Monthly Radiation (KWh/m?/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14936

LATITUDE: 44.38° N
LONGITUDE: 98.22° W
ELEVATION: 393 meters

MEAN PRESSURE: 969 millibars

STATION TYPE: Secondary
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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 1.8 2.6 37 49 5.8 6.3 6.6 5.8 44 3.0 1.9 I3 4.1
Min/Max | 1.5/2.0 2.1/3.2 3.0/44 | 3.8/57 4.8/66 5774 6.1/74 53/65 3553 | 25435 1.5/2.0 1.3/1.6 | 3.8/4.4
Latitude -15 | Average 3.0 338 4.7 5.4 6.0 6.4 6.7 6.3 53 4.3 3.0 26 4.8
Min/Max | 2.3/3.6 2.8/49 3.5/58 | 4.1/64 49/68 5574 | 6.1/7.5 57/7.1 3967 | 33/52 2.0/3.5 22/32|44/54
Latitade Average 34 4.2 4.8 3 5.6 5.9 6.2 6.1 54 4.6 43 30 4.8
3 Min/Max | 2.6/4.1 2.9/55 3.6/6.1 | 3.9/6.3 4.5/6.3 5.1/6.7 | 5.6/6.9 54/6.8 38/69 | 34/56 22/39 2438 |43/54
Latituds +15 Average 3.7 4.3 4.8 4.9 49 | 54 5.5 52 4.6 33 33 4.6
Min/Max | 2.7/45 2.9/58 3.5/6.0 | 3.7/59 4.0/56 44/58 | 49/6.0 49/62 3.6/6.6 | 3457 22/42 26/4.1 |4.1/52
90 Average 3.0 39 39 34 3.0 29 el 3.5 38 39 Jie 3.1 34
Min/Max | 2.5/44 25/54 2.8/52 | 2.6/40 2.6/33 2.6/3.2| 29/34 3.2/39 2.6/49 | 2849 20/39 24/40 | 3.0/3.9
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 2.7 3.8 =H 6.5 7.8 8.7 S0 8.1 6.3 44 2.8 22 5.6
Min/Max | 2.0/3.2 2.6/5.1 3.7/6.5 | 46/83 6.0/9.1 7.2/103| 8.0/104 7.2/95 4.4/82 | 3.3/54 1932 19/2.8 ] 5.1/64
Latitude -15 Average 3.6 4.7 39 7.0 8.0 8.8 9.2 8.0 7.0 5.4 3.6 3.0 6.2
¥ | Min/Max | 2.6/44 3.1/6.4 4.1/7.6 | 4889 6.1/94 7.2/104| 8.1/10.6 7.5/10.1 4.7/93 | 3.9/6.7 2.2/43 25/40 | 55/7.1
Tatitude Average 4.0 5.0 6.0 6.9 T 8.5 8.9 8.4 7.1 5.6 39 34 6.3
4 Min/Max | 2.8/48 3.3/6.8 42/78 | 4.7/89 59/9.1 6.9/100| 7.9/10.3 7.4/99 4794 | 40/7.0 24/46 2.7/44 |55/7.2
Faditade 615 Average 4.2 51 6.0 6.7 7.3 7.9 8.3 8.0 6.9 5.6 4.0 35 6.1
Min/Max | 2.9/5.1 3.3/7.0 4.1/78 | 4585 55/86 65/93 | 74/97 7.0/94 4592 | 4.0/7.1 24/48 2847 |54/7.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?2/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
9 Kocts Average 4.2 51 6.0 7.0 8.1 9.0 9.4 8.0 7. 5.7 4.0 3.6 6.5
& Min/Max | 3.0/52 33/70 42/7.9 | 48/9.0 6295 74/106| 8.3/100 7.6/10.1 47/94 | 41/7.1 24/48 2947|5775
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
l-Axis, E-W | Average 24 2.6 27 3.2 3.7 4.4 4.8 44 3.6 3l 23 .4 3.3
Horiz Axis Min/Max | 1.4/3.2 1.4/4.0 1.5/45 | 1.4/47 2247 3.0/58 | 3.9/59 3555 18/54 1.8/4.3 1.0/3.0 14/32 | 2.7/4.1
1-Axis, N-S | Average 1.6 2 3.0 4.1 4.9 58 0.3 5.7 43 3.0 1.7 1.3 a7
Horiz Axis Min/Max | 0.9/2.1 L1325 1.5/4.8 | 1.8/6.1 3.0/63 4.0/7.6 | 52/79 4673 22/65 1.8/40 0.7/23 0.9/2.0 | 3.0M45
l-Axis, N-S | Average 2.6 21 37 44 49 3.6 6.1 5.9 50 3.9 2.6 2.2 4.2
Tilt=Latitude | Min/Max | 1.5/3.5 1.6/4.8 1.9/6.0 | 2.0/6.6 3.0/6.3 3.8/73 | S5.1y7.6 4776 25/75 | 23/54 1.1/3.5 1.5/34 | 34/52
X Average 2.8 32 3.7 45 5.2 6.0 6.6 6.1 5.0 4.0 27 24 4.4
% Min/Max | 1.6/3.7 1.6/3.0 1.9/6.0 | 2.0/6.7 3.1/6.6 4.1/7.9 | 54/82 4.9/7.8 25/75| 24/54 1.1/3.6 16/3.7 | 3.5/54
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
Temperature (°C) -10.4 -7.0 -0.1 7.9 14.2 19.9 236 22.1 16.0 92 0.2 -7.7 7.3
Daily Minimum Temp -16.5 -12.7 5.7 1.4 r i 13.] 16.5 14.9 8.5 1.9 5.7 -134 0.8
Daily Maximum Temp 4.4 -1.3 5.6 14.8 213 26.8 30.6 29.3 23.4 16.4 6.1 -2.1 13.9
Record Minimum Temp | -383 -30.4 -31.1 -18.9 -8.3 0.0 2.8 22 7.2 -12.8 -29.4 -34.4 -39.4
Record Maximum Temp [ 17.2 21.7 37 36.1 2 42.8 44.4 43.3 41.1 38.9 25.6 16.7 44.4
HDD, Base 18.3°C §92 709 570 v i | 142 ] § 12 96 284 543 808 4402
CDD, Base 18.3°C 0 0 0 0 15 75 168 129 26 0 0 0 413
Relative Humidity (%) 71 74 73 66 66 68 66 67 68 67 73 74 69
Wind Speed (m/s) 5.1 4.9 5.5 5.6 52 4.7 4.3 44 4.7 4.8 49 4.8 49
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WBAN NO. 24025

LATITUDE: 44.38° N

Variability of Latitude Fixed-Tilt Radiation
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LONGITUDE: 100.28° W 5 !
ELEVATION: 526 meters S
MEAN PRESSURE: 953 millibars e
-
STATION TYPE: Secondary =
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1961-1990 Average
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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 1.8 27 39 5.0 6.0 6.7 6.8 6.0 45 2l 2.0 I:5 42
Min/Max | 1.4/20 24/3.0 32/44|39/58 52/6.8 58/74 | 62/74 53/6.6 3853 | 26/3.6 1622 14/1.7|4.0/43
taitfnda 13 Average 3.1 39 4.9 5.6 6.1 6.6 6.8 6.5 5.6 45 3.2 2.7 4.9
Min/Max | 2.1/3.7 3.3/48 3.7/59 | 4.1/65 53/70 5.6/13 | 62/74 57/713 44/67 | 35/54 2.3/39 2.3/33 | 4.6/5.2
Yatids Average 3.6 4.3 5.1 54 5.7 6.0 6.3 6.3 5.6 4.8 >3 3.1 5.0
Min/Max | 2.3/43 3.5/53 3.8/6.2 | 3.9/64 49/6.6 52/67 | 57/69 54/7.0 43/68 | 37/59 25/44 2.6/39 | 45/52
Latitude +15 | Average | 338 44 5.0 5.0 5.1 52 55 5.7 54 48 3.7 33 4.7
Min/Max | 2.4/47 3.6/5.6 3.7/62 | 3.6/59 4458 45/57 | 50/6.0 49/63 4.1/66 | 37/60 2547 2842 43/5.0
90 Average 3.7 4.0 4.1 3.5 3il 29 3.1 3.6 4.0 4.1 34 32 3.6
Min/Max | 22/4.6 3.2/5.1 2.9/5.0 | 2.5/4.1 23S 2631 29/3.3 32/40 310491 3131 2343 2.7/42 | 3.1/3.8
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £8%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.8 %9 5.4 6.8 8.0 9.0 9.3 8.4 6.6 4.7 259 2.3 3,9
Min/Max | 1.8/3.3 3.2/48 39/6.7 | 4.6/84 65/93 74/103| 82/103 7.3/9.7 4.9/8.1 | 35/57 2.1/36 2029 | 53/62
Latitude 15 Average 3 4.8 6.2 7.3 82 9.0 0.5 8.9 7.4 5.7 3.8 32 6.5
Min/Max | 2.4/4.6 4.0/6.1 44/7.8 | 4.8/9.1 6.7/9.6 7.4/104| 83/106 7.7/103 5.5/9.2 | 42/7.0 2.6/48 2.7/40| 58/6.8
Latitiids Average 4.1 5. 6.4 T2 8.0 8.7 8.1 8.8 5 5.9 4.1 33 6.5
i Min/Max | 2.6/5.1 4.2/6.5 44/8.1 |47/9.0 6594 7.1/10.0( 8.0/102 7.5/10.1 5.5/9.3 | 44/74 27/53 29/45 | 58/69
Lafitida+15 Average 4.3 52 6.3 7.0 7.5 8.1 8.0 84 73 6.0 4.2 3.7 6.4
i Min/Max | 2.7/5.3 4.2/6.7 4.3/80 |44/87 61/89 67/94 | 75/9.6 7.1/97 53/9.1 | 44/75 28/55 3.1/48 [ 5.6/6.8
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
DLARIS Average 4.4 3.2 6.4 7.4 8.3 23 97 9.0 7.5 6.0 43 3.8 6.8
Min/Max | 2.7/54 4.3/6.7 4.5/81 | 4.8/9.1 68/9.8 7.6/10.7| 8.5/10.8 7.7/104 55/9.3 | 44/75 2855 3.1/49 | 6.0/7.2
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 | 235 27 3.0 34 3.9 4.7 5.0 4.6 39 34 5.5 22 3.5
Horiz Axis Min/Max | 1.4/3.4 1.5/4.0 1.7/4.6 | 1.4/48 2.7/50 3.2/59 | 4.0/6.] 3.6/58 24/54 | 22146 13/3.7 1.5/33 | 2.9/39
1-Axis, N-S§ | Average 1.7 23 33 4.3 52 bl 6.6 6.1 4.7 3.2 1.8 1.4 39
Horiz Axis Min/Max | 0.8/2.2 1.2/34 1.8/50| 1.8/6.2 3.6/6.7 4.3/7.8 | 53/80 4.8/7.6 28/64 | 2.0/44 09/2.7 0520 | 3.3/43
1-Axis, N-S | Average 2.1 3.2 4.1 4.7 Sl 58 6.4 6.3 5.4 4.3 28 23 4.4
Tilt=Latitude | Min/Max | 1.4/3.7 1.7/4.8 22/62 | 2.0/6.7 3.6/6.6 4.1/74 | 5177 4979 33/74 27/5.8 1.5/4.1 1.6/3.4 | 3.7/5.0
2. Axis Average 2.9 3.3 4.1 4.8 54 6.4 6.9 6.5 54 43 2.9 25 4.6
Min/Max | 1.5/3.9 1.8/49 22/62 | 2.0/68 38/70 44/81 | 5583 5.1/81 33/75| 28/59 1.5/44 1.7/3.7 | 3.8/5.2
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -8.4 -5.3 0.8 8.4 14.6 204 244 233 16.9 10.0 L2 -6.2 8.3
Daily Minimum Temp -14.1 =111 -5.2 1.6 7.6 52 16.7 15.5 9.2 2.8 4.7 -11.6 1.7
Daily Maximum Temp 2.7 0.4 6.7 15.2 21.6 2is 32.2 3.1 24.6 17.2 7.0 -0.7 15.0
Record Minimum Temp | -35.6 -31.7 -26.1 -15.0 -5.6 33 5.6 4.4 -3.9 -10.0 =25.00 -339 -35.6
Record Maximum Temp | 189 22.8 30.0 36.1 40.6 44.4 45.0 45.0 42.2 34,4 25.6 18.3 45.0
HDD, Base 18.3°C 828 661 544 298 132 24 4 9 82 258 515 759 4117
CDD, Base 18.3°C 0 0 0 0 17 86 193 163 30 0 0 0 498
Relative Humidity (%) 70 21 69 6l 61 63 38 57 59 60 68 72 64
Wind Speed (m/s) ] 52 5.8 5.9 5.6 49 4.8 49 3.l 5.0 5.0 52 5.2
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 24090
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= + LATITUDE: 44.05° N
5 LONGITUDE: 103.07° W
S ELEVATION: 966 meters
= MEAN PRESSURE: 904 millibars
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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 1.9 28 4.0 5:1 6.0 6.7 6.8 6.1 4.7 3.3 el 1.6 43
Min/Max | 1.6/2.1 25/3.0 3.5/44 | 46/59 51/66 6.0/75| 64/72 57/66 3.7/54 ( 2.8/3.7 1.8/2.3 1.5/1.8 | 4.1/45
¥ atitude 15 Average 32 4.1 5 2:7 6.1 6.6 6.8 6.6 5.8 4.7 34 30 ki 3
Min/Max | 2.6/3.8 3.4/45 4.3/58 | 50/68 52/68 58/73 | 63/7.2 6.1/7.2 44/68 | 3.9/55 2839 25/36|49/54
Farinn Average <y 45 53 5.6 5.7 6.0 6.3 6.4 28 5.1 3.9 34 Bia
Min/Max | 3.0/44 37/5.0 4.4/6.1 | 49/67 49/63 53/6.7| 59/6.6 5870 44/70| 42/59 3.1/45 2842|4955
{ siiinde 15 Average 4.0 47 52 3.2 5.0 5.2 5.5 5.8 e e 4.1 3.7 49
: - Min/Max | 3.1/48 3.8/53 43160 | 4.5/6.2 43/5.6 4.6/57 | 5.1/5.7 53/63 42/67 | 42/6.1 33/48 3.0/46 | 47/52
90 Average 3.8 4.3 4.2 3.6 3.0 29 3.1 < 42 4.4 3.8 3.6 37
Min/Max | 2.9/4.7 34/49 35/5.0 | 3.1)45 27/33 2.6/3.1 29/32 34440 3150 | 35/52 3.0/44 3.0/44 | 3539
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 29 4.1 837 7.0 8.0 9.1 9.4 8.7 6.9 5.0 3.2 2.6 6.1
Min/Max | 2.3/3.5 3.3/47 46/6.6 | 59/88 65/93 7.8/10.6| 8.6/10.1 7.809.7 50/84 | 4.0/58 2.6/3.7 22/3.1|57/6.6
Latiiae 15 Average 39 52 6.5 7.6 8.3 9.2 9.5 92 7.8 6.1 4.2 3.6 6.8
4 © | Min/Max | 3.1/47 4.1/58 52/7.6 | 6.3/95 6.7/9.6 7.8/10.7| 8.8/10.3 8.3/103 55/9.5 | 4.8/7.1 3.3/49 2.9/44 | 63/7.3
Latitude Average 43 X3 6.7 TP 8.0 8.8 9.2 9.1 79 6.4 4.6 4.0 6.8
2 Min/Max | 3.4/52 4.3/6.2 53/7.8 | 6.3/95 65/94 7.5/103| 84/99 8.1/10.1 5.6/9.6 | 5.0/7.5 3.6/53 3.2/49 | 64/74
LatitidE 418 Average 45 5.6 6.6 2 7.6 83 8.7 8.6 4 6.5 4.7 4.2 6.7
‘ - Min/Max | 3.5/55 44/63 52/78 | 6.0/9.1 6.1/89 7.0/9.7 | 7993 7.7/97 54/94 | 50/76 37/55 3452|6212
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
S s Average 4.6 5.6 6.7 7.6 8.4 94 9.7 L 74 6.5 4.8 43 Tied
Min/Max | 3.6/5.6 44/63 53/7.8 | 64/9.6 6898 8.0/11.0| 89/105 8.3/104 5.6/9.6 | 5.1/7.6 3.7/5.6 34/53 | 6.6/7.6
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, E-W | Average 2.8 3.1 33 36 4.0 4.8 5 49 4.3 38 2.8 27 38
Horiz Axis Min/Max | 1.8/3.8 2.0/3.9 24/44 |27/52 29/51 3.6/6.1| 46/57 4.1/58 25/56 | 2.7/4.7 1937 18/3.8 | 3.4/43
1-Axis, N-S | Average 1.9 26 3.6 4.6 53 6.4 6.8 6.4 5.4 3.6 21 1.7 4.2
Horiz Axis Min/Max | 1.2/26 1.7/3.4 25/4.8 | 3.4/6.7 3.8/69 4883 | 60/7.7 54/7.7 3.0/68 | 2544 1427 11/24 | 3.7/48
1-Axis, N-S | Average 3.0 37 4.4 5.0 53 6.1 0.6 6.7 5.9 4.8 3.3 2.8 48
Tilt=Latitude | Min/Max | 2.0/42 24/47 3.1/59 [ 3.7/73 3.8/69 45/79 | 58/74 56/79 3.5/7.8 | 33/59 22/42 19/40 |43/55
9. Axis Average 32 3.8 44 5.0 5.6 6.6 7.1 6.9 5.9 4.9 34 3.0 5.0
e Min/Max | 2.1/44 2348 3.1/59 | 3.7/74 4.0/73 4985 | 63/80 5882 35/79| 3.3/60 2344 2.0/44 | 4557
Average Climatic Conditions
| Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 5.4 -2.9 1.2 s 12.9 18.2 223 214 15.6 93 1.6 4.3 8.1
Daily Minimum Temp -11.8 -9.3 -5.4 0.1 5.7 10.9 14.6 134 7.3 1.6 -5.1 -10.7 0.9
Daily Maximum Temp 1.0 34 o 14.4 20.1 254 30.1 ROH 23.6 16.9 8.2 2.0 15.2
Record Minimum Temp | -32.8 -31.1 -27.2 -17:2 -71.8 -0.6 3.9 3.3 -7.8 -18.9 -28.3 -34.4 -34.4
Record Maximum Temp | 24.4 23.9 27.8 339 36.7 41.1 43.3 41.1 40.0 34.4 25.6 239 433
HDD, Base 18.3°C 736 396 532 332 173 37 10 17 117 281 503 703 4050
CDD, Base 18.3°C 0 0 0 0 4 54 134 114 34 0 0 0 339
Relative Humidity (%) 63 65 64 59 61 62 56 33 54 54 62 65 60
Wind Speed (m/s) 5:1 Al 5.9 6.0 5.6 4.9 4.0 4.6 5.0 5.0 4.8 4.9 e |
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WBAN NO. 14944

LATITUDE: 43.57° N
LONGITUDE:; 96.73° W
ELEVATION: 435 meters

MEAN PRESSURE: 964 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tt (®) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.9 i) 38 4.8 58 G5 6.6 5.7 43 e Fl 1.9 15 4.1
Min/Max | 1.7/2.1 2232 3.2/48 | 3.5/57 45/65 5613 | 59/7.3 50/6.6 3.3/52| 24/35 15/22 14/1.8 | 3.8/44
Canmde15 Average 3.1 39 4.7 54 59 6.4 6.6 6.1 5.2 43 3.0 2.6 48
¢ Min/Max | 2.6/3.7 2.9/49 39/62 | 3.7/6.3 44/67 55/72 | 59/7.3 53/12 3.7/64 | 3.2/5.1 18137 2.2/3.1 | 4.3/52
Tontituds Average 3.6 4.3 4.9 s L 6.1 59 s 4.6 33 3.0 4.8
Min/Max | 2.9/43 3.1/55 39/65|36/6.2 42/63 350/6.6| 54/6.8 50/69 3.7/66 | 3.4/55 1.9/42 25/3.6 | 4.3/53
Tattds +1% Average 3.8 45 4.8 4.8 4.9 =i 53 53 &l 4.6 35 32 4.6
“ | Min/Max | 3.0/47 3.1/5.8 3.8/6.6 | 3.3/5.7 3.7/55 43/57 | 4.7/59 45/63 3.5/63 | 33/56 2044 2639 |40/5.1
90 Average S0 4.1 39 34 29 2.8 3.0 34 37 39 32 ] 34
Min/Max | 2.9/4.7 2.9/5.5 29/5.7 | 24/3.8 2332 25/3.1 27/3.2 29/39 25/47 | 28/47 1.7/4.0 2.5/38 | 3.0/3.8
Solar Radiation for 1-Axis Tracking Flai-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 29 3.9 32 6.5 Tt 8.6 8.9 7.8 6.2 4.5 28 23 5.6
Min/Max | 2.3/35 2.7/52 42/69 | 4.1/8.1 5589 7.1/10.1| 7.9/104 6.6/9.6 4.1/7.8 | 3.3/54 1.6/34 1.9/2.7|5.0/62
Lmiiiile <16 Ayerage 3.8 4.8 6.0 7.0 79 8.7 9.0 8.2 6.9 5.4 3.6 31 6.2
© | Min/Max | 3.0/4.7 3.3/64 4.6/7.9 | 42/87 56/92 7.1/102| 8.0/10.6 6.9/102 4.58.8 | 3.9/6.6 2.0/45 2.53.8 | 54/6.9
Latitara Average 4.2 Sl 6.1 6.9 7.6 8.3 8.7 8.1 6.9 5.6 3.9 34 6.2
Min/Max | 3.2/52 3.4/69 4.7/82 | 42/87 54/89 6.8/9.8 | 7.7/102 6.8/10.0 4.5/8.9 | 4.0/6.9 2.0/49 2842|5470
Latitude +15 A_verage 4.4 53 6.1 6.6 T2 78 8.2 3 67 5.6 4.0 3.6 6.1
Min/Max | 3.4/55 3.5/7.1 4.7/82 | 40/83 5.1/84 64/92 | 72/96 64/9.6 43/88 | 4.0/69 2.1/5.1 29/44 | 53/69
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
9 Axic Average 4.4 23 6.1 7.0 8.0 8.9 9.2 8.3 6.9 5.7 4.0 347 6.5
Min/Max | 3.4/55 3.5/7.1 4.7/82 | 43/88 5.7/93 7.3/105| 8.2/10.8 6.9/103 4589 | 4.1/69 2.1/51 2.9/45|5.6/7.3
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 2.6 28 2 2.2 37 43 4.6 4.1 3.9 Sk 23 2.1 3
Horiz Axis Min/Max | 1.4/3.5 1.3/3.9 1.7/4.1 | 1.2/4.6  1.9/47 3.0/56 | 3.7/58 3.1/56 1.7/5.1 192 QA3 1329 | 2538
1-Axis, N-S | Average 1.7 23 4. 4.1 4.9 57 6.1 3.3 4.2 3.0 1.7 1.3 36
Horiz Axis | Min/Max | 0.9/24 1.0/3.5 1.8/44 | 1.5/6.0 2.7/62 4.0/74 | 49/7.8 4.1/74 2.1/62 | 1.9/40 05724 0918|2943
1-Axis, N-S | Average 2.8 33 38 4.5 4.8 54 59 55 4.8 4.0 2.6 2 4.1
Tilt=Latitude| Min/Max | 1.5/3.8 1.5/48 22/54 | 1.6/64 27/62 38/7.0 | 4.7/75 42/7.7 24/7.1 | 25/53 0.8/3.7 1.6/3.0 | 3.2/49
7oA Average 3.0 34 3.8 4.5 = h 55 6.3 5.7 4.8 4.0 2.7 24 43
= ) Min/Max | 1.6/4.1 1.6/49 22/54 | 1.6/65 2.8/65 4.1/7.6 | 5.1/81 43/79 24/7.1 | 25/53 08/39 1833 ]| 34/5.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -10.1 -6.8 0.3 8.3 14.7 202 235 219 16.1 9.2 0.6 -7.6 75
Daily Minimum Temp -15.9 -12.4 -5.2 1.6 .7 13.4 16.8 152 9.3 22 -5.2 -13.0 1.2
Daily Maximum Temp 4.3 -1.3 &7 15.0 215 269 302 2835 22.8 16.2 6.3 -2.2 13.8
Record Minimum Temp | -37.8 ~3&0 -30.6 =13.0 -8.3 0.6 3.3 1.1 56 -12.8 =272 =33:3 -37.8
Record Maximum Temp | 18.9 211 30.6 34.4 37.8 433 42.2 422 40.0 344 24.4 16.1 433
HDD, Base 18.3°C 882 704 560 302 133 28 6 12 92 282 533 804 4338
CDD, Base 18.3°C 0 0 0 0 19 83 166 122 23 0 0 0 413
Relative Humidity (%) TR 73 72 65 63 65 65 68 70 67 73 76 69
Wind Speed (m/s) 4.9 49 55 5.8 52 4.7 44 4.4 4.6 4.7 5.0 4.8 4.9
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