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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 Tuly Aug  Sept Oct Nov Dec | Year
0 Average 1.6 25 38 &3 6.5 V.2 7.6 6.6 3.1 34 ]:5 1.4 4.4
Min/Max | 1.3/20 1.9/3.0 3.1/44 | 42/6.1 5572 5980 | 6983 5.6/72 4358 | 2939 14/23 1218 | 42/4.6
TafiHE -8 Average 2.5 3.5 4.7 5.9 6.7 ¥ | 7.6 7.1 6.3 4.9 29 2.3 5.1
Min/Max | 1.6/32 2.3/47 3.7/58 | 45/7.0 3574 357/79| 6882 6.0/79 50/73 | 3959 2039 1634|4854
Latitide Average 2.8 38 4.9 5.8 6.2 6.5 7.0 6.8 6.5 52 32 2.6 5.1
Min/Max | 1.7/3.6  2.5/52 3.8/6.1 | 44/69 5.1/69 52/72| 63/7.6 5876 5.175| 42/65 22/44 17/40 | 4854
Latitids #15 Average 29 39 4.8 54 5.5 55 6.0 6.2 6.2 53 33 2.8 4.8
Min/Max | 1.7/3.9 2.5/54 3.6/6.1 | 40/64 45/6.1 45/62| 55/65 5.3/6.8 4.8/72| 42/66 2247 1843 | 45/5.1
90 Average | 2.7 34 3.7 3.6 3.2 3.0 3.3 38 4.6 4.5 3.0 2.6 35
Min/Max | 1.5/3.8 2.1/49 2848 | 28/43 27/35 26/32| 3.0/35 3342 3553| 35/56 1943 1.7/42 | 3.2/3.8

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 22 3.5 5.4 7.4 9.0 10.0 10.9 9.3 7.8 5.2 2.7 2.0 6.3
Min/Max | 1.5/29 23/48 39/6.7 | 5388 7.1/103 7.6/114| 95/122 7.6/109 6.0/9.3 | 4.1/6.3 1.8/3.6 14/29 | 58/6.7
Lateds -5 Average 29 4.3 6.1 719 9.2 10.0 11.0 10.1 8.7 6.3 34 2y 6.9
€ “ | Min/Max | 1.7/3.8 2.7/6.0 44/7.7|55/9.6 7.3/10.6 7.6/11.4| 9.6/124 B.O/L1.6 6.6/10.5| 4.8/7.8 2.3/48 1.7/4.1 | 6.3/7.3
Latitiide Average 3.1 4.3 6.2 7.8 9.0 9.6 10.7 9.9 8.8 0.0 DT 2.9 6.9
Min/Max | 1.8/42 2.8/64 44/80 | 54/95 7.0/103 7.3/11.0| 9.3/12.0 7.9/114 6.7/10.6| 5.0/83 24/52 18/46 | 6.3/74
Latitade +15 Average 32 4.6 6.1 T3 8.5 9.0 10.0 9.5 8.6 6.7 3.8 31 6.7
O | Min/Max | 1.8/44 28/66 4379|5292 6698 68103 87113 75109 65/104| 5084 24/55 1949 | 6.1/7.2
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
2Axts Average a3 4.6 6.2 T9 9.4 10.3 113 10.1 8.8 6.7 3.8 = +d
ol : | Min/Max | 1.8/44 28/66 44/80 | 56/9.6 74/108 7.8/11.8| 9.8/12.7 8.1/11.6 6.7/10.6| 5.1/84 24/55 19/50 | 6.5/7.6
- 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, EEW | Average 1.7 24 3.0 3.8 4.7 55 6.4 5.6 5.0 4.0 2.2 L7 3.8
Horiz Axis Min/Max | 0.4/28 1.0/3.9 1.8/45 | 1.8/5.2 3.1/59 34/69 | 5.1/7.6 39/7.0 3.3/64 | 2.6/57 09/3.6 0.6/3.4 | 33/43
1-Axis, N-S | Average 5 | 2.1 34 4.9 6.3 73 8.7 g 6.1 3.9 1.6 1 4.5
Horiz Axis Min/Max | 0.3/1.9 09/34 1.9/5.1 | 2.4/6.7 4.2/8.0 4.5/9.2 | 6.8/104 5.1/94 4.0/7.9 | 25/54 0.7/2.6 04/2.1 | 3.8/5.0
1-Axis, N-§ | Average 1.8 29 4.1 53 6.3 7.0 8.4 7.7 6.9 5.0 2.5 1.8 5.0
Tilt=Latitude | Min/Max | 0.5/3.0 1.2/47 24/6.1 | 2.6/7.2 4.1/7.9 43/88 | 6.6/10.0 53/9.7 4691 | 3372 L1/40 0.6/3.6 | 42/5.6
. hake Average 1.9 3.0 4.1 54 6.6 7.6 9.0 8.0 7.0 5:1 2.6 2.0 3.2
: Min/Max | 0.5/3.2 1.3/48 24/6.1 | 2.6/7.3 44/83 4.7/9.5 | 7.1/10.7 5.5/100 4.6/9.1 | 3.3/7.3 1.1/43 0.7/39 | 44/58
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Déc | Year
Temperature (°C) -1.7 22 5.8 9.5 14.2 19.2 2323 325 17.0 11.0 44 = 10.5
Daily Minimum Temp -5.8 2.5 -0.1 2.6 6.6 1.2 14.3 13.8 9.0 39 -0.5 5.3 3.9
Daily Maximum Temp 24 6.8 11.6 16.3 217 27.2 323 312 25.0 18.1 9.3 32 i 4
Record Minimum Temp | -27.2 -26.1 -14.4 7.2 -3.6 -0.6 17 28 -5.0 -11.7 -19.4 -31.7 | -31.7
Record Maximum Temp | 17.2 . ! 27.2 333 36.7 42.8 43.9 433 38.9 328 23.3 18.3 43.9
HDD, Base 18.3°C 620 453 389 265 134 42 3 11 89 230 418 601 3256
CDD, Base 18.3°C 0 0 0 0 5 67 158 140 49 0 0 0 419
Relative Humidity (%) 75 70 59 52 49 45 36 37 45 54 69 e 55
Wind Speed (m/s) 359 3.8 42 43 4.2 39 3.6 35 33 34 3.6 33 3.7
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (KkWh/m?/day), Uncertainty +9%

Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.7 2.6 3.8 = 6.2 7.0 7.3 6.3 5.0 45 2.0 1.3 43
Min/Max | 1.4/2.1 2330 3.0/43 | 42/62 52/73 5878 | 67/80 53/7.0 4257 | 3.0/40 1624 12/1.8 | 40/4.6
Tititade 15 Average 2l 3.6 47 5.6 6.3 6.8 7.3 6.8 6.1 4.9 23 23 5.0
Min/Max | 1.9/3.6 29/4.6 3.6/57 | 45/7.0 53/15 57716 | 67779 5716 50/72 | 4.0/59 22/4.1 1632 ]| 45/54
PR Average 2.9 3.9 4.9 s 5.9 6.2 6.7 6.6 6.2 53 32 26 5.0
Min/Max | 2.0/42 3.1)5.0 3.6/59 | 43/69 49/7.0 352/69 | 62/73 54/1.3 5.1/74 | 43/64 2346 1.7/3.7 | 45/54
Latinides 15 Average 3.0 4.0 4.8 5.1 52 54 5.8 6.0 6.0 53 34 28 4.7
o Min/Max | 2.1/45 3.1/52 35/59 | 4.0/64 4.4/62 4559 | 54/63 49/6.7 48/7.1| 43/66 23/49 1.8/4.0 | 4.2/52
90 Average 29 36 38 34 3.0 2.8 31 3.7 4.4 45 3:1 23 34
Min/Max | 1.9/43 2.6/46 2746 (2743 2.7/35 25/30| 2933 3.1/41 3.5/5.2 3.5/56 2045 1.7/38 | 3.0/38
Solar Radiation for 1-Axis Tracking Flat-Plate Colleciors 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 24 3.6 3.3 () 8.4 9.6 10.3 b | TS 53 2.8 3l 6.1
Min/Max | 1.7/3.3 2847 3.7/64 | 53/9.1 6.7/103 7.5/11.2| 9./11.6 7.1/10.4 6.0/9.0 | 42/65 2.0/3.8 1428 | 54/6.6
Tatitade 15 Average 3.0 44 6.1 135 8.6 9.6 10.4 9.6 8.4 6.3 33 2.7 6.7
Min/Max | 2.1/4.5 3.3/58 4.1/74 | 56/98 6.8/10.6 7.5/11.2| 9.2/ 1:8 741111 67101 | 4979 2450 17139 | 5.8/73
Latitude Average 9.3 4.6 6.2 7.4 8.3 9.3 10.1 9.5 8.5 6.6 38 3.0 6.7
Min/Max | 2.2/49 3.5/6.2 4.1/7.6 | 55/98 6.6/103 7.2/108| 8.9/11.4 7.3/10.9 6.7/10.3| 5.1/8.3 25/55 1.8/4.3 | 5.8/7.3
Latitde+i5 Average 34 4.7 6.1 7.1 7.8 8.7 9.5 9.0 8.3 6.7 39 3.1 6.5
Min/Max | 2.3/52 3.5/63 4.1/76 | 53/94 62/97 68/10.1| 83/10.7 6.9/104 65/10.1| 5.2/84 2.6/5.7 1.9/4.6 | 5.7/7.1
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
o Aie Average 34 4.7 6.2 3 8.7 9.9 10.7 97 8.5 6.7 3.9 452 6.9
3 Min/Max | 2.3/52 3.5/63 4.2/7.7 | 5.6/9.9 6.9/10.7 7.7/11.5| 9.4/12.0 7.5/1L.1 6.7/103| 5.2/84 2.6/58 1.9/4.6 | 6.0/7.5
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 1.7 24 29 35 43 53 6.0 52 4.7 39 2.1 1.7 3.6
Horiz Axis Min/Max | 0.8/3.4 1.4/3.8 1.5/42 | 2.1/53 28/59 35/6.7| 49/72 35/65 34/62 | 2.7/54 1.0/3.8 0.5/3.0 | 3.0/4.2
1-Axis, N-S Average | 24 3:3 4.5 | 7.0 8.0 7.0 3.7 3.9 1.6 1.1 43
Horiz Axis Min/Max | 0.6/2.4 1.2/34 1.6/46 | 27/69 3.9/79 4.6/9.0 | 64/9.7 4687 40/7.7| 26/53 0.7/2.8 0.3/1.9 | 3.5/49
1-Axis, N-S | Average 1.8 29 4.0 4.8 5.6 6.6 7T 7.2 6.5 5.0 24 1.8 4.7
Tilt=Latitude | Min/Max | 0.9/3.7 1.6/4.7 1.9/5.6 | 2.9/7.5 3.8/7.8 44/86 | 62/93 4789 4687 | 34/69 1142 0632|3854
9. Rain Average 2.0 3.0 4.0 49 6.0 7.2 83 7.4 6.5 5.1 25 1.9 49
Min/Max | 0.9/4.0 1.7/4.8 1.9/5.6 | 3.0/7.6 4.0/83 4893 | 6.7/100 4992 406/88 | 3570 12/44 06/34 |3.9/57
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.8 -1.6 2.4 72 12.0 {70 214 204 15.0 8.9 2.0 4.0 8.0
Daily Minimum Temp 9.8 -6.8 3.4 0.2 4.2 8.5 1.7 10.5 6.0 0.8 -33 9.0 0.8
Daily Maximum Temp 0.1 3.6 8.2 142 19.7 25.6 312 30.2 239 16.9 T3 0.9 15.2
Record Minimum Temp | -34.4 -36.1 244 -9.4 -6.7 -1.1 1.1 0.0 -7.2 -12.2 250 839 [-<36.1
Record Maximum Temp | 139 16.7 23.9 294 339 394 389 40.0 36.7 311 21.7 15.0 40.0
HDD, Base 18.3°C 718 558 494 355 196 69 5 16 121 293 490 692 3989
CDD, Base 18.3°C 0 0 0 0 0 31 102 80 21 0 0 0 234
Relative Humidity (%) i 72 65 54 52 49 41 41 47 54 69 75 58
Wind Speed (m/s) 4.5 4.6 4.9 5 4.8 4.3 4.0 3.9 4.0 4.1 4.7 4.3 4.5
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