Charleston, SC

WBAN NO. 13880

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 il 45 4.7 59 6.2 6.2 6.1 23 4.7 4.1 3 2.5 4.6
Min/Max | 2.3/3.2  3.1/43 3.9/53 | 5.2/68 5.0/68 55/69 | 4.8/68 4.8/63 3.7/56 | 32/46 23/35 2229 | 43/4.8
Tafvie .18 Average 35 4.3 3.3 6.2 6.2 6.1 6.0 5.6 4 4.8 39 34 5.0
Min/Max | 2.8/43 3.6/55 43/6.0 | 5.4/72 5.0/68 54/6.8 | 47/6.7 4.9/64 3.9/62 | 3.7/5.6 2.8/46 2.8/40 | 4.7/53
Lntinda Average 4.0 4.7 55 6.1 5.8 5.6 5.6 5.4 5.2 52 4.5 39 5i1
Min/Max | 3.2/5.0 3.9/6.1 44/63 | 5.3/7.1 47/65 50/62 | 44/62 4.7/6.2 38/63 | 39/6.1 3.0/52 32/47 | 48/54
Latitude 415 Average 43 4.9 54 5.7 i 49 4.9 4.9 5.0 52 47 42 4.9
2 Min/Max | 3.3/5.4 4.0/64 43/62 | 5.0/66 42/58 44/54 | 39/54 4357 3.6/6.1 3.8/6.2 3.1/5.6 3.3/5.1 | 4.6/5.2
90 Average 3.7 3.9 3.6 3:1 24 2:1 210 2.5 3.1 39 4.0 3.8 32
Min/Max | 2.8/4.8 3.1/52 29/4.1 | 27/34 2125 1.9/2.2 1.9/23 2.3/28 22/3.8 | 2.8/47 2548 2946|2934
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 3.8 4.9 6.3 7.8 7.9 T3 D 6.8 6.0 55 4.3 3:5 6.0
Min/Max | 3.0/4.7 4.0/64 5.1/74 | 6.6/9.6 5989 66/9.0| 54/87 5783 42/7.6 4.0/6.7 2952 2843 | 54/64
Latitude -15 Average 4.4 54 6.7 8.1 7.9 7.6 1.5 6.9 0.3 6.1 4.9 4.2 6.3
i < | Min/Max | 34/55 4.4/73 54/80 | 6.8/99 59/89 65/89 | 54/87 57/84 43/8.1 | 43/74 33/6.0 3.3/51 |5.7/67
Latitude Average 4.8 5.8 6.9 8.0 T T3 7 0.8 0.4 6.3 L 4.6 0.4
i Min/Max | 3.6/6.0 4.6/7.8 55/82 | 6.8/99 57/8.6 62/85 | 52/84 56/83 4382 | 45/77 34/65 3.6/5.6 | 58/6.8
utitudi 15 Average 5.0 3.9 6.8 3 72 6.8 6.7 6.4 6.2 6.4 3.5 4.8 6.3
Min/Max | 3.7/6.3 4.7/80 54/8.1 | 6.5/95 5.3/8.1 5.8/79 | 48/7.8 53/78 4.1/80| 45/78 35/6.7 3.7/6.0 | 5.7/6.7
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty £98%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
AT Average 5.0 59 6.9 8.1 8.0 7.8 T 7.0 6.4 0.4 35 4.9 6.6
. - Min/Max | 3.8/6.4 4.7/80 5.5/82 |6.8/10.0 59/9.0 6.6/9.1 | 5588 5884 4382 ] 45/78 35/68 3.8/6.1| 6.0/7.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Unceriainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.0 3.2 3.5 4.0 3.6 3.4 32 29 2.8 34 3.2 3.0 3.3
Horiz Axis Min/Max | 2.0/4.2 2.2/50 25/4.6 | 3.1/55 2.0/45 2346 | 1942 2.0/4.0 14/4.1 19/44 1.6/43 2.0/4.0 | 2.8/37
1-Axis, N-§ | Average 23 32 42 53 4.8 44 4.2 37 34 36 2.8 2.3 3.7
Horiz Axis Min/Max | 1.6/3.4 22/50 3.0/56 | 4.0/74 2.6/6.0 3.0/6.0 | 24/56 26/53 1652 | 2.0/48 1.4/3.9 1.5/3.1 | 3.1/4.1
I-Axis, N-§ | Average 33 4.0 4.7 54 4.6 4.1 4.0 3.7 a7 42 3.1 32 4.1
Tilt=Latitude| Min/Max | 2.2/4.6 2.7/6.2 3.3/62 | 4.1/7.6 25/57 2.8/56 | 22/53 26/53 1856 24/57 1.8/5.0 2.2/43 | 3.4/4.6
5kt Average 3.6 4.1 4.7 b 4.9 45 42 3.8 k¥ 4.3 3.9 35 42
Min/Max | 24/5.0 2.8/64 33/62 | 4.1/78 2.6/6.1 3.0/6.1 2457 27/54 18/56 | 24/58 1.9/53 23/47 | 3.5/4.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 8.8 10.3 14.5 18.3 I2T 25.7 215 27.0 24.7 19.3 14.7 10.7 18.7
Daily Minimum Temp o) 4.4 8.6 122 17.2 20.6 22.6 223 19.9 13.5 8.4 4.8 13.2
Daily Maximum Temp 14.3 16.1 20.3 243 28.2 30.9 323 317 294 P | 20.8 16.4 242
Record Minimum Temp | -14.4 -1 9.4 -1.7 ey 10.0 14.4 133 5.6 -2.8 -9.4 -13.3 -14.4
Record Maximum Temp | 28.3 30.6 322 344 36.7 394 40.0 389 372 344 311 283 40.0
HDD, Base 18.3°C 304 23 133 37 0 0 0 0 0 41 129 244 1118
CDD, Base 18.3°C 8 4 14 35 134 222 284 269 190 2 19 6 1259
Relative Humidity (%) 70 67 68 68 72 T 77 79 78 74 73 72 73
Wind Speed (m/s) 3.9 4.3 4.4 4.3 38 3 35 3.3 3.4 3.6 3.6 37 38
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feh Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 26 3.4 4.5 N 6.1 6.3 6.1 55 43 4.0 2.9 2.4 4.5
Min/Max | 2.1/3.1 2.9/40 3.7/5.1 | 4.9/64 34/6.8 54/70| 49/69 48/63 4.0/54 | 3347 22/33 2.0/2.7 | 4.3/47
Yttt <12 Average 34 4.2 1 6.0 6.1 6.1 6.0 5.7 32 4.8 3.8 33 5.0
: © | Min/Max | 2.7/43 35/52 4.1/59 | 5.2/6.8 54/6.8 5.3/6.8 | 49/6.8 49/6.6 43/6.1 | 3.8/58 2.7/45 25/39 | 47/5.2
Tatititis Average 3.9 4.6 59 5.9, 37 57 5.6 5.5 53 532 43 3.8 5.1
Min/Max | 2.9/50 3.8/58 4.2/62 | 5.1/68 35.1/64 49/63 | 4.6/63 47/63 42/62 | 3.9/63 2852 2846 47153
Y afitslie s Average 4.1 4.8 52 55 3.1 4.9 4.9 5.0 5.1 53 4.6 4.1 4.9
¢ Min/Max | 3.0/54 3.9/6.1 4.1/6.1 | 47/63 4.6/5.7 43/54 | 40/55 43/58 4.0/60| 39/64 2955 2 9/5.0 | 4.5/5.2
00 Average 3.6 3.8 3.5 3.0 24 21 22 2.6 3.2 4.0 3.9 37 3:2
Min/Max | 2.6/4.8 3.0/50 2843|2734 22026 2022 2024 2429 2538/ 2949 24/48 25/46 | 2.9/34
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m2/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.6 4.7 6.0 T Bad. 7.8 75 6.9 6.2 5.3 4.1 34 59
Min/Max | 2.7/4.6  3.8/6.1 4.7/7.2 | 6.3/9.0 6.5/8.8 6.4/9.1 | 56/88 57/83 4.8/74 | 42/69 2749 24/4.1 5.5/6.2
Latitude -15 Average 42 b B3 7.8 7.8 7.8 T3 7.1 6.5 6.1 4.8 4.0 6.3
° Min/Max | 3.1/55 4.2/70 5.0/7.8 | 6594 6.5/89 6.3/9.0 | 56/88 58185 50079 | 4577 3.0/58 2.8/50 | 5866
¥ ntiinds Average 4.6 5.6 6.0 7.8 7.5 7.4 7.2 6.9 6.6 6.4 <) 4.4 64
7 Min/Max | 3.3/6.1 44/75 5.1/8.0 | 6.4/93 63/86 6.1/86 | 54/85 57/83 50/80| 47/81 32/63 3.1/55| 5868
Ladtnde-il% Average 4.8 il 6.5 g il 6.9 6.7 6.6 6.4 6.4 5.3 4.7 6.2
Min/Max | 3.4/64 45/7.6 5.0/8.0 | 6.2/9.0 598.1 5680 | 50/7.9 5479 4878 | 47/81 32/6.6 3.2/58 | 57/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m2/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
T AR Average 4.8 5.8 6.6 7.8 7.8 7.9 7.6 71 6.6 6.4 5.4 4.7 6.6
- Min/Max | 3.5/64 4.5/7.7 5.1/8.1 | 65/9.4 6.6/89 6592 | 57/89 5885 5.0/8.0 4.7/8.1 3.3/6.6 3.3/5.9 | 6.0/7.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.9 313 33 3.8 3.6 3.6 34 31 3.0 35 a1 29 3.3
Horiz Axis Min/Max | 1.8/42 22/4.8 22/44 | 2.7/5.1 2.6/46 25/48 | 2.0/4.6 22/42 20/4.1 | 2.0/49 1.4/42 1.6/3.9 | 2.8/3.7
1-Axis, N-S | Average 23 34 3.9 5.0 4.8 4.7 43 4.0 i 36 i 22 a7
Horiz Axis Min/Max | 1.4/35 2.1/48 2.6/52 | 3.6/6.8 3.3/6.0 3.2/62 | 2.5/59 2.8/55 24/50| 2.2/52 1237 1230 | 3.2/4.1
1-Axis, N-S | Average 32 3.9 4.4 52 4.6 44 4.1 4.0 4.1 ol 3.6 3:l 4.1
Tilt=Latitude | Min/Max | 2.0/4.7 2.6/59 29/59 | 3.7/7.0 3.2/58 3.0/58 | 24/5.6 2.8/55 2.6/5.4 2.6/6.2 1.6/49 1.7/4.3 | 3.5/45
2_A%is Average 34 4.0 4.4 33 4.9 4.7 4.4 4.2 4.1 4.4 3.8 34 42
& : Min/Max | 2.1/5.1  2.7/6.1 3.0/5.9 | 3.8/7.1 3.3/6.1 3.3/6.3 | 2560 29557 2.6/54| 2.6/63 1751 19/4.6]3 6/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 6.6 8.2 129 T2 21.6 2532 271 26.5 234 17.4 12.6 8.3 17.3
Daily Minimum Temp 0.1 2 5.7 9.7 14.6 18.9 21.1 20.7 173 10.1 53 1.6 10.5
Daily Maximum Temp 12:9 152 20.1 24.7 28.6 31.6 33.1 32.3 29.5 24.6 19.9 14.9 239
Record Minimum Temp | -18.3 -15.0 -15.6 -33 1.1 6.7 12.2 1T 4.4 -5.0 =111 -15.6 -18.3
Record Maximum Temp | 28.9 28.9 328 344 383 41.7 41.7 41.7 383 38.3 5y 28,3 41.7
HDD, Base 18.3°C 369 286 176 60 10 0 0 0 3 T 179 312 1472
CDD, Base 18.3°C 4 0 7 27 112 207 272 253 156 48 6 0 1092
Relative Humidity (%) 69 66 65 62 68 71 73 76 76 73 72 il 70
Wind Speed (m/s) 32 34 3.6 36 3.1 29 2 2.5 2.7 2.7 2.8 3l 3.0
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tl (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.6 3.0 44 5.0 6.0 6.3 6.0 3.5 47 39 2.8 23 45
Min/Max | 2.2/3.0 2.8/40 3.7/5.1 | 46/6.6 55/6.7 5.6/72 | 53/6.8 4863 4.1/53 | 3.3/46 2.1/34 1926 | 42/47
Latlivide - 15 Average . P 4.2 L7 | 59 6.0 6.1 5.9 5.7 54 4.8 38 32 5.0
. Min/Max | 2.8/43 34/53 4.1/6.0 | 4.8/7.0 55/6.7 54/1.0 | 52/6.8 49/6.6 44/59 | 3.9/58 2548 25739 | 4.6/52
fatitade Average 4.0 4.0 53 5.8 56 5.6 e 3.3 32 5.2 43 87 5.0
Min/Max | 3.1/5.0 3.6/59 4.1/63 | 47/7.0 5.1/6.3 50/64 | 4.8/6.3 47/63 44/6.1 | 42/63 27/54 28/46 | 47/53
Latitids +15 Ayerage 4.2 4.8 32 54 2.8 49 4.8 S S 52 4.5 4.0 4.8
> Min/Max | 3.3/54 3.7/6.1 40062 | 44/65 46/56 4355 | 43/55 43/58 42/58 | 4.1/64 2.8/58 3.0/5.0 | 45/5.2
90 Average 3.8 39 3.6 3.1 24 22 2.2 237 33 4.0 3.9 3.0 332
Min/Max | 2.8/49 3.0/51 28/44 | 253.6 2226 2023 | 2.1y25 2430 27/38 | 3.1/50 2.3/5.1 2.7/4.6| 2.9/35
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 37 4.7 6.0 74 7.6 7.9 T3 Tl 6.1 5.3 4.0 33 59
Min/Max | 2.8/45 3.6/6.1 4.6/72 | 6.0/92 6.7/88 68/94 | 6.3/89 57/84 350/73 | 43/67 2.6/51 25/4.0 | 54/6.3
T [T Average 4.3 54 6.5 73 1.7 7.8 i 7.3 6.5 6.1 4.7 3.8 6.3
; Y | Min/Max | 3.3)55 4.0/7.0 49/79 | 62/96 6.7/89 6.7/94 | 6.3/89 58/86 53/7.8 | 48/7.6 29/6.1 2.9/49 | 58/6.7
i Average 4.7 5} 6.7 73 7.4 75 7.2 7.1 6.6 6.4 §:1 43 6.4
Min/Max | 3.6/6.0 4.3/75 5.0/8.1 ]| 6.1/9.6 6.5/86 64/90 | 6.0/8.6 5785 353/7.9| 4.98.0 3.1/6.6 3.2/55 | 58/68
Labituds +15 Ayerage 5.0 5.8 6.6 7.4 7.0 7.0 6.7 6.8 6.4 6.5 53 4.6 6.2
Min/Max | 3.7/6.4 4.3/7.7 4.9/8.1 | 59/92 6.1/8.1 6.0/83 | 5.6/80 53/8.1 5.1/7.7 | 4.9/8.1 3.1/69 3.3/5.8 | 5.7/6.7
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
Aikats Average 5.0 5.8 6.7 7.8 7.8 8.0 7.6 T3 6.6 6.5 5.4 4.6 0.6
3 Min/Max | 3.7/6.4 4.3/7.7 5.0/8.1 | 6.2/9.7 6.8/9.0 6896 | 64/9.1 5887 53/79| 50/8.1 32/69 3.4/59| 6.0/7.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.1 3 34 39 37 3.7 35 33 1 3.6 3.2 29 34
Horiz Axis | Min/Max | 1.9/43 2.1/4.8 2.0/45 | 27/53 2946 27/52 | 2.547 22/44 2141 | 2448 1545 1841|2938
1-Axis, N-S | Average 1.5 32 40 51 4.8 4.8 45 4.3 38 38 2.8 22 3.8
Horiz Axis Min/Max | 1.6/3.4 2.0/4.8 2.4/53 | 3.6/7.0 3.8/6.1 3.6/6.8 | 3.3/6.1 258 26/5.] | 2551 1338 1.3/3.1 | 3.34.3
1-Axis, N-S | Average 34 4.1 4.6 3l 4.6 45 4.2 4.3 4.1 4.6 3.7 3.1 42
Tilt=Latitude| Min/Max | 2.2/48 2.6/6.0 28/6.0 | 3.7/7.3 3.7/59 3.3/63 | 3.1/58 2858 29/55| 3.0/62 1.7/5.1  1.9/44 | 3.7/4.7
5Kl Average 3.6 42 4.6 53 4.9 49 4.6 4.5 4.2 4.0 3.5 34 4.4
v g Min/Max | 2.3/5.1 2762 2.8/61 | 3873 3962 3769 | 3362 2B60 2955 | 30/62 1.8/5.4 2.1/48 | 3.8/4.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 4.5 6.3 10.9 15.4 19.9 23.9 25:7 g5 21.8 15.8 10.9 6.3 15.6
Daily Minimum Temp -1.1 0.2 44 8.7 13.6 18.0 20.2 19.7 16.2 9.4 4.7 0.8 9.6
Daily Maximum Temp 10.1 12.4 17:5 222 26.3 29.7 31.2 304 27.3 22.2 16.9 11.8 215
Record Minimum Temp | -21.1 -13.3 -11.7 -3.9 -0.6 44 122 1K 2.2 -39 -11.1 -15.0 | -21.1
Record Maximum Temp | 26.1 26.1 311 33.9 36.1 378 394 394 35.6 333 294 244 394
HDD, Base 18.3°C 429 336 229 98 27 0 0 0 L 97 223 374 1818
CDD, Base 18.3°C 0 0 0 12 77 167 227 208 107 20 0 0 818
Relative Humidity (%) 66 63 62 60 68 71 74 76 i 70 68 68 68
Wind Speed (m/s) 34 37 38 38 < 3.0 28 2.7 29 30 H2 33 32
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