 6.2 7.6 8.1 89 9.3 8.5 6.9 58 4.2 3.6 6.5
Min/Max | 2.7/5.0 3.6/60 4476 6509.1 7.0/9.1 7.7/100| 7.3/10.8 7.4/9.7 53/82 | 42/69 3.1/54 2745 | 6.0/69
AR 15 Average 4.8 5.6 6.8 ] 8.1 8.8 83 8.7 74 6.5 49 4.3 6.9
Min/Max | 3.1/6.1 4.1/69 4.8/84 [ 6.8/9.5 7.0/92 7.7/99 | 7.3/10.8 7.6/99 57/88 | 4.7/78 3.5/6.4 32/55 | 64/74
Latitade Average 53 59 740] 7.8 7.9 8.4 8.9 8.0 Tl 6.8 3.3 4.8 7.0
Min/Max | 3.3/68 4.3/73 4.8/86| 6.7/94 6.8/89 7.3/95| 7.0/104 7.4/98 57/89 | 49/82 37/7.0 34/62 | 64/75
Ltitisde +18 Average 5.5 6.0 6.9 a3 7.4 79 8.4 8.1 T3 6.8 5.5 3l 6.9
“ | Min/Max | 34/7.1 43/75 4.7/85| 64/9.1 64/84 6889 | 66/98 7.1/93 5687 | 49/83 3.8/73 3.6/6.6|62/73
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?2/day), Unceriainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9. Ain Average 5.6 6.1 7.0 9 8.2 9.0 9.4 8.7 i 6.8 5.6 sl 73
Min/Max | 34/7.2 43/75 4.9/86 | 6.8/9.5 7.1/93 7.8/102| 7.4/11.0 7.6/100 57/89 | 49/83 3.8/74 3.6/6.7 | 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 34 34 35 39 8.9 4.3 4.9 4.4 =4 3.8 %3 3.2 3.8
Horiz Axis Min/Max | 1.6/5.0 1.9/47 2.0/49 | 2.9/52 3.0/49 3.5/56 | 3.0/63 35/54 2349 | 24/5.1 1.9/4.9 1.9/4.6 | 3.3/43
1-Axis, N-S | Average 27 33 4.2 5.1 31 5.9 6.5 5.9 4.7 4.1 2.8 24 44
Horiz Axis Min/Max | 1.3/4.0 1.8/4.6 22/57 | 3.7/6.9 39/65 4.6/74 | 4.1/84 4.7/13 29/62| 24/54 1742 1535 3.8/49
1-Axis, N-S | Average 38 4.1 48 53 el 33 6.1 ol 5.1 4.9 38 35 438
Tilt=Latitude | Min/Max | 1.8/55 23/58 25/65 | 3.9/7.2 3863 43/70| 3.8/79 46/74 32/68 | 3.0/6.6 22/57 2.1/5.0]| 4.1/54
4 Kie Average 4.1 4.2 4.8 a3 5.4 6.0 6.6 6.1 5.1 5.0 4.0 3.8 50
Min/Max | 1.9/59 2.3/5.9 25/6.6 | 3.9/7.3 40/6.6 4.7/76| 4.1/85 4.8/76 3.2/6.8 | 30/6.7 23/59 2.3/55 | 4.3/5.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22 4.9 10.2 158 202 248 27.8 ZT3 228 16.7 9.8 4.1 15.6
Daily Minimum Temp -3.8 -1.3 3.6 9.3 14.3 18.9 214 20.9 16.8 10.2 aa -1.9 9.3
Daily Maximum Temp 8.2 1.2 16.7 222 26.2 30.7 34.1 33.6 28.8 3.3 15.8 9.9 21.7
Record Minimum Temp | -20.0 -19.4 -16.1 -6.7 2.8 8.3 1.7 10.6 22 -5.6 Ll 2223|223
Record Maximum Temp | 26.7 28.9 33.9 37.8 40.0 40.6 42.8 43.3 38.9 35.6 30.6 30.0 43.3
HDD, Base 18.3°C 501 375 258 98 17 0 0 0 8 76 257 443 2033
CDD, Base 18.3°C 0 0 = | 21 76 195 293 277 142 24 0 0 1033
Relative Humidity (%) 67 66 61 61 67 67 61 62 67 64 67 68 65
Wind Speed (m/s) 55 58 6.3 6.1 5.6 4.9 4.8 4.6 4.8 5.1 55 33 5.4
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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 225 33 43 5.3 5.9 6.4 6.7 6.0 4.7 3.8 ol 2.2 4.5
Min/Max | 2.0/2.9 2736 33/50 | 46063 5266 5774 6478 5.3/6.6 3.8/54 | 3.1/44 2.3/32 19/26 | 44/48
Latitula-15% A_Verage 35 4.2 5.0 3.7 59 6.3 6.6 6.3 533 4.7 3.6 32 5.0
: = Min/Max | 2.5/4.3 3.3/48 4.0/6.0 | 49/68 52/6.7 56/72 ]| 60/76 54/6.8 4.1/6.1 3.6/5.6 29/46 25/40 | 48/54
AR Average 4.0 4.5 52 5.6 5.5 58 6.1 6.0 5.4 5.1 4.0 37 =8 |
Min/Max | 2.8/5.0 3.5/53 4.0/62 | 4.8/6.7 4.9/63 5.1/6.6 | 55/7.0 52/6.6 4.0/63 | 3.8/6.1 3.2/53 2.8/47 | 48/55
Latituda-£15 Average 43 4.7 3.1 52 4.9 5.0 53 5.5 52 5.1 4.2 4.0 4.9
Min/Max | 2.9/5.4 3.5/5.6 3.9/6.2 | 4.4/62 43/56 45/5.7 4.8/6.1 4.7/6.0 3.8/6.0 3.7/6.2 3.2/5.6 29/52 | 45/5.3
90 Average 3.9 38 3.6 3.0 273 23 24 28 34 4.0 27 36 3:3
Min/Max | 2.4/4.9 2.8/4.6 2.8/44 | 2.6/3.5 253 2.1/24 2.3/2.6 26{3.1 2589 2.8/4.9 27150 2.6/48 | 2.9/35
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 2%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.6 4.5 5.8 7.0 7.6 8.3 8.8 3.1 6.4 23 3.8 3.2 6.0
Min/Max | 2.5/45 34/54 44/72|5.7/88 63/88 7.1/100( 8.0/108 6.7/9.3 4.7(76| 3.9/6.5 3.0/49 25/4.1 | 5.7/6.7
Latitude -15 | Average 4.4 5.2 6.3 13 1.6 8.3 8.8 83 6.9 6.0 44 38 6.5
Min/Max | 2.9/5.5 3.8/6.3 4.7/1.9 | 5.9/9.2 6.3/8.9 7.0/9.9 | 8.0/10.8 6.9/9.5 4.9/82 | 43/74 34/59 29/5.1 | 6.0/7.2
tatitnde Average 4.8 5.5 6.5 1.2 7.4 7.9 8.5 8.2 6.9 6.3 4.8 4.3 6.5
Min/Max | 3.1/6.1 4.0/6.7 4.8/8.1 | 5.8/9.1 6.1/8.6 6.7/9.5 | 7.7/104 6.7/94 4.9/83 4.4/7.8 3.6/6.4 3.1/57 | 6.1/7.2
LatitndE 415 Average 5.0 5.6 6.4 6.9 40 7.4 8.0 7.8 6.8 6.3 5.0 4.5 6.4
Min/Max | 3.2/6.4 4.0/6.8 4.7/8.0 | 5.6/8.8 5.8/8.1 6.2/8.9 7.2/9.8 6.4/89 4.8/8.1 4.4/7.8 3.7/6.7 3.3/6.1 | 5.9/7.1
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
5 Axie Average 5.0 5.6 6.5 0 05 8.5 9.0 8.4 6.9 6.4 5.0 4.0 6.7
Min/Max | 3.2/6.4 4.0/6.8 4.8/8.1 | 5.9/9.2 6.4/9.0 7.1/102| 8.1/11.0 6.9/9.6 49/8.3 4.4/7.9 3716.8 3362 | 6275
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May Tune July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.0 3.0 3.2 34 3.5 4.0 4.5 4.1 3:3 3.5 29 2.8 34
Horiz Axis Min/Max | 1.5/4.3 1.8/4.2 1.8/4.6 | 2.3/5.0 2.4/4.5 29/5.7 3.916.3  2.9/5.1 1.7/44 1.9/4.7 1.9/4.3 1.6/4.2 | 3.0/4.1
1-Axis, N-§ | Average 24 2.9 37 4.4 4.7 53 6.0 35 42 3.6 24 24 3.9
Horiz Axis Min/Max | 1.1/3.4 1.7/4.0 2.0/53 | 3.0/65 3.2/6.1 39/7.5| 49/84 3.8/69 22/54| 2.0/49 1.613.7 12)3.2 | 3.5/4.7
1-Axis, N-S | Average 3 37 4.2 4.6 4.5 5.0 5.7 55 4.6 4.4 3.3 3.0 43
Tilt=Latitude | Min/Max | 1.6/4.7 2.2/5.1 24/6.1 | 3.1/6.8 3.1/59 36/7.0 | 4.7/8.0 3.8/6.9 2.4/6.0 2.4/6.0 22/50 1846 | 3.8/52
5. Afs Average 3.6 3.8 43 4.7 4.8 54 6.1 5.7 4.6 4.5 Z 15 33 4.5
- Min/Max | 1.7/5.1 22/52 24/6.1 | 3.1/6.9 3.3/6.2 39/7.6 | 50/8.6 39/72 24/6.0| 24/6.1 23/53 19/50 | 4.0/54
Average Climatic Conditions
Element Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
Temperature (°C) 1.8 4.6 10.3 16.4 20.7 254 28.5 275 22.9 16.8 9.9 38 153
Daily Minimum Temp -39 -1.4 3.9 0y 14.9 19.8 22T 214 17.2 104 4.2 -1.7 9.8
Daily Maximum Temp 74 10.6 16.7 2238 26.5 30.9 343 33.6 28.7 232 15.7 9.3 217
Record Minimum Temp | -22.2 21.7 -19.4 -5.6 153 9.4 10.6 11.1 1.7 -3.3 -122 222 | 222
Record Maximum Temp 26.1 30.0 35.6 389 35.6 394 44 .4 43.3 428 367 30.6 26.7 44 .4
HDD, Base 18.3°C 513 384 254 34 23 0 0 0 11 80 252 449 2051
CDD, Base 18.3°C 0 0 6 26 97 212 315 284 149 32 0 0 1121
Relative Humidity (%) 67 65 62 Gl 69 69 64 65 70 66 67 69 66
Wind Speed (m/s) 4.6 4.8 53 54 49 4.4 4.2 4.1 4.1 4.3 4.7 4.5 4.6
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