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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 0.3 1.0 2.3 36 4.6 4.9 4.6 35 22 1.1 0.4 0.2 24
Min/Max | 0.2/0.4 0.7/1.3 1.712.6 | 3.2/45 3.8/53 4.1/60 | 3.7/54 2942 1926 | 09/14 03/05 01/02 | 22/25
Latitude -15 | Average 0.9 2.1 38 4.7 4.9 5.0 4.8 4.1 3l 2.0 7| 0.5 3.1
Min/Max | 04/1.6 1.2/3.8 23/50 | 39/6.1 39/59 4.1/62 | 3.5/57 3.1/50 23/39 | 1227 0.7/1.6 03/09 | 2.8/3.3
Teitibe Average 1.0 22 39 4.6 4.6 4.5 4.4 3.8 2Lk 2 12 0.6 30
Min/Max | 0.5/1.8 12/43 24/53|37/6.1 3.6/55 3757 | 32/52 2948 22/40( 1.2/28 07/1.8 03/1.0 | 2.8/3.2
T.atitaels 41% Average 1.0 2.3 3.9 4.3 4.0 39 3.8 34 29 2.0 1.3 0.6 28
“ | Min/Max | 0.5/1.¢ 1.2/45 23/53 | 3.4/58 3.1/48 32/49 | 2845 2.6/43 20/38 | 1.2/28 07/1.9 03/1.1 | 2.6/3.0
90 Average 1.0 23 3.7 3.8 33 32 31 2.9 2.6 19 1.3 0.6 25
Min/Max | 0.5/1.9 12/44 22/5.1 | 3.0/53 26/40 26/40 | 2.3/37 22/36 18/34 126 RISy 0311 | 2528
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 0.5 1.5 s o Dl 6.1 6.3 6.0 4.7 31 1.6 0.7 0.3 33
Min/Max | 0.3/0.8 0.9/2.8 2.1/47 | 41/69 4.6/7.6 4.7/84 | 43/15 34/59 22/39 1.0/22 05/09 0.1/04 | 2.9/3.6
Latitude -15 | Average | 0.9 24 4.6 6.1 6.6 6.6 6.3 5.2 3.8 22 1.2 0.5 39
“ | Min/Max | 0.5/1.7 1.3/46 2.6/65 | 4883 4.8/83 4889 | 43/80 3.6/67 2549 | 13/32 07/1.8 03/09 | 34/42
Tt ds Average 1.0 2.5 4.8 6.1 6.4 6.3 6.1 5. 3.8 23 13 0.6 39
Min/Max | 0.5/1.9 1.3/5.0 2.7/6.7 | 47/83 4.7/8.1 46/8.6 | 4.1/7.7 35/6.6 25/50 1.3/3.3 0.8/2.0 0.3/1.1 | 3.4/42
Folbias #in Average 14 2.6 4.7 58 6.0 59 57 4.8 3.6 23 1.4 0.6 3.7
g 3 Min/Max | 0.5/2.0 1.3/5.1 2.6/6.7 | 45/8.1 43/7.6 4.2/8.1 3.8/7.3 3.3/6.2 24/48 1.3/33 0821 03/12 | 3.3/4.1
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
1. Axis Average 1.1 2.6 4.8 6.1 6.7 6.8 0.5 5.2 3.8 24 1.4 0.7 4.0
Min/Max | 0.5/2.1 1.3/51 27/6.7 | 4883 50/84 50/92| 4582 3.7/68 26/50 | 13/3.3 08/2.1 03/1.2 | 3.6/44
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 0.6 1.3 72 2.6 2.8 2.8 2.6 2.1 g 1.2 0.8 0.4 1.8
Horiz Axis Min/Max | 0.2/1.5 04/34 08/3.7 | 1.5/43 1640 1.6/45 1.213.8 1232 Q89/26 | 6518 0314 0.1/08 | 1.5/2.0
1-Axis, N-§ | Average 0.2 08 1.9 3.0 3.5 34 33 25 17 0.8 0.3 0.1 1.8
Horiz Axis Min/Max | 0.1/0.5 0220 0.6/33 | 1L.7/49 2.0/5.0 1.8/5.5 1.5/4.8 1.3/3.7 0.8/25( 0.3/14 0.1/0.6 0.0/0.2 | 1.4/2.1
1-Axis, N-S | Average 0.6 1.5 2.8 3.6 s 3.5 34 2.9 23 1.4 0.8 0.4 23
Tilt=Latitude | Min/Max | 0.2/1.5 04/3.9 1048 | 2.1/60 22/54 95 1650 L1543 1135 | 06E3 0515 O0.1/08 | 1.8/2:6
2 Axis Average 0.7 1.3 2.3 3.7 4.0 3.8 3.7 3.0 23 1.4 0.9 0.4 23
Min/Max | 0.2/1.6 04/40 10/49 | 21/6.1 23/57 2.1/62| 1L7/54 le&4a4 1.1/35| 0623 03/1L5 0.1/09 | 1.9/2.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -9.5 -14 -35 e | 8.1 124 14.7 135 9.1 1.4 -6.0 L H 24
Daily Minimum Temp -13.1 -11.4 1.7 -1.9 3.8 8.4 10.9 9.7 e -1.8 9.4 -122 -1.6
Daily Maximum Temp -5.9 -34 0.6 6.0 12.4 16.4 18.4 g5 12.9 4.7 2.7 5.3 59
| Record Minimum Temp | -36.7 -32.2 311 | -200 -8.3 0.6 33 -0.6 -6.7 -20.6 2294 344 | -367
Record Maximum Temp 10.0 8.9 10.6 18.3 25.0 294 27.8 27.8 228 16.1 1.7 8.3 294
HDD, Base 18.3°C 863 720 677 487 317 177 114 150 27T 523 730 839 5872
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 74 71 66 64 62 66 71 73 76 75 77 77 71
Wind Speed (m/s) 2.9 31 3.0 3.3 3.7 3.8 32 3.1 3.0 3.0 2.9 2.8 3.1
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Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

Annette, AK

WBAN NO. 25308
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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 0.6 L2 i S 4.7 5.0 4.9 4.0 v 14 0.7 0.5 2.6
Min/Max | 0.4/0.9 0.9/1.6 1.6/3.0 | 2.7/44 40/54 4.1/64 | 3559 32/48 22/33 1.3/1.8 06/L.1 03/06 | 2.4/28
Latitide <15 Average 12 2.1 W 4.1 49 4.9 49 4.4 15 2.1 1.3 0.9 3.1
Min/Max | 0.7/2.3 1.0/3.7 1.9/46 | 29/54 4.0/58 3.9/64 | 3.4/6.1 3.3/55 25/45 1.5/29 08/2.6 04/15 ] 2.7/34
Latitude Average 1.4 22 - il 4.0 4.5 4.5 43 42 33 2.1 1.5 1l 3.0
Min/Max | 0.7/2.7 1.0/4.1 1.8/4.8 | 2.8/53 3.7/54 35/59 | 3.1/57 3.1/52 24445 1.5/3.0 0.8/3.0 0.4/1.7 | 2.6/3.3
Tatiride+1% Average 1.4 22 3.0 3.6 4.0 3.9 3.9 20 32 ¢t L5 1.1 2.8
2 | Min/Max | 0.7/28 1.0/43 1.7/47 | 2.5/48 32/47 3.1/5.1| 2749 2847 23/43| 1430 083.1 04/1.9 | 2.4/3.1
90 Average 1.4 2.1 2.5 2.9 3.0 2.8 29 2.9 2.7 1.8 1.4 1.1 23
Min/Max | 0.7/2.8 09/4.1 1.54.1|20/39 2536 23/36| 2.0/3.6 22736 1936| 1227 07/3.0 04/1.9 | 2.0/25
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 0.9 1.8 3.1 4.7 6.1 0.4 6.3 i 37 1.9 1.0 0.6 35
Min/Max | 0.5/1.6 09/3.1 1.9/48 | 3.3/6.7 45/7.7 4.7/89 | 3.8/85 3871 26/51 | 1426 0620 03/1.0 | 2938
Latitude -15 Average 1.4 24 3.7 53 6.4 6.5 6.4 5.7 4.3 2.4 1.5 1.0 39
Min/Max | 0.7/2.7 1.1/4.6  2.1/6.0 | 3.5/7.5 46/82 47/93 | 3.8/89 40/7.8 29/6.1 1.6/3.4 0.8/3.1 04/1.7 | 3.3/43
{ afitnde Average 1.5 2.3 3.7 32 6.2 6.2 6.2 5.6 4.3 24 1.6 i1 3.8
Min/Max | 0.8/3.0 1.1/49  2.0/6.1 | 3.4/74 44/79 44/89 | 3.5/86 3.8/76 29/6.1 1.6/3.6 0.8/34 04/1.9 | 3.2/43
Viattrdes+18 Average L6 Z:5 3.6 4.9 5.9 5.8 5.8 33 4.2 24 1.6 & 3.7
Min/Max | 0.8/3.2 1.0/5.1 2.0/6.0 | 3.2/72 4.1/75 4.1/84 | 33/8.1 3672 2.7/59| 1536 0835 0420 |3.1/4.1
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
S ke Average 1.6 23 3.8 53 6.6 6.7 6.6 58 4.4 24 1.7 1.2 4.0
- > Min/Max | 0.8/3.2 1.1/5.1 2.1/6.1 | 3.5/7.6 4.7/83 4.9/95 | 39/9.1 4.0/78 29/6.1 1.6/3.6 0.8/35 04/2.0 | 34/44
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 0.9 1.3 1.7 22 27 25 A 24 1.9 i3 0.9 0.7 1.8
Horiz Axis Min/Max | 0.2/2.1 0.3/35 0.6/34 | 1.1/3.7 1.3/3.8 1.4/49 | 0.9/4.8 1.3/3.8 1.0/32 | 04/19 03/24 0.1/14 | 1.3/2.0
1-Axis, N-S | Average 0.4 0.9 1.6 27 35 34 35 3.0 2.1 0.9 0.5 03 1.9
Horiz Axis | Min/Max | 0.1/1.1  02/24 0.6/34 | 1.3/47 1650 1863 | 1.1/62 1.649 1.1/3.6| 03/1.5 02/14 0.1/0.6 | 1.4/23
1-Axis, N-S | Average 0.9 1S 23 C1i | 3.7 34 3.5 33 26 1.3 1.0 0.7 2.3
Tilt=Latitude | Min/Max | 0.2/22 04/4.1 08/46 | 1.5/53 1.7/5.2 1.8/6.2 1.1/63 1.8/53 14/45 | 0.5/24 0.3/26 0.1/14 ( 1L.727
A Average 1.0 1.6 2.2 a:l 39 37 38 34 2.6 1.3 1.0 0.7 2.4
Min/Max | 03/23 04/42 08/4.6 | 1.5/54 1.8/55 2.0/6.8 1.2/6.8 1.8/55 14/45 | 05/24 0.3/2.7 0.1/1.5 | 1.§2.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 1.3 2.8 4.1 6.3 9.4 12.4 14.6 14.8 12.3 8.3 4.1 21 ¥ i
Daily Minimum Temp -1.3 0.1 1 28 57 8.8 11.1 11.3 8.9 5.5 1.5 0.3 4.6
Daily Maximum Temp 38 55 7.1 9.7 13.2 16.0 18.1 18.3 157 11.0 6.6 44 10.8
Record Minimum Temp | -17.2 -16.7 -17.2 -6.1 -0.6 2.8 4.4 4.4 0.6 -71.8 -194  -172 | -194
Record Maximum Temp | 16.1 17.2 16.7 278 311 3.7 317 322 27.8 2L 19.4 16.7 22
HDD, Base 18.3°C 529 436 443 362 276 181 119 113 180 312 428 504 3882
CDD, Base 18.3°C 0 0 0 0 0 0 4 % 0 0 0 0 *
Relative Humidity (%) 78 78 76 75 75 77 79 81 82 83 80 80 79
Wind Speed (m/s) 49 5.0 44 4.4 38 3.9 3.4 34 37 4.8 5.0 4.8 4.2
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Barrow, AK Variability of Latitude Fixed-Tilt Radiation
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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 0.0 0.3 1.6 37 4.7 4.9 43 2.6 L3 0.5 0.0 0.0 2.0
Min/Max | 0.0/0.0 0.2/0.3 1.4/1.7 | 3.3/4.1  4.0/53 44/62 | 3.7/59 22/3.0 12/15| 04/06 0.0/0.0 0.0/0.0| 1.9/2.1
T Hfitiis =15 Average 0.0 1.1 38 5.8 52 4.8 406 2.8 1.7 0.9 0.1 0.0 2.6
Min/Max | 0.0/0.1 0.7/1.5 29/46 | 4970 43/62 41/6.6| 35/6.6 21/36 12/23| 06/1.7 00/02 0.0/0.0 | 2.3/3.0
T atitne Average 0.0 Ll 4.0 5.8 4.9 44 4.2 2.6 1.6 1.0 0.1 0.0 25
Min/Max | 0.0/0.1 0.8/1.6 3.049 4871 4.0/59 37/6.1| 3.1/6.0 1934 1.1/23| 0.6/1.8 0.0/02 0.0/0.0| 22/2.9
LAt £15 Average 0.0 1.2 4.0 5.6 4.6 3.8 3.6 2.3 1.5 1.0 0.1 0.0 2.3
Min/Max | 0.0/0.1 0.8/1.6 3.0/48 | 4.6/6.7 3.6/55 32154 | 27/52 1.7/3.0 1.0/2,1 0.5/1.9 0.0/0.2 0.0/0.0 | 2.1/2.7
90 Average 0.0 13 3.9 54 4,5 3.6 34 2.2 1.4 1.0 0.1 0.0 v
Min/Max | 0.0/0.1 0.8/1.6 29/48 | 45/6.6 35/54 3.0/5.1 2.6/5.0 1.6/29 1.0/20 | 05/1.8 0.0/0.2 0.0/0.0| 2.0/2.6
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 0.0 0.5 < v 6.5 6.3 6.4 6.0 3.2 1.6 0.7 0.0 0.0 29
Min/Max | 0.0/0.0 04/0.7 25/39 | 54/83 47/7.6 50/9.1 | 44/93 2341 12/23| 04/1.1 00/0.1 0.0/0.0 | 2.5/3.3
Lititiide -15 Average 0.0 1.2 4.9 8.2 7.0 6.9 6.6 23 1.9 1.0 0.1 0.0 35
Min/Max | 0.0/0.1 08/1.6 3.6/6.0 |6.8/10.6 35.1/8.7 5.2/103| 4.6/10.6 2.3/48 1.3/29 | 0.6/20 0.0/0.2 0.0/0.0 | 3.0/4.1
Taitude Average 0.0 Jid 5.0 8.2 6.9 6.7 6.4 34 1.9 16 0.1 0.0 34
Min/Max | 0.0/0.1 0.8/1.7 3.7/6.1 |6.8/106 5.0/8.6 5.0/10.1| 44/104 22/47 1229 | 0.6/2.1 0.0/0.2 0.0/0.0 | 3.0/4.1
Latitude +15 Average 0.0 1.3 5.0 8.0 6.7 6.4 6.1 ek 1.8 1 0.1 0.0 33
Min/Max | 0.0/0.1 08/1.8 3.7/6.1 |6.7/104 4.8/83 4.8/9.7 | 4.1/10.0 2.0/44 12/2.8 | 06/2.1 0.0/0.2 0.0/0.0 | 2.9/4.0
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 A%ie Average 0.0 1.3 5.0 8.3 Tl 13 6.9 3.6 Lo 1.1 0.1 0.0 3.6
= = Min/Max | 0.0/0.1 0.8/1.8 3.7/6.1 |6.9/10.6 5.2/8.8 55/10.7| 4.8/11.1 2.4/49 13/30 | 0.6/2.1 0.0/0.2 0.0/0.0 | 3.1/4.2
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 0.0 0.8 2.7 3.6 2.0 2.6 2.8 1.1 0.5 0.4 0.1 0.0 |4
Horiz Axis | Min/Max | 0.0/0.1 04/12 1.6/35|265.1 0832 1.348| 1456 0419 0212 | 01/l.1 0.0/02 0.0/0.0 | 1.1/1.8
1-Axis, N-S | Average 0.0 0.3 2.0 39 24 3.0 7 12 0.5 0.2 0.0 0.0 1.4
Horiz Axis Min/Max | 0.0/0.0 0.2/0.5 1.3/2.7 | 2.7/5.8 0.9/3.8 1.5/54 | 1.5/64 0522 0.1y1.2 | 0.1)0.6 0.0/0.0 0.0/0.0| 1.0/1.8
1-Axis, N-S | Average 0.0 0.9 34 iy 2.8 34 36 1.5 0.7 04 0.1 0.0 1.8
Tilt=Latitude | Min/Max | 0.0/0.1 0.5/1.3 22/4.6 | 3.7/7.5 1.0/4.4 1.7/6.1 1.8/7.3 06/27 02/1.7 | 0.1/1.3 0.0/02 0.0/0.0 | 1.4/24
3 Awis Average 0.0 0.9 34 5.2 29 7 39 1.6 0.7 0.5 0.1 0.0 1.9
e Min/Max | 0.0/0.1 05/13 22/46 | 3.7/7.6 1.1/47 1.8/6.6 | 1979 0628 0218 | 0.1/1.3 00/02 0.0/0.0 | 1.525
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22532 -27.7 -26.2 -19.0 -7.1 T:1 4.1 %P -0.8 -10.3 -18.7 -24.0 -12.6
Daily Minimum Temp -28.5 -30.9 -29.5 -22.8 9.8 -1.3 0.9 0.7 2.8 -12.9 -21.6 -27.3 -15.5
Daily Maximum Temp -21.9 -24.3 -22.8 -15.2 -4.3 a5 T2 - B | 1.0 o -15.8 -20.7 9.6
Record Minimum Temp | -47.2 -48.9 -46.7 | -41.1 -28.3 -15.6 5.6 -6.7 -17.2 -35.6 -40.0  -483 | -489
Record Maximum Temp 2.2 2.2 0.0 5.0 T2 217 25.6 24.4 16.7 6.1 39 li:d 25.6
HDD, Base 18.3°C 1350 1288 1379 1120 787 517 443 467 279 887 1112 1312 11237
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 3 70 T 0 87 89 88 91 91 86 79 74 81
Wind Speed (m/s) 55 5.0 51 vk s 53 53 52 5.6 6.0 5.8 5.6 52 54
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Variability of Latitude Fixed-Tilt Radiation

Monthly Radiation (kWh/m2fday)

1961-1990 Average

'Bethel, AK

WBAN NO. 26615

LATITUDE: 60.78° N
LONGITUDE: 161.80° W
ELEVATION: 46 meters

MEAN PRESSURE: 1003 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Colleciors 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 04 1.4 2.5 3.9 4.5 4.8 4.3 32 22 1.2 0.5 02 24
Min/Max | 03/0.5 0.9/1.4 2.0/3.1 | 3.1/48 3.7/53 39/58 | 3.7/51 26/3.8 1827 | 1.0/14 0406 02/03]|22/26
Latitida/~15 Average 1.2 2.7 4.3 5.1 4.8 4.7 4.2 34 3.0 2.1 1.3 0.8 31
2 Min/Max | 0.7/2.0 1.7/42  2.8/6.1 | 3.6/6.8 3.6/59 3.5/59 | 34/54 2.6/45 2.0/3.9 1.6/29 0.8/2.1 05/1.5 | 2.7/35
Latituds Average 1.4 3.0 4.5 5.0 4.5 4.2 b 32 29 g2 1.4 1.0 3.1
Min/Max | 0.8/2.3 1.8/4.7 2965 | 3.5/69 33/56 3.1/54 | 3.0/50 2443 19739 L6/3.1 0924 0.6/1.7 | 2735
Latituds +15 Average 1.5 3.1 4.4 4.7 4.0 3.6 2.3 29 28 2.1 15 1.0 29
¢ Min/Max | 0.9/2.5 1.8/4.9 2.8/6.5 | 3.2/67 29/52 2747 | 2643 2.1/3.8 L1837 | 1531 0925 06/1.9) 2534
90 Average 15 3.1 4,2 4.3 33 3.0 257 24 25 2.0 L5 1:1 2.6
Min/Max | 0.8/2.5 1.8/4.8 2.7/6.2 | 2.7/6.1 24/46 22/3.8 | 22/35 1882 1533 1429 09/25 0.6/1.9 | 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 (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Diec Year
0 Average 0.7 21 4.1 5.9 6.1 6.1 B 4.0 gl 1.7 0.8 04 34
Min/Max | 0.4/1.1 1.4/32 27/6.0 | 40/83 4580 42/83 | 3.8/7.1 3.0/54 2042| 1324 0.6/1.3 03/0.7 2938
Latitude -15 Average 13 33 3.5 6.9 6.6 6.3 3.5 43 37 24 1.4 0.9 4.0
¢ Min/Max | 0.8/23 1.9/52 3.3/82 |44/100 4.6/8.7 4.1/87 | 3.7/7.6 3.0/60 23/52| L735 0924 06/1.6|3.3/46
b itinde Average | 15 35 5.6 6.9 6.4 6.0 5.3 4.1 37 25 1.6 1.0 4.0
i Min/Max | 0.9/25 2.0/56 34/85 |44/100 4.4/85 3.884 | 3.5/74 2959 22/52 1.8/3.7 0.9/2.6 0.6/1.9 | 3.3/4.6
T.afitode-4 18 Average 1.6 3.6 5.6 6.7 6.0 5.6 4.9 3.9 3% 2.5 1.6 1.1 3.9
° | Min/Max | 09/2.7 2.0/57 3.3/85 | 42/98 4.1/8.1 3579 | 32/69 2756 2.1/50| 1737 1028 06/2.0|3.245
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 |
2L Asis Average 1.6 3.6 5.6 6.9 6.7 6.5 347 4.3 37 25 1.6 1.1 4.2
: Min/Max | 0.9/27 2.1/57 34/85 |45/10.0 4.7/89 43/9.0 | 3.9/78 3.1/61 2352 | 1837 10728 0720 | 3.547
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 1.0 2.1 27 29 2.6 2.4 1.9 1.4 15 1.3 1.0 0.7 158
Horiz Axis Min/Max | 0.4/2.0 0.8/4.0 1.0/5.0 | 0.9/4.8 1.3/4.1 0.7/4.0 | 0.6/3.6 0.6/28 0.6/25 | 07/22 04/1.9 03/15 | 1.3/22 |
1-Axis, N-S | Average 0.4 L3 2.5 34 34 3.1 25 17 1.6 0.9 0.4 0.2 1.8
Horiz Axis Min/Max | 0.2/0.8 05/25 0.8/4.6 | 1.1/59 1.7/53 09/52 | 07/45 0834 06/27| 05/1.6 02/09 0.1/05 | 1.2/2.2
1-Axis, N-S | Average 1.0 2.4 3.6 4.1 36 32 2.6 2.0 2.1 1.5 1.0 0.7 23 |
Tilt=Latitude | Min/Max | 0.4/20 09/4.6 1.3/6.7 | 1.3/7.1 1.8/57 1.0/53 | 0.8/47 0940 0835 0927 0520 03/1.5] 1.6/2.9 |
35 ki Average 11 49 3.6 42 38 34 2.8 2.0 21 1.5 1.1 0.8 24
I ) Min/Max | 0.4/2.2 0.9/4.7 L3067 | 1.3f1.2 1.9/6.0 1.1/5.7 | 0.851 094.1 08/35| 0927 0.5/2.1 03/1.6]| 1.7/3.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 147 -144 -10.4 4.7 44 10.3 12.8 11.6 03 -1.4 -84 -13.1 1.7
Daily Minimum Temp -17.6 -18.2 -14.3 9.1 02 57 8.7 7.9 % 4.6 -11.7 -16.6 5.6
Daily Maximum Temp -10.6 -10.7 -6.1 04 9.0 149 16.8 153 111 1.7 -5.2 9.6 22
Record Minimum Temp | -44.4 -389 -39.4 | -30.0 -15.6 -2.2 -0.6 <22 -7.8 -20.6 31,1 S383 | 444
Record Maximum Temp | 8.9 7.8 7.8 12.8 26.1 30.0 28.3 28.9 222 13:3 8.9 e 30.0
HDD, Base 18.3°C 1004 918 891 690 432 242 172 208 330 613 803 973 7277
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 76 73 78 80 76 76 80 84 83 54 82 77 79
Wind Speed (m/s) 6.5 6.8 6.3 5.8 5.2 5.0 4.8 4.9 52 5.6 5.9 6.4 57
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Bettles, AK Variability of Latitude Fixed-Tilt Radiation
> gL
=
WBAN NO. 26533 g
o :‘9_ ? o . -
LATITUDE: 66.92° N =gl
LONGITUDE: 151,52° W S
ELEVATION: 205 meters g ¥
MEAN PRESSURE: 988 millibars & ¥t %
=
E 2+
STATION TYPE: Secondary =
1 .
1961-1990 Average
0 f f f } f } f } E=——1 t }
J F M A M J J A S O N D Yr
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 0.1 0.6 2.0 3.9 Sid 5.7 5.0 35 2.1 0.8 02 0.0 24
Min/Max | 0.1/0.1  0.4/0.7 1.5/22 | 2.8/44 4.6/6.0 47/63 | 4.1/58 2742 L1726 ]| 06/1.0 0.1/02 0.0/0.0 | 2.1/2.6
Latitude -15 | Average 0.4 2.0 4.2 5.8 6.2 5.8 52 4.2 33 19 0.7 0.1 33
Min/Max | 0.2/0.7 1.4/3.1 24/54 | 37170 5.1/72 4.6/6.6 | 4.0/64 29/54 23/48 | 0928 03/1.0 0.0/02 | 2.8/3.7
T atifide Average 0.5 2.2 4.4 5.8 59 2.3 48 4.0 32 2.0 0.8 0.1 3.2
Min/Max | 0.2/0.8 1.5/34 2.5/5.8 | 3911 4.7/6.8 4.1/6.1 3.6/59 27/5.1 22/48 | 09/3.0 04/1.1 0.0/02 | 27/3.6
Catltide+15 Average 0.5 2.3 4.4 5.5 5.2 4.5 4.1 3.5 3.0 2.0 0.8 0.1 3.0
Min/Max | 0.3/0.9 1.5/3.6 24/5.8 | 3.5/6.8 4.2/62 3.5/52 | 3.1/5.1 24/46 2.1/46 | 09/3.0 04/1.2 00/02 | 2534
90 Average 0.5 23 4.3 33 4.8 4.1 3.7 3:2 2.9 LY 0.8 0.1 2.8
Min/Max | 0.3/0.9 1.5/3.5 2.4/5.7 | 3.4/6.5 3.8/58 3.1/46 | 28/46 22/42 1943 | 0930 04/12 00/02 | 2332
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 0.1 1.3 38 6.6 8.3 8.3 Fel 3.0 32 1.4 0.3 0.0 38
Min/Max | 0.1/02 0.9/1.9 2.1/4.8 | 4.1/83 6.6/10.2 64/9.6 | 51/90 3.4/68 22/49 | 0720 02/04 00/00 | 3.1/43
Latitude -15 | Average [ 05 2.3 54 8.1 9.4 9.0 7 5.8 42 Al 0.8 0.1 4.6
‘ Min/Max | 0.2/0.8 15/3.6 2.8/7.2 [49/104 7.3/11.6 6.7/10.5| 5.3/99 3.7/79 27/6.6 | 0933 04/1.1 0.0/0.2 ] 3.7/53
e Average 0.5 25 x5 8.1 92 8.8 7.5 5.6 4.2 227 0.8 0.1 4.6
Min/Max | 0.2/0.9 1.6/3.9 29/74 |149/104 7.1/11.4 6.5/10.3| 5.1/9.7 3.6/7.8 2.7/6.6 | 09/35 0.4/1.2 0.0/02 | 3.7/5.3
fattin et is Average 0.6 2.6 3.3 7.9 8.8 8.3 Tal 53 4.0 22 0.9 0.1 45
Min/Max | 0.3/0.9 1.6/40 29/74 [48/10.3 6.8/11.0 6.2/98 | 4.7/92 34/74 2.6/64 | 09335 04/1.3 0.0/0.2 | 3.5/5.1
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
Fkntc Average 0.6 2.6 35 8.1 9.5 94 8.0 5.8 4.2 2:3 0.9 0.1 4.8
Min/Max | 0.3/0.9 1.6/4.0 29/74 [49/104 7.5/11.9 7.1/11.0| 55/10.3 3.8/80 2.8/6.6 1.0/3.5 04/1.3 0.0/0.2 | 3.8/5.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8% -
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 0.5 1.6 2.9 35 4.2 42 34 24 2.0 L2 0.6 0.1 2.2
Horiz Axis Min/Max | 0.2/0.8 0.8/2.9 L.1/44 | 1.8/5.1 2.6/6.1 27/53 1.6/4.8 1.2/37 1037 | 0321 0209 0002 1527
1-Axis, N-§ | Average 0.1 0.8 24 39 53 5.1 4.2 2.8 1.9 0.7 02 0.0 23
Horiz Axis Min/Max | 0.0/02 04/1.5 0.8/3.6 | 20/5.9 3.2/7.7 32/65| 2.0/59 1446 0937 | 02/12 0.1/03 0.0/00 | 1.528
1-Axis, N-S | Average 0.5 18 38 50 5.9 5:5 4.5 33 2.7 1.3 0.6 0.1 2.9
Tilt=Latitude | Min/Max | 0.2/0.8 0.9/3.2 14/57 | 2.5/7.5 3.6/85 3.5/69 | 2.2/65 1.7/54  1445.1 | 0325 02/09 0.0/0.2 | 2.0/3.6
2. Axis Average 0.5 1.8 38 51 6.2 6.0 4.8 33 7 14 0.6 0.1 3.0
Min/Max | 0.2/0.9 0.9/3.3 1.4/5.7 | 2.6/7.6 3.8/9.0 3.8/7.6| 2.3/69 1.7/55 14/52 | 03/25 02/1.0 0.0/0.2 | 2.1/3.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -24.8 -22.8 -16.2 -6.3 6.2 14.0 15.2 11.8 4.9 -7.5 -18.8 -22.9 -5.6
Daily Minimum Temp -29.1 -27.9 -22.6 -12.4 0.8 8.3 9.6 6.6 0.2 -11.1 -22.7 -27.1 -10.6
Daily Maximum Temp -20.5 -17.6 9.8 0.3 11.6 19.7 20.9 17.1 9.4 -3.9 -149  -188 -0.6
Record Minimum Temp | -56.7 -51.1 -489 | -38.3 -23.3 -2.8 -1.9 -5.6 -16.7 -35.6 -494 506 | -56.7
Record Maximum Temp | 8.9 4.4 6.7 1323 30.0 333 335 30.6 26.1 117 7.2 3.3 339
HDD, Base 18.3°C 1338 1151 1069 738 376 132 107 207 403 801 1113 1279 8716
CDD, Base 18.3°C 0 0 0 0 0 0 10 6 0 0 0 0 16
Relative Humidity (%) 69 66 63 67 61 60 68 76 76 78 73 72 69
Wind Speed (m/s) T 2.8 32 34 34 32 3.0 2.7 3.0 50 vl 2.5 3.0
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Variability of Latitude Fixed-Tilt Radiation Big Delta, AK
8 A i —
=
g 74 WBAN NO. 26415
=6+ T .
= ) H § 3
= | ! i LATITUDE: 64.00° N
S : LONGITUDE: 145.73° W
5" 3 ELEVATION: 388 meters
ol K MEAN PRESSURE: 963 millibars
E 2t
= STATION TYPE: Secondary
1 —
1961-1990 Average
0 - —— —t
4 F M & KM J4 J & 8 O D Yr
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m2/day), Uncertainiy +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 02 0.8 23 3.9 5.1 5.5 5.2 39 24 (L 0.3 0.1 2.6
Min/Max | 0.2/0.2  0.7/1.1 1.8/2.5 | 3.2/43 4457 47/62 | 4.5/58 3343 2028 )| 0912 03/04 0.1/0.1 | 24727
T atihdea1% Average 1.0 24 4.4 3.5 57 5.6 54 4.7 3.6 2.1 1.2 0.3 35
. Min/Max | 0.6/1.4 1.8/4.1 3.0/55 | 4.1/63 4.6/66 4.6/64 | 46/63 3.7/55 2648 | 1527 0616 02/09|3.2/38
Latitude Average 1.1 2.6 4.6 54 53 5:1 5.0 4.4 3.6 1 1, 0.6 34
Min/Max | 0.6/1.6 1.9/46 3.1/58 | 4.0/63 43/62 42/58 | 42/58 3552 26/48]| 1529 0719 03/10|3.1/38
Latitude +15 | Average 1.2 29 4.6 5.1 4.7 44 4.3 4.0 34 22 1.4 0.6 32
; < | Min/Max | 0.6/1.8 2.0/48 3.1/5.8 | 3.7/6.1 3.7/54 3.6/50 | 3.6/50 3.1/4.7 24/46 15/z9 0Q772.0 0.3/1.1 | 2935
90 Average 1,2 ) 4.5 4.8 4.1 37 3.7 35 ol 4] 1.4 0.6 29
Min/Max | 0.6/1.8 1.9/47 3.0/56|33/57 32/48 31/42| 3.1/43 2742 22/43 14/28 0.7/20 03/1.1 | 27/33

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 04 157 4.1 6.3 7.6 7.6 i 5.0 3.6 1.6 0.7 02 39
Min/Max | 0.3/0.6 1.2/28 2.7)52 | 47/75 6.0/93 59/93| 5889 44/67 26/48 1.2/2.1  04/0.9 0.1/0.3 | 3.5/4.3
Latituda -15 Average i1 2.8 - 5 7.6 8.3 8.1 7.8 6.4 4.6 24 1.3 05 4.7
¥ | Min/Max | 0.6/1.6 2.0/50 3.7/7.3 | 5.5/9.1 6.5/103 6.2/100| 6.1/9.7 48/78 32/63 | 1733 07/19 02/09 |42/53
athtude Average 12 3.0 5.9 7.6 8.1 7.8 7.5 6.3 4.6 2.5 1.5 0.6 4.7
& Min/Max | 0.6/1.8 2.1/54 3.8/7.6 | 54/9.1 63/10.1 59/9.7 | 59/94 47/7.7 32/63| 1734 0820 03/1.0|4.2/5.3
Latitids +15 Average 1.3 3.1 a9 7.3 7.3 74 A 5.9 435 3 1 0.6 46
Min/Max | 0.7/1.9 2.2/55 3.7/7.6 | 5.2/90 5996 56/92 | 55/9.0 4473 30/62| 17/34 0821 03/1.1 | 4.0/5.1
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
0-Agis Average 1.3 31 59 7.6 85 8.4 8.0 6.5 4.7 25 1S 0.6 4.9
Min/Max | 0.7/1.9 22/55 38/76 | 55/9.1 6.6/10.5 64/104| 6.3/10.0 4979 32/64 | 17735 08/2.1 03/1.1 | 44/55
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 1.9 3.1 34 3.8 3.6 34 2.8 22 1.2 1.0 0.5 23
Horiz Axis Min/Max | 0.4/1.5 09/40 1.7/44 | 2.1/44 24/51 2350 | 2.2/50 1.7/3.8 12/35| 06/21 04/1.6 02/1.0 [ 1.922.8
1-Axis, N-5 | Average 03 1.0 27 39 4.8 4.5 4.3 3.3 2.2 0.8 04 0.1 24
Horiz Axis Min/Max | 0.1/0.5  0.5/2.3 1.3/4.0 | 2.3/52 3.0/6.6 28/63 | 2.6/62 2.1/45 12/34 | 04/14 0.1/0.6 0.1/02| 1.9/2.8
1-Axis, N-S | Average 0.9 il 4.1 4.8 52 4.7 4.6 39 3.0 1.5 1.0 0.5 3.0
Tilt=Latitude | Min/Max | 0.4/1.5 L.1ya6 2.1/59 | 29/64 33(72 29/66 | 28/66 24/53 1747 0825 04/1.6 02/09 | 2.5/3.6
3. Axis Average 1.0 23 4.1 49 &9 = | 4.9 4.0 3.0 1.5 it | 0.5 34
= Min/Max | 0.4/1.6 1.1/47 2.1/59 | 29/65 3576 32/7.2| 3.0/7.1 25/54 1747 | 0825 04/1.7 0.2/1.0 | 2.6/3.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -20.0 -16.6 -10.3 -0.9 8.2 13.8 15.7 13.0 6.9 4.2 AT -18:7 -23
Daily Minimum Temp -23.9 -21.2 -16.4 -6.4 27 8.4 10.4 7.8 241 -1.9 -18.7 4 -7.1
Daily Maximum Temp -16.1 -11.9 -4.2 4.6 5y 19.1 20.9 18.2 11.8 -04 -107 -148 25
Record Minimum Temp | -52.8 511 -45.0 | -383 -18.3 -1.1 0.0 -5.6 -18.9 -39.4 -439 522 | -52.8
Record Maximum Temp 8.9 10.6 14.4 222 32,2 333 328 311 26.1 18.9 11.1 12.8 333
HDD, Base 18.3°C 1188 977 887 371 313 139 88 171 343 698 992 1147 7519
CDD, Base 18.3°C 0 0 0 0 0 0 5 3 0 0 0 0 10
Relative Humidity (%) 67 68 64 59 52 59 66 68 70 77 ] 71 66
Wind Speed (m/s) 5.4 4.7 4.1 3.8 38 33 2.9 33 3.8 3.9 4.6 5:2 4.1




Cold Bay, AK

WBAN NO. 25624

LATITUDE: 55.20° N

LONGITUDE: 162.72° W

Monthly Radiation (kWh/m?#/day)

Variability of Latitude Fixed-Tilt Radiation

ELEVATION: 29 meters ol N
MEAN PRESSURE: 1003 millibars e "
| 1
STATION TYPE: Secondary
“ =
1961-1990 Average
0 b
d F M A2 M J 4 @& & @ N P Y
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 0.6 12 2.2 3l 3.7 39 &y 30 22 1.4 0.7 0.4 ol
Min/Max | 0.5/0.8 1.0/1.5 1.8/2.8 | 2.6/4.1 3.1/4.1 3.3/46 | 32143 25/35 1.8/2.6 1.2/1.6  0.5/0.9 0.3/05 | 2.0/25
I ititinde =15 Average 12 240 3.0 3.3 3.6 27 35 3.0 2.3 1.9 1.2 0.9 25
Min/Max | 0.8/1.9 1.4/29 22/40 | 2.6/48 3041 3.1/45| 3.0/44 24/37 1932 | 14/26 0817 051322729
Tatitide Average 1.4 21] 3.0 3.2 3.3 34 32 2.8 24 2.0 13 1.0 24
Min/Max | 0.8/2.1 1532 22/42 | 24/48 2738 2841 | 2740 2235 1832 | 14727 0819 06/15]2.1/28
Lafitude +15 Average 1.4 g | 2.9 29 29 28 2.8 2.5 22 1.9 1.4 1.1 23
Min/Max | 0.8/2.3 15/33 20/4.1 | 2.1/46 24/34 2436 | 23/35 2031 1.63.0] 1327 0819 06/1.6]| 2026
90 Average 1.4 2.0 2.6 24 23 i 22 2.0 19 1:7 1.5 1.0 1.9
Min/Max | 0.8/2.3 1.4/3.1 1.8/3.7 | 1.7/4.1 1826 1927 | 1827 LofZS 13725 L1255 0818 0616 | 1622
B 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 0.9 1.7 2D 36 42 43 4.0 3.3 2.6 L7 0.9 0.6 2.6
Min/Max | 0.6/1.3 1.3/28 2:1/40'| 26/53 33/50 33565 32/52 2542 19/34 1.3/23 06/1.3 04/09 | 2.3/3.0
Latitude -15 Average 1.4 22 35 39 42 43 4.0 34 2.8 2.1 1.3 1.0 2.9
¢ Min/Max | 0.8/2.2 1.6/3.5 24/50|27/59 32/51 34/56| 3.2/53 25/44 20/39 | 1530 0819 06/15]|25/33
1kttt Average | LS 2.3 3.6 3.8 4.1 4.1 38 3.2 2 22 1.4 1.1 2.8
z = Min/Max | 0.9/24 1.6/3.8 24/5.1 | 25/59 3.1/49 32/53 | 3.0/51 23143 19/39| 1531 0821 0.6/16| 2533
Latitude £15 Average L6 2.4 35 3.7 38 38 35 3.0 2.7 22 1.5 1.1 2
Min/Max | 0.9/2.5 1.6/3.8 2.3/5.1 | 24/58 28/4.6 3.0/49 | 2847 21/40 18/3.7 1.4/3.1 09/2.1 0.6/1.8 | 2.4/3.2
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
Aty Average 1.6 24 3.6 4.0 4.4 4.5 4.2 34 2.9 23 i i | 3.0
i Min/Max | 0.9/2.5 16/38 24/52 | 27/59 3332 3657 | 33155 25435 20139 1.5/3.2 0.9/22 0.6/1.8 | 2.6/34
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 1.0 1.4 1.1 i 1.1 1.0 0.8 0.9 0.9 0.7 0.6 1.0
Horiz Axis | Min/Max | 0.3/1.5 03/22 0.7/2.6 | 04/22 0.6/L.8 05/2.1 | 04/1.8 03/1.5 03/1.5 | 04/1.7 03/1.3 02/1.1 | 0.7/1.2
1-Axis, N-S | Average 04 0.7 13 1.3 1.5 1.4 1.2 1.0 0.9 0.7 0.4 02 0.9
Horiz Axis Min/Max | 0.1/0.8 0.2/1.6 0.6/24 | 04/25 0.7/23 0.6/2.6 | 04/23 0.3/1.8 03/l6| 03/1.3 02/0.7 0.1/0.5 | 0.7/1.1
1-Axis, N-§ | Average 0.8 1:2 1.8 1.6 1.6 1.4 1.2 1.1 1.2 oy 0.7 0.6 1.2
Tilt=Latitude | Min/Max | 0.3/1.6 04/2.6 0.8/3.3 | 0529 0824 06/2.6 | 04/24 04/2.0 04/2.1| 0520 04/1.4 02/1.1] 0915
. Average 0.9 1.2 1.8 1.6 1.6 1.5 1.3 1 12 1.1 0.8 0.6 L&
2-Axis . & i - i
Min/Max | 0.3/1.7 04/27 0.8/3.3 | 0530 0825 07/28 | 0526 0420 04/2.1 | 0520 04/1.5 03/1.2 | 0.9/1.5 |
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.9 2.6 -12 0.7 42 7.6 10.3 10.8 8.7 42 1.3 -0.6 35
Daily Minimum Temp 4.4 5.1 -3. -1.9 1.6 49 7.8 8.4 6.2 16 -12 -3.0 0.9
Daily Maximum Temp 0.6 0.0 1.6 33 6.9 10.2 12.8 133 11.2 6.8 38 1.8 6.1
Record Minimum Temp | -22.2 -22.8 -25.0 -15.6 -7.8 -1.7 0.6 0.6 -2.8 -12.2 -17.2 -18.3 -25.0
Record Maximum Temp | 10.0 10.0 1853 15.6 19.4 20.6 25.0 25.6 244 20.6 15.0 122 25.6
HDD, Base 18.3°C 627 585 604 528 437 322 250 233 288 437 510 586 5407
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 84 84 83 82 82 84 87 88 83 82 83 84 84
Wind Speed (m/s) 8.0 8.0 & 8.0 7.3 T 7.0 7.2 74 7.6 7.8 7.8 7.6
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Maonthly Radiation (KWh/m?“/day)

Variability of Latitude Fixed-Tilt Radiation

Fairbanks, AK

WBAN NO. 26411

LATITUDE: 64.82° N

LONGITUDE: 147.87° W
ELEVATION: 138 meters
MEAN PRESSURE: 994 millibars

STATION TYPE: Primary

0 p———t—t—t : : —
J FM A M J A & LU ¥E
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 0.1 0.8 23 4.0 5 5.6 5: 37 23 10 0.3 0.0 2.5
Min/Max | 0.1/02  0.7/0.9 1.8/2.6 | 3.3/46 45/58 4.7/64 | 4.1/58 3.2/43 1829 | 0.8/1.1 0.2/03 0.0/0.1 | 2.4/2.7
Latitide =15 Average 0.7 22 4.5 56 3 ad 54 4.5 34 1.9 Lo 0.2 34
: © | Min/Max | 0.3/1.1 1.6/3.5 29/5.6 | 42/6.7 49/6.6 4.6/6.6 | 4.1/6.3 3.6/53 23/5.1 1426 0.5/1.5 0.1/04 | 3.1/3.7
tadtiie Average 0.7 2.4 4.7 556 3.3 5.2 4.9 42 34 2.0 1t 0.3 3
Min/Max | 0.4/1.3 1.7/39 30/59 | 4.1/6.7 45/62 42/60 | 3.7/58 34/51 23/52 | 14/27 06/1.7 0.1)0.5 | 3.0/3.6
Tatitifle +15 Average 0.8 2.5 4.7 53 4.6 45 4.3 3.8 32 2.0 L4 0.3 31
~ | Min/Max | 04/1.3 1.7/4.1 29/59 [ 3.7/64 4.0/54 3.6/51 | 3.2/50 3.046 21/49 | 14/28 06/1.8 0.1/05 | 2.7/34
90 Average 0.8 25 45 49 4.1 3.9 L 33 3.0 2.0 L.l 0.3 2.8
Min/Max | 0.4/1.4 1.7/4.1 2.8/5.8 | 3.4/6.1 3548 3.1j44 | 2844 2741 19/46 1.3/2.7 0.6/1.8 0.1/0.5 | 2.5/3.1
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
o Average | 03 1.5 4.1 6.4 75 7.8 7.1 53 34 15 05 0.1 38
Min/Max | 0.2/05 1.1/23 25/52 [ 47/78 6.1/9.0 6.0/94 | 50/86 40/66 2452 1.1/1.9 03/08 0.0/0.1 | 3.3/4.2
Lafitiide -15 Average 0.7 2.6 5.7 g% 8.2 8.3 7.6 6.0 44 22 1.1 0.2 4.6
Z © | Min/Max | 0.4/1.2 1.8/4.2  34/74 | 5.5/95 6.6/10.1 6.3/10.1| 5.3/94 44/76 28/69 1.5/3.0 05/1.7 0.1/04 | 3.9/5.1
Latitude Average 0.8 27 5.8 7 8.0 8.0 74 58 4.4 23 1.2 0.3 4.5
Min/Max | 0.4/1.3 19/4.6 3.5/7.7 | 54/96 64/9.8 6.0/9.8 [ 5.0/9.1 4.3/74 2.8/6.9 15/32 06/1.9 0.1/0.5 | 3.9/50
LatidE 415 Average 0.8 2.8 5.8 74 7.6 7.6 6.9 53 42 2.3 12 03 4.4
3 “ | Min/Max | 0.4/1.4 1.9/47 34/7.7 | 52/93 6.1/93 5793 | 47/8.6 4.0/7.1 27/68 | 15/32 06/2.0 0.1/0.5 | 3.7/4.9
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 A Average 0.8 28 5.8 e 8.4 8.7 7.9 6.0 4.4 2.3 1.2 03 47
=== Min/Max | 04/1.4 19/47 35/7.7 | 55/9.6 06.8/10.3 6.6/10.5| 5.5/9.7 4.5/7.7 2.8/7.0| 1532 06/20 0.1/05 | 4.1/5.2
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 0.6 1.6 2.9 32 3.6 3.7 33 29 2.0 L1 0.7 0.3 21
Horiz Axis Min/Max | 0.2/1.1  0.8/3.3 1.2/44 | 1.6/4.6 23/49 2.3/48 1.8/4.6 1.5/35 1.0/38 ] 0518 0214 Q105 | 1.726
1-Axis, N-S Average 0.2 0.8 24 K %] 4.6 4.5 4.1 29 20 0.7 0.3 0.1 22
Horiz Axis Min/Max | 0.1/04 0.4/1.8 1.0/3.8 | 1.8/5.3 3.0/6.2 2.8/6.1 | 2.2/57 1.8/43 L1/3.7| 03/1.1 0.1/0.5 0.0/0.1 | 1..7/2.6
1-Axis, N-§ | Average 0.6 1.8 38 4.6 5.0 4.8 4.3 34 2.8 i 0.8 0.3 28
Tilt=Latitude | Min/Max | 0.2/1.1  0.9/3.7 1.5/5.8 | 2.3/6.6: 32/68 3.0/64 | 2361 2150 1.5/52 | 0.6/2.1 0.2/14 0.1/0.5 | 2.1/3.3
2. Axis Average 0.6 1.8 38 4.7 3.3 5.2 4.7 33 2.8 .3 0.8 03 29
= Min/Max | 0.2/1.2  0.9/3.8 1.5/538 | 2367 347712 3269 | 235/66 2151 1552 | 0622 OIS 0105 | 235
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -23.4 -19.8 -11.7 -0.7 9.2 154 16.9 13.8 T -3.8 -16.3 214 -2.8
Daily Minimum Temp -28.1 -25.8 -18.7 -6.4 33 9.7 11.4 8.4 23 1.7 -209  -26.0 -8.2
Daily Maximum Temp -18.7 -13.8 -4.6 5.0 152 212 224 19.1 12.7 0.0 -11.7 -16.8 2.5
Record Minimum Temp | -51.7 -48.9 -45.0 | -31.1 -18.3 0.6 1.7 2.8 -122 -32.8 433 -522 -522
Record Maximum Temp | 10.0 8.3 10.6 233 31.7 35.6 344 a%s 28.9 18.3 7.8 6.7 35.6
HDD, Base 18.3°C 1293 1067 930 572 282 101 68 148 325 687 1038 1232 7744
CDD, Base 18.3°C 0 0 0 0 0 14 25 7 0 0 0 0 47
Relative Humidity (%) 70 66 60 56 50 57 64 71 69 74 73 71 65
Wind Speed (m/s) 1.5 1.9 2.5 32 33 34 31 2.9 23 2.5 e 1.5 25
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m Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 26425 g
" E fp 28 3
L
LATITUDE: 62.15° N % g 4
LONGITUDE: 145.45° W 8
ELEVATION: 481 meters 34T )
MEAN PRESSURE: 952 millibars s 2 -
STATION TYPE: Secondary s
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1961-1990 Average
04—t
J FM A M J J A § O N D ¥
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 | 03 1.0 25 4.1 5:1 5.5 53 4.1 26 1.2 0.4 0.2 2.7
Min/Max | 0.2/03 09/1.2 2.1/2.8 | 3.746 43/5.6 47/63| 4.6/59 3546 2.1/30| LI/14 04/06 0.1/0.2 | 2.572.9
LaHEidAe ~15 Average 1.1 2.5 4.5 5.6 5.6 5.5 5:5 5.0 39 24 1.3 0.6 3.6
= Min/Max | 0.6/1.8 1.9/40 3.3/55 | 48/65 4.6/63 4564 | 4763 4157 2.7/50| 1831 0720 03/1.2 | 3.3/4.0
Fatifida Average B 2.7 4.7 5.6 5.2 5.0 5.4 4.7 3.9 2.5 1.4 0.7 3.6
i Min/Max | 0.6/2.1 2.0/45 3558 |4.7/65 43/59 41/58 | 43/58 3854 2751 | 1934 0.8/22 03/14 | 3.2/40
FARHGE#15 Average 13 2.8 4.7 53 4.6 4.3 4.4 4.3 3.6 2.5 1.5 0.8 33
. Min/Max | 0.6/22 2.1/47 34/58 | 43/63 37/53 3550 | 3.8/50 34/4.9 2548 | 1934 0824 03/15|3.0/3.7
90 Average 1.3 2.8 4.5 4.8 3.9 3.6 3.7 3.7 33 24 15 0.8 3.0
Min/Max | 0.6/22 2.0/4.6 33/56 | 3858 3246 29/4.1| 3242 3042 22/44| 1833 0824 03/15]| 2734

~ 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 0.6 1.8 4.3 6.6 ] 1 74 6.0 4.0 L9 0.8 0.3 4.1
Min/Max | 0.3/09 14/29 3.0/53 | 3.5/79 5986 6.1/93 | 5889 47/7.1 28/52 | 15235 05/12 0.1/05 | 3.6/46
Lafitide <15 Average L2 2.9 5.8 7.8 8.1 8.1 7.9 6.8 5.0 28 1.4 0.7 4.9
Min/Max | 0.6/2.0 2.1/49 4.0/7.3 | 6594 64/94 62/98 | 6.1/96 52/81 33/67 | 2.0/3.8 08/23 03/1.3 | 4.3/55
Latinide Average I3 a5l 6.0 7.8 1.9 7.8 7.6 6.7 5.0 2.9 3 0.8 4.9
E Min/Max | 0.6/22 22/53 4.1/75 | 64/94 62/92 59095 | 5993 5179 33/67 | 2.1/40 0825 03/14 | 42/55
Lafitade-+15 Average 1.4 32 6.0 7.6 1.5 74 il 6.4 4.8 29 1.6 0.8 4.7
Min/Max | 0.7/24 23/54 4.1/75| 62/9.1 58/89 5.6/9.0| 5588 48/76 3.1/66 | 2.1)40 0826 0.3/15 | 4.1/54
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
2. Axis Average 1.4 3.2 6.0 7.9 8.3 8.4 8.1 6.9 3.0 2:9 1.6 0.8 5l
Ty iy Min/Max | 0.7/24 2.3/54 4.1/7.5 | 6595 65/9.6 6.5/102]| 63/99 53/81 3.3/68 | 2.1/40 0826 03/1.6 | 44/57
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 1.8 2:9 3.5 3.6 3.6 %5 3.0 24 15 0.9 0.6 24
Horiz Axis Min/Max | 0.3/1.8 0.9/3.8 1.6/42 | 2.5/4.8 2545 2.3/50 | 2.3/47 1939 "12/36 | Q724 Q3.7 0212|1929
1-Axis, N-S | Average 0.3 1.0 2.6 4.1 4.6 4.5 44 37 24 1% | 0.4 0.2 25
Horiz Axis Min/Max | 0.1/0.7  05/2.3 1.3/38 | 2.9/59 3.1/58 3.0/63 | 27/6.1 2347 12/36| 05/1.6 0.1/0.8 0.0/04 | 2.0/3.0
1-Axis, N-S5 | Average 0.9 2.0 3.9 5.0 5.0 4.7 4.7 4.3 3.3 1.8 1.0 0.5 3
Tilt=Latitude | Min/Max | 0.3/1.8 La43  2:1/55 | 3571 34/63 3.0/65 | 29/64 2755 L7M9 | 0928 0318 0212|2537
9N Average 1.0 2.1 3.9 5.1 2.3 5.1 5.0 4.4 33 1.8 1.0 0.6 32
= Min/Max | 0.3/20 1.044 2.1/56|3.6/72 3.6/66 33/71| 3.1/68 27/57 17/4.9 | 0929 03/1.9 02/1.3 ) 2.6/39
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -20.9 -15.9 -9.2 -0.7 6.5 11.8 14.1 11.9 6.6 -2.6 -149  -19.6 2.7
Daily Minimum Temp -25.5 -21.7 -16.3 -6.7 0.3 57 8.0 5.7 0.8 -6.9 -19.2  -238 -8.3
Daily Maximum Temp -16.4 -10.2 2.2 5.3 127 17.9 20.2 18.2 123 1.8 -10.7  -15.2 2.8
Record Minimum Temp | -51.1 -53.9 -44.4 -41.1 -15.0 2.2 -1.7 -6.7 -15.0 -30.6 -42.2 -50.0 -53.9
Record Maximum Temp | 7.8 7.8 10.0 19.4 294 22 32.8 30.0 233 18.3 8.9 6.7 328
HDD, Base 18.3°C 1218 960 854 572 367 197 131 198 353 648 998 1174 7671
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 73 73 67 63 58 59 65 68 71 il 78 75 69
Wind Speed (m/s) 1.6 23 2.7 34 37 3.8 34 35 3.2 2.8 1.8 1.8 2.8
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Manthly Radiation (kKWh/m?/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

King Salmon, AK

WBAN NO. 25503

LATITUDE: 58.68° N

LONGITUDE: 156.65° W

ELEVATION: 15 meters

MEAN PRESSURE: 1005 millibars

STATION TYPE: Secondary

0 H——t—t—+ 1 ' —t
J F M A M J A 0 D ¥Yr
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 0.5 1.2 2.4 3.6 44 4.6 4.3 34 23 1.4 0.6 0.3 24
Min/Max | 04/0.6 09/1.5 1.8/3.1 | 3.0/40 35/53 39/55 | 3.7/49 2740 1928 | 1.2/1.7 05/0.7 02/04 | 2.2/2.6
T R Average 1.4 25 Ty 44 4.5 45 4.3 3.6 3.0 24 L5 1.0 31
< | Min/Max | 0.8/2.1 1.6/3.7 23/58 | 34/52 34/57 3.6/57| 3.5/50 2.7/45 2040 17/34 0922 05/1.5 | 2.6/34
T atitnde Average 1.3 2.7 38 43 4.2 4.1 3.9 34 2:9 2.5 1.6 L2 3.0
Min/Max | 0.9/2.5 1.7/4.1 23/62 | 3.3/5.1 3.1/53 3.3/52 | 3.1/45 25/43 1940 | L7/3.6 1025 06/1.7 ]| 25734
Lafitude £15 Average 1.6 2.8 38 319 37 3.6 34 3.0 2.8 2.5 L3 1,3 28
Min/Max | 0.9/2.6 1.8/43 2.2/63 | 3.0/47 27/47 28/45| 2739 2238 1738 1.7/3.6 LORT 0.6/1.9 | 23/3.3
90 Average 1.6 27 35 34 3.0 2.8 2.7 25 24 23 1) 1.3 25
Min/Max | 0.9/2.6 1.7/4.1 20/59 | 25143 2237 23/35 | 22/31 1.8/3.2 1.5/33 1.5/3.4 1.0/2.7 0.6/1.9 | 2.0/2.9
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 0.8 2.0 37 5.0 5.7 37 5.2 4.2 3] 20 1.0 0.6 3
Min/Max | 0.5/1.3 1.3/3.0 22/59 | 3.7/63 4.1/7.6 42/73 | 4.1/64 3.1/54 2.1/43| 1529 06/1.5 03/0.8 | 2.8/37
Latitude -15 | Average L5 3.0 4.7 5.8 6.0 5.8 54 45 3.6 2.8 L3 1.1 3.8
i Min/Max | 0.8/2.5 1.8/46 2.6/7.8 | 4.1/73 4.1/82 42/76 | 4.1/66 32/59 2352 1.9/4.1 1.0/2.6  0.6/1.7 | 3.2/4.4
{nitide Average 1.7 32 4.8 57 5.8 5.6 5.2 43 3.6 2.9 1.8 13 38
Min/Max | 0.9/2.7 1949 2.6/8.1 [ 40/72 4.0/7.9 3.9/73 | 3.9/64 3.0/57 22/52| 20/43 1.0/2.8 0.6/1.9 | 3.1/4.4
Latitude +15 Average 1.8 32 4.8 55 54 ad 4.8 Al 335 29 1.9 13 37
: Min/Max | 09/29 20/5.1 258.1 | 3870 3.7/75 3.6/68 | 3.6/6.0 2.8/54 2.1/5.1 1.9/43 1.1/3.0 0.6/2.0 | 3.0M4.3
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 Average 1.8 33 4.8 5.8 6.1 6.0 5.6 4.5 3.7 29 | L 1.5 4.0
) 3 Min/Max | 0.9/29 20/5.1 2.7/8.1|4.1/7.3 43/83 4.3/7.8 | 42/6.8 32/59 2353 | 2.043 1.1/3.0 06/2.0 ) 3.3/4.6
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 1.1 1.9 23 24 23 2 1.9 153 1.4 1.5 1L 0.9 1.7
Horiz Axis | Min/Max | 0.4/22 07/3.6 0.8/4.7 | 1435 10/38 1.0/35| 1.0/28 0725 05726 0826 0520 03/1.5| 12/2.1
1-Axis, N-§ | Average 05 1.2 2.1 2.8 30 2.6 2.4 1.9 1o Ll 0.5 0.3 i
Horiz Axis Min/Max | 0.2/1.0 04/24 08/44 | 1.6/43 1449 1.2/43( 1.2/35 0930 0627 06/1.9 02/1.0 0.1/0.6 | 1.2/2.0
1-Axis, N-S | Average 1.2 2 3.0 34 3.1 27 24 2.1 2.0 1.8 i 0.9 2.2
Tilt=Latitude | Min/Max | 0.4/2.3  0.8/42 Lafedi| 1.965.1 1.5/5.2 1.2/4.3 1.313.7 1.0/3.4 0.8/35 10R2 0522 03115 | 1.6/2.7
. finie Average 1.2 L2 3.0 34 33 29 2.6 22 2.0 1.8 1.2 0.9 22
= Min/Max | 0.5/24 0943 1.1/63 | 2.0/51 1.6/55 1347 | 1439 11/35 0835| 10532 0623 0417 | L7238
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.5 -9.6 5.3 04 58 10.0 12.6 122 8.4 0.2 -5.4 -8.9 0.8
Daily Minimum Temp -13.6 -14.1 -9.9 -4.8 Lol ) 8.0 8.0 4.3 -3.8 -9.4 -13.2 -3.5
Daily Maximum Temp 5.5 -5.1 -0.7 39 10.5 14.8 172 16.3 12.6 4.3 -1.3 -4.8 52
Record Minimum Temp | -44.4 -40.6 -41.1 -26.1 -15.6 -1.7 0.6 -3.9 -9.4 244 -333  -389 | -444
Record Maximum Temp | 11.7 13.9 133 18.3 25.0 31.1 30.0 28.9 233 19.4 13.3 8.9 311
HDD, Base 18.3°C 863 781 734 563 389 250 177 191 297 562 712 846 6364
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 76 73 3 72 70 74 78 80 79 79 81 T 76
Wind Speed (m/s) 49 5.1 5.1 3.0 3.0 4.9 4.5 4.7 4.7 46 ) 4.9 4.8
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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 0.5 1.1 2.3 35 43 4.6 45 38 2.5 1:5 0.7 0.3 25
Min/Max | 0.3/0.6 0.8/1.5 1.4/3.0 | 29/40 3.4/49 34/6.1 | 3.7/54 3.1/44 2.1/3.1 1.2/1.6 05/0.8 0.2/04 | 2.2/2.7
Cafihide=1% Average 12 12 35 4.3 4.4 4.5 4.5 4.2 3.3 2.6 1.6 1.0 3l
“ | Min/Max | 0.6/1.8 1.0/3.7 1.8/5.1 | 3.3/52 34/53 3.1/6.0 | 3.6/56 3.3/50 25/45| 2.0/3.3 1.1/2.1 04/1.5 | 2.7/3.5
Tatitude Average 14 24 3.7 4.2 4.1 4.1 4.1 4.0 33 2.8 1.8 1.2 3.1
Min/Max | 0.6/2.1 1.1/4.1 1.7/5.4 | 3.2/5:1 3450 2855 | 3351 3.1/48 25/4.6 | 2.1/3.6 1.212.4- 04fLB [ 2.7/3:5
Tttt w15 Average I3 2.5 3.6 3.9 36 33 3.6 36 31 28 1.8 1.2 2.9
* | MinfMax | 0.6/2.2 1.0/4.3 1.6/54 | 2.9/47 2.7/43 25/4.7 | 2.8/44 2.7/43 23/43 | 2.1/36 12/25 05/1.9 | 24/33
90 Average 1.4 24 33 33 2.9 2.7 2.8 2.9 27 2.6 1.8 12 23
| Min/Max | 0.6/2.2 1.0/4.1 1.4/5.1 | 2.4/4.1 2.2/3.4 O3 | 23135  22/35 2088 1.9/3.4 1.1/25 04/19 [ 2.1/29
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 0.8 1.8 3.5 5.0 5.6 5.8 58 5:1 3.5 2.3 1.1 0.6 34
Min/Max | 0.4/1.1 0.9/3.0 1.6/5.2 | 3.6/6.0 3.9/7.0 3.7/87 | 4.3/15 3.6/6.4 2.6/4.9 1.8/28 0.8/1.4 0.3/0.8 | 2.9/3.8
|Latitude -15 | Average | 14 2.6 4.5 37 5.9 5.9 5.9 55 4.2 32 1.8 1 4.0
=2 Min/Max | 0.6/2.1 1.1/4.6  1.9/6.7 | 4.0/7.0 4.0/74 3.6/9.0 | 44/79 3970 3.0/6.0 | 24/4.1 12/25 04{1.7 | 34/45
ttuds Average L5 2.8 4.6 5.7 a7 3.7 5.7 54 42 33 2.0 12 4.0
Min/Max | 0.7/2.3 1.1/49 19/69 | 3.9/6.9 3.87.1 34/87 | 4.2/76 37/68 3.0/6.0 | 2.543 13/27 05/19 | 3.445
Latitude +15 Average 1.6 28 45 5.4 5.3 33 23 | 4.0 33 2.0 1id 3.8
Min/Max | 0.7/2.4 1.1/5.1 118/6.9 | 37167 35/67 32/83 | 39012 3.5/6.5 2.9/5.9___ 25/43 1.3/28 0.5/2.0 | 3.2/4.4
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 ane Average 1.6 28 4.6 5.8 6.0 6.2 6.1 3.6 4.2 33 2.0 1.3 4.1
Min/Max | 0.7/2.4 1.1/5.1 1.9/6.9 | 4.0/7.0 4.1/75 3.8/94 | 4.5/8.1 IO 3061 2.5/43 1.3/2.8 0.5/2.0 | 3.5/4.7
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 1.0 13 2.2 2.9 L3 23 Z.3 2.3 1.8 1.8 1.3 0.9 Bl
Horiz Axis Min/Max | 0.3/1.6  0.3/3.5 0.6/3.6 | 1.5/35 0.9/34 0945 Lafeaas | L3fmar LNan | 1327 07720 0315 | L5232
1-Axis, N-8 Average 0.4 1.0 F.5 30 3.0 30 3.0 29 2.0 1.4 0.6 g3 19
| Horiz Axis Min/Max | 0.1/0.8 0.2/24 0.5/3.4 | 1.8/4.1 1.1/4.3 1.2/5.9 1.6/4.6 14/43 1.1/33 | 0920 04/1.0 0.1/0.6 | 1.5/2.2
1-Axis, N-S | Average 1.0 1.8 30 3.5 32 30 2l 4 2:5 27 1.4 0.9 2.4
Tilt=Latitude | Min/Max | 0.3/1.7 04/4.1 08/4.8 | 2.1/49 12/4.6 12/59 | L7/47 1648 1543 | 1533 0721 0315 1.9/2.8
WM Average 1.3 1.8 3.0 3.6 34 3.3 33 33 2.6 23 1.4 0.9 2.5
B Min/Max | 0.3/1.8 04/42 0.8/4.8 | 2.1/4.9 1.2/4.8 1.3/6.4 1.8/5.1 1.6/49 1.5/4.3 15/3.3 0822 03/16 | 2.0/29
Average Climatic Conditions
| Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
| Temperature (°C) 13 038 05 3.1 6.4 98 12.4 129 100 48 13 0.7 49
Daily Minimum Temp 4.1 -39 2.8 -0.3 3.1 6.4 9.0 9.1 6.3 12 -1.8 -3.8 1.6
Daily Maximum Temp 15 23 38 6.5 9.7 13.1 15.8 16.6 13.7 8.4 44 24 8.2
Record Minimum Temp | -26.7 -24.4 -21.1 -13.9 -6.7 -1.1 28 2.2 -3.3 -122 -17.8 -18.3 -26.7
Record Maximum Temp | 122 13.3 139 17.8 267 30.0 27.8 28.3 228 16.7 12.2 133 30.0
HDD, Base 18.3°C 604 537 553 458 371 257 183 169 250 418 510 589 4898
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 78 77 & 12 76 80 82 82 81 15 75 75 P
Wind Speed (m/s) 535 3.9 53 Sa 4.6 4.1 34 3.6 4.1 4.9 54 95 4.7
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Variability of Latitude Fixed-Tilt Radiation Kotzebue, AK
8 - .
= sl
5.0 t WBAN NO. 26616
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"]
= g | LATITUDE: 66.87° N
S LONGITUDE: 162.63° W
=4 : ELEVATION: 5 meters
= & + MEAN PRESSURE: 1011 millibars
2
e &
= STATION TYPE: Secondary
T .
1961-1990 Average
0ttt 1 f —
J F M & M 4 A B DR D ¥
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 0.1 0.6 21 4.1 5.5 5.5 4.8 3.3 2.0 0.9 0.2 0.0 2.4
Min/Max | 0.1/0.1 0.5/0.7 1.7/23 | 26/47 4.6/65 44/64 | 4.0/58 2.4/41 1524 | 07/1.0 0.102 00/0.0 |2.2/27
Latiiidn <15 Average 0.4 21 4.3 6.0 6.4 5.7 5.0 38 31 21 8.7 0.1 33
Min/Max | 0.2/0.8 1.3/3.0 2.7/54 | 33/73 5.1/80 4.1/6.8 | 4.1/64 23/54 1943 1.4/3.0 0.3/1.0 0.0/0.2 | 2.8/3.9
I Ehinne Average 0.5 23 45 6.0 6.1 5.2 4.6 3.7 3.1 2.2 0.7 0.1 S
Min/Max | 0.2/0.9 14/3.3 2.7/57 [ 32/74 438/78 3.9/63| 3.7/58 22/51 19/43 1.5/3.2 04/12 00/0.2 | 2.8/3.9
Latituds +15 Average 0.5 23 45 53 5.6 44 29 3.3 29 2.2 0.8 0.1 3.0
: Min/Max | 0.2/0.9 1434 27157 | 3071 <4372 3256| 3250 1.9/46 1.7/4.1 15/3.3 04/12 00/0.2 | 2.6/3.6
90 Average 0.3 23 4.4 54 5.2 4.0 3.5 3.0 27 2.1 0.8 0.1 2.8
Min/Max | 0.2/0.9 14/34 26/55|29/67 4.0/6.7 2.8/51 | 2845 1.7/42 1.6/39 | 14/32 04/12 0.0/02 | 2.4/34
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 0.1 1.3 39 6.8 8.4 8.0 6.7 4.7 31 1.3 0.3 0.0 3.8
Min/Max | 0.1/0.3 0.8/1.8 2.3/48 | 3.5/8.6 63114 5398 | 5.0/93 27/67 1945 1.0/22 02/05 0.0/0.0 | 3.1/4.6
Latitudé =15 Average 0.4 24 5.5 8.4 9.5 8.7 4.3 3.3 3.9 24 0.7 0.1 4.6
Min/Max | 0.2/0.8 L4/35 3.1/7.1 |4.1110.7 7.0/13.1 54/109| 53/103 2.8/79 22/59 1.6/3.7 0.3/1.1 0.0/0.2 | 3.7/5.6
Lakitide Average 0.5 25 5.7 84 9.4 84 2l 52 39 2.5 0.8 0.1 4.5
Min/Max | 0.2/0.9 1.5/3.8 3.2/7.3 [4.1/10.7 6.8/13.1 5.2/10.6| 5.1/10.0 2.6/7.7 22/59| 1.6/3.8 04/1.3 0.0/02 | 3.7/5.6
Tatpads 15 Average 0.5 2.6 8.1 8.2 9.0 8.0 6.7 4.9 38 2.5 0.8 0.1 4.4
Min/Max | 0.2/1.0 1.5/39 3.1/7.3 [4.0/10.5 6.5/12,7 4.8/10.1| 4.89.6 2.5/74 2.1/58 1.6/3.9 04/1.3 0.0/0.2 | 3.5/55

Solar Radiation for 2-Axis T

racking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
9: Axis Average 0.5 2.6 9.0 8.4 9.6 9.0 7.6 54 4.0 2.5 0.8 0.1 4.7
- . Min/Max | 0.2/1.0 15/39 3.2/7.3 |4.1/10.7 7.1/133 57/11.3| 5.5/10.6 2.8/80 22/59 | 1.6/3.9 04/1.3 0.0/0.2 | 3.8/58
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, EW | Average | 04 1.6 29 3.5 4.0 4.1 33 22 1.9 14 0.5 0.1 2.2
Horiz Axis Min/Max | 0.1/0.9  0.7/2.8 1.0/4.2 | 1.2/5.1 2.5/6.5 1858 | 20/54 '06/3.8 0732 | 07235 02/1.0 0.0/02 [ 1530
1-Axis, N-S | Average 0.1 0.8 24 4.1 5.0 5.0 4.0 2.6 1.8 0.9 0.2 0.0 22
Horiz Axis Min/Max | 0.0/02 0.3/1.4 07/35 | 1.4/59 3.0/83 2.1/69 | 25/68 0846 0632 04/1.6 0003 00/00 | 1.5/3.1
1-Axis, N-S | Average 04 1.8 3.8 5.1 55 53 4.3 31 2.6 117 0.6 0.1 29
Tilt=Latitude | Min/Max | 0.1/0.9  0.8/3.1 1254 | L3774 33/92 2374 2773 0955 0945 | 09/3.0 02/1.0 00/02 | 1.9/39
e Average 0.4 1.8 38 5.2 5.0 5.8 47 32 2.6 1.7 0.6 0.1 3.0

Y Min/Max | 0.1/0.9 0.8/3.2 1.2/54 | 1.8/7.6 3.5/9.7 25/8.1 29/79 0.9/57 09/45 | 0.9/3.1 0.2/1.1  0.0/0.2 | 2.0/4.1

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -18.3 -20.4 -17.6 -11.5 -0.4 6.6 12:d 11.2 5.6 -5.1 -134 -18.3 -5.8
Daily Minimum Temp -21.9 244 =222 165 4.2 3.2 92 8.5 2.8 -1.7 -16.4 -21.9 -9.3
Daily Maximum Temp -14.7 -16.5 -12.9 -6.5 33 9.8 15:1 13.9 8.3 24 -10.5 -14.7 2.3
Record Minimum Temp | -45.0 -46.7 -44.4 -42.2 -27.8 -6.7 -1.1 -1.1 9.4 -28.3 -37.8 -43.9 -46.7
Record Maximum Temp | 3.9 4.4 39 8.9 23.3 29.4 294 26.7 20.6 10.6 S 28 294
HDD, Base 18.3°C 1137 1086 1113 8935 582 353 196 226 383 725 953 1135 8784
CDD, Base 18.3°C 0 0 0 0 0 0 3 - 0 0 0 0 7
Relative Humidity (%) 72 70 71 76 81 82 81 81 79 [ 76 74 77
Wind Speed (m/s) 6.2 5.5 i.1 53 52 54 5.6 5.6 6.0 59 6.4 63 e
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 McGrath, AK

WBAN NO. 26510

LATITUDE: 62.97° N
LONGITUDE: 155.62° W
ELEVATION: 103 meters

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

MEAN PRESSURE: 997 millibars +
STATION TYPE: Secondary ;
1961-1990 Average ’
0 } } f } } f f t f t } } t
d F M A M 4 4 A & O N D ¥
Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £8%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 03 1.0 24 4.2 4.8 5.1 4.6 3.5 22 1:1 04 0.1 5
Min/Max | 02/0.3 08/1.2 1.9/2.9 | 3.5/4.7 3.9/53.7 4.3/59 | 4.0/54 28/4.1 17,28 | 09/1.3 03/04 0.1/0.1 | 2.2/2.8
Latitide <19 Average 1.0 2.5 4.4 5.6 o o 4 4.7 4.0 31 2.0 1.1 0.6 33
¥ | Min/Max | 0.6/1.6 1.8/42 2.7/62 | 44/6.8 4.1/65 4.1)6.1 [ 3.9/58 3.0/51 2.0/45 1.3/28 0.6/1.7 0.3/1.1 | 2.8/3.8
Viitads Average 12 28 4.7 5.6 4.9 4.6 4.3 37 31 2.1 i3 0.6 3.2
Min/Max | 0.6/1.9 1.9/4.7 2.8/6.6 | 4.3/6.8 3.8/6.1 3.7/56 | 3.5/53 2.8/48 1945 | 1329 07/1.9 03/13 | 2.7/37
Latibide 19 Average 12 2.9 4.6 5.4 4.4 4.0 3.7 a3 29 .1 1.3 0.7 3.0
Min/Max | 0.6/20 2.0/49 2.7/6.6 | 4.0/6.6 3.3/54 32/48 | 3.0/46 24/43 1743 1.3/29 0.7/2.0 03/1.4 | 2.5/35
90 Average 13 2.8 4.5 5.0 3.8 5.3 32 2.9 i 2.0 I:3 0.7 2.8
Min/Max | 0.6/20 2.0/49 2.6/6.4 | 3.6/6.1 2.8/4.8 27/40 | 2639 2.1/3.8 1.6/39 1223 0320 0314 | 2.3/32
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 0.5 1.8 42 6.3 6.9 6.9 6.2 4.7 2 1.6 0.7 0.2 3.6
Min/Max | 0.3/08 1.3/3.0 25/59 | 4979 51/9.1 51/84 | 4879 3.6/62 2048 | L1/22 04/1.0 0.1/04 | 3.043
Letitide 15 Average 1:1 3.0 5.7 7.7 TS5 T2 6.6 53 4.0 2.3 13 0.6 4.3
: Min/Max | 0.6/1.8 2.0/5.2 3.1/8.3 | 5.6/9.6 55/10.1 52/9.0 | 4.9/8.5 3.8/7.1 22/6.1 L5733 Do 03 EE | 3562
Eatitde Average 12 3.2 5.9 700 THES 7.0 6.3 3l 4.0 24 1.4 0.7 43
Min/Max | 0.6/2.0 2.2/5.6 3.2/8.6 | 5.6/9.6 53/99 49/87 | 4.7/82 37/69 22/62 L5135 09120 03714 | 35052
Latinde 215 Average 13 3.3 5.9 5 o 6.6 39 4.9 3.8 24 1.4 0.7 42
A Min/Max | 0.7/22 2.2/57 32/86 | 5594 50/94 406/83 | 4478 34/6.6 2.0/60 15/3:5 0922 0315 | 3351
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
9UA ¥ Average 13 33 5.9 i) 7.9 7.5 6.8 53 4.0 24 1.4 0.7 4.5
5 Min/Max | 0.7/22 22/57 32/86 | 5.7/9.6 56/103 54/94 | 5.1/87 38/72 22/62 15135 03722 03515 | 3654
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 1.9 28 3.1 32 31 2T ol 1.8 1| 0.8 0.5 2.0
Horiz Axis Min/Max | 0.3/1.7 0.9/4.1 1.0/5.1 | 1.5/4.4 1.8/5.2 1.5/4.2 1440 1,1/33 05/32 | 0521 03/1.5 0.2/13 | 1.4/2.6
1-Axis, N-§ | Average 0.3 1.1 25 3.6 4.1 39 34 25 1.8 0.8 0.3 0.1 20
Horiz Axis Min/Max | 0.1/0.6  0.5/24 08/45 | 1.7/5.1 2.4/6.7 1.9/5.3 1.8/5.0 1.5/3.9 05/34 | 03/l.5 0.1/0.6 0.0/03 | 1.4/28
1-Axis, N-S | Average 0.9 2.1 3.8 45 4.4 4.0 4.5 29 35 14 0.9 0.5 26
Tilt=Latitude | Min/Max | 0.3/1.7 1.0/4.7 1.2/6.7 | 2.1/6.3 2.6/1.3 2.0/5.5 1.9/5.3 1.7/46 0.7/4.6 | 06/26 03/1.6 0.1/1.2 | 1.8/3.5
2. Axis Average 0.9 2.8 3.8 4.5 4.7 4.4 3.8 3.0 2.5 1.4 0.9 0.5 &l
= Min/Max | 0.3/1.8 1.0/4.8 1.2/67 | 2.1/64 2.7/17 22/60 | 2.1/57 1.8/47 0.7/46 | 0.6/26 03/1.7 0.2/1.3 | 1.9/3.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -22.6 -19.2 -12.1 -3.1 6.9 129 14.8 12.4 6.8 -4.1 -15:3 221.1 -3.6
Daily Minimum Temp 277 -25.7 -19.4 -8.9 1.4 13 94 12 1.9 -7.8 -19.8 =259 -9.0
Daily Maximum Temp -17.6 -12.8 -4.8 2.8 12.5 18.6 20.2 17.5 11.6 -0.4 -109 -16.3 L
Record Minimum Temp | -59.4 -33.3 -46.1 -40.0 -18.9 -1.1 0.6 -39 -14.4 -333 -47.2 -55.0 | -59.4
Record Maximum Temp 12.2 12.8 10.6 194 272 322 = e 317 244 13:0 9.4 9.4 322
HDD, Base 18.3°C 1269 1052 944 642 353 162 115 188 347 694 1010 1223 7998
CDD, Base 18.3°C 0 0 0 0 0 0 7 3 0 0 0 0 10
Relative Humidity (%) 72 69 64 62 39 63 70 79 74 78 77 74 70
Wind Speed (m/s) 14 20 25 3l 31 3.0 2.8 2.8 2.8 286 1.8 15 25
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Variability of Latitude Fixed-Tilt Radiation m
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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 Déc | Year
0 Average 0.2 0.8 £s 4.3 53 335 4.6 33 21 1.0 0.3 0.1 25
Min/Max | 0.1/0.2 0.7/1.0 1.7/2.7 | 3.6/48 4.0/62 42/68 | 3.3/55 254.1 16/28 | 08/1.2 02/03 0.0/0.1 | 2.3/2.7
Latitude -15 | Average 0.8 25 4.5 39 3.2 b1 4.7 3.7 33 232 1.0 0.4 34
Min/Max | 0.4/1.4 13/3.8 24/56 | 42/73 43/7.1 3.9/7.0| 3.0/58 2550 1947| 1630 0515 02/08 |2938
Tutitude Average 0.9 2.8 4.7 5.9 5.6 5.0 4.3 < 5 3.2 2.4 1.1 0.5 33
Min/Max | 0.4/1.6 1442 24/60 | 42/74 40/68 3564 | 2753 2348 1947 | L632 0517 02/1.0 | 2.9738
Latitude +15 Aycragc 0.9 29 4.7 5.6 50 43 3.7 d 3.0 2.4 1.2 0.5 3.1
Min/Max | 0.4/1.8 1.4/44 24/6.0 | 40/7.1 3.6/63 3.0/54 | 2346 2043 17/44 | 1632 06/1.8 02/1.0|2.7/35
90 Average 0.9 2.8 4.5 3.8 4.5 3.7 3.2 2.7 2.7 23 1.2 0.5 29
Min/Max | 0.4/1.8 1.3/44 23/58 | 3.7/6.7 3.2/58 26/47| 2.0/40 1738 154.1 | 1531 05/1.8 02/1.1|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 0.3 1.7 42 6.9 79 7.8 6.3 45 3.3 1.8 0.5 0.1 3.8
Min/Max | 02/0.6  1.0/2.6 23/53 | 4.6/88 537102 48/10.6| 3.884 2862 1949 | 1.2/23 03/08 0.1/03 | 3.2/44
T atttude <15 Average 0.8 3.0 58 8.3 8.7 8.3 6.7 5.0 4.1 27 I 0.4 4.6
¢ : Min/Max | 0.4/1.6  1.4/4.6 2.8/7.5 [52/10.8 5.6/11.4 48/11.4] 3.890 2971 22/63| 1.837 05/1.7 02/09 | 3.8/54
Fatitnda Average 0.9 32 59 8.3 8.5 8.0 6.4 48 4.1 2.8 L2 0.5 4.6
Min/Max | 0.4/1.8 1549 28/7.7 |5.1/10.8 55/11.2 4.6/11.1| 3.6/8.8 2.8/69 22/64 | 19/39 06/1.9 02/1.0 | 38/54
Failtide +15 Average 1.0 Jd 3.9 8.1 8.1 7.6 6.1 4.0 4.0 2.8 13 a5 4.4
Min/Max | 0.5/1.9 1.5/5.1 2.8/7.7 |5.0/10.6 5.2/10.7 4.3/10.6| 3.3/8.4 2.6/6.6 2.1/6.2 1.§/3.9 0.6/l 0.2/1.1 | 3.7/53
— 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 A Ayerage 1.0 3.4 59 8.4 8.8 8.6 6.9 5.0 4.1 2.8 1:3 a5 4.7
= ) Min/Max | 0.5/1.9 1.5/51 2.8/7.7 |5.2/10.8 5.8/11.7 5.1/11.9| 3.9/94 3.0/7.1 22/64 | 19/39 06/20 02/1.1 | 4.0/5.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June Tuly Aug  Sept Oct Nov Dec | Year
1-Axis, B-W | Average 0.7 2.0 3.0 3.5 3.8 4.0 25 1.9 1.9 1.6 0.8 0.5 22
Horiz Axis | Min/Max | 0.2/1.5 0.4/3.6 0.7/44 | 1.1/53 13/64 14/64 | 0945 0734 0835 | 0925 0214 02/1.0 | 1.629
1-Axis, N-S | Average 0.2 1.1 2.6 4.2 4.8 50 3.6 24 2.0 1.1 3 0.1 23
Horiz Axis | Min/Max | 0.1/0.5 0.2/20 0.6/4.0 | 1.2/63 1681 17/80 | 1.3/58 0943 0836 | 0617 0106 0002 | 1.6/3.0
1-Axis, N-S | Average 0.7 2 3.9 5.1 3.3 32 3.8 238 27 1.9 0.8 0.5 29
Tilt=Latitude | Min/Max | 0.2/1.5 0.5/4.1 0.9/6.0 | 1.5/7.7 1.8/8.9 1884 | 1.3/62 1.1/48 1.0/48 | 1.1/31 02/15 02/1.0|2.1/3.8
BT Average 0.7 23 39 52 5.6 57 4.1 29 2.9 2.0 0.9 0.5 3.0
. Min/Max | 02/1.6 0542 09/60 | 1.5/7.8 19094 1991 | 1566 1.1/50 1049 ]| 1.1/3.1 0215 02/1.1 | 22/40
Average Climatic Conditions
Element Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
Temperature (°C) =139 -15.6 =150 -8.0 2.0 T 10.8 10.1 5.8 2.2 -8.9 13.7 -3.2
Daily Minimum Temp -18.2 -20.3 -17.9 | -124 -1.6 3.8 7.3 6.7 2.4 -5.4 -126  -18.1 -7.2
Daily Maximum Temp -9.6 -11.0 -8.1 -3.6 5.6 11.6 14.3 13.4 9.3 0.9 -5.3 -9.4 0.7
Record Minimum Temp | -47.8 -41.1 -43.3 | -344 -23.9 -5.0 -0.6 2.8 -9.4 -233 -394 406 | -47.8
Record Maximum Temp | 6.1 8.9 6.1 10.6 256 27.2 30.0 272 217 15.0 72 6.1 30.0
HDD, Base 18.3°C 999 951 971 790 506 318 235 255 373 637 818 994 7849
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 72 69 vl 74 74 74 79 80 73 74 74 72 74
Wind Speed (m/s) 5.2 4.6 4.5 4.7 4.6 4.5 4.5 49 52 4.9 5.1 5.0 4.8
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m Variability of Latitude Fixed-Tilt Radiation
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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 0.5 1.2 24 335 3.9 4.0 3.6 29 a2 13 0.6 0.4 ¥4
Min/Max | 0.4/0.6  0.9/1.6 19/3.1 | 2.7/44 32/51 3.5/4.7 3.0/39 2434 1824 | 1.1/1.5 05/0.7 0.3/05 | 2.0/2.5
Latikida 215 Average 1.0 2.0 3.3 4.1 3.9 3.8 33 28 26 1.8 Lil 0.7 23
" “ | Min/Max | 0.6/1.9 1.3/3.6 23/52 | 29/54 30/53 3247 | 2.7/38 23135 19431 1.3/24 0.7/14 04/1.3 | 2.2/3.1
Tatitnde Average 1.1 22 34 4.0 3.0 34 3.0 2.6 2.5 1.9 L 0.8 2.5
i Min/Max | 0.6/2.2 153/400: 2.3/55 |'2754 2#5:1 2943 2435 2032 1831 1.3/25 0.7/15 04/14 | 2.1/3.1
1.atitds +15 Average 1.1 22 33 3.7 32 3.0 2.6 23 23 1.8 L2 0.8 2.3
‘ ~ | Min/Max | 0.6/23 1341 2.2/55 | 25/52 23/48 25/3.8 | 2.1/3.0 1829 1629 1.3/25 0.7/1.6 04/1.5 | 1.9/29
90 Average 1.1 21 31 33 2.6 2.3 2.1 1.9 20 7 | 0.8 2.0
Min/Max | 0.5/2.3 1.2/40 1.9/52 | 2.0/4.6 1.9/42 2.0/29 | 1.6/24 1.4/23 13/25 1.123  07/15 04/1.6 | 1.6/2.6
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 0.7 1.7 i 4.5 44 4.4 37 3.0 2.6 1.6 0.8 0.5 2.6
Min/Max | 04/1.3 L1/30 23/52|3.0/62 32/65 3554 | 2843 2338 1832 1221 0510 03/07 |22/32
Latituds <15 Average i1 23 4.0 4.9 4.6 4.3 3.6 3 3.0 2.0 | 0.8 29
¥ ~ | Min/Max | 0.6/2.2 l4/44  27/6.8 | 3.2/69 32/69 3.4/56 | 2.7/44 23/40 1.9/38 1.4/28 0.7/1.5 04/1.4 | 2.4/3.7
Y i Average | 12 25 4.1 49 4.4 4.1 3.4 29 2.9 2.1 1.2 0.8 29
& Min/Max | 0.6/2.4 14/47 27/7.0 | 3.1/69 3.0/6.8 3.1/53 | 25/42 22/38 19/38 1.4/3.0 07/1.6 04/1.5 | 2.4/3.7
Eaifide +19 Average 1.2 2.5 4.0 4.7 4.1 3.8 3.1 27 2.8 . 1.2 0.9 2.8
Z Min/Max | 0.6/2.6 1.4/48 2.6/7.0 | 2.9/6.8 2.7/65 2.9/49 | 23/3.9 2.0/3.6 1.8/3.6 1.4/29 0.7/1.7 04/1.6 | 2.3/3.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9% i
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
LA Average 1:2 &5 4.1 5.0 4.7 4.5 3.8 3 3.0 2.1 1.3 0.9 3.0
[ Min/Max | 0.6/2.6 1.5/48 2.7/7.0 [ 32/70 3370 35/58 | 2846 2440 19/38| 1530 08/1.7 0417|2539
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feh Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 0.5 EX 15 1.4 1.2 1.1 0.7 0.6 1.0 0.9 0.6 0.4 0.9
Horiz Axis Min/Max | 0.1/1.7 0.5/2.8 0.8/3.6 | 0.6/25 04/24 02/22 | 02/1.4 02/1.1 04/1.5 | 04/1.5 03/09 0.1/09 | 0.7/1.4
1-Axis, N-S | Average 0.2 0.7 I3 1.7 1.5 13 0.8 0.7 1.0 0.6 0.3 0.2 0.9
Horiz Axis Min/Max | 0.1/0.8 04/20 0.7/3.3 | 0.7/30 06/3.0 02/25| 02/1.7 03/14 04/1.6 | 0.3/1.1 0.1/0.5 0.1/04 | 0.7/14
1-Axis, N-§ | Average 0.6 1.2 1.9 2.0 I 1.3 0.8 0.8 B 1.0 0.6 0.4 1.4
Tilt=Latitude | Min/Max | 0.1/1.8 0.6/3.3 1.0/47 | 0.9/3.5 0.6/3.2 02/26| 02/1.8 03/1.5 0521 | 06/1.8 0.3/1.0 0.1/09 | 0.9/1.8
3 Koscls Average 0.6 1.3 1.9 20 1.6 1.4 0.9 0.9 13 1.1 0.6 0.4 15
i Min/Max | 0.1/1.9 0.6/34 1.0/47 | 0.9/3.5 06/34 0328 | 02/1.9 03/1.6 05/2.1 | 06/1.8 03/1.0 0. 1/1.0 OD/@
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 30 -5.3 4.3 -2.1 1.8 53 7.8 8.7 7.0 32 0.6 -1.7 1.5
Daily Minimum Temp -5.3 -7.8 -7.0 -4.5 -0.4 2.8 5.8 6.9 4.6 0.9 -1.7 -4.0 -0.8
Daily Maximum Temp -0.7 -2.8 -1.7 04 4.1 7. 9.8 10.6 93 5.6 238 0.7 3.8
Record Minimum Temp | -32.2 -26.7 -283 | 222 -13.3 -8.9 -2.2 -1.7 -3.9 -1 -15.6 20.6 | -322
Record Maximum Temp | 8.9 6.7 10.0 8.9 144 16.7 172 18.9 16.1 12:2 10.0 £ 18.9
HDD, Base 18.3°C 661 663 703 612 513 392 326 208 340 468 533 620 6128
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 84 84 85 85 87 90 93 93 88 82 82 83 86
Wind Speed (m/s) 8.6 8.9 8.3 8.0 6.8 6.1 53 6.1 7.0 8.0 8.4 8.8 7:5
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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 0.3 1.0 23 4.1 4.8 5.0 4.7 3.6 23 12 0.4 0.2 25
Min/Max | 0.3/0.3 08/1.3  1.62.7 | 3.4/47 4.0/62 43/60 | 3.957 3043 L1728 1.0/1.3 04/0.6 0.1/0.2 | 2.3/2.7
Laitide - 15 Average 2 2.5 4.1 55 3.2 5.0 438 4.2 33 259 1.4 0.7 33
¥ | Min/Max | 0.6/1.9 1.5/4.4 2.1/54 | 44/69 43/73 4.l1/6.1| 37/6.1 3.3/53 2.0/45 1.5/29 0922 03/1.5 | 3.0/3.6
T atitude Average 13 2.7 4.3 54 4.9 4.5 4.4 2.9 53 24 1.6 0.8 33
Min/Max | 0.6/2.2 15500 24/5.7 | 437720 3970 3756 | 3356 3051 2040 1.5f3 1 1.0/25 0.3/1.7 | 29/3.6
T atiinde-415 Average 1.4 2.8 42 3.2 4.4 39 3.8 33 %l 24 e 0.9 31
Min/Max | 0623 1.6/52 20/57 | 40/67 34/64 3248 | 2949 2745 1843 | 1532 1026 03/19|2.7/34
90 Average 1.4 2.7 4.0 4.8 338 a2 3.2 30 28 23 L7 0.9 2.8
Min/Max | 0.6/2.3 1.5/5.1 1.8/5.5 | 3.5/6.2 29/58 2.7/40| 24/4.1 2.3/39 1.6/4.0 | 14/3.1 1.0/2.6 03/1.9 | 2.5/3.1
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 Tuly Aug Sept Oct Nov Dec Year
0 Average | 0.6 1.8 3.9 6.3 6.8 6.5 6.2 4.9 3.4 1.9 0.9 0.3 36
Min/Max | 0.3/0.9 1.2/32 20/52 | 5.0/85 5.3/94 52/86 | 47184 3.6/66 2046 | 1323 06/13 0.1/0.6 | 3.2/41
Yot Average 1.3 29 3,2 13 7.3 6.8 6.0 35 4.2 2.7 16 0.8 44
i “ | Min/Max | 0.6/2.1 1.6/5.5 24/7.2 |5.8/103 5.7/105 353/9.1 | 4790 3975 23/59| 1.7/35 1.0/25 0.3/1.6 | 3.8/4.9
T el Average 1.4 3.1 53 D Fe 6.6 6.3 23 4.2 2.3 1.8 0.9 44
Min/Max | 0.6/24 1.7/5.9 24/7.4 |58/103 55/104 5.1/88 | 44/88 3.7/73 2.3/6.0 1.7/37 1.0/2.8 0.3/1.8 | 3.8/4.9
Tadinde H15 Average 1.5 52 5.4 7.3 6.8 6.2 59 5.0 4.1 2.8 1.8 0.9 42
= Min/Max | 0.7/2.5 1.7/6.1  2.3/74 |5.6/10.1 5.2/10.0 4.7/83 | 4.1)83 3570 22/58 1733 1.1/29 04/2.0 | 3.6/4.7
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
TNzl Average 15 32 5.3 k] e Pl 6.8 55 42 2.8 1.8 0.9 4.5
; Min/Max | 0.7/2.5 17/6.1 2.5/74 |59/103 58106 55/94 | 4893 3976 24/60| 1837 1129 0420|3951
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 1.0 1.8 2.6 3.1 3.1 2.9 2.8 2.3 2.0 15 12 0.7 2:1
Horiz Axis Min/Max | 0.2/1.9 04/44 09/4.2 | 1.7/5.1 1.5/4.8 1.6/45 | 12/45 1.2/3.7 0.8/3.2| 0623 0420 02/1.7 | L7/24
1-Axis, N-S | Average 0.4 1.1 2.3 3.6 3.9 3.6 3.4 2.7 2.0 1.0 0.5 0.2 2.1
Horiz Axis Min/Max | 0.1/0.7 03/2.7 0.8/38 | 2.0/62 1860 2.1/5.7 1.6/56 1.4/45 0.8/3.2| 04/1.5 02/09 0.1/05 | 1.6/2.5
1-Axis, N-§ | Average 1.0 2.1 3.4 4.4 4.3 37 3.6 32 27 1.8 12 0.6 27
Tilt=Latitude | Min/Max | 0.2/2.0  0.5/5.1 1.2/5.6 | 2.5(7.5 2.0/65 2.1/59 | 1.6/59 1652 1.0/44 ]| 0827 0522 0216 2.1/8.1
LA Average i 2.1 3.4 4.5 4.5 4.0 359 33 2.7 1.8 13 0.7 2.8
s Min/Max | 0.3/2.1 05/5.2 1.2/5.6 | 25/7.6  2.1/69 23/64 | 1.8/64 16/53 1.0/44 0828 0523 02/18 [22/33
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -12.3 -9.6 -5.8 0.5 72 125 14.7 12.8 7.8 04 -8.6 115 0.6
Daily Minimum Temp -174 -15.6 -12.3 =53 1.0 6.9 9.4 7.6 2.6 -4.9 -134  -16.2 4.8
Daily Maximum Temp 7.1 -3.7 0.8 6.3 133 18.0 19.8 18.1 13.1 4.1 -3.8 -6.8 6.0
Record Minimum Temp | -44.4 -43.3 -41.7 | -383 -20.6 2.2 0.6 -3.9 9.4 29.4 -40.6 428 | 444
Record Maximum Temp | 7.2 10.6 11.7 20.6 27.8 328 3z 294 25.6 20.0 10.0 8.3 328
HDD, Base 18.3°C 949 782 747 535 344 175 114 171 315 582 808 925 6448
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) i 72 69 68 66 70 75 81 82 81 76 75 74
Wind Speed (m/s) 2.9 27 27 25 2.5 2.6 2.4 2.0 1.9 2.1 27 2.8 25
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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 Dee: | 'Yes&r
0 Average 04 1.0 22 35 4.1 44 4.2 34 2.3 ] 05 0.3 253
Min/Max | 0.2/0.5 0.7/14 1.6/2.8 | 2.6/4.7 3.5/49 33/5.1 3.6/53 27/41 1.7/3.0 | 09/1.3 04/0.7 0.2/0.3 | 2.0/25
Latitiie -1% Average 1.0 1.9 3.2 4.2 4.2 42 4.1 3.7 28 Ly 1.2 0.7 2.8
: Min/Max | 0.3/1.7 1.1/3.5 2.0/49 | 29/6.1 34/54 30/50 | 35/55 2847 2044 1224 0.6/22 03/1.5 | 24/30
Tatithie Average 12 2.1 3.3 4.2 39 3.8 37 3.3 27 1.8 1.3 0.8 2.7
: = Min/Max | 0.3/1.9 1.1/39  2.0/5.1 | 27/6.1  3.1/52 27/46 | 3.1/5.1 2544 1944 | 12/25 0624 03/1.7 | 23/3.0
Latitude £15 Average 12 21 i3 3.5 35 33 32 31 25 | 57} 1.3 0.8 229
Min/Max | 0.3/2.0 1.1/4.1 1.9/5.1 | 2.5/5.8 27/48 23/39 | 2.7/44 2340 1.7/4.1 Lizs Q626 0319 | 2128
90 Average 1.2 20 3.1 2.5 2.8 2.6 2.6 2.6 2iE 1.6 1.3 0.8 2.2
Min/Max | 0.3/2.1 1.04.0 1.8/48 | 2.1/52 23/42 1.9/3.1 | 22/35 1.9/33 1537 | 1.024 05/25 0.3/1.9 | 1.8/25
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 0.6 15 3.2 4.9 53 33 5.0 4.3 29 1.5 0.8 0.4 3.0
Min/Max | 0.2/L.0 09/28 2.1/48 | 3.3/75 4.1/6.7 3.6/67 | 39/74 3.1/58 19/48 1.0/2.1  04/1.5 02/0.8 | 2.6/3.3
T st <% Average 1.1 22 4.0 55 53 54 3.2 4.7 34 2.0 1.3 0.8 3.4
i Min/Max | 0.3/1.9 L1143 24/63 | 3.6/86 4.2/7.2 3.5/69 | 3.9/79 33/64 2.1/59 1.3/29 0.5/25 03/1.6 | 2.9/3.8
Tatitude Average 1.2 23 4.0 535 53 5:1 4.9 4.5 34 2.0 1.4 0.8 34
: Min/Max | 0.3/2.1 1.2/4.6  2.5/6.5 | 3.5/86 4.0/6.9 3.3/6.6 | 3.6/7.6 32/62 2.0/59 | 13/3.0 0.6/28 0.3/1.9 | 2.9/38
T st 18 Average 1.3 24 4.0 2 5.0 4.8 4.6 43 32 2.0 14 0.9 3.3
Min/Max | 0.3/2.2 1.2/47 24/65 | 3.3/84 3.7/6.7 3.1/62 | 33/7.2 29/59 19/5.7 1.3/3.0 0.6/29 0.3/2.0 | 2.8/3.7
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
g A Average 13 24 4.1 5.6 A 5.6 53 4.7 34 2.0 1.4 0.9 35
! Min/Max | 0.3/2.2 1.2/47 2565 | 3.6/86 4.3/73 3.7/72 | 4.0/8.1 3.3/64 2.1/59 1.3/3.0 0.6/2.9 03/2.0 | 3.0/3.9
.. 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 0.7 1.1 1.6 2.0 2.0 142 1.8 Ly i3 09 0.8 0.5 1.4
Horiz Axis Min/Max | 0.1/1.5 0.2/3.0 0.8/3.2 | 1.0/3.7 1.0/3.2 07729 | 0738 0.7/28 04/32 | 03/1.7 0yL9 0.1/14 | 1.1/1.7
1-Axis, N-S | Average 0.3 0.7 1.5 2.5 2.6 24 23 2.1 1.4 0.7 0.4 0.2 1.4
Horiz Axis Min/Max | 0.1/0.6 02/1.9 0.7/3.0 | 1.3/47 13/40 0937 | 0948 0835 0435 | 03/1.3 01/1.0 00/05 | 1.2/18
1-Axis, N-S | Average 0.7 i3 23 29 2.8 24 2.3 24 1.9 1.1 0.8 0.5 1.8
Tilt=Latitude| Min/Max | 0.1/1.5  0.3/3.5 1.1/4.2 | 1.5/5.4 1.4/44 0938 | 0950 094.0 05/45 | 04/2.1 0.1/2.1 0.1/1.4 | 1.5/2.2
2. Axis Average 0.8 1.3 2.2 3.0 2.9 2.6 . £ 1.9 1.1 0.9 0.5 1.9
FREVEN Min/Max | 0.1/1.6  03/3.6 1.1/42 | 1555 1546 1041 | 1053 0941 0545 | 0422 0222 0.1/15 | 1.523
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.8 22 -0.6 2.4 6.3 9.7 12.0 11.8 9.0 49 0.4 -2.7 39
Daily Minimum Temp -74 -6.1 -4.6 -1.6 25 6.3 8.8 8.1 5.0 1S -3.8 -6.1 0.2
Daily Maximum Temp -0.3 1.7 34 6.4 10.0 13.1 152 154 12.9 84 29 0.6 i
Record Minimum Temp | -30.0 -28.9 -28.9 | -l6.l -6.1 -1.7 1.7 -1.7 6.1 -14.4 -21.1 311 | -31.1
Record Maximum Temp | 12.8 122 15.0 20.0 26.1 27.8 28.9 30.0 25.0 17.2 12.8 i 30.0
HDD, Base 18.3°C 687 576 586 478 374 260 196 203 280 415 562 653 5269
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 Q a
Relative Humidity (%) 83 83 81 81 83 84 88 88 89 88 85 84 85
Wind Speed (m/s) 32 3.1 3.0 3.0 e 31 2.9 28 3.0 34 3.1 3.2 31
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