Alpena, MI

WBAN NO. 94849

LATITUDE: 45.07° N

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 83.57° W 4
ELEVATION: 210 meters
MEAN PRESSURE: 990 millibars

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%

Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year \

0 Average 1.6 2.0 37 4.7 5:7 6.2 6.1 5.1 3.8 235 L.5 12 37
Min/Max | 1.4/1.8 22/29 3.1/43 | 40/53 4.7/6.6 54/72 | 55/68 45/58 3.044 | 2228 1.2/1.8  0.9/1.4 | 3.6/3.9

{afitude-15 Average 23 3.6 4.7 32 5.8 6.1 6.1 535 45 33 2.1 1.8 4.3
Min/Max | 2.0/3.0 3.043 3.7/55 | 43/6.1 48/68 52/7.1 | 55/6.8 47/63 33/56| 2.639 1530 1.1/23 | 4.1/45

Lafitude Average 2.8 3.9 4.9 5.1 54 B 37 33 4.5 35 23 2.0 4.2
§ Min/Max | 2.2/34 3.2/48 3.8/58 | 42/6.0 44/64 48/64 | 51/63 45/6.1 32/57| 27142 1.6/3.3 1.2/2.6 | 4.0/4.5

Latitude €15 Average 29 4.0 49 4.7 4.8 4.8 49 4.8 4.3 35 23 2.1 4.0
& Min/Max | 2.3/3.7 3.3/50 3.7/5.8 | 3.8/57 3.9/57 4.1/56| 44/55 4.1/55 3.0/55| 2642 1635 1228|3843

90 Average 2.9 38 4.2 34 3.0 2.8 29 Sl 32 29 2:1 29 3.0
Min/Max | 2.2/3.6 3.0/4.7 30/5.1 | 2742 2534 2531| 2732 2736 2242 | 21/35 14/32 1128 | 2.833

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 3.6 52 6.3 7.6 8.2 8.2 70 e 34 1.9 1.6 5.0
Min/Max | 1.8/2.8 28/43 4.0/6.1 | 5.0/74 5892 6.8/100( 7.1/93 5984 35/65 | 2.6/4.1 1.4/2.7 1.0/2.0 | 4.7/54

Patitnde =15 Average 29 43 6.0 6.8 1.8 8.2 8.4 74 53 4.0 24 2.1 55
“ | Min/Max | 2.2/3.7 3.4/54 45/7.1 | 5.3/8.1 5.9/9.6 6.8/10.1| 7.2/95 6.2/89 38/74 | 3.0/49 1:6/3:6 1227 | 52/59

it A Average 3:1 4.6 6.1 6.7 =5 79 8.1 72 58 4.2 Z5 22 55
Min/Max | 2.4/40 3.6/57 4.6/73|52/81 57093 6.697| 7.0/92 6.0/8.8 3.8/75| 3.0/52 1738 1.2/2.9 | 51/59

Latitnde £15 Average 3.3 4.7 6.1 6.4 7.1 74 7.6 6.9 5.6 42 2.6 23 54
Min/Max | 2.542 3.6/58 45/73|4978 5488 6.1/9.1 | 65/86 57/84 3.6/73| 3.0/5.2 1.7/4.0 1.3/3.1 | 5.0/5.7

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

BeAis A_verage 33 4.7 6.1 6.8 7.9 85 8.6 7.4 5.8 42 2.6 2.4 3.9
Min/Max | 2.5/42 3.6/58 4.6/73 | 5.3)8.1 6.0/9.7 7.0/104| 74/9.7 62/9.0 3.8/75| 3.0/5.2 L, 13031 | 53061
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day). Uncertainty £8%

I Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, B-W | Average 15 2.1 2.7 3.1 37 4.0 4.1 34 23 2.1 12 1.0 2.6
Horiz Axis Min/Max | 0.8/2.3 1.4/2.8 1.9/35 | 20d.00 =253 2756 | F250 25406 1.3/4.1 1.0/28 0.6/2.4 04/1.5 | 2.3/3.0
1-Axis, N-S | Average 1.0 L7 29 39 4.9 53 53 45 3.2 1.9 0.9 0.6 3.0
Horiz Axis Min/Max | 0.5/1.5 1.1/24  2.0/4.0 | 2.5/5.1 2.9/6.9 3.7/74 | 42/6.6 3.3/6.1 1.6/48 10/27 0418 03/1.0| 2.7/35
1-Axis, N-S§ | Average 1.6 25 3.6 43 49 Sl 553 47 37 2.6 L4 1.0 34
Tilt=Latitude| Min/Max | 0.9/2.5 1.6/34 25/48 | 27/56 29/68 35/7.1 | 4.1/64 34/64 1856 | 13/3.6 07/27 04/1.6 | 3.0/3.9
oy AL Average 17 25 3.6 43 53 55 57 49 37 2.6 351 L1 35

Min/Max | 0.9/2.7 1.6/35 2548|2856 3.0/72 3.8/77| 4468 35/66 18/56| 1336 0828 05/1.8][3.1/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year

Temperature (°C) -8.0 =7.6 -2.2 49 11.1 16.3 19.5 18.2 14.1 8.3 21 -4.6 6.0
Daily Minimum Temp -12.9 -132 -7.8 -1.1 4.0 859 12.2 114 79 2.8 -2.0 -8.6 0.2
Daily Maximum Temp -3.1 2:1 3.3 10.9 182 23.6 26.8 249 20.2 13.8 6.1 -0.6 11.8
Record Minimum Temp | -33.3 -38.3 ~32.8 -17.8 -6.7 22 1il =11 -39 -8.9 =183 -27.8 -38.3
Record Maximum Temp | 111 183 24.4 322 344 36.7 38.9 389 34.4 31 24.4 18.3 38.9
HDD, Base 18.3°C 816 727 637 402 228 81 24 44 132 312 488 711 4602
CDD, Base 18.3°C 0 0 0 0 4 19 60 41 3 0 0 0 128
Relative Humidity (%) 76 73 72 67 66 70 ¥ 76 78 76 78 79 3

@nd Speed (m/s) 4.1 39 4.2 4.2 3.8 3:5 33 Fed %3 3.0 4.0 3.9 3.8
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Variability of Latitude Fixed-Tilt Radiation m
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s
g WBAN NO. 94847
2 ’
=, LATITUDE: 42.42° N
] + LONGITUDE: 83.02° W
S : ELEVATION: 191 meters
ot MEAN PRESSURE: 992 millibars
=
2 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%
T Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.6 23 34 4.6 5.6 6.2 6.1 3.3 4.1 2.8 1t 1.3 38
Min/Max | 1.3/19 2.1/3.2 3.1/4.0 | 3.6/52 4.6/6.5 55/7.3| 57/68 4.6/6.1 3547 | 22/34 1321 11/1.5 | 3.6/40
Latitade 18 Average 2.4 33 4.1 5.0 57 6.1 6.1 5.6 4.8 3.7 2.4 1.9 43
Min/Max | 1.8/29 2.7/46 3.5/5.1 | 3.7/58 4.6/6.7 54/72 | 56/68 4.8/6.6 3.9/56| 2.6/47 1533 1425 |4.0/45
Tt Average 2.9 3.6 42 4.9 54 5.6 5.6 54 4.8 39 2.6 2.1 4.2
e Min/Max | 1.9/3.3 2.8/5.1 3.6/53 | 3.6/57 43/62 49/66 | 52/63 45/63 3957 | 2.7/5.1 1.6/3.7 1.5/2.8 | 4.0/4.5
T ki 15 Average 2.8 31 4.1 4.5 4.8 4.9 4.9 49 4.6 39 2.6 e 4.0
] Min/Max | 2.0/3.5 2.8/54 3.5/52 | 3.3/53 3.8/55 43/57| 4.6/55 4.1/58 37/55| 26/5.1 1.5/3.8 1.6/3.0 | 3.7/42
90 Average 2.6 43 82 3.0 2.8 2.7 2.8 3.1 33 32 29 2.0 29
Min/Max | 1.8/3.4 25/50 2.7/41]22/36 23/3.1 25/3.0 | 2.6/3.0 26/3.6 26/40| 2.1/42 1.3/35 1429 | 2.713.1

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 232 3.3 4.5 59 7.2 8.0 7.9 6.9 3.3 3.8 2.2 1.7 49
Min/Max | 1.6/27 2.6/4.6 3.8/57 | 43/7.1 56/9.0 67/98 | 7.1/9.1 5883 43/64 | 2.6/50 1.4/3.1 12722 | 4.6/53
Laitude -15 Average 2.8 4.0 50 6.3 74 8.0 8.0 T3 6.0 4.5 27 2.1 3.3
2 Min/Max | 1.9/3.5 3.0/57 4.1/65 | 44/75 57/92 6.7/98 | 7.2/93 6.0/88 47/72| 3.0/59 1.640 1529|4958
Tatibaie Average 3.0 42 5.1 6.2 Tl 7 | 7.9 7.1 6.1 4.7 28 2.3 3.3
Min/Max | 2.0/3.8  3.2/6.1 4.2(6.6 | 4.3/75 55/89 64/9.4 | 6.9/90 58/86 4.7/73 | 3.0/62 1.6/4.3 1.6/3.2 | 49/5.8
Latituds 1% Average 31 4.3 5.0 5.9 6.7 Tl 7.2 6.8 28 4.7 29 24 3.2
Min/Max | 2.1/40 3.2/63 4.1/6.6 | 4.1/72 51/84 59/88 | 64/84 35582 45/7.1 3.0/6.3 1.6/44 1.7/3.3 | 4.8/5.6
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
DK Average 3.1 43 5.1 6.3 735 8.2 8.2 T3 6.1 4.7 3.0 24 5.5
= A Min/Max | 2.1/40 3.2/6.3 4.2/6.7 | 45/7.6 58/9.3 6.8/10.1| 7.3/94 6.0/8.8 4.7/7.3 | 3.0/6.3 1.6/44 1.7/34 | 5.1/6.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m2/day). Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 1.5 2.0 o 2] 27 3.2 3.7 36 32 2.8 23 15 1.1 25
Horiz Axis Min/Max | 0.9/2.1 1.2/3.3 1.2/35 | 1.2/3.6 20/4.6 26/51 | 2.9/46 23/44 1737 1.1/35 0426 0.6/1.9 | 2.2/29
1-Axis, N-S | Average 1.0 1.7 24 34 43 4.8 4.8 4.2 33 23 1.1 0.7 2.8
Horiz Axis Min/Max | 0.6/1.4 BT 1.4/3.8 | L.7/46 27/62 34/67 | 39/62 3.1/57 2043 1.0/34 03/20 04/1.2 | 25/33
1-Axis, N-S | Average 1.6 24 29 37 42 4.6 4.6 4.3 37 29 1.7 1.2 3.2
Tilt=Latitude | Min/Max | 1.0/23 14/3.9 1.6/4.6 | 1.8/49 26/6.1 3.2/64 | 3.7/59 32/59 2349 | 13144 0530 0620|2736
9. K Average 1.8 2.5 29 37 4.4 50 5.0 45 3.8 3.0 37 13 3.3
% Min/Max | 1.0/2.5 1.4/40 1.6/46 | 1.8/5.0 2.8/64 3.5/69 | 4.0/6.4 3.3/6.1 23/49| L4445 0573.1 0722|2938
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 5.1 -3.7 2 85 14.7 19.8 224 214 17.3 10.7 4.6 2.1 9.2
Daily Minimum Temp 9.1 -8.0 -2.8 27 8.4 135 16.3 15.3 11.4 4.9 0.1 -5.9 3.9
Daily Maximum Temp -0.9 0.7 6.9 14.3 20.9 26.1 28.5 274 23.3 16.4 8.9 1.8 145
Record Minimum Temp | -29.4 -26.1 -20.0 | -12.2 -3.9 22 5.0 3.3 -1.7 -8.3 -12.8  -233 | -294
Record Maximum Temp | 16.7 18.3 272 % e 33.9 40.0 38.9 37.8 36.7 328 25.0 20.0 40.0
HDD, Base 18.3°C 735 616 504 295 135 21 0 9 57 242 413 632 3649
CDD, Base 18.3°C 0 0 0 0 21 64 128 103 27 4 0 0 348
Relative Humidity (%) ik | 73 70 66 65 67 69 12 73 72 75 77 71
Wind Speed (m/s) 54 5.1 53 52 46 42 3.8 37 3.9 4.4 5.0 31 4.6
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Flint, Ml

WBAN NO. 14826

LATITUDE: 42.97° N

LONGITUDE: 83.73° W
ELEVATION: 233 meters
MEAN PRESSURE: 988 millibars

STATION TYPE: Secondary

Monthly Radiation (KWh/m-/day)

7

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £8%

A 'S O N DY

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.6 2 34 4.6 5.0 6.1 6.0 §-2 4.0 2.7 1.6 1.3 3.7
Min/Max | 1.4/1.8 2.1/3.0 3.1/40 | 3.5/5.1 4.6/6.6 52/6.9 | 54/66 4563 3.3/46| 2433 1320 LI/16|3.639
Lattride 15 Average 22 33 4.1 5.0 5.0 6.0 6.0 5.6 4.7 35 22 1.8 4.2
Min/Max | 1.8/28 2.6/44 3.6/5.0| 3.7/5.7 4.6/68 5.1/68 | 54/66 47/68 3.7/55| 29/45 14/31 1425 | 4.0144
Latitide Average 26 3.6 4.2 4.8 53 3.5 5.5 53 4.7 37 24 2.0 4.1
Min/Max | 2.0/32 2.8/48 3.7/52 | 3556 42/64 47/62 | 5.0/62 45/66 3.6/56| 3049 1535 1529 3.9/44
Latiside 415 Average 27 3.7 4.1 4.5 4.7 4.7 4.8 4.8 4.5 3.7 25 21 39
Min/Max | 2.0/3.4 2.85.1 3.6/51|32/52 3856 4.1/54| 44/54 4.1/59 34/54 | 29/49 14/36 1.53.1|37/42
90 Average 26 33 5.9 3.0 2.8 227 2.8 £ | 5.3 3.0 22 2.0 2.8
Min/Max | 1.9/3.3 2447 2.8/41 | 22/36 23/33 2429 | 2530 2637 2440 24/41 1.1/3:3 13030 | 25/3.1
Solar Radiation for 1-Axis Tracking Flai-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 21 33 4.5 59 | 7.8 7.8 6.9 5.3 3.6 2:1 1.6 4.9
Min/Max | 1.6/25 2.5/43 3.8/5.6|42/69 55090 62/92| 6989 5.688 40/64 | 2847 13730 12022 4652
Lativide -15 Average 1.7 4.0 5.0 6.3 7.3 7.8 19 Tk 3.9 4.3 25 2.0 52
Min/Max | 2.0/33 2.9/53 42/64 | 44/74 55/93 62/93| 7.0/9.0 5893 4372 3.2/57 1538 L1529 49/56
Lafiide Average 2.8 42 5.1 G2 7.1 75 7.6 7.0 5.9 4.4 2.7 Z:2 52
Min/Max | 2.1/3.6  3.0/57 4.3/6.6 | 43/73 53/9.0 5989 | 67/87 57/9.1 43/73 | 3359 15/41 1.5/3.2 | 49/5.7
Latitude +15 Average 30 43 = | 5.9 6.6 7.0 i 6.7 57 4.4 28 Z3 5l
“ | Min/Max | 2.2/3.8 3.0/59 4.2/65|4.1/70 50/85 5583 63/82 5487 4.1/7.1 3.3/6.0 1.5/42 1.6/34 | 47/55
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
oA i Average ol 4.3 5.1 6.3 74 8.0 8.1 72 6.0 4.5 2.8 23 54
EEs Min/Max | 2.2/3.8  3.159 43/6.6 | 44/74 56/94 6495 | 7.1/92 5893 43/73| 33/60 1542 1635|5058
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 14 1.9 22 2.6 3.2 3.5 36 32 2 22 15 1.0 2.4
Horiz Axis | Min/Max | 0.8/1.9 1029 1434 | 1.2/35 1847 22/4.6 | 29/44 2348 1536 | 1334 03725 0419|2127
1-Axis, N-S | Average 1.0 1.6 24 34 42 4.6 4.7 4.1 32 2:1 1.0 0.6 23
Horiz Axis Min/Max | 0.5/1.2 0.8/24 1.6/3.7 | 1.7/44 24/62 29/60| 3.9/58 3.0/62 1843 | 1233 02/1.9 0312 | 2.4/3.1
1-Axis, N-S | Average 15 A3 29 3.6 4.1 4.4 406 43 3.6 2.7 1.5 1.1 3.0
Tilt=Latitude | Min/Max | 0.9/2.0 1.2/34 19/45 | 1.8/4.8 24/6.1 2.8/57 | 37/56 3.0/64 2.1/49 1.6/43 0.3/2.8 04/2.0 | 2.7/35
2 Asis Average 1.6 24 29 3.7 44 4.7 49 44 3.7 27 15 12 3.2
= Min/Max | 0.9/2.1 1.2/3.5 1.9/45| 1.8/49 25/65 3.0/62| 40/6.0 3.1/6.6 2.1/49 | 1.6/43 0329 05/2.1 )| 2.83.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -5.8 4.7 1A 7.8 13.8 18.8 214 20.3 16.3 10.1 4.1 2.7 8.4
Daily Minimum Temp 9.9 9.1 3.6 2.2 7.6 12.6 15.4 14.4 10.6 4,7 0.1 -6.3 3.2
Daily Maximum Temp -1.8 -0.4 5.7 1373 20.0 249 275 26.2 220 154 8.1 1.0 135
Record Minimum Temp | -31.7 -30.0 244 | -144 -5.6 0.6 4.4 2.8 3.3 -7.2 -144 244 | -317
Record Maximum Temp | 15.6 172 25.6 30.6 339 383 383 36.7 339 3L7 244 194 38.3
HDD, Base 18.3°C 749 646 534 317 162 36 6 14 76 260 427 651 3877
CDD, Base 18.3°C 0 0 0 0 21 51 102 76 16 3 0 0 268
Relative Humidity (%) 75 73 70 66 66 68 70 yis: 76 73 76 i 72
Wind Speed (m/s) 5.1 4.8 3.1 4.9 4.4 4.0 3.6 34 38 4.2 4.8 4.9 4.4
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Monthly Radiation (kWh/m?/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

Grand Rapids, Mi

WBAN NO. 94860

LATITUDE: 42.88° N

LONGITUDE: 85.52° W
ELEVATION: 245 meters
MEAN PRESSURE: 987 millibars

STATION TYPE: Secondary

0 ———t— : : % —
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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 1.6 2.5 35 4.7 557 6.3 6.2 53 4.1 2.9 1.6 1:3 38
Min/Max | 1.4/1.9 2.2/29 3.1/3.9 | 40/53 4.4/68 5574 | 5.6/67 47/6.1 3348 | 2432 1420 1.1/1.5 | 3.6/4.0
Latitude -i% Average 23 2.2 4.2 = A 5.8 6.2 6.1 5.7 4.8 3.6 22 1.8 43
© Min/Max | 1.8/2.8 2.8/4.0 3.6/4.9 | 42/59 4.4/7.0 5373 | 55/67 50/67 3759 2944 1531 14/22 | 40/45
atiebide Average 25 35 4.3 5.0 5.4 57 57 54 4.8 38 24 2.0 42
Min/Max | 1.9/32 29/44 3.7/50(4.1/58 4.1/65 49/67 | 5.1/62 4864 3.6/60 | 3047 16/34 1525 ]| 4.0/45
Ltituds +18 Average 2.6 36 4.2 4.6 4.8 4.9 5.0 49 4.6 3.8 25 2.0 4.0
Min/Max | 2.0/33 3.0/46 3.6/49 | 3.8/54 3.6/5.8 4.3/57 | 45/54 43/58 3458 | 3047 1536 1527 | 3.8/43
90 Average 2.0 35 3.4 3.1 2.9 27 28 3.1 33 3.1 22 1.9 2.9
Min/Max | 1.8/32 2.7/43 2.8/39|26/3.6 2333 2530 2630 2837 24/43| 24/39 1.3/33 14/25 | 2773.1
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 Sepl Oct Nov Dec Year
0 Average 2:1 33 4.6 6.1 74 8.2 8.1 7.1 pr 4.7 @l 1.6 ]
Min/Max | 1.6/25 27/4.0 3.9/53 | 49/7.1 53/9.1 6.8/10.0| 7.2/90 6.0/86 4.1/69 | 3.0M4.6 1429 1.3/20|47/54
T efitade<1% Average 2.6 3.8 3:1 6.5 7.6 8.2 82 74 6.0 43 @3 2.0 54
Min/Max | 1.9/3.3 3.2/49 4.2/6.1 | 5.1/7.6 5.3/94 6.7/10.1 7.2/92 6.3/9.1 44/7.8 | 34/55 1.6/3.7 15/25 | 5.0/58
[ atifude Average 28 4.1 52 6.4 7.3 e 7.9 ] 6.1 4.5 it 21 54
Min/Max | 2.0/3.5 3.3/52  43/63 | 5.0/7.6 52/9.1 64/9.7 | 6988 6.1/89 44/78 | 3558 1640 1528 |50/58
L afinda %15 Average 29 4.2 5.1 6.1 6.9 7.4 74 6.9 5.9 4.5 27 a2 5.2
Min/Max | 2.1/3.7 3.3/53 4.2/62 | 48/73 4.8/86 6.0/9.1 | 6583 5885 42/77| 34/58 1.64.1 1529 |4.957
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
% ivis Average 29 4.2 32 6.5 T 8.4 8.3 7.5 6.1 4.5 2.8 i) 5:5
" : Min/Max | 2.1/3.8  3.3/53 4.3/63 | 5.1/7.7 54/94 6.9/103] 7.3)93 6.3/9.1 4.4/7.9 | 35/58 1.6/42 1.5/3.0 | 5.2/6.0
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 1.2 1.8 22 2.8 3.4 3.9 33 3.3 2.8 2.2 13 0.9 25
Horiz Axis Min/Max | 0.72.0 1.1/24 1.4/32 | 1.8/3.7 18/48 26/54 | 3.0148 24/46 1542 | 14/33 0424 02/1.6|22/28
1-Axis, N-S | Average 0.8 1.5 24 35 4.5 54 5.0 44 33 Z1 1.0 0.6 29
Horiz Axis Min/Max | 0.5/1.3 0.9/2.0 1.6/34 | 2.3/4.6 24/63 35/72 | 4.0/62 32/60 1949 | 1332 03/1.8 0.1/1.0 | 2.6/33
1-Axis, N-§ | Average 1.3 2.1 29 38 4.5 49 4.8 45 38 2.8 1.4 0.9 32
Tilt=Latitude | Min/Max | 0.7/2.1 1.3/28 19/4.2 | 25/50 24/62 33/68 | 3.8/60 3362 22/57 | L7441 05027 02/16 | 2.8/3.6
2 A Average 1.4 22 29 3.8 4.7 53 52 47 3.8 2.8 1.5 1.0 33
= - Min/Max | 0.8/22 1.3/2.9 1.9/42 | 25/50 25/65 3.6/74 | 4.1/64 34/64 22/57| 1841 0528 02/1.8 | 3.0/38
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -5.7 4.6 1.2 7.8 14.2 19.4 220 20.8 16.1 9.7 33 2.7 84
Daily Minimum Temp -9.6 -9.0 3.7 1.9 7.6 1.5 15.8 14.7 9.9 39 -1.0 -6.3 3.1
Daily Maximum Temp -1.7 -0.2 6.0 13.7 20.7 25.9 28.2 26.9 222 15.4 T 0.8 13.8
Record Minimum Temp | -29.4 -28.3 -222 | -16.1 5.6 0.6 5.0 39 -2.8 -7.8 -150  -278 | -294
Record Maximum Temp | 16.7 19.4 25.6 £ | 339 36.7 378 37.8 339 30.6 25.0 19.4 37.8
HDD, Base 18.3°C 744 642 Sk 37 152 28 0 10 w 269 450 653 3874
CDD, Base 18.3°C 0 0 0 0 22 61 116 87 11 0 0 0 297
Relative Humidity (%) i i 71 66 65 67 69 73 76 74 7 79 72
Wind Speed (m/s) 3.1 4.7 5.1 4.9 4.3 4.0 3.7 35 37 4.0 4.6 4.8 4.4
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 Houghton, MI

WBAN NO. 94814

LATITUDE: 47.17° N

LONGITUDE: 88.50° W
ELEVATION: 329 meters
MEAN PRESSURE: 974 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m“/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average

A S e S
d F M A M &« 4 A 8§ O N B W
Solar Radiation for Flai-Plate Colleciors 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 1.3 42 35 4.6 =Tt 6.0 6.0 5.0 36 2.3 1.3 il 3.6
Min/Max | L.O/1.6 1.7/26 2.8/4.1 | 4.0/53 46/6.6 52/7.0| 55/6.7 4357 3.043 | 2.027 L1fk6 0713 | 3.3138
Latitda.1s Average 21 32 4.5 3.2 5.6 3.9 6.0 335 44 32 19 1.6 4.1
Min/Max | 1.3/2.8 2.4/40 3.5/53 | 43/63 4.7/69 5.0/69 | 54/68 46/63 3.3/56 | 2639 1326 10721 | 37/44
Latinde Average 23 3.5 4.7 5.2 53 54 5.6 52 4.4 34 2:] 1.8 4.1
Min/Max | 1.4/3.2 25/44 35/58 | 4.2/63 4.3/6.5 46/63 | 51/63 44/6.1 33/57 | 2.7/42 1.3/29 1.0/2.3 | 3.7/4.4
Latitade +15 Average 25 3.6 4.7 4.8 4.7 4.7 4.8 4.7 4.2 34 2.1 1.9 38
Min/Max | 1.4/34 25/4.6 3.4/59 | 3.8/6.1 3.8/5.7 4.0/54 | 44/55 4.0/55 3.1/54 | 2.7/43 1.2/3.1 1.0/25 | 3441
90 Average 24 3.3 4.1 3.7 3.0 29 30 32 33 29 2.0 1.8 3.0
Min/Max | 1.2/33 22/44 2753 | 27/50 2536 2532 | 2833 2838 2343 | 2337 1028 0925|2532
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 1.8 3.1 4.9 6.3 74 8.1 8.1 6.9 5.0 3.2 17 1.4 4.8
Min/Max | 1.1/24 22/40 3.7/62 | 50/74 58/94 66/100| 7.2/93 5.7/85 3.6/63 | 25/4.1 1.1/2.4 -0.8/1.7 | 44/52
Latituds—15 Average 24 38 - 6.8 7.6 8.2 8.3 74 5.6 3.9 22 1.8 53
Min/Max | 1.4/3.3 27/50 42/72|54/83 6.0/98 6.6/10.1| 7.3/96 6.0/9.1 3.9/7.3 | 3.0/50 1.3/3.2 1023 | 48/58
Tatitide Average 26 4.1 58 6.8 74 7.8 8.0 T2 5.6 4.0 23 2.0 53
> Min/Max | 15/3.6 2.8/5.3 4.3/74|53/83 5896 6398 7.0/9.3 5989 39/74| 3.0/52 13/34 10726 | 47/58
Latuds+15 Average 2.7 4.1 5.8 6.6 7.0 7.3 15 6.9 3.5 4.0 24 21 5.2
¢ Min/Max | 1.5/3.8 2.8/55 4.2/74|50/82 54/91 59092 66/87 5.6/85 3.7/72| 3.0/53 1.3/3.5 1.0/2.7 | 4.5/5.6
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
3 Axis Average 21 4.1 5.8 6.9 7.7 8.4 8.4 74 5.7 4.1 24 2.1 55
I . Min/Max | 1.5/3.8 28/55 43/74 | 54/83 6.1/10.0 6.8/104| 74/9.8 6.1/9.1 3.9/74 | 30/53 1335 1128 |49/6.0
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 12 1.8 24 2.9 3.6 39 4.0 34 2.6 2.0 1.1 0.8 2.5
Horiz Axis Min/Max | 0.5/2.0 Li27 1.6/34 | 200137 2353 238/54 | 3.1/51 24/4.6 1.5/4.0 1.3 s, 03113 | 2229
1-Axis, N-S | Average | 08 1.5 2.6 3.7 4.7 53 5.3 45 3.1 1.9 0.7 0.5 29
Horiz Axis Min/Max | 0.3/1.3 0.8/23 17/3.7|2.6/46 3.1/7.0 3.6/7.2 | 42/67 32/6.2 1.7/45 1.0/28 02/1.4 02/0.8 | 2.5/3.3
1-Axis, N-S | Average 1.3 22 3.2 4.1 4.8 5.1 532 4.7 3.6 2.6 2 0.9 3l
Tilt=Latitude | Min/Max | 0.6/2.2 1.3/3.3 2.1/4.6 | 29/51 3.1/7.0 3.5/69 | 4.1/65 34/65 20/54 | 14/38 03723 03/1.4 ] 2.8/37
4 Atk Average 1.4 22 5.2 4.1 5.0 3.5 5.6 49 36 2.6 1.3 0.9 34
Min/Max | 0.6/24 1.3/34 2.1/46 | 29/52 33/74 3876 | 44/7.0 35/67 2.0/54 | 1439 0424 03/L5]3.0/3.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -8.4 1.7 2.1 i 123 171 19.7 18.4 14.1 82 1.8 =1 6.2
Daily Minimum Temp -13.1 -13.2 1.7 0.2 5.6 10.3 13.0 121 8.3 3.1 2.0 9.1 0.6
Daily Maximum Temp -3.7 -2.2 34 115 18.9 23.8 264 24.7 19.9 132 5.6 -1.4 11.7
Record Minimum Temp | -32.2 -36.7 2306 | -l6.1 -6.1 -1.7 0.6 -1.7 -6.1 -8.9 -189 294 | 367
Record Maximum Temp | 11.7 15.0 24.4 30.0 322 35.0 36.7 34.4 333 294 21.1 17.2 36.7
HDD, Base 18.3°C 828 728 634 380 199 67 19 39 130 315 497 730 4566
CDD, Base 18.3°C 0 0 0 0 11 28 62 4] 0 0 0 0 142
Relative Humidity (%) 79 76 74 68 65 69 71 75 78 ¥ 81 82 75
Wind Speed (m/s) 45 4.1 4.4 4.5 4.1 38 34 3.3 35 3.9 43 4.3 4.0
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Lansing, MI

WBAN NO. 14836

LATITUDE: 42.78° N

LONGITUDE: 84.60° W
ELEVATION: 256 meters
MEAN PRESSURE: 985 millibars

STATION TYPE: Secondary

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 1.6 23 3.5 4.6 3.6 6.2 6.1 5.2 4.0 2.7 1 1 3.8
Min/Max | 1.4/19 2.1/3.0 3.2/3.9 | 38/5.1 4.6/6.7 54/73| 56/65 47/60 3248 | 23133 1420 1.1/1.6 | 3.6/4.0
Latitude 15 Average 24 33 42 5.0 a7 6.0 6.1 5.6 4.7 38 3 1.8 4.2
: © | Min/Max | 1.8/28 2.6/42 3.7/48 | 3.9/57 4.6/69 53772 | 55/65 48/65 3.5/58 | 2845 1630 1425 4.0/4.5
1 Stibe Average 26 3.6 4.3 49 54 5.6 5.6 54 4.8 3.8 2.4 2.0 4.2
Min/Max | 1.9/3.1 2.7/46 3.7/50 | 3.8/56 43/64 4866 | 51/61 4663 3560 | 2.9/48 1.6/3.3 1.5/2.8 | 4.0/45
Latitude 415 A_verage 2.8 3.7 42 45 4.7 4.8 49 49 45 37 25 2.1 4.0
¥ [ Min/Max | 2.0/3.3 27/48 3.6/49 | 3552 3.8/5.7 42/57| 4553 42/57 3.3/58 | 2849 1635 1630/ 3743
90 Average 2.6 34 34 3.1 2.8 .7 28 31 3.3 3.1 22 2.0 23
Min/Max | 1.8/3.2 24/45 2842|2436 2.3/3.3 2530 2630 2736 2.3/42 | 2.3/4.1 133.1 14/29 | 2.3/3.1
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Tan Feb Mar Apr May June Tuly Aug  Sept Oct Nov Dec | Year
0 Average 2.2 33 4.6 59 7.2 1.9 7.9 6.9 54 3.7 %1 1.6 4.9
Min/Max | 1.6/25 2.5/4.1 39/53 | 4.6/69 559.1 6598 | 7.1/88 5984 3968 | 2.848 1.4/28 1.3/22 | 4.6/53
Latitude -15 A_\*eragc 27 4.0 5.1 6.3 7.4 7.9 8.0 s 59 43 2.6 2.1 53
© | MinfMax | 2.0/3.2 29/5.1 4.3/6.1 | 4.8/74 56/94 65099 | 7.1/89 62/88 42/7.7 | 32/57 1.6/3.6 1528 5.0/5.7
Latitids Average 2.9 42 5.2 6.2 71 7.6 1.7 7:1 6.0 4.5 23 22 53
Min/Max | 2.1/3.5 3.0/54 4.3/62 | 4.7/74 54/91 62/95| 6886 6.0/87 42/7.8 2/6.0 1.6/3.8 1.6/3.1 | 5.0/5.8
Latitads 15 Average Al 4.3 3.1 6.0 6.7 Tl 1.2 6.7 58 45 28 23 o 1
gy Min/Max | 2.1/3.7  3.0/5.6 4.2/6.1 | 44/7.1 50/86 57/89 | 64/80 5783 4.0/7.6 | 32/60 1.6/40 16/3.3 | 48/56 |
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 Lige | Xear
F ki Average | 3.1 43 5.2 6.3 7.5 8.1 8.1 73 60 45 2.8 23 5.5
e Min/Max | 2.1/3.7 3.0/5.6 4.4/6.2 | 48/75 57/95 6.6/10.1| 7.2/90 62/89 42/7.8 | 3.3/6.1 1.6/40 1.7/3.3 | 5.1/6.0
Direci Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Yesr
1-Axis, E-W | Average 1.4 1.9 2.2 2.7 33 3.6 36 32 ) 22 13 1.0 24
Horiz Axis Min/Max | 0.8/1.9 1.0/2.6 1.6/3.1 | L4/3.6 20/48 24/52 | 2843 2343 L44.1 1.2/3.4 04/23 04/1.7 | 2.1/2.8
1-Axis, N-§ | Average 0.9 1.6 24 34 4.3 4.8 4.8 4.2 32 il 1.0 0.6 28
Horiz Axis | Min/Max | 0.6/1.3 0.8/22 1.7/34 | 1.9/45 2.6/63 3.1/68 | 3.7/57 3.1/57 1.7/47 LIG3 OFLT 0310|2433
I-Axis,N-§ | Average | 15 23 29 | 37 42 45 60 43, 17 1.5 0 Sl I 5
Tilt=Latitude | Min/Max | 0.9/2.1 L1/3.0  2.1/42 | 2.0/49 26/62 29/65 | 3.6/55 3259 1955| 1543 0426 04/1.8 | 2.7/3.6
3. Aaxis Average 1.6 24 2.9 37 45 49 5.0 4.4 3.7 2.8 1.6 i 32
i Min/Max | 0.9/22 12/3.1 2.1)42 | 2.1/50 2.7/6.6 32/7.1 | 38/59 33/6.1 20/55 15/44 04/27 05/1.9 | 2.8/3.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -6.2 -5.1 0.9 7.7 13.9 19.1 216 204 16.1 9.6 35 -3.1 8.2
Daily Minimum Temp -10.4 -9.9 -4.2 LY 7.2 125 15.0 138 9.9 4.0 -0.7 -7.1 2.7
Daily Maximum Temp -1.9 -0.2 5.9 13.7 20.6 25.7 28.1 269 222 152 Vit 0.8 13.7
Record Minimum Temp | -33.9 -31.1 -26.1 | -18.9 -72 -1.1 28 L 5.6 -9.4 -156  -272 | -339
Record Maximum Temp | 18.9 17.8 25.6 30.0 344 372 378 37.8 36.1 317 25.0 18.9 37.8
HDD, Base 18.3°C 759 635 541 318 157 33 4 14 82 271 445 665 3945
CDD, Base 18.3°C 0 0 0 0 19 a7 104 78 13 0 0 0 272
Relative Humidity (%) 79 76 73 68 67 69 71 75 it 76 79 81 74
Wind Speed (m/s) 54 4.9 5.2 » 45 4.1 3.6 34 3.7 4.1 4.8 5.0 4.5
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Muskegon, Mi

WBAN NO. 14840

LATITUDE: 43.17° N
LONGITUDE: 86.25° W

Monthly Radiation (kWh/m?2/day)

Variability of Latitude Fixed-Tilt Radiation

ELEVATION: 191 meters t
MEAN PRESSURE: 993 millibars
STATION TYPE: Secondary
——— 1961-1990 Average
o H+—+—+—+—+———t—++——
JoF M A M J J A S O N D Vr
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 1.6 24 35 4.7 59 6.4 6.4 5.4 4.1 25T 1.6 12 3.8
Min/Max | 1.3/1.8 2.1/29 3.1/40 | 40/54 49/69 57/74 | 58/69 49/64 3448 | 23730 1319 10/14 | 3.6/4.0
Latitude -15 | Ziverage 2.0 34 4.2 5.2 6.0 6.3 6.4 5.8 4.8 £15) 2:1 1.6 4.3
Y | Min/Max | 1.6/25 25/39 3.7/49 | 43/60 49/7.1 55/73| 58/69 52/7.0 3859 ( 294.1 1527 13721 4.0/4.5
atitnae Average 0 83 43 oLl 5.6 5.8 5.9 5.6 4.9 3.7 ) 1.8 42
Min/Max | 1.6/28 26/43 3751 | 42/59 46/66 51/67 | 54/64 4968 3860 | 3043 1530 1324 |3.9/44
Latitude +15 Average 2.3 34 42 4.7 5.0 5.0 52 Sl 4.6 357 23 1.8 39
g Min/Max | 1.6/3.0 2.6/44 3.6/5.1 | 3.8/55 4.1/59 44/57 | 47/56 45/6.1 3.658 | 29/44 1531 13/2.6(3.7/4.2
90 Average 2.1 3il 34 57 29 2.8 29 32 34 3.0 2.0 17/ 2.8
Min/Max || 1.5/2.8 23/41 2844|2637 2534 2580 2731 2838 2643 2386 1228 11724 [2.6/30
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 1.9 2l 4.6 6.2 7.6 83 8.4 7 59 3.6 19 13 5.0
Min/Max || 1423 2439 39/54 | 49/713 59/93 69101\ 7.5/92 6.2/9/1 =dofes || 2943 130260 11/1:97 46/5.4
Latitude -15 A_Vei‘agc 23 37 Sl 6.6 7.8 83 8.5 7.6 6.1 4.2 23 1.8 54
Min/Max | 1.6/3.0 2747 43/62 | 52/79 6.0/9.5 69102 7.6/94 65096 4.6/7.6 | 3.3/51 L5320 131215 |41 9/SET
et Average 24 38 9.2 6.0 7.6 8.0 8.2 7.5 6.1 4.4 25 i) 52
: Min/Max | 1732 2.8/50 4363 |51/78 5893 66/98 | 7390 063094 4577 | 3353 bsyaisy - syl || A5
Eotivide =15 Average 2.5 3.9 5.2 6.3 el 7.5 7.7 el 6.0 43 25 2.0 52
Min/Max | 1.7/34 29/5.1 43/63 | 48/75 54/87 6.1/92 6.8/85 6.0/9.0 44/7.6 | 3.3/53 15/3.6 1.3/28 | 4.7/5.5
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
s Average 25 39 5.3 6.7 7.9 8.5 8.7 el 6.2 4.4 2.5 2.0 55
e Min/Max | 1.7/34 29/5.1 44/63 |52/7.9 61/96 7.1/104]| 7.7/95 65096 46/7.8 | 34/53 1536 1329 |50/59
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 0.8 L3 2.2 3.0 3,0 4.1 42 3.6 2.9 25 11l 0.7 205
Horiz Axis Min/Max | 03/18 0724 1233 | 1.9/39 23/50 29/56| 3550 2751 1842 1328 0419 0115 | 21/2.8
1-Axis, N-S | Average 0.5 13 24 3.8 4.8 53 53 4.7 3.4 2.0 0.8 04 29
Horiz Axis Min/Max | 0.2/1.2  0.6/2.0 1.4/3.5 | 2.4/49 2.9/6.6 3.8/73 | 45/6.6 35067 2048 | 12028 03/l4 01/1.0] 25733
1-Axis, N-S | Average 0.8 1.8 2.9 4.0 4.7 5.0 55 4.8 3.9 27 il 0.7 8'2
Tilt=Latitude | Min/Max | 0.3/1.9 0.9/2.8 1.7/43 | 2.6/53 29/65 3.6/69 | 44/64 36/69 23/56| 1636 0421 0.1/1.6|2.7/3.6
N Average 0.9 1.8 29 4.1 5.0 515 57 5.0 39 2.7 153 0.8 3.3
; Min/Max | 0.4/2.1 0928 1.7/43 | 2.7/54 3.0/68 39/75| 47/68 37771 2457 | 1.6/3.6 04/23 02/1.7 | 2.8/3.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.8 -4.2 0.7 72 159 18.3 203 20.3 16.2 102 4.1 -1.9 8.4
Daily Minimum Temp 7.9 -7.8 -3.7 1.9 743 12.4 15.7 14.9 10.8 5.3 0.4 -4.8 367
Daily Maximum Temp -1.8 -0.7 5.1 12:5 19.2 24.2 26.8 25.6 21.6 15.0 7.8 0.9 13.1
Record Minimum Temp | -25.0 -25.6 233l C177 -5.6 -0.6 4.4 22 2.8 -6.1 256  -26.1 -26.1
Record Maximum Temp | 17.2 16.7 26.7 30.0 33.9 36.1 35.6 372 35.0 28.3 24.4 17.8 30
HDD, Base 18.3°C 718 632 546 333 172 43 6 14 74 253 427 629 3847
CDD, Base 18.3°C 0 0 0 0 15 43 97 74 11 0 0 0 239
Relative Humidity (%) 78 75 7l 65 64 68 7l 75 76 74 75 79 7
Wind Speed (m/s) 5.6 Shall 54 53 4.5 42 4.0 3.9 42 4.7 55 54 4.8
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Monthly Radiation (kWhf{m?/day)

Variability of Latitude Fixed-Tilt Radiation

Sault Ste. Marie, Ml

WBAN NO. 14847

LATITUDE: 46.47° N

LONGITUDE: 84.37° W

ELEVATION: 221 meters
MEAN PRESSURE: 988 millibars
: STATION TYPE: Secondary
I =
1961-1990 Average
04—t —
J F M A M J A 8 O N D ¥r
” 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 1.6 2.6 39 4.8 5.3 6.1 6.0 5.0 i 22 1.4 15 a7
Min/Max | 1.4/1.7 23/29 3.1/45 | 4.1/57 4.7/6.7 5.1/6.7 | 55/68 42/57 29/43| 2.0/2.7 L.1/1.6  0.9/1.5 | 3.5/3.9
Latitude -15 | Average 25 38 5.1 54 5.8 59 6.0 54 42 3.0 1.9 19 4.3
Min/Max | 2.1/2.9 3.1/44 38/6.0 | 45/65 4870 5.0/67| 55/69 45/63 32/53| 23/39 13/25 1.2/2.6 | 4.0/45
Toaitade Average 2.8 42 5.3 5.3 54 3.4 5.6 52 4.2 3.1 | w il 42
Min/Max | 2.3/3.3 3.4/49 3.9/63 | 44/65 44j6.6 4.6/6.1 | 50/64 43/60 32/54 | 23/42 1.4/28 13/3.0 | 4.0/45
faritade +15 A_Verage 28 4.3 o % 5.0 4.8 4.7 4.9 4.7 4.0 il 2.1 2.3 4.0
Min/Max | 2.4/3.5 3.5/5.1 3.8/63 | 4.0/62 39/58 40/53| 44/5.6 3.8/55 3.0/51 | 2342 1429 13/33|38/43
90 Average 2.9 4.1 4.7 7 3.0 2.8 30 &2 3.0 2.6 2.0 22 3.1
Min/Max | 2.3/3.5 32/48 32/56 | 3.049 2636 25/3.1| 27533 26/37 22/39 1.9/3.6 27 L2083 | 2833
Solar Radiation for 1-Axis Tracking Flat-Plate Coliectors 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 2.1 3.7 535 6.6 7.6 8.0 8.1 6.8 4.8 3.0 1.7 1.6 5.0
Min/Max | 1.8/25 2.9/43 4.1/6.6 | 54/80 58/96 63/94 | 7.1/9.6 53/81 35/62 | 23/40 1.2/2.3 1.0/2.2 | 4.6/5.3
Latitude -15 A_verage 29 4.6 6.4 7.1 79 8.1 8.3 i 4 P | 3.6 . | r ke 3.3
2 Min/Max | 2.3/3.5 3.6/55 4.7/78 | 5.8/8.8 59/100 6.3/94 | 7.2/98 56/86 3.8/7.0| 2.6/49 1.4/3.0 1.3/3.1 | 5.1/5.9
fatimds Ayerage 371 49 6.6 ol 7.6 7.8 8.0 7.0 53 37 P ] 24 55
Min/Max | 2.5/3.8 3.8/58 4.7/80 | 5788 57/97 6.1/9.1| 6995 54/85 3.8/7.1 | 2.6/5.1 1.5/3.3 1.3/34 | 5.1/59
Yattiude 515 A_verage 32 5.0 6.6 6.8 12 1.3 e 6.7 52 : iy 2.4 25 53
Min/Max | 2.6/40 39/6.0 47/80| 5586 5392 57/85| 65/89 51/81 3.6/69 | 2.6/51 1533 1436|4957
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
ok A_Verage 33 5.0 0.6 Tl 8.0 8.3 8.5 2 54 37 24 2.5 537
A Min/Max | 2.6/40 3.9/6.0 4.8/80 | 5888 5.9/10.1 6.5/9.7 | 7.4/100 356/87 3.87.1| 2.6/5.1 1.5/3.4  1.4/3.7 | 5.2/6.1
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 | Yeat
1-Axis, E-W | Average 14 23 2.8 3.2 3.8 4.0 4.1 3.4 24 it 1.0 1l 2.6
Horiz Axis Min/Max | 0.8/2.0 1.3/3.1 L6f3:7 | 23442 2:2/55 2551 | 3.3/54 2246 1338 | 0828 0319 0520 | 2329
1-Axis, N-S | Average 0.9 1.8 30 4.1 5.0 53 55 44 2.8 1.6 0.7 0.6 3.0
Horiz Axis Min/Max | 05/1.3 1.1/2.5 1.7/4.0 | 3.0/5.3 2.8/73 34/68 | 4471 28/59 16/44 | 0826 02/14 03/1.1|26/33
1-Axis, N-S | Average 1.5 T ) 4.4 5.0 5.0 53 4.6 33 22 ik 1.1 33
Tilt=Latitude | Min/Max | 0.8/2.2 LG3T  2350 3359 283 3365 | 4369 30/62 18510 1.0/3.5 04/22 05/2.0 | 2.9/3.7
o Kt Average 1.6 2T 37 4.5 5.3 5.5 5.7 4.7 3:3 22 L2 1.2 35
gz Min/Max | 0.9/23 1.7/38 2.145.0 | 3.3/59 3.0/7.7 3.5/7.1 | 46/74 3.1/64 1.8/51 | 1.0/3.6 04/23 0522 | 3.0/39
Average Climatic Conditions
"Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -10.6 -10.0 4.4 34 10.3 144 177 17.0 12.8 74 0.6 -7:2 43
Daily Minimum Temp -15.2 -15.1 9.3 2.0 3.6 7.5 10.7 10.7 6.8 23 -34 -11.2 -1.2
Daily Maximum Temp -6.1 -4.9 0.4 8.9 17.0 214 24.6 232 18.8 124 4.4 -3.2 9.8
Record Minimum Temp | -37.8 -37.2 -31.1 -18.9 -7.8 33 22 -1.7 -3.9 -8.9 238, 317 | -378
Record Maximum Temp | 7.2 8.3 23.9 294 3T 33.9 36.1 36.7 35.0 26.7 194 15.6 36.7
HDD, Base 18.3°C 897 793 706 447 254 124 51 71 167 339 533 792 3176
CDD, Base 18.3°C 0 0 0 0 4 8 31 30 0 0 0 0 73
Relative Humidity (%) 77 75 75 70 68 75 76 80 82 80 82 81 77
Wind Speed (m/s) 4.2 39 43 44 4.1 182 34 33 36 38 42 4.1 39
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WBAN NO. 14850

LATITUDE: 44.73° N
LONGITUDE: 85.58° W

ELEVATION: 192 meters
MEAN PRESSURE: 993 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 8%

Ty ¢ Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

0 Average 1.5 24 35 4.6 5.6 6.2 &l 24 37 24 1.4 2 3.6
Min/Max | 1.3/1.7 1.9/2.8 28/40 | 4.1/5.1 4.8/6.6 5472 | 5.7/6.6 4.6/59 3.1/44 | 2029 12/1.7 0.9/1.4 | 3.5/3.8

Tatifite 15 Average 2.1 33 4.4 5.0 58 6.1 6.1 5.4 44 32 2.0 1.6 4.1
Min/Max | 1.624 2.4/39 3.3/50 | 44/58 49/68 53/7.1 | 56/6.6 4864 34/55| 2540 1527 1.1/19 | 3.9/44

Tatitie Average 2.3 35 4.6 4.9 54 5.6 5.6 52 44 34 2.1 1.8 4.1
Min/Max | 1727 2.6/43 3353 | 42/57 46/64 4865 | 5261 4.6/62 33/56| 2642 1529 1121|3844

fatitide #15 Average 24 343 4.5 4.6 48 4.8 4.9 4.7 42 33 2.1 1.8 38
Y| Min/Max | 1.8/2.9 2.6/4.4 32/53|39/53 4.0/57 42/56| 45/53 42/56 3.1)53| 2.5/43 15130 LA | 354

90 Average 22 33 38 i 29 2.8 29 3.1 31 2.8 1.9 L7 2.8
Min/Max | 1.7/28 23/4.1 2547|2737 26/34 2531 | 2731 2837 2.3/4.0 2036 "1ad8 LORZ | 23/3.]

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 1.9 32 4.8 6.1 74 8.1 8.1 6.8 5.0 32 1.8 1.4 4.8
Min/Max | 1.4/22 23/39 34/56 | 52/69 359/90 6.8/9.9 7.4/89 59/84 3.7/63 | 2.5/42 1.3/25 0.9/1.7 | 4.4/5.2
Latinide -5 Average 23 38 54 6.5 7.6 8.1 8.2 i 5.6 38 2.2 1.8 52
2 Min/Max | 1.7/28 2.7/48 3.8/65 | 5575 6.0/94 6.8/100| 7.59.1 6.2/89 40/7.1 | 29/5.0 15/3.2 1.1/2.1 | 4.8/5.7
Latitude Average 25 4.0 5.6 6.4 7.4 7.8 7.9 7.0 5.6 3.9 2.3 1.9 5.2
: Min/Max | 1.8/3.1 2.8/50 3.8/6.7 | 5475 5809.1 65096 | 7.2/88 6.0/87 3972 | 3.0/52 1634 1223|4757
Latitude +15 Average 26 4.1 5.9 6.2 7.0 73 7.4 6.6 54 39 24 2.0 5.0
< | Min/Max | 1.9/3.2 29/52 3.8/6.7 |52/7.2 54/86 6.1/9.0 | 6.8/8.2 5783 371 | 29/52 1.6/3.5 1.2/24 | 46/5.5
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 Keie Average 2.6 4.1 5.6 6.5 77 8.3 83 72 5.6 4.0 2.4 2.0 5.4
= Min/Max | 19/32 29/52 38/67 |56/7.6 61/9.5 7.0/103| 7.7/93 6.2/89 4.0/7.2 3.0/53 1635 12/25 | 4959
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 0.9 1.6 23 2.9 35 3.9 39 52 25 1.9 1.0 0.7 24
Horiz Axis Min/Max | 0.5/1.4  0.9/2.5 [.33.4 | 2.1/3.7 2.3/49 28/56| 3346 24/44 1.2/38 | 1.1/29 0420 02/1.2]2. 1/2.7
1-Axis, N-§ | Average 0.5 3 25 3.7 4.7 il 5.2 4.2 2.9 1.7 0.7 0.4 2.7
Horiz Axis Min/Max | 0.3/0.9 0.8/2.1 14/3.7 | 27/46 2.9/63 3.6/13 | 43/61 32/58 1543 | 1028 0315 0.1/0.7 | 2.4/32
1-Axis, N-S | Average 09 1.9 3.0 4.0 4.6 4.9 5.0 4.3 34 23 L] 0.7 3.0
Tilt=Latitude| Min/Max | 0.6/1.5 1.1/3.0 1.7/4.6 | 2.9/50 29/63 3.5/7.0 | 42/59 33/6.1 L17/51 La/3re D23, 0.2/1.2 | 2.635
3. Aot Average 1.0 19 3.0 4.0 4.9 53 5.4 45 34 24 1.2 0.7 .4
Min/Max | 0.6/1.6  1.1/3.1 1.7/46 | 3.0/5.1 3.1/6.7 3.8/76 | 4564 3463 17/51 | 14/37 0524 03/13 | 2.83.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -6.8 -6.8 -1.4 5.8 12.1 | B 20.7 19.5 153 93 29 £ 4 7l
Daily Minimum Temp -10.4 -11.6 -6.6 -0.1 5.0 10.6 14.1 133 9.6 42 0.8 -6.9 1.7
Daily Maximum Temp -3.2 2.1 3.6 11.8 19.1 24.4 274 e 20.9 14.4 6.6 0.4 12.3
Record Minimum Temp | -28.9 -37.8 -31.7 -15.0 -6.1 -1.7 0.0 0.0 -2.2 -5.6 -15.0  -26.1 -37.8
Record Maximum Temp | 11.7 14.4 25.6 32.2 333 37.2 37:2 36.7 333 311 233 by 372
HDD, Base 18.3°C 778 703 613 375 206 64 14 32 96 279 463 682 4305
CDD, Base 18.3°C 0 0 0 0 11 39 88 68 -+ 0 0 0 209
Relative Humidity (%) 77 74 71 66 66 69 68 73 76 74 76 79 2
Wind Speed (m/s) 4.6 42 4.2 43 3.8 X7 34 3.4 3.6 3.8 42 43 3.9
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