Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average

WBAN NO. 13876

LATITUDE: 33.57° N
LONGITUDE: 86.75° W
ELEVATION: 192 meters

MEAN PRESSURE: 996 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Hite) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 24 = 4.1 53 3.9 6.3 6.1 s 5 4.7 & ol 2.1 2l 44
Min/Max | 1.9/2.8 2.7/39 3.5/5.1 | 45/60 53/69 52/72| 52/69 47/63 42/53 | 3.2/46 22/3.0 1.9/25 | 42/4.6
Tatttindes -15 Average 3.1 38 4.7 5.6 3.9 6.2 6.0 55 - 4.7 35 28 4.8
Min/Max | 2.3/3.9 3.2/5.1 3.9/59 | 4.8/64 52/69 5.1/7.1| 51/68 47/66 45/59| 3.7/58 2.7/4.1 23[35 4.6/5.1
Tntiaias Average 3.3 42 4.8 39 5.6 5.7 5.6 37 3.3 5.0 3.9 33 4.8
Min/Max | 2.5/45 34/56 4.0/62 | 47/6.3 49/65 4.7/65 | 48/63 45/6.3 45/6.0 | 3.9/63 2947 25/41 |4.6/52
Latitids +15% Average 37 43 47 34 5.0 4.9 4.9 B3 5.0 5.1 4.1 35 4.6
Min/Max | 2.5/4.8 3.5/59 3.9/6.1 | 43/59 44/57 4.1/56| 42/55 4,1/58 4358 | 3.8/65 2949 2.6/44 | 44/50
90 Average 3.2 34 33 2.9 24 Z.1 2.2 2.7 3.2 3.9 34 31 3.0
Min/Max | 2.1/43 2.8/48 2.7/42 | 25/33 22026 19723 | 2.1/24 2.3/3.0 2837 | 28/50 24/43 22/40 | 2.8/3.2
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 3.2 42 & ] 7.0 7.6 8.0 7.6 7.3 6.1 23 36 2.9 =10
Min/Max | 2.3/4.1 34/57 4.5/7.3 | 5.6/82 6.5/94 63/93 | 62/9.1 5583 5.0/7.1| 4.0/67 2.7/44 22/3.6 | 5.3/6.2
ottroite o« 14 Average 3.8 4.7 5.9 7.3 7.6 7.9 7.6 T3 6.5 39 4.2 34 6.0
Min/Max | 2.6/49 3.8/6.6 4.8/7.9 | 588.6 6.5/94 62093 | 62/9.0 5.6/85 53/7.6| 4.4/76 3.0/52 2.6/44 | 5.6/6.6
Tatitnde A}/erage 4.1 5.0 6.0 T2 7.4 7.6 7.3 7.3 6.6 6.2 45 3.8 6.1
S Min/Max | 2.7/54 4.0/7.1 498.1 | 5785 63/91 5989 | 5987 54/84 353/17 45/80 3.2/57 2.8/48 | 5.7/6.7
Torpiods 415 Average 4.3 %1 59 6.9 6.9 7.1 6.8 7.0 6.4 6.2 4.7 39 5.9
Min/Max | 2.8/5.7 4.0/72 48/80 | 5582 5986 55/83 5.508.1 5.1/80 5216 | 4581 33689 2951|3365
B 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
Ak yie Average 4.3 9l 6.0 %3 T 8.1 Tl T2 6.6 6.3 4.7 4.0 6.3
- i Min/Max | 2.8/58 4.1/7.3 4.9/8.1 | 58/86 6.6/9.5 63/94 | 63/92 56/8.6 53/7.7| 4681 33/59 29/5.2 | 5.8/6.9
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 2.4 2.7 2.9 34 3.5 3.7 35 34 21 34 27 Z3 31
Horiz Axis | Min/Max | 1.2/3.6  1.7/4.6 2.0/45 | 24/4.4 2.6/50 24/50 | 24/47 1942 2.1/40| 2.1/48 14/3.6 1333 |27/36
1-Axis, N-§ | Average 5 2.6 34 45 4.7 4.9 4.5 4.4 27 33 23  ord 33
Horiz Axis Min/Max | 1029 17/44 24/54|3.0/58 35067 3.1/64 | 3.1/6.1 2555 2549 2.2/51 1.2/3.1 1.0/2.5 | 3.1/4.1
1-Axis, N-S | Average ¢ 33 38 4.7 45 435 4.2 4.5 4.1 42 3.0 2.3 38
Tilt=Latitude | Min/Max | 1.4/40 22/5.6 2.7/6.1 | 3.1/6.0 34/64 29/6.0 | 29/58 25/55 27153 | 2.6/6.1 1.6/4.2 1.4/35 | 3.4/45
5 A ode Average 2.9 34 38 4.7 4.7 4.9 4.5 4.6 4.1 4.3 32 5 4.0
Min/Max | 1.4/43 22/5.7 2.7/6.1 | 32/6.1 3.6/68 3.2/65 | 3.1/62 25/5.7 27153 | 2.6/6.2 1.7/4.4 1.5/3.8 | 3.5/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 3.8 6.2 111 16.0 20.2 24.3 26.1 257 223 16.2 10.8 6.1 15:7
Daily Minimum Temp -1.6 0.3 49 9.4 14.1 18.3 20.5 19.9 16.4 9.6 47 0.6 9.8
Daily Maximum Temp 9.0 11.9 17.1 25 26.3 33 4 e 3l.6 28.2 22.8 16.9 11.4 217
Record Minimum Temp | -23.9 -14.4 -14.4 3.3 22 7.2 12.2 122 44 -1.7 -9.4 -194 | -239
Record Maximum Temp | 244 26.1 28.9 322 339 38.3 38.9 394 383 323 28.3 25.0 39.4
HDD, Base 18.3°C 451 341 232 88 23 0 0 0 3 96 228 381 1846
CDD, Base 18.3°C 0 0 6 18 82 180 241 229 127 31 3 0 917
Relative Humidity (%) 72 68 66 63 69 71 74 74 74 70 71 72 70
Wind Speed (m/s) 4.1 4.4 45 4.2 35 3.0 2.8 27 3.1 5 3.8 4.2 36
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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%
Tile (™ Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 2.7 i 4.4 54 5.9 5.9 5.6 ¥2 4.7 4.2 3.1 2.5 4.4
MinfMax | 2.2/32 29/40 3752 |4.7/66 49/69 5.0/68 | 48/65 4562 4.1/55| 3550 2.3/3.7 22/30 | 4.2/47
Latitude:-15 Average 33 4.1 4.9 5.6 5.8 5.8 35 33 5.1 49 38 3z 4.8
Min/Max | 2.5/4.1 3348 4.0/58 | 48/69 4.9/69 49/6.6 | 4.7/64 4564 44/60 | 3.9/59 2547 2.6/39 | 4.5/5.1
ontiede Average 3.7 4.5 5.0 5.6 i 54 3.1 5.2 3.1 32 43 3.6 49
Min/Max | 2.7/48 35/53 4.0/6.0 | 47/6.8 4.6/65 4.6/6.1 | 44/60 4.3/6.2 44/62 | 4.1/64 27/54 28/46 | 4.6/5.2
Latingdle 15 Average 4.0 4.6 4.9 . WA 4.9 4.7 4.5 4.7 4.9 3.3 4.5 35 4.7
Min/Max | 2.7/5.1 3.6/55 3.9/59 | 44/63 42/57 40/53 | 3952 40/56 4.2/6.0 | 4.1/65 2858 3.0/5.0| 4.4/50
90 Average 3.3 3.6 32 i) 21 1.9 1.9 23 3.0 39 51 3.4 29
Min/Max | 2.2/4.5 2.8/43 25/3.8|233.1 2023 1820 1821 2126 2536 | 29/48 2.1/49 25/45]|27/3.1
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
0 Average 3.6 4.7 5.8 7.0 74 74 6.8 6.5 6.1 57 4.2 34 53
Min/Max | 2.6/46 3.6/58 45/7.1 | 5.7/9.1 58/92 6.0/38 | 5.6/83 5.2/8.1 50/74 | 44/7.1 27/54 2744 | 53/6.2
Viabbide s45 Average 4.1 332 6.1 TR 7.4 7.3 6.7 6.6 6.3 6.2 4.7 3.0 6.0
5 Min/Max | 2.8/53 39/63 4.7/75|58/94 58092 5987 | 56/82 52/82 53/78| 4878 2962 3.0/5.1|5.5/65
T Abfude Average 4.4 55 6.2 gl T2 7.0 6.5 6.5 6.4 6.5 5.1 4.2 6.1
Min/Max | 29/5.8 4.1/6.7 4.7/7.7 | 57/94 5.6/89 57/83 | 53/79 51/8.1 53/80 | 49/8.1 3.0/6.7 3.2/5.6 | 5.6/6.6
Latitude +15 Average 46 55 6.2 6.9 6.7 6.5 6.1 6.2 6.2 6.6 5.3 4.4 5.9
Min/Max | 3.0/6.1 4.2/6.8 4.6/76| 5590 52/84 53/7.7| 5.0/74 4877 5178 | 49/82 3.0/7.0 3.3/59 | 55/64
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. Axig Average 4.6 5.6 6.3 T2 Tud 74 6.8 6.6 6.4 6.6 33 4.5 6.2
3 Min/Max | 3.0/6.1 4.2/69 4.7/7.7 | 58/9.5 5.8/93 6.0/89 | 5.6/84 52/83 53/80| 49/82 3.17.0 34/6.0 | 5.8/6.8
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 2.5 3.0 3.0 3.4 34 2 2.8 27 2.8 3.5 3.0 2.6 3.0
Horiz Axis Min/Max | 1.1/3.8 2.0/4.0 184.2]23/52 2049 22/43| 20/4.1 1.6/4.1 1.8/42 | 2.3/49 1.2/44 1.5/3.8 | 2.6/3.5
1-Axis, N-S | Average 22 3.0 3.6 4.5 44 4.2 3.6 3.6 3.6 38 ad 2.1 34
Horiz Axis Min/Max | 1.0/3.3 20/4.2 2.1/5.1 | 3.0/7.0 26/65 2.8/57| 2.6/53 2.1/54 24/52 | 2.5/54 1.1/4.1  1.2/32 | 3.0/4.0
1-Axis, N-S | Average 29 3.6 4.0 4.5 4.2 3.9 34 36 38 4.5 34 2.8 )
Tilt=Latitude | Min/Max | 1.3/43 24/50 23/56 | 3.0/7.1 25/63 2.6/53 | 2.4/49 21/53 25/56 | 29/63 1.4/5.1 1.6/42 | 3.2/4.3
. Axis Average 31 e 4.0 4.6 4.5 4.2 3.6 X7 38 45 3.6 3.0 39
Min/Max | 1.3/46 25/52 23/56 |3.1/72 26/66 28/57| 2.6/53 22/55 2556 29/63 1554 18/46 | 3.345
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 99 11.8 15.8 199 23.6 26.9 279 2.7 255 20.2 154 11.7 19.7
Daily Minimum Temp 4.4 59 10.1 13.9 18.0 215 229 22.7 204 14.1 9.5 6.2 14.1
Daily Maximum Temp 15.4 17.6 21.6 25.8 292 322 319 32.5 30.5 264 13 i Z3.2
Record Minimum Temp | -16.1 -11.7 -6.1 0.0 6.1 9.4 15.6 15.0 5.6 0.0 -5.6 -13.3 -16.1
Record Maximum Temp | 289 27.8 322 34.4 37.8 38.9 40.0 38.9 372 339 30.6 202 40.0
HDD, Base 18.3°C 273 191 98 27 0 0 0 0 0 29 109 218 946
CDD, Base 18.3°C 13 8 21 73 164 257 298 289 215 87 22 12 1459
Relative Humidity (%) 72 70 71 70 71 73 76 78 75 71 3 74 73
Wind Speed (m/s) 4.5 4.7 4.7 4.6 3.9 34 3.0 2.9 34 3.6 4.1 44 39

27



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 7 35 4.3 3. 6.2 6.4 6.1 5.9 4.9 4.2 3.0 25 4.6
Min/Max | 2.2/3.2 2.6/4.1 37153 | 4864 J50HZ ST 5.2/6.7 5066 4.1/57 | 3.5/49 24/35 2.1/29 | 4249
Latitids -5 Average 34 42 5.0 59 6.2 6.3 6.0 5.9 3.3 4.9 38 33 5.0
Zatit Min/Max | 2.7/4.2 3.0/5.1 4.1/6.0 | 5.0/6.8 5.5/7.2 35.0/69 | 5.1/6.6 5.1/6.8 44/63 | 4.0/59 28/45 2.6/39 | 46/53
Latifiis Average 3.8 4.6 S 5.8 5.8 5.8 5.6 a7 54 53 4.3 < 51
Min/Max | 3.1/48 3.2/56 4.2/63 | 49/6.7 52/6.8 47/64 | 48/62 49/66 44/64 | 43/63 3.0/52 28/46 | 4.6/54
Latitiide 15 Average 4.0 4.7 T 5.4 9.2 5.1 4.9 5.2 5.2 54 4.5 4.0 4.9
il Min/Max | 3.2/5.2 3.2/59 4.1/6.2 | 4.6/6.2 4.6/6.1 4.1/56 | 4.3/54 4.5/6.0 4.1/6.1 | 42/65 3.1/55 3.0/49 | 44/5.1
90 Average 35 39 34 2.9 2 | 2.1 2.2 2.6 3 4.0 3.8 33 21
Min/Max | 2.7/46 25/46 27/42 | 25/33 22026 20/22 | 1923 23/29 25/37| 3.1/48 2547 25/45 | 2832
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 3.6 4.7 59 T 7.8 7.3 7.3 Tl 6.3 5.7 4.1 34 55
Min/Max | 2.8/4.7 3.2/6.0 4.7/7.5 | 59/87 6.8/9.5 5.8/9.1 | 59/84 5985 5.0/7.7| 45/7.0 29/50 2.6/4.2 | 53/64
Tititde =15 Average 4.2 53 6.3 7.6 7.8 7.8 %3 T2 6.0 6.2 4.7 4.0 6.3
; Min/Max | 3.2/55 3.5/6.7 5.0/8.0]| 6.1/90 6.8/9.6 5.7/9.0 | 59/83 6.0/87 5.2/8.1 | 4.8/7.7 3.2/58 3.0/5.0 | 5.6/6.7
Latittide Average 4.5 35 6.5 ik 7.6 .3 7.0 7.1 6.7 6.5 5.1 4.4 6.3
3 Min/Max | 3.5/6.0 3.7/7.1 5.1/82 | 6.1/89 6.6/93 5.5/86 | 57/80 5.9/86 52/82| 50/8.1 34/63 3.2/55 | 5.6/6.8
Latitnde 415 Average 4.7 5.6 6.4 it 7.1 7.0 6.5 6.7 6.5 0.0 3.2 4.6 6.2
s © | Min/Max | 3.6/6.3 3.7/73 5.0/82 | 5.8/86 62/88 5.1/80| 53/75 5.6/81 5080 | 5082 34/65 3.3/58 | 55/6.6

Solar Radiation for 2-Axis T

racking Flai-Plate Colleciors (kWh/m?/day), Uncertainty +9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
- Ais A\ferage 4.7 5.6 6.5 7.6 7.9 8.0 74 T2 6.7 6.6 53 4.7 6.5
R Min/Max | 3.7/6.3 3.8/7.3 5.1/83 | 6.2/9.1 6.9/9.7 5.8/9.2 6.0/8.5 6.1/8.7 5.2/8.2 5.1/8.2 34/6.6 3.3/59 | 5.8/7.0
4z 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 2.7 3.0 4l 3.6 33 3.5 30 3.0 3.0 35 3.0 2.7 31
Horiz Axis Min/Max | 1.7/4.0 1.8/4.4 1.9/4.5 | 2.5/4.7 2.6/4.9 1.7/4.5 1.9/3.9 22/44 2.0/4.1 2.3/14.7 1.4/4.0 1.5/3.8 | 2.7/3.5
1-Axis, N-S | Average 2.3 1 3.7 4.7 4.7 4.5 39 39 ) 3.8 2.6 23 36
Horiz Axis Min/Max | 1.5/3.5 1.7/14.5 23155 | 31162 3.5/6.5 22/58 2.4/5.0 2.8/56 24/5.1 2.4/5.2 1.2/3.6 1.2/3.0 | 3.0/4.0
1-Axis, N-S | Average 3.0 27 42 4.8 45 42 R f 39 39 44 34 3.0 39
Tilt=Latitude | Min/Masxsseeeea in == o = S s M e e o (1o el = L
ar A}Jfl’ Hviay ]r}’une‘ July Aug Sept Oct Nov Dec Year ;;Lne;t wre °0) n;ag I;E';
0 | 182 222 259 | 274 270 247 | 188 137 97 | 183 DaiI)I/) I\;;;mn g e -
6 11.6 16.0 iz A 21.9 21.6 18.9 11.8 7.0 3.7 122 : i : . -
1.3 247 28.3 319 328 324 30.6 25.7 204 1507 243 Elegrgd;?g;EnT;?nﬁp 11375;5 112(; |
i 29 44 9.4 15.0 13.9 3.9 33 106 -15.0 | -17.8 ; o o |
7 | 328 367 406 | 406 400 383 | 378 306 294 | 406 Reedis gy Toup) LR 0198
HDD, Base 18.3°C 330 237
6 | 43 3 0 0 0 0 51 152 273 | 1236 CDD. Base 18 3°C H o
2 38 122 228 281 269 192 64 12 6 1229 Rel t: e H mi'd't (%) 70 67
6 67 71 72 76 76 74 71 72 71 71 th‘f&‘s’peeﬁ (m’fs{ : i 38
r) 33 g 25 25 23 2.6 25 2.9 33 3.0 = =
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