Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

Asheville, NC

WBAN NO. 03812

LATITUDE: 35.43° N
LONGITUDE: 82.53° W
ELEVATION: 661 meters

MEAN PRESSURE: 942 millibars
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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 23 33 43 54 58 6.0 5.8 9.3 4.5 3.8 2.7 22 4.3
Min/Max | 2.0/29 29/39 35/4.9 | 43/65 54/66 53/69 | 50/68 4.7/59 3751 | 3.2/45 22/3.1 18/25 |4.1/4.6
tatibide =14 Average 3.5 4.2 4.9 57 5.8 5.9 57 e 5.0 4.6 3.6 i | 4.8
Min/Max | 2.6/4.1 3.5/52 39/58 | 45/7.0 54/6.6 5.1/68 | 49/6.7 4.8/62 40/58 | 3.8/57 2844 23/37 |45/51
e Average 39 4.6 5.1 5.6 54 54 53 53 5.0 5.0 4.1 3.6 4.9
. Min/Max | 2.8/4.8 3.8/58 4.0/6.0 | 44/69 5.1/62 47/62 | 4.6/63 4.6/60 4059 | 40/62 3050 2643 |46/52
Fattiide-£15 Average 42 4.7 5.0 52 48 4.7 4.7 4.8 4.8 5.0 4.3 39 4.7
Min/Max | 3.0/52 3.9/6.1 3.9/59 | 4.1/64 45/55 4.1/54 | 4.0/55 42/55 38/57| 4.0/64 3.1/54 2847 | 44/50
90 Average 3.8 39 3.6 3.0 24 2:1 2.2 2.6 3 39 37 £ b 32
Min/Max | 2.6/47 3251 2.7/42 | 24/3.6 22/25 20/23| 2025 23/29 24/37 | 3.0/50 26/47 24/44]29/34
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 3.6 4.6 5.8 7:1 A it 7.1 6.5 30 52 38 32 5.6
Min/Max | 2.6/4.3 3.8/59 4.4/69 | 54/9.1 65/8.7 62/9.1 | 59/88 56/7.7 44/68 | 42/65 2847 23/38 | 52/6.1
Latitude -15 Average 4.3 4.3 6.3 74 73 74 7 6.7 6.1 5.8 45 38 6.0
3 * | Min/Max | 3.0/53 4.3/69 4776 | 56/9.5 6.6/88 62/9.1 | 5988 5779 47/74 | 4.6/74 32/56 27/4.7 | 5.6/6.6
Yiahmia Average 4.7 5.6 6.4 7.3 ¥ Tl 6.8 6.6 6.1 6.1 4.9 42 6.1
‘ Min/Max | 3.2/58 45/73 48/78|5.6/095 6485 59/87| 57/84 56/78 47/75| 48/18 34/6.1 29/52| 5.6/6.7
| Latiude 415 Average 4.9 37 6.4 7.1 6.7 6.6 6.4 6.2 6.0 6.1 5.0 45 6.0
‘ < | Min/Max | 3.3/6.1 4.6/7.5 47/7.7 | 5.3/9.1 6.0/8.0 55/8.1 | 53/79 53/74 45(73 | 4879 3564 3.1/55 ]| 55/65
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 4.9 5.7 6.4 74 7.4 7.6 Tl 6.7 6.1 6.2 %1 4.5 6.3
Min/Max | 3.4/6.2 4.6/76 48/78|57/09.6 6689 63/93| 6089 5880 47/75| 4879 35/64 3.1/56 | 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 3.0 32 3.3 3.6 3.5 35 32 3.0 29 34 3.0 2.8 3.2
Horiz Axis Min/Max | 1.8/4.1 23/49 22/44 | 23/53 2746 24/49 | 23/44 23/40 1939 | 23/49 1842 16/38 | 2.8/3.7
1-Axis, N-S | Average 24 3.1 3.8 4.7 4.5 45 4.1 38 3.4 35 209 2.1 3.9
Horiz Axis Min/Max | 1.4/33 22/47 25/52 | 3.1/69 35/6.1 3.1/64 | 29/5.7 28/51 2.1/47| 2450 1535 12029 |3.1/42
1-Axis, N-S | Average 33 3.9 44 4.9 44 4.2 3.9 38 38 43 35 3.0 3.9
Tilt=Latitude | Min/Max | 1.9/4.6 2.8/6.0 2.9/59 | 3.2/7.2 3.4/59 29/60 | 27/54 28/5.1 24/52 | 29/6.1 2.1/47 17/41 | 34/46
o &t Average 33 4.0 4.4 5.0 4.6 4.5 42 39 38 4.3 36 .| 4.1
Min/Max | 2.1/49 28/6.1 2.9/5.9 | 3.3/7.3 35/62 3.1/65| 29/58 29/53 24/52 | 29/6.1 22/50 1945 | 3.6/48
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) « 4 £y 8.6 12.9 172 20.8 22.7 22.2 19.0 133 8.6 4.2 12.9
Daily Minimum Temp -4.0 -2.6 1.9 59 10.5 14.6 17.1 16.6 13.1 6.4 2.1 -1.9 6.6
Daily Maximum Temp 8.1 10.0 15.1 19.9 23.9 26.9 283 27.8 249 20.2 15.2 10.2 19.2
Record Minimum Temp | -26.7 -18.9 -12.8 -5.6 2.2 L7 6.7 5.6 -1.1 -6.1 -13.3 217 | -26.7
Record Maximum Temp | 25.6 25.0 283 317 328 356 356 37.8 33.3 30.0 i ) 25.6 37.8
HDD, Base 18.3°C 504 409 303 166 65 10 3 3 36 164 292 439 2393
CDD, Base 18.3°C 0 0 0 0 31 83 137 123 56 £ 0 0 437
Relative Humidity (%) 72 70 68 63 75 79 81 83 84 78 74 74 75
Wind Speed (m/s) 4.3 4.3 4.2 4.1 32 2.6 25 2.4 25 3.0 3.7 4.0 34
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) Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
[Tl"ilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 24 33 4.4 3.6 6.1 6.4 6.2 56 4.8 3.7 2.8 22 4.5
Min/Max | 2.1/2.8  2.8/3.9 3.8/50 | 5.0/64 53/69 5470 56/69 50/64 40/54 | 3343 2232 2.0/25 | 4247
Tatindeis Average 33 4.1 3.1 6.0 6.1 6.2 6.1 5.8 53 4.6 3.7 3.2 5.0
Min/Max | 2.7/40 3.4/5.1 4.3/5.8 | 5.3/6.8 53/7.0 52/68 | 55/68 5.1/6.7 4.3/62 | 3.9/54 2844 26/38|47/5.2
Y ouire Average 38 4.5 3.2 29 5.8 a:] I 5.6 54 4.9 4.2 3.6 5.0
Min/Max | 3.04.7 3.6/57 4.4/60|5.2/67 5.0/66 4.8/63 | 52/63 49/65 43/63 | 4.1/59 3.0/5.1 3.044|47/53
Latitude +15 Average 4.0 4.6 32 i i 5.1 5.0 5.0 51 5.1 4.9 45 39 4.8
| Min/Max | 3.1/5.0 3.7/6.0 4.3/59 | 48/6.3 44/58 43/54 | 4.6/55 4559 4.1/6.1 4.1/6.0 3.1/54 3.1/48 | 45/5.1
90 Average 36 3.7 3.6 3.1 2.5 2:2 2.3 27 33 3.8 39 3.6 32
Min/Max | 2.7/45 3.0/5.0 3.0/4.1 | 2835 2327 2123 | 2.2/25 2430 2740| 3.1/47 2.648 2.8/44]29/33
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 Year
0 Average 34 45 59 1S5 7.8 8.0 T Tl 6.2 5.1 39 3.2 59
Min/Max | 2.8/4.2 3.7/58 4.9/6.9 | 6588 64/9.1 6390 | 67/89 62/8.6 50/76| 42/6.1 2.8/4.7 -2.5/39 | 55/6.3
Latitude -15 | Average 4.1 3.1 6.5 7.8 79 79 T 7.3 6.6 5.7 4.6 39 6.3
b Min/Max | 3.2/5.1 4.1/68 53/76 | 6.8/92 64/92 62/89 | 6.7/89 6.3/8.8 52/8.1 | 47/7.0 3.2/5.6 3.0/48 | 5.9/6.7
Latihide Average 4.5 5.4 6.6 7.7 7.6 7.6 7.4 7.2 6.7 6.0 5.0 4.3 6.3
B Min/Max | 3.5/5.6 4.3/72 54/78|6.7/9.1 62/89 6.0/8.6| 64/85 6.2/86 52/82| 48/7.3 34/6.1 3.3/53|59/68
Latitude-+15 Average 4.7 35 635 74 T2 7.0 6.9 6.8 6.5 6.0 52 4.5 6.2
Min/Max | 3.6/59 4.3/74 53/7.7 | 64/88 58/84 55/80| 60/80 59/82 5.1/8.1 | 48/74 35/64 35/56 | 58/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day). Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
7 Al Average 4.7 5.5 6.6 7.8 7.9 8.1 7.8 74 6.7 6.0 52 4.6 6.5
Min/Max | 3.6/6.0 44/74 54/78 | 6.8/92 6593 6.3/9.1 | 68/90 63/88 53/83| 49/74 35/64 35/57]6.17.0
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
[-Axis, E-W | Average 2.8 3.1 34 39 3.8 38 3.6 34 3:2 32 3il 2.8 34
Horiz Axis | Min/Max | 1.8/4.0 2.2/4.6 24/44 | 3.1/49 2749 23/47 | 2.94.6 2546 1945 | 2343 1842 1938 |3.037
1-Axis, N-S | Average 2.3 3.0 4.0 - | 5.0 4.9 4.6 4.3 39 33 26 2.1 3.8
Horiz Axis | Min/Max | 1.5/32  2.0/45 28/52 | 40/65 35/64 3.0/6.1 | 3.66.0 3260 24/54 | 2344 1435 1329 | 3.4/4.2
1-Axis, N-S | Average a: 38 4.6 5.3 4.8 4.6 4.4 44 42 4.0 3:5 3.0 42
Tilt=Latitude | Min/Max | 2.1/4.4 2.6/57 3.2/59 | 42/6.7 3.4/62 2.8/57 | 34/57 32/6.0 2.6/6.0| 2.9/54 2.047 20/4.1| 3.7/4.6
2 Axis Average 34 39 4.6 54 5.1 5.0 4.7 43 4.3 4.1 33 33 43
- Min/Max | 2.2/4.7 2.7/5.8 3.2/6.0 | 43/6.8 3.6/6.6 3.0/6.2 | 3.7/6.1 33/62 2.6/60| 29/55 2.1/49 2.1/44 | 3.9/48
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 7.0 15 10.9 14.9 194 234 25 25.8 23.4 18.6 13.9 9.4 16.7
Daily Minimum Temp 2.6 31 6.4 10.4 15.3 1957 221 222 19.8 14.6 9.6 5.1 12.6
Daily Maximum Temp 113 11.9 153 19.4 23.6 27.1 29.2 29.3 ¢ 52K 224 18.2 13.8 20.7
Record Minimum Temp | -14.4 -10.0 1.2 -3.3 39 6.7 12.2 133 T2 0.0 5.6 -11.1 -14.4
Record Maximum Temp | 23.9 244 272 313 32.8 35.0 35.0 344 333 31.7 272 25.6 35.0
HDD, Base 18.3°C 355 303 234 109 21 0 0 0 0 50 147 279 1499
CDD, Base 18.3°C 3 0 3 7 56 153 239 231 153 57 14 4 910
Relative Humidity (%) 75 74 74 72 q 7 81 81 78 76 75 5 77
Wind Speed (m/s) A2 5.3 53 53 4.7 4.7 4.4 4.2 4 49 49 5.0 49
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Variability of Latitude Fixed-Tilt Radiation

 Charlotte, NC

WBAN NO. 13881
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Solar Radiation for Flat-Plate Collectors 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 25 33 44 55 6.0 6.3 6.1 5.6 4.7 39 28 23 44
Min/Max | 2.0/2.8 2.8/3.8 3.6/52 | 47/64 55/6.6 55/7.1 | 53/69 49/63 40/54 | 33/45 2.0/33 2.0/2.6 | 42/4.6
Limittinde o 18 Average 34 4.1 5.0 59 6.0 6.1 6.0 58 52 4.7 37 3.1 4.9
Min/Max | 2.5/4.0 34/5.1 4.1/6.1 | 49/6.9 55/6.6 53/69 | 52/6.8 5.0/6.6 4.3/6.1 39/57 2346 2.6/39 | 4.6/5.1
Latitide Average 3.8 45 52 57 57 5.7 3.6 5.6 5.3 51 4.2 3.0 5.0
Min/Max | 2.7/47  3.6/5.7 4.1/6.3 | 4.8/6.8 52/6.2 49/64 | 4.8/63 4.8/64 43/63 | 41/62 2453 29/46 | 47/52
Latttude 15 Average 4.1 4.6 5:1 5:3 5.0 4.9 4.9 5.1 5.0 52 4.4 3.9 4.8
s ©7 5 | Min/Max | 2.8/5.1 3.7/5.9 4.0/6.3 | 45/63 4.6/56 43/55 | 43/56 44/58 4.1/6.0 | 4.1/63 2.5/57 3.1/5.0 | 45/5.1
90 Average 3.6 38 3.6 31 25 22 23 27 33 4.0 38 3.5 32
Min/Max | 2.3/4.6 3.0/49 2844|2736 23/27 2.1/23| 2.1/25 24/30 2.6/40| 3.049 20/50 27/46 | 29/34
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 3i5 4.6 39 73 7.6 7.9 73 i 6.1 53 39 5 5.8
Min/Max | 2.5/42 3.6/58 4.6/75 | 6.0/89 68/86 6.6/9.2 | 6.2/89 5985 4974 | 43/6.6 23/50 25/40 | 54/6.2
tafitade <15 Average 4.2 52 6.4 7.6 7.7 7.8 1.5 73 6.5 6.0 4.6 3.8 6.2
Min/Max | 2.8/5.1 4.0/6.7 4.9/8.1 | 6.2/93 6.8/8.7 6.6/9.1 | 6.2/89 6.0/88 52/80 | 4.7/7.5 2.6/60 3.0/49 | 5.7/6.6
Latitude Average 45 53 6.6 Fi 7.4 T3 T3 74 6.6 6.3 5.0 4.2 6.3
Min/Max | 3.0/5.6 4.2/7.1 49/84 | 6.1/93 66/84 63/88 | 59/86 59/8.6 52/81 | 4878 27/65 3.2/55 | 5.8/6.6
Latituds 415 Average 4.7 5.6 6.5 7.2 7.0 6.9 6.8 6.8 6.4 6.3 52 4.5 6.2
Min/Max | 3.1/59 4.3/7.3 4.8/83 | 5989 62/79 5981 | 5580 56/82 50/80| 4879 27/6.8 34/58 | 5.6/65
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. Rt Average 4.8 5.6 6.6 7.6 50 8.0 T3 7:3 6.6 6.3 5.2 4.5 6.5
AN Min/Max | 3.1/6.0 4.3/73 50/84 | 62/94 6988 67/93 | 63/9.0 60/88 5281 | 49779 27/6.8 34/59 | 5.9/6.9
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, B-W | Average 238 3.1 33 3.7 3.6 3.6 34 32 3.0 34 3.1 2.8 3.3
Horiz Axis Min/Max | 1.4/40 2.0/45 2.1/47|25/5.1 2743 26/50| 2545 2344 21/43| 22/47 1.0/44 1.8/40 | 28/35
1-Axis, N-S | Average 23 3.0 3.9 4.8 4.7 4.7 4.4 4.2 3.7 3.6 2.6 2.1 37
Horiz Axis Min/Max | 1.1/32 1.9/44 24/56 | 33/67 3.6/57 34/64 | 3.1/59 2957 26/52 | 23/50 0937 13/30 | 3.2/4.1
1-Axis, N-§ | Average 32 3.8 4.4 5.0 45 4.4 42 4.2 4.1 4.3 35 3.0 4.0
Tilt=Latitude | Min/Max | 1.6/44 24/5.6 28/6.3 | 3.5/69 35/55 32/6.0| 3.0/56 29/57 28/58 | 2.8/6.0 1.2/5.0 1.8/43 | 3.5/44
e A e Average 34 3.9 4.4 5.1 4.8 4.8 4.5 44 4.1 44 3.7 3.2 42
. Min/Max | 1.7/4.7 25/5.7 2.8/63 | 3.5/70 3.7/58 3.5/65| 32/6.0 3.0/59 28/58 | 2.8/6.1 1.3/5.3 2.0/4.6 | 3.6/4.06
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 41 5.8 10.5 152 19.7 243 26.3 23] 224 16.3 112 3.9 15.6
Daily Minimum Temp -1.3 -0.1 4.1 8.6 13.6 18.7 20.9 20.5 17.2 10.3 33 0.4 9.8
Daily Maximum Temp 94 113 16.8 21.8 25.7 29.9 3L.6 30.9 a7 2L.3 17.0 113 213
Record Minimum Temp | -20.6 -15.0 -15.6 4.4 0.0 i 11.7 11.7 39 -4.4 -11.7  -16.7 | -20.6
Record Maximum Temp | 25.6 272 32.2 339 37.8 39.4 394 394 40.0 36.7 294 25.0 40.0
HDD, Base 18.3°C 443 350 243 102 23 0 0 0 3 89 217 386 1856
CDD, Base 18.3°C 0 0 0 8 64 178 246 229 127 26 0 0 879
Relative Humidity (%) 66 62 61 59 67 70 72 13 73 70 68 67 67
Wind Speed (m/s) 3.4 36 3.9 3.8 34 w 2.9 2.8 29 2.9 3.1 33 13
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Greensboro, NC 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 24 32 4.3 5.4 6.0 6.3 6.1 55 4.6 37 27 22 4.4
Min/Max | 2.0/28 2.6/3.8 3.5/50 | 4.6/6.5 53/6.7 57/10 | 53/68 4.7/62 40/52 | 3.1/44 2.0/3.1 1924 | 4.1/45
Latitude =15 Average 3.3 4.1 5.0 5.8 6.0 6.1 6.0 57 52 4.6 3.6 3.1 4.9
; Min/Max | 2.5/4.1  3.1/5.1 3.9/6.0 | 4.8/7.0 5.3/6.7 5.6/6.9 | 52/6.8 49/65 4.3/58 | 3.6/56 24/45 25/37 | 4.5/5.1
Ttitria Average 3.8 45 5.2 37 5.6 5.6 5.6 33 52 5.0 4.1 3.6 5.0
MinfMax | 2.7/4.8 3.3/5.7 4.0/63 | 47/69 50/63 5.1/6.3 | 4.8/63 47/63 4.3/59 | 386.1 25/51 2843 | 46/52
Latitude 15 Average 4.1 4.6 5.1 5.2 5.0 4.9 4.9 5.1 5.0 5.0 4.3 38 4.8
‘ Min/Max | 2.8/52  3.3/6.0 3.8/62 | 44/64 4.5/56 45/55| 43/55 4.3/58 4.1/57 | 38/62 26/55 3.04.7 | 44/50
90 Average 3.7 3.8 3.6 Aid 2.5 23 2.3 2.8 33 39 £ 3 o
Min/Max | 24/47 273/50 27/45|2.7/37 2327 21024 | 22/25 2431 27/38| 2948 2148 2743 |29/34

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 34 45 59 12 7.6 78 7.6 il 6.1 5.2 38 ik 5.8
Min/Max | 2.5/43 34/5.8 44/7.1 | 57/92 669 6992 | 6589 57/8.1 4972 | 40/65 2348 2437 | 5.3/6.1
Foiftad e - 1% Average 4.1 52 6.4 15 7.6 7.8 7.6 73 6.5 3.9 4.5 38 6.2
¢ Min/Max | 2.9/5.3 3.8/6.8 4.8/7.8 | 5.9/9.7 6.6/89 6.9/9.1 | 6.4/89 59/84 52/7.7 | 44/74 2.6/58 2.9/4.6 | 5.6/6.6
tabitade Average 45 33 6.6 7.4 7.4 Twi 7.3 71 6.5 6.1 4.8 42 6.3
Min/Max | 3.1/58 3.9/7.2 4.8/8.0 | 58/9.6 64/87 66/88 | 62/85 57/83 52/78 | 46/7.8 28/63 32/51 | 5.6/6.7
Latitude 15 Average 4.7 56 6.5 71 o 7.0 6.8 6.8 6.4 6.2 5.0 44 6.1
~ | Min/Max | 3.2/6.1 39/74 47/8.0 | 56/93 6.0/82 6.1/8.1 | 5880 54/79 5.1/76 | 46/79 28/6.6 3.3/54 | 55/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2_Axis Average 4.8 5.6 6.6 7.5 ¢ 8.0 TF X 6.6 6.2 5.0 4.5 6.5
T d Min/Max | 3.2/62 4.0/74 4881|5997 6.7/9.1 7.0/93 | 6.6/90 59/84 53/7.8 | 4.6/7.9 2.8/66 3.3/54 | 58/69
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 2.8 3.1 33 3.6 J2 3.6 3.4 32 3.0 34 3.0 27 G
Horiz Axis Min/Max | 1.6/4.1 1.7/4.6 2.0/43 | 2.3/5.2 2845 2.7/47 | 24/43 22141 2.1/39 | 2.1/47 1.2/42 1.8/3.6 | 2.7/3.6
1-Axis, N-S | Average s 3.0 39 4.7 4.6 4.7 4.4 42 %7 35 2.8 2.0 3.6
Horiz Axis Min/Max | 1.3/3.3 1.7/44 2.4/50 | 3.0/7.0 3.6/6.0 3.6/6.1 3.2/5.7 2.8/53 25/49 | 23/49 1.0/3.5 1.3/2.7 | 3.0/4.0
1-Axis, N-S | Average el 3.8 4.5 4.9 4.5 4.4 4.2 43 4.1 42 34 29 4.0
Tilt=Latitude | Min/Max | 1.7/4.6 2.2/57 28/5.8 | 3.2/7.2 3.5/58 34/57 | 3.0/54 29/54 28/54| 2.8/6.0 1.4/48 1.9/39 | 3.4/45
3 K Average 3.3 39 45 5.0 4.8 48 45 44 4.1 4.3 33 33 42
D : Min/Max | 1.9/49 22/58 28/58|32/74 37/62 37/62| 33/58 2955 2.8/54 | 28/6.1 1.4/5.1 2.0/42 | 3.5/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 2.6 4.4 9.3 142 18.8 228 249 24.3 209 14.8 9.7 4.7 14.3
Daily Minimum Temp -3.0 -1.5 30 7.6 12.6 17.0 19.4 18.8 15.3 8.4 36 0.8 8.4
Daily Maximum Temp 8.2 10.4 157 209 25.0 28.7 305 29.7 26.6 41.1 15.8 10.3 202
Record Minimum Temp | 222 -20.0 -15.0 -6.1 0.0 5.6 8.9 Ta 1L -0.7 -12.2 -17.8 -22.2
Record Maximum Temp 5.6 27.2 322 344 36.7 389 389 394 37.8 35.0 294 25.6 394
HDD, Base 18.3°C 487 389 279 131 43 3 0 0 8 126 258 422 2147
CDD, Base 18.3°C 0 0 0 7 59 138 205 184 87 15 0 0 696
Relative Humidity (%) 67 64 63 61 70 73 i 76 76 72 69 69 70
Wind Speed (m/s) 34 3.6 38 %) 332 3.0 2.8 oy 2.8 29 3.2 34 3.2
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Variability of Latitude Fixed-Tilt Radiation

 Raleigh, NC

WBAN NO. 13722

LATITUDE: 35.87° N
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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 2.4 32 4.4 5.5 6.0 6.3 6.1 D 4.6 3.8 17 2.2 4.4
Min/Max | 2.0/2.8 25/3.8 3.6/5.1 | 48/64 5.1/6.6 57/7.1| 52/68 43/6.1 3.8/53 | 32/44 2030 1.6/2.6|4.0/46
Latitude -15 | Average 34 4.1 5.0 5.8 6.0 6.2 6.0 3.7 5:1 4.6 3 i 4.9
“ | Min/Max | 2.6/4.1 3.1/50 4.0/60 | 5.1/69 5.1/6.6 55/69 | 51/6.7 4.5/63 4.1/60| 3756 2543 21/40 | 4.5/5.1
Tt s Average 3.8 45 52 3.7 3.7 57 5.6 35 32 4.9 4.1 3.6 5.0
Min/Max | 2.8/48 33/56 4.1/62 | 5.0/68 4862 5.1/64 | 47/62 43/6.1 4.1)6.1 | 3.9/60 2748 23/46 | 45/52
Latitude +15 Average 4.1 4.6 5.1 53 5.0 4.9 4.9 5.0 5.0 5.0 4.3 38 4.8
Min/Max | 2.9/5.2 3.4/5.8 39/6.1 | 4.6/6.3 43/55 45/55| 42/55 39/56 39/59 | 3.8/6.1 2.8/52 23/5.1 | 4.3/5.0
00 Average 3.6 38 3.6 3.1 23 23 2.4 238 33 38 3.7 35 32
Min/Max | 2547 2.8/48 2843|2736 2327 22024 | 2126 2230 2538 | 2948 23/45 20/4.7 | 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
lo Average | 34 45 5.9 7.2 7.6 7.9 7.5 6.8 6.0 5.1 38 3.1 57
Min/Max | 2.5/43 3.3/58 45/72 | 6.1/89 6.2/86 6.892 | 6.1/87 53/7.8 4.6/7.3 | 4.0/64 - 2545 20/4.0 | 52/60
Latitude -15 Average 4.1 54 6.4 g 7.6 7.8 715 7.0 6.4 5.8 4.5 38 6.1
= | Min/Max | 2.9/5.3 3.7/6.7 4.8/7.9 | 6.4/9.3 6.3/8.7 6.7/9.1 6.1/87 5.5/80 48/7.8| 44/72 2.8/54 23/50 | 55/64
tafttnde Average 45 5.5 6.5 i 74 75 12 6.9 6.4 6.0 4.9 42 6.2
Min/Max | 3.1/5.8 3.9/7.1 4.8/8.1 | 6.3/92 6.1/85 64/87 | 5984 54/79 48/79 | 45/7.6 3.0/59 25/56 | 5.5/05
Fitiude 4158 Average 4.7 5.6 6.5 T2 7.0 70 6.7 6.5 6.3 6.1 5.0 44 6.1
Min/Max | 3.2/6.1 4.0/7.2 4.7/80 | 6.0/89 57/80 6.0/8.1 5.5/78 5.115 4.7/1.7 | 45/7.7 3.1/6.1 2.6/59 | 54/6.4
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
9-Axis Average 4.7 5.6 6.6 1.3 7.7 8.0 7.6 F:1 6.5 6.1 5L 4.4 6.4
v Min/Max | 3.3/6.2 4.0/7.3 4.8/8.1 | 6.4/93 6.3/88 6.8/9.3 6.2/89 55/8.0 4.8/79 | 45/7.7 3.1/6.2 26/6.0 | 5.7/6.7
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, B-W | Average 28 3.0 3.3 35 34 3:5 33 29 29 33 3.0 29 3.1
Horiz Axis Min/Max | 1.5/4.1 1.9/4.4 1.9/45 | 2.6/49 23/43 24/46 | 2.1/43 1.8/3.7 1.8/4.0 1.9/4.6 1438 1.1/4.0 | 2.7/3.4
1-Axis, N-8 Average 22 29 3.8 4.6 4.5 4.6 4.1 38 35 33 25 20 3.5
Horiz Axis Min/Max | 1.3/3.2 1.8/4.3 2.2/53 | 3.4/6.5 3.1/57 3.2/6.0 | 2.8/5.7 2.3/49 2.1/49 | 2.0/4.7 1.1/33 0.9/3.0 | 3.0/3.8
1-Axis, N-S | Average 3.1 37 4.4 4.8 4.4 43 39 3.8 3.9 4.1 34 2.9 39
Tilt=Latitude | Min/Max | 1.7/4.5 23099 2.6/6.0 | 3.6/6.8 3.0/5.5 3.0/5.6 | 2.7/54 23/49 23/54 2.4/58 1.5/44 1.3/4.3 | 3.3/4.2
Average 3.3 38 4.4 4.9 4.6 4.6 42 39 39 4.1 35 3.1 4.0
= Min/Max | 1.9/4.8 24/56 2.6/6.1 | 3.6/69 32/58 3.3/6.1 29/58 24/5.1 23/54 | 24/59 1.6/4.7 1.4/47 | 34/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 338 5.6 10.2 15.0 19.4 23.8 25.6 251 217 15.6 10.7 59 15:2
Daily Minimum Temp -1.8 -0.4 . B 7.9 12.9 17.6 20.1 19.7 16.2 91 43 0.2 2.1
Daily Maximum Temp 9.4 11.4 16.7 22.1 259 294 31.1 30.4 273 22,0 17.0 11.5 212
Record Minimum Temp 22:8 -15.0 -11.7 -5.0 -0.6 38 8.9 7.8 2.8 -7.2 LT -156 | -22.8
Record Maximum Temp | 26.1 28.9 333 35.0 36.1 40.0 40.6 40.6 40.0 36.7 311 26.1 40.6
HDD, Base 18.3°C 449 358 254 107 26 0 0 0 5 105 230 386 1921
CDD, Base 18.3°C 0 0 3 7 61 155 226 208 107 21 0 0 787
Relative Humidity (%) 67 o4 63 62 71 74 76 78 77 73 69 69 70
Wind Speed (m/s) 3.8 3.9 4.1 3.9 34 3.1 2.9 2.8 3.0 31 34 3.6 3.4
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 Wilmington, NC

WBAN NO. 13748

Variability of Latitude Fixed-Tilt Radiation
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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 2.6 34 4.5 a7 6.1 6.3 6.0 54 4.6 X9 2.9 24 45
Min/Max | 2.2/3.0 2.8/4.0 4.1/52 | 52/6.6 52/66 54/7.1| 49/65 47/6.1 3.7/54 | 33/45 2.1/33 2.1/28 | 42/47
Lafitnde=15 Average 3.5 42 52 6.0 6.1 6.1 3.9 5.6 5.1 4.7 39 3.3 5.0
€ Min/Max | 2.8/4.2 34/5.1 4.6/6.0 | 54/7.0 5.1/6,7 52/7.0 | 4.8/64 4.8/63 4.0/60| 3856 2544 2840|4752
Lafinides Average 4.0 4.6 54 59 5.8 5.6 5.5 54 s 5.0 4.4 38 5.0
Min/Max | 3.1/49 3.6/5.7 4.7/63 | 53/6.9 48/63 4.8/64 | 4560 47/6.1 3.9/6.1 | 40/6.1 2851 32/47 | 48/53
Latitude +15 Average 4.2 47 53 5.3 5.1 4.9 48 4.9 5.0 | 4.6 4.1 49
Min/Max | 3.2/53 3.7/6.0 4.5/62 | 4.9/6.4 43/5.6 4.3/55 | 4.0/53 4.3/56 3.7/59| 4.0/62 28/54 34/5.1 | 4.6/5.1
90 Average 5 ) 38 3.6 3.1 24 2:1 22 2.6 3.2 39 39 37 32
Min/Max | 2.8/47 2949 3.1/43|28/3.6 22/26 2023 | 2.0/23 2328 24/38 | 2948 2347 3.0147 | 3.033
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 6.1 7:8 7.8 7.8 i) 6.8 6.0 53 4.1 34 59
Min/Max | 2.8/45 3.7/59 52/73 | 65/9.0 6.1/8.6 64/93 | 5884 56/8.1 43/73| 4.1/66 2.6/48 2742 |55/63
Latitide -15 Average 4.3 23 6.6 18 7.8 7.8 74 7.0 6.4 59 438 4.0 6.3
5 Min/Max | 3.3/54 4.1/6.8 5.6/719 | 6.7/94 6.1/8.7 63/92 | 5.8/83 57/83 45/7.8| 4574 29/57 3.3/51 | 58/67
Latitoie Average 47 5.6 6.7 7.8 7.6 7.4 1.2 6.9 6.4 6.2 52 4.5 6.3
2 Min/Max | 3.5/59 43/7.3 57/82|67/9.3 59/84 6.1/88 | 5580 56/81 4579 | 47/7.8 3.1/62 3.6/56 | 59/6.7
Latitds +15 Average 4.9 57 6.0 T3 7.1 6.9 6.7 6.5 6.3 6.2 54 4.7 6.2
Min/Max | 3.7/6.2 43/74 5.6/8.1 | 6.4/90 5.5/79 5.6/82 3275  53/77 44077 | 47/19 3.1/64 3.7/6.0 | 5.7/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
ket Average 4.9 30 6.7 e 19 7.9 7.6 7.0 6.5 6.3 54 4.8 6.6
i Min/Max | 3.7/6.3 44/74 5.7/82 | 6.8/94 62/88 6.5/94 | 5.8/85 5783 4679 | 4779 3.1/65 3.8/6.1 | 6.1/7.0
Direct Beam Solar Radiation for Concenirating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.8 31 34 38 3.6 3.6 33 3.0 2.9 33 3.2 29 33
Horiz Axis Min/Max | 1.9/42 2.0/4.5 2.6/45 | 3.0/5.1 2.3/44 23/48 | 2.0/42 2.0/42 1540 | 2.1/46 1441 2.1/40 | 29/3.6
1-Axis, N-S | Average 24 31 4.0 5.0 4.8 4.6 4.3 2.9 3.8 35 z1 12 37
Horiz Axis Min/Max | 1.5/3.4 2.0/45 3.0/53|38/66 3.0/58 3.0/63| 2.7/54 26/55 19/49 | 22/49 1.2/35  1.5/3.1 | 3.2/4.1
1-Axis, N-S | Average 33 39 4.6 5.2 4.6 4.3 4.0 3.9 3.9 42 3.0 3.1 4.0
Tilt=Latitude | Min/Max | 2.1/4.6  2.5/5.6  3.4/6.1 | 3.9/6.8 29/5.6 2.8/59 | 25551 2.6/55 2.0/53| 2659 1.6/47 22/44 | 3.5/45
A Average 35 4.0 4.6 52 4.9 4.7 4.3 4.0 39 4.2 38 34 42
Min/Max | 22/50 26/58 34/6.1 | 40/69 3.0/5.9 3.1/64 | 2.755 2.7/57 20/54 | 2.7/60 17/49 23/4.7| 3.7/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) ¢ i 8.5 124 16.8 212 24.7 26.7 263 24.1 18.5 13.9 9.2 174
Daily Minimum Temp 1.3 24 6.2 10.3 15.2 19.7 22.1 217 18.5 12.1 7.1 3.1 116
Daily Maximum Temp 12.9 14.5 18.7 233 27.1 29.7 314 30.9 29.6 24.9 20.6 15.2 232
Record Minimum Temp | -15.0 -11.7 -12.8 -1.1 313 8.9 12.8 12.8 6.7 -2.8 -6.7 -17.8 | -17.8
Record Maximum Temp | 27.8 294 3L7 350 36.7 40.0 389 38.9 36.7 35.0 30.6 27.2 40.0
HDD, Base 18.3°C 351 276 188 64 6 0 0 0 0 57 144 288 1372
CDD, Base 18.3°C 4 0 6 19 93 192 260 248 172 62 11 B! 1070
Relative Humidity (%) 71 68 69 67 74 76 78 81 80 76 73 72 74
Wind Speed (m/s) 39 42 4.3 4.4 39 83 34 3id 3.4 34 35 3.1 3.8
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