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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 17 2.7 33 4.6 5.6 6.1 6.1 532 39 27 1.6 1.4 3.8
Min/Max | 1.4/20 22/3.0 3.0/45|42/52 48/64 51/7.1| 54/66 4.7/60 3.1)46| 2.2/3.1 L3018 LN | 35040
Latitide 15 Average 2.9 4.0 4.7 5.1 51 6.0 6.1 5.6 47 3.7 24 23 4.4
Min/Max | 2.0/3.6 2.8/48 35/6.0 | 45/59 4.8/6.6 49/7.0 | 53/6.7 50/66 34/58| 2845 1.6/3.1 1773.1 ]| 4.0/4.8
Toatittde Average < el 4.4 4.9 5.0 9.3 # ] 5.6 54 4.7 3.9 2.7 2.6 4.4
Min/Max | 2.2/42 29/54 3.5/64 | 44/5.8 45/6.2 45/64 | 49/6.2 48/63 33/58 | 2948 1.6/3.4 1.8/3.6 | 3.9/48
Lafitide +15 A_verage 3.6 4.6 4.8 4.6 4.7 4.7 4.9 4.8 4.5 3.9 2.8 2.8 42
Min/Max | 2.3/46 3.0/58 3.4/65 | 4.0/54 4.0/54 39/55 | 43/54 43/57 3.1/56| 2849 1.6/3.6 1939 | 3.7/45
90 Average 35 4.3 4.1 3.3 29 2.8 29 3 3.3 3.3 2. 29 32
Min/Max | 2.2/45 2.8/54 2.8/5.7 | 2.8/3.8 25/33 24/3.1 2.6/3.1 2.8/3.7 2.3/42 | 2442 1.4/3.3 1.8/39 | 2.8/34
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 2.6 39 21 6.2 7.4 7.9 8.1 Tl 93 3.8 22 2.0 ol
Min/Max | 1.8/32 2748 3.7/6.8 | 5.3/7.3 59/89 6.1/99 | 7.09.1 6.1/86 3.6/67 | 2747 1429 14/27 | 45/57
Latitude -15 Average 3.5 4.9 5.9 6.6 T 8.0 8.2 7.4 59 4.5 2.8 2.6 e o
i Y| Min/Max | 2.3/44  32/62 4.1/79 | 5.6/7.9 6.0/9.1 6.1/99 | 7.1/93 64/9.1 3876 | 32/57 L738 19/3.7| 4963
faiinis Average 3.8 32 6.1 0.5 1.3 7.7 7.9 T3 6.0 4.7 3.0 2.9 5.7
Min/Max | 2.4/49 33/6.7 4.1/82 | 55/7.8 5.8/89 58/9.6| 6.8/9.0 6.3/89 3.8/7.7| 33/60 1.7/4.1 2.0/4.1 | 49/63
Latitude +15 | Average | 4.0 54 6.0 6.3 6.9 72 7.4 6.9 58 4.7 3.1 3.1 5.6
= - | Min/Max | 2.5/52 33/69 4.1/82 | 5.2/75 5584 54/90| 64/85 59/85 3.6/75| 3.3/60 1742 2.1/44 | 4.7/62
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
Fiknie Average 4.1 5.4 6.1 0.6 7] 8.2 8.3 T3 6.0 4.7 3. 3i1 39
Min/Max | 2.5/5.2 3.3/6.9 4.1/82 | 5.6/7.9 6.1/93 6.3/10.2| 7.2/9.5 6.4/9.1 3.8/7.7 | 3.3/6.1 1.7/42 2.1/44 | 5.1/6.5
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 2.2 25 9.7 2.9 34 3.7 3.8 34 28 24 1.6 1.7 2.8
Horiz Axis Min/Max | 1.0/3.2 1.0/4.1 1.5/4.1 | 2.0/39 2.1/46 2.1/52 | 2847 2.6/4.6 12/40 Laf35s 0525 LORS | 2133
1-Axis, N-S | Average 1.4 22 29 37 4.5 4.8 5.0 44 3| 2.3 1.2 1.0 3.1
Horiz Axis Min/Max | 0.7/2.0 0.8/3.4 1.6/43 | 2549 29/6.1 2.8/7.0 | 3.7/6.4 34/6.1 14/4.7 1.2/3.3 0.3/1.9 0.6/1.5 | 2.4/3.8
1-Axis, N-S | Average =3 3.2 3.6 4.0 4.5 4.6 4.9 4.6 3.8 3.1 1.8 17 35
Tilt=Latitude | Min/Max | 1.1/3.4 1.2/49 19/54 | 2.7/5.3 29/6.1 2.7/6.7 | 3.6/6.2 35/64 1.6/54 1.6/44 0.6/2.8 1.0/2.6 | 2.7/4.2
9. Axks Average 25 33 36 4.1 4.7 5.0 5.2 48 38 3.1 1.9 1.9 3.7
- Min/Max | 1.2/3.6 1.2/5.0 1.9/54 | 2.7/54 3.0/64 29/72| 3.9/6.6 3.6/6.6 1.655| L7/44 0630 1129|2844
Average Climatic Conditions B —
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
Temperature (°C) -11.8 -8.7 -1.3 T2 14.1 19:1 219 203 15.0 8.6 0.2 -8.4 6.3
Daily Minimum Temp -17.3 -14.6 -6.8 0.8 72 12.4 154 14.0 8.8 2.7 -4.6 -13.2 04
Daily Maximum Temp 6.4 29 4.1 13.6 20.8 25.7 284 26.7 21.1 14.6 4.9 -3.7 12.3
Record Minimum Temp | -38.3 -33.9 -36.1 -13.3 -5.0 12 6.7 39 -39 -11.1 256  -350 | -383
Record Maximum Temp | 11.7 15.0 28.9 AloF 333 372 40.0 394 35.6 3] 21.7 172 40.0
HDD, Base 18.3°C 935 758 609 333 154 33 8 16 107 302 543 830 4628
CDD, Base 18.3°C 0 0 0 0 21 56 120 78 7 0 0 0 282
Relative Humidity (%) 73 73 71 63 63 68 70 73 75 71 76 77 71
Wind Speed (m/s) 40 3.9 4.4 4.6 4.2 4.0 36 34 3.7 39 4.1 40 4.0
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14898

LATITUDE: 44.48° N

+ LONGITUDE: 88.13° W
: ELEVATION: 214 meters
MEAN PRESSURE: 990 millibars
STATION TYPE: Secondary
‘I 4
1961-1990 Average
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Solar Radiation for Flai-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 Lt 2.6 3.7 4.7 5 6.3 = s 3.9 2.7 1.6 L4 3.8
Min/Max | 1.3/20 23/3.0 3.0/4.1 | 42/53 49/68 54/1.1 55/6.6 4.7/63 34/46| 22/30 1.4/1.9 1.1/1.7 | 3.6/4.1
Latitude -15 Average 2.9 3.8 4.6 3.2 5.8 6.1 6.1 5.6 4.7 3.6 24 2.3 4.4
Min/Max | 1.9/3.5 3.0/4.7 3455|4560 4970 5270 54/66 49/69 37/56| 2.6/4.3 1.8/3.3 1.5/3.0 | 4.14.8
T atnils Average 3.3 4.2 4.8 50 54 5.6 5.7 54 4.7 3.8 2.6 2.6 44
Min/Max | 2.1/40 3.2/52 3.5/58 | 43/59 46/65 4.8/64 | 5.1/6.1 4.7/67 3.7/57 | 27/46 1.9/3.7 1.7/35 | 4.0/4.8
§atibde+1% Average 35 43 4.7 4.7 438 4.9 4.9 4.9 4.5 38 27 2.8 42
Min/Max | 2.2/43 3.3/54 34/58 | 40/55 4.1/58 4.1/55| 44/53 43/6.1 3.4/55 | 2.6/47 1.9/3.9 1.8/3.8 | 3.8/4.6
90 Average 34 4.0 4.0 3.2 3.0 28 2.9 3.2 s 20 25 2.7 3.2
Min/Max | 2.1/43 3.0/51 2849|2738 2635 253.1)| 2.63.1 2839 25/42 2239 16/36 1.6/3.8 | 2.8/3.5

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 DPeg | Yedr
0 Average 2.6 38 =] 6.2 T3 8.2 8.1 7.0 54 37 22 2.0 §:
Min/Max | 1.7/3.1 2.847 3.6/62|52/73 6.1/93 66/98 | 7.1/89 060/9.0 4.1/6.6 27146 1629 13/2.6 | 4.6/57
Latitide -15 Average 34 47 5.8 6.6 Y | 8.2 8.2 74 6.0 44 2.8 2.6 5.7
2 | Min/Max | 2.1/42 34/59 4.0/7.2|54/79 6.1/9.6 6.6/99 | 72/9.0 62/96 44/75| 3.0/56 1939 1.7/3.6 | 5.0/6.3
[aAfrTda Average 38 3.0 6.0 6.5 74 7.9 1.2 7.2 6.0 4.6 3.0 29 8.7
Min/Max | 2.3/4.7 3.6/63 4.1/74 | 53(7.8 59/93 6.3/95| 69/87 6.1/94 4.4/7.0 3.1/5.8 2.0/43 1.8/4.0 | 5.0/63
Liifitids +15 Average 3.8 5.1 59 6.3 7.0 7.4 74 6.9 58 4.0 3.1 3:1 3.5
< | Min/Max | 2.4/49 3.7/65 4.0/74|51/75 5688 5889 | 6582 5890 4274 | 3.0/5.8 2.0/4.4 1.9/43 | 48/62
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
T Average 4.0 Al 6.0 6.6 7.8 8.4 8.4 74 6.0 4.6 3 %1 5.9
Min/Max | 2.4/5.0 37/65 4.1/74 | 54/79 62/9.7 6.7/102| 7.3/92 63/9.6 44/76 | 3.1/58 2.1/45 1.9/4.3 | 5.2/6.5
Direct Beam Solar Radiation for Concenirating 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 22 2.6 27 2.9 35 3.9 39 33 28 2 1.6 LT 2.8
Horiz Axis Min/Max | 1.0/3.0 14/3.6 14/3.8|2.1/40 22/50 25/54| 29/45 2.6/50 15/40 133 0728 09926 23/33
1-Axis, N-S Average 1.4 p.A | 2.9 3.7 4.6 532 5:1 44 33 22 12 1.0 3.1
Horiz Axis Min/Max | 0.6/2.0 1.1/3.0 1.5/4.1 | 2.6/49 3.0/6.6 3.4/7.1 3.9/6.0 34/6.6 1.7/47 1.132 0528 Q814 | 2337
1-Axis, N-S | Average 23 3.1 3.6 4.0 4.6 49 5.0 4.6 38 29 1.8 1.8 35
Tilt=Latitude | Min/Max | 1.1/3.3 1.6/4.3 1.8/5.0 | 2.8/54 3.0/65 32/68 | 3.7/58 35/68 2.0/5.5 1.5/42 0.8/3.1 1.0/2.8 | 2.8/4.2
9. AREE Average > 3.1 3.6 4.1 4.8 53 5.3 47 38 3.0 1.9 1.9 372
Min/Max | 1.1/3.5 1.7/4.4 1.8/5.0 | 2.8/55 3.1/69 35/74 | 40/63 3.67.0 2.0/56| 1543 0932 L1130 | 2.9/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.8 -T.6 -1.1 6.7 13.1 18.1 209 19.5 15.0 8.9 13 -6.6 6.6
Daily Minimum Temp -14.6 <125 -5.9 JA 6.5 119 14.9 13.8 53 3.6 -2.9 -10.8 1.2
Daily Maximum Temp -5.1 2.7 3.6 12.2 19.6 24.2 26.9 253 20.6 14.1 5.6 24 11.8
Record Minimum Temp | -35.0 -32.2 -33.9 | -139 -6.1 0.0 4.4 33 4.4 -9.4 228  -32.8 | -350
Record Maximum Temp | 10.0 12.8 250 37 328 36.7 32 372 35.0 31.1 232 16.7 37.2
HDD, Base 18.3°C 873 727 603 350 177 52 9 24 105 293 510 772 4494
CDD, Base 18.3°C 0 0 0 0 13 43 91 60 5 0 0 0 212
Relative Humidity (%) 74 74 73 67 66 69 71 75 76 74 4 77 13
Wind Speed (m/s) 4.8 4.6 4.8 4.9 4.4 4.0 33 34 38 4.2 4.6 4.6 43
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La Crosse, WI N

WBAN NO. 14920

Variability of Latitude Fixed-Tilt Radiation

LATITUDE: 43.87° N
LONGITUDE: 91.25° W

ELEVATION: 205 meters
MEAN PRESSURE: 992 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?#/day)

——— 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 2 e 4.7 b b3 6.2 54 4.0 2.8 1.7 1.4 39
Min/Max | 1.4/2.1 2330 3.044|4.1/54 49/65 56/73| 53/67 48/62 34/48 | 24/32 1.4/20 1.2/1.7 | 3.6/4.2
Fatitids <15 Average 29 3.9 4.6 52 5.8 6.1 6.2 5.8 48 3.8 26 23 45
Min/Max | 2.0/3.8 2.9/45 3.5/58 |44/62 50/67 54/72| 52/68 50/6.8 3.7/60| 3.0M45 1.7/3.1 1.8/3.0 | 4.1/49
bt Average 3.3 4.3 4.8 5.0 4 5.6 5.8 i) 4.8 4.1 2.8 2.6 4.5
Min/Max | 2.2/45 3.1)49 35/6.1 | 43/6.0 4.7/62 50/66| 4.8/63 48/65 3.7/6.1| 3.1/49 1.8/3.5 2.0/35 | 4.0/5.0
Latitide #15 Average 3.6 4.4 4.7 4.7 4.8 4.9 5.0 5.0 4.6 4.1 29 2.8 43
‘ Min/Max | 2.3/4.9 3.1/52 3.4/6.1 | 3.9/5.6 42/55 4.3/57 | 42/54 43/59 34/58 | 3.0/49 1837 2.1/38 | 3.8/4.7
90 Average 3.5 4.1 % 1) 32 29 2.8 2.9 i 34 34 2.6 2y 32
Min/Max | 2.2/48 29/49 2751|2738 2532 2531| 2531 2837 2543| 2541 1535 19/3.7|28/35
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 2.7 39 =1 6.2 73 8.2 82 1.2 3.3 39 2 2.0 52
Min/Max | 1.8/3.5 2845 36/65|5.177 60/89 638/10.0( 67/93 6.1/8.8 4.0/69 | 3.0/4.7 1.5/29 -1.5/2.6 | 4.6/5.9
Tatitide -15 Average 3.9 4.8 5.8 6.6 7.6 8.2 8.3 7.6 6.1 4.7 3.0 7 5.7
Min/Max | 2.3/47  3.3/57 4.0/7.5 | 5.4/83 62/9.1 6.810.1| 67/95 6.3/93 43/7.8 | 3557 1838 2.0/36 | 5.0/65
Tatithes Average 3.9 | 55 6.5 7.4 7.9 8.0 74 6.1 4.9 32 3.0 5.8
Min/Max | 2.4/5.3 34/6.1 4.0/7.7 | 5.3/83 6.0/88 659.7| 64/9.1 6292 43/79 | 3.6/6.0 1.9/4.1 2.2/4.0 | 5.0/6.5
Latituds +15 Average 4.1 5.2 59 6.2 7.0 T3 i 7.1 59 4.9 33 3.1 5.6
Min/Max | 2.5/5.6  3.5/6.2 3.9/7.7 | 5.1/7.9 5.6/83 6.1/9.1 | 6.0/8.6 5988 4.1/78 | 3560 1943 23/42 | 48/64
B 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 Pep | Year
Tolxis Average 4.1 5.2 6.0 6.6 79 8.4 8.5 7.6 6.1 4.9 3.3 32 6.0
& Min/Max | 2.5/5.6 3.5/6.2 4.1/7.7 | 5.4/84 63/92 7.0/104| 68/9.6 6.4/94 4379 | 3.6/6.1 1943 2343 | 52/67
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 23 2.8 2.9 35 3.9 4.0 35 29 2.6 1.8 1.8 29
Horiz Axis | Min/Max | 1.1/3.5 1139 1539 | 2.1/44 2447 2.7/54| 27148 2.6/50 15/44 | 1635 0725 1127|2235
1-Axis, N-S Average L5 23 3.0 37 4.6 5:1 s 0. 4.6 34 24 13 L1 32
Horiz Axis Min/Max | 0.7/23 0.9/3.3 1.5/4.3 | 2.6/5.6 3.1j62 3.5(7.1 3.6/6.5 3.4/6.5 1.8/5.2 15/3:3 05/1:8 Q717 | 2:5/39
1-Axis, N-§ | Average 24 3:2 3.6 4.0 4.6 4.8 5 4.8 39 3.2 2.0 1.8 36
Tilt=Latitude | Min/Max | 1.2/3.8 1.3/4.6 1.9/5.2 | 2.8/6.1 3.1/6.2  3.4/68 3.5/6.3 3.6/6.8 2.0/6.0 1.943 0328 1.1/28 | 2.8/44
S Als Average 2.6 33 33 4.1 4.9 5:3 54 4.9 39 %3 2.1 2.0 38
Min/Max | 1.3/4.1 14/48 1952|2962 3.3/65 3.7/74| 3.7/67 37/70 2.0/60 | 2044 0830 12/3.0]|29/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -9.8 -6.7 0.4 8.7 153 203 23.1 21.6 16.6 10.1 2.0 -0.5 75
Daily Minimum Temp -14.8 -12.2 -4.7 2.8 8.9 13.9 16.8 15.5 10.7 4.0 24 -10.8 24
Daily Maximum Temp -4.7 -1.3 5.6 14.7 21.6 26.6 29.2 276 224 157 6.3 22 13.4
Record Minimum Temp | -38.3 -37.8 -33.3 -13.9 -3.3 2.8 0.6 4.4 -2.2 -10.0 -22.8 -34.4 -38.3
Record Maximum Temp | 13.9 17.8 28.9 339 34.4 38.9 40.0 40.6 378 33.9 239 17.8 40.6
HDD, Base 18.3°C 872 702 554 288 122 20 4 9 3 258 490 770 4162
CDD, Base 18.3°C 0 0 0 0 28 78 150 109 19 0 0 0 384
Relative Humidity (%) 73 72 71 64 65 70 72 75 77 71 75 77 72
Wind Speed (m/s) 39 3.7 4.1 4.4 4.0 37 3.4 33 3.6 3.9 4.1 38 38
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Monthly Radiation (kWh/m?/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

Madison, Wi

WBAN NO. 14837

LATITUDE: 43.13° N

LONGITUDE: 89.33° W
ELEVATION: 262 meters
MEAN PRESSURE: 985 millibars

STATION TYPE: Primary

0 : : —
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Solar Radiation for Flai-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 2.8 3.7 4.7 5.8 6.4 6.2 54 4.1 2.8 1 1.5 35
Min/Max | 1.3/22 22/32 3.0/43 | 39/54 43/70 5.6/73 | 56/7.0 44/62 34/47 | 22/35 12122 1.0/1.9 | 3.5/4.3
Latitide =15 Average 3.0 3.9 4.5 §:1 5.8 6.2 6.2 5.7 4.8 3.8 i3 23 4.5
Min/Max | 1.8/3.8 2.6/45 3.4/56 | 4.1/6.0 4.4/7.1 54/7.2 | 55/7.0 47/6.8 3.8/57 | 2.8/50 1.6/3.4 1.6/3.2 | 3.9/4.9
Latitids Average 34 4.3 4.7 5.0 3.5 a7 5.8 39 4.8 4.0 2.8 2.6 4.5
Min/Max | 1.9/44 27/50 34/58 | 4.0/59 4.1/67 50/6.6 | 51/65 45/65 3.8/57 | 29/54 1.7/3.8 1.8/3.7 | 3.8/4.9
Tatitude +1% Average 3.6 4.4 4.6 4.6 4.8 49 5.0 5.0 4.6 4.0 29 2.8 43
Min/Max | 2.0/48 2.7/53 3.3/58 | 3.6/5.5 3.77/59 4.3/57 | 44/57 4.0/59 3.6/55]| 28/54 1741 18/4.0 | 3.5/4.7
90 Average 3.5 4.0 3.7 32 29 2.8 2.9 < 34 33 2.6 270 32
Min/Max | [.8/4.7 24/49 2847|2537 2334 2.5/3.1 2.6/3.2 2.6/3.7 2.6/40 | 2.3/4.6 14/3.7 1.7/4.0 | 2.6/3.5
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 23 3.9 5.0 6.1 74 8.1 7.8 7.0 54 3.9 23 2.0 5.1
Min/Max | 1.5/3.5 25/46 3.5/63 | 46/75 5092 68/94 | 6893 52/85 42/6.6| 2.8/53 1.4/3.2 1.4/2.8 | 42/5.7
Tatituda 13 Average 35 4.8 5.6 6.5 75 8.1 8.0 73 6.0 4.6 2.9 7 5.6
< | Min/Max | 1.9/47 28/58 3.8/73 | 48/80 5.1/94 6.8/94 | 68/94 54/90 4.6/74 | 32/64 1.7/42 1.8/3.8 | 4.5/6.3
Y atitnia Average 3.9 5.0 5.8 6.4 4 7.8 T 71 6.0 4.8 32 3.0 57
Min/Max | 2.1/5.2 3.0/6.2 3.9/75 | 4.7/80 4992 6.5/9.0 | 6.6/91 53/8.8 4.6/74 | 33/6.7 1.8/45 1.9/42 | 45/63
Latitude +15 Average 4.0 5.2 5.7 6.1 6.8 72 7.2 6.8 58 4.8 332 &l 3.5
Min/Max | 2.1/5.5 3.0/6.3 3.8/74 | 44/77 46/86 6.1/84 | 6.1/85 4984 44/72 | 3.3/6.7 1.8/4.7 1.9/45 | 4.3/6.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Unceriainiy £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 Ais Average 4.1 52 5.8 6.5 7.6 8.3 8.2 Fis, 6.0 4.8 3:3 32 5.9
Min/Max | 2.1/5.6  3.0/6.3 39/75 | 4.8/8.1 51/96 6996 | 7096 54/90 4.6/74 | 3.3/68 1847 20/4.6 | 4.6/6.5
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 23 2.6 2.6 2.8 33 34 3.6 32 2.7 Y ol 1.7 1.7 2.7
Horiz Axis Min/Max | 0.8/3.5 08/3.9 1.2/4.1| 1.64.0 1.7/48 2548 | 2.6/48 1845 1.7/38 | 14/39 07728 0726 | 1.8/33
1-Axis, N-§ | Average 15 i 2.8 335 44 4.8 47 4.0 32 23 = il 3.0
Horiz Axis Min/Max | 0.5/2.3 0.6/34 12/44 | 1.9/52 21/64 3.2/63| 33/63 20/58 2.0M4.5 1.4/3.8 0.5/2.1 04/1.6 | 1.9/3.6
1-Axis, N-S | Average 24 2l 3.4 38 43 4.6 4.5 42 4 3.0 1.9 1.8 34
Tilt=Latitude | Min/Max | 0.8/3.8  0.9/4.7 1558 | 2.UY86 ZAe30 S| Zael Llled 23152 1.8/5.0 0.8/3.2 07/2.7 | 2.1/4.1
% Rocis Average 2.6 31 34 39 4.6 5.0 4.9 43 3.7 34 2.0 2.0 3.5
" Min/Max | 0.9/4.1  09/49 1.5/54 | 21/56 23/66 33/65 | 34/66 22/62 23/52 | 18/50 0833 0.8/30 | 2243
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -89 -6.3 0.2 74 13.6 19.0 21.7 20.2 154 9.4 1.9 57 73
Daily Minimum Temp -13.8 -11.6 -5.0 1.2 6.8 12.3 153 13.8 9.0 7] -2.9 -10.3 1.5
Daily Maximum Temp -4.0 -1.1 53 13.7 20.5 257 28.0 26.4 219 155 6.7 -12 13.1
Record Minimum Temp | -38.3 -333 -33.9 | -17.8 73 -0.6 2.2 177 -3.9 -10.6 239 317 | -383
Record Maximum Temp 13:3 16.1 27.8 34.4 31.9 383 40.0 389 373 322 244 16.7 40.0
HDD, Base 18.3°C 844 691 563 327 163 38 7 21 93 277 493 746 4263
CDD, Base 18.3°C 0 0 0 0 17 58 110 78 7 0 0 0 269
Relative Humidity (%) 74 73 Tl 66 66 68 71 74 717 73 77 78 73
Wind Speed (m/s) 4.6 4.5 4.9 5.0 4.3 4.0 3.6 3.4 38 4.2 4.6 4.5 4.3
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9
m Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14839

LATITUDE: 42.95° N
LONGITUDE: 87.90° W

ELEVATION: 211 meters
MEAN PRESSURE: 991 millibars

STATION TYPE: Secondary

Maonthly Radiation (kWh/m?2/day)

4t
A M

1961-1990 Average

1

J

Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day). Uncertainiy +9%

Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov e || Tear
0 Average 1.8 2.6 3.5 4.6 5.8 64 6.3 54 4.1 2 1.8 1.4 4.9
Min/Max | 1.4/2.1 22/3.0 3.2/39 | 39/52 49/6.8 3.6/74| 56/6.8 47/6.1 3548 | 24/3.3 1.4/21 1.2/1.7 | 3.714.2
Latitude -15 | Average | 2.8 3.6 4.3 5.1 5.9 6.2 6.3 538 4.9 3.8 2.5 2.2 45
¢ ~ | Min/Max | 1.9/34 2.7/4.2 3.7/49 | 42/58 49/70 54/73 | 5.6/6.8 49/6.6 39/58 | 3.0/4.6 1.7/3.5 1.7/3.1 | 4.1/4.8
Tttt Ayerage 32 39 b 4.9 o o 5.8 5.6 4.9 4.0 2.8 2.5 4.5
Min/Max | 2.1/4.0 2.8/47 3.8/5.1 | 40/57 46/6.6 5.0/6.7| 52/63 4764 3859 | 3.2/49 1.8/4.0 1.8/3.6 | 4.0/4.8
Latitude +15 Average 34 4.1 44 4.6 4.9 5.0 5.1 5.0 4.7 4.0 29 2.7 4.2
¢ Min/Max | 2.2/43 2849 3.7/50 | 3.7/53 4.0/5.8 43/57 | 4555 4358 3.657| 3.1/50 1.8/42 1.93.8 | 3.8/46
90 Average 2.3 357 35 3.1 2.5 27 L 32 34 33 2.6 2.6 3.1
Min/Max | 20/41 24850 9Rl0 | 25E5 2533 P50 ) 2R 2T IeMa | EsMa Kspme 1gRy | 294
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 2.6 3.6 4.7 6.0 T8 8.2 83 7.2 5.6 39 &3 2.0 52
Min/Max | 1.7/3.1 2.6/4.3 39/55 | 4.8/6.9 5.9/9.2 6.8/10.0| 7.3/9.1 6.0/8.6 4.3/6.8 | 3.2/4.8 1.6/3.3  1.4/2.6 | 4.7/5.7
Latitude -15 | Average 3.3 44 5.3 6.4 7.6 8.3 8.4 7.6 6.2 47 29 2.6 5.6
Min/Max | 2.1/4.1  3.0/53 43/63 | 5.1/74 6.0/9.5 6.8/10.1| 7.3/9.3 6.3/9.0 47/76 | 3.6/58 18/43 18/3.6 | 5.0/6.3
Latitids A_Verage 37 4.6 54 63 74 19 8.1 74 6.2 4.9 32 2.8 57
Min/Max | 2.3/4.6  3.1/56 4.4/64 | 5.0/7.3 58/92 6597 | 7.1/89 6.1/89 4.7/7.7 | 3.7/6.1 1.9/47 2.0/4.1 | 5.0/6.3
I atttinds +15 Average 3.8 4.7 54 6.0 6.9 74 7.6 i g8 | 0.1 4.9 3.3 3.0 55
Min/Max | 2.4/48 3.1/57 4.3/63|48/7.0 54/87 6.1/9.1 | 66/84 5885 45/75]| 3.7/6.1 1949 2.1/4.3 | 4.8/6.1
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
2 Agis Average ) 4.7 3.5 6.4 T 8.5 85 7.6 6.3 4.9 3.5 3.0 39
] Min/Max | 2.4/49 3.1/58 44/64 |51/74 6.1/96 7.0/104| 75094 63/9.1 47777 | 3.7/6.1 1949 2.1/4.4 | 5.2/6.5
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 2.1 .3 24 2.8 33 4.0 4.0 35 3.0 .5 L7 1.6 2.8
Horiz Axis Min/Max | 1,1/2.9 1.0/34 1532|1936 2249 2855 3.1/49 2545 1841 VEEST CDTET 92|22
1-Axis, N-S Average 1.4 18 26 35 4.6 a2 5.3 4.6 3.5 24 13 1.0 &
Horiz Axis Min/Max | 0.7/1.9  0.9/3.0 1.6/3.5 | 2.5/44 29/64 37/72 | 4.1/6.3 3.3/59 22/438 15133 0522 06/1.8 | 2.5/3.7
1-Axis, N-S | Average o 2.8 33 38 4.5 49 il 4.7 4.0 3.1 1.9 17 i
Tilt=Latitude | Min/Max | 1.1/3.1 1.2/4.1 20/43 | 2.6/48 29/63 35/69 | 3.9/6.1 34/6.1 2555 | 2043 08/34 0930 2.8/4.2
Jhxis Ayerage 24 2.8 33 3.8 4.8 33 b 4.9 4.0 32 2.0 1.8 a7
- ) Min/Max | 1.2/3.3 1.3/42 2.0/43 | 2.7/48 3.0/6.7 3.8/75 | 42/6.6 3563 25/56| 2.0/44 08/3.6 1.0/33 | 29/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.3 -5.0 0.7 6.9 12.6 18.3 21.6 20.7 163 10.2 32 4.2 7.8
Daily Minimum Temp -11.3 -8.9 32 2 71 12.8 16.7 16.0 1.6 54 0.7 -8.1 3.3
Daily Maximum Temp -3.3 -1.1 4.7 116 17.9 23.8 26.6 254 21.4 14.8 7.1 -0.4 12.4
'Record Minimum Temp | -32.2 -28.3 2233 | -111 -6.1 0.6 4.4 6.7 22 -7.8 -206  -289 | -322
Record Maximum Temp 16.7 18.3 27.8 328 33.9 383 38.3 394 36.7 317 25.0 172 39.4
HDD, Base 18.3°C 794 653 546 343 188 46 8 15 68 253 455 699 4069
CDD, Base 18.3°C 0 0 0 0 9 46 109 89 13 0 0 0 206
Relative Humidity (%) T2 72 71 69 68 70 72 75 75 72 75 76 =
Wind Speed (m/s) 53 5.3 55 85 49 46 43 42 45 5.0 5.3 53 5.0
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