Monthly Radiation (kWh/m?3/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

} -

Bismarck, ND

WBAN NO. 24011

LATITUDE: 46.77° N
LONGITUDE: 100.75° W
ELEVATION: 502 meters
MEAN PRESSURE: 956 millibars

STATION TYPE: Primary
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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 2.6 3.8 49 6.0 6.0 6.8 5.8 42 2.8 ¥ 1.4 4.0
Min/Max | 1.4/1.9 2.0/3.0 3.0/44 | 3.6/6.1 4.7/68 5.8/7.6| 62/7.6 4.7/64 3.3/48 2.3/33 1420 1.2/15 | 3.94.2
¥in e =15 Average 3d 4.0 5.0 5.6 6.1 6.5 6.8 6.4 53 4.2 29 2.6 4.9
: 2 | Min/Max | 22/3.7 2.8/50 35/58 (3972 4771 5674 | 6277 5371 3863 | 3252 1938 2.1/30 | 4.5/52
¥ttt Average LB 4.4 i 33 37 59 6.3 6.1 54 4.5 32 3.0 4.9
Min/Max | 2.5/43 2.9/56 3.6/6.1 | 3.8/7.0 44/6.7 5.2/6.8 5.8/7.1 5.1/6.8 3.8/6.4 | 3.3/57 2043 23/35 | 45/52
Latitiide %15 Average 5 4.5 v il 5.1 5.1 5.1 55 55 5.1 4.5 3.4 Hal 4.7
‘ i Min/Max | 2.6/4.6 3.0/59 3.5/6.1 | 3.5/65 3.9/59 45/58| 50/62 4.6/6.1 3.6/6.2 | 3.3/58 2045 25/3.8|42/50
90 Average a7 4.2 4.3 3.7 313 .k 34 & A 3.9 3.3 3.2 31 3.6
Min/Max | 2.5/4.6 2.7/5.6 2.8/54 | 2.5/4.6 2.6/4.0 2.8/34 | 3.0/3.7 a1 2147 | 2.8/5.0 1.8/42 2438 | 3.2/3.9
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
’E Average 2.6 38 54 6.7 8.0 8.8 93 8.1 6.1 4.2 2.6 2l 37
Min/Max | 1.9/3.2 25/4.8 3.7/64 | 47/90 57/9.6 7.2(105 8.3/10.6 6.8/9.2 4.3/75 3.2/5.3 1.7/3.3 1.6/2.5 | 5.2/6.1
Latiiade <15 Average 3.6 4.9 6.3 7.3 g3 8.9 9.5 8.7 7.0 53 3.4 3.0 6.4
. < | Min/Max | 2.5/45 3.1/63 4.2/74 | 5.1/99 58/9.9 7.2/10.7| 85/109 7.2/9.9 4.7/8.6  3.8/6.7 2.0/4.6 24/3.6 | 5.7/69
Tatliide Average 4.0 5.2 6.4 7.3 8.0 8.0 92 8.5 7.0 5.5 3.7 33 6.4
3 Min/Max | 2.8/49 3.3/6.7 42/7.7 | 5.0/9.8 5.6/9.6 69/103| 8.1/10.5 7.1/9.7 4.7/8.7 | 3.9/7.1 2250 2.6/40 | 5.7/7.0
tetttude +1% Average 4.2 53 6.4 7.0 7.6 8.0 8.0 8.1 0.8 5.5 3.9 35 6.3
Min/Max | 2.9/5.2 33/69 4.1/7.7 | 4.8/94 5.3/9.1 6.5/9.6 | 7.6/99 06893 45/85 3.9/7.1 22552 2.7/43 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
oA Yig Average 4.2 53 6.5 74 8.4 9.2 9.7 87 7.0 85 35 3.6 0.6
2 Min/Max | 2.9/5.3 3.3/69 4.2/7.7 | 5.1/99 5.9/10.1 7.4/10.9| 8.6/11.1 7.3/9.9 4.7/8.7 | 3.9/7.1 2.2/52 28/43 | 59/72
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 24 ) 3.0 34 39 4.5 5.0 4.4 3.7 a3 22 2.1 34
Horiz Axis Min/Max | 1.5/3.1 1.3/30 1.5/4.1 | 14/54 2.145.1 3.1/59 | 40/62 3.3/53 138/5.1 1.8/44 0.8/34 13/2.8 | 2.8/3.8
1-Axis, N-§ Average 1.5 P | 32 43 53 5.9 6.5 57 43 29 1.5 13 3.7
Horiz Axis Min/Max | 0.9/2.0 1.0f3.1 1.6/4.3 | 1.8/6.7 2.8/6.8 4.0/78 5.2/80 4.3/69 2.1/6.0 1.7/40 05724 08/1.6 | 3.1/42
1-Axis, N-S | Average 2.6 32 4.0 47 52 5.7 6.4 6.0 5.0 39 25 2 4.3
Tilt=Latitude | Min/Max | 1.6/3.4 1546 2.0/54 | 2.0/74 2.8/68 3.8/74 | 5.1/79 45/73 2570 | 23/54 0838 14/29 3.5/4.9
. Rexin Average 2.7 33 4.0 4.8 5.5 6.2 6.8 6.2 5.0 4.0 2.6 2.3 4.5
I Min/Max | 1.7/3.6 1.5/147 20035 | 20/7.5 2912 43281 55184 47115 25011 2.315.3 0.9/40 1532 | 3.7/5.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -12.7 -9.1 -2.1 6.1 12.8 18.0 2113 20.2 139 7.6 -1.9 -10.0 5.3
Délil)«‘ Minimum Temp -18.7 -14.9 -7.9 -0.6 5.7 10.9 13.6 12.2 6.2 0.3 -7.9 -15.9 -1.4
Daily Maximum Temp -6.6 -3.1 3.6 12.7 19.9 231 29.1 28.2 21.6 14.8 4.1 -4.2 12.1
Record Minimum Temp | 422 -39.4 -35.0 | -244 94 -1.1 13 0.6 -11.7 -233 -34.4 -41.7 422
Record Maximum Temp | 16.7 20.0 272 335 36.7 41.7 428 428 40.6 35.0 239 18.3 42.8
HDD, Base 18.3°C 961 767 634 367 180 64 8 38 146 332 607 878 4982
CDD, Base 18.3°C 0 0 0 0 8 54 102 95 12 0 0 0 271
Relative Humidity (%) 71 72 70 62 60 65 62 61 64 64 72 75 66
Wind Speed (m/s) 44 4.2 4.0 5.0 4.8 42 3.8 39 4.1 4.3 4.0 4.1 4.3
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WBAN NO. 14914

LATITUDE: 46.90° N

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 96.80° W T
ELEVATION: 274 meters
MEAN PRESSURE: 983 millibars
STATION TYPE: Secondary
1 .
1961-1980 Average
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Solar Radiation for Flat-Plaie Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty +9%
i 1 i Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.6 5 37 4.7 = 6.2 6.4 5.5 4.0 2.7 1.6 1.3 3.8
Min/Max | 1.3/1.8 1.9/29 3.0/4.5 | 3.857 4.0/6.6 57/7.1| 58/7.1 48/62 3.2/46| 2.2/3.1 1.3/1.8 1.0/1.5 | 3.7/4.2
T gt d e Ak Average 29 39 4.8 22 =7 6.1 6.5 6.1 4.9 38 2.6 23 4.6
Min/Max | 2.2/3.5 2.7/48 3.6/6.0 | 4.2/66 4.0/69 55/7.1| 58/7.2 53/69 3860 | 3.0/48 1.8/3.2 1.7/29 | 43/5.1
YsHitnde Average 34 43 5.0 52 55 5.6 6.0 5.8 5.0 4,1 2.9 2T 4.6
Min/Max | 2.5/4.1 2.9/54 3.6/64 | 4.1/65 3.7/64 50/64 | 53/6.7 5.1/67 37/6.1 | 32/52 1936 1934 43/5.1
Latitude415 Average 3.6 45 5.0 4.8 49 4.8 52 a3 4.7 4.1 3.0 1.5 44
¢ Min/Max | 2.6/44 2.9/5.7 3.5/64 | 3.8/6.0 3.3/5.7 44/56 | 4.7/58 4.6/6.0 35/59 | 32/53 2.0/38 20/37|4.049
90 Average 3.3 42 43 35 3.1 2.9 3.2 3.6 3.6 3.6 2.8 2.8 34
Min/Max | 2.5/44 2.5/54 29/57 | 2.8/43 2236 2.7/33| 2935 3.1/40 2746 | 2.7/46 1837 1937 | 3.0/3.8
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 L5 38 52 6.4 7.7 8.3 8.9 7.8 5.7 39 2.3 1.9 54
Min/Max | 1.8/3.1 24/4.8 3.6/6.7 | 4.7/84 4.7/9.3 7.1/100| 7.8/10.1 6.5/9.3 43/7.0 | 3.0/5.1 1.6/2.9 1.4/2.4 | 4.9/6.0
Lafituda-15 Average 35 4.8 6.1 7.0 79 84 1 8.3 6.4 4.8 31 9 6.0
i © [ Min/Max | 2544 3.0/62 4.1/7.9 | 5.0/92 4.7/97 7.1/102( 8.0/10.3 6.9/9.9 4.7/8.1 | 3.6/63 20/39 1935 | 55/68
EaftR Ayeragt 38 5:1 6.2 6.9 7 8.1 8.8 8.1 6.5 50 33 3.0 6.1
Min/Max | 2.8/48 3.2/6.6 4.2/8.1 | 5.0/9.1 45/94 68/9.8 [ 7.7/10.0 6.8/9.8 4.7/82 | 38/6.6 2.1/42 2.1/3.9 | 5.5/6.9
Latitida +15 Average 4.1 52 6.2 6.7 72 7.6 8.2 7 6.3 5.0 34 32 3.9
Min/Max | 2.9/5.1 32/6.8 4.1/8.1 | 48/88 43/89 6492 | 7.2/94 64/94 4580 | 3.8/6.7 2.1/44 22/42 | 5.3/6.7
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
%A gis Average 4.1 532 6.3 7.0 8.0 8.7 93 8.3 6.5 = 35 312 6.3
Fa Min/Max | 2.9/5.1 3.2/6.8 4.2/8.1 | 5.1/9.2 4.8/9.8 7.3/104| 8.1/10.6 6.9/10.0 4.7/82 | 38/6.7 2.1/44 22/4.2 | 5.6/7.1
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 | Yest
1-Axis, E-W | Average 23 2.6 2.8 Bl 37 4.0 45 4.1 3.2 28 1.9 1.8 31
Horiz Axis Min/Max | 1.4/3.1 L5f3.7 1.6/3.9 | 1.6/4.8 1.3(5.1  3.0/5.6 | 3.6/55 3.1/54 1845 1.8/4.1 0.8/2.7 1.0/2.5 | 2.6/3.7
1-Axis, N-S | Average 1.4 21 3.0 4.0 4.9 54 6.0 5.3 37 Z5 1.3 1.0 3.4
Horiz Axis Min/Max | 0920 L1/3.0 1.6/4.1 | 1.9/62 1.8/6.7 3.9/74 | 48/74 40/72 2.1/52| 1.6/38 05/1.9 06/1.5 | 2.8/4.1
1-Axis, N-§ | Average 24 3l : 1) 4.4 49 5 5.9 5.6 4.4 35 2.1 1.9 3.9
Tilt=Latitude | Min/Max | 1.5/3.3 1.7/44  2.0/5.2 | 2.2/6.8 L8 3871 | 4372 4205 25/62 | 22/52 0830 1026/ 3.34.7
o A5 Average 2.6 32 3.7 4.5 52 5.6 6.3 5.8 4.4 3.5 23 2.0 4.1
Min/Max | 1.6/3.6 1.8/4.6 20/52 |22/69 1971 4117 | 50/1.7 43/77 25/62| 23/52 0932 1.1/29 | 35/49
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) =14.5 Saki ) -3.4 6.1 13.4 18.6 2.7 204 14.3 7.6 2.2 -11.3 5.0
Daily Minimum Temp -19.8 -16.3 -8.2 0.1 6.6 120 14.9 13.6 7.7 1.4 7.0 -16.1 -0.9
Daily Maximum Temp 9.2 -6.1 1.4 12.1 20.3 25.2 28.6 274 20.8 13.7 2.3 -6.6 10.8
Record Minimum Temp | -37.2 -36.7 -30.6 | -21.7 -6.7 -1.1 22 0.6 -7.2 -13.9 311 -35.6 | -372
Record Maximum Temp | 11.1 18.9 25.6 37.8 36.7 372 41.1 41.1 389 339 233 139 41.1
HDD, Base 18.3°C 1018 824 673 367 171 52 12 27 133 332 615 919 5141
CDD, Base 18.3°C 0 0 0 0 19 60 116 92 11 0 0 0 298
Relative Humidity (%) 73 ys 76 66 60 66 67 67 69 69 76 76 70
Wind Speed (m/s) 55 54 5.6 5.8 54 49 45 4.6 4.9 53 52 5.4 5.2
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Variability of Latitude Fixed-Tilt Radiation | m
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71 . WBAN NO. 24013
. . LATITUDE: 48.27° N
5 + LONGITUDE: 101.28° W
=7 ELEVATION: 522 meters
R MEAN PRESSURE: 953 millibars
€24
= STATION TYPE: Secondary
'1 e

1961-1988 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 1.5 2.4 3.6 49 5.8 6.4 6.6 5.6 4.0 2.7 1.6 e 39
Min/Max | 1.2/1.7 1.8/2.7 3.0/42 [ 3.9/59 4.7/68 54/74 | 59/7.0 48/62 33/47 | 22/31 13/1.9 1014 | 3.7/4.1
tafitiis -15 Average 29 38 4.9 5.6 6.0 6.3 6.6 6.2 5.0 4.1 2.8 24 4.7
Min/Max | 1.9/3.5 2545 3.6/57 | 40/69 47/72 53/73| 59/7.2 53/7.0 4.0/62 | 32/51 1838 17/3.1 | 44/51
Latitads Average 33 4.1 5.1 33 5.6 5.8 6.1 6.0 Tl 4.4 2.1 28 4.7
Min/Max | 2.1/4.1 2.6/50 3.6/6.0 | 3.8/6.8 44/67 48/6.7 | 54/6.6 5.0/6.7 4.0/63 | 3.3/55 1943 2.0/3.6 | 44/52
Laftids+15 Average 35 4.3 5.0 5l 5.0 5.0 53 54 4.8 4.4 33 3.0 4.5
Min/Max | 2.2/44 2.6/52 3.6/6.1 | 3.5/63 39/59 42/57| 47/58 4.6/6.1 3.86.1 | 3356 2045 21/39]|4.1/49
90 Average 35 4.0 43 38 33 3.1 34 37 3.8 3.8 il 3.0 3.6

Min/Max | 2.1/4.4 2.4}49 3.1/54 | 2547 2.6/38 2.7/35| 3.0/36 32/42 2948 | 2849 1843 20/40 | 32/3.9

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 24 3.6 53 6.8 8.0 8.7 D2 8.1 5.8 4.1 2.4 1.9 55
Min/Max | 1.6/3.0 22/43 37/62 | 48/89 58/99 7.0/10.6| 8.0/10.1 6.6/94 4.4/73 | 3.0/5.1 1.6/3.3 1.4/25 | 5.1/6.1
Latitude -15 Average 34 4.6 6.2 74 8.3 8.9 9.5 8.6 6.6 3.1 33 28 6.2
¥ < | Min/Max | 2.1/43 2.8/57 4.3/74 | 50/9.8 6.0/10.3 7.0/10.7| 8.2/104 7.1/10.1 4.9/85 | 3.7/6.6 2.0/4.6 1.9/37 | 5.7/6.9
Latihide Average 3.8 4.9 6.4 74 8.1 8.5 9.2 8.5 6.7 33 3.6 3.1 6.3
Min/Max | 2.3/4.8 29/6.1 43/7.6 | 49/9.8 5.8/10.1 6.7/10.4| 7.9/10.1 6.9/10.0 4.9/8.6 | 3.9/69 2.1/5.1 2.1/42 | 5.7/7.0

e Average | 4.0 5.0 6.3 T 7.6 8.0 8.6 8.1 6.5 5.4 ", 33 6.1
Latitude +15 5

2
Min/Max | 24/5.1 29/63 43/76 | 46/95 54/95 63/97 | 74/95 6.6/95 4884 | 38/69 22/53 22/44 )| 55/68

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
Dl Average 4.0 5.0 6.4 5 8.4 9.1 9.7 8.7 6.7 54 37 3.4 6.5
X Min/Max | 2.4/5.1 29/63 43/76 | 5.09.9 6.1/10.5 7.2/11.0| 83/10.6 7.1/102 50/86 | 39/7.0 22/53 23/45 | 59/1.2

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 23 .5 3.0 34 39 4.4 49 43 34 3.0 22 2.0 %3
Horiz Axis Min/Max | 1.2/3.2 1.1/3.8 l4/4.1 | 15/52 22(54 27/6.0| 3.957 3.1/54 21/48 1.8/43 0936 12/28 | 2.8/39
1-Axis, N-S Average 1.4 2.0 31 43 = & 4 59 6.5 27 39 2.7 L3 Ll 3.6
Horiz Axis Min/Max | 0.7/2.0 0.9/3.1 1.5/4.3 | 2.1/6.7 29/73 3780 | 52/77 4172 24/56 1.6/3.9 0.6/25 0.6/1.6 | 3.1/43
1-Axis, N-S | Average 2.4 3.0 4.0 4.8 5.2 5.6 6.4 6.0 4.7 3.8 24 2.1 4.2
Tilt=Latitude | Min/Max | 1.2/3.5 1.3/46 19/55 | 23/73 30/1.3 35[1.7| 315 44716 28/67 | 234 1041 12/30 | 3.6/50
o Average 2.6 31 4.0 4.8 55 6.1 6.9 6.2 47 3.8 25 2.3 44
[" ; Min/Max | 1.3/3.7 1.4/4.7 1.9/55 | 2.3/74 3.1/7.8 3.8/84 | 54/8.1 4578 28/6.7| 2.3/55 1043 13132 | 37152
Average Climatic Conditions
[ Element Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec | Year
‘ Temperature (°C) T8 9.6 2.9 59 12.4 17.9 21.1 19.9 13:5 1.3 -2.3 -10.2 5.0
Daily Minimum Temp -17.6 -14.3 -7.8 -0.3 6.0 11.6 14.3 12.9 7.2 1.4 6.9 14.8 07
Daily Maximum Temp -8.0 -4.8 1.5 1.6 18.8 242 27.8 26.9 19.8 132 23 3.7 10.7
Record Minimum Temp | -36.1 -35.0 -33.9 -20.6 -7.2 0.6 5.6 1.1 -6.1 -14.4 -28.3 -37.8 -37.8
Record Maximum Temp | 133 17.8 25.0 3232 312 383 40.6 394 394 344 23.3 133 40.6
HDD, Base 18.3°C 964 781 658 380 194 69 11 47 159 341 618 885 5107
CDD, Base 18.3°C 0 0 0 0 12 56 95 97 14 0 0 0 273
Relative Humidity (%) 68 71 71 62 58 61 60 60 64 64 71 ol 65
Wind Speed (m/s) 6.1 5.6 57 5.8 5.6 5.1 4,7 4.9 5.3 5.6 53 5.6 5.4
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