Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 24283

LATITUDE: 40.98° N

+ LONGITUDE: 124.10° W
’ ELEVATION: 69 meters
MEAN PRESSURE: 1010 millibars
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Solar Badiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.8 25 3.6 5.0 58 6.0 3.9 5.0 44 3.1 2.0 1.6 3.9
Min/Max | 1.5/2.2 1.8/3.4 2.8/45 | 4.1/58 4.8/66 50/7.0| 51/68 45/6.0 3783 | 2587 1.6/24 1.1/2.0 | 3.6/4.1
Latitude <15 Average 2.7 3.3 43 54 5.9 5.9 5.8 53 31 39 29 23 4.4
Min/Max | 2.0/3.6 2.1/5.1 3.2/56 | 43/63 47/6.8 4.8/6.8 | 4.9/68 4.6/64 4.1/6.4 29/5.1 2.0/38 1.4/35 | 4.0/4.6
Latitude Average 3.0 5 44 53 3.3 5.4 5.4 5.0 5.1 4.1 32 2.8 44
Min/Max | 22/42  2.1/57 32/58 | 42/62 44/64 44/63 | 4.6/63 44/62 4065 | 3054 2143 1540 3946
Latltade +15 A_Vcrage 332 36 4.3 49 49 4.7 4.7 4.6 4.9 4.1 33 3.0 4.2
< | Min/Max | 23/45 2.1/59 30/58 | 3.858 39/56 3954 4.0/5.5 40/56 3.8/63 | 29/55 2.1/46 15/44 | 3.6/44
90 Average 29 3.0 32 3l 2.8 2D 2.6 28 34 5 29 2.8 3.0
Min/Max | 20/42 1751 2344 | 2537 2331 2328 | 2329 2534 2744 | 2345 1842 1342|2531
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 L3 39 4.7 6.4 i) 7.9 T3 6.3 5.8 4.1 2.8 2.3 5.0
Min/Max | 1.9/3.5 19/54 3.2/65 |48/79 5588 57/92| 5990 5.2/80 4477 | 3.0/56 1.9/38 1.3/32 | 45/54
sfiiiicle 1% Average 32 39 53 6.8 7.5 T 7.4 6.5 6.4 48 34 258 55
‘ Min/Max | 2.3/4.6 2.2/67 3.5(74 | 5.1/84 55/89 5.6/92 59/9.1 53/84 4.88.6 | 3.3/6.6 22/48 15/43 4.8/5.9
Latinide Average 35 4.1 33 6.7 T 7.2 7.1 6.4 6.4 5.0 3.7 32 35
i Min/Max | 2.4/50 2.2/7.1 35/76 | 49/84 53/87 53/88 | 56/88 52/82 47187 3.3/69 23/52 1.6/47 | 47/59
t wiitnde4il5 Average 3.6 42 52 6.4 6.8 6.7 6.6 6.0 6.3 5.0 3.8 34 33
Min/Max | 2.5/53 22/73 34/75 [ 4780 50/82 4983 | 52/82 T 49/78 4.6/85| 3.3/69 23/54 1.6/50 | 4.6/5.7
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
AT Average 3.6 42 54 6.8 7.3 T B 6.5 6.5 5.0 3.8 34 Sf
ir Min/Max | 2.5/53 22/73 35/76|5.1/84 356091 57/94| 6052 5384 48/87 | 33169 2354 1651 | 49/6.1 |
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 Year
1-Axis, E-W | Average 2.0 2.1 24 39 35 33 34 2.8 3.0 %] 2.1 2.0 277
Horiz Axis Min/Max | 1.2/3.6 0.7/48 1.2/4.3 | 1.7/4.4 1.9/4.7 1.8/49 | 2.0/4.9 1.7/45 1.8/4.9 1.2/4.1 0.8/34 0.6/34 | 22/3.1
1-Axis, N-S | Average 1.5 1.8 R 39 45 45 4.4 3.6 37 Bl 1.6 1.3 3.0
Horiz Axis | Min/Max | 0.8/2.6 0.6/43 1348 |21/56 2562 23/64 | 2.7/64 2257 2.1/59| 1241 0726 0423|2535
1-Axis, N-S | Average 22 2.5 3.2 42 4.4 42 43 37 42 32 24 2.1 34
Tilt=Latitude | Min/Max | 1.3/4.0 0.8/5.8 1.5/3.7 | 23159 24/6.1 22/6.0 | 2.5/62 2.3/59 24/6.7 1.5/52 09/39 0.6/3.6 | 2.7/39
9 Axis Average 24 2.6 22 4.2 4.7 4.6 4.6 39 4.3 33 23 23 3.3
Min/Max | 1.3/43 0.8/59 15/57 | 23/61 25165 2365 | 27/66 2.3/6.1 24/0.7 1.5/5.3 1,0/4.1 0.7/3.9 | 2.8/4.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 7.8 8.7 8.9 %55 Eli2 12.8 13.6 13.8 132 11.7 99 8.0 10.8
Daily Minimum Temp 3.8 4.7 5.0 53 7.2 9.0 10.1 10.4 2.1 73 59 4.1 6.8
Daily Maximum Temp 12.2 12 1.7 13.4 14.7 16.3 172 17.4 17.7 16.1 14.2 122 14.7
Record Minimum Temp | -6.7 5.0 -39 -1.7 0.0 1.7 2.8 4.4 0.6 -3.3 -2.8 -8.3 -8.3
Record Maximum Temp | 23.9 256 23.9 256 311 272 27.8 31.7 322 294 244 233 32.2
HDD, Base 18.3°C 329 276 295 269 226 171 151 144 157 1] 257 324 2809
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 82 81 82 81 83 85 85 87 87 87 84 83 84
Wind Speed (m/s) 2.9 2 35 34 34 3.0 2.8 24 23 2 2.8 2.8 25
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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 23 33 47 6.2 7.4 8.1 8.0 = 39 44 2.9 el 52
Min/Max | 1.8/29 2.6/39 3.6/55 | 4.8/68 6.7/79 7.6/84 | 74/84 64/7.6 5.1/6.4 | 3848 24/33 1827|4854
Foriinde 15 Average 3.0 4.2 54 6.6 74 7.8 7.8 73 6.8 55 38 2.8 37
° | Min/Max | 2.0/42 3.0/5.1 40/65 | 5.1/7.3 6779 73/8.1 | 73/82 6679 5773 | 47/6.1 2945 2.1/4.1 | 52/6.0
Latisid Average 3.3 45 5.6 6.5 6.9 7.1 T2 7.3 6.9 6.0 4.3 3.2 57
Min/Max | 2.1/4.8 3.1/5.7 4.0/69 | 5.0/72 62/74 6.7/74 | 6875 64/7.6 5875 | 5.0/6.6 32/52 23/48|52/6.1
Latitude-+15 Average 335 4.7 55 6.0 6.1 6.1 6.2 6.6 6.7 6.1 4.5 34 54
e Min/Max | 2.1/52  3.1/59 3.9/6.8 | 4.6/6.7 5.5/65 58/63 | 59/64 5869 56/7.2| 50/68 32/55 23/52 | 4.8/58
90 Average 3.0 3.8 3.8 34 28 24 2.6 33 4.3 4.7 39 3.0 34
Min/Max | 1.7/4.6 24/48 2748 |27/3.8 2.6/2.9 23/24| 2526 3034 3.6/46| 3853 2748 20/4.8 | 3.0/3.7
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 3.0 45 6.3 8.4 10.1 11.0 111 10.1 23 |, 63 3.9 2.7 T2
Min/Max | 1.9/43 3.1/56 4.4/79 | 6.0/95 8.8/11.1 10.2/11.8| 10.0/11.9 85/10.9 6.9/9.4 | 5.2/7.1 2.848 2.0/4.1 | 63/7.6
Latitude -15 | Average | 35 5.1 6.8 8.7 10.2 1.0 1.1 105 9.1 7.2 4.7 33 7.6
Min/Max | 2.1/52 34/65 4.7/8.7 | 6.2/99 8811.2 10.1/11.7| 10.0/119 8.7/11.2 7.4/10.1| 5.8/80 3.3/57 23/5.1 | 6.7/8.1
Tatitune Average 38 54 7.0 B 9.9 10.5 10.7 10.3 9.2 i 5.0 3.6 7.6
; Min/Max | 2.2/5.7 35/69 4.8/89 | 6.1/9.9 8.6/109 97/112| 9.6/11.5 8.6/11.0 7.4/103| 6.1/84 35/62 2.5/5.7| 6.7/8.1
Latitude +15 | Average [ 3.9 55 6.9 8.3 9.3 9.8 10.0 9.8 9.0 7.6 5.2 3.8 74
Min/Max | 2.2/6.0 3.5/7.1 4.7/89 | 5.9/9.5 8&1/103 9.1/104| 9.0/10.8 8.1/10.5 7.3/10.1| 6.1/8.5 3.6/6.5 25/6.0 | 64/7.9
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
Bkt Average 4.0 39 7.0 8.8 10.3 11.2 11.3 10.5 9.2 7.6 52 38 78
Min/Max | 2.2/6.1 3.5/7.1 4.8/9.0 [6.2/10.0 89/11.4 104/11.9] 10.1/12.1 B.8/11.3 7.5/103| 6.2/8.5 3.6/6.5 2.5/6.1 | 6.9/8.4
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 21 2.9 3.5 4.5 5.6 6.5 6.5 5.9 52 4.4 3.0 2.0 43
Horiz Axis Min/Max | 0.6/3.8 1.4/4.2 1.8/5.1 | 2.5/5.5 4.6/6.6 5.7(7.1 | 5.6/7.3 45/66 3.7/6.1 3.3/5.2 1.6/4.0 0.9/3.9 | 3.5/4.8
1-Axis, N-§ | Average 1.6 1 4.0 5.8 15 8.6 8.7 79 6.5 4.6 2.5 1.5 532
Horiz Axis Min/Max | 0.5/3.0 1.3/3.9 2.1/59 | 3.2/7.2 6.0/88 7.5/95 | 7.3/99 58/89 4.6/7.7 | 34/5.5 1.3/3.3 0.7/29 | 4.1/5.6
1-Axis, N-S | Average | 22 35 46 6.0 72 8.0 8.2 7.9 7.1 55 34 23 55
Tilt=Latitude | Min/Max | 0.6/42 1.7/50 24/6.7 | 3.3/74 58/85 7.1/89 | 69/94 59/89 50/84 | 42/6.6 1846 1042 |43/60
o Rt Average 24 33 4.6 6.1 3 | 8.7 8.9 82 i1 5.6 35 23 57
rE Min/Max | 0.7/44  17/5.1 24/6.8 | 3.4/7.6 6.1/9.0 7.7/9.6 | 7.4/10.1 6.1/9.2 50/84 | 42/6.7 1948 1.1/4.6 | 4.5/6.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 8.8 11.8 14.1 17.2 217 25.7 28.9 28.1 249 199 13.2 8.0 18.6
Daily Minimum Temp 37 5.9 19 10.1 14.1 17.8 20.9 20.3 1735 12.7 T 35 11.8
Daily Maximum Temp 13.8 17.7 20.5 24.4 292 33.6 36.9 35.9 323 27.1 193 13.6 254
Record Minimum Temp | -6.7 -3.9 -0.6 1.1 2.8 7.2 1L 1.1 7.2 -1.7 2.2 7.2 72
Record Maximum Temp | 27.8 30.6 33.3 38.3 41.7 45.6 46.1 44.4 44.4 39.4 32.8 283 46.1
HDD, Base 18.3°C 296 184 137 80 16 3 0 0 - 33 157 302 1212
CDD, Base 18.3°C 0 0 6 47 119 223 329 303 201 82 4 0 1314
Relative Humidity (%) 76 69 61 51 41 36 34 39 44 50 65 76 53
Wind Speed (m/s) 25 2.0 3.0 33 3.6 3:5 33 3.1 29 27 2.5 235 3.0
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m2/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 3.2 4.2 55 7.0 7.9 8.4 8.0 Wk 6.3 4.9 3.6 2.9 58
Min/Max | 2.6/3.5 3.5/47 4962 | 63/7.5 7.2/82 7987 | 69/85 6479 5.1/68 | 43/52 3.1/3.9 2.6/32 | 55/6.0
Latituds 15 Average 4.6 54 6.5 75 T8 8.1 7.8 7.6 T 6.2 5.0 4.4 6.5
Min/Max | 3.5/5.3 44/63 57/74|6.7/81 7.1/82 7.7/84 | 6.883 6.682 57/7.8| 53/67 42/55 3.849 | 6.1/6.7
T atitude Average 33 6.0 6.8 7.4 7.4 7.4 2 73 T 6.8 5.8 5 6.6
Min/Max | 4.0/6.2 48/7.1 6.0/7.8 | 6.6/80 6.7/7.7 7.0/76 | 6376 64/79 5879 | 5873 4764 44/58 | 6.2/6.9
Tatttuds %15 Average 37 6.2 6.7 6.8 6.5 6.3 6.2 6.6 7.0 6.9 6.2 B 6.4
Min/Max | 4.3/6.8 49/74 35878 6.1/74 5867 6.0/64 | 5565 5871 56/7.7| 5975 5069 4.8/64 | 59/6.6
90 Average 52 5.1 4.7 3.8 2.8 24 2.5 3.3 4.4 5.4 54 5.2 4.2
Min/Max | 3.7/6.2 39/62 4.0/54 | 3.4/40 2629 2225 | 2326 30/34 36/48 | 4559 43/6.1 4.3/60 | 3.8/4.3
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 49 6.2 8.1 10.0 11 11.8 LR 10.5 9.3 T a9 4.6 8.4
Min/Max | 3.7/5.7 4.6/74 7.0/9.6 |8.6/11.0 9.9/11.6 10.9/12.4| 9.0/122 85/11.6 7.0/10.4| 6.2/82 44/63 3.9/52 | 7.7/8.8
Yootitude-18 A}«'erage 59 M | 8.8 10.4 11.2 117 1 10.8 10.0 8.4 6.6 5.6 9.0
¢ Min/Max | 44/7.0 5.3/8.6 7.6/10.5|8.9/11.5 10.0/11.7 10.8/12.3| 9.0/122 8.8/11.9 7.5/11.1| 6.9/93 5.2/7.4 4.7/65 | 8.2/9.4
Tutitiioe Average 6.5 75 9.0 10.3 10.9 o) 10.7 10.6 10.1 8.8 7.2 6.3 9.1
h Min/Max | 48/7.7 5.6/9.1 7.8/10.8|8.8/11.4 9.7/11.4 10.4/11.8 87/11.8 8.6/11.7 7.6/11.3| 7.3/9.7 5.6/81 5.2/7.2 | 83/9.5
Latitude 415 Average 6.8 ol 8.9 10.0 10.3 10.5 10.1 10.1 99 8.9 7.5 6.6 8.9
Min/Max | 49/8.1 57/94 7.7/10.8|85/11.0 9.1/10.7 9.7/11.0| &.1/11.1 8.2/11.2 74/11.1| 7.3/9.9 5885 5.5/7.7 | 8.1/9.4
Solar Radiation for 2-Axis Tracking Flat-Plate Colleciors (kWh/m2/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
ol o A_verage 6.9 7 9.0 10.4 11.3 12.0 114 10.8 10.1 9.0 ] 6.8 04
i Min/Max | 5.0/8.2 5.7/94 7.8/109|8.9/11.5 10.1/11.9 11.1/12.6 92/125 B8.8/12.0 7.6/11.3| 7.3/99 59/85 5.6/7.8 | 8.6/9.9
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 45 47 5.0 a4 6.5 T 6.6 6.2 5.9 5.5 49 4.6 5.6
Horiz Axis Min/Max | 2.9/5.8 3.0/6.2 3.9/6.5 | 44/6.8 5.6/7.0 6.1/78 | 46/76 4672 42/68 | 4.1/63 3.4/59 3.5/5.6 | 4.8/6.0
1-Axis, N-S | Average 37 4.6 6.1 %1 8.7 9.6 8.8 8.4 15 6.0 4.3 35 6.6
Horiz Axis Min/Max | 2.4/4.7 2.8/62 4.7/8.1|58/9.1 7.6/95 82/104| 6.0/104 6.0/99 5.1/90 | 43/69 29/52 2.6/43 |5.6/7.1
1-Axis, N-S | Average 5.1 5.8 6.9 8.0 8.4 89 8.4 8.4 8.2 74 57 5.0 7.2
Tilt=Latitude | Min/Max | 3.3/6.5 3.6/7.8 5.3/9.1 | 6.0/94 7.3/9.2 7.7/9.8 | 57/98 6.1/99 56/97 | 52/83 3.9/69 3.7/6.1 | 6.1/7.7
5 K Average 54 a5 6.9 8.1 8.9 97 9.0 8.7 8.2 P 6.0 54 X
= | Min/Max | 3.5/7.0 3.7/80 53/9.1 | 6.1/96 7.7/9.7 84/10.6| 6.1/10.5 6.2/10.2 5.6/9.8 | 53/84 4.1/7.2 4.1/6.6 | 6.3/8.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 9.3 124 14.6 18.2 23.1 28.2 il6 30.6 26.5 20,7 13.8 9.2 19.8
Daily Minimum Temp 2.6 e 7.8 10.8 153 19.7 23,3 227 18.7 13.1 6.9 2.6 12.4
Daily Maximum Temp 15.9 18.9 214 25.6 30.8 36.6 39.9 38.6 34.3 28.2 20.8 15.8 27.2
Record Minimum Temp | -12.2 -6.7 -2.8 0.6 6.1 9.4 15.0 14.4 94 -1.1 -3.9 -12.2 122
Record Maximum Temp | 27.8 30.0 32.8 372 433 46.1 46.7 44.4 42.8 40.6 320 26.7 46.7
HDD, Base 18.3°C 281 178 129 67 8 0 0 0 0 22 139 282 1106
CDD, Base 18.3°C 0 0 13 62 154 295 412 381 245 94 4 0 1659
Relative Humidity (%) 47 42 38 a2 29 24 24 28 31 33 40 46 35
Wind Speed (m/s) 3.5 4.5 5.9 6.3 6.8 6.4 55 4.9 4.7 42 4.3 3.8 5.1
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WBAN NO. 93193

LATITUDE: 36.77° N
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Monthly Radiation (kWh/m#/day)

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 21 32 4.7 6.3 1.5 8.1 8.0 1.2 5.9 4.3 7 19 A
Min/Max | 1.7/2.7  2.5/39 3.7/55 | 5.1/7.0 6.6/80 7.4/87 | 7.6/84 63/7.6 52/63 | 39/4.6 2032 1426|4754

Eatitude 1% Average 28 4.1 55 6.8 7.6 7.8 7.8 TS 6.8 35 3.6 2.5 b B §
Min/Max | 1.9/3.9 3.1/53 4.2/6.6 | 54/7.5 6.6/8.1 72/83 | 7582 6.67.9 5973 | 4860 2.4/45 1.639 |5.1/6.0

Tatitinls Average 21 4.4 5.7 6.7 7.1 72 7.3 T3 6.9 6.0 4.1 2.8 S
: Min/Max | 2.0/4.5 33/58 43/69 | 52/74 62/1.6 6.6/7.6 | 7.0/1.6 64/77 6.1/7.5| 5.1/65 2651 1.7/4.6 | 5.1/6.1

Fntitetis-a 0k Average 33 45 5.6 6.2 6.3 6.1 6.3 6.6 6.7 6.1 42 3.0 54
Min/Max | 2.0/4.8 3.3/6.1 4.1/6.9 | 48/6.9 54/6.7 5.7/64| 60/6.5 5.8/69 5872 | 5.1/66 2.6/54 1750|4758

90 Average | 2.8 3.7 4.0 3.6 3.0 2.6 2.7 3.5 44 48 3.7 2.6 34
Min/Max | 1.6/43 2.6/5.1 29/49| 2940 2732 2528 | 2629 3236 38/48| 3953 2248 14/47|2937

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 7 43 6.4 8.5 10.2 11.0 142 10.1 83 6.2 3.7 24 7.1
Min/Max | 1.8/3.9 3.3/57 4.5/80 |6.5/10.0 87/11.3 9.8/122( 10.1/11.8 8.0/10.9 7.1/93 | 5.0/68 2.3/4.7 1539 | 6.0/7.6

Latitnde =15 Average 32 5.0 7.0 9.0 104 10.9 | Il 10.4 9.1 b | 4.4 25 i
Min/Max | 2.0/4.8 3.7/67 49/89 |6.8/105 8.8/11.5 9.8/12.1|102/11.8 83/11.3 7.7/10.0| 5.7/7.8 2.6/5.6 1.6/49 | 6.3/8.1

Lafitiis Average 34 82 72 8.9 10.1 10.5 10.8 10.3 g 7.4 4.7 31 7.6
Min/Max | 2.1/5.2  3.9/7.1 49/9.1 |6.7/10.5 8.5/11.1 93/11.6| 9.8/11.4 8.1/11.1 7.8/102| 6.0/82 2.86.1 17/54 | 6.3/82

Latitude=+15 Average 15 53 7.1 8.6 9.5 9.8 10.1 9.8 9.0 723 49 3.2 7.4
\ Min/Max | 2.0/55 4.0/7.3 4890 |6.4/10.1 80/105 87/109| 9.1/10.7 7.7/10.6 7.6/10.0| 6.0/83 2.864 1758 | 6.0/8.0

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
B Kol Average 3.6 55 2 9.0 105 2 11.4 10.5 9.2 7.5 4.9 3.3 7.8

‘ ; Min/Max | 2.1/55 4.0/73 49/9.1 |6.8/10.6 8.9/11.6 9.9/12.4| 10.3/12.1 83114 7.8/10.2| 6.0/83 2.8/64 17/58 | 6.5/8.4

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 L8 7 3.6 4.6 57 6.4 6.6 3.9 3.1 43 2r 1.7 4.3
Horiz Axis | Min/Max | 0.5/3.4 1.7/44 2.0/52 | 2.7/59 44/68 4.6/74 | 5773 42/67 4059 | 2950 12/40 0538 | 3.2/438
1-Axis, N-S§ | Average L3 e 4.1 59 7.6 8.4 8.8 7.8 6.3 43 24 12 5.1
Horiz Axis | Min/Max | 04/2.6 15M4.1 2.1/6.0 | 3.6/79 5890 58/100| 7.2/99 52/90 4874 | 2852 0933 04727 |3.7/58
1-Axis, N-S§ | Average 1.9 33 4.7 6.2 g 7.9 8.4 1.9 6.9 54 3.1 1.8 54
Tilt=Latitude | Min/Max | 0.6/3.7 2.0/53 25/6.9 | 3.8/82 5.7/8.8 54/94 | 6894 53/9.1 35.3/81 3.5/63 13/46 05/4.0 | 3.9/6.2
7 A Average =1 34 4.8 6.3 7.8 8.6 9.0 8.1 10 54 3.2 1.9 5.6

=iz Min/Max | 0.6/4.0 2.0/54 25/69 | 3884 6.0/9.3 59/102| 7.3/10.1 54/94 53/82| 35/64 1348 0.6/43 | 4.1/6.4

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 7.6 10.7 12.8 16.2 20.6 24.8 &1 26.8 2310 184 12.0 7.4 17.4
Daily Minimum Temp 3.0 4.7 6.3 85 12.1 15.8 184 157 14.9 10.4 58 28 10.1
Daily Maximum Temp 123 16.5 19.2 239 29.0 337 37.0 359 32.3 26.5 18.2 12.1 247
Record Minimum Temp | -7.2 4.4 -33 0.0 2.2 6.7 10.0 9.4 2.8 -2.8 3.3 -7.8 -7.8
Record Maximum Temp | 25.6 26.7 2.2 37.8 41.7 433 444 43.9 439 38.9 31.7 244 444
HDD, Base 18.3°C 332 214 174 101 19 0 0 0 4 47 190 338 1420
CDD, Base 18.3°C 0 0 4 38 88 196 201 263 163 51 0 0 1093
Relative Humidity (%) 83 i) ) 69 57 47 42 39 45 50 58 74 84 60
\ Wind Speed (m/s) 22 &5 3.0 34 3.8 3.8 3.4 ol 2.8 23 Zl p | 29
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Variability of Latitude Fixed-Tilt Radiation Lﬂng BeaCh, CA
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o
3 WBAN NO. 23129
S
= _!_ LATITUDE: 33.82° N
§ LONGITUDE: 118.15° W
5 ELEVATION: 17 meters
E MEAN PRESSURE: 1014 millibars
¥
B 24
= STATION TYPE: Secondary
'1 -
1961-1990 Average
B4 } } } 1 } f 1 } 1 } t 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 2.8 36 4.7 6.0 6.4 6.7 T 6.7 54 4.2 31 26 S0
Min/Max | 2.3/3.3  2.9/43 4.1/56 | 53/68 54/72 52/75| 6577 6.1/7.1 43/59 | 3.6/46 2835 2.1/29 | 46/52
Latitude -15 | Average 38 45 54 6.4 6.4 6.5 72 6.9 6.0 5.0 4.1 3.6 3.5
“ | Min/Max | 3.0/4.7 3.5/5.6 4.6/65|56/73 54/72 5.1(13 | 65/1.7 63/73 4.6/67 | 42/56 3547 2.7/42 | 5.1/57
Laticade Average 4.3 4.9 5.6 6.3 6.1 6.0 6.7 6.7 6.1 54 4.7 4.2 5.6
Min/Max | 3.3/55 3.8/6.3 4.8/6.8|55/72 5.1/68 47/68 | 6.0/7.1 6.1/7.1 46/68 [ 44/6.1 39/53 3.1/49|52/59
Latinide +18 Average 4.6 2.l 35 5.8 54 52 5.8 6.1 5.8 23 5.0 45 54
x Min/Max | 3.5/59 3.8/6.5 4.7/6.7 | 5.1/6.7 4.5/60 4.1/58 | 53/62 55/65 44/66 | 44/62 4.0/57 3.2/54 | 49/56
90 Average 4.1 4.1 3.8 32 25 4 2.4 3.0 3.7 4.2 43 4.1 34
i Min/Max | 3.0/53 3.0/53 32/46 | 2.9/3.6 22/27 2023 | 2325 2832 2842 | 3347 3449 2849|3237

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 39 4.9 6.3 7.9 8.1 8.4 9.3 8.7 7l 57 44 37 6.5
Min/Max | 3.0/5.0 3.8/6.3 53/7.9 | 6.7/94 6594 6.1/9.8 | 8.0/10.2 7.8/93 52/80 | 4.6/64 3.6/50 2.7/44 | 6.0/69
fatinda-15 Average 4.7 5.6 6.8 8.2 8.1 8.3 9.3 8.9 7.6 6.3 5:1 44 6.9
: Min/Max | 3.5/6.0 42/7.3 57/8.6 | 7.0/98 65/9.4 6.0/9.7 | 8.0/102 7.9/96 355/86 | 51/72 41/59 32/53 | 63/73
f.atttade Average 31 59 7.0 8.1 79 75 8.9 8.8 7.6 6.6 5.6 49 7.0
¢ Min/Max | 3.7/66 44/78 58/88 | 69/98 6.3/9.1 5793 | 7.7/98 7.8/94 35587 | 53/7.6 44/65 3.4/59 | 64/7.4
{ aftiide 415 Average 53 6.0 6.9 7.8 74 74 8.3 8.3 7.5 6.7 5.8 =8 6.9
Min/Max | 3.9/7.0 45/80 57/8.7 | 6.6/94 5986 53/87 | 7.2/9.1 74/89 53/85| 53/76 4.6/68 3.6/63 | 62/7.3
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
2. Axis Average 54 6.0 7.0 8.2 8.2 8.4 9.4 8.9 itk 6.7 5.8 52 T3
2 Min/Max | 3.9/7.1 45/80 58/88 | 7.0/98 6.6/95 6.1/9.9 | 8.1/10.3 8.0/9.6 55/87 | 53/76 4.6/68 3.6/64 | 6.6/7.7
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 33 33 3.5 4.1 4.0 4.2 52 4.8 4.0 37 49 32 39
Horiz Axis Min/Max | 2.0/46 2.1/49 26/5.1 | 3.2/55 27/51 20/54 | 4.1/59 39/55 22/48 | 26/45 25/43 1.8/42 | 33/43
1-Axis, N-S | Average 2.6 32 4.1 5.3 52 5.4 6.6 6.2 4.8 38 29 24 4.4
Horiz Axis Min/Max | 1.6/3.7 1.9/47 3.0/6.0 | 4.0/7.1 35/6.6 27/7.0| 51/7.6 51/7.0 2.7/58 | 2.8/47 2.1/3.7 14/32 | 3.7/4.7
1-Axis, N-S | Average 35 4.0 4.6 54 5.0 5.0 6.2 62 53 4.6 39 34 4.8
Tilt=Latitude | Min/Max | 2.2/5.1 24/59 34/6.7 | 4.1/74 33/63 25/6.6 | 48/72 5.1/7.0 29/63 | 3.3/56 2849 2045 |4.1/52
5. K wia Average 38 4.1 4.6 55 53 55 6.7 6.4 3.3 4.0 4.1 37 5.0
Min/Max | 23/54 25/6.1 34j6.7 | 4215 3567 23011 52777 5212 29/63 | 3357 2952 2148 | 42/54
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 13.3 14.1 14.7 16.5 18.2 20.3 22.8 23.6 224 20.1 16.3 13.3 17.9
Daily Minimum Temp 12 8.3 9.4 11.0 13.5 154 17.4 18.2 17.1 14.3 10.2 1 124
Daily Maximum Temp 19.3 19.8 20.0 219 22.9 25.0 28.2 28.9 27.8 25.8 323 19.4 234
Record Minimum Temp | -3.9 0.6 0.6 33 44 8.3 10.6 114 10.0 39 1.4 22 -3.9
Record Maximum Temp | 32.8 328 36.7 40.6 394 428 41.7 40.6 433 439 383 3439 439
HDD, Base 18.3°C 158 123 119 74 38 22 0 0 8 13 81 158 794
CDD, Base 18.3°C 0 3 L 19 35 80 142 164 132 67 19 0 667
Relative Humidity (%) 64 67 67 66 68 70 69 69 70 68 66 65 67
Wind Speed (m/s) 2.5 2.8 3.1 33 33 3.1 3.0 3.0 2.8 25 2.5 2.3 29
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WBAN NO. 23174 g
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LATITUDE: 33.93° N 5
LONGITUDE: 118.40° W S
ELEVATION: 32 meters -
MEAN PRESSURE: 1012 millibars ol
. g a4
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T 1961-1990 Average J
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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 Year
0 Average 28 3.6 4.8 6.1 6.4 6.6 al 6.5 53 42 32 2.6 49
Min/Max | 2.3/3.3 3.0/44 4.0/56 | 5.5/68 57/72 56/77 | 6480 61/70 44/58 | 3.8/45 2.7/36 2.1/3.0 | 4.7/5.1
LABAE LTS Average 38 4.5 55 6.4 6.4 6.4 7.1 6.8 5.9 5.0 4.2 3.6 53
2 | Min/Max | 2.9/4.6 3.6/57 45/64 | 5873 5773 5473 | 6379 63/72 4.7/66 | 44/56 3449 2743|5257
Tatitide A_Verage 4.4 =01 a7 6.3 6.1 6.0 6.6 6.6 6.0 5.4 4.7 4.2 5.6
Min/Max | 3.3/54 3.8/64 47/67 | 5.6/1.2 54/6.8 5.0/67 | 59/73 6.17.0 4867 | 47/6.0 3756 3.0/50] 5359
Latituda +15 Average 4.7 5.1 5.6 3.9 54 . 5.8 6.0 37 e Jo 5.0 4.5 54
Min/Max | 3.4/59 3.8/6.6 45/6.6|52/67 4861 44/58 | 52/63 55/64 45/65| 47/6.1 39/60 3.154]5.1/57
90 Average 4.1 4.1 3.8 3.3 2.5 2.2 2.4 3.0 3.6 4.2 4.3 4.1 35
Min/Max | 2.9/52 3.0/54 3.1/45 | 2936 2327 2123| 2325 2832 294.1 | 3547 32/52 27/588 | 3:3/3.7
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 3.9 5.0 6.4 7.9 8.0 8.1 9.0 8.3 6.9 5.6 4.4 47 6.4

Min/Max | 3.0/49 3.7/64 35.1/7.8 | 6.9/9.3 6.7/94 6.6/9.7 | 7.6/10.8 7.6/93 5.3/80 | 4.8/63 34/53 2.6/4.3 | 6.1/6.8
Eatitiide -15 Average 4.7 5.6 6.9 8.2 8.0 8.0 9.0 8.6 3 6.3 52 44 6.9

g Min/Max | 3.5/59 4.1/7.4 54/85 | 7.1/97 6894 6596 | 7.6/108 7.8/95 5.6/85 | 54/70 3.9/63 3.0/53 6.5/7.3
Fatitiidi Average adl 6.0 T 8.2 7.8 T 8.7 8.4 7.4 6.6 5.6 4.9 7.0

= Min/Max | 3.7/65 4.3/79 55/87|7.009.6 6592 6.3/93 | 7.3/104 77093 56/86 | 5674 42/69 33/59|65/74
Latitude +15 Average 54 6.1 7.0 7.8 7.3 71 8.1 8.0 12 6.6 5.8 3.2 6.8

Min/Max | 3.8/6.8 4.3/8.1 354/86|6.7/93 6.1/86 5886 | 6898 73/89 54/84 | 56/15 44772 3.4/63 | 6.4/73

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 8%

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

ks Average 5.4 6.1 il 8.3 8.1 8.2 9:1 8.6 74 6.7 5.8 5.3 12
! Min/Max | 3.9/6.9 4481 5.6/87 | 7.1/97 6.8/9.6 67/9.9 | 7.7/11.0 79/95 57/86 | 5.6/7.5 44/12 3.5/64 6.7/&
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 32 34 3.6 4.1 3.9 3.9 4.8 4.5 38 3.6 35 3.2 38

Horiz Axis Min/Max | 2.0/4.5 1.9/5.0 2.4/49 | 3.3/54 3.0/51 2453 | 37/6.1 40/53 22/48 | 2844 2347 L1384l 3.4/4.2
1-Axis, N-S8 | Average 2.6 32 4.1 5.3 5.0 5.0 6.1 39 4.6 3.7 2.9 24 4.2

Horiz Axis Min/Max | 1.6/3.6 1.8/48 2.8/58 | 42/7.0 3.7/66 32/69 | 46/80 49/68 27/58 | 2.9/45 1.9/4.0 1.3/3.1 | 3.8/4.7
1-Axis, N-S | Average 3.6 4.1 4.7 55 4.8 4.6 5.8 57 5.0 45 39 35 4.6

Tilt=Latitude | Min/fMax | 2.2/49 2.3/6.1 3.2/6.6 | 43/72 35/63 3.0/65| 43/76 4.9/68 29/63 | 3.5/54 2.6/53 1.8/4.4 | 4.1/5.1
A Awte Average 3.8 4.2 4.7 5.5 Al 5.0 6.2 59 5.0 4.6 4.1 3.8 48

o Min/Max | 2.3/5.3 23/62 3.2/6.6 | 44/73 37/67 32/70| 478.1 5.1/7.0 2.9/6.3 | 3.5/55 2.8/56 2047 |43/53

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 13.8 14.2 144 15.6 17.1 18.7 20.6 214 21.1 193 le.4 13.8 17.2
Daily Minimum Temp 8.8 9.6 10.3 11.6 13.5 15.3 17.1 17.9 173 51 11.6 8.8 15
Daily Maximum Temp 187 18.8 18.6 19.7 20.6 22.2 24.1 24.8 24.8 23.6 21.3 18.8 21.3
Record Minimum Temp | -5.0 0.0 il 3.9 6.1 8.9 9.4 10.6 8.3 5.0 18] 0.0 5.0
Record Maximum Temp | 31.1 333 350 38.9 36.1 40.0 36.1 36.7 433 41.1 383 344 43.3
HDD, Base 18.3°C 143 119 124 88 53 30 3 3 12 18 71 143 810
CDD, Base 18.3°C 0 + 4 6 14 42 76 98 94 49 14 4 404
Relative Humidity (%) 63 68 7 #H 74 76 77 77 74 71 63 63 71
Wind Speed (m/s) 3 34 3.8 4.0 39 3.8 37 8.7 3.5 a3 3.2 3.0 3.5
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WBAN NO. 23232

LATITUDE: 38.52° N
LONGITUDE: 121.50° W
ELEVATION: 8 meters

MEAN PRESSURE: 1015 millibars

Monthly Radiation (KkWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

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

0 Average 1.9 3.0 43 59 7.2 79 7.9 7.0 sV 4.0 2.4 | 4.9
Min/Max | 1.6/24 2.3/38 34/54 | 46/66 6278 7.0/84 | 74/82 63/74 5.1/6.1 | 3543 1930 1423 |46/5.1

Tatitoile 15 Average 2.6 39 32 6.5 1.3 7.6 7.8 13 6.7 53 &3 24 55
Min/Max | 1.9/3.6 2.8/53 3.9/66 | 49772 62/7.9 6.88.1| 7.3/81 67/79 5972 | 44/58 23/45 1737 ]|5.1/58

tathuds Average 29 4.2 54 6.3 6.8 7.0 2 7.2 6.9 37 3.7 2.7 55
Min/Max | 2.0/4.1 29/59 39/69 | 47/7.1 3974 62/74| 67/75 6476 59/73 | 4863 2551 1844 50/59

I afitude 415 Average 3.1 4.3 s e 29 6.0 6.0 6.3 6.5 6.6 5.8 3.8 29 3.2
; Min/Max | 2.0/43 29/62 38/68 | 44/6.6 52/65 54/63 | 58/64 5869 57/7.1 | 4.8/64 2554 1847 |4.7/5.6

90 Average i 3.6 3.8 3.6 3.0 2.3 2.9 36 45 4.6 3.4 2.6 34

Min/Max | 1.6/3.9 23/52 2850|2740 2732 2528 2829 3337 3948 | 3852 2149 1544|3038

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 4.0 5.9 8.1 9.9 10.8 11.1 10.0 83 5.8 3.3 22 6.8
Min/Max | 1.7/3.4 2.7/57 4179 | 57/93 82/11.1 92/119|10.1/11.7 8.8/10.8 6.8/9.0 | 4.8/6.5 22/45 1.5/35 | 62/7.2
T e e Average 3.0 4.7 6.6 86 10.1 10.8 11.2 10.4 9.1 68 4.0 2.8 73
Min/Max | 2.0/4.3 3.0/68 4.589 | 59/98 83/11.3 9.2/11.9| 10.2/11.8 9.1/11.2 7.5/9.9 | 5.6/7.6 2.6/5.6 1.8/4.6 | 6.5/7.8
Tatitnds Ayet‘age 3.3 4.9 6.7 o 8.5 9.8 10.3 10.8 10.2 _9.2 X 71 43 3.(_] 74
Min/Max | 2.0/47 32/7.3 4.6/9.1 | 59/98 8.0/109 88114 9.8/11.3 89/11.1 7.5/10.0| 5.8/79 2.7/6.1 19/5.1 | 6.5/7.9
Average 34 5.0 6.6 8.2 9.2 9.7 10.1 9.8 9.0 72 4.5 32 R

Latitude +15 | njivinax | 2149 3274 4590 | 56094 7.6/103 82/106| 92/10.6 85/10.6 7498 | 5880 2764 1.9/54 | 6377

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. Agid Average 34 5.0 6.7 8.6 10.2 11.0 114 10.4 9.2 72 45 32 7.6
= Min/Max | 2.1/5.0 3.2/74 4.6/9.1 | 6.0/99 84/11.4 94/12.2]|104/12.0 9.1/11.3 7.6/10.0| 5.8/8.1 2.8/64 1.9/55 | 6.7/8.1

Direct Beam Solar Radiation for Concentrating Colleciors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dee | ¥Year
1-Axis, E-W | Average 1.8 26 34 4.3 5.9 62 6.6 5.8 5.2 4.1 25 ) 4.1
Horiz Axis | Min/Max | 0.7/3.0 12/4.6 1853 | 2.1/54 4.0/65 4973 | 5.6/7.1 47/6.6 3858 | 32/48 L1141 06/3.6 | 3.4/46
1-Axis, N-S | Average 1.3 24 3.8 5.6 13 83 8.8 7.7 6.3 4.1 20 1.2 49
Horiz Axis Min/Max | 0.5/22 1.0/42 20/6.1 | 2.8/70 5.3/87 64/9.8 | 74/9.6 6.3/8.8 4.4/72 | 3.1/49 09/32 04/25 | 4.1/53
1-Axis, N-S | Average 1.9 3.1 4.4 3.0 7.1 7.8 8.4 1.9 3.1 3.2 2.8 1.8 53
Tilt=Latitude | Min/Max | 0.8/3.2 14/55 2.3/7.1 | 2.9/74 52/85 6.0/9.2| 7.1/9.1 64/89 50/8.0| 3.9/6.1 1346 0.7/3.8|44/58
2. Al Average v B | 3.2 4.4 6.0 bk 8.4 9.0 8.1 el 33 1.9 1.9 -
Min/Max | 0.8/3.5 1.4/57 2.3/7.1 [ 3.0/7.5 5.5/9.0 6.5/10.0| 7.6/9.8 6.6/92 50/80| 40/62 1348 07/4.1|45/6.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 7.3 10.4 12.0 14.6 18.5 220 243 239 21.9 17.9 11.8 7.4 16.0
Daily Minimum Temp 32 5.2 6.2 15 10.2 12.9 14.5 14.4 13.2 10.2 6.3 3.2 8.9
Daily Maximum Temp iy o 15.6 17.8 21.7 26.8 310 34.0 334 30.7 255 17.3 11.5 23.1
Record Minimum Temp | -5.0 -5.0 -3.3 0.0 5 5.0 8.9 9.4 6.1 7.2 -3.3 -1.8 -7.8
Record Maximum Temp | 21.1 244 i 339 40.6 46.1 45.6 42.8 422 383 30.6 2032 46.1
HDD, Base 18.3°C 341 222 198 128 44 7 0 0 9 43 195 339 1527
CDD, Base 18.3°C 0 0 0 16 49 117 184 174 117 29 0 0 687
Relative Humidity (%) 33 v 72 64 59 55 53 56 5 63 76 83 66
Wind Speed (m/s) ik 3.1 3.5 3.6 39 4.0 3.8 3.6 3.4 25 2.5 25 32
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San Diego, CA

WBAN NO. 23188

Variability of Latitude Fixed-Tilt Radiation
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LONGITUDE: 117.17° W k=
ELEVATION: 9 meters S
MEAN PRESSURE: 1014 millibars .
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1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3l 39 4.9 6.1 6.3 6.5 6.9 6.5 54 4.4 34 2.9 5.0
Min/Max | 2.6/3.5 3.3/44 44/57|55/6.8 53/72 35.0/7.6 | 56/74 59/1.0 42/6.0 | 3.8/49 3.0/3.7 24/32|47/52
Latitude -15 | Average 4.1 4.8 5.6 6.4 6.3 6.3 6.8 6.7 6.0 53 45 3.9 5.6
i Min/Max | 3.3/4.8 39/56 4.9/65| 5872 5372 4974 | 5573 6113 4567 | 4560 3750 3245|5257
Latitnde Average 4.7 5.3 58 6.3 5.9 5.8 6.4 6.5 6.1 5.7 3.1 4.6 3.7
Min/Max | 3.8/56 4.2/63 5.1/6.8 | 5.7/7.1 5.0/68 45/68 | 52/68 59/7.0 44/69 | 48/65 4.1/58 3.6/54 |53/59
Latitude +15 Average 51 5.5 57 59 5.2 5.1 5.6 5.9 5.8 58 54 5.0 5.3
Min/Max | 4.0/6.1 4.3/6.5 5.0/6.8 | 5.3/6.7 45/60 4.0/58 | 4.6/59 54/64 42/6.6 | 48/6.7 43/62 3859 |5.1/57
90 Average 4.5 4.3 3.9 3.2 24 2.1 22 2.9 36 4.4 4.6 4.5 33
Min/Max | 3.4/54 3.3)53 33/45|2935 22/25 1921 2023 2730 27/4.0| 3550 3.6/54 3454|3337
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 44 54 6.7 8.0 il 7.8 8.8 8.4 732 6.1 49 4.2 6.6
Min/Max | 3.5/53 4.1/6.6 5.7/8.1 | 6.8/9.2 6.1/94 55/99 | 6.6/9.7 7.3/94 4983 50/70 3958 3.3/49 | 6.1/69
L EHEAE <15 Average 5 6.1 p i 83 T 7.8 8.7 8.6 7.6 6.7 = 5 5.0 14
; Min/Max | 4.1/63 4.6/74 6.18.7 | 7.1/9.6 6.1/94 54/98 | 6.6/9.7 74/9.6 52/88 | 55/7.8 44/6.7 3859 | 6.4/7.3
Latitude Average 57 6.5 7.4 B2 7.5 74 8.4 8.4 ), 1.1 8.2 =1 e
Min/Max | 44/6.9 48/79 62/90 | 7.0/9.6 5.9/9.1 52/93 | B319.3 7.3/9.4 5.2/89 | 5.7/83 48/73 4.2/65 | 65/74
Latitide 15 Average 6.0 6.6 13 #:9 7.0 6.9 7.8 8.0 ol i | 6.5 58 7.0
© | Min/Max | 4.6/7.3 49/81 6.1/89 [ 6.7/9.2 35586 4886 | 59/87 69/89 5087 | 5784 49/7.6 44/69 | 64/73 |
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
> Al Average 6.0 6.6 74 8.3 7.8 7.9 8.9 8.6 7.7 T2 6.5 5.9 74
5 Min/Max | 4.6/7.3 4.9/8.1 6.2/9.0 | 7.1/9.6  6.2/9.5 5.5/10.0| 6.7/9.8 7.4/9.6 52/89 | 58/84 50/7.7 44/7.1 | 68/7.7
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 38 3.8 3.9 4.3 39 4.0 4.9 438 42 4.1 4.0 3.8 4.1
Horiz Axis Min/Max | 2.4/4.9 25/51 29/53 | 34/55 25/52 1.8/5.7 | 29/58 3.8/56 19/52 | 3.0/52 27/52 25/48 | 3.6/45
1-Axis, N-§ | Average 3.1 3.8 4.6 5.6 4.9 5.0 6.2 6.1 al 44 3.6 3.0 4.6
Horiz Axis Min/Max | 2.0/4.1 2.3/5.1 34/63 | 43/7.1 3.1/6.8 23/73 | 3.6/74 47/72 23/63| 32/55 24/46 2.0/3.8 | 3.95.0
1-Axis, N-S | Average 4.2 4.7 3l et 47 4.7 5.8 6.1 55 5.2 4.0 4.1 5.0
Tilt=Latitude| Min/Max | 2.7/54 2.9/62 3.8/7.0 | 44/73 3.0/65 21/68 | 34/7.0 4.7/72 25/6.8 | 3.8/65 3.1/6.0 2.7/52 |43/54
T Average 4.5 4.8 5.1 5.8 5.0 5.1 6.2 6.3 5.5 5.3 4.9 4.5 53
S s Min/Max | 29/5.8 3.0/6.4 3.8/7.1 | 4574 32/69 23/73| 3.7/75 49/74 25/69 | 38/6.6 3.3/63 3.0/57|4.5/5.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 14.1 14.8 15.3 16.7 17.8 19.3 i 22.6 e 19.8 16.7 14.1 17.9
Daily Minimum Temp 9.4 104 11.6 151 151 16.6 18.7 19.6 18.7 16.1 12.3 9.3 14.2
Daily Maximum Temp 18.8 192 19.1 20.2 20.6 220 24.6 254 25.1 23.7 21.1 18.9 21.6
Record Minimum Temp | -1.7 22 39 5.0 8.9 10.6 12.8 13.9 10.6 6.1 3.3 1.1 -1.7
Record Maximum Temp 1.1 LT 33.9 36.7 35.6 38.3 35.0 36.7 439 41.7 36.1 Hhed. 439
HDD, Base 18.3°C 136 105 98 63 41 28 7 0 11 13 6l 135 698
CDD, Base 18.3°C 9 6 5 13 75 58 111 133 117 29 11 4+ 547
Relative Humidity (%) 63 66 67 67 71 74 75 74 73 69 66 64 69
Wind Speed (m/s) 27 3.0 35 3.7 3.7 3.6 3.5 35 34 3.1 2.8 2.6 33
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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 232 3.0 4.2 3.7 6.7 7.2 73 6.5 54 3.9 25 2.0 4.7
Min/Max | 1.8/25 2.3/39 33/53 | 44/64 57/74 6.1/7.9 | 6979 57/73 4.7/6.0 | 32/44 2.1/29 14/24 | 44/49
fatihads b8 Average 31 a9 5.0 6.2 6.8 7.0 7.3 6.9 6.2 5.0 3.5 29 5.3
Min/Max | 2.4/3.8 29/55 3.8/65 | 47/7.0 57/75 59/7.7| 6978 6.0/7.7 53/7.1 | 40/58 2.8/43 19/39 | 49/5.6
Latteads Average 35 42 5.2 6.1 6.4 6.5 6.8 6.7 6.4 54 39 34 54
Min/Max | 2.7/43  3.1/6.1 39/6.8 | 4.6/69 54/7.1 54/7.1 6.4/7.2 58/74 54/73 | 43/64 3.1/49 2.0/4.6 | 49/57
Latitude +1% Average 37 4.4 5.1 5.6 | 5.6 5.9 6.1 6.1 5.5 4.1 36 5.1
Min/Max | 2.8/4.7 3.1/6.4 3.8/6.8 | 4.2/6.4 4.8/63 47/6.1 | 56/63 53/67 52/70| 43/65 3.2/52 21/5.0 | 4.6/55
90 Average 33 3.6 - 34 28 25 2.7 33 4.1 4.3 36 3.3 34
Min/Max | 2.5/42 24/54 27/49 | 2.6/3.8 2530 23/26| 2.628 3.0/36 3547 | 34/52 28/46 1947|2937
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 | 3.0 4.1 5.7 7.6 8.8 9.3 9.7 8.7 74 55 35 2.8 6.3
Min/Max | 2.3/3.7 2.8/6.0 4.1/7.7|5.689 7.0/10.1 7.5/10.8| 9.0/10.7 7.4/102 6.2/88 | 4.3/6.5 2.8/44 1.7/38 |57/6.7
Latituds 18 Average 37 4.7 6.3 8.0 8.9 02 9.7 9.0 8.1 6.3 4.3 3% 6.8
g Min/Max | 2.8/4.6 3.3/7.1 45/86 | 5894 7.1/103 7.4/10.7( 9.0/10.8 7.7/10.6 6.7/9.6 | 48/7.6 3.3/54 2.0/48 | 6.1/7.2
Latitade Average 4.0 5.0 6.5 8.0 8.7 8.9 9.4 8.8 8.2 6.6 4.6 39 6.9
Min/Max | 3.0/51 34/7.6 4.6/89 | 5794 6.8/10.0 7.1/103| 8.7/104 7.5/104 68/97 | 5.1/80 3559 22/54 |6.1/13
Eatitads 415 Average 42 5.1 6.4 17 8.1 8.2 8.7 8.4 8.0 6.7 4.8 4.1 6.7
Min/Max | 3.1/54 34/78 45/88 | 5590 64/94 6.6/96| 81/97 7.1/99 66/95 | 5.1/81 3.6/6.1 23/57 | 59/7.1
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
3 hwin Average 42 Xl 6.5 8.1 9.0 9.4 9.9 9.0 8.2 6.7 4.8 4.1 7.1
=~ Min/Max | 3.1/5.4 34/78 4.6/89 | 5.8/9.5 72/104 7.6/11.0] 92/11.0 7.7/10.6 6.8/97 | 5.1/81 3.7/62 23/58 | 6.3/7.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average 25 28 3 4.0 4.7 &1 5.5 4.9 4.6 3.9 2.8 25 3.9
Horiz Axis | Min/Max | 1.6/3.5 1549 1.9/52 | 24/52 33/57 3.6/6.3 | 49/64 37/6.1 3.3/56| 2.6/50 1839 1.1/39 | 3.2/4.2
1-Axis, N-§ | Average 1.9 25 38 5.2 6.1 6.5 7l 6.3 5.4 39 2.3 1.8 44
Horiz Axis Min/Max | 1.2/26 1.3/46 2.1/6.0 | 3.1/6.7 42/75 4683 | 62/83 47/80 40/68 | 2550 1532 0828|3747
1-Axis, N-S | Average b)) 33 4.4 54 5.9 6.1 6.8 6.4 6.0 4.8 32 27 4.8
Tilt=Latitude | Min/Max | 1.8/3.8 1.7/6.0  2.5/6.9 | 3.2/7.0 4.1/7.3 43/77 | 59/79 4881 44/76| 32/63 2044 12/42|40/53
Bkt Average 2.9 3.4 44 55 6.3 6.7 73 6.6 6.1 4.9 33 29 5.0
| Min/Max | 1.9/40 L7/6.1 25/69 | 3.3/7.1 43/77 4.7/84 | 64/85 50/83 44/76| 32/63 22/47 13/45 | 42/55
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 9.3 112 118 13.1 14.5 16.4 171 17.6 18.1 16.1 12.7 9.7 139
Daily Minimum Temp 5.4 72 7.7 8.4 9.8 11.4 1232 12.8 12.9 1.0 8.4 5.9 9.4
Daily Maximum Temp 131 15.2 16.0 17.7 152 713 220 224 231 212 16.9 13.4 18.4
Record Minimum Temp | -4.4 -3.9 -1.1 -0.6 22 5.0 6.1 5.6 33 s | -3.9 -6.7 -6.7
Record Maximum Temp | 222 25.6 294 333 36.1 41.1 40.6 36.7 39.4 37.2 294 23.9 41.1
HDD, Base 18.3°C 281 199 202 159 121 67 51 38 44 13 170 269 1676
CDD, Base 18.3°C 0 0 0 3 0 9 12 16 36 6 0 0 81
Relative Humidity (%) 78 76 73 71 71 72 73 74 72 72 75 g 74
Wind Speed (m/s) 3.3 4.0 4.8 5.5 6.2 6.2 | 62 5.7 5.0 4.3 3:7 35 4.9
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Santa Maria, CA

WBAN NO. 23273

LATITUDE: 34.90° N

LONGITUDE: 120.45° W
ELEVATION: 72 meters
MEAN PRESSURE: 1008 millibars

STATION TYPE: Primary

Monthly Radiation (kWh/m?/day)

Variahility of Latitude Fixed-Tilt Radiation
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1961-1990 Average

A 'S

O N

J F M A M J J 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 2.8 &7 4.9 6.2 79 74 75 6.8 5.6 4.4 = 1) &7 52
Min/Max | 2.3/3.3 3.0/42 4.0/58 | 53/6.9 5.6/7.9 63/80 | 7.1/79 63/72 50/6.1 | 3.8/47 2.7/3.6 23{3.0 | 48/54
Latitude -15 | Average | 4.0 47 5.7 6.6 7.0 7.2 7.4 7.1 6.3 54 44 3.9 5.8
Min/Max | 3.0/4.8 3.7/56 4.5/68 | 55/75 56/19 62/1.8 | 7.1/7.8 65/75 5.6/7.0 | 4.6/59 3.5/5.1 3.1/4.6 | 5.3/6.1
Tafitds Average 4.6 52 5:9 6.5 6.6 6.6 6.9 6.9 6.4 5.8 5.0 45 59
Min/Max | 3.3/5.,6 3.9/6.2 4.6/7.2 | 53/74 53/74 57772 | 6.6/7.2 63(13 56/7.1 | 49/65 39/59 3.6/54 |54/62
L afioie a5 Average 4.9 54 5.8 6.0 58 5.7 6.0 B2 6.2 6.0 53 4.9 b
Min/Max | 3.5/6.1 4.0/6.5 45/7.1 | 49/69 47/65 49/6.1 | 58/62 57/6.6 54/6.9 | 49/6.6 4.1/63 3.8/59 | 5.2/6.0
90 Average 4.4 4.4 4.0 34 2.7 23 25 32 3.9 4.6 4.6 4.5 3.7
Min/Max | 3.0/55 32/54 3.1/49| 2.8/3.8 24/29 22/24| 24/26 3.0/33 3544 | 3.7/5.1 3.5/5.6 3.5/55 | 3.3/4.0
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (*) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | ¥Yeat
0 Average 4.2 52 6.7 83 9.0 9.4 9.6 8.8 i e 0.1 4.7 4.0 7.0
Min/Max | 3.0/5.1 3.8/63 5.1/84 | 6797 68106 7.7/108| 8.8/10.6 7.9/9.6 63/87 | 50/7.0 3757 32/48 | 6.3/74
Latitude -15 | Average 5.0 6.0 7.3 8.7 31 9.4 9.6 2l &1 6.9 5.6 4.9 7.3
Min/Max | 3.5/6.2 4.3(7.3 5.5/9.2 [6.9/10.2 69/10.8 7.6/10.7| 8.8/10.6 8.1/9.9 6.7/94 | 5.6/7.9 4.3/6.7 3.8/59 | 6.7/7.9
I atitnds Average D 6.4 TS 8.6 8.8 9.0 92 8.9 8.2 3 6.0 54 7.6
Min/Max | 3.8/6.8 4.5/7.8 35.6/9.5 |6.8/10.1 6.7/10.4 7.3/10.2| 8.5/10.2 8.0/9.7 6.8/9.5| 5983 4.6/73 42/6.6 | 6.8/8.1
Latitude £1% Average 57 6.5 74 83 8.3 8.3 8.6 85 8.0 T3 6.3 5.7 74
‘ Min/Max | 4.0/72 4580 55094 | 64/98 63/9.8 6895 7.9/95 7.6/92 66/93| 5984 47/7.7 44/70 | 6.6/79
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
A A is Average 5.8 6.5 7.5 8.7 9.2 9.6 9.7 9:1 8.2 74 6.3 5.8 7.8
i Min/Max | 4.0/7.3 4.6/8.0 5.6/9.5 |6.9/10.2 06.9/109 7.8/109| 8.9/10.8 8.1/9.9 6.8/95 | 5.9/84 4877 44/7.2 | 7.0/84
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 3.6 3.8 4.0 45 49 53 5.6 52 4.6 4.3 39 37 4.5
Horiz Axis Min/Max | 2.1/4.9 2.1/50 2.3/57 | 3.0/5.7 2.9/62 3.6/64 | 4.6/64 4.1/59 32/56 | 3.2/52 26/52 2.6/50 | 3.6/50
1-Axis, N-§ | Average 2.9 3.6 4.6 5.9 6.4 6.8 7.1 6.5 35 4.5 34 2.8 5.0
Horiz Axis | Min/Max | 1.6/3.9 2.04.8 27/67 | 40/7.5 3882 4583 | 5783 5075 3770 | 33/55 22/45 2.0/38|4.1/55
1-Axis, N-S | Average 4.0 4.6 53 6.1 6.2 6.3 6.7 6.0 6.0 54 45 4.0 5.5
Tilt=Latitude | Min/Max | 2.3/5.4  2.5/6.1 3.0/7.6 | 4.1/7.8 3.7/79 4278 | 5478 51/75 4.0/7.6 | 4.0/6.6 3.0/6.0 28/54 | 44/6.1
5 Awia Average 43 4.7 53 6.2 6.5 6.9 i 6.8 6.1 35 4.8 44 57
= ) Min/Max | 2.5/3.8 2.6/63 3.0/7.7 | 4.1/7.9 39/84 4.6/84 | 5884 52/77 40/76 | 4.1/6.7 3.1/6.3 3.1/58 | 4.6/64
Average Climatic Conditions -
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 10.6 114 11.6 12.7 13.9 15.9 173 17.8 17.6 16.1 13.1 10.6 14.1
Daily Minimum Temp 35 4.7 ) 5.8 8.0 10.2 1.6 12:2 1.3 8.9 5y 332 73
Daily Maximum Temp 17.7 18.2 17.9 19.4 19.9 217 229 234 23.8 23.3 204 17.9 20.6
Record Minimum Temp | -6.7 5.6 -4.4 -0.6 -0.6 2.2 6.1 6.1 22 -33 -39 -6.7 -6.7
Record Maximum Temp | 30.0 30.6 35.0 394 378 38.9 40.0 394 394 422 339 322 42.2
HDD, Base 18.3°C 239 193 210 173 138 s 53 40 56 = 161 239 1658
CDD, Base 18.3°C 0 0 0 3 0 5 21 23 32 I 0 0 94
Relative Humidity (%) 70 73 76 75 76 76 77 78 78 73 71 70 75
Wind Speed (m/s) 2.8 32 3 3.8 4.0 3.9 3.2 3.0 2.8 2.8 3.0 2.8 32
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