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WBAN NO. 14895

LATITUDE: 40.92° N
LONGITUDE: 81.43° W
ELEVATION: 377 meters

MEAN PRESSURE: 973 millibars

Monthly Radiation (kWhfm?/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 Fab Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 17 24 34 4.6 35 6.1 6.0 52 42 2.9 1.8 1.4 3.8
Min/Max | 1.5/1.9 2.0/3.1 3.0/4.0 | 3.6/53 45/64 54/7.1 | 55/67 46/59 3.648 | 25/37 1.4/2.1 1.2/1.6 | 3.6/4.0
TaisiE 15 Average 23 3.1 4.0 4.9 i 5.9 59 23 4.8 3.8 2.3 1.8 42
© | Min/Max | 1.8/2.8 2.3/42 3549 | 37/58 4.5/65 53/69 | 54/6.7 47/63 4.0/57 | 3.0/50 1.6/3.1 1423 | 4.0/45
t atiiide Average 23 3.4 4.1 4.8 5.2 ] 35 53 4.8 4.0 25 20 4.1
¥ Min/Max | 1.9/3.1 24/47 3551 |36/57 42/6.1 49/63 | 5.0/62 4561 4058 | 3.1/54 1634 14/2.6 | 3.9/44
Tatitnas £15 Average 2.7 34 39 4.4 4.6 4.7 4.8 4.8 4.6 4.0 2.6 21 3.9
< | Min/Max | 1.9/3.3 24/49 34/50|33/53 3.7/54 43/55| 44/54 4.1/55 38/55| 3.1/54 1.6/3.6 1.4/2.8 | 3.7/4.2
90 Average 2.5 3.0 3.0 29 2.6 F 26 3.0 3.3 32 7 ) 19 27
Min/Max | 1.8/32 20145 2538|2234 2230 2328 | 2428 2634 2739 | 2445 1332 12027 | 2.6/30

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 ez | Senr
0 Average 22 42 4.3 5.8 6.9 7.6 7.6 6.8 535 3.9 2.2 1.7 4.8
Min/Max | 1.7/2.6 2.3/43 3.8/54 | 42/72 53/85 6.6/9.6 | 6989 5680 4566 | 3.1/53 - 1429 1221 | 45/52
Latirude <15 Average 2.6 27 4.8 6.1 7.0 7.6 2 7.0 6.0 45 27 20 B
“ | Min/Max | 1.9/3.3 25/52 42/62 |43/76 53/87 6.6/9.6| 6990 57/84 4.3/73| 35/63 1.6/3.7 1.4/2.7 | 4.8/5.6
Latimde Average 2.8 3.9 4.8 6.0 6.8 73 7.4 6.9 6.0 4.7 2.8 22 5.4
Min/Max | 2.0/3.6 2.6/55 42/63|42/76 51/84 63/92 | 6787 56/82 48/74 | 3.6/6.6 1.7/3.9 1.4/29 | 4.8/5.6
Latitude w15 Average 29 3.8 4.7 5.8 6.3 6.8 6.9 6.6 5.9 47 2.0 2.3 5.0
Min/Max | 2.0/3.7 2.6/57 4.1/62 | 4.0/73 4.8/7.9 58/8.6| 62/82 53/78 47/72 | 35/6.7 1641 14/3.1 | 4.6/5.5
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 hnic Average 3.0 3:9 4.8 6.1 Tl 7.8 7.8 del 6.1 4.8 2.9 23 =)
Min/Max | 2.1/38 2.6/57 42/63|43/77 5488 6798 | 7.0/92 58/84 4974 | 3.6/6.7 1.7/4.1 1.4/3.1 | 5.0/5.8
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 13 ] 2.0 2.5 29 34 34 3.0 2.7 2.3 1.4 1.0 23
Horiz Axis Min/Max | 0.52.0 0.7/2.8 L3/3.2 | 12/36 1842 2649 27143 204.1 1967 1.5(3;7 0524 0316 | 20/27
1-Axis, N-S | Average 0.9 L5 22 322 39 4.4 44 39 32 23 1.0 0.6 2.6
Horiz Axis Min/Max | 0.3/1.4 07/25 1.5/3.5 | 1.6/47 2.2/56 34/65 | 3.5/59 26/54 22/44 1436 04/1.8 02/1.0 | 2.3/3.1
1-Axis, N-S | Average 1.4 2.0 2.6 3.4 38 4.2 4.3 4.0 3.7 29 1.5 1.0 29
Tilt=Latitude | Min/Max | 0.6/22 09/3.4 184.2 | 1.6/50 2.2/55 32/62 | 34/57 27)55 25/50 1.8/4.6 0.5/26 03/1.7 | 2.5/3.4
MLt Average 15 2.1 2.6 55 4.0 45 4.6 42 3.7 2.9 1.6 Il 3.0
= ¢ Min/Max | 0.6/23 0.9/35 1.8/4.2 | 1.7/5.1 2358 3A5/67 | 376 28/57 2.5/5.0 1.9/47 0.6/2.8 03/1.8 | 2.7/35
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -4.0 2.6 33 92 15.0 19.9 22 213 17.6 11.3 5.6 -0.7 9.8
Daily Minimum Temp -84 -7.3 -1.9 33 9.0 13.9 164 15.6 12.1 5.9 1.2 A7 4.0
Daily Maximum Temp 0.3 22 85 15.1 20.9 25.8 279 26.9 232 16.7 9.8 33 15.1
Record Minimum Temp | -31.1 =25.0 -19.4 -12.2 -4.4 0.0 6.1 5.0 0.0 -6.7 -18.3 207 -31.1
Record Maximum Temp | 21.1 20.0 2i2 31.1 339 37.8 38.3 36.7 37.2 30.0 26.7 24.4 383
HDD, Base 18.3°C 692 385 405 275 124 21 0 7 57 222 383 301 3422
CDD, Base 18.3°C 0 0 0 0 21 67 121 08 36 4 0 0 347
Relative Humidity (%) 73 5 68 64 66 68 70 73 74 70 o 75 70
Wind Speed (m/s) 5§32 4.9 5.1 4.8 4.1 37 34 3.3 3.6 4.1 4.8 5.k 4.3
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Cleveland, OH

WBAN NO. 14820

LATITUDE: 41.40° N

LONGITUDE: 81.85° W
ELEVATION: 245 meters
MEAN PRESSURE: 988 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

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 1.6 24 33 4.6 5.6 6.2 6.1 53 4.1 2.8 1.7 1:3 3.8
Min/Max | 1.4/1.9 2.1/3.0 29/4.1 | 3.8/52 4.8/64 5473 | 55/69 4560 35/4.6| 24/3.6 1.3/2.1 12/15]| 3.6/39

Latitude -15 Average 22 3.1 39 5.0 5.6 6.0 6.1 5.6 4.9 3.6 22 1.7 4.2
Min/Max | 1.8/2.7 2.5/42 3.3/50 | 3.9/58 4.8/6.6 53/72| 54/68 4.7/6.5 4.0/54 | 3.049 1530 13/22 | 39/44

Eatitide Average 2.4 3.3 4.0 4.9 33 9% 5.6 5.3 438 38 24 1.9 4.1
Min/Max | 1.8/3.0 2.6/4.6 3.3/52 | 3.8/57 45/6.1 48/6.6 | 50/63 4.4/62 40/55 | 3.1/53 1.6/33 1.4/25 | 3.9/44

Fatitiide +15 Average 25 33 3.9 45 4.7 4.8 4.9 4.9 4.6 3.8 24 2.0 3.9
Min/Max | 1.9/3.2 2.6/48 3.2/5.1 | 3.5/53 4.0/54 42/57 | 44/55 4.0/57 3853 | 3.1/54 1535 1427 | 3.642

90 Average 23 2.9 3.0 3.0 27 2.6 27 3.0 32 3.1 2.1 1.8 2.7
Min/Max | 1.7/3.0 2.3/44 24/40 | 23/35 24/3.0 2329 | 25/29 25534 2738 | 2444 1231 1226 | 25/3.0

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 20 3.1 42 5:9 7.0 7.8 7.8 6.8 5.4 S| 2.1 1.6 4.8
Min/Max | 1.6/25 24/4.1 3.5/56 | 44/6.8 5.0/87 6.6/9.6 | 0.89.2 54/83 43/63| 30/53 1428 1220 45/5.1
{ atienils 15 Average 25 3.6 47 6.2 T2 7.8 1.9 71 59 43 &3 1.9 5.1
Min/Max | 1.9/3.2 2.8/5.0 3.8/63 | 4.6/7.3 57/89 6.5/9.7 | 6893 56/87 47/70| 34/63 1.6/35 1.4/25| 4.8/56
T.afiturs Average 26 38 47 6.1 6.9 1.5 7.6 7.0 34 45 2.6 2.0 a1
2 Min/Max | 1.9/3.5 2.8/53 3.8/65 | 45/7.3 55/86 63/93 | 66/9.0 54/86 47/7.1 | 35/65 1.6/3.8 1.4/2.8 | 4.8/5.6
Latitnde 18 Average 2.7 38 4.6 59 6.5 7.0 %l 6.6 5.8 45 27 23 4.9
Min/Max | 2.0/3.6 2.9/55 3.7/6.4 | 43/69 51/8.1 5887 | 62/84 5.1/82 45/69 | 3.5/6.6 1.6/40 1.4/29 | 4.6/54
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 pi Average 28 38 4.7 6.2 T8 8.0 8.0 7.2 6.0 4.5 27 2:1 53
£ Min/Max | 2.0/3.6  2.9/5.5 3.8/65 | 4.6/7.3 57/90 6.7/99 | 7095 5688 4771 | 3566 1640 1430|4957
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 1.2 1.6 1.9 29 32 3.6 3.6 3.1 23 22 1.2 0.9 23
Horiz Axis Min/Max | 0.4/2.1 0.9/2.6 1.3/3.3 | L.5/3.5 2.2/45 2.8/51 | 2.7/48 20/43 1.8/34 | 15/3.7 0422 03/15 | 2.1/27
1-Axis, N-§ Average 0.8 1.4 Z1 3.3 4.1 4.7 4.7 4.1 3.2 21 0.9 0.5 27
Horiz Axis Min/Max | 0.3/14  0.7/2.2 1.4/35 | 2.0/4.4 2.7/6.0 3.5/6.7 | 3.6/6.3 2.6/57 21/41 1336 0317 02/09 | 2.3/30
1-Axis, N-S | Average 1.3 1.9 2.3 3.6 4.0 44 4.5 4.2 36 2 1.4 0.9 29
Tilt=Latitude | Min/Max | 0.4/2.2 1.0/3.0 1.7/43 | 2.1/47 2.7/59 34/63 | 3.5/6.0 2.6/538 24/46 1.8/47 04/25 0.3/1.6 | 2.6/3.3
5. Koxis Average 1.3 2.0 25 3.6 43 4.8 4.8 43 3.6 28 1.4 1.0 3.0
Min/Max | 0.4/24  1.1/3.1 1.7/43 | 2.1/48 28/6.2 3.7/6.8 | 3.7/65 2.7/6.0 24/4.6 1.8/47 04/26 03/1.7 | 2.7/35
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.0 2T 29 8.7 14.4 19.8 222 21.3 I e 11.6 5.9 -0.6 9.8
Daily Minimum Temp -8.0 -7.1 2.1 29 8.5 13.8 16.3 15.7 12.3 6.4 L7 4.2 47
Daily Maximum Temp 0.1 1.7 9 14.4 20.3 25.7 28.0 269 23,1 16.7 10.0 3.0 14.8
Record Minimum Temp | -28.3 -26.1 =206 | -122 -3.9 -0.6 5.0 32 0.0 -7.2 -16.1  -26.1 | -28.3
Record Maximum Temp | 22.8 20.6 28.3 <ol 333 40.0 39.4 38.9 383 322 27.8 25.0 40.0
HDD, Base 18.3°C 692 588 477 290 139 22 0 6 33 215 373 587 3445
CDD, Base 18.3°C 0 0 0 0 18 66 121 99 37 1 0 0 345
Relative Humidity (%) 73 73 70 66 67 69 70 i 74 71 72 74 71
Wind Speed (m/s) 95 ol 55 5.0 4.3 4.1 3.8 36 3.9 4.3 5.0 52 4.6
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Variability of Latitude Fixed-Tilt Radiation

 Columbus, OH
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247 ELEVATION: 254 meters
e B -p MEAN PRESSURE: 988 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 1.8 ke 35 4.6 5:5 6.0 D9 53 43 0 1.9 1.5 =l
Min/Max | 1.52.1 22/32 3.1/40 | 3.7/5.3 4.6/64 51/7.1 | 54/65 45/59 3848 | 2.6/4.0 1423 12/1.7 | 3.6/4.1
T 15 Average 25 3.2 4.0 4.9 8.5 59 5.8 55 49 4.0 2.6 2.0 42
Min/Max | 2.0/3.0 2.6/44 3.5/4.8 | 3.8/58 4.5/64 49/69 | 53/65 4.6/63 4357 | 3.1/54 17735 1527 | 4.0/4.6
T atitiide Average 3 34 4.1 4.8 3.2 54 5.4 3.3 49 43 2.8 29 42
Min/Max | 2.1/3.4 2.7/48 3.5/5.0 | 3.7/57 4.2/6.0 46/64 | 49/6.1 4.4/6.1 43/58 | 3.2/5.8 1.8/3.9 1.6/3.1 | 40/4.6
Lathide+15 Average 29 Lk | 4.0 44 4.6 4.7 4.8 4.8 4.7 43 2.0 Z3 4.0
Min/Max | 2.2/3.6  2.7/5.1 3.4/49 | 3.4/53 3.8/53 4.0/55| 4.3/53 4.0/56 4.1/55| 3.2/59 1.84.1 1.633]|3.7/43
90 Average 2.6 3.0 3.0 28 2.6 24 25 29 33 34 235 2.1 28
Min/Max | 1.9/35 2247 2537|2233 22029 220P27| 2428 2433 2939 25148 1437 1431 | 2630 |

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 23 33 4.4 5.8 6.9 7.6 7.3 6.8 5.7 4.3 24 1.8 4.9
Min/Max | 1.9/29 2545 3.7/54 | 4372 54/86 63/93 | 6686 5581 4867 | 3158 1533 1425|4654
Latitude =15 Average 2.8 3.8 48 6.1 7.0 7.5 7.5 7.1 6.2 4.9 2.9 23 3.3
: 7 | Min/Max | 22/3.6 2.8/54 4.0/60 | 4477 54/87 62/93 | 6687 5684 5274 | 3569 1842 1632|4958
{ e Average 3 4.0 4.9 6.0 6.8 T T4 6.9 6.2 Sl 24 25 53
Min/Max | 2.3/3.9 29/58 4.1/62 | 43/7.6 52/84 59/89 | 64/84 54/83 5275 | 3773 1845 1735|4958
Latitade 415 Average 32 4.0 4.8 58 6.4 6.7 6.8 6.6 6.0 5.1 3.2 235 8:1
Min/Max | 2.4/4.1  2.9/5.9 4.0/6.1 [ 4.1/7.3 49/79 5683 | 5979 5279 5.1/73| 3.6/7.3 1847 L1737 | 47/56
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 |
. Axis Average 32 4.1 4.9 6.1 T 70 7.6 Tk 6.2 4 3L 2.6 54 |
o Min/Max | 2.4/4.1 29/59 4.1/62 | 45/7.7 5588 64095 | 67/89 56/85 52/15]| 37/7.3 1947 1.7/3.7| 5.1/6.0
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 1.5 1.8 2.0 25 3.0 3.3 3.2 3.0 2.8 27 1.6 1.2 24 |
Horiz Axis | Min/Max | 0.7/24 1.0/30 13/3.1 | 1.3/3.6 1843 23/48| 2542 19/4.0 2037 | 1544 0729 06/22]| 21729 |
1-Axis, N-§ Average Id 1.6 2.3 2 39 4.4 4.3 4.0 34 2.6 1.2 0.8 i
Horiz Axis | Min/Max | 0.5/1.7 0.9/27 1534 | 1.648 24/58 3.1/62 | 33/56 26/53 2545 | 1543 0522 04/14|24/33
1-Axis, N-S | Average 1 29 2.7 34 38 4.1 4.1 4.1 38 33 1.8 1.3 3.0
Tilt=Latitude | Min/Max | 0.7/2.6 12/3.6 L7/4.1 | 1.7/5.1 24/56 2.9/59 | 3.1/53 2.6/54 28/51| 1955 0732 0.623 | 2.6/3.6
A i Average 1.8 22 2oF 3.5 4.1 4.5 4.4 4.2 3.8 34 1.9 14 3.2
S Min/Max | 0.82.8 1237 L7/41 | L7/5.1 2560 3.1/64 | 3357 2756 2851 | 19555 0834 0725|2838
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.1 -1.3 4.9 10.6 16.2 207 229 219 18.6 2.1 6.1 -0.1 10.8
Daily Minimum Temp 15 -6.0 -0.4 44 10.1 14.4 174 16.0 127 6.1 1.3 -4.1 5
Daily Maximum Temp 14 3.4 10.3 16.7 224 26.9 28.7 278 24.6 18.1 10.8 4.0 16.2
Record Minimum Temp | -28.3 -25.0 -21.1 -10.0 -3.9 17 6.1 39 -0.6 -6.7 -15.0 -27.2 =283
Record Maximum Temp | 23.3 22.8 294 3L 344 38.9 378 383 378 22 26.7 24.4 38.9
HDD, Base 18.3°C 665 551 415 233 104 13 0 X 45 201 368 570 3t
CDD, Base 18.3°C 0 0 0 0 38 83 143 119 33 6 0 0 443
Relative Humidity (%) 71 69 65 63 67 68 71 73 73 69 72 74 70
Wind Speed (m/s) 4.4 4.2 4.6 4.3 % 33 3.0 2.8 29 34 4.0 43 37
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Dayton, OH

WBAN NO. 93815

LATITUDE: 39.90° N
LONGITUDE: 84.22° W

ELEVATION: 306 meters
MEAN PRESSURE: 981 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m“/day)

Variability of Latitude Fixed-Tilt Radiation

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 i9 2.6 3.6 4.7 3.7 6.2 6.0 54 44 32 2.0 % 39
Min/Max | 1.6/23 2.1/33 3.2/40 | 3.8/57 4.7/6.6 5.6/7.1 | 54/66 4.6/62 3.8/50| 2.6/40 1523 12/1.8| 3842

Latitude -15 A}/crage 27 34 42 ol = i) 6.1 6.0 27 - 3 4.1 2T 2. 4.4
- ¥ | Min/Max | 2.1/3.4 2.5/45 3.6/48 | 4.0/6.3 4.7/67 54/69 | 53/66 4766 43/59| 3.1/54 1.8/35 16/2.8 | 4.1/47

Cantiis Average 3.0 37 43 4.9 A 5.6 5.6 5 3.1 4.4 2.9 24 44
5 Min/Max | 2.3/3.8 2.6/49 3.7/50 | 3.8/62 44/62 50/64 | 49/6.1 45/64 43/6.1| 3.2/58 1.9/3.9 1.7/3.2 | 4.1/4.8

¢ tipnde £15 Average 3.1 3.8 4.1 4.6 4.7 4.8 4.9 5.0 4.9 44 +.0 25 42
Min/Max | 2.4/4.1 2.5/52 3.549 | 3.5/58 39/55 43/55| 43/53 4.1/58 4.0/58| 32/59 1.9/42 1.7/34 | 3.9/45

90 Average .9 3.2 3.1 Z9 2.6 2.5 2.6 3.0 34 3.5 2.6 3 29
Min/Max | 2.1/40 2.1/4.8 2.6/3.8 | 2.3/3.7 22/3.0 2327 | 24/28 2534 2841 | 25/48 1.6/3.7 1433 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 25 3.8 4.6 6.1 y 5 7.9 7.8 71 59 44 2.6 2.0 5.1
Min/Max | 2.0/33 2.5/46 3.9/54 | 44/7.8 57/87 69/95| 6.7/87 5984 4972 3.1/59 1734 1426 | 4.8/56
Latitude -15 Ayeragr: 3.4 4.1 5:1 6.4 T3 79 7.8 T4 6.5 =5 3.1 24 35
Min/Max | 2.4/4.1 2.8/56 4.3/6.0 | 4.6/84 57/89 6995 | 6788 6.0/88 53/79| 3.6/69 1943 1733 ]| 5.1/6.1
Laiitude Average 3.4 4.3 5.1 6.3 7.1 7.6 7.5 73 6.5 53 33 2.6 55
‘ Min/Max | 2.5/4.5 2.8/59 4.3/6.2 | 45/83 55/86 6.6/9.1 | 64/85 5987 353/80| 3773 2046 1.7/3.6 | 5.1/6.1
Latitide +15 Average 3.5 4.4 5.0 6.0 6.6 Tl 7.0 6.9 6.3 5.3 34 2.8 54
= Min/Max | 2.6/47 2.8/6.1 4.2/6.1 | 43/80 5.1/81 6.1/85| 60/79 5.6/83 5.1/78| 3.6/7.3 2048 1.8/3.8 | 4.9/59
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
5 A Average 3.6 44 5.2 6.4 7.4 8.1 8.0 75 6.5 o 34 2.8 5
Min/Max | 2.6/4.7 29/6.1 4.3/62 | 46/84 5.8/90 7.0/9.7 | 6889 6.0/89 5.3/8.0 | 3.7/7.3 2.0/48 1.8/3.9 | 5.2/6.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov bég Year
1-Axis, E-W | Average 1.8 el 23 2.7 32 3.6 35 3:3 L] 28 1.7 1.4 2.6
Horiz Axis Min/Max | 1.0/2.7 0.9/3.3 1.5/3.0 | 1.4/42 2.1/45 2850 | 2.7/43 22/44 2.1/43 1.6/44  0.8/3.0 0.6/2.2 | 2.2/3.1
1-Axis, N-S | Average 1.3 1.9 25 335 4.2 4.8 4.7 4.4 3.3 2.7 14 0.9 3.0
Horiz Axis Min/Max | 0.7/2.0  0.9/3.0 L33 | LB, 2859 3766 3657 3158 2752 1.5/43 0.6/23 04/15 | 2.6/3.6
1-Axis, N-S | Average 2.0 25 2.9 37 4.1 45 45 45 42 3.5 2.0 1.5 3.3
Tilt=Latitude| Min/Max | 1.0/3.0 1.1/4.0 2.0/3.9 | 1.9/5.8 2.7/58 3.5/62 | 34/54 3.1/59 3.0/58 | 2.0/55 0833 0723 | 2.8/40
2 ARiE Average 2.1 2.6 29 38 44 49 4.8 4.6 42 35 2.1 1.6 3.5
5 Min/Max | 1.1/3.2 1.2/4.1 2.0/39 [ 2.0/58 2.8/6.1 3.8)6.7 | 33/58 3.2/6.1 3.0/59 | 2.0/55 0935 0725 | 3.0/4.1
Average Climatic Conditions ]
Element Jan Feb Mar Apr May June Tuly Aug  Sept Oct Nov Dec | Year
Temperature (°C) -33 -1.4 4.7 10.7 16.5 21.3 234 223 18.8 12.3 6.1 -0.2 10.9
Daily Minimum Temp 1.8 -6.2 -0.6 4.7 10.6 15.1 17.4 16.3 12.8 6.4 13 -4.4 55
Daily Maximum Temp 12 33 10.0 16.6 22.5 27.6 29.4 283 24.7 18.1 10.7 39 16.4
Record Minimum Temp | -31.1 -26.7 -21.7 -9.4 -2.8 44 6.7 4.4 0.0 -6.1 -18.9 289 | -31.1
Record Maximum Temp | 21.7 a7 27.8 317 33.9 38.9 38.9 389 383 317 26.1 222 38.9
HDD, Base 18.3°C 672 534 422 230 103 6 0 3 41 197 368 575 3171
CDD, Base 18.3°C 0 0 0 0 46 96 158 128 54 10 0 0 492
Relative Humidity (%) 5. 72 69 64 65 66 69 72 72 69 73 76 70
Wind Speed (m/s) 5.0 4.8 5.1 49 4.1 39 %5 13 35 39 4.6 4.8 43
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Z Variability of Latitude Fixed-Tilt Radiation Mansfield , OH

WBAN NO. 14891

LATITUDE: 40.82° N
LONGITUDE: 82.52° W
ELEVATION: 395 meters

MEAN PRESSURE: 970 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average

T I[ '} If '} T T T T T
d F M A M J J A S B N O %
Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +8%
Tt %) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.7 2.5 34 4.6 5.5 6.1 6.0 5.3 42 3.0 1.8 1.4 38
Min/Max | 1.5/1.9 2.1/3.3 3.0140 | 3.5/53 4.7/64 55/73 5.5/6.6 4.4/58 3.7/4.8 2.5/3.8 14240 1.2/17 | 3.6/4.1
Latitude -15 Average 23 . i) 4.0 4.9 56 59 6.0 55 4.8 3.8 24 1.9 4.2
® Min/Max | 1.9/2.8 2.5/4.6 3349 | 3.6/58 4.6/6.5 5.3/7.1 5.4/6.5 4.5/6.2 4.1/5.6 3.0/5.1 1.7/3.0 1.4/2.6 | 3.9/4.6
Latitude Average 26 34 4.0 4.8 S Bl 35 53 4.9 4,1 2.6 2.1 4.2
Min/Max | 2.1/3.2 2.6/5.1 3.3/5.0 | 3.5/56 4.3/6.1 4.9/6.5 5060 43/59 4.1/59 3:1/5.5 1.7/34 1.4/29 | 3.9/4.6
Tatitida 415 Average 27 3.5 3.9 4.4 4.6 4.7 4.8 49 4.6 4.1 b 2.2 39
Min/Max | 2.1/34 2.6/5.3 3.1/49 | 3.2/53 39/54 43/56| 44/53 39/54 39/54 3.1/5.6 1.7/3.5 1.4/32 | 3.6/4.3
90 Average 2.5 3.1 3.0 2.9 2.6 2.5 2.6 3.0 3.3 33 23 2.0 2.8
Min/Max | 1.9/3.1 22/49 24/38|22/35 23/3.0 2328| 24/28 2433 2739 | 2546 1432 12/30|25/3.0
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 2.2 32 4.3 5.8 7.0 7 7ot 6.9 5.6 4.0 za 1.7 4.9
Min/Max | 1.8/26 2.5/47 33/54 | 40/69 54/87 6.6/99 | 6887 52/79 46/65 | 3.1/55 1.5/29 1.3/23 | 4.5/5.5
Latitude -15 A_Verage 27 38 4.7 6.1 7.1 i 13 y | 6.1 4.7 27 2.1 5.2
Min/Max | 2.1/3.3 2.8/57 3.6/6.1 | 42/74 55/88 6.6/99 | 6888 53/82 4972 | 3.5/65 1.8/3.6 1.4/3.0 | 48/59
T tids Average 2.9 39 4.8 6.0 6.8 7.4 7.4 7.0 6.1 4.8 29 P 5.2
Min/Max | 2.2/3.6  2.9/6.1 36/62 | 41/73 53/86 63/95 6.6/84 52/8.1 459/73 3.5/6.8 1.8/3.9 1.5/33 | 4.8/5.9
Latitids +15 Average 3.0 4.0 4.7 5.7 6.4 6.9 7.0 6.6 5.9 4.8 3.0 24 5.0
Min/Max | 2.3/38 2.9/63 3.5/6.2 | 3.9/7.0 4.9/8.1 5.9/89 | 62/79 4977 48/7.1 3.5/6.8 1.8/40 15/35 | 4.6/5.8
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 Als Average 3.0 4.0 4.8 6.1 it 7.9 7.9 2 6.1 4.9 3.0 24 54
Min/Max | 2.3/3.8 2.9/6.3 36/63 | 4274 56/89 67/10.1{ 7.0/89 53/82 5.0/13 3.6/6.9 1.8/4.1 1.5/3.6 | 4.9/6.1
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 1.4 i 2.0 25 30 3.5 34 31 2.8 23 1.4 1.1 24
Horiz Axis Min/Max | 0.7/2.2 1.0/3.1 09731 | 1.2/3:5 1.8/45 2.6/52 | 2.7/42 1.7/40 1.9/3.6 1.3/40 05/23 0.3/2.0 | 2.0/3.0
1-Axis, N-S§ | Average 1.0 L5 iz 32 4.0 4.5 4.5 4.0 33 2.4 1.1 0.7 =1
Horiz Axis Min/Max | 0.5/1.5 0.9/2.7 1.0/3.4 | 1.5/44 2.3/6.1 3.4/69 | 3.6/57 22/52 23/44 1.3/39 04/1.8 0213 | 2.3/35
1-Axis, N-S | Average 1.5 ] 2.6 34 39 4.3 43 4.1 38 3.1 1.6 1.2 3.0
Tilt=Latitude | Min/Max | 0.8/2.4 12137 1.2/4.1 | 1.6/47 2.3/59 32/65 | 3.4/54 23/53 26/50 1.6/50 0.6/2.6 0.3/2.1 | 2.5/3.8
2 Axis Average 1.6 ol 2.6 34 4.1 4.7 4.6 43 3.8 3.1 17 1.3 3.1
Min/Max | 0.9/2.6 1.2/3.8 1.2/4.1 | 1.7/4.8 24/6.3 358701 37/5.8 2355 2650 1.7/5.0 0.6/2.7 04/2.3 | 2.6/4.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature i 4 4.2 -2.8 341 9.1 14.9 19.9 223 21.3 17.7 11.5 LiE -1.2 9.7
Daily Minimum Temp -8.4 -7.3 -1.9 34 9.1 14.1 16.7 15.8 122 6.2 1.1 -5.2 4.7
Daily Maximum Temp 0.1 ) iz 8.1 14.8 20.7 257 27.8 26.7 232 16.8 9.6 2.7 14.8
Record Minimum Temp | -30.0 -23.9 -21.1 -13.3 -3.9 2.8 6.1 4.4 0.6 -6.7 -16.7 2272 | -300
Record Maximum Temp 17.2 19.4 27.8 30.0 333 38.3 37.8 36.1 339 294 25.6 22.8 383
HDD, Base 18.3°C 698 591 472 277 127 24 0 11 61 220 390 606 3477
CDD, Base 18.3°C 0 0 0 0 21 71 125 103 43 8 0 0 370
Relative Humidity (%) 76 74 i 66 68 70 71 74 74 70 74 78 72
Wind Speed (m/s) 5.9 52 5.6 55 49 4.2 38 3.7 4.0 4.5 s 5.8 49
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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 g 2.6 33 4.7 5.8 6.3 6.2 54 4.3 3.0 1.3 1.4 3.9
Min/Max | 1520 22/34 3.1/40 | 3.7/54 47/66 5.6/72 | 5.6/6.7 48/61 3848 | 2.636 1421 LI/16| 3741
tafide 15 Average 25 34 42 31 5.8 6.2 6.2 58 5.0 3.9 2.5 2.0 4.4
: Min/Max | 2.0/3.0 2.7/48 3.5/5.0 | 3.8/6.0 4.7/67 5.5/7.1 | 5.6/67 50/6.6 43/57| 32/49 1.6/3.0 15725 4.1/4.6
b b Average 2.8 37 43 5.0 55 54 %7 5.6 5.0 4.1 i) 22 4.4
Min/Max | 2.2/3.5 2.9/53 3.5/32 | 3.7/39 44/63 50/65| 52/62 47/63 42/58 | 33/53 1733 1628 | 41/46
Latitode +1% Average 3.0 3.8 4.2 4.6 4.9 5.0 5.0 5.0 4.8 4.1 2.8 23 4.1
1 Min/Max | 2.3/3.7 2.9/56 34/51 | 34/55 39/56 44/506 | 4.6/54 43/58 4.0/55 | 33/54 1.7/3.5 1.6/3.0 | 3.8/4.4
90 Average 2.8 34 32 3.1 2.8 2.6 2.8 3.1 3.4 34 24 2:1 29
Min/Max | 2.0/3.6 25/52 26/40|23/36 23/31 2529]| 2629 27735 2840 2744 14/3.1 15729 ] 27/3.2
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 23 34 4.6 6.1 74 8.1 8.0 71 57 4.0 24 1.8 5.1
Min/Max | 1.8/28 27/48 3755 |43/73 5891 6807 | 7000 6082 4867 | 32/52 1529 1422|4855
Vilids 216 Average 28 4.1 5.1 6.5 7.5 8.1 8.1 15 6.2 4.7 2.8 p a3
$ Min/Max | 2.2/3.6 3.1/59 4.0/63 | 4578 5993 6797 | 7.0/9.1 62/86 52/74| 37/63 17/3.6 1629 |51/59
Teafitods Average 3.2 4.3 52 6.4 7.3 7.8 7.8 718 6.3 4.9 3.0 2.4 5.5
Min/Max | 2.4/4.0 3.2/6.3 4.0/64 | 4478 57/90 6.4/93| 6887 6.0/84 52/75| 38/66 1839 17732 (5.1/59
Latitude 515 Average 33 44 5.1 6.1 6.8 k| e 7.0 6.1 49 31 23 2.3
. Min/Max | 2.5/42 3.2/65 39/64 | 42/7.4 5.3/85 6.0/8.7 | 6.3/82 57/80 5.0/73| 3.8/6.6 1.8/4.0 1.7/3.3 | 49/5.8
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
JAwis Average 3.3 44 5.2 6.5 7.6 8.3 8.2 7.5 6.3 5.0 3.1 25 57
¥ Min/Max | 2.5/42 3.2/6.5 4.0/64 | 4578 59/94 6.9/99 [ 7.2/92 62/86 52/75 | 39/66 1840 1.7/34 [ 53/6.1
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 L6 2.1 22 2.8 3.3 38 <) 33 2.9 25 1.6 1.2 2.6
Horiz Axis Min/Max | 1.1/23 1.2/33 12/3.3 | 1.3/3.9 22/47 2.7/49 | 27145 23/42 2.0/39| 1638 0623 05/1.8 | 22/30
1-Axis, N-§ | Average L1 1.8 2.5 3 44 50 4.9 43 34 24 1.2 0.8 2.9
Horiz Axis Min/Max | 0.8/1.6 1.0/28 1.3/3.5 | 1.6/4.8 29/63 3.5/64 | 36/60 3.1/55 24/46| 1537 0417 03/12 | 2.6/34
1-Axis, N-S | Average 1.8 29 3.0 3.8 43 4.7 4.7 4.5 39 3.1 17 1.2 33
Tilt=Latitude| Min/Max | 1.2/25 14/39 1.6/43 | 1.8/52 28/6.2 3.3/6.1 | 3.5/58 3.1/57 28/53| 2.0/48 0.6/26 05/1.9 ] 2.8/3.7
9. Ay Average L9 Z.5 3.0 3.8 4.6 31 5.0 4.6 39 32 1.8 1.4 3.4
Min/Max | 1.3/2.7 1.4/4.0 1.6/43 | 1.8/53 3.0/6.6 3.6/6.6 | 37/6.2 33/58 2853 | 20495 0727 06/2.1 | 3.0/3.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year |
Temperature (°C) 5.3 -3.8 23 8.7 14.8 19.9 23 21.1 153 10.7 44 23 o0 |
Daily Minimum Temp 9.5 -8.3 -2.9 2.4 8.2 33 159 14.7 10.8 4.4 -0.3 -6.4 3.6
Daily Maximum Temp -1.0 0.8 73 14.9 214 20.6 28.6 27.4 23.6 16.9 92 1.8 14.8
Record Minimum Temp | -28.9 -25.6 -21.1 -13.3 -3.9 0.0 44 1.1 -3.3 -9.4 -16.7  -283 -28.9
Record Maximum Temp | 16.7 20.0 26.7 311 35.0 40.0 394 36.7 36.7 32.8 256 20.0 40.0
HDD, Base 18.3°C 732 619 496 290 132 18 0 9 61 24 417 639 3655
CDD, Base 18.3°C 0 0 0 0 22 67 125 93 27 4 0 0 339
Relative Humidity (%) 74 73 70 66 66 69 72 76 76 ¥ i3 76 79 7
Wind Speed (m/s) 5.0 4,7 < 49 42 38 33 3.1 34 38 4.5 4.6 4.2
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Monthly Radiation (kWh/m?/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

Youngstown, OH

WBAN NO. 14852

LATITUDE: 41.27° N

LONGITUDE: 80.67° W
ELEVATION: 361 meters
MEAN PRESSURE: 974 millibars

STATION TYPE: Secondary

0 A : —t— —4
J F M A J A S D x ¥
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 1.6 24 3.3 4.4 3.3 5.9 5.8 5.0 4.0 2.8 1% ik 3.6
Min/Max | 1.4/1.8 2.0/3.0 2.9/4.0 | 3.5/5.1 43/62 52/7.1 | 53/6.5 45/58 3.3/46( 2537 L3200 1.1/15 | 34/39
Latitude -15 | Average 22 3.0 38 47 54 5.8 59 5.3 4.6 3.6 2;2 1.7 4.0
i Y | Min/Max | 1.6/2.7 23/40 3.3/49 | 3.6/56 43/63 51/69 | 52/64 47/62 3.6/54 | 3.0/5.1 1.5/3.0 13722 | 3.7/4.3
Toatitide Average 2.4 32 39 4.6 5.0 3.5 3.3 5.0 4.6 3.8 2.4 139 39
? Min/Max | 1.7/3.0 24/44 33/51 | 34/55 4060 4.7/63| 4859 4560 3.654| 3.0/56 1633 1325|3743
Lathuda w19 Average 2.5 3.2 3.8 4.3 4.5 4.6 4.7 4.6 4.3 3.7 24 1.9 x7
. < | Min/Max | 1.7/32 2346 3.2/5.1|32/51 3.6/53 4.1/55| 43/52 4.1/54 33/52| 3.0/57 1.6/34 1.3/2.7 | 3.5/4.0
90 Average A 2.8 29 28 2.6 25 2.6 28 3.1 3.0 2.1 1.8 2.6
Min/Max | 1.53.0 2043 2439 |2.1/34 22/30 23/28| 2428 2533 2437| 2447 1331 1125|2429
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 2.0 3.0 4.1 5.6 6.6 7.4 7.4 6.4 5.2 3.3 21 1.6 4.6
Min/Max | 1.5/25 23/40 3.5/5.6 | 4.0/6.8 5.0/8.1 6.2/94 | 65/8.6 54/79 4.0/63 | 3.0/55 1427 12/20 | 42/50
{siifude-158 Average 24 35 4.6 5.9 6.7 7.4 7.4 6.7 57 43 2.5 19 4.9
Min/Max | 1.7/3.1 25/48 3.9/63 | 4.1/7.2 50/83 62/94 | 658.6 56/83 42/69 | 34/66 16/35 13/26 | 4554
D Average 2.6 36 4.6 5.8 6.5 7.1 74 6.5 57 44 2.6 20 4.9
{ Min/Max | 1.8/34 2.6/52 39/65 | 4.0/7.2 438/80 35990 | 63/83 5582 4.2/70| 3.5/6.9 1.6/3.7 1.3/2.8 | 4.5/54
Latitade S 1% Average 2.7 3.7 45 55 6.1 6.6 6.7 6.2 55 4.4 2.6 2.1 47
Min/Max | 1.8/3.5 2.6/53 3.8/64 | 38/68 4575 5584 | 59/7.8 52/78 4.1/68 | 3470 1638 1.3/3.0 | 43/5.2
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
2 AiS Average 2.7 3.7 4.6 5.9 6.8 7.6 7.6 6.7 57 4.5 2.7 21 5
: Min/Max | 1.8/3.5 2.6/53 3.9/65|4.1/73 51/84 6396 | 6.6/88 57/83 43/7.0| 3570 1.6/3.9 13/3.0 | 4.6/56
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 1t 1.5 1.8 29 2.8 3.2 3.1 y 54 25 =1 L2 0.8 21
Horiz Axis Min/Max | 0.3/1.9 0.7/24 Iitfea | 1185 1.5/40 2.1/49 | 2.3/4.1 1.9/3.9 1.4/34 L4/4.1 0.5/23 02/1.6 | 1.8/2.6
1-Axis, N-S | Average 0.8 1.3 2.0 3.0 3.6 4.2 4.2 3.6 3.0 =1 0.9 0.5 24
Horiz Axis Min/Max | 0.2/1.3  0.6/2.1 1.2/3.6 | 1.5/44 2.0/5.1 28f/64 | 3.1/55 24/52 1.6M4.1| 1340 04/1.6 02/1.02.0/3.0
1-Axis, N-S | Average L2 1.8 24 1 3.6 4.0 4.0 37 34 2.7 L3 0.9 27
Tilt=Latitude | Min/Max | 0.3/2.1  0.9/2.9 1.5/44 | 1.6/4.7 2.0/50 2.6/6.1 30/53 2553 19M7 | 17510 DefRs 037157 || 2232
2 ordie Average 13 1.8 2.4 32 38 4.3 4.3 3.8 34 27 1.4 0.9 2.8
- i Min/Max | 0.4/22 09/3.0 1.5/44 | 1.6/48 2.1/53 28/6.6 | 3.2/57 26/55 1947 | 17/52 06/26 03/1.8] 23/34
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.7 34 2.4 8.5 14.2 19.0 213 20.4 16.8 10.7 5.0 -14 9.1
Daily Minimum Temp -8.7 7.8 2.6 2.7 7.9 12.7 154 14.4 10.9 53 0.9 5.1 3.8
Daily Maximum Temp -0.7 1.1 7.4 14.3 204 252 274 264 22.6 16.1 9.1 22 14.3
Record Minimum Temp | -28.9 -25.6 =233 -11.7 -4.4 -1.1 5.6 0.0 =57 -6.7 s 244 | -289
Record Maximum Temp | 21.7 19.4 278 a1k 333 372 37.8 36.1 312 30.6 26.7 24.4 37.8
HDD, Base 18.3°C 713 608 494 295 149 34 4 12 72 242 400 612 3636
CDD, Base 18.3°C 0 0 0 0 19 54 96 78 25 4 0 0 276
Relative Humidity (%) 75 T3 70 65 68 g 72 75 76 73 75 78 72
Wind Speed (m/s) 532 49 5.1 4.8 42 37 34 23 3.6 4.1 4.7 5.0 43




