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NOTICE
This report was prepared as an account of work sponsored by an agency of the United States government. Neither the United States government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefuleness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply iots
endorsement, recommendation, or favoring by the United States government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States government or any agency thereof.
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For designers and engineers of solar energy-related
systems, the Solar Radiation Data Manual for Flat-
Plate and Concentrating Collectors gives the solar re-
source available for various types of collectors for the
United States and its territories. The data in the manual
were modeled using hourly values of direct beam and
diffuse horizontal solar radiation from the National Solar
Radiation Data Base (NSRDB). The NSRDB contains
modeled (93%) and measured (7%) global horizontal,
diffuse horizontal, and direct beam solar radiation for
1961-1990.

This manual was produced by the National Renewable
Energy Laboratory’s (NREL’s) Analytic Studies
Division under the Solar Radiation Resource
Assessment Project Task No. RA310102 and the
Photovoltaic Solar Radiation Research Task
No. PV360501. These tasks were funded and monitored
by the Photovoltaics Branch of the Department of
Energy’s Office of Energy Efficiency and Renewable
Energy.
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Designers and engineers of solar energy conversion sys-
tems need solar resource information for different loca-
tions and types of collectors. Solar resource information
provides data on how much solar energy is available to a
collector and how it might vary from month to month

and year to year.

This manual provides solar radiation values for common
flat-plate and concentrating collectors for 239 stations in
the United States and its territories. The solar radiation
values are expressed as monthly and yearly averages for
the period of 1961-1990. Minimum and maximum
monthly and yearly averages are included to show the
variability of a station’s solar resource.

In addition to the solar radiation data, this manual con-
tains tables listing climatic conditions such as average
temperatures, average daily minimum and maximum
temperatures, record minimum and maximum tempera-
tures, average heating and cooling degree days, average
relative humidity, and average wind speed.

The solar radiation and climatic data are presented in
tables, with each station having its data presented on a
single page. The pages are arranged alphabetically by
the state or territory two-letter abbreviation, and within a
state or territory the pages are arranged alphabetically by
city or island.
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Map showing the location of the 239 stations in the National Solar Radiation Data Base, whose data were used to calculate values for

this manual.




The solar radiation data in this manual are based on the
National Solar Radiation Data Base (NSRDB), Version
1.1, which was completed in March 1994 by the National
Renewable Energy Laboratory. Version 1.1 supersedes
Version 1.0, which was completed in August 1992.
Differences between the two versions are described
briefly in the Appendix. The NSRDB contains hourly
values of measured or modeled solar radiation and
meteorological data for 239 stations for the 30-year pe-
riod from 1961-1990. A complete description of the
NSRDB and how it was produced is presented in its
user's manual (NSRDB—Vol. 1, 1992).

There are two types of stations in the NSRDB: primary
(denoted by asterisks on the station map) and secondary
(denoted by dots on the station map). Primary stations, of
which there are 56, measured solar radiation for a part
(from 1 to 27 years) of the 30-year period. The remain-
ing 183 stations made no solar radiation measurements
and have modeled solar radiation data that are
derived from meteorological data such as cloud cover.
They are designated secondary stations. Both primary
and secondary stations are National Weather Service
stations that collected meteorological data for the period
of 1961-1990.

Succeeding the older 1952-1975 SOLMET/ERSATZ
data base, the NSRDB accounts for any recent climate
changes and provides more accurate values of solar radi-
ation for several reasons:

- More measured data

- Better model for estimating values
(More than 90% of the solar radiation data in both
data bases are modeled.)

» Improved instrument calibration methods

- Rigorous procedures for assessing quality of data.

A comparison of the old and new data bases provides the
incentive for developing new solar radiation resource
products such as this data manual. On an annual basis,
40% of the NSRDB and SOLMET/ERSATZ. stations are
in disagreement for global horizontal radiation by more
than 5%, with some stations showing disagreement of up
to 18% (Marion and Myers 1992). For direct beam
radiation, 60% of the NSRDB and SOLMET/ERSATZ
stations are in disagreement by more than 5%; some
stations show disagreement of up to 33%. Disagreement
between the two data bases is even greater when com-
pared on a monthly basis. Most of the disagreement is at-
tributed to differences in the instruments’ calibration
procedures and models.

This manual presents monthly and yearly average solar
radiation values for various flat-plate and concentrating
collectors to enable quick estimates of the incident solar
energy for common collectors. The solar radiation
values were computed using a model and NSRDB
hourly values of direct beam and diffuse horizontal solar
radiation. Climatic data were obtained from the NSRDB
and from climatic data sets provided by the National
Climatic Data Center, Asheville, North Carolina. The
Appendix describes in more detail how this manual was
produced.
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Radiation Data Base (1961-1990). Version 1.0.
Asheville, NC: National Climatic Data Center.

Marion, W.; Myers, D. (1992). A Comparison of Data
from SOLMET/ERSATZ and the National Solar
Radiation Data Base, NREL/TP-463-5118, Golden, CO:
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For each of the 239 stations, a data page describes the
station location, presents average solar radiation values
for flat-plate and concentrating collectors, and gives av-
erage climatic conditions. Except for mean atmospheric
pressure, given in millibars, Standard International (S1)
units are used. To convert to other units, use the conver-
sion factor table on the inside back cover.

Station Description
Information at the top of each page describes the station.
+ City and state in which the station is located

- Station Weather Bureau Army Navy (WBAN)
identification number

+ Latitude (degrees; north)

- Longitude (degrees; east or west)

- Elevation of station (meters)

« Mean atmospheric pressure of station (millibars)
- Type of station (primary or secondary).

Solar Radiation Data for Flat-Plate and
Concentrating Collectors

For the period of 1961-1990, tables provide solar radia-
tion data for flat-plate and concentrating collectors.

+ Monthly and yearly averages of solar radiation
(kWh/m?/day)

+ Minimum and maximum monthly and yearly
averages of solar radiation (kWh/m?/day)

+ Uncertainty of solar radiation data (+ %).

Minimum and maximum monthly and yearly averages
are included to show the variability of a station’s solar
resource. The uncertainty of the data is presented in the
table headings.

The manual includes data for the flat-plate and concen-
trating collectors described in the next few paragraphs.

Flat-plate collectors facing south at fixed tilt.
Data are presented for five tilt angles from the horizon-
tal: 0°, latitude minus 15°, latitude, latitude plus 15°, and
90°. Data for a tilt of 0°, referred to as global horizontal
solar radiation, show how much solar radiation is re-
ceived by a horizontal surface such as a solar pond.

Maximum yearly solar radiation can be achieved using a
tilt angle approximately equal to a site's latitude. To opti-
mize performance in the winter, the collector can be
tilted 15° greater than the latitude; to optimize perfor-
mance in the summer, the collector can be tilted 15° less
than the latitude. Data for a tilt of 90° apply to collectors
mounted vertically on south-facing walls and apply to
south-facing windows for passive solar designs.

Tilt
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Flat-plate collector facing south at fixed tilt




One-axis tracking flat-plate collectors with axis
oriented north-south. Data are presented for four dif-
ferent axis tilt angles from the horizontal: 0°, latitude
minus 15°, latitude, and latitude plus 15°. These trackers
pivot on their single axis to track the sun, facing east in
the moming and west in the afternoon. Large collectors
can use an axis tilt angle of 0° to minimize collector
height and wind force. Small collectors can have their
axis tilted up to increase the solar radiation on the collec-
tor. Just as for the flat-plate fixed tilt collector, the yearly
and seasonal solar radiation can be optimized by the
choice of tilt angle. The data presented assume continu-
ous tracking of the sun throughout the day.

Axis of
rotation

%

One-axis tracking flat-plate collector with axis oriented north-south

Two-axis tracking flat-plate collectors. Data for
two-axis trackers represent the maximum solar radiation
at a site available to a collector. Tracking the sun in both
azimuth and elevation, these collectors keep the sun's
rays normal to the collector surface.

Axis of rotation
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Two-axis tracking flat-plate collector

Concentrating collectors. Direct beam solar radia-
tion data are presented for four concentrators: one-axis
tracking parabolic troughs with a horizontal east-west
axis, one-axis tracking parabolic troughs with a horizon-
tal north-south axis, one-axis concentrators with the axis
oriented north-south and tilted from the horizontal at an
angle equal to the latitude, and two-axis tracking concen-
trator systems. Direct beam radiation comes in a direct
line from the sun and is measured with instruments hav-
ing a field-of-view of 5.7°. These instruments see only
the sun’s disk and a small portion of the sky surrounding
the sun.
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One-axis tracking parabolic trough with axis oriented east-west

Axis of rotation
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Two-axis tracking concentrator

Solar Radiation Graph

A graph at the top of each data page shows the variability
of monthly and yearly solar radiation for a flat-plate col-
lector facing south with a tilt equal to the station’s lati-
tude. For each month and year, 30 data values
representing each year of the NSRDB are plotted along
with the 1961-1990 averages for the months and year.
The graph shows how the minimum and maximum val-
ues compare with the 1961-1990 average. It also shows
the distribution of data points with respect to the average,
minimum, and maximum values.

Climatic Conditions

A table shows average climatic conditions by listing
monthly and yearly values for various parameters.

- Monthly and yearly average temperature (°C)

- Average daily minimum temperature (°C)

- Average daily maximum temperature (°C)

» Record minimum temperature (°C)

+ Record maximum temperature (°C)

- Average heating degree days (HDD), base 18.3°C
- Average cooling degree days (CDD), base 18.3°C
- Average relative humidity (%)

- Average wind speed (m/s).

Degree days indicate heating and cooling requirements
of buildings. They are defined as the difference between
the average temperature for the day and a base
temperature. If the average for the day (calculated
by averaging the maximum and minimum temperature
for the day) is less than the base value, then the differ-
ence is designated as heating degree days. If the average
for the day is greater than the base value, the difference
is designated as cooling degree days.




The data presented on the data pages in this manual, with
the exception of the solar radiation graph, are also avail-
able on floppy disks in ASCII format. These data can be
imported into popular spreadsheet programs. Also avail-
able on floppy disks are averages of solar radiation for
each of the flat-plate and concentrating collectors for
each month during the period of 1961-1990
(360 months). These data could be useful for identifying
extended periods of low or high solar radiation or plot-
ting graphs of monthly solar radiation for any of the flat-
plate and concentrating collectors. The printed manual
includes graphs only for flat-plate collectors tilted at an
angle equal to the latitude.

To obtain either of these data sets on floppy disks, please
contact the NREL Technical Inquiry Service at
(303) 275-4099. “Readme” files, which describe the con-
tents of the data sets, are included on the floppy disks.
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WBAN NO. 26451

LATITUDE: 61.17° N

LONGITUDE: 150.02° W
ELEVATION: 35 meters

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

MEAN PRESSURE: 1004 millibars +
STATION TYPE: Secondary
1
1 1961-1990 Average
o -+———+t+—tt—+—F—+
J FMAMJI J A S O N DY
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 | 03 1.0 23 36 4.6 4.9 4.6 3.5 22 1.1 0.4 0.2 24
Min/Max | 0.2/04 0.7/13 1.7/2.6 | 3.2/45 3.8/53 4.1/6.0 | 3.7/54 29/42 19/26| 09/14 03/05 01/0.2 | 22/25
Latitude -15 | Average | 0.9 2.1 3.8 47 49 5.0 4.3 4.1 3.1 2.0 1.1 0.5 3.1
Min/Max | 04/1.6 1.2/3.8 2.3/50 | 3.9/6.1 3.9/59 4.1/62 | 3557 3.1/50 23/39| 1227 0.7/1.6 03/09 | 2.8/33
Latitude Average 1.0 22 3.9 4.6 4.6 45 4.4 38 3.1 2.1 1.2 0.6 3.0
Min/Max | 0.5/1.8 12/43 24/53|3.7/61 3.655 3757 3.2/52 2948 22/40 | 1228 07/1.8 03/1.0 | 2.8/3.2
Latitude +15 | Average 1.0 2.3 3.9 43 4.0 3.9 3.8 3.4 2.9 2.0 13 0.6 2.8
Min/Max | 0.5/19 12/45 23/53 |3.4/58 3.1/48 3.2/49 | 2.8/45 2643 2038 | 1228 07/19 03/1.1 | 2.6/3.0
90 Average 1.0 2.3 3.7 3.8 33 32 3.1 29 2.6 1.9 13 0.6 25
Min/Max | 05/1.9 1.2/44 22/51 | 3.0/53 2.6/40 26/40| 2.3/37 22/3.6 1.8/34| 1126 0.7/1.9 03/1.1 | 23/2.8
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 | 05 15 35 52 6.1 6.3 6.0 4.7 3.1 1.6 0.7 0.3 3.3
Min/Max | 0.3/0.8 0.9/2.8 2.1/4.7 | 4.1/69 4.6/7.6 4.7/84 | 43(7.5 3.4/59 2239 | 1022 0509 0.1/04 | 2.9/36
Latitude -15 | Average | 09 24 4.6 6.1 6.6 6.6 6.3 52 3.8 22 12 05 3.9
Min/Max | 0.5/1.7 13/46 2.6/65 | 4.8/83 4.8/83 4889 | 43/80 3.6/6.7 2549 | 1332 07/1.8 03/09 | 3.4/42
Latitude Average 1.0 2.5 4.8 6.1 6.4 6.3 6.1 5.1 3.8 23 L3 0.6 3.9
Min/Max | 0.5/1.9 1.3/50 2.7/6.7 | 47/83 4.7/8.1 4.6/8.6 | 4.1/7.7 3.5/6.6 2.5/50 | 13/33 08/2.0 03/1.1 | 3.4/4.2
Latitude +15 | Average L1 2.6 47 58 6.0 59 5.7 4.3 3.6 23 14 0.6 3.7
| Min/Max | 0.5/20 1.3/5.1 2.6/6.7 | 45/8.1 43/7.6 4.2/8.1 | 3.8/73 3.3/62 24/48 | 13533 0821 03/1.2 | 33/4.1
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
9-Axis Average 1.1 2.6 4.3 6.1 6.7 6.8 6.5 52 3.8 2.4 14 0.7 40
Min/Max | 0.52.1 1.3/51 27/6.7 | 4883 5.0/84 5.0/9.2 | 4582 37/68 2.6/50| 1333 08/2.1 0.3/1.2 | 3.6/44
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker L Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average | 0.6 1.3 22 2.6 2.8 2.8 2.6 2.1 1.7 12 0.8 0.4 1.8
Horiz Axis | Min/Max | 0.2/1.5 04/34 0.8/3.7 | 1.5/43 1.6/4.0 1645 | 1238 12/32 0926 | 0519 03/1.4 0.1/0.8 | 1.5/2.0
1-Axis, N-S | Average | 0.2 0.8 1.9 3.0 3.5 3.4 3.3 2.5 1.7 0.8 0.3 0.1 1.8
Horiz Axis | Min/Max | 0.1/0.5 0220 0.6/3.3 | L7/49 2.0/50 1.8/55 | 1548 13/37 0825 03/1.4 0.1/0.6 00/0.2{ 1.4/2.1
1-Axis, N-S | Average | 0.6 15 238 3.6 3.7 3.5 3.4 29 23 14 0.8 0.4 2.3
Tilt=Latitude | Min/Max | 0.2/1.5 0.4/39 1.0/4.8 | 2.1/6.0 2.2/54 1.9/57 | 16550 1543 11/35| 0623 03/1.5 0.1/08 | 1.8/2.6
9-Axis Average | 0.7 15 2.8 3.7 4.0 3.8 3.7 3.0 2.3 14 0.9 0.4 23
Min/Max | 02/1.6 04/40 1.0/49 | 2.1/6.1 23/57 2.1/6.2 L 1.7/54 16/44 11/35| 06/23 03/1.5 0.1/09 | 1.9/2.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -9.5 1.4 3.5 2.1 8.1 12.4 14.7 135 9.1 14 -6.0 -8.7 22
Daily Minimum Temp -13.1 -11.4 1.7 -1.9 3.8 8.4 10.9 9.7 53 -1.8 94 122 | -16
Daily Maximum Temp 59 34 0.6 6.0 12.4 16.4 18.4 17.2 12.9 4.7 2.7 -5.3 59
Record Minimum Temp | -36.7 -322 -31.1 -20.0 -8.3 0.6 33 -0.6 -6.7 -20.6 -294 344 | 367
Record Maximum Temp | 10.0 8.9 10.6 18.3 25.0 29.4 27.8 27.8 22.8 16.1 1.7 8.3 294
HDD, Base 18.3°C 863 720 677 487 317 177 114 150 277 523 730 839 5872
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 74 71 66 64 62 66 71 75 76 75 77 77 71
Wind Speed (m/s) 2.9 3.1 3.0 3.3 3.7 3.8 3.2 3.1 3.0 3.0 2.9 2.8 3.1
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Variability of Latitude Fixed-Tilt Radiation

=
5,1 WBAN NO. 25308
E
.l TR LATITUDE: 55.03° N
_§ ! . LONGITUDE: 131.57° W
3 4 W ELEVATION: 34 meters
T34 + MEAN PRESSURE: 1009 millibars
224
2 STATION TYPE: Secondary
1 4+
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 | 06 12 2.2 3.5 4.7 5.0 4.9 4.0 2.7 14 0.7 0.5 2.6
Min/Max | 0.4/0.9 09/1.6 1.6/3.0 | 2.7/44 4.0/54 4.1/64 | 3559 32/48 22/33| 13/1.8 0.6/1.1 03/0.6| 2.4/28
Latitude -15 Average 1.2 2.1 3.1 4.1 4.9 4.9 4.9 4.4 35 2.1 1.3 0.9 3.1
Min/Max | 0.7/23 1.0/3.7 1.9/4.6 | 2.9/54 4.0/58 3.9/6.4 | 34/6.1 33/55 2.5/4.5| 1529 08726 04152734
Latitude Average 14 22 3.1 4.0 45 45 4.5 4.2 3.5 2.1 L5 1.1 3.0
Min/Max | 0.7/2.7 1.0/4.1 1.8/48 | 2.8/53 3.7/54 3.5/59 | 3.1/57 3.1/52 24/45| 1530 0830 04/1.7|2.6/33
Latitude +15 Average 1.4 2.2 3.0 3.6 4.0 3.9 3.9 3.7 32 2.1 L5 1.1 2.8
Min/Max | 0.7/2.8  1.0/43  17/47 | 2548 32/47 3151 | 2749 2847 2343 1430 0831 0419 | 24/3.1
90 Average 14 2.1 26 2.9 3.0 2.8 2.9 2.9 2.7 1.8 14 1.1 23
Min/Max | 0.7/2.8 0.9/4.1 1.5/4.1]2.0/39 25/3.6 23/3.6| 2.0/3.6 22/36 19/3.6| 1227 07/3.0 04/19 | 2.0/2.5
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 | 09 L8 3.1 47 6.1 6.4 6.3 5.3 3.7 19 1.0 0.6 35
Min/Max | 05/1.6 09/3.1 19/48 | 3.3/6.7 45/77 4.7/89 | 3885 3871 26/51| 1426 0620 03/1.01 2938
Latitude -15 Average 1.4 2.4 3.7 5.3 6.4 6.5 6.4 5.7 4.3 2.3 L5 1.0 39
Min/Max | 0.7/2.7 1.1/4.6 2.1/6.0 | 3.5/7.5 4.6/8.2 4.7/93 | 3.8/89 4.0/7.8 29/6.1 | 1.6/3.4 0.8/3.1 04/1.7 | 3.3/43
Latitude Average L5 2.5 3.7 52 6.2 6.2 6.2 5.6 43 24 16 L1 3.9
Min/Max | 0.8/3.0 1.1/49 20/6.1 | 34/74 4A4/7.9 4.4/895 | 3.586 38/7.6 29/6.1 | 1.6/3.6 0.8/34 04/1.9 | 32/4.3
Latitude +15 | Average 1.6 2.5 3.6 4.9 5.9 5.8 5.8 53 4.2 24 1.6 1.2 3.7

Min/Max | 0.8/3.2 1.0/5.1 2.0/6.0 | 3.2/72 4.1/7.5 4.1/84 | 3.3/8.1 3.6/72 27/59 | 1.5/3.6 08/3.5 04/2.0] 3.1/4.1

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
2_Axis Average 1.6 2.5 3.8 5.3 6.6 6.7 6.6 5.8 4.4 24 1.7 1.2 4.0
Min/Max | 0.8/32 L1511 2161 | 35/7.6 47/83 49/9.5| 39091 40/78 29/61 | 1.6/3.6 08/35 04/2.0] 3.4/44
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 0.9 1.3 1.7 22 27 27 2.7 24 1.9 1.1 0.9 0.7 1.8
Horiz Axis Min/Max | 0.2/2.1 0.3/3.5 0.6/3.4 | 1.1/3.7 1.3/3.8 1.4/49 | 09/48 1.3/3.8 10/3.2| 04/1.9 03724 0.1/1.4 | 1.3/2.0
1-Axis, N-§ | Average 0.4 0.9 1.6 2.7 35 3.4 35 3.0 2.1 0.9 0.5 0.3 1.9
Horiz Axis Min/Max | 0.1/l.1 0224 0.6/34 | 1.3/47 1.6/50 18/63 1| L1/62 1649 LYy3.6| 03/L.5 02/14 0.1/06 | 14/23
1-Axis, N-S | Average 0.9 1.5 22 3.1 37 34 3.5 33 2.6 1.3 1.0 0.7 23
Tilt=Latitude | Min/Max | 0.2/22 0.4/4.1 0.8/4.6 | 1.5/53 1.7/52 1.8/62 | 1.1/63 1.8/53 14/45 | 05/24 0.3/26 0.1/1.4| 1.7/2.7
2_Axis Average 1.0 1.6 2.2 3.1 39 3.7 3.8 34 2.6 1.3 1.0 0.7 24
Min/Max | 0.3/23 04/42 08/4.6 | 1.5/54 1.8/55 2.0/68 | 12/68 1.8/55 14/45| 0524 03/27 0.1/1.5 | 1.8/2.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 13 2.8 4.1 6.3 9.4 12.4 14.6 14.8 123 8.3 4.1 2.1 7.7
Daily Minimum Temp -1.3 0.1 1.1 2.8 57 8.8 11.1 11.3 89 55 1.5 -0.3 4.6
Daily Maximum Temp 3.8 5.5 7.1 9.7 13.2 16.0 18.1 18.3 157 11.0 6.6 44 10.8
Record Minimum Temp | -17.2 -16.7 -172 -6.1 -0.6 2.8 4.4 4.4 0.6 -7.8 -194 -172 | -194
Record Maximum Temp 16.1 17.2 16.7 27.8 31.1 31.7 31.7 32.2 27.8 21.7 19.4 16.7 322
HDD, Base 18.3°C 529 436 443 362 276 181 119 113 180 312 428 504 3882
CDD, Base 18.3°C 0 0 0 0 0 0 4 3 0 0 0 0 7
Relative Humidity (%) 78 78 76 75 75 71 79 81 82 83 80 80 79
Wind Speed (m/s) 4.9 5.0 4.4 4.4 3.8 3.7 3.4 3.4 3.7 4.8 5.0 4.8 42




Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 27502

LATITUDE: 71.30° N
LONGITUDE: 156.78° W
ELEVATION: 4 meters

MEAN PRESSURE: 1016 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Secondary

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

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 0.0 0.3 1.6 3.7 4.7 4.9 4.5 2.6 13 0.5 0.0 0.0 2.0
Min/Max | 0.0/0.0 02/0.3 14/1.7 | 3.3/4.1 4.0/53 4.4/62 | 3.7/59 22/30 12/1.5| 04/06 0.0/0.0 0.0/0.0 | 1.9/2.1
Latitude -15 Average 0.0 1.1 3.8 5.8 52 4.8 4.6 2.8 1.7 0.9 0.1 0.0 2.6
Min/Max | 0.0/0.1 0.7/1.5 29/4.6 | 49/7.0 43/62 4.1/6.6 | 3.56.6 2.1/3.6 12/23| 06/1.7 0.0/02 0.0/0.0 | 2.3/3.0
Latitude Average 0.0 1.1 4.0 5.8 4.9 4.4 4.2 2.6 1.6 1.0 0.1 0.0 25
Min/Max | 0.0/0.1 0.8/1.6 3.0/49 | 4.8/7.1 4.0/59 3.7/6.1 | 3.1/6.0 1934 1.1/23| 06/1.8 0.0/02 0.0/0.0 | 2.2/2.9
Latitude +15 Average 0.0 12 4.0 5.6 4.6 3.8 3.6 2.3 L5 1.0 0.1 0.0 2.3
Min/Max | 0.0/0.1 0.8/1.6 3.0/4.8 | 4.6/6.7 3.6/55 32/54 | 27/52 1.7/3.0 1.0/2.1] 05/19 0.0/0.2 0.0/0.0 | 2.1/2.7
90 Average 0.0 1.2 3.9 54 4.5 3.6 34 2.2 1.4 1.0 0.1 0.0 22
Min/Max | 0.0/0.1 0.8/1.6 2.9/4.8 | 45/6.6 35/54 3.0/51 | 2.6/50 1629 102.0| 05/1.8 0.0/02 0.0/0.0 | 2.0/2.6
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 0.0 0.5 32 6.5 6.3 6.4 6.0 3.2 1.6 0.7 0.0 0.0 2.9
Min/Max | 0.0/0.0 0.4/0.7 2.5/3.9 | 54/83 4.7/7.6 5.0/9.1 | 4493 2341 12/23] 04/1.1 0.0/0.1 0.0/0.0 | 2.5/3.3
Latitude -15 Ayerage 0.0 12 4.9 8.2 7.0 6.9 6.6 35 1.9 1.0 0.1 0.0 35
Min/Max | 0.0/0.1 0.8/1.6 3.6/6.0 |6.8/10.6 5.1/8.7 5.2/103| 4.6/10.6 2.3/48 1.3/29 | 0.6/2.0 0.0/0.2 0.0/0.0 | 3.0/4.1
Latitude Ayerage 0.0 1.2 5.0 8.2 6.9 6.7 6.4 34 1.9 1.1 0.1 0.0 34
Min/Max | 0.0/0.1 0.8/1.7 3.7/6.1 [6.8/10.6 5.0/8.6 5.0/10.1| 4.4/10.4 2.2/47 12/29 | 06/2.1 0.0/0.2 0.0/0.0 | 3.0/4.1
Latitude +15 Ayerage 0.0 1.3 5.0 8.0 6.7 6.4 6.1 3.2 1.8 1.1 0.1 0.0 33
Min/Max | 0.0/0.1 0.8/1.8 3.7/6.1 |6.7/10.4 4.8/83 4.8/9.7 | 41/100 2.0/44 12/28 | 0.6/2.1 0.0/0.2 0.0/0.0 | 2.9/4.0
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept L Oct Nov Dec D’ear
p Average 0.0 1.3 5.0 8.3 7.1 7.3 6.9 3.6 1.9 1.1 0.1 0.0 3.6
2-Axis Min/Max | 0.0/0.1 08/1.8 3.7/6.1 E.9/10.6 52/88  55/107| 48/11.1 24/49 1330 b.s/z.l 0.0/0.2 0.0/0.0 blm,z
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 0.0 0.8 2.7 3.6 2.0 2.6 2.8 1.1 0.5 0.4 0.1 0.0 1.4
Horiz Axis Min/Max | 0.0/0.1 0.4/1.2 1.6/3.5) 2.6/5.1 0.8/32 1348 | 1.4/56 0419 02/1.2| 0.1/1.1 0.0/02 0.0/0.0 | 1.1/1.8
1-Axis, N-S | Average 0.0 0.3 2.0 3.9 24 3.0 3.2 1.2 0.5 0.2 0.0 0.0 1.4
Horiz Axis Min/Max | 0.0/0.0 0.2/0.5 1.3/2.7 | 2.7/58 0.9/3.8 1.5/54 | 15/64 05/2.2 0.1/1.2 | 0.1/0.6 0.0/0.0 0.0/0.0 | 1.0/1.8
1-Axis, N-S | Average 0.0 0.9 34 5.1 2.8 34 3.6 1.5 0.7 0.4 0.1 0.0 1.8
Tilt=Latitude | Min/Max | 0.0/0.1  0.5/1.3 2.2/4.6 | 3.7/7.5 1.0/44 1.7/6.1 1.8/7.3 0.6/27 02/1.7 | 0.1/1.3 0.0/0.2 0.0/0.0 | 1.4/2.4
2-Axis Ayerage 0.0 0.9 34 52 2.9 3.7 39 1.6 0.7 0.5 0.1 0.0 1.9
Min/Max | 0.0/0.1 05/1.3 22/4.6 | 3.7/7.6 1.1/47 1.8/6.6 | 1.9/7.9 0.6/2.8 0.2/1.8 | 0.1/1.3 0.0/0.2 0.0/0.0 | 1.5/2.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 252 277 -26.2 -19.0 -7.1 1.1 4.1 33 -0.8 -10.3 -18.7 -24.0 -12.6
Daily Minimum Temp -28.5 -30.9 -29.5 -22.8 -9.8 -1.3 0.9 0.7 -2.8 -12.9 -21.6 -27.3 -15.5
Daily Maximum Temp -21.9 243 228 -15.2 -4.3 35 7.2 5.7 1.0 -1.7 -15.8 -20.7 9.6
Record Minimum Temp | -47.2 -48.9 -46.7 -41.1 -28.3 -15.6 5.6 -6.7 -17.2 -35.6 -40.0 -48.3 -48.9
Record Maximum Temp | 2.2 22 0.6 5.6 7.2 21.7 25.6 24.4 16.7 6.1 3.9 1.1 25.6
HDD, Base 18.3°C 1350 1288 1379 1120 787 517 443 467 575 887 1112 1312 11237
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 73 70 71 77 87 89 88 91 91 86 79 74 81
Wind Speed (n/s) | 5.5 5.0 5.1 | 52 5.3 53 | 52 5.6 60 | 58 5.6 5.2 54
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 26615

LATITUDE: 60.78° N
LONGITUDE: 161.80° W
ELEVATION: 46 meters

MEAN PRESSURE: 1003 millibars

Monthly Radiation (kWh/mz2/day)

STATION TYPE: Secondary

1961-1990 Average

0 A+——t———t—t—t—tt—ttt
J FMAMIJ J A S ON DV
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 | 04 1.1 2.5 3.9 45 4.8 43 3.2 2.2 1.2 0.5 0.2 24
Min/Max | 0.3/0.5 09/1.4 20/3.1 | 3.1/48 3.7/53 3.9/58 | 3.7/5.1 2.6/3.8 1827 | L0/L4 04/0.6 02/0.3 | 2.2/2.6
Latitude -15 | Average | 12 2.7 43 5.1 4.3 4.7 42 3.4 3.0 2.1 1.3 0.8 3.1
Min/Max | 0.7/20 1.7/4.2  2.8/6.1 | 3.6/6.8 3.6/59 3.5/59 | 3.4/54 26/45 2.0/39 | 16729 08/2.1 05/1.5] 2.7/35
Latitude Average | 14 3.0 45 5.0 45 42 3.8 32 2.9 2.2 L4 1.0 3.1
Min/Max | 0.8/23 1.8/47 29/6.5 | 3.5/6.9 3.3/56 3.1/54| 3.0/50 24/43 1939 | 163.1 0924 0.6/1.7 | 2735
Latitude +15 Average 1.5 3.1 44 4.7 4.0 3.6 33 29 2.8 2.1 1.5 1.0 29
Min/Max | 0.9/2.5 1.8/49 2.8/65 | 3.2/6.7 29/52 2747 | 2.6/43 2.1/3.8 1837 | 1531 09/25 06/1.9 | 2.53.4
90 Average | 15 3.1 42 4.3 3.3 3.0 2.7 24 25 2.0 L5 L1 2.6
Min/Max | 0.8/2.5 1848 27/62 | 27/61 2446 2.2/38| 2.2/35 1832 1533 | 1429 0925 0.6/1.9 ] 2.3/3.1
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 0.7 2.1 4.1 5.9 6.1 6.1 5.3 4.0 3.1 1.7 0.8 04 34
Min/Max | 0.4/1.1 1.4/3.2 2.7/6.0 | 4.0/83 4.5/80 4.2/83 | 3.8/7.1 3.0/54 2042 1324 06/1.3 0.3/0.7 | 2.9/3.8
Latitude -15 | Average 13 33 55 6.9 6.6 6.3 5.5 4.3 3.7 24 1.4 0.9 4.0
Min/Max | 0.8/2.3 1.9/52 3.3/82 [4.4/100 4.6/87 4.1/8.7 | 3.7/77.6 3.0/60 23/52| 1.7/3.5 0.9/2.4 0.6/1.6 | 3.3/4.6
Latitude Average L5 35 5.6 6.9 6.4 6.0 53 4.1 3.7 2.5 1.6 10 4.0
u Min/Max | 0.9/2.5 2.0/5.6 3.4/85 |44/100 44385 3.38/84 | 3574 2959 22/52| 1837 0926 06/19 ] 3.3/46
Latitude +15 | Average | 1.6 36 5.6 6.7 6.0 5.6 4.9 3.9 3.5 2.5 1.6 11 39
U Min/Max | 0.9/27 2.0/57 3.3/85|42/98 4.1/8.1 35/79| 3.2/6.9 27556 2.15.0| 17/37 1028 0.6/2.0 | 3.2/4.5

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

‘ Tracker \ Jan Feb Mar | Apr May June July Aug Sepﬂ Oct Nov Dec \ Year
2 Axis Average 1.6 3.6 5.6 6.9 6.7 6.5 57 43 3.7 25 1.6 1.1 4.2
Min/Max | 0.9/2.7 2.1/57 3.4/85 |4.5/100 4.7/89 43/9.0| 3.97.8 3.1/61 2.3/52 | 1.8/3.7 1028 0.7/2.0 | 3.5/4.7
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 1.0 2.1 2.7 2.9 2.6 24 1.9 14 1.5 1.3 1.0 0.7 1.8
Horiz Axis Min/Max | 0.4/20 08/40 1.0/50 ] 0948 1341 07/40 | 06/3.6 06/28 0625 0722 0419 03/1.5] 1.3)2.2
1-Axis, N-S | Average 0.4 1.3 2.5 3.4 3.4 3.1 2.5 1.7 1.6 09 04 0.2 1.8
Horiz Axis Min/Max | 0.2/0.8 05/2.5 0.8/46 | 1.1/59 1.7/53 09/52 | 0.7/45 0.834 0.6/2.7| 05/1.6 02/09 0.1/05 | 1.2/2.2
1-Axis, N-S | Average 1.0 2.4 3.6 4.1 3.6 3.2 2.6 2.0 2.1 1.5 1.0 0.7 2.3
Tilt=Latitude | Min/Max | 0.4/20 09/4.6 13/6.7 | 1.3/7.1 1.8/5.7 1.0/53 | 0.8/47 0.9/40 0.8/3.5| 0.9/27 05/20 03/1.5] 1.6/29
2_Axis Average 1.1 2.5 3.6 4.2 38 3.4 2.8 2.0 2.1 1.5 1.1 0.8 24
Min/Max | 04/22 09/47 13/67 | 13772 19/60 1157 ] 08/51 0941 0835 0927 05721 03/1.6| 1.7/3.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -14.1 -144 -10.4 -4.7 4.4 10.3 12.8 11.6 7.3 -1.4 -8.4 -13.1 -1.7
Daily Minimum Temp -17.6 -182 -14.8 9.1 -0.2 5.7 8.7 7.9 35 -4.6 -11.7  -166 -5.6
Daily Maximum Temp -10.6 -10.7 -6.1 -0.4 9.0 14.9 16.8 15.3 11.1 1.7 -5.2 -9.6 2.2
Record Minimum Temp | -44.4 -38.9 -39.4 -30.0 -15.6 -2.2 -0.6 -2.2 -7.8 -20.6 -31.1 -38.3 -44 4
Record Maximum Temp 8.9 7.8 7.8 12.8 26.1 30.0 28.3 28.9 222 13.3 8.9 7.2 30.0
HDD, Base 18.3°C 1004 918 891 690 432 242 172 208 330 613 803 973 7277
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 76 73 78 80 76 76 80 84 83 84 82 77 79
Wind Speed (m/s) 6.5 6.8 6.3 5.8 52 5.0 4.3 49 52 | 56 5.9 6.4 5.7
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WBAN NO. 26533

LATITUDE: 66.92° N

LONGITUDE: 151.52° W
ELEVATION: 205 meters
MEAN PRESSURE: 988 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

— 1961-1990 Average

0 A —t—"t+—t+—"—+—F—————+—
J F M A M J J A S O N D VYr
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 0.1 0.6 2.0 3.9 53 5.7 5.0 35 2.1 0.8 02 0.0 24
Min/Max | 0.1/0.1 0.4/0.7 1.5/22 | 2.8/44 4.6/60 4.7/63 | 4.1/58 27142 17/26 | 0.6/1.0 0.1/0.2 0.0/0.0 | 2.1/2.6
Latitude -15 Ayerage 04 2.0 4.2 5.8 6.2 5.8 5.2 4.2 33 1.9 0.7 0.1 33
Min/Max | 02/0.7 14/3.1 24/54 | 3.7/70 5.1/72 4.6/6.6 | 40/64 29/54 23/48 | 0928 0.3/1.0 0.0/02 | 2.8/3.7
Latitude Average 0.5 22 44 5.8 59 53 4.8 4.0 3.2 20 0.8 0.1 32
Min/Max | 0.2/0.8 15/3.4 2.5/5.8 | 3.7/7.1 4.7/6.8 4.1/6.1 | 3.6/59 2.7/5.1 22/4.8 ) 0.9/3.0 04/1.1 0.0/02 | 2.7/3.6
Latitude +15 A_Verage 0.5 23 44 55 52 45 4.1 35 3.0 2.0 0.8 0.1 3.0
Min/Max | 0.3/0.9 1.5/3.6 24/58 | 3.5/6.8 4.2/62 3.5/52| 3.1/5.1 24/46 2.1/46 | 09/3.0 . 04/1.2 0.0/0.2 | 2.5/3.4
90 Average 0.5 2.3 43 53 4.8 4.1 3.7 3.2 29 1.9 0.8 0.1 2.8
Min/Max | 0.3/0.9 1.5/3.5 2.4/5.7 | 3.4/65 38/58 3.1/4.6 | 2.8/4.6 22/42 1943 | 093.0 04/1.2 0.0/02 | 2.3/3.2
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Unceriainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 0.1 1.3 3.8 6.6 8.3 8.3 7.1 5.0 32 1.4 0.3 0.0 3.8
Min/Max | 0.1/0.2 0.9/1.9 2.1/4.8 | 4.1/83 6.6/102 6.4/9.6 | 51/90 34/68 22/49 | 0720 02/04 0.0/0.0 | 3.1/43
Latitude -15 Average 0.5 2.3 54 8.1 94 9.0 7.7 5.8 42 2.1 0.8 0.1 4.6
Min/Max | 0.2/0.8 1.5/3.6 2.8/7.2 |4.9/104 7.3/11.6 6.7/10.5| 5.3/9.9 3.7/79 2.7/6.6 | 09/3.3 04/1.1 0.0/02 | 3.7/5.3
Latitude Average 0.5 2.5 5.5 8.1 9.2 8.8 7.5 5.6 42 22 0.8 0.1 4.6
Min/Max | 0.2/0.9 16/3.9 29/7.4 |4.9/104 7.1j114 6.5103| 5.1/9.7 3.6/7.8 27/6.6 | 09/35 04/L2 00/02 | 3.7/53
Latitude +15 Ayerage 0.6 2.6 55 79 8.8 8.3 7.1 53 4.0 22 0.9 0.1 4.5
Min/Max | 03/0.9 1.6/40 29/7.4 |48/103 6.8/11.0 62/98 | 4.7/92 34/74 26/64 | 09535 04/13 0.0/02 | 3.5/5.1
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
. Average 0.6 2.6 55 8.1 9.5 9.4 8.0 58 4.2 23 0.9 0.1 4.8
2-Axis | Min/Max | 03/09  1.6/4.0 29/7.4 |49/104 75119 7.1/11.0| 55103 3.8/80 2866 1035 04/13 0.0/02 | 3.8/55
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 0.5 1.6 29 3.5 42 42 34 2.4 2.0 12 0.6 0.1 22
Horiz Axis Min/Max | 0.2/0.8 0.8/29 1.1/44 | 1.8/5.1 26/6.1 27/53 | 1.6/48 12/3.7 1.0/37| 03/2.1 0.2/09 0.0/0.2 | 1.5/2.7
1-Axis, N-S | Average 0.1 0.8 24 3.9 53 5.1 4.2 238 1.9 0.7 0.2 0.0 2.3
Horiz Axis Min/Max | 0.0/0.2 04/1.5 0.8/3.6 | 2.0/59 3.2/7.7 32/65| 2.0/59 14/46 09737 | 02/1.2 0.1/03 0.0/00 | 1.5/2.8
1-Axis, N-S | Average 0.5 1.8 3.8 5.0 5.9 55 4.5 33 2.7 1.3 0.6 0.1 2.9
Tilt=Latitude | Min/Max | 0.2/0.8 0.9/3.2 14/57 | 2.5/7.5 3.6/85 3.5/69 | 2.2/65 17/54 14/51 | 0.3/25 02/09 00/0.2 | 2.0/3.6
2 Axis Average 0.5 1.8 3.8 5.1 6.2 6.0 4.8 35 2.7 14 0.6 0.1 3.0
Min/Max | 0.2/0.9 09/3.3 14/57 | 2.6/7.6 3.8/90 3.8/7.6 | 23/69 17/55 14/52 | 03/25 02/1.0 0.0/02 | 2.1/3.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -24.8 -22.8 -16.2 -6.3 6.2 14.0 15.2 11.8 49 -71.5 -18.8 -22.9 -5.6
Daily Minimum Temp -29.1 -27.9 -22.6 -12.4 0.8 8.3 9.6 6.6 0.2 -11.1 -22.7 -27.1 -10.6
Daily Maximum Temp -20.5 -17.6 -9.8 -0.3 11.6 19.7 209 17.1 9.4 -3.9 -149  -18.38 -0.6
Record Minimum Temp | -56.7 -51.1 -48.9 | -383 -233 -2.8 -1.7 -5.6 -16.7 -35.6 -494 506 | -56.7
Record Maximum Temp 8.9 44 6.7 133 30.0 333 33.9 30.6 26.1 11.7 72 33 339
HDD, Base 18.3°C 1338 1151 1069 738 376 132 107 207 403 801 1113 1279 8716
CDD, Base 18.3°C 0 0 0 0 0 0 10 6 0 0 0 0 16
Relative Humidity (%) 69 66 65 67 61 60 68 76 76 78 73 72 69
Wind Speed (mys) | 27 2.8 32 | 34 3.4 32 | 30 2.7 30 | 30 2.7 25 | 30
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 26415

LATITUDE: 64.00° N

LONGITUDE: 145.73° W
ELEVATION: 388 meters
MEAN PRESSURE: 963 millibars

STATION TYPE: Secondary

Ol—1 e 1 | . —
J F M A M J A S O D ¥Yr
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 | 0.2 0.8 2.3 3.9 5.1 55 5.2 3.9 24 1.1 0.3 0.1 2.6
Min/Max | 0.2/0.2 0.7/1.1  1.8/2.5 | 3.2/4.3 4.4/57 4.7/62 | 4558 33/43 2028 | 09/1.2 03/04 0.1/0.1 | 2.4/2.7
Latitude -15 | Average 1.0 2.4 44 55 5.7 5.6 5.4 4.7 3.6 2.1 1.2 0.5 35
Min/Max | 0.6/1.4 18/4.1 3.0/55 | 4.1/63 4.6/6.6 4.6/64 | 4.6/63 37555 2.6/48 | 1.52.7 0.6/1.6 02/0.9 | 3.2/3.8
Latitude Average 1.1 2.6 4.6 5.4 53 5.1 5.0 44 3.6 22 13 0.6 3.4
Min/Max | 0.6/1.6 1.9/4.6 3.1/58 | 4.0/63 4.3/62 42/58 | 42/58 3552 2648 | 1529 0.7/19 0.3/1.0| 3.1/3.8
Latitude +15 | Average 1.2 2.7 4.6 5.1 47 44 43 4.0 34 22 14 0.6 32
Min/Max | 0.6/1.8 2.0/4.8 3.1/58 | 3.7/6.1 3.7/54 3.6/50 | 3.6/50 3.1/47 24/46| 1529 07/20 03/1.1 | 2.9/3.5
90 Average 1.2 2.7 45 4.8 4.1 3.7 3.7 35 3.1 2.1 14 0.6 29
Min/Max | 0.6/1.8 1.9/47 30/56 | 3.3/57 3.2/48 3.1/42 | 3.1/43 27/42 22/43| 1428 0720 03/1.1]| 2733
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 | 04 1.7 4.1 6.3 7.6 7.6 72 5.6 3.6 1.6 0.7 0.2 3.9
Min/Max | 0.3/0.6 12/2.8 2.7/52 | 47/7.5 6.0/93 5.9/93 | 58/89 4.4/6.7 2.6/48 | 12/2.1 04/0.9 0.1/03 | 3.54.3
Latitude -15 | Average 1.1 2.8 5.7 7.6 8.3 8.1 7.8 6.4 4.6 2.4 13 0.5 4.7
Min/Max | 0.6/1.6 2.0/5.0 3.7/7.3 | 55/9.1 6.5/103 62/10.0| 6.1/9.7 4.8/7.8 32/6.3 | 17/33 07/19 02/0.9 | 42/5.3
Latitude Average 12 3.0 5.9 7.6 8.1 7.8 7.5 6.3 4.6 25 L5 0.6 4.7
Min/Max | 0.6/1.8 2.1/54 3.8/7.6 | 54/9.1 63/10.1 59/9.7 | 59/9.4 4777 3.2/63 | 1.7/34 0.82.0 0.3/1.0 | 42/5.3
Latitude +15 | Ayerage 13 3.1 59 7.3 7.7 7.4 7.1 59 4.5 25 1.5 0.6 4.6
Min/Max | 0.7/1.9  22/55 3.7/7.6 | 52/9.0 59/9.6 5.6/9.2 | 55/9.0 44/73 30/62 | 17/34 0.8/2.1 0.3/1.1 ]| 4.0/5.1
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
2-Axis Average 13 3.1 5.9 7.6 8.5 8.4 8.0 6.5 4.7 2.5 15 0.6 4.9
Min/Max | 0.7/1.9 22/55 3.8/7.6 | 55/9.1 6.6/10.5 64/10.4| 6.3/10.0 4.9/7.9 3.2/64 | 17/35 0.8/2.1 0.3/1.1 | 4.4/55
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 | 09 19 3.1 3.4 3.8 3.6 34 2.8 22 1.2 1.0 0.5 2.3
Horiz Axis | Min/Max | 04/1.5 0.9/4.0 17/4.4 | 2.1/44 24/51 2.3/50| 22/50 1738 12/35| 0.6/2.1 04/1.6 02/1.0 | 1.9/2.8
1-Axis, N-S | Average | 03 1.0 2.7 3.9 48 4.5 43 3.3 2.2 0.8 0.4 0.1 2.4
Horiz Axis | Min/Max { 0.10.5 05/2.3 13/4.0 | 23/52 30/66 28/63 | 2.6/62 21/45 12/34| 04/l4 0.1/0.6 0.1/02 | 1.92.8
1-Axis, N-S | Average 0.9 2.1 4.1 4.8 52 47 4.6 39 3.0 L5 1.0 0.5 3.0
Tilt=Latitude | Min/Max | 0.4/1.5 1.1/4.6 2.1)59 | 2.9/6.4 3.3/72 29/6.6 | 2.8/6.6 24/53 17/47| 0825 04/1.6 02/09 | 2.53.6
2 Axis Average 1.0 22 4.1 4.9 5.5 5.1 4.9 4.0 3.0 L5 1.1 0.5 3.1
Min/Max | 04/1.6 1.1/4.7 2.1/59 | 2.9/65 3.5/7.6 3272 | 3.0/7.1 2.5/54 17/47| 08/25 04/1.7 0.2/1.0 ] 2.6/3.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -20.0 -16.6 -103 | -09 8.2 13.8 157 13.0 6.9 4.2 -147  -187 | 23
Daily Minimum Temp 239 212 -164 | -6.4 2.7 8.4 104 7.8 2.1 -7.9 -187 225 7.1
Daily Maximum Temp -16.1 -11.9 4.2 4.6 137 19.1 20.9 182 11.8 04 -107  -148 25
Record Mimimum Temp | -52.8 -51.1 -45.0 | -383 -18.3 -1.1 0.0 56 -189 -39.4 439 522 | -528
Record Maximum Temp | 8.9 10.6 14.4 222 322 333 32.8 31.1 26.1 18.9 11.1 12.8 333
HDD, Base 18.3°C 1188 977 887 577 313 139 88 171 343 698 992 1147 | 7519
CDD, Base 18.3°C 0 0 0 0 0 0 5 5 0 0 0 0 10
Relative Humidity (%) 67 68 64 59 52 59 66 68 70 77 73 71 66
Wind Speed (m/s) 5.4 4.7 4.1 3.8 3.8 3.5 2.9 3.2 3.8 3.9 4.6 5.2 4.1 |
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o Variability of Latitude Fixed-Tilt Radiation
WBAN NO. 25624 g,1
E
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LATITUDE: 55.20° N <.
LONGITUDE: 162.72° W S
ELEVATION: 29 meters g47 P
MEAN PRESSURE: 1003 millibars T34 .
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STATION TYPE: Secondary 2
T 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 0.6 1.2 22 3.1 3.7 3.9 37 3.0 22 1.4 0.7 0.4 22
Min/Max | 0.5/0.8 1.0/1.5 1.8/2.8 | 2.6/4.1 3.1/41 33/4.6 | 3.2/43 25735 1.82.6| 1.2/1.6 05/09 0.3/05 | 2.0/2.5

Latitude -15 Average 1.2 2.0 3.0 33 3.6 37 35 3.0 25 1.9 12 0.9 2.5
! Min/Max | 0.8/1.9 1.4/29 2.2/4.0 | 2.6/48 3.0/4.1 3.1/45 | 3.0/44 24/37 19/32 | 14/26 08/1.7 05/1.3 | 2.2/2.9

Latitude Average 14 2.1 3.0 3.2 33 34 32 2.8 24 2.0 1.3 1.0 24
Min/Max | 0.8/2.1 1.5/32 22/42 ) 24/48 27/38 28/4.1 ] 27/40 22/35 1.8/32 | 1.4/27 0.8/19 0.6/15 | 2.1/2.8

Latitude +15 Average 1.4 2.1 2.9 29 2.9 2.9 2.8 25 2.2 1.9 1.4 1.1 2.3
Min/Max | 0.8/2.3 1.5/3.3 2.0/4.1 | 2.1/4.6 2.4/34 24/3.6 | 23/35 2.0/3.1 1.6/3.0| 1.3/27 08/1.9 06/1.6 | 2.0/2.6

90 Average 1.4 2.0 2.6 2.4 2.3 2.2 2.2 2.0 1.9 1.7 1.3 1.0 1.9

Min/Max | 0.8/23 14/3.1 1.8/3.7 | 1.7/41 1826 1.9/27 | 1.827 1625 13/25 | 1125 0.8/19 0.6/1.6 | 1.6/2.2

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 0.9 1.7 2.9 3.6 4.2 43 4.0 33 2.6 1.7 0.9 0.6 2.6
Min/Max | 0.6/1.3 1.3/25 2.140 | 2.6/53 3.3/50 35/55| 32/52 25/42 19/34 ] 1.3/23 06/1.3 04/09 | 2.3/3.0
Latitude -15 Average 1.4 2.2 3.5 39 4.2 4.3 4.0 34 2.8 2.1 1.3 1.0 29
Min/Max | 0.8/22 1.6/3.5 24/50 | 2.7/59 3.2/51 3.4/56 | 3.2/53 25/44 20/39| 1530 08/1.9 0.6/1.5 | 2.5/3.3
Latitude Average 1.5 2.3 3.6 3.8 4.1 4.1 3.8 3.2 2.8 22 1.4 1.1 2.8
Min/Max | 0.9/24 1.6/3.8 24/5.1|25/59 3.1/49 3.2/53 ] 3.0/51 23/43 1939 ] 1531 08/2.1 0.6/1.6 | 2.53.3
Latitude +15 Average 1.6 2.4 3.5 3.7 3.8 3.8 35 3.0 2.7 2.2 1.5 1.1 2.7

Min/Max | 0.9/25 1.6/3.8 23/5.1 | 2.4/58 2.8/4.6 3.0/49 | 2.8/47 21/40 18/37 | 14/3.1 09/2.1 0.6/1.8 | 2.4/32

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_Axis Average 1.6 2.4 3.6 4.0 4.4 4.5 42 34 2.9 2.2 L5 1.1 3.0
Min/Max | 09/25 1.6/3.8 24/52|27/59 3.3/52 3.6/57 | 3.3)55 25/45 20/39| 1532 0922 0.6/1.8 | 2.6/34

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 0.8 1.0 14 1.1 1.2 1.1 1.0 0.8 0.9 0.9 0.7 0.6 1.0
Horiz Axis Min/Max | 0.3/1.5 03/22 0.7/26 | 0.4/22 06/1.8 05/2.1 | 04/1.8 0.3/1.5 0.3/1.5 04/1.7 0.3/1.3 0.2/1.1 { 0.7/1.2
1-Axis, N-S | Average 0.4 0.7 1.3 1.3 15 1.4 1.2 1.0 09 0.7 0.4 0.2 0.9
Horiz Axis Min/Max | 0.1/0.8 0.2/1.6 0.624 | 0.4/25 0.723 0.6/2.6 | 04/23 03/1.8 0.3/L.6 | 0.3/1.3 02/0.7 0.1/0.5 | 0.7/1.1
1-Axis, N-S | Average 0.8 1.2 1.8 1.6 1.6 1.4 12 1.1 1.2 1.1 0.7 0.6 1.2
Tilt=Latitude | Min/Max | 0.3/1.6  04/2.6 0.8/3.3 | 0.5/29 0.8/24 0.6/2.6 | 04/24 04/20 04/2.1 | 0520 04/1.4 02/1.1 | 0.9/1.5
2 Axis Average 09 12 1.8 1.6 1.6 1.5 1.3 1.1 12 1.1 0.8 0.6 12

Min/Max | 0.3/1.7 04/27 08/33 | 05/3.0 0825 0728 | 0526 0420 04/2.1| 0520 04/15 0.3)1.2 0.9/1.5

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.9 -2.6 -1.2 0.7 4.2 7.6 10.3 10.8 8.7 42 1.3 -0.6 35
Daily Minimum Temp -4.4 -5.1 -3.9 -1.9 1.6 4.9 7.8 8.4 6.2 1.6 -12 -3.0 0.9
Daily Maximum Temp 0.6 0.0 1.6 33 6.9 102 12.8 13.3 11.2 6.8 3.8 1.8 6.1
Record Minimum Temp | -22.2 -22.8 -25.0 -15.6 -7.8 -1.7 0.6 0.6 -2.8 -12.2 -17.2 -18.3 -25.0
Record Maximum Temp | 10.0 10.0 133 15.6 194 20.6 25.0 25.6 24.4 20.6 15.0 12.2 25.6
HDD, Base 18.3°C 627 585 604 528 437 322 250 233 288 437 510 586 5407
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 84 84 83 82 82 84 87 88 85 82 83 84 84
Wind Speed (m/s) 8.0 8.0 7.7 8.0 7.3 7.1 7.0 7.2 7.4 7.6 7.8 7.8 7.6
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 26411
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LATITUDE: 64.82° N
LONGITUDE: 147.87° W
ELEVATION: 138 meters
Jar MEAN PRESSURE: 994 millibars
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Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary
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 | 0.1 0.8 23 4.0 5.1 5.6 5.1 3.7 23 1.0 0.3 0.0 2.5
Min/Max | 0.1/0.2  0.7/0.9 1.8/2.6 | 3.3/4.6 45/58 4.7/64 | 4.1/58 32/43 1829 | 0811 02/03 0.0/0.1 | 2.4/2.7
Latitude -15 | Average | 0.7 22 4.5 5.6 57 5.7 5.4 45 34 1.9 1.0 0.2 3.4
Min/Max | 0.3/1.1  1.6/3.5 29/5.6 | 42/6.7 4.9/6.6 4.6/6.6 | 4.1/63 3.6/53 2351 | 14/26 05/1.5 0.1/04 | 3.1/3.7
Latitude Average | 0.7 24 47 5.6 53 52 49 4.2 3.4 2.0 1.1 0.3 33
Min/Max | 0.4/1.3  1.7/3.9 3.0/59 | 4.1/6.7 45/6.2 42/6.0( 3.7/58 34/51 23/52| 14/27 0.6/1.7 0.10.5 | 3.0/3.6
Latitude +15 | Average | 08 25 4.7 53 4.6 4.5 43 3.8 3.2 2.0 1.1 0.3 3.1
Min/Max | 0.4/1.3  1.7/41 29/59 | 3.7/64 4.0/54 3.6/5.1 | 3250 3.0/46 21/49| 14/28 0.6/1.8 0.1/0.5 | 2.7/3.4
90 Average | 08 25 45 49 4.1 3.9 3.7 33 3.0 2.0 1.1 0.3 2.8
Min/Max | 0.4/14 1.7/4.1 28/58 | 3.4/6.1 3.5/4.8 3.1/44 | 2844 2741 194.6| 1327 0.6/1.8 0105 | 2.53.1
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 | 0.3 1.5 4.1 6.4 75 7.8 7.1 53 34 L5 0.5 0.1 3.8
Min/Max | 0.2/0.5 1.1/2.3 25/52 | 47/7.8 6.1/9.0 6.0/94 | 5086 40/6.6 2452 | 1L1/1.9 03/08 0.0/0.1 | 3.3/42
Latitude -15 | Average | 0.7 2.6 5.7 7.7 8.2 8.3 7.6 6.0 44 22 L1 0.2 4.6
Min/Max | 0.4/12 1.8/42 34/74 | 55/95 6.6/10.1 6.3/10.1| 53/94 4.4/7.6 28/69 | 1530 05/1.7 0.1/04 | 3.9/5.1
Latitude Average | 08 2.7 5.8 7.7 8.0 8.0 7.4 5.8 4.4 2.3 1.2 0.3 45
Min/Max | 04/1.3 19/4.6 3.5/77 | 54/9.6 64/98 6.0/9.8 | 50/9.1 43/74 28/69 | 1532 0.6/1.9 0.1/0.5 | 3.9/5.0
Average | 0.8 2.8 5.8 7.4 7.6 7.6 6.9 55 4.2 23 1.2 0.3 4.4

Latitude *15 | nriMax | 04714  1.9/47 3477 | 52093  6.1/93 5793 | 4786 40/7.1 27/68 | 1532 0620 0.1/05 | 3.7/4.9

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

9. Axis Average 0.8 2.8 5.8 77 84 8.7 7.9 6.0 4.4 23 1.2 0.3 4.7
Min/Max | 04/14 1.9/47 35/7.7 | 5.5/9.6 6.8/10.3 6.6/10.5| 55/9.7 4.5/7.7 2.8/7.0 | 15/32 0.62.0 0.1/0.5 | 4.1/5.2

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 0.6 1.6 2.9 32 3.6 37 33 25 2.0 1.1 0.7 0.3 2.1
Horiz Axis Min/Max | 0.2/1.1  0.8/3.3  1.2/44 | 1.6/46 23/49 23/48 ) 1.8/46 15/35 1.0/38| 0518 02/1.4 0.1/0.5| 1.7)2.6
1-Axis, N-S | Average 0.2 0.8 2.4 3.7 4.6 4.5 4.1 29 2.0 0.7 0.3 0.1 2.2
Horiz Axis Min/Max | 0.1/0.4 04/1.8 1.0/3.8 | 1.8/53 3.0/6.2 2.8/6.1 | 2.2/57 1.8/43 1.1/37| 03/1.1 0.1/0.5 0.0/0.1 | 1.7/2.6
1-Axis, N-S | Average 0.6 1.8 3.8 4.6 5.0 4.8 4.3 34 2.8 1.3 0.8 0.3 2.8
Tilt=Latitude | Min/Max | 0.2/1.1  0.9/3.7 1.5/5.8 | 2.3/6.6 3.2/6.8 3.0/6.4 | 2.3/6.1 2.1/50 15/52 | 0.62.1 0.2/1.4 0.1/0.5 | 2.1/3.3
9_Axis Average 0.6 1.8 3.8 4.7 53 5.2 4.7 35 2.8 1.3 0.8 0.3 29

Min/Max | 0.2/1.2 0.9/3.8 1.5/5.8 | 2.3/6.7 3.4/7.2 32/69 | 2.5/6.6 2.1/51 15/52 | 0622 0.3/15 0.1)0.5 2.2/3.5

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -23.4 -19.8 -11.7 -0.7 9.2 15.4 16.9 13.8 75 -3.8 -16.3 -21.4 -2.8
Daily Minimum Temp -28.1 -25.8 -18.7 -6.4 33 9.7 11.4 8.4 23 <17 -20.9 -26.0 -8.2
Daily Maximum Temp -18.7 -13.8 -4.6 5.0 15.2 21.2 22.4 19.1 12.7 0.0 -11.7 -16.8 2.5
Record Minimum Temp | -51.7 -48.9 -450 | -31.1 -18.3 -0.6 1.7 -2.8 -12.2 -32.8 -433 522 | -52.2
Record Maximum Temp | 10.0 83 10.6 233 317 35.6 344 32.2 28.9 18.3 7.8 6.7 35.6
HDD, Base 18.3°C 1293 1067 930 572 282 101 68 148 325 687 1038 1232 7744
CDD, Base 18.3°C 0 0 0 0 0 14 25 7 0 0 0 0 47
Relative Humidity (%) 70 66 60 56 50 57 64 71 69 74 73 71 65
Wind Speed (m/s) 1.5 1.9 25 3.1 35 34 31 2.9 2.8 25 1.7 1.5 25
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 26425

LATITUDE: 62.15° N
LONGITUDE: 145.45° W
ELEVATION: 481 meters

MEAN PRESSURE: 952 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average

o

MAMJ J A S O N DY

J F
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 0.3 1.0 2.5 4.1 5.1 5.5 53 4.1 2.6 1.2 0.4 0.2 2.7
Min/Max | 0.2/0.3 0.9/1.2 2.1/2.8 | 3.7/4.6 43/56 4.7/63 | 4.6/59 3.5/4.6 2.1/30| 1.1/1.4 04/0.6 0.1/0.2 | 2.5/2.9
Latitude -15 Average 1.1 2.5 4.5 5.6 5.6 5.5 5.5 5.0 39 24 1.3 0.6 3.6
Min/Max | 0.6/1.8 1.9/40 3.3/55 | 4.8/6.5 46/63 45/64 | 4.7/63 4157 27/50 | 18/3.1 0.7720 0.3/12 1 3.3/4.0
Latitude Average 12 2.7 4.7 5.6 5.2 5.0 5.1 4.7 3.9 2.5 1.4 0.7 3.6
Min/Max | 0.6/2.1 2.0/45 35/58 | 47/6.5 4.3/59 4.1/58 | 4.3/58 3.8/54 27/51 | 19/34 0.8/22 0.3/1.4 | 3.2/40
Latitude +15 Ayerage 13 2.8 4.7 53 4.6 4.3 4.4 43 3.6 2.5 1.5 0.8 33
Min/Max | 0.6/22 2.1/47 3.4/58 | 43/6.3 3.7/53 3.550 | 3.8/50 3.4/49 2548 | 19/34 0.8/24 03/1.5 | 3.0/3.7
90 Average 1.3 2.8 4.5 4.8 3.9 3.6 3.7 37 3.3 24 1.5 0.8 3.0
Min/Max | 0.6/22 2.0/4.6 3.3/56 | 3.8/58 32/46 2.9/41| 3.2/42 3.0/42 22/44| 1833 0.824 03/1.5] 2734
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 0.6 1.8 4.3 6.6 7.5 7.7 7.4 6.0 4.0 1.9 0.8 0.3 4.1
Min/Max | 0.3/0.9 14/29 3.0/53 | 55/79 59/8.6 6.1/93 | 5889 47/7.1 28/52| 1525 0.5/12 0.1/0.5 | 3.6/4.6
Latitude -15 Average 1.2 2.9 5.8 7.8 8.1 8.1 7.9 6.8 5.0 2.8 1.4 0.7 4.9
Min/Max | 0.6/2.0 2.1/49 4.0/73 | 6.5/94 64/94 62/98 | 6.1/96 52/8.1 3.3/6.7 | 2.0/3.8 0.823 0.3/13 | 43/5.5
Latitude Average 1.3 3.1 6.0 7.8 7.9 7.8 7.6 6.7 5.0 29 1.5 0.8 49
Min/Max | 0.6/2.2 22/53 4.1/7.5| 6.4/94 62/9.2 59/95| 59/93 51/79 3.3/6.7| 2.1/40 0.825 0.3/14 | 42/55
Latitude +15 Average 14 32 6.0 7.6 7.5 7.4 72 6.4 4.8 29 1.6 0.8 4.7
Min/Max | 0.7/2.4 23/54 4.1/7.5| 62/9.1 58/89 5.6/90 | 5588 48/7.6 3.1/6.6 | 2.1/40 0.8/26 0.3/1.5 | 4.1/5.4
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
2-Axis Average 1.4 3.2 6.0 79 83 8.4 8.1 6.9 5.0 2.9 1.6 0.8 5.1
Min/Max | 0.7/24 2.3/54 4.1/7.5| 65/9.5 6.5/9.6 65/102| 63/9.9 53/81 3.3/68 | 2.1/40 0.8/2.6 03/1.6 | 44/5.7
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 0.9 1.8 2.9 35 3.6 3.6 35 3.0 2.4 1.5 0.9 0.6 2.4
Horiz Axis Min/Max | 0.3/1.8 0.9/3.8 1.6/42 | 2.5/4.8 2.5/45 23/50 | 23/47 1939 12/3.6 | 0724 0.3/1.7 02/1.2 | 1.9/2.9
1-Axis, N-S | Average 03 1.0 2.6 4.1 4.6 4.5 4.4 3.7 24 1.1 04 02 25
Horiz Axis Min/Max | 0.1/0.7 0.5/23 1.3/3.8 | 2.9/59 3.1/58 3.0/63 | 2.7/6.1 2.3/47 12/3.6 | 0.5/1.6 0.1/0.8 0.0/04 | 2.0/3.0
1-Axis, N-S | Average 0.9 2.0 3.9 5.0 5.0 4.7 4.7 43 33 1.8 1.0 0.5 3.1
Tilt=Latitude | Min/Max | 0.3/1.8  1.0/4.3 2.1/55 | 3.5/7.1 3.4/6.3 3.0/6.5 | 29/6.4 2.7/55 17/49| 09/28 03/1.8 02/1.2 | 2.5/3.7
2-Axis Average 1.0 2.1 3.9 5.1 5.3 5.1 5.0 4.4 33 1.8 1.0 0.6 32
Min/Max | 03/20 1.0/44 2.1/56 | 3.6/7.2 3.6/6.6 33/7.1 | 3.1/6.8 27/57 17/49| 09/29 0.3/1.9 02/1.3 | 2.6/3.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -20.9 -15.9 92 -0.7 6.5 11.8 14.1 11.9 6.6 2.6 -14.9 -19.6 2.7
Daily Minimum Temp <255 -21.7 -16.3 -6.7 0.3 5.7 8.0 5.7 0.8 -6.9 -19.2 -23.8 -8.3
Daily Maximum Temp -16.4 -10.2 <22 5.3 12.7 17.9 20.2 18.2 12.3 1.8 -10.7 -15.2 2.8
Record Minintum Temp | -51.1 -53.9 -444 | 411 -15.0 22 -1.7 -6.7 -15.0 -30.6 422  -500 | -539
Record Maximum Temp 7.8 7.8 10.0 19.4 294 322 32.8 30.0 233 18.3 8.9 6.7 328
HDD, Base 18.3°C 1218 960 854 572 367 197 131 198 353 648 998 1174 7671
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 73 73 67 63 58 59 65 68 71 71 78 75 69
Wind Speed (m/s) 1.6 22 2.7 3.4 3.7 3.8 3.4 35 32 | 28 1.8 1.8 2.8
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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 | 0.5 1.2 24 3.6 44 4.6 43 34 2.3 1.4 0.6 0.3 2.4
Min/Max | 04/0.6 09/1.5 183.1 | 3.0[40 3.5/53 3.9/55| 3.749 27/40 1928 | 12/1.7 0.5/0.7 02/04 | 2.2/2.6
Latitude -15 | Average | 14 25 3.7 44 4.5 45 43 3.6 3.0 24 1.5 1.0 3.1
Min/Max | 0.8/2.1  1.6/3.7 2.3/58 | 34/52 34/57 3.6/57 | 35/50 27/45 20/40| 1.7/34 09722 05/1.5|26/34
Latitude Average | 1.5 2.7 3.9 43 4.2 4.1 3.9 3.4 29 25 1.6 1.2 3.0
u Min/Max | 0925 17/4.1 23/62 | 33/51 3.1/53 33/52 | 3.1/45 2543 1940 | 1736 10/25 0.6/1.7 | 2.5/3.4
Latitude +15 | Average | 16 2.8 3.8 3.9 3.7 3.6 3.4 3.0 2.8 2.5 1.7 13 2.8
Min/Max | 0.9/2.6 1843 22/63 |3.047 27/47 2.845| 2.7/39 22/38 1738 | 17/36 1.0/27 06/1.9 | 23/33
90 Average | 1.6 2.7 35 34 3.0 2.8 2.7 2.5 24 2.3 1.7 13 25
Min/Max | 0.9/2.6 L7/41 2.0/59 | 2543 2237 2335 | 22/3.1 1832 1533 1534 1027 06/1.9 | 2.0/2.9

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?2/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 0.8 2.0 37 5.0 5.7 5.7 5.2 42 3.1 2.0 1.0 0.6 33
Min/Max | 0.5/1.3 1.3/3.0 22/59 | 3.7/63 4.1/)7.6 4.2/13 | 4.1/64 3.1/54 2.1/43 1.5/29 0.6/1.5 0.3/0.8 | 2.8/3.7
Latitude -15 Ayerage 1.5 3.0 4.7 5.8 6.0 5.8 54 4.5 3.6 2.8 1.7 1.1 3.8
Min/Max | 0.8/2.5 1.8/4.6 2.6/7.8 | 4.1/7.3 4.1/82 4.2{16 | 4.1/6.6 3.2/59 23/52 | 19/4.1 1.0/2.6 0.6/1.7 | 3.2/4.4
Latitude Average 1.7 3.2 4.8 5.7 5.8 5.6 52 43 3.6 29 1.8 1.3 3.8
Min/Max | 0.9/2.7 19/49 2.6/81 | 4.0/72 4.0/79 3.9/7.3 | 3.9/6.4 3.0/57 22/52 | 2.0/43 1.0/2.8 0.6/1.9 | 3.1/4.4
Average 1.8 32 4.8 5.5 54 52 4.8 4.1 35 29 1.9 1.3 3.7

Latitude +15 | nfniMax | 09729 2.0/5.1 2581 | 38/7.0 3775 36668 | 3.6/60 2854 2151 | 1943 L1130 0620 | 3.0/4.3

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Ang Sept Oct Nov Dec Year

2 Axis Average 1.8 33 4.8 5.8 6.1 6.0 5.6 45 3.7 29 1.9 1.3 4.0
Min/Max | 0.9/2.9 2.0/5.1 27/8.1 | 4173 4.3/83 43/7.8 | 42/68 3.2/59 2.3/53| 2.0/43 1.1/30 0.6/2.0 | 3.3/4.6

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 1.1 1.9 2.3 2.4 2.3 2.1 1.9 1.5 14 1.5 1.1 0.9 1.7
Horiz Axis Min/Max | 04/2.2 0.7/3.6 0.8/47 | 1.4/35 1.0/3.8 1.0/3.5| 1028 0.725 0.5/2.6| 08/2.6 05/2.0 0.3/1.5] 1.2/2.1
1-Axis, N-S | Average 0.5 1.2 2.1 2.8 3.0 2.6 2.4 1.9 1.5 1.1 0.5 0.3 1.7
Horiz Axis Min/Max | 0.2/1.0 0.4/24 08/44 | 1.6/43 14/49 1.2/43 | 12/35 093.0 0.62.7| 06/19 02/1.0 0.1/0.6 | 1.2/2.0
1-Axis, N-S | Average 1.2 2.1 3.0 34 3.1 2.7 2.4 2.1 2.0 1.8 1.2 0.9 2.2
Tilt=Latitude | Min/Max | 0.4/2.3 0.8/42 1.1/6.3 | 1.9/5.1 1.5/52 1.2/43 | 1.3/3.7 1.0/3.4 0.8/35]| 1.0/3.2 0.5/22 0J3/1.5 ]| 1.6/2.7
2_Axis Average 12 2.2 3.0 3.4 3.3 2.9 2.6 22 2.0 1.8 1.2 0.9 22

Min/Max | 0.5/24 0.9/4.3 1.1/63 | 2.0/5.1 1.6/55 1.3/47 | 14/39 1.1/3.5 0835 ]| 1.0/32 06/23 044/.1.7 1.7/2.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 9.5 -9.6 -5.3 -04 5.8 10.0 12.6 12.2 84 0.2 5.4 -8.9 0.8
Daily Minimum Temp -13.6 -14.1 -9.9 -4.8 1.1 5.2 8.0 8.0 4.3 -3.8 94 -13.2 -35
Daily Maximum Temp -5.5 -5.1 -0.7 39 10.5 14.8 17.2 16.3 12.6 4.3 -1.3 -4.8 5.2
Record Minimum Temp | -44.4 -40.6 -41.1 -26.1 -15.6 -1.7 0.6 -3.9 9.4 -244 -33.3 -38.9 -44.4
Record Maximum Temp | 11.7 13.9 13.3 18.3 25.0 31.1 30.0 28.9 233 19.4 13.3 8.9 31.1
HDD, Base 18.3°C 863 781 734 563 389 250 177 191 297 562 712 846 6364
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 76 73 73 72 70 74 78 80 79 79 81 71 76
Wind Speed (m/s) 4.9 5.1 5.1 5.0 5.0 4.9 4.5 4.7 4.7 4.6 4.7 4.9 4.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 25501

LATITUDE: 57.75° N
LONGITUDE: 152.33° W
ELEVATION: 34 meters

Monthly Radiation (kWh/m?/day)

MEAN PRESSURE: 1003 millibars +
i
STATION TYPE: Secondary i
T 8 1961-1990 Average E
0+ttt
J FMAMUJI J A S O ND Y
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 0.5 1.1 23 3.5 43 4.6 4.5 3.8 25 15 0.7 0.3 25
Min/Max | 0.3/0.6 0.8/1.5 1.4/3.0 | 2.9/4.0 3.4/49 34/6.1 | 3.7/54 3.1/44 2.1/3.1| 12/1.6 05/08 02/04 | 2.2/2.7
Latitude -15 Average 1.2 22 35 43 44 45 4.5 4.2 33 2.6 1.6 1.0 3.1
Min/Max | 0.6/1.8 1.0/3.7 1.8/5.1 | 3.3)52 34/53 3.1/6.0 | 3.6/56 3.3/50 2545 | 2.0/33 1.1j21 04/1.5] 2.7/35
Latitude Average 14 2.4 3.7 4.2 4.1 4.1 4.1 4.0 33 2.8 1.8 1.2 3.1
Min/Max | 0.6/2.1 1141 1.7/54 | 3.2/5.1 3.1/50 2.855| 3.3/51 3.1/48 25/4.6 | 2.1/3.6 1.2/24 04/1.8 | 2.7/35
Latitude +15 Ayerage 1.5 25 3.6 39 3.6 35 3.6 3.6 3.1 2.8 1.8 1.2 29
Min/Max | 0.6/2.2 1.0/43 1.6/54 | 2.9/47 27/43 25/47 | 28/44 27/43 23/43 | 2.1/3.6 1.2/25 05/19 | 2.4/3.3
90 Average 1.4 24 33 33 29 2.7 2.8 2.9 2.7 2.6 1.8 1.2 2.5
Min/Max | 0.6/22 1.0/4.1 14/5.1 | 24/41 22/34 19/3.6| 2.3/3.5 22/35 20/3.8| 1934 1125 04/1.9 | 2.1)2.9
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?3/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 0.8 1.8 35 5.0 5.6 5.8 5.8 5.1 3.5 23 1.1 0.6 34
Min/Max | 0.4/1.1 0.9/3.0 1.6/5.2 | 3.6/6.0 3.9/7.0 3.7/87 | 4.3/75 3.6/64 26/49 | 1828 0.8/1.4 0.3/0.8 | 2.9/3.8
Latitude -15 Ayerage 14 2.6 4.5 5.7 5.9 59 59 5.5 4.2 3.2 1.8 1.1 4.0
Min/Max | 0.6/2.1 1.1/4.6  1.9/6.7 | 4.0/7.0 4.0/74 3.6/9.0 | 44/79 3.9/7.0 3.0/6.0 | 2.4/4.1 1.2/25 04/1.7 | 3.4/45
Latitude Average 1.5 2.8 4.6 5.7 5.7 5.7 5.7 5.4 42 33 20 1.2 4.0
Min/Max | 0.7/23 1.1/49 1.9/6.9 | 3.9/6.9 3.8/7.1 3.4/87 | 42/7.6 3.7/6.8 3.0/6.0 | 2.5/43 13/27 0.5/1.9 | 3.4/45
Latitude +15 Average 1.6 2.8 45 5.4 53 53 53 5.1 4.0 33 2.0 1.3 3.8
Min/Max | 0.7/2.4 1.1/51 1.8/69 | 3.7/6.7 3.5/67 32/83 | 39/72 3.5/65 29/59 | 2.5/43 1328 0.5/2.0 | 3.2/44
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-Axis Average 1.6 2.8 4.6 5.8 6.0 6.2 6.1 5.6 4.2 33 2.0 1.3 4.1
Min/Max | 0.7/2.4 1.1/5.1 1.9/6.9 | 4.0/7.0 4.1/7.5 3.8/94 | 45/81 39/7.1 3.0/6.1 | 2543 1328 05/2.0 | 35/4.7
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 1.0 1.5 22 25 23 23 23 23 1.8 1.8 1.3 0.9 1.9
Horiz Axis Min/Max | 0.3/1.6 0.3/3.5 0.6/3.6 | 1.5/3.5 09/3.4 09/45 | 1335 12/33 1.0/3.0| 1327 07/2.0 03/1.51 1522
1-Axis, N-S | Average 04 1.0 2.1 3.0 3.0 3.0 3.0 29 2.0 1.4 0.6 0.3 1.9
Horiz Axis Min/Max | 0.1/0.8 0.2/24 05/3.4 | 1.8/4.1 1.1/43 1.2/59 | 1.6/46 14/43 1.1/3.3| 0.9/20 04/1.0 0.1/0.6 | 1.52.2
1-Axis, N-S | Average 1.0 1.8 3.0 35 3.2 3.0 3.1 32 25 22 14 0.9 24
Tilt=Latitude | Min/Max | 0.3/1.7 0.4/4.1 08/48 | 2.1/49 12/46 12/59 | 17/47 1.6/48 1543 | 1533 07/2.1 03/1.5 | 19/28
2-Axis Average 1.1 1.8 3.0 3.6 34 33 33 33 2.6 2.3 1.4 0.9 25
Min/Max | 0.3/1.8 04/42 0.8/48 | 2.1/49 1.2/48 13/64 | 1.8/51 1.6/49 1543 | 1533 0.8/22 03/1.6 | 2.0/29
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.2 -0.8 0.5 3.1 6.4 9.8 12.4 12.9 10.0 4.8 1.3 -0.7 49
Daily Minimum Temp -4.1 -3.9 -2.8 -0.3 3.1 6.4 9.0 9.1 6.3 1.2 -1.8 -3.8 1.6
Daily Maximum Temp 1.7 23 3.8 6.5 9.7 13.1 15.8 16.6 13.7 8.4 4.4 24 8.2
Record Minimum Temp | -26.7 -24.4 2211 -13.9 -6.7 -1.1 2.8 22 33 -12.2 -17.8 -18.3 -26.7
Record Maximum Temp | 12.2 13.3 139 17.8 26.7 30.0 278 283 22.8 16.7 12.2 13.3 30.0
HDD, Base 18.3°C 604 537 553 458 371 257 183 169 250 418 510 589 4898
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 78 77 73 72 76 80 82 82 81 75 75 75 77
Wind Speed (m/s) 55 55 53 5.2 4.6 4.1 3.4 3.6 4.1 49 5.4 5.5 47
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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 0.1 0.6 2.1 4.1 5.5 5.5 438 33 2.0 0.9 0.2 0.0 2.4
Min/Max | 0.1/0.1  0.5/0.7 1.7/2.3 | 2.6/47 4.6/65 4.4/64 | 4.0/58 2.4/41 15724 | 07/1.0 0.1/0.2 0.0/0.0 | 2.2/2.7
Latitude -15 | Average 0.4 2.1 43 6.0 6.4 5.7 5.0 39 3.1 2.1 0.7 0.1 33
Min/Max | 0.2/0.8 1.3/3.0 2.7/54 | 3.3/73 5.1/80 4.1/6.8 | 4.1/64 23/54 1943 | 14/3.0 03/1.0 0.0/0.2 | 2.8/3.9
Latitude Average 0.5 2.3 45 6.0 6.1 5.2 4.6 37 3.1 2.2 0.7 0.1 32
Min/Max | 0.2/0.9 1.4/3.3 2.7/57 | 3.2/74 4.8/78 3.7/63 | 3.7/58 2.2/51 19/43| 1532 04/1.2 0.0/02 | 2.8/3.9
Latitude +15 Average 0.5 2.3 45 5.7 5.6 4.4 3.9 3.3 2.9 22 0.8 0.1 3.0
Min/Max | 0.2/0.9 1.4/3.4 27/57 | 3.0/7.1 43/7.2 3.2/56 | 32/5.0 1.9/46 1.7/41 | 1533 04/1.2 00/0.2 | 2.6/3.6
90 Average 0.5 2.3 44 5.4 5.2 4.0 3.5 3.0 2.7 2.1 0.8 0.1 2.8
Min/Max | 0.2/0.9 1.4/34 2.6/55 | 29/67 4.0/6.7 28/5.1 | 2845 1.7/42 1.6/39 | 14/32 04/12 00/02 | 24/3.4
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 0.1 1.3 39 6.8 84 8.0 6.7 4.7 3.1 1.5 0.3 0.0 3.8
Min/Max | 0.1/0.3 0.8/1.8 2.3/48 | 3.5/8.6 6.3/114 53/9.8 | 5.0/9.3 2.7/67 1945 | 1.0/2.2 02/05 0.0/0.0 | 3.1/4.6
Latitude -15 Average 0.4 24 5.5 84 9.5 8.7 7.3 53 39 2.4 0.7 0.1 4.6
Min/Max | 0.2/0.8 1.4/3.5 3.1/7.1 |4.1/10.7 7.0/13.1 5.4/10.9| 53/103 2.8/79 2.2/59| 1.6/3.7 0.3/1.1 00/0.2 | 3.7/5.6
Latitude Average 0.5 2.5 5.7 8.4 9.4 8.4 7.1 5.2 3.9 25 0.8 0.1 45
Min/Max | 0.2/0.9 1.5/3.8 3.2/7.3 |4.1/10.7 6.8/13.1 5.2/10.6| 5.1/10.0 2.6/7.7 2.2/59 | 1.6/3.8 04/1.3 0.0/0.2 | 3.7/5.6
Latitude +15 Average 0.5 2.6 5.7 8.2 9.0 8.0 6.7 49 3.8 2.5 0.8 0.1 44
Min/Max | 02/1.0 15/3.9 3.1/7.3 |4.0/10.5 6.5/12.7 4.8/10.1| 4.8/9.6 25/74 2.1/58 | 1.639 04/1.3 0.0/02 | 3.5/55
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 0.5 2.6 5.7 8.4 9.6 9.0 7.6 5.4 4.0 2.5 0.8 0.1 4.7
Min/Max | 0.2/1.0  1.5/3.9 3.2/7.3 |4.1/10.7 7.1/13.3 5.7/113| 5.5/10.6 2.8/8.0 22/59 | 1.6/3.9 04/13 0.0/0.2 | 3.8/5.8
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 0.4 1.6 2.9 35 4.0 4.1 33 2.2 1.9 1.4 0.5 0.1 22
Horiz Axis | Min/Max | 0.1/0.9 0.7/28 1.0/42 | 1.2/5.1 25/6.5 18/58 | 2.0/54 0.6¢/3.8 07/32 | 0.7/25 02/1.0 0.0/02 | 1.5/3.0
1-Axis, N-S | Average 0.1 0.8 2.4 4.1 5.0 5.0 40 2.6 1.8 0.9 0.2 0.0 22
Horiz Axis | Min/Max | 0.0/0.2 0.3/1.4 0.7/3.5 | 1.4/59 3.0/83 2.1/6.9| 25/68 0.8/46 06/32| 04/1.6 0.0/03 0.0/0.0 | 1.5/3.1
1-Axis, N-S | Average 0.4 1.8 3.8 5.1 5.5 53 4.3 3.1 2.6 1.7 0.6 0.1 2.9
Tilt=Latitude | Min/Max | 0.1/0.9 0.8/3.1 12/54 | 1.7/74 3.3/92 23/74 | 27/73 09/55 0945 | 09/3.0 02/1.0 0.0/0.2 | 1.9/3.9
2 Axis Average 0.4 1.8 3.8 52 59 5.8 4.7 32 2.6 1.7 0.6 0.1 3.0
Min/Max | 0.1/09 0.8/3.2 1.2/54 | 1.8/7.6  3.5/9.7 2.5/8.1| 2.9/7.9 09/57 09/45 | 09/3.1 02/1.1 0.0/02 | 2.0/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -18.3 -20.4 -17.6 -11.5 -0.4 6.6 12.1 11.2 5.6 -5.1 -13.4 -18.3 -5.8
Daily Minimum Temp 219 244 2222 | -16.5 -42 32 9.2 8.5 2.8 -7.7 -164  -21.9 93
Daily Maximum Temp -14.7 -16.5 -12.9 -6.5 33 9.8 15.1 13.9 8.3 24 -10.5  -147 23
Record Minimum Temp | -45.0 -46.7 444 | 422 -27.8 -6.7 -1.1 -1.1 9.4 -28.3 -37.8 439 | -46.7
Record Maximum Temp | 3.9 44 3.9 8.9 23.3 294 29.4 26.7 20.6 10.6 33 28 29.4
HDD, Base 18.3°C 1137 1086 1113 895 582 353 196 226 383 725 953 1135 8784
CDD, Base 18.3°C 0 0 0 0 0 0 3 4 0 0 0 0 7
Relative Humidity (%) 72 70 71 76 81 82 81 81 79 79 76 74 77
Wind Speed (m/s) 6.2 5.5 5.1 5.3 5.2 5.4 5.6 5.6 6.0 5.9 6.4 6.3 5.7

19




WBAN NO. 26510
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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 03 1.0 24 42 4.8 5.1 4.6 3.5 22 1.1 0.4 0.1 25
Min/Max | 02/0.3 08/1.2 1.9/29 | 3.54.7 39/57 4.3/59 | 4.0/54 2841 1728 | 09/1.3 03/04 0.1/0.1 | 22/2.8
Latitude -15 | Average 1.0 25 4.4 5.6 53 5.1 4.7 4.0 3.1 2.0 1.1 0.6 33
Min/Max | 0.6/1.6 1.8/42 2.7/6.2 | 4.4/6.8 4.1/65 4.1/6.1 | 3.9/58 3.0/51 2.0/45 | 13728 0.6/1.7 03/1.1 | 2.8/3.8
Latitude Average 12 28 47 5.6 4.9 4.6 4.3 3.7 3.1 2.1 1.3 0.6 32
Min/Max | 0.6/1.9 1.9/47 2.8/6.6 | 43/6.8 3.8/6.1 3.7/56| 3.5/53 2848 1.9/45| 1329 0719 03/1.3 | 2737
Latitude +15 | Average 1.2 2.9 4.6 5.4 44 4.0 3.7 3.3 29 2.1 13 0.7 3.0
Min/Max | 0.6/20 2.0/4.9 2.7/6.6 | 40/6.6 3.3/54 32/48 | 3.0/46 24/43 1.7/43| 1329 0720 03/14 | 2535
90 Average 12 2.8 45 5.0 38 33 32 29 2.7 2.0 1.3 0.7 2.8
Min/Max | 0.6/20 20/4.9 2.6/6.4 | 3.6/6.1 2.8/48 27/40| 2.639 2.1/3.8 1.639| 12/28 0720 0.3/14 |23/3.2
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 05 1.8 42 6.5 6.9 6.9 6.2 4.7 3.2 1.6 0.7 0.2 3.6
Min/Max | 0.3/0.8 1.3/3.0 25/59 | 49/7.9 5.1/9.1 5.1/84 | 4879 3.6/62 2.0/48 | 1.1/22 04/1.0 0.1/04 | 3.0/43
Latitude -15 | Average 1.1 3.0 5.7 7.7 7.5 72 6.6 5.3 4.0 2.3 1.3 0.6 43
Min/Max | 0.6/1.8 2.0/52 3.1/83 | 5.6/9.6 55/10.1 52/9.0 | 4.9/85 3.8/7.1 22/6.1 | 1533 0.6/1.9 0.3/1.2 | 3.5/5.2
Latitude Average 12 3.2 59 7.7 7.3 7.0 6.3 5.1 4.0 24 1.4 0.7 43
Min/Max | 0.6/2.0 22/5.6 3.2/8.6 | 5.6/9.6 53/99 4.9/87 | 47/82 3.7/69 22/62 | 1535 07/2.1 03/14 | 3.5/52
Latitude +15 | Average 1.3 3.3 5.9 7.5 7.0 6.6 5.9 49 3.8 24 1.4 0.7 42
Min/Max | 0.7/22 22/57 32/8.6 | 55/9.4 50/94 4.6/83 | 44/78 34/66 20/60| 1535 07/22 03/15 ] 3.3/5.1
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
- Axis Average 1.3 3.3 5.9 7.7 7.7 75 6.8 53 4.0 2.4 14 0.7 4.5
Min/Max | 0.722  22/57 3.2/8.6 | 57/9.6 56/103 54/94 | 51/87 3.8/72 22/62 | 1535 07722 03/15] 3.6/54
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 0.9 1.9 2.8 3.1 32 3.1 2.7 2.1 1.8 1.1 0.8 0.5 2.0
Horiz Axis | Min/Max | 03/1.7 0.9/4.1 1.0/51 | 1.5/44 1.8/52 15/42 | 1.4/40 11/33 0532 | 0521 03/1.5 02/13 | 1.4/2.6
1-Axis, N-S | Average 0.3 1.1 25 3.6 4.1 3.9 3.4 2.5 1.8 0.8 0.3 0.1 2.0
Horiz Axis | Min/Max | 0.1/0.6  0.5/2.4 08/4.5 | 1.7/5.1 2467 19/53 | 1.8/50 1.53.9 0.5/34 | 03/1.5 0.1/0.6 0.0/03 | 1.4/2.8
1-Axis, N-S | Average 0.9 2.1 3.8 45 44 4.0 3.5 29 25 1.4 0.9 05 2.6
Tilt=Latitude| Min/Max | 0.3/1.7 1.0/47 12/6.7 | 2.1/6.3 2.6/7.3 2.0/55 | 1.9/53 1.7/4.6 07/4.6 | 0.6/2.6 03/1.6 0.1/1.2 | 1.8/3.5
5 Axis Average 0.9 22 3.8 45 47 44 3.8 3.0 2.5 1.4 0.9 0.5 2.7
Min/Max | 0.3/1.8 1.0/48 1.2/6.7 | 2.1/64 27/77 22/60 | 2.1/57 1847 07/46| 0.6/26 03/1.7 02/1.3 | 1.9/3.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22,6 -19.2 -12.1 3.1 6.9 12.9 14.8 124 6.8 4.1 -153 211 36
Daily Minimum Temp -27.7 -25.7 -194 -8.9 14 73 9.4 72 1.9 -7.8 -19.8 259 -9.0
Daily Maximuin Temp -17.6 -12.8 4.8 2.8 12.5 18.6 20.2 17.5 1.6 -0.4 -109  -16.3 1.7
Record Minimum Temp | -59.4 -53.3 -46.1 | -40.0 -18.9 -1.1 0.6 -3.9 -14.4 -33.3 472 -55.0 | -594
Record Maximum Temp | 12.2 12.8 10.6 19.4 27.2 322 31.7 31.7 24.4 15.0 9.4 9.4 322
HDD, Base 18.3°C 1269 1052 944 642 353 162 115 188 347 694 1010 1223 | 7998
CDD, Base 18.3°C 0 0 0 0 0 0 7 3 0 0 0 0 10
Relative Humidity (%) 72 69 64 62 59 63 70 75 74 78 77 74 70
Wind Speed (m/s) 1.4 2.0 25 3.1 3.1 3.0 2.8 2.8 2.8 2.6 1.8 15 25
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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
FO Average 0.2 0.8 2.3 43 5.3 5.5 4.6 33 2.1 1.0 0.3 0.1 2.5
Min/Max | 0.1/02  0.7/1.0 1.7/2.7 | 3.6/4.8 4.0/62 4.2/68 | 3.3/55 2.5/4.1 16/2.8 | 08/1.2 02/03 0.0/0.1 | 2.3/2.7
Latitude -15 Average 0.8 2.5 4.5 5.9 5.9 5.5 4.7 3.7 3.2 22 1.0 0.4 3.4
Min/Max | 0.4/1.4 1.3/3.8 24/5.6 | 42/73 43/7.1 3.9/7.0 | 3.0/58 25/50 19/4.7| 16/3.0 05/1.5 02/0.8 | 2.9/3.8
Latitude Average 0.9 2.8 4.7 59 5.6 5.0 43 3.5 3.2 24 1.1 0.5 3.3
Min/Max | 0.4/1.6 14/42 24/6.0 | 42/7.4 4.0/68 3.5/64 | 2.7/53 23/48 19/47 | 1.6/32 05/1.7 02/1.0 | 2.9/3.8
Latitude +15 Average 0.9 2.9 4.7 5.6 5.0 4.3 37 3.1 3.0 2.4 1.2 0.5 3.1
Min/Max | 04/1.8 14/44 24/6.0 { 4.0/7.1 3.6/63 3.0/54 | 23/46 2043 1744 1632 06/1.8 02/10]| 2735
90 Average 0.9 2.8 4.5 5.3 4.5 3.7 3.2 2.7 2.7 2.3 1.2 0.5 2.9
Min/Max | 04/1.8  13/44 23/58 | 3.7/6.7 3.2/58 2.6/47 | 2.0/40 17/3.8 1541 | 153.1 0518 02/1.1]25/32
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 0.3 1.7 4.2 6.9 7.9 7.8 6.3 4.5 3.3 1.8 0.5 0.1 3.8
Min/Max | 0.2/0.6 1.0/2.6 23/53 | 4.6/8.8 53/102 4.8/10.6| 3.8/84 2.8/62 1.9/49 | 12/23 03/0.8 0.1/0.3 | 3.2/4.4
Latitude -15 | Average 0.8 3.0 5.8 8.3 8.7 8.3 6.7 5.0 4.1 2.7 1.1 0.4 4.6
Min/Max | 0.4/1.6 1.4/4.6 2.8/7.5 |52/108 56/11.4 4.8/11.4| 3.8/9.0 2.9/7.1 22/63 | 1.83.7 0.5/1.7 0.2/09 | 3.8/5.4
Latitude Average 0.9 3.2 5.9 8.3 8.5 8.0 6.4 4.8 4.1 2.8 1.2 0.5 4.6
Min/Max | 0.4/1.8 1.5/49 2.8/7.7 |5.1/10.8 55/11.2 4.6/11.1| 3.6/8.8 2.8/69 22/64 | 1.9/3.9 06/1.9 02/1.0 | 3.8/54
Latitude +15 Average 1.0 3.2 5.9 8.1 8.1 7.6 6.1 4.6 4.0 2.8 1.3 0.5 44
Min/Max | 0.5/1.9 1.5/5.1 2.8/7.7 |5.0/10.6 52/10.7 4.3/10.6| 3.3/84 2.6/6.6 2.1/6.2 | 1.8/3.9 0.6/1.9 0.2/1.1 | 3.7/5.3
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 1.0 3.2 5.9 8.4 8.8 8.6 6.9 5.0 4.1 2.8 1.3 0.5 47
Min/Max | 0.5/1.9 1.5/5.1 2.8/7.7 |5.2/10.8 5.8/11.7 5.1/11.9| 3.9/9.4 3.0/7.1 2.2/6.4 | 1.9/3.9 0.62.0 0.2/1.1 | 4.0/5.6
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 0.7 2.0 3.0 3.5 3.8 4.0 2.9 1.9 1.9 1.6 0.8 0.5 22
Horiz Axis | Min/Max | 0.2/1.5 04/3.6 0.7/4.4 | 1.1/53 13/64 1.4/6.4 | 09/45 07/34 08/35] 09/25 02/1.4 02/1.0]| 1.6/2.9
1-Axis, N-S | Average 0.2 1.1 2.6 42 4.8 5.0 3.6 24 2.0 1.1 0.3 0.1 23
Horiz Axis | Min/Max | 0.1/0.5 0.2/20 0.6/4.0 | 1.2/6.3 1.6/8.1 17/8.0 | 1.3/58 09/43 08/3.6 | 0.6/1.7 0.1/0.6 0.0/02 | 1.6/3.0
1-Axis, N-S | Average 0.7 2.2 3.9 5.1 5.3 5.2 3.8 2.8 2.7 1.9 0.8 0.5 2.9
Tilt=Latitude | Min/Max | 0.2/1.5 0.5/4.1 0.9/6.0 | 1.5/7.7 1.8/8.9 1.8/84 | 1.3/62 11/4.8 1.0/4.8 | 1.1/3.1 02/15 0.2/1.0| 2.1/3.8
>-Axis Average 0.7 2.3 3.9 5.2 5.6 5.7 4.1 2.9 2.7 2.0 0.9 0.5 3.0
Min/Max | 0.2/1.6  0.5/42 09/6.0 | 1.5/7.8 1.9/94 19/9.1 | 15/6.6 1.1/50 1.0/49 | 1.1/3.1 02/1.5 02/1.1 | 2.2/4.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -13.9 -15.6 -13.0 -8.0 2.0 7.7 10.8 10.1 5.8 2.2 -8.9 -13.7 3.2
Daily Minimum Temp -18.2 203 -179 | -124 -1.6 3.8 73 6.7 24 5.4 -12.6 -18.1 72
Daily Maximum Temp -9.6 -11.0 -8.1 3.6 5.6 11.6 14.3 13.4 9.3 0.9 5.3 9.4 0.7
Record Minimum Temp | -47.8 -41.1 433 | -344 -23.9 -5.0 -0.6 2.8 9.4 2233 -394 406 | -47.8
Record Maximum Temp | 6.1 8.9 6.1 10.6 25.6 27.2 30.0 272 21.7 15.0 7.2 6.1 30.0
HDD, Base 18.3°C 999 951 971 790 506 318 235 255 375 637 818 994 7849
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 72 69 71 74 74 74 79 80 75 74 74 72 74
Wind Speed (m/s) 5.2 4.6 4.5 4.7 4.6 4.5 4.5 4.9 5.2 4.9 5.1 5.0 4.8
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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 0.5 12 24 35 3.9 4.0 3.6 29 22 1.3 0.6 0.4 22
Min/Max | 0.4/0.6 09/1.6 1.9/3.1 | 2.7/44 32/51 3.5/47 | 3.0/39 24/34 1.824 | 1.1/1.5 05/0.7 0.3/0.5 | 2.0/2.5
Latitude -15 Ayerage 1.0 2.0 3.3 4.1 3.9 3.8 3.3 2.8 2.6 1.8 1.1 0.7 2.5
Min/Max ) 0.6/1.9 1.3/3.6 23/52]29/54 3.0/53 32/47 | 27/3.8 23/3.5 1.9/3.1 1.324 0.7/14 04/1.3 | 2.2/3.1
Latitude Average 1.1 2.2 34 4.0 3.6 34 3.0 2.6 25 1.9 1.1 0.8 2.5
Min/Max | 0.6/2.2 1.3/40 23/55|2.7/54 27]51 29/43 | 24/3.5 20/32 1.83.1 1.3/25  0.7/1.5 04/1.4 | 2.1/3.1
Latitude +15 Ayerage 1.1 22 33 3.7 32 3.0 2.6 2.3 2.3 1.8 1.2 0.8 2.3
Min/Max | 0.6/2.3 1.3/4.1 2.2/5.5 | 25/52 2.3/48 25/38 | 2.1/3.0 1.829 1.629 | 1.3/25 07/1.6 04/1.5 | 1.9/29
90 Ayerage 1.1 2.1 3.1 33 2.6 2.3 2.1 1.9 2.0 1.7 1.1 0.8 2.0
Min/Max | 0.523 1.2/40 19/5.2 | 2.0/46 1.9/42 20/29 | 1624 1423 1325 | 1.1/23 07/1.5 04/1.6 | 1.6/2.6
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 0.7 1.7 3.3 4.5 44 44 3.7 3.0 2.6 1.6 0.8 0.5 2.6
Min/Max | 0.4/1.3 1.1/3.0 2.3/5.2 | 3.0/6.2 3.2/65 3.5/54 | 2.84.3 23/3.8 1.8/32 | 1221 0.5/1.0 0.3/0.7 | 2.2/3.2
Latitude -15 Ayerage 1.1 2.3 4.0 49 4.6 4.3 3.6 3.1 3.0 2.0 1.1 0.8 29
Min/Max | 0.6/22 14/44 2.7/6.8 | 3.2/6.9 32/69 34/56 | 2.7/44 23/40 1938 | 14/28 0.7/1.5 0.4/1.4 | 2.4/3.7
Latitude Ayerage 1.2 2.5 4.1 4.9 4.4 4.1 34 29 2.9 2.1 1.2 0.8 2.9
Min/Max | 0.6/2.4 1.4/47 27/7.0 | 3.1/6.9 3.0/68 3.1/53 | 25/42 2.2/3.8 1.9/3.8 | 1.4/30 07/1.6 0.4/1.5 | 2.4/3.7
Latitude +15 Ayerage 1.2 2.5 4.0 4.7 4.1 3.8 3.1 2.7 2.8 2.1 1.2 0.9 2.8
Min/Max | 0.6/2.6 1.4/48 2.6/7.0 | 2.9/6.8 2.7/65 29/49 | 23/39 2.0/3.6 1.83.6 | 1.4/29 07/1.7 04/1.6 | 2.3/3.6
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 1.2 2.5 4.1 5.0 4.7 4.5 3.8 3.1 3.0 2.1 1.3 0.9 3.0
Min/Max | 0.6/2.6 1548 2.7/7.0 | 32/7.0 3.3/7.0 3.5/58 | 2.8/46 24/40 1.9/3.8| 1530 08/1.7 04/1.7 | 2.5/3.9
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 0.5 1.1 1.5 1.4 1.2 1.1 0.7 0.6 1.0 0.9 0.6 0.4 0.9
Horiz Axis Min/Max | 0.1/1.7 0.52.8 0.8/3.6 | 0.6/25 04/24 02/22 | 02/14 0.2/1.1 04/1.5) 04/1.5 03/09 0.1/0.9 | 0.7/1.4
1-Axis, N-S | Average 0.2 0.7 1.3 1.7 1.5 1.3 0.8 0.7 1.0 0.6 0.3 0.2 0.9
Horiz Axis Min/Max | 0.1/0.8 04/20 0.7/3.30.7/3.0 06/3.0 0.2/25 | 02/1.7 03/1.4 04/1.6( 0.3/1.1 0.1/05 0.1/04{0.7/14
1-Axis, N-S | Average 0.6 1.2 1.9 2.0 1.5 1.3 0.8 0.8 1.3 1.0 0.6 0.4 1.1
Tilt=Latitude | Min/Max | 0.1/1.8 0.6/3.3  1.0/47 | 0.9/3.5 0.6/32 0.2/2.6 | 02/1.8 0.3/1.5 0.52.1 | 0.6/1.8 03/1.0 0.1/0.9 | 0.9/1.8
2_Axis Average 0.6 1.3 19 2.0 1.6 14 0.9 0.9 1.3 1.1 0.6 0.4 1.2
Min/Max | 0.1/1.9 0.6/3.4 1.0/4.7 | 0.9/3.5 0.6/34 0.3/28 | 02/1.9 03/1.6 05/2.1 | 0.6/1.8 0.3/1.0 0.1/1.0 LO.9/1.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept | Oct Nov Dec Year
Temperature (°C) -3.0 -5.3 -4.3 2.1 1.8 53 7.8 8.7 7.0 32 0.6 -1.7 1.5
Daily Minimum Temp -5.3 -7.8 -7.0 -4.5 -0.4 2.8 5.8 6.9 4.6 09 -1.7 -4.0 -0.8
Daily Maximum Temp -0.7 -2.8 -1.7 04 4.1 7.7 9.8 10.6 9.3 5.6 2.8 0.7 3.8
Record Minimum Temp | -32.2 -26.7 -28.3 =222 -13.3 -8.9 2.2 -1.7 -3.9 -11.1 -15.6 -20.6 -32.2
Record Maximum Temp 89 6.7 10.0 8.9 14.4 16.7 17.2 18.9 16.1 12.2 10.0 11.1 18.9
HDD, Base 18.3°C 661 663 703 612 513 392 326 298 340 468 533 620 6128
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 84 84 85 85 87 90 93 93 88 82 82 83 86
Wind Speed (m/s) 8.6 8.9 8.3 8.0 6.8 6.1 5.5 6.1 7.0 8.0 8.4 8.8 7.5
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 26528

LATITUDE: 62.30° N
LONGITUDE: 150.10° W
ELEVATION: 105 meters

Monthly Radiation (kWh/m2/day)

-!— MEAN PRESSURE: 996 millibars
STATION TYPE: Secondary
: 1961-1990 Average
0 4+ttt
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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 0.3 1.0 23 4.1 4.8 5.0 4.7 3.6 2.3 1.2 0.4 0.2 25
Min/Max | 03/03 0.8/1.3 1.6/2.7 | 3.4/47 4.0/62 43/6.0 | 3.9/57 3.043 17728 | 10/L.3 0.4/0.6 0.1j0.2 | 2.3/2.7
Latitude -15 Ayerage 1.2 25 4.1 55 52 5.0 4.8 4.2 33 2.3 1.4 0.7 33
Min/Max | 0.6/1.9 1.5/44 2.1/54 | 44/69 43/7.3 4.1/6.1 | 3.7/6.1 3.3/53 2.0/45| 1529 09/22 03/1.5 | 3.0/3.6
Latitude Average 1.3 27 4.3 54 49 4.5 4.4 3.9 33 24 1.6 0.8 33
Min/Max | 0.6/22 15/5.0 2.1)5.7 | 43/7.0 39/70 3.7/56| 3.3/56 3.0/51 20/4.6| 1531 1.0/25 0.3/1.7| 2.9/3.6
Latitude +15 Average 1.4 2.8 4.2 52 44 3.9 3.8 3.5 3.1 2.4 1.7 0.9 3.1
Min/Max | 0.6/23 1.6/52 2.0/57 | 4.0/6.7 3.4/64 32/48 | 2.9/49 2745 1843 | 1532 1.0/2.6 03/19 |2.7/3.4
90 Average 1.4 27 4.0 4.8 3.8 32 3.2 3.0 2.8 23 1.7 0.9 2.8
Min/Max | 0.6/2.3 15/5.1 1.8/55 | 35/62 29/58 27/40| 24/41 2339 16/40| 1431 1026 03/19 | 25/3.1
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 0.6 1.8 3.9 6.3 6.8 6.5 6.2 4.9 34 1.9 0.9 0.3 3.6
Min/Max | 03/0.9 1.2/32 2.0/5.2 | 5.0/8.5 53/94 52/8.6| 4.7/84 3.6/66 2.0/46| 1323 0.6/1.3 0.1/0.6 | 3.2/4.1
Latitude -15 A_Verage 1.3 2.9 5.2 75 7.3 6.8 6.6 5.5 4.2 2.7 1.6 0.8 44
Min/Max | 0.6/2.1 1.6/5.5 2.4/7.2 |58/103 57/10.5 5.3/9.1 | 4.7/9.0 3.9/75 23/59 | 17/35 1.0/25 03/1.6 | 3.8/49
Latitude Ayerage 14 3.1 53 7.5 7.1 6.6 6.3 5.3 4.2 28 1.8 0.9 4.4
Min/Max | 0.6/24 17/59 2.4/74 |5.8/10.3 5.5/104 5.1/8.8 | 4.4/88 3.7/73 23/6.0 | 1.7/3.7 1.0/2.8 0.3/1.8 | 3.8/4.9
Latitude +15 Average 1.5 3.2 5.3 7.3 6.8 6.2 59 5.0 4.1 2.8 1.8 0.9 4.2
Min/Max | 0.7/25 1.7/6.1  2.3/74 |5.6/10.1 52/10.0 4.7/83 | 4.1/83 3.5/7.0 22/58 | 1.7/3.7 1.1/2.9 04/2.0 | 3.6/4.7
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
2 Axis Average L5 3.2 53 7.5 7.5 7.1 6.8 5.5 4.2 2.8 1.8 0.9 4.5
- Min/Max | 0.7/2.5 L7/6.1 2.5/7.4 |59/103 58/10.6 55/94 | 4.8/9.3 3.97.6 24/60| 1.8/37 1129 04/2.0 | 3.9/.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 1.0 1.8 2.6 3.1 3.1 29 2.8 23 2.0 1.5 1.2 0.7 2.1
Horiz Axis Min/Max | 0.2/1.9 0.4/44 0942 | 1.7/5.1 1.5/4.8 1.6/45| 1.2/45 12/37 08/32 | 0.623 0420 02/1.7 | 1724
1-Axis, N-S | Average 0.4 1.1 23 3.6 3.9 3.6 34 2.7 2.0 1.0 0.5 0.2 2.1
Horiz Axis Min/Max | 0.1/0.7 0.3/2.7 0.8/3.8 | 2.0/62 1.8/6.0 2.1/57 | 1.6/5.6 1.4/45 0.8/3.2 | 04/1.5 02/09 0.1/0.5 | 1.62.5
1-Axis, N-S | Average 1.0 2.1 34 4.4 4.3 37 3.6 32 2.7 1.8 1.2 0.6 27
Tilt=Latitude | Min/Max | 0.2/2.0 0.5/5.1 12/5.6 | 2.5/7.5 2.0/6.5 2.1)59 | 1.6/59 1.6/52 1.0/44 | 0.8/27 05/22 02/1.6 | 2.1/3.1
2 Axis Average 1.1 2.1 34 4.5 4.5 4.0 39 33 2.7 1.8 1.3 07 2.8
Min/Max | 0.3/2.1 05/52 1.2/56 | 2.5/7.6 2.1/69 23/6.4 | 1.8/64 16/53 10/44 | 08/2.8 0523 02/1.8 | 22/33
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -12.3 -9.6 -5.8 0.5 7.2 12.5 14.7 12.8 7.8 -0.4 -8.6 -11.5 0.6
Daily Minimum Temp -17.4 -15.6 -12.3 -5.3 1.0 6.9 9.4 7.6 2.6 -4.9 -13.4 -16.2 -4.8
Daily Maximum Temp -7.1 =37 0.8 6.3 13.3 18.0 19.8 18.1 13.1 4.1 -3.8 -6.8 6.0
Record Minimum Temp | -44.4 -43.3 -41.7 | -383 -20.6 2.2 0.6 -39 94 -29.4 -40.6 428 | -444
Record Maximum Temp 7.2 10.6 11.7 20.6 27.8 32.8 322 294 25.6 20.0 10.0 8.3 32.8
HDD, Base 18.3°C 949 782 747 535 344 175 114 171 315 582 808 925 6448
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 72 72 69 68 66 70 75 81 82 81 76 75 74
Wind Speed (m/s) 2.9 2.7 2.7 25 2.5 2.6 24 2.0 1.9 2.1 2.7 2.8 2.5
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WBAN NO. 25339

LATITUDE: 59.52° N
LONGITUDE: 139.67°
ELEVATION: 9 meters

w

MEAN PRESSURE: 1009 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m2/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%

e
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Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 0.4 1.0 22 35 4.1 44 4.2 34 22 1.1 0.5 0.3 23
Min/Max | 0.2/0.5 0.7/1.4 1.6/2.8 | 2.6/47 3.5/49 33/51) 3.653 2741 1773.0| 09/1.3 0.4/0.7 02/03 | 2.0/2.5
Latitude -15 Average 1.0 1.9 32 4.2 4.2 4.2 4.1 3.7 2.8 1.7 1.2 0.7 2.8
Min/Max | 0.3/1.7 1.1/3.5 2.0/49 | 2.9/6.1 3.4/54 3.0/50 | 3.5/55 2.8/47 2.0/44 | 1.2/24 06/22 03/1.5 | 2.4/3.0
Latitude Average 12 2.1 33 42 39 3.8 3.7 3.5 2.7 1.8 1.3 0.8 2.7
Min/Max | 0.3/1.9 1.1/3.9 2.0/5.1 | 27/6.1 3.1/52 2.7/46 | 3.1/51 25/44 19/44 | 12/25 0624 03/1.7|23/3.0
Latitude +15 Average 1.2 2.1 33 39 35 33 3.2 3.1 25 1.7 1.3 0.8 2.5
Min/Max | 0.3/2.0 1.1/41 1.9/5.1 | 2.5/5.8 2.7/48 23/39 | 2.7/44 23/40 1.7/41 | 1.1/25 06/2.6 03/19 | 2.1/2.8
90 Average 1.2 2.0 3.1 35 2.8 2.6 2.6 2.6 22 1.6 1.3 0.8 22
Min/Max | 0.3/2.1 1040 1848 | 21/52 23/42 193.1| 22/35 1933 1537 | 1024 05725 03/1.9 | 1.8/2.5
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 0.6 1.5 32 49 53 5.3 5.0 4.3 2.9 1.5 0.8 0.4 3.0
Min/Max | 0.2/1.0 09728 2.1/48 | 3.3/7.5 4.1/6.7 3.6/6.7| 3.9/74 3.1/58 19/4.8 | 1.0/2.1 04/1.5 0.2/0.8 | 2.6/3.3
Latitude -15 Average 1.1 22 4.0 5.5 55 54 5.2 4.7 34 2.0 1.3 0.8 34
Min/Max | 0.3/1.9 1.1/43 24/6.3 | 3.6/8.6 42/7.2 35/69 | 3.9/79 33/64 21/59 | 13/29 05725 03/1.6 | 2.9/38
Latitude A_Verage 1.2 2.3 4.0 5.5 5.3 5.1 4.9 4.5 34 2.0 1.4 0.8 34
Min/Max | 0.3/2.1 1.2/4.6 25/6.5 | 3.5/8.6 4.0/69 3.3/6.6 | 3.6/7.6 32/62 20/59 | 13/3.0 0.6/2.8 03/1.9 | 2.9/3.8
Latitude +15 Average 1.3 2.4 4.0 5.3 5.0 4.8 4.6 4.3 32 2.0 1.4 0.9 33
Min/Max | 0.3/2.2 1.2/47 24/6.5 | 3.3}84 3.7/6.7 3.1/62 | 3.3/7.2 29/59 1.9/57 | 1.3/3.0 0.6/2.9 0.3/20 | 2.8/3.7
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
2_Axis Ayerage 1.3 24 4.1 5.6 57 5.6 5.3 4.7 34 2.0 14 0.9 35
Min/Max | 0.3/22 1.2/47 25/65 | 3.6/86 43/73 3772 ] 40/81 33/64 2.1)59| 1330 0.6/29 03/2.0 | 3.053.9
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 0.7 1.1 1.6 2.0 2.0 1.9 1.8 1.7 1.3 0.9 0.8 0.5 1.4
Horiz Axis Min/Max | 0.1/1.5 0.2/3.0 0.8/3.2 | 1.0/3.7 1.0/32 0.7/29 | 0.7/3.8 0.7/28 04/32 | 03/1.7 0.1/1.9 0.1/14 | 1.1/1.7
1-Axis, N-S | Average 0.3 0.7 1.5 2.5 2.6 24 2.3 2.1 14 0.7 04 0.2 1.4
Horiz Axis Min/Max | 0.1/0.6 02/1.9 0.7/3.0 | 1.3/47 13/40 0.9/3.7 | 09/48 0.8/35 04/35 | 03/1.3 0.1/1.0 0.0/0.5 | 1.2/1.8
1-Axis, N-S | Average 0.7 1.3 22 2.9 2.8 24 23 2.4 1.9 1.1 0.8 0.5 1.8
Tilt=Latitude | Min/Max | 0.1/1.5 0.3/3.5 1.1/42 | 1.5/54 1.4/44 09/3.8 | 0.9/50 0.9/40 0.5/45 | 04/2.1 0.1/21 0.1/1.4 | 1.5/2.2
2-Axis Ayerage 0.8 1.3 22 3.0 2.9 2.6 2.5 2.5 1.9 1.1 0.9 0.5 1.9
Min/Max | 0.1/1.6  03/3.6 1.1/42 | 1.5/55 1.5/4.6 10/4.1 | 1.0/53 09/4.1 0545 | 0422 02722 0.1/15 ]| 1.5/2.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.8 22 -0.6 2.4 6.3 9.7 12.0 11.8 9.0 4.9 -04 -2.7 3.9
Daily Minimum Temp -74 -6.1 -4.6 -1.6 2.5 6.3 8.8 8.1 5.0 1.5 -3.8 -6.1 0.2
Daily Maximum Temp -0.3 1.7 34 6.4 10.0 13.1 15.2 154 12.9 8.4 2.9 0.6 7.5
Record Minimum Temp | -30.0 -28.9 -28.9 -16.1 -6.1 -1.7 1.7 -1.7 -6.1 -14.4 -21.1 -31.1 -31.1
Record Maximum Temp | 12.8 12.2 15.0 20.0 26.1 27.8 28.9 30.0 25.0 17.2 12.8 11.1 30.0
HDD, Base 18.3°C 687 576 586 478 374 260 196 203 280 415 562 653 5269
CDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
Relative Humidity (%) 83 83 81 81 83 84 88 88 89 88 85 84 85
Wind Speed (m/s) 32 3.1 3.0 3.0 32 3.1 2.9 2.8 3.0 34 3.1 32 3.1
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Variabhility of Latitude Fixed-Tilt Radiation

WBAN NO. 13876

LATITUDE: 33.57° N

LONGITUDE: 86.75° W
ELEVATION: 192 meters

3 MEAN PRESSURE: 996 millibars
2 -
L STATION TYPE: Secondary
1 -
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 | 25 33 44 55 6.0 6.2 5.9 5.6 4.8 4.0 2.8 2.3 44
Min/Max | 2.3/3.0 2.8/40 3.7/52 | 47/6.1 53/68 5.3/72 | 53/6.8 4.8/63 4.0/54 | 32/4.6 22/33 2.0/2.7 | 42/4.6
Latitude -15 | Average 33 4.0 4.9 5.7 6.0 6.1 5.8 5.8 5.2 4.8 3.6 3.1 4.9
Min/Max | 2.8/4.2 32/5.1 4.1/6.0 | 49/65 53/69 5270 | 52/68 4.8/65 43/60 | 3.7/57 2.6/43 24/37 | 4.6/5.1
Latitude Average | 3.7 44 5.1 5.6 5.6 5.6 5.4 5.6 53 5.2 4.1 35 4.9
Min/Max | 3.0/4.9 3.4/56 4.1/6.3 | 4.8/6.4 5.0/65 4.8/65 | 4863 4.7/63 42/6.1 | 3.8/62 2.7/50 2.7/4.3 | 4.6/5.2
Latitude +15 | Average | 3.9 4.5 5.0 5.2 5.0 4.9 4.8 5.1 5.1 52 4.3 38 4.7
Min/Max | 3.1/53  3.5/59 4.0/6.2 | 4.5/59 44/57 42/56| 43/55 42/58 40/59 | 3.8/64 2.8/53 2.8/4.7 | 4.5/5.0
90 Average | 34 3.6 34 2.9 23 2.1 2.2 2.6 32 39 3.6 34 3.0
Min/Max | 2.6/47 27/48 2.7/42 ] 2.632 2225 1922 | 2.1/23 23/29 25/37 | 28/49 2.2/46 2.4/43 | 29733

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 3.5 4.5 5.8 7.1 7.6 7.8 72 7.1 6.2 5.5 39 32 5.8
Min/Max | 2.8/4.6 3.4/5.8 4.5/7.4 | 58/83 6.4/92 6.3/9.3 | 6.2/87 56/83 48/72 ) 4.0/67 2.6/4.8 2.4/39 | 54/6.1
Latitude -15 Average 4.1 5.0 6.2 73 7.6 7.7 7.2 72 6.5 6.1 4.5 3.8 6.1
Min/Max | 3.2/54 3.8/6.6 4.8/8.0 | 59/8.6 64/92 62/9.2 | 6.1/87 57/85 5177 | 43/7.5 2.9/56 2.8/47 | 5.7/6.5
Latitude Average 4.4 53 6.3 73 7.4 7.4 6.9 7.1 6.6 6.3 4.8 4.1 6.2
Min/Max | 3.4/59 4.0/7.1 4.9/82 | 59/8.6 62/90 6.0/88 | 59/84 56/83 51/7.8 | 45/79 3.0/6.1 3.0/52 | 5.7/6.6
Latitude +15 Ayerage 4.6 5.4 6.2 7.0 6.9 6.9 6.5 6.7 6.4 6.4 5.0 4.3 6.0
Min/Max | 3.5/63 4.0/7.2 4.8/82 | 5.6/82 58/84 56/82 | 55/7.8 53/79 4.9/7.6 | 4580 3.0/6.3 3.1/55 | 5.6/6.4
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
2-Axis Average 4.6 54 6.3 7.4 7.7 7.8 7.3 72 6.6 6.4 5.0 44 6.4
Min/Max | 3.5/6.3 4.0/7.3 49/83 | 6.0/86 6.5/93 64/94 | 62/89 57/85 5.1/7.8 | 4580 3.1/64 3.1/5.6 | 5.9/6.8
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 2.6 2.9 3.0 34 3.4 34 3.0 3.1 3.0 34 2.8 2.5 3.1
Horiz Axis Min/Max | 1.6/42 1.8/44 1.9/4.6 | 2.5/44 25/47 24/47 | 2.3/42 2041 1939 | 1947 1.1/40 14/3.6 | 2.7/3.5
1-Axis, N-S | Average 2.2 2.9 3.6 45 4.5 4.5 3.9 4.0 3.6 3.6 2.4 2.0 35
Horiz Axis Min/Max | 1.4/3.4 1.7/44 23/55 | 32/58 32/64 3.0/6.1| 29/55 26/54 23/48 | 2.1/50 1.0/3.5 1.1/2.8 | 3.0/4.0
1-Axis, N-S | Average 29 3.6 4.1 4.6 4.3 4.2 3.7 4.0 39 43 32 2.8 3.8
Tilt=Latitude | Min/Max | 1.8/4.7 2.1/54 2.6/6.2 | 3.3/59 3.1/6.1 2.8/57 | 2.7/52 2.6/54 25/52 | 2.5/59 1.3/4.6 1.6/3.9 | 3.3/4.3
2_Axis Average 3.1 3.6 4.1 4.7 4.6 4.5 4.0 4.1 4.0 44 34 3.0 4.0
Min/Max | 2.0/50 22/5.6 2.6/62 | 3.3/6.0 33/65 3.1/6.2 | 29/56 2.7/55 25/52| 25/6.0 14/48 1.7/42 | 3.5/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 5.3 7.6 12.3 16.7 20.8 24.6 26.6 26.1 23.0 16.9 11.7 7.3 16.6
Daily Minimum Temp -0.4 1.4 5.7 9.6 143 184 20.8 204 172 10.1 53 1.6 104
Daily Maximum Termp 109 138 189 237 27.2 30.8 322 317 28.8 237 18.1 132 22.8
Record Minimum Temp | -21.1 -16.1 -11.7 -3.3 1.7 5.6 10.6 10.6 2.8 -2.8 -150  -17.2 | 211
Record Maximum Temp | 27.2 28.3 31.7 333 37.2 389 41.1 39.4 37.8 344 289 26.7 41.1
HDD, Base 18.3°C 405 300 194 75 17 0 0 0 4 82 202 341 1621
CDD, Base 18.3°C 0 0 8 25 93 188 255 241 144 39 4 0 998
Relative Humidity (%) 70 67 64 65 70 72 74 75 74 71 71 71 70
Wind Speed (m/s) 3.4 3.8 3.8 3.6 3.0 2.6 25 2.4 2.8 2.7 3.0 3.3 3.1
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 03856

LATITUDE: 34.65° N
LONGITUDE: 86.77° W
ELEVATION: 190 meters

MEAN PRESSURE: 995 millibars

Monthly Radiation (kWh/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 | 24 3.1 4.1 53 59 6.3 6.1 5.7 4.7 3.9 2.7 2.1 44
Min/Max | 1.92.8 2.7/39 3.5/51| 4560 53/69 52/72| 52/69 4.7/63 42/53| 32/46 22/30 1925 | 42/46
Latitude -15 | Average | 3.1 3.8 4.7 5.6 5.9 6.2 6.0 5.9 52 4.7 35 2.9 4.8
Min/Max | 2.3/3.9 3.2/5.1 3959 48/64 52/69 517.1 | 51/68 47/6.6 4559 | 3758 2741 2335 4.6/5.1
Latitude Average | 3.5 42 4.8 5.5 5.6 5.7 5.6 5.7 53 5.0 3.9 3.3 4.8
Min/Max | 2.5/4.5 3.4/5.6 4.0/62 |4.7/63 4.9/65 4.7/65 | 4.8/63 45/63 45/6.0| 3.9/63 2.9/4.7 2.5/4.1 | 4.6/52
Latitude +15 | Average | 3.7 43 4.7 5.1 5.0 49 4.9 52 5.0 5.1 4.1 35 4.6
Min/Max | 2.5/4.8 3.5/59 3.9/6.1 | 4.3/59 4.4/5.7 4.1/56 | 4.2/55 4.1/58 4.3/58 | 3.8/65 2.9/4.9 2.6/44 | 4.4/50
90 Average | 3.2 34 33 29 24 2.1 22 2.7 32 3.9 3.4 3.1 3.0
Min/Max | 2.1/43 2.8/4.8 2.7/42 | 2533 22026 1923 | 2.1/24 23/3.0 2.8/37 | 2.8/50 24/43 22/40 | 2.8/32
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 55 7.0 7.6 8.0 7.6 73 6.1 53 3.6 2.9 5.7
Min/Max | 2.3/4.1  3.4/57 4.5/7.3 | 56/82 6.5/94 63/93 | 62/9.1 5583 50/7.1| 4.0/6.7 2.74.4 2.2/36 | 5.3/62
Latitude -15 | Average | 3.8 4.7 59 7.3 7.6 7.9 7.6 75 6.5 59 4.2 3.4 6.0
Min/Max | 2.6/49 3.8/6.6 4.8/79 | 5886 6594 6.2/93 | 62/9.0 56/85 53/7.6| 4476 3.0/52 2.6/44 | 56/6.6
Latitude Average | 4.1 5.0 6.0 7.2 74 7.6 73 73 6.6 6.2 4.5 3.8 6.1
Min/Max | 2.7/54 4.0/7.1 49/8.1 | 5785 6.3/9.1 5989 | 59/87 54/84 53/77 | 4580 3.2/57 2.8/4.8 | 5.7/6.7
Latitude +15 | Average | 4.3 5.1 59 6.9 6.9 7.1 6.8 7.0 6.4 6.2 4.7 3.9 59

Min/Max | 2.8/5.7 4.0/72 4.8/8.0 | 5582 59/86 55/83 | 55/81 51/80 52/7.6 | 45/8.1 3.3/59 29/5.1 | 5.5/6.5

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
2-Axis Average 4.3 5.1 6.0 7.3 7.7 8.1 7.7 7.5 6.6 6.3 4.7 4.0 6.3
Min/Max | 2.8/58 4.1/7.3 4.9/8.1 | 5.8/8.6 6.6/95 63/94 | 63/92 56/86 53/7.7| 4.6/81 33/59 2.9/52 | 5.8/69
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 29 3.4 3.5 37 3.5 3.4 3.1 34 2.7 23 3.1
Horiz Axis Min/Max | 12/3.6 1.7/46 2.0/4.5 | 2.4/44 26/50 24/50 | 2.4/47 1942 2.1/40 | 2.1/48 1.4/3.6 1.3/3.3 ]| 2.7/3.6
1-Axis, N-S | Average 1.9 2.6 34 4.5 4.7 4.9 4.5 44 37 35 23 1.7 3.5
Horiz Axis Min/Max | 1.0/29 1.7/44 24/54 | 3.0/58 35/6.7 3.1/6.4 ! 3.1/6.1 25/55 2.5/49 | 22/51 1.2/3.1 1.0/25 | 3.1/4.1
1-Axis, N-S | Average 2.7 33 3.8 4.7 4.5 4.5 42 4.5 4.1 4.2 3.0 2.5 3.8
Tilt=Latitude | Min/Max | 1.4/4.0 22/56 2.7/6.1 | 3.1/60 3.4/64 29/6.0 | 2.9/58 25/55 2.7/53| 2.6/6.1 1642 1.4/35 | 3.4/4.5
2-Axis Average 2.9 34 3.8 4.7 4.7 49 4.5 4.6 4.1 4.3 32 2.7 4.0
Min/Max | L.4/43 2257 27/6.1 | 32/6.1 3.6/6.8 3.2/65 | 3.1/62 2.5/57 27/53| 2.6/62 1.7/44 15/3.8 | 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 11.1 16.0 20.2 243 26.1 25.7 22.3 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 4.7 0.6 9.8
Daily Maximum Temp 9.0 11.9 17.1 22.5 26.3 30.3 31.7 31.6 28.2 22.8 16.9 11.4 217
Record Minimum Temp | -23.9 -14.4 -14.4 -33 22 7.2 12.2 12.2 4.4 -1.7 9.4 -194 | 239
Record Maximum Temp | 24.4 26.1 28.9 322 33.9 38.3 38.9 394 38.3 322 28.3 25.0 394
HDD, Base 18.3°C 451 341 232 88 23 0 0 0 7 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 4.5 4.2 3.5 3.0 2.8 2.7 3.1 33 3.8 4.2 3.6
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13894

_'_ LATITUDE: 30.68° N
LONGITUDE: 88.25° W

ELEVATION: 67 meters

MEAN PRESSURE: 1010 millibars

Monthly Radiation (kWh/m2/day)

21 i
STATION TYPE: Secondary
1 {
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 2.7 3.5 44 54 5.9 59 5.6 52 4.7 42 3.1 2.5 44
Min/Max | 2.2/3.2 2.9/4.0 3.7/52 | 4.7/6.6 4.9/6.9 5.0/6.8 | 48/65 45/62 4.1/55| 35/50 2.3/3.7 22/3.0 42/47
Latitude -15 Average 33 4.1 4.9 5.6 5.8 5.8 5.5 53 5.1 4.9 3.8 32 4.8
Min/Max | 2.5/4.1 3.3/4.8 4.0/58 | 4.8/6.9 49/69 4.9/66 | 4.7/64 4.5/64 44/6.0 | 3.9/59 2.5/47 2.6/3.9 | 4.5/5.1
Latitude Ayerage 3.7 4.5 5.0 5.6 5.5 54 5.1 52 5.1 52 4.3 3.6 4.9
Min/Max | 2.7/4.8  3.5/53 4.0/6.0 | 4.7/6.8 4.6/65 4.6/6.1 | 44/6.0 4.3/62 4.4/62 | 4.1/64 2.7/54 2.8/4.6| 4.6/5.2
Latitude +15 Average 4.0 4.6 4.9 5.2 4.9 4.7 4.5 4.7 4.9 53 4.5 3.9 4.7
Min/Max | 2.7/5.1  3.6/55 3.9/59 | 4.4/6.3 42/57 4.0/53 | 3.9/52 4.0/56 4.2/6.0| 4.1/6.5 2.8/5.8 3.0/5.0 | 4.4/5.0
90 Average 33 3.6 32 27 2.1 1.9 19 23 3.0 3.9 3.7 34 2.9
Min/Max | 2.2/45 2.8/43 25/3.8 | 233.1 2023 1820 | 1.82.1 2126 2536 | 2.9/48 2149 2545 273.1
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 7.4 7.4 6.8 6.5 6.1 57 42 34 5.7
Min/Max | 2.6/4.6 3.6/58 45/7.1|57/9.1 5892 6.0/8.8| 56/83 52/81 50/74 | 44/7.1 2754 2.7/44 | 53/6.2
Latitude -15 Average 4.1 5.2 6.1 72 7.4 73 6.7 6.6 6.3 6.2 4.7 3.9 6.0
Min/Max | 2.8/53 3.9/63 47/75|58/94 5892 5987 56/82 52/82 53/78 | 48/78 2962 3.0/5.11 55/6.5
Latitude Average 44 5.5 6.2 7.1 7.2 7.0 6.5 6.5 6.4 6.5 5.1 4.2 6.1
Min/Max | 2.9/5.8 4.1/6.7 4.7/7.7 | 5.7/94 56/89 57/83 | 53/79 5.1/81 53/80 | 49/8.1 3.0/6.7 3.2/56| 5.6/6.6
Latitude +15 Average 4.6 55 6.2 6.9 6.7 6.5 6.1 6.2 6.2 6.6 5.3 44 5.9
Min/Max | 3.0/6.1 42/68 4.6/7.6 | 55/9.0 52/84 53/7.7 | 50/7.4 48/77 5.1/7.8 | 4982 3.0/7.0 3.3/59 | 55/6.4
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
2_Axis Average 4.6 5.6 6.3 7.2 7.5 7.4 6.8 6.6 6.4 6.6 53 4.5 6.2
Min/Max | 3.0/6.1 4.2/6.9 4.7/7.7 | 5.8/9.5 5.8/9.3 6.0/89 | 56/84 5.2/83 53/80 | 49/82 3.1/7.0 3.4/6.0 | 5.8/6.8
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 2.5 3.0 3.0 34 34 32 2.8 2.7 28 35 3.0 2.6 3.0
Horiz Axis Min/Max | 1.1/3.8 2.0/40 1.8/42 | 2.3/52 2.0/49 22/43 | 20/4.1 1.6/41 1.8/42| 23/49 12/44 15/38|2.6/3.5
1-Axis, N-S | Average 22 3.0 3.6 4.5 4.4 4.2 3.6 3.6 3.6 3.8 2.7 2.1 34
Horiz Axis Min/Max | 1.0/3.3 2.0/4.2 2.1/51 | 3.0/7.0 2.6/65 2.8/57 | 2.6/53 2.1/54 24/52 | 25/54 1141 1.2/32 | 3.0/4.0
1-Axis, N-S | Average 29 3.6 4.0 4.5 4.2 39 34 3.6 3.8 4.5 34 2.8 3.7
Tilt=Latitude| Min/Max | 1.3/4.3 2.4/50 2.3/5.6 | 3.0/7.1 2.5/63 2.6/53 | 24/49 21/53 25/56 | 29/63 14/51 1.6/42 | 32/43
2 Axis Average 3.1 37 4.0 4.6 4.5 42 3.6 37 3.8 4.5 3.6 3.0 39
X1 Min/Max | 1.3/4.6 25/52 23/5.6 | 3.1/72 2.6/6.6 28/57 | 2.6/53 22/55 25/56 | 29/63 15/54 1.8/4.6| 3.3/4.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.9 11.8 15.8 19.9 23.6 26.9 279 277 25.5 202 15.4 11.7 19.7
Daily Minimum Temp 4.4 59 10.1 13.9 18.0 21.5 229 227 204 14.1 9.5 6.2 14.1
Daily Maximum Temp 15.4 17.6 21.6 25.8 292 32.2 329 325 305 264 213 17.2 25.2
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 -l16.1
Record Maximum Temp | 28.9 27.8 322 34.4 37.8 38.9 40.0 38.9 372 339 30.6 272 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 73 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 3.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13895

LATITUDE: 32.30° N
LONGITUDE: 86.40° W
ELEVATION: 62 meters

MEAN PRESSURE: 1011 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary

1961-1990 Average

¢ 1 $ |

T T N R
J FMAMJI J A S O N D Y

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 2.7 35 4.5 5.7 6.2 6.4 6.1 5.7 49 42 30 2.5 4.6
Min/Max | 2.2/3.2 2.6/4.1 37/53 | 4.8/64 55/72 52/7.1 | 52/6.7 5.0/6.6 4.1/57 | 3.5/49 24/35 2.1/2.9 | 4.2/49
Latitude -15 Average 34 42 50 59 6.2 6.3 6.0 59 53 4.9 3.8 33 50
Min/Max | 2.7/4.2 3.0/5.1 4.1/6.0 | 5.0/6.8 55/72 5.0/69 | 51/6.6 5.1/6.8 4.4/63 | 4.0/59 2.8/45 2.6/39 | 4.6/53
Latitude Average 3.8 4.6 52 58 58 5.8 5.6 5.7 54 53 43 3.7 5.1
Min/Max | 3.1/4.8 3.2/56 4.2/63 | 49/6.7 52/6.8 4.7/64 | 4.8/62 4.9/6.6 44/64 | 4.3/63 3.0/52 2.8/4.6 | 4.6/54
Latitude +15 Average 4.0 4.7 5.1 5.4 52 5.1 4.9 52 52 54 4.5 4.0 4.9
Min/Max | 3.2/52 32/59 4.1/62 | 46/62 4.6/6.1 4.1/56 | 4.3/54 45/6.0 4.1/6.1 | 42/65 3.1/55 3.0/49 | 4.4/5.1
90 Average 35 3.7 34 29 2.3 2.1 2.2 2.6 3.2 4.0 3.8 3.5 3.1

Min/Max | 2.7/4.6 2.5/4.6 2.7/42 | 2533 22/26 2022 | 1923 2329 25/3.7| 3.1/48 25/47 2.5/45 | 2.8/32

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 5.9 73 7.8 79 7.3 7.1 6.3 5.7 4.1 3.4 5.9
Min/Max | 2.8/4.7 3.2/6.0 4.7/7.5 | 59/8.7 6.8/9.5 58/9.1 | 59/84 59/85 50/77| 4570 29/50 26/42 | 53/64
Latitude -15 Average 42 5.3 6.3 7.6 7.8 7.8 7.3 72 6.6 6.2 4.7 4.0 6.3
Min/Max | 3.2/55 3.5/6.7 5.0/8.0 | 6.1/9.0 68/9.6 57/9.0 | 59/83 6.0/87 52/81 | 4.8/77 3.2/58 3.0/5.0 | 5.6/6.7
Latitude Average 4.5 5.5 6.5 7.5 7.6 75 7.0 7.1 6.7 6.5 5.1 4.4 6.3
Min/Max | 3.5/6.0 3.7/7.1 5.1/82 | 6.1/)89 6.6/9.3 55/86 | 57/80 59/8.6 52/82 | 5.0/81 3.4/63 3.2/55 | 5.6/6.8
Average 4.7 5.6 6.4 7.2 7.1 7.0 6.5 6.7 6.5 6.6 52 4.6 6.2

Latitude +15 | i /Max | 3.6/63 37773 50/82 | 58/8.6  62/88  5.1/80 | 5375 5681 5080 | 5082 34/65 33/58 | 5.5/6.6

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 | 4.7 5.6 6.5 7.6 7.9 8.0 7.4 7.2 6.7 6.6 53 47 6.5
Min/Max | 3.7/63  3.8/73  5.1/83 | 62/9.1 69/9.7 5892 | 6085 6.1/87 52/82| 51/82 34/66 3.3/59 | 58/7.0

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 2.7 3.0 3.1 3.6 35 35 3.0 3.0 3.0 35 3.0 2.7 3.1
Horiz Axis Min/Max | 1.7/4.0 1.8/44 1.9/45 | 2.5/47 2.6/49 1.7/45| 19/39 2.2/44 2.0/4.1 | 2.3/47 14/40 15/3.8|2.7/35
1-Axis, N-S | Average 23 3.1 37 4.7 4.7 4.5 3.9 3.9 37 3.8 2.6 22 3.6
Horiz Axis Min/Max | 1.5/3.5 1.7/45 23/55 | 3.1/6.2 35/65 22/58 | 2.4/50 2.8/56 24/51| 24/52 1.2/3.6 1.2/3.0| 3.0/4.0
1-Axis, N-S | Average 3.0 3.7 42 4.8 45 42 3.7 39 39 44 34 3.0 39
Tilt=Latitude | Min/Max | 2.0/4.6  2.1)5.5 2.5/6.1 | 3.3/6.3 3.3/63 2.0/54 | 23/47 28/56 2.6/55 | 2.8/6.1 15/46 1.6/4.1 | 3.3/44
2-Axis Average 32 3.8 42 4.9 4.7 4.5 3.9 4.0 3.9 4.5 3.6 32 4.0

Min/Max | 2.1/49 22/56 2.5/6.1 | 3.3/64 3.5/6.6 22/59 | 24/5.1 29/58 26/56 | 2.9/6.1 1.6/49 1.8}4.5 3.4/4.6

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 7.8 9.9 14.0 18.2 222 259 274 27.0 24.7 18.8 13.7 9.7 18.3
Daily Minimum Temp 2.1 3.8 7.6 11.6 16.0 19.9 21.9 21.6 189 11.8 7.0 3.7 122
Daily Maximum Temp 135 16.0 20.3 24.7 28.3 31.9 32.8 324 30.6 25.7 204 15.7 243
Record Minimum Temp | -17.8 -12.2 =72 2.2 4.4 9.4 15.0 13.9 39 -3.3 -10.6 -15.0 -17.8
Record Maximum Temp | 28.3 204 31.7 32.8 36.7 40.6 40.6 40.0 38.3 37.8 30.6 29.4 40.6
HDD, Base 18.3°C 330 237 146 43 3 0 0 0 0 51 152 273 1236
CDD, Base 18.3°C 4 0 12 38 122 228 281 269 192 64 12 6 1229
Relative Humidity (%) 70 67 66 67 71 72 76 76 74 71 72 71 71

Wind Speed (m/s) 3.4 3.6 3.7 33 2.7 25 25 2.3 2.6 25 2.9 33 3.0
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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 | 26 34 4.4 54 6.0 6.5 6.6 6.0 4.3 3.9 2.8 23 4.6
Min/Max | 2.2/3.0 2.8/3.8 3.8/52 | 47/63 53/69 58/73 | 58/7.7 5.1/65 4.1/5.6 | 3.1/45 22/32 2.1/2.7 | 4.4/4.8
Latitude -15 | Average | 3.6 42 5.0 5.7 6.0 6.3 6.5 6.2 53 4.8 3.6 32 5.1
Min/Max | 2.7/4.3  3.4/5.0 4.1/6.1 | 4.9/6.7 53/69 5.6/7.1 | 57/7.5 5.2/68 4563 | 3.6/56 2.7/44 2841 | 4.8/54
Latitude Average | 4.1 4.6 5.2 5.6 5.7 5.8 6.0 6.0 54 5.1 4.1 3.7 5.1
Min/Max | 2.9/50 3.7/5.6 4.2/64 | 4.8/6.6 5.0/65 52/65| 53/69 4.9/6.6 4565 | 38/6.1 29/50 3.1/4.8 | 4.8/55
Latitude +15 | Average | 4.3 4.8 5.1 52 5.0 5.0 53 55 5.2 5.2 43 4.0 4.9
Min/Max | 3.0/54 3.7/5.8 4.0/64 | 45/6.1 44/58 45/5.6 | 4.6/6.0 45/60 43/63 | 3.8/62 29/54 3.3/52 | 4.6/52
90 Average | 39 3.9 3.5 3.0 24 2.2 24 2.9 34 4.0 3.7 3.6 32
Min/Max | 2.5/4.9 29/4.8 2845|2634 22/27 2123 | 22/25 2531 2940 | 2.8/48 24/47 2.9/48 | 3.0/3.5
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 | 3.7 4.7 5.8 7.0 78 8.4 8.7 79 6.4 54 3.8 33 6.1
Min/Max | 2.6/4.6 3.6/58 4.7/7.5 | 6.0/8.8 6.5/93 72/9.8 | 7.5/10.6 6.3/8.9 53/80 | 4.0/65 2.7/48 2.7/42 | 57/6.6
Latitude -15 | Average | 4.4 53 6.3 7.3 7.8 8.3 8.7 8.2 6.8 6.1 45 3.9 6.5
Min/Max | 3.0/5.6 4.0/6.7 50/83 | 6.2/9.1 65/94 7.1/9.7 | 7.5/10.6 6.4/92 56/8.6 | 44/74 3.0/57 3.3/52 | 6.0/7.0
Latitude Average | 48 5.6 6.4 72 7.6 8.0 8.4 8.0 6.9 6.4 4.8 43 6.5
Min/Max | 32/62 4.2/7.1 5.0/85 | 6.1/9.1 63/9.1 6893 | 7.2/10.2 6.3/9.1 57/8.7 | 4.5/7.7 32/62 3.6/58 | 6.1/7.1
Latitude +15 | Average | 50 5.7 6.4 7.0 7.1 7.5 7.8 7.6 6.7 6.4 5.0 4.6 6.4
Min/Max | 3.3/6.5 4.3/7.3 49/84 | 5887 59/86 64/8.7 | 6.8/95 6.0/8.6 5585 4578 3.3/64 37/6.1 | 59/7.0
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
2-Axis Average | 5.1 5.7 6.5 73 7.9 8.5 8.8 8.2 6.9 6.4 5.0 4.6 6.8
Min/Max | 3.3/6.6 4.3/7.3 50/85 | 6.2/92 6.6/95 7.3/9.9 | 7.7/10.7 6.5/93 57/8.7 | 46/7.8 3.3/65 3.8/63 | 6.3/74
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 3.1 3.1 34 37 4.1 44 4.0 33 35 2.9 2.8 34
Horiz Axis | Min/Max | 1.5/4.3 2.0/44 19/4.8 | 24/49 25/4.9 3.0/53 | 34/6.1 25/48 24/47 | 2.1/46 14/41 2.1/42 | 3.0/40
1-Axis, N-S | Average 2.4 30 37 4.4 49 5.4 5.8 53 4.1 3.7 2.5 2.1 39
Horiz Axis | Min/Max | 1.1/3.5 19/4.3 23/5.7 | 3.3/65 3.3/6.6 4.0/69 | 4.6/8.1 3.4/64 3.0/60 | 22/49 12335 15/32 | 3.4/46
1-Axis, N-S | Average | 3.3 3.8 42 4.6 4.8 5.0 55 53 4.5 45 33 3.0 43
Tilt=Latitude | Min/Max | 1.6/4.8 24/55 2.7/6.4 | 3.4/67 32/64 37/65 | 4.3/7.7 33/64 32/65 | 2.6/6.0 1.6/47 22/46| 3.7/50
2-Axis Average | 3.6 3.9 4.2 47 5.0 55 5.9 5.5 45 45 3.5 33 45
Min/Max | 1.7/52 25/5.6 27/6.5 | 3.4/68 34/67 4.1/7.1 | 4.6/83 35/6.6 32/65 | 2.7/60 17/50 24/49 | 3.9/52
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 2.7 55 10.9 163 20.6 24.9 275 27.0 23.1 16.8 10.3 4.6 15.9
Daily Minimum Temp -36 -1.0 4.0 9.2 143 18.8 211 204 16.6 9.3 3.6 -1.5 9.3
Daily Maximum Temp 9.1 119 17.8 234 26.9 31.1 339 33.6 29.6 243 17.1 10.7 22.4
Record Minimum Temp | -23.3 -22.8 -139 | 56 1.7 8.3 10.0 10.6 0.6 -5.6 -133 206 | 233
Record Maximum Temp | 27.2 30.0 344 35.0 36.7 40.6 439 433 41.1 35.6 30.0 27.8 439
HDD, Base 18.3°C 484 359 237 84 20 0 0 0 7 76 240 426 1932
CDD, Base 18.3°C 0 0 6 24 91 198 284 269 151 29 0 0 1052
Relative Humidity (%) 69 68 64 64 71 71 69 69 72 69 70 71 69
Wind Speed (m/s) J 3.6 3.8 4.2 4.0 3.4 2.9 2.8 2.8 3.0 3.0 3.5 3.7 34

29




WBAN NO. 13963

Variability of Latitude Fixed-Tilt Radiation

LATITUDE: 34.73° N
LONGITUDE: 92.23° W
ELEVATION: 81 meters

MEAN PRESSURE: 1008 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

1961-1990 Average

F M

A M

J J

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

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 25 33 4.3 53 6.1 6.5 6.4 59 4.8 39 2.7 2.2 4.5
Min/Max | 2.1/3.0 29/3.8 3.7/5.2 | 45/6.2 53/69 57/13 | 57/74 53/6.6 4.1/55| 3.1/4.6 22/3.1 1.9/2.6 | 4.3/4.8
Latitude -15 Average 34 4.1 4.9 5.6 6.1 6.4 6.3 6.1 53 4.8 35 3.0 5.0
Min/Max | 2.7/42 3.5/49 4.1/6.1 | 4.7/6.6 5.3/69 56/7.1 | 55/73 54/6.8 45/62 | 3.6/57 27/42 25/39 | 4.7/53
Latitude Average 3.8 45 5.1 55 5.7 59 59 59 54 5.1 4.0 3.5 5.0
Min/Max | 2.9/49 3.7/54 4.2/64 | 4.6/65 50/65 52/65 | 52/6.7 52/6.6 4.5/63 | 3.8/62 28/4.8 28/4.6 | 4.7/54
Latitude +15 Average 4.1 4.6 5.0 5.1 5.1 5.1 5.2 54 5.2 5.2 4.2 3.7 4.8
Min/Max | 3.0/5.3 3.8/5.6 4.0/6.3 | 4.2/6.1 45/58 45/56 | 4.5/58 4.7/60 4.3/6.1 | 3.8/63 29/51 2.9/5.0 | 4.5/5.2
90 Average 3.6 3.7 3.5 29 24 2.2 23 2.8 33 4.0 3.5 33 3.1
Min/Max | 2.6/4.8 3.0/4.6 2.8/44 | 2533 2226 2.1/23 | 2.1/24 25/3.1 2839 | 2.8/48 24/44 2.6/4.6 | 2.9/3.4
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 35 4.5 5.7 7.0 7.8 8.4 8.3 7.8 6.4 54 3.7 3.1 6.0
Min/Max | 2.7/45 3.7/55 4.6/7.3 | 55/87 6.6/94 7.0/98 | 7.0/10.0 6.6/89 5.1/74 | 39/6.6 2.7/45 25/4.1|5.6/65
Latitude -15 Average 4.1 5.1 6.2 72 7.8 8.3 8.3 8.0 6.8 6.1 44 3.7 6.3
Min/Max | 3.1/5.4 4.1/6.4 49/8.0|57/9.1 67/94 7.0/97 | 7.0/99 68/9.1 54/8.0 | 4.3/74 3.0/53 2.9/5.0 | 59/69
Latitude Average 4.5 54 64 7.2 7.6 8.0 8.0 7.8 6.8 6.4 4.7 4.1 6.4
Min/Max | 3.3/5.9 4.3/6.8 5.0/83 | 5.6/9.0 65/9.1 67093 | 68/9.6 6.6/9.0 54/8.1 | 44/78 32/58 3.2/55 | 6.0/7.0
Latitude +15 Average 4.7 55 6.3 6.9 7.1 7.4 7.5 7.5 6.7 6.4 4.8 4.3 6.3
Min/Max | 3.4/63 4.4/69 49/82 | 5.318.6 6.1/8.6 62/87 | 63/9.0 6385 52/79 | 44/79 32/60 3.3/58 | 5.8/6.8
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
2_Axis Ayerage 4.7 55 6.4 73 79 85 8.4 8.0 6.9 6.4 49 4.3 6.6
Min/Max | 3.4/6.3 44/70 5.0/83|57/9.1 6895 7.1/99| 7.1/10.1 6.8/9.1 54/81 | 45/79 33/6.1 3.3/59 | 6.1/7.2
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 3.1 34 3.6 4.0 4.0 3.8 32 35 2.8 25 33
Horiz Axis Min/Max | 1.6/4.0 1.9/42 2.0/4.6 | 2.3}4.8 27/50 29/52 | 3.0/55 2.9/47 2.2/42| 2.0/47 15/3.7 1.8/40 ] 2.8/3.8
1-Axis, N-S | Average 2.2 29 3.7 4.4 4.8 52 5.2 5.0 4.0 3.7 24 1.9 3.8
Horiz Axis Min/Max | 1.3/3.3 1.8/41 2.3/54 | 29/64 3.7/6.6 38/69 | 3.9/7.3 3.8/6.1 26/52 | 2.1/50 12/32 1.3/3.1| 3.3/44
1-Axis, N-S | Average 3.0 3.6 4.2 4.6 4.6 4.9 4.9 5.0 4.4 4.4 3.2 27 4.1
Tilt=Latitude | Min/Max | 1.8/4.5 2.3/52 2.6/6.1 | 3.0/6.6 3.5/64 3.6/6.5 | 3.7/69 3.8/62 29/5.7 | 2.6/6.0 1.6/43 1.9/43 | 35/4.8
2_Axis Average 33 3.7 4.2 4.7 49 53 5.3 5.1 44 4.5 33 3.0 4.3
Min/Max | 1.9/48 24/53 2.6/6.2 | 3.1/6.7 3.7/6.8 3.9/7.0| 4.0/74 39/63 29/57 | 26/6.1 1.7/45 2.0/47 | 3.7/50
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 3.9 6.4 11.7 16.7 21.2 258 27.7 27.0 23.4 17.2 11.2 6.0 16.6
Daily Minimum Temp -1.6 0.7 5.7 10.4 15.0 19.7 219 21.0 17.5 10.5 53 0.6 10.6
Daily Maximum Temp 94 12.2 17.8 23.0 274 31.8 33.6 33.0 29.2 239 17.1 11.4 225
Record Minimum Temp | -20.0 -20.6 -11.7 -2.2 44 7.8 12.2 11.1 2.8 -1.7 -8.3 -18.3 -20.6
Record Maximum Temp | 28.3 294 32.8 35.0 36.7 40.6 44.4 422 41.1 36.1 30.0 26.7 44 .4
HDD, Base 18.3°C 446 333 213 74 14 0 0 0 4 71 215 382 1753
CDD, Base 18.3°C 0 0 8 26 104 223 291 209 156 37 0 0 1114
Relative Humidity (%) 70 68 65 67 71 70 72 72 74 70 71 71 70
Wind Speed (m/s) 37 3.9 4.1 3.8 32 3.0 2.8 2.7 2.8 2.9 35 35 3.3
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 031 03

LATITUDE: 35.13° N
LONGITUDE: 111.67° W
ELEVATION: 2135 meters
3+ MEAN PRESSURE: 788 millibars

Monthly Radiation (kWh/m2/day)
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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 | 3.1 4.0 5.1 6.3 7.2 7.7 6.4 59 5.4 44 33 2.8 5.1
Min/Max | 2.7/3.5 3.5/45 43/6.0 | 5.4/68 62/7.8 6.6/84 | 52/74 4.4/68 4.6/64 | 3.4/50 2.6/3.7 22/32 | 4.8/54

Latitude -15 | Average | 44 52 5.9 6.8 7.2 7.4 6.2 6.1 6.1 5.6 4.7 42 5.8
Min/Max | 3.5/53 4.4/6.0 50/7.1 | 5.8/73 62/7.8 6481 52/72 45/7.1 51/74 | 4.0/6.5 3.4/54 3.049 | 5.4/6.1

Latitude Average 52 5.8 6.2 6.7 6.7 6.7 5.8 59 6.3 6.1 54 4.9 6.0
Min/Max | 4.0/6.3 4.9/6.8 52/7.5|57/72 5873 58/73 | 48/6.6 4368 52/7.6| 4.3/7.1 3.8/63 3.5/59 | 55/6.2

Latitude +15 Average 5.6 6.1 6.2 6.2 5.9 5.7 5.0 54 6.0 6.3 5.8 54 5.8
Min/Max | 43/6.9 5.1/7.1 52/75 | 53/68 5.1/6.4 50/62 | 42/58 3.9/6.2 50/7.3 | 43/73 4.0/68 3.7/6.5 | 5.3/6.1

90 Average | 5.3 5.3 4.6 3.6 2.6 22 22 28 39 4.9 5.1 5.1 4.0
Min/Max | 4.1)6.5 4.3/62 3.8/54 | 3.0/46 24/28 21/23 | 2.0/24 2.1/3.1 3.2/4.6 | 33/58 34/61 3.5/64 | 3.6/43

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?2/day), Uncertainty +9%

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

0 Average | 4.8 6.0 7.4 9.1 10.1 10.8 8.6 8.2 7.9 6.8 5.2 4.4 7.5
Min/Max | 3.8/5.8 4.9/7.1 5.8/9.2 |7.4/102 8.4/11.3 8.9/12.1| 6.7/103 5.7/9.8 6.4/9.8 | 4.6/80 3.5/62 3.1/53 | 6.7/7.9

Latitude -15 | Average | 5.8 6.9 8.0 9.5 10.2 10.7 8.6 8.4 8.5 7.6 6.2 5.4 8.0
Min/Max | 44/7.1 5.6/82 6.3/10.1|7.7/10.6 8.5/11.4 89/12.0| 6.7/10.3 5.8/10.0 6.9/10.6| 5.1/9.1 4.2/7.4 3.7/6.4 | 7.1/8.4

Latitude Average | 64 74 8.3 9.4 9.9 10.3 8.3 8.3 8.6 8.0 6.7 6.0 8.1
Min/Max | 4.8/7.9 5.9/8.8 6.5/10.4|7.7/10.6 83/11.1 8.5/11.5| 6.4/9.9 5.7/9.9 6.9/10.7| 5.3/9.6 4.5/8.1 4.1/7.2 | 7.2/8.6

Latitude +15 Average 6.8 7.6 8.2 9.1 9.4 9.6 7.8 79 8.4 8.1 7.0 6.4 8.0
Min/Max | 5.1/84  6.1/9.0 6.4/10.3|7.4/10.2 7.8/10.5 7.9/10.8| 6.0/9.3 5.5/94 6.8/10.5| 53/9.7 4.6/85 4.3/7.7 | 7.1/8.5

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

Average 6.8 7.6 8.3 9.5 10.3 11.0 8.7 8.5 8.6 8.1 7.1 6.5 8.4

2-Axis Min/Max | 5.1/8.5 6.1/9.0 6.5/10.4|7.8/10.7 8.6/11.6 9.1/12.3| 6.8/10.5 5.9/10.1 6.9/10.7| 5.3/9.7 4.6/8.5 43/7.9 | 7.5/8.9

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 4.4 44 4.4 5.1 5.7 6.3 44 43 4.6 4.9 4.6 4.3 4.8
Horiz Axis Min/Max | 2.5/6.0 2.9/6.0 27/64 | 3.8/6.1 4.2/6.8 4.7/7.7 | 2.8/6.0 23/5.6 3.4/64 | 2.5/63 2.6/6.1 2.3/57 | 3.9/53
1-Axis, N-S | Average 3.6 44 5.4 6.9 7.9 8.6 6.0 5.9 6.0 54 4.1 3.4 5.6
Horiz Axis Min/Max | 2.1/5.0 2.8/59 33/7.8 | 5.1/84 5.8/94 6.3/103| 3.7/8.1 3.3(7.7 4.4/84 | 2.7/6.9 22/54 18/45 | 4.6/6.2
1-Axis, N-S | Average 4.9 55 6.1 7.2 7.6 8.0 5.7 5.9 6.5 6.4 54 4.7 6.2
Tilt=Latitude | Min/Max | 2.9/6.8  3.5/7.4 3.7/89 | 52/8.7 5.7/9.1 5.9/9.7 | 3.5/7.7 3.3/7.8 48/9.1 | 3.3/83 29/7.2 25/63 | 5.0/6.8
2 Axis Average 5.3 57 6.1 73 8.1 8.7 6.1 6.1 6.6 6.5 5.7 5.1 6.4

Min/Max | 3.0/7.3 3.6/7.6 3.7/8.9 | 5.3/8.8 6.0/9.6 6.4/10.5| 3.7/82 3.4/8.0 4.8/92| 3.3/84 3.1/7.6 28/6.8 | 5.2/7.1

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -1.8 -0.3 1.8 5.7 10.2 154 19.1 17.8 14.1 8.4 2.7 -1.3 7.7
Daily Minimum Temp -9.3 -7.9 -5.9 -2.9 0.7 5.2 10.3 9.4 5.1 -0.6 -5.3 9.0 -0.8
Daily Maximum Temp 57 74 9.6 14.3 19.7 25.7 279 26.3 229 17.4 10.6 6.3 16.1
Record Minimum Temp | -30.0 -30.6 -26.7 -18.9 -10.0 -5.6 0.0 -4.4 -5.0 -18.9 -25.0 -30.6 -30.6
Record Maximum Temp | 189 217 22.8 26.7 30.6 35.6 36.1 333 322 294 233 20.0 36.1
HDD, Base 18.3°C 625 521 512 378 252 104 16 36 132 307 470 609 3962
CDD, Base 18.3°C 0 0 0 0 0 17 39 21 3 0 0 0 81
Relative Humidity (%) 62 60 56 47 40 33 51 58 55 53 57 61 53
Wind Speed (m/s) 2.9 2.8 3.1 3.3 3.2 3.0 2.3 2.0 2.3 24 2.8 2.6 2.7
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WBAN NO. 23183

LATITUDE: 33.43° N

LONGITUDE: 112.02° W
ELEVATION: 339 meters
MEAN PRESSURE: 974 millibars

STATION TYPE: Primary

Monthly Radiation (kWh/m?/day)

1961-1990 Average

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 | 3.2 43 5.5 7.1 8.0 8.4 7.6 7.1 6.1 49 3.6 3.0 5.7
Min/Max | 2.8/3.7 3.5/4.8 4.7/64 | 64/78 7.5/83 7.8/87 | 6.98.1 63/75 54/67 | 42/53 3.0/40 22/35 | 53/59
Latitude -15 | Average | 4.4 5.4 6.4 75 8.0 8.1 7.5 73 6.8 6.0 49 4.2 6.4
Min/Max | 3.6/5.1 4.3/62 53/74 | 6.8/82 74/82 7.6/84 | 6880 6578 6.1/7.6 | 5.0/6.6 38/55 29/5.1 | 58/6.6
Latitude Average | 5.1 6.0 6.7 74 75 73 6.9 7.1 7.0 6.5 5.6 4.9 6.5
Min/Max | 4.1/6.0 4.7/69 55/78 | 6.8/8.1 6977 6.9/7.6 | 63/73 63/75 62/78 | 53/73 43/63 3.3/6.0 | 5.9/6.7
Latitude +15 | Average | 5.5 6.2 6.6 6.9 6.6 6.3 6.0 6.4 6.7 6.7 5.9 53 6.3
Min/Max | 4.4/6.6 4.8/73 54/7.8 | 62/1.5 6.1/6.8 59/65| 5.5/63 57/6.8 59/7.5| 5.4/14 44/68 3.56.7 | 5.6/6.5
90 Average | 4.9 5.0 45 3.7 2.7 2.3 2.4 3.1 42 5.1 5.1 4.3 4.0
Min/Max | 3.8/59 3.8/59 3.7/53 | 3.3/39 2628 2.1/24| 2.2/25 2833 3.7/4.6| 41/57 3.7/60 3.1/6.2 | 3.5/4.2
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 | 4.7 6.2 7.8 9.9 11.0 114 10.0 9.6 8.6 7.1 53 44 8.0
Min/Max | 3.8/5.6 4.6/7.3 62/9.5 |8.9/11.4 9.9/11.8 10.3/12.2| 8.8/11.1 8.0/10.5 7.4/9.9 | 5.6/8.1 4.0/62 2.9/55 | 7.1/8.4
Latitude -15 | Average = 5.6 7.1 8.5 10.3 11.1 11.3 10.0 9.8 9.2 8.0 6.3 53 8.5
Min/Max | 4.4/6.7 52/83 6.7/10.3|9.2/11.9 99/11.8 10.2/12.1 8.8/11.1 82/10.8 7.9/10.5| 6.2/9.1 4.6/7.3 3.4/6.7 | 7.6/8.9
Latitude Average | 62 75 8.7 103 10.7 10.8 9.6 9.6 9.3 8.4 6.8 5.8 8.6
Min/Max | 4.8/7.4 5.5/89 6.8/10.6|9.1/11.8 9.6/11.5 9.8/11.6| 8.4/10.7 8.1/10.6 8.0/10.7| 6.5/9.5 4.9/8.0 3.8/7.4 | 7.6/9.0
Latitude +15 | Average | 65 7.7 8.6 9.9 10.1 10.1 9.0 9.2 9.1 8.5 7.1 6.2 8.5
Min/Max | 5.0/7.8 5.6/9.1 6.8/10.5|8.8/11.4 9.1/10.8 9.1/10.8| 7.9/10.0 7.7/10.1 7.8/10.5| 6.6/9.7 5.1/8.3 4.0/7.9 | 7.5/8.9
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
2-Axis Average | 6.6 7.7 8.7 10.4 1.2 11.6 10.1 9.8 9.3 8.5 7.1 6.3 8.9
Min/Max | 5.1/7.9  5.6/9.1 6.9/10.6|9.2/11.9 10.1/12.0 10.5/12.4| 8.9/11.3 8.3/10.9 8.0/10.7| 6.6/9.7 5.1/8.4 4.0/8.1 | 7.9/9.4
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 4.2 4.6 4.8 5.7 6.4 6.8 5.6 53 5.2 5.0 4.5 4.1 52
Horiz Axis | Min/Max | 3.0/54 3.0/59 3.4/63 | 4.8/7.1 52/7.1 6.0/7.5 | 45/6.7 44/63 4.1/63 | 35/6.0 2.6/58 25/58 | 4.55.6
1-Axis, N-S | Average | 3.4 4.6 5.8 7.6 8.5 8.9 7.2 7.0 6.5 5.4 4.0 3.2 6.0
Horiz Axis | Min/Max | 2.4/4.5 2.8/59 4.0/7.7 | 6.5/98 7.0/9.7 7.9/10.0| 5.7/8.8 56/84 51/8.1 | 3.6/6.6 22/51 18/45 | 52/65
1-Axis, N-S | Average | 4.7 5.7 6.5 7.8 8.2 8.3 6.8 7.0 7.1 6.5 52 45 6.5
Tilt=Latitude | Min/Max | 3.3/6.1  3.6/7.3 4.5/8.6 |6.6/10.1 67/94 7.3/93 | 54/83 56/84 5.5/87 | 44/7.8 3.0/6.7 2.6/63 |5.6/7.1
5 Axis Average | 5.0 5.8 6.5 8.0 8.7 9.1 7.3 7.2 7.1 6.5 55 4.8 6.8

Min/Max | 3.5/6.5 3.7/1.5 4.5/8.6 |6.7/103 7.1/99 8.0/10.1| 5.8/9.0 5.7/8.6 5.5/87 | 44/79 3.1/7.1 2.8/6.8 | 5.8/7.4

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 12.0 14.3 16.8 21.1 26.0 312 342 33.1 29.8 23.6 16.6 12.3 22.6
Daily Minimum Temp 5.1 7.1 9.3 129 17.7 227 272 262 227 16.0 94 5.4 152
Daily Maximum Temp 18.8 215 24.2 29.2 34.2 39.7 41.1 39.8 36.8 312 23.8 19.0 29.9
Record Minimum Temp | -8.3 -5.6 -39 0.0 4.4 10.0 16.1 15.6 8.3 1.1 -39 -5.6 -8.3
Record Maximum Temp | 31.1 333 37.8 40.6 45.0 50.0 47.8 46.7 47.8 41.7 33.9 31.1 50.0
HDD, Base 18.3°C 201 126 101 42 4 0 0 0 0 9 74 192 750
CDD, Base 18.3°C 4 12 53 123 242 387 491 457 343 173 23 4 2312
Relative Humidity (%) 51 44 39 28 22 19 32 36 36 37 44 52 37
Wind Speed (m/s) 25 2.8 3.2 3.4 3.4 32 3.4 3.2 3.0 2.8 2.6 25 3.0
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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 3.1 3.9 5.1 6.6 7.5 8.0 6.9 6.3 5.7 4.6 34 2.8 53
Min/Max | 2.6/3.5 3.2/4.5 4.2/6.1 | 57/7.1 6.8/80 7.2/85 | 6.1/7.7 5.1/7.0 5167 | 3.6/52 2.8/3.9 22/32 | 5.1/5.7
Latitude -15 A_Verage 4.4 5.1 59 7.0 7.5 7.7 6.7 6.5 6.5 5.8 4.8 4.1 6.0
Min/Max | 3.5/5.1 4.0/6.0 4.7/72 | 6.0/7.7 6.8/8.0 6.9/8.1 | 59/7.5 53/12 57/1.6 | 44/6.6 3.7/55 3.0/4.8 | 5.6/6.5
Latitude Ayerage 5.1 5.7 6.2 6.9 7.0 7.0 6.2 6.3 6.6 6.4 5.5 4.9 6.1
Min/Max | 3.9/6.1 4.3/6.8 4.9/7.6 | 58/7.6 6.3/74 6.3/7.3 | 55/69 5.1/7.0 58/7.8 | 4.7/7.3 4.1)64 3.5/5.8 | 5.7/6.6
Latitude +15 Ayerage 55 59 6.1 6.4 6.1 6.0 5.4 5.7 6.4 6.5 5.9 5.4 59
Min/Max | 4.2/6.6 4.4/7.1 48/75 | 54/7.1 5.6/6.5 54/63 | 4.8/59 4.6/63 56/1.5| 4.7/75 4.3/6.9 3.7/6.4 | 55/6.4
90 Ayerage 5.0 4.9 4.3 3.5 2.6 2.3 23 2.9 4.0 5.0 5.2 5.0 3.9
Min/Max | 3.8/6.1 3.6/59 3.4/5.2 | 3.0/3.8 2.5/2.8 2.2/23 | 2.1/24 24/3.1 3.6/47 | 3.6/58 3.6/6.2 34/6.0 | 3.5/4.2
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 | 4.8 5.9 7.4 9.4 10.6 113 9.3 8.8 8.4 7.1 5.4 4.4 7.7
Min/Max | 3.7/57 44/7.2 57/9.5 |7.9/10.6 9.4/11.5 9.9/12.0| 7.9/10.8 7.0/10.1 7.1/10.2| 5.0/8.2 4.0/6.3 3.2/5.2 | 7.1/8.4
Latitude -15 Ayerage 5.7 6.8 8.1 9.8 10.6 11.2 9.3 9.0 9.0 8.0 6.3 54 8.3
Min/Max | 4.3/6.9 5.0/83 6.2/10.3|8.2/11.0 9.4/11.6 9.8/11.9| 7.8/10.7 7.1/10.4 7.6/10.9| 5.6/9.3 4.6/7.5 3.8/6.4 | 7.5/9.0
Latitude Average 6.3 7.2 8.3 9.8 10.3 10.7 8.9 8.8 9.1 8.4 6.9 6.0 8.4
Min/Max | 4.7/7.6  5.3/8.8 6.3/10.6|8.1/11.0 9.2/11.3 94/11.4| 7.6/10.4 7.0/10.2 7.7/11.1| 5.8/9.8 4.9/82 4.1/7.2 | 7.6/9.2
Latitude +15 Ayerage 6.6 7.4 8.2 9.4 9.7 10.1 8.4 8.4 8.9 8.5 7.2 6.3 8.3
Min/Max | 4.9/8.1 53/9.1 6.2/10.6|7.7/10.6 8.6/10.6 8.8/10.7| 7.1/9.7 6.7/9.8 7.5/10.9| 5.8/9.9 5.1/8.6 4.3/7.6 | 7.5/9.0
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
2-Axis Average 6.7 7.4 8.3 9.9 10.8 11.5 94 9.0 9.1 8.5 7.2 6.5 8.7
Min/Max | 4.9/8.2 53/9.1 6.3/10.6|8.2/11.1 9.6/11.8 10.0/12.2| 8.0/11.0 7.2/10.4 7.7/11.1| 5.8/9.9 5.1/8.7 4.4/7.8 | 7.9/9.5
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 4.4 4.5 4.5 5.4 6.1 6.8 5.0 4.7 5.0 5.2 4.8 4.4 5.1
Horiz Axis Min/Max | 2.8/58 2.8/6.0 2.8/64 | 40/6.4 50/69 53/74 | 3.8/63 3.1/59 39/6.7 | 3.0/64 2.8/62 25/57 | 4.3/58
1-Axis, N-S Average 3.7 4.5 5.6 7.3 8.3 9.1 6.7 6.4 6.5 5.7 4.2 34 6.0
Horiz Axis Min/Max | 2.3/4.8 2.8/6.1 3.5/8.1 | 55/89 69/95 7.2/10.1| 5.1/8.6 4.4/8.1 4.9/89 | 32/7.1 25/55 2.0/44 | 5.1/6.8
1-Axis, N-S | Average 5.0 5.6 6.3 7.6 8.0 8.5 6.3 6.4 7.1 6.8 5.6 4.8 6.5
Tilt=Latitude | Min/Max | 3.1/6.6  3.5/7.6  3.9/9.1 | 5.6/9.1 6.7/9.1 6.7/9.4 | 4.8/8.1 4.4/8.1 54/9.6 | 3.8/84 3.3(7.3 2.8/6.2 | 5.5/7.4
2-Axis Average 54 5.8 6.3 7.7 8.5 9.3 6.8 6.6 7.1 6.9 5.9 5.2 6.8
Min/Max | 3.4/7.1 3.6/7.8 3.9/9.1 | 57/93 7.0/9.7 7.3/10.2| 52/8.7 4.5/84 54/9.6 | 3.9/85 35/7.7 3.0/6.7 | 58/7.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 23 39 5.9 9.6 14.2 19.6 22.8 21.3 18.1 12.6 6.7 2.6 11.7
Daily Minimum Temp 5.6 4.4 22 0.8 5.1 9.9 14.4 13.2 9.3 34 -1.9 5.4 3.1
Daily Maximum Temp 10.2 12.2 14.1 18.3 23.3 29.2 312 29.4 26.7 21.8 15.3 10.6 20.2
Record Minimum Temp | -18.3 -18.3 -13.9 -6.1 -3.3 2.2 8.3 4.4 1.1 -7.2 -13.3 -22.8 -22.8
Record Maximum Temp | 23.3 25.0 27.2 30.6 35.0 394 38.9 37.2 35.0 322 26.1 21.1 394
HDD, Base 18.3°C 496 403 384 262 138 32 0 0 41 182 350 489 2775
CDD, Base 18.3°C 0 0 0 0 11 68 139 96 32 4 0 0 351
Relative Humidity (%) 59 53 49 38 33 27 44 51 47 46 51 59 47
Wind Speed (m/s) 3.1 35 4.1 4.2 4.3 4.1 3.5 3.1 34 33 33 3.0 3.6
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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 34 4.4 5.6 7.1 79 8.1 7.1 6.7 6.0 5.0 3.8 32 5.7
Min/Max | 2.8/3.9 3.9/49 5.0/63 | 6.5/7.6 7.3/82 74/86 | 65/7.6 58/72 55/6.6 | 44/54 3.1/42 2736 | 55/59
Latitude -15 Average 4.6 55 6.4 7.5 7.8 7.8 6.9 6.9 6.6 6.1 5.0 43 6.3
Min/Max | 3.6/54 4.8/63 5.6/73 | 6.8/80 7.2/8.1 72/83 | 64/74 6.0/74 6.1/73 | 52/6.7 39/56 3.6/5.1 | 6.0/6.5
Latitude Average 5.4 6.2 6.7 7.3 7.3 71 6.4 6.6 6.8 6.6 5.8 5.1 6.5
Min/Max | 4.1/64  5.3/7.1 5.8/7.7 | 6.7/7.8 6.8/7.6 6.6/7.5 | 6.0/69 58/7.1 63/75 | 56/73 4.4/6.5 4.1/6.1 | 6.1/6.7
Latitude +15 Average 5.9 6.4 6.6 6.8 6.4 6.1 5.6 6.0 6.6 6.8 6.2 5.6 6.3
Min/Max | 4.4/7.0 55/75 5.7/7.7 | 6.3/1.3 6.0/6.7 5.7/6.3 | 5.3/6.0 53/64 6.0/73 | 57/75 4.6/7.0 45/6.8 | 5.8/6.5
90 Average 5.2 5.1 4.4 3.5 25 2.1 22 2.8 4.0 5.1 53 5.1 39
Min/Max | 3.8/6.3 4.3/60 3.7/5.1 | 33/3.6 24/2.6 2.0/2.1 2.1/2.2  2.6/3.0 3.6/43 | 42/57 3.8/6.1 4.0/6.2 | 3.6/4.1
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 52 6.6 8.1 10.1 11.0 11.2 9.2 9.0 8.5 74 5.8 4.8 8.1
Min/Max | 3.9/6.2 55/7.7 6.7/9.6 [9.1/11.2 99/11.6 9.7/12.2| 8.4/10.1 7.6/10.0 7.6/9.8 | 6.2/8.4 42/6.6 3.8/58 | 7.5/8.5
Latitude -15 Ayerage 6.1 7.4 8.7 10.4 11.1 11.1 9.1 9.2 9.0 8.2 6.7 5.6 8.6
Min/Max | 4.5/7.3 6.2/8.7 7.2/10.3|9.4/11.6 99/11.6 9.6/12.0| 8.4/10.1 7.7/10.2 8.1/104| 6.8/9.3 4.8/7.6 4.5/6.9 | 7.9/9.0
Latitude A_Verage 6.7 7.8 9.0 10.4 10.7 10.6 8.8 9.1 9.1 8.6 7.3 6.2 8.7
Min/Max | 4.9/8.1 6.6/9.3 7.3/10.6|9.3/11.5 9.6/11.3 9.1/11.5| 8.1/9.7 7.6/10.0 8.1/10.5| 7.1/9.8 52/8.3 4.9/7.7 | 8.0/9.2
Latitude +15 Average 7.0 8.0 8.9 10.0 10.1 99 8.2 8.6 9.0 8.7 7.6 6.6 8.6
Min/Max | 5.1/8.5 6.7/9.6 7.3/10.6(9.0/11.1 9.1/10.6 8.5/10.8| 7.5/9.1 7.2/9.5 79/10.3| 7.2/10.0 5.3/8.7 5.2/8.1 | 7.9/9.0
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
2-Axis Average 7.1 8.1 9.0 10.5 11.2 11.3 9.3 9.2 9.2 8.7 7.6 6.7 9.0
Min/Max | 5.2/8.6 6.7/9.6 7.3/10.7 |9.4/11.6 10.1/11.8 9.8/12.3| 8.5/10.2 7.8/10.2 8.1/10.5| 7.2/10.0 5.4/8.7 5.3/8.3 | 8.3/9.5
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 4.7 5.0 5.1 5.9 6.5 6.7 5.0 5.0 5.1 53 5.0 4.5 5.3
Horiz Axis Min/Max | 3.1/6.0 3.8/6.3 3.6/6.5 | 4.8/6.9 54/7.1 53/7.7 | 4.2/6.0 3.8/59 4.3/6.3 | 4.0/64 3.0/6.0 3.1/59 | 4.7/5.7
1-Axis, N-S§ | Average 4.0 5.1 6.2 8.0 8.8 8.9 6.5 6.6 6.6 59 45 3.6 6.2
Horiz Axis Min/Max | 2.6/5.2 3.8/6.6 4.4/8.1| 6.5/9.5 7.4/96 69/10.4| 54/7.8 50/7.9 54/82 | 44/72 26/55 25/4.8 | 5.4/6.8
1-Axis, N-S Average 53 6.2 6.9 8.2 8.5 8.3 6.2 6.6 7.0 6.9 5.8 4.9 6.7
Tilt=Latitude | Min/Max | 3.5/6.8 4.6/8.0 4.9/9.0 | 6.7/9.7 7.1/9.3 6.4/9.6 | 5.2/7.3 5.0/79 5.8/88 | 52/84 34/7.0 3.4/65 | 59/13
2_Axis Ayerage 5.7 6.3 6.9 8.3 9.0 9.0 6.6 6.8 7.1 7.0 6.1 5.4 7.0
Min/Max | 3.7/73 4.7/82 49/9.0 | 6.8/99 75/9.8 7.0/105| 55/79 5.1/8.1 58/89 | 5.2/85 35/74 3.7/7.1 | 6.1/7.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 10.7 12.4 14.8 18.8 233 28.8 30.3 29.2 26.9 21.3 151 111 20.2
Daily Minintum Temp 3.7 5.0 7.0 10.2 144 199 23.1 223 19.7 13.7 7.6 4.3 12.6
Daily Maximum Temp 17.7 19.9 22.7 27.3 322 37.6 374 36.0 34.1 29.1 22.6 17.9 279
Record Minimum Temp -8.9 -6.7 -6.7 -2.8 33 8.3 16.7 16.1 6.7 33 4.4 -8.9 -8.9
Record Maximum Temp 30.6 333 372 40.0 41.7 472 45.6 42.8 41.7 38.3 322 28.9 47.2
HDD, Base 18.3°C 236 168 127 54 4 0 0 0 0 15 104 224 932
CDD, Base 18.3°C 0 3 18 67 159 313 372 336 257 108 8 0 1641
Relative Humidity (%) 48 43 37 27 22 21 42 47 42 38 43 50 38
Wind Speed (m/s) 3.8 3.8 4.0 4.3 4.1 4.1 4.0 3.7 3.9 3.8 3.7 3.6 3.9
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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 2.5 3.6 5.0 5.8 6.0 5.9 5.0 4.4 3.1 2.0 1.6 3.9
Min/Max | 1.5/2.2 1.8/3.4 28/45 | 4.1)58 4.8/6.6 5.0/7.0 | 5.1/6.8 4.5/6.0 3.7/53 | 2.5/3.7 1.6/2.4 1.1/2.0 | 3.6/4.1
Latitude -15 Average 2.7 3.3 4.3 5.4 5.9 5.9 5.8 5.3 5.1 39 2.9 2.5 4.4
Min/Max | 2.0/3.6  2.1/5.1 3.2/5.6 | 43/6.3 4.7/6.8 4.8/6.8 | 49/6.8 4.6/64 4.1/64 | 2.9/5.1 2.0/3.8 1.4/3.5 | 4.0/4.6
Latitude Average 3.0 35 4.4 5.3 5.5 5.4 5.4 5.0 5.1 4.1 3.2 2.8 4.4
Min/Max | 2.2/42  2.1/5.7 3.2/58 | 4.2/6.2 44/64 4.4/63 | 4.6/63 4.4/62 4.0/6.5 3.0/54 2.1/43 15/4.0 | 3.9/4.6
Latitude +15 Average 3.2 3.6 4.3 4.9 4.9 4.7 4.7 4.6 4.9 4.1 33 3.0 42
Min/Max | 2.3/45 2.1/59 3.0/58 | 3.8/58 3.9/56 3.9/54 | 4.0/55 4.0/56 3.8/63 | 29/55 2.1j4.6 15/44 | 3.6/4.4
90 Average 2.9 3.0 3.2 3.2 2.8 2.5 2.6 2.8 34 33 2.9 2.8 3.0
Min/Max | 2.0/4.2 1.7/5.1 2.3/44 | 2.5/3.7 2.3/3.1 2.3/2.8 | 2.3/29 25/34 27/44 | 2.3/45 1.8/4.2 1.3/4.2 | 2.5/3.1
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 2.5 33 4.7 6.4 7.3 7.5 7.3 6.3 5.8 4.1 2.8 2.3 5.0
Min/Max | 1.9/3.5 19/54 32/65 | 48/7.9 5.5/88 57/92 | 59/9.0 52/8.0 44/77 | 3.0/5.6 1.9/3.8 1.3/3.2 | 4.5/5.4
Latitude -15 Average 32 3.9 53 6.8 7.5 7.5 7.4 6.5 6.4 4.8 3.4 2.9 55
Min/Max | 2.3/4.6 2.2/6.7 3.5/74 | 5.1/84 5.5/8.9 5.6/9.2 5.9/9.1 5.3/84 4.8/8.6 3.3/6.6 2.2/48 15/4.3 | 4.8/5.9
Latitude Average 35 4.1 5.3 6.7 7.2 7.2 7.1 6.4 6.4 5.0 3.7 32 55
Min/Max | 24/5.0 2.2/7.1 3.5/7.6 | 49/84 53/87 53/88 | 5.6/88 52/82 47/8.7 | 3.3/6.9 23/52 1.6/4.7 | 4.7/59
Latitude +15 Average 3.6 4.2 5.2 6.4 6.8 6.7 6.6 6.0 6.3 5.0 3.8 34 5.3
Min/Max | 2.5/5.3 2.2/1.3 34/75 | 4.7/80 5.0/82 4.9/83 | 52/82 49/7.8 4.6/8.5 | 3.3/6.9 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
2 Axis Average 3.6 4.2 5.4 6.8 7.5 7.7 75 6.5 6.5 5.0 3.8 34 5.7
Min/Max | 2.5/5.3 2.2/7.3 3.5/7.6 | 5.1/84  5.6/9.1 5.7/9.4 | 6.0/9.2 5.3/84 48/8.7 | 3.3/69 23/54 1.6/5.1 | 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 2.4 3.1 35 35 3.4 2.8 3.1 2.5 2.1 2.0 2.7
Horiz Axis Min/Max | 1.2/3.6 0.7/4.8 1.2/43 | 1.7/4.4 1.9/4.7 1.8/4.9 | 2.0/4.9 1.7/4.5 1.8/4.9 1.2/4.1 0.8/3.4 0.6/3.4 | 2.2/3.1
1-Axis, N-S Average 1.5 1.8 2.7 3.9 4.5 4.5 4.4 3.6 3.7 2.5 1.6 1.3 3.0
Horiz Axis Min/Max | 0.8/2.6 0.6/4.3 1.3/4.8 | 2.1/5.6 25/6.2 23/64 | 2.7/6.4 22/57 2.1/59 1.2/4.1 0.7/2.6 04/2.3 | 2.5/3.5
1-Axis, N-S Average 2.2 2.5 32 42 44 42 43 3.7 4.2 3.2 2.4 2.1 34
Tilt=Latitude | Min/Max | 1.3/40 0.8/5.8 1.5/5.7 | 2.3/59 2.4/6.1 2.2/6.0 | 2.5/6.2 2.3/59 24/6.7 1.5/52 0939 0.6/3.6 | 2.7/39
2_Axis Average 2.4 2.6 3.2 4.2 4.7 4.6 4.6 3.9 4.3 33 2.5 2.3 3.5
Min/Max | 1.3/43 0.8/5.9 1.5/5.7 | 2.3/6.1 25065 2.3/65 | 2.7/6.6 23/6.1 24/6.7 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 9.5 11.2 12.8 13.6 13.8 13.2 11.7 9.9 8.0 10.8
Daily Minimum Temp 3.8 4.7 5.0 53 7.2 9.0 10.1 10.4 9.1 7.5 5.9 4.1 6.8
Daily Maximum Temp 12.2 12.7 12.7 134 14.7 16.3 17.2 174 17.7 16.1 14.2 12.2 147
Record Minimum Temp | -6.7 -5.0 -3.9 -1.7 0.0 1.7 2.8 4.4 0.6 -33 -2.8 -8.3 -8.3
Record Maximum Temp | 23.9 25.6 23.9 25.6 31.1 272 27.8 31.7 322 29.4 24.4 23.3 322
HDD, Base 18.3°C 329 276 295 269 226 171 151 144 157 211 257 324 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 32 3.5 34 34 3.0 2.8 24 2.3 2.3 2.8 2.8 2.9
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WBAN NO. 23155

LATITUDE: 35.42° N

LONGITUDE: 119.05° W
ELEVATION: 150 meters
MEAN PRESSURE: 998 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m#/day)

1961-1990 Average

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 | 2.3 33 47 6.2 7.4 8.1 8.0 7.2 59 44 2.9 2.1 5.2
Min/Max | 1.8/29 2.6/3.9 3.6/55 | 48/68 6.7/79 7.6/84 | 74/84 64/1.6 5.1/6.4 | 38/48 24/33 1827 | 48/54

Latitude -15 | Average | 3.0 4.2 5.4 6.6 7.4 78 7.8 75 6.8 55 3.8 2.8 5.7
Min/Max | 2.0/4.2  3.0/5.1 4.0/6.5|5173 6779 73/8.1 | 73/82 6.6/7.9 5773 | 47/6.1 2945 2.1/41 | 52/6.0

Latitud Average | 33 45 5.6 6.5 6.9 7.1 7.2 7.3 6.9 6.0 43 3.2 5.7
atttude Min/Max | 2.1/4.8 3.1/57 4.0/69 | 5.0/72 62/74 6.7/74 | 68/7.5 64/76 58/1.5| 5.0/6.6 3.2/52 2.3/48 | 52/6.1

Latitude +15 | Average | 3.5 4.7 55 6.0 6.1 6.1 6.2 6.6 6.7 6.1 45 34 5.4
Min/Max | 2.1/52 3.1/59 3.9/6.8 | 4.6/6.7 55/65 5.8/63 | 59/64 5869 5.6/72| 5.0/68 32/55 2.3/52 | 4.8/58

90 Average 3.0 3.8 3.8 34 2.8 24 2.6 33 43 4.7 39 3.0 34
Min/Max | 1.7/4.6  24/48 27/48 | 2.7/3.8 2629 23/24 | 2526 3.0/34 3.6/46| 3.853 2748 2.0/48 ] 3.0/37

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 11.1 10.1 85 6.3 39 2.7 72
Min/Max | 1.9/43 3.1/5.6 44/79 | 6.0/95 8.8/11.1 10.2/11.8/ 10.0/11.9 8.5/10.9 6.9/9.4 | 5.2/7.1 2.8/48 2.0/4.1 | 6.3/7.6
Latitude -15 Average 35 5.1 6.8 8.7 10.2 11.0 11.1 10.5 9.1 7.2 4.7 33 7.6
Min/Max | 2.1/5.2  3.4/65 4.7/8.7 | 6.2/9.9 8.8/11.2 10.1/11.7/ 10.0/11.9 8.7/11.2 7.4/10.1| 5.8/8.0 3.3/5.7 2.3/5.1 | 6.7/8.1
Latitude Ayerage 3.8 54 7.0 8.7 9.9 10.5 10.7 10.3 9.2 7.5 5.0 3.6 7.6
Min/Max | 2.2/5.7 3.5/69 48/89 | 6.1/9.9 8.6/109 9.7/11.2| 9.6/11.5 8.6/11.0 7.4/10.3| 6.1/84 3.5/62 2.5/57 | 6.7/8.1
Latitude +15 Ayerage 3.9 55 6.9 8.3 9.3 9.8 10.0 9.8 9.0 7.6 52 38 74
Min/Max | 2.2/6.0 3.5/7.1 4.7/89 | 59/9.5 8.1/10.3 9.1/104| 9.0/10.8 8.1/10.5 7.3/10.1| 6.1/85 3.6/6.5 25/6.0 | 6.4/7.9
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
9. Axis Average 4.0 55 7.0 8.8 10.3 11.2 11.3 10.5 9.2 7.6 5.2 3.8 7.9
Min/Max | 2.2/6.1 3.5/7.1  4.8/9.0 |6.2/10.0 8.9/11.4 104/11.9| 10.1/12.1 8.8/11.3 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 2.1 2.9 35 4.5 5.6 6.5 6.5 5.9 52 44 3.0 2.0 43
Horiz Axis Min/Max | 0.6/3.8 14/42 1.8/5.1 | 2.5/55 4.6/6.6 5.7/1.1 | 56/7.3 45/6.6 3.7/6.1 | 3.3j52 1.6/4.0 09/3.9 | 3.5/4.8
1-Axis, N-S | Average 1.6 2.7 4.0 58 7.5 8.6 8.7 7.9 6.5 4.6 25 1.5 52
Horiz Axis Min/Max | 05/3.0 1.3/3.9 2.1/59 | 3.2/7.2 6.0/88 7.5/95 | 7.3/9.9 58/89 4.6/7.7| 34/55 1.3/3.3 0.7/29 | 41/56
1-Axis, N-S | Average 22 3.5 4.6 6.0 7.2 8.0 8.2 7.9 7.1 55 3.4 22 55
Tilt=Latitude | Min/Max | 0.6/42 1.7/50 2.4/6.7 | 3.3(7.4 5.8/85 7.1/89 | 6.9/9.4 59/89 5.0/84 | 42/6.6 18/4.6 1.0/42 | 4.3/6.0
2 Axis Average 24 3.5 4.6 6.1 7.7 8.7 8.9 8.2 7.1 5.6 35 23 5.7
Min/Max | 0.7/44 1.7/5.1 24/68 | 3.4/7.6 6.1/90 7.7/96 | 74/10.1 6.1/9.2 5.0/84 | 42/67 19/48 1.1/4.6 | 45/63
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 21.7 257 289 28.1 249 19.9 132 8.6 18.6
Daily Minimum Temp 3.7 5.9 7.7 10.1 14.1 17.8 20.9 20.3 17.5 12.7 7.1 35 11.8
Daily Maximum Temp 13.8 17.7 205 24.4 29.2 33.6 36.9 35.9 323 27.1 19.3 13.6 254
Record Minimum Temp | -6.7 -39 -0.6 1.1 2.8 7.2 11.1 11.1 7.2 -1.7 2.2 -7.2 -7.2
Record Maximum Temp | 27.8 30.6 333 38.3 41.7 45.6 46.1 444 44.4 39.4 32.8 283 46.1
HDD, Base 18.3°C 296 184 137 80 16 3 0 0 4 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) 2.5 2.7 3.0 3.3 3.6 3.5 33 3.1 2.9 2.7 2.5 25 3.0
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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 | 3.2 42 5.5 7.0 7.9 8.4 8.0 73 6.3 4.9 3.6 2.9 5.8
Min/Max | 2.6/3.5 3.5/47 49/62 | 63/75 72/82 79/87 | 69/85 64/7.9 51/68 | 43/52 3139 26/32 |55/60
Latitude -15 | Average | 4.6 5.4 6.5 75 7.9 8.1 7.8 7.6 7.1 6.2 5.0 4.4 6.5
Min/Max | 3.5/53 44/63 57/74|67/81 7.1/82 77/84 | 6883 6.6/82 57/78| 5.3/6.7 42/55 3.849 | 6.1/6.7
Latitude Average | 5.3 6.0 6.8 7.4 7.4 7.4 7.2 7.3 7.3 6.8 5.8 52 6.6
Min/Max | 4.0/62 4.8/7.1 6.0/7.8 | 6.6/80 6.7/7.7 7.0/7.6 | 6.3/7.6 6.4/1.9 5.87.9 | 5873 4.7/64 4.4/58 | 6.2/6.9
Latitude +15 Average 5.7 6.2 6.7 6.8 6.5 6.3 6.2 6.6 7.0 6.9 6.2 5.6 64
u Min/Max | 4.3/6.8 4.9/74 5878 | 6.1/74 5.8/6.7 60/64 | 55/65 5871 56/7.7| 59/7.5 5.0/69 4.8/64 | 59/6.6
90 Average 52 5.1 4.7 3.8 2.8 2.4 2.5 33 4.4 5.4 5.4 52 42
Min/Max | 3.7/62  39/62 4.0/54 | 3.4/40 2.6/29 2225 | 23/26 3034 3.6/48| 45/59 43/6.1 43/6.0 | 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 4.9 6.2 8.1 10.0 11.1 11.8 11.2 10.5 9.3 7.5 55 4.6 8.4
Min/Max | 3.7/57 4.6/74 7.0/9.6 |8.6/11.0 9.9/11.6 10.9/12.4| 9.0/12.2 85/11.6 7.0/10.4| 6.2/82 4.4/63 3.9/52 | 7.7/8.8
Latitude -15 Average 5.9 7.1 8.8 104 1.2 1.7 111 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| 9.0/12.2 8.8/11.9 7.5/11.1| 6.9/9.3 5.2/74 4.7/6.5 | 8.2/9.4
Latitude Average 6.5 7.5 9.0 10.3 10.9 11.2 10.7 10.6 10.1 8.8 72 6.3 9.1
Min/Max | 4.8/7.7 5.6/9.1 7.8/10.8(8.8/11.4 9.7/11.4 10.4/11.8| 8.7/11.8 8.6/11.7 7.6/11.3| 7.3/9.7 5.6/8.1 52/7.2 | 8.3/9.5
Latitude +15 Average 6.8 7.7 8.9 10.0 10.3 10.5 10.1 10.1 9.9 8.9 7.5 6.6 8.9
Min/Max | 4.9/8.1 5.7/94 7.7/10.8|8.5/11.0 9.1/10.7 9.7/11.0| 8.1/11.1 82/11.2 7.4/11.1| 7.3/9.9 58/85 5.5/7.7 | 8.1/9.4
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Fl"racker Jan Feb Mar Apr May June July Aug Sept | Oct Nov Dec J Year
7 Axis Average 6.9 N 9.0 10.4 113 12.0 11.4 10.8 10.1 9.0 7.5 6.8 9.4
Min/Max | 5.0/82 5.7/9.4 7.8/10.9|8.9/11.5 10.1/11.9 11.1/12.6] 9.2/12.5 8.8/12.0 7.6/11.3| 7.3/9.9 59/8.5 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 4.5 4.7 5.0 5.7 6.5 7.1 6.6 6.2 59 5.5 4.9 4.6 5.6
Horiz Axis Min/Max | 2.9/58 3.0/62 3.9/6.5 | 4.4/6.8 5.6/7.0 6.1/7.8 | 4.6/7.6 4.6/7.2 42/68 | 4.1/63 3.4/59 3.5/56 | 4.8/6.0
1-Axis, N-S | Average 37 4.6 6.1 7.7 8.7 9.6 8.8 8.4 7.5 6.0 4.3 35 6.6
Horiz Axis Min/Max | 2.4/47 2.8/62 4.7/8.1 | 5.8/9.1 7.6/9.5 82/104| 6.0/104 6.0/9.9 5.1/9.0 | 4.3/6.9 29/52 2.6/43 | 5.6/7.1
1-Axis, N-S | Average 5.1 5.8 6.9 8.0 8.4 8.9 8.4 8.4 8.2 72 5.7 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 | 5.7/9.8 6.1/9.9 56/9.7 | 52/83 3.9/69 3.7/6.1 | 6.1/7.7
7. Axis Average 54 59 6.9 8.1 8.9 9.7 9.0 8.7 8.2 73 6.0 54 7.5
Min/Max | 3.5/7.0 3.7/8.0 5.3/9.1 | 6.1/)9.6 7.7/9.7 8.4/10.6| 6.1/10.5 6.2/10.2 5.6/9.8 | 5.3/84 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 12.1 14.6 18.2 23.1 28.2 31.6 30.6 26.5 20.7 13.8 9.2 19.8
Daily Minimum Temp 2.6 52 7.8 10.8 15.3 19.7 233 22.7 18.7 13.1 6.9 2.6 124
Daily Maximum Temp 15.9 18.9 214 25.6 30.8 36.6 39.9 38.6 343 28.2 20.8 15.8 27.2
Record Minimum Temp | -12.2 -6.7 -2.8 0.6 6.1 94 15.0 144 94 -1.1 -3.9 -122 | -122
Record Maximum Temp | 27.8 30.0 32.8 37.2 433 46.1 46.7 44.4 42.8 40.6 322 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 32 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 5.5 4.9 4.7 42 4.3 3.8 5.1
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WBAN NO. 93193

LATITUDE: 36.77° N

LONGITUDE: 119.72° W
ELEVATION: 100 meters
MEAN PRESSURE: 1004 millibars

STATION TYPE: Primary

Monthly Radiation (kWh/m?/day)

1961-1990 Average

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 2.1 3.2 4.7 6.3 7.5 8.1 8.0 72 59 43 2.7 1.9 52
Min/Max | 1.7/27 2.5/3.9 3.7/55|5.1/7.0 6.6/80 7.4/87 | 7.6/8.4 63/7.6 52/63 | 3.9/4.6 20/3.2 14/26 | 47/54
Latitude -15 Average 2.8 4.1 5.5 6.8 7.6 7.8 7.9 7.5 6.8 5.5 3.6 2.5 5.7
Min/Max | 1.9/3.9 3.1/53 42/6.6 | 5.4/75 6.68.1 72/83 | 7.5/82 6.6/79 59/73 | 48/60 24/45 1.6/39 | 51/6.0
Latitude Average 3.1 4.4 5.7 6.7 7.1 7.2 7.3 7.3 6.9 6.0 4.1 2.8 5.7
Min/Max | 2.0/45 3.3/5.8 4.3/69 | 52/74 62/76 6.6/76| 7.0/7.6 6.4/77 6.1/75 | 5.1/65 2.6/51 1.7/46 | 5.1/6.1
Latitude +15 Average 32 4.5 5.6 62 6.3 6.1 6.3 6.6 6.7 6.1 42 3.0 5.4
Min/Max | 2.0/48 3.3/6.1 4.1/6.9 | 48/6.9 54/67 57/64 | 6.0/65 5869 5872 | 51/6.6 2.6/54 17/50 | 47/5.8
90 Average 2.8 3.7 4.0 3.6 3.0 2.6 2.7 35 4.4 4.8 3.7 2.6 3.4
Min/Max | 1.6/4.3 2.6/5.1 29/49 | 2.9/40 27/32 2528 | 2629 32/3.6 3848 | 3953 22/48 1.4/47 |29/3.7
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 2.7 43 6.4 8.5 10.2 11.0 112 10.1 8.3 6.2 3.7 2.4 7.1
Min/Max | 1.8/3.9 3.3/57 4.5/8.0 |6.5/10.0 8.7/11.3 9.8/12.2] 10.1/11.8 8.0/10.9 7.1/9.3 | 5.0/6.8 2.3/4.7 15/39 | 6.0/7.6
Latitude -15 Average 3.2 5.0 7.0 9.0 10.4 10.9 112 10.4 9.1 7.1 44 29 7.5
Min/Max | 2.0/48 3.7/6.7 4.9/8.9 |6.8/10.5 8.8/11.5 9.8/12.1|10.2/11.8 8.3/11.3 7.7/10.0| 5.7/7.8 2.6/56 1.6/49 | 6.3/8.1
Latitude Average 3.4 52 7.2 8.9 10.1 10.5 10.8 10.3 92 7.4 47 3.1 7.6
Min/Max | 2.1/52 3.9/7.1 4.9/9.1 |6.7/10.5 8.5/11.1 9.3/11.6] 9.8/11.4 8.1/11.1 7.8/10.2] 6.0/82 2.8/6.1 1.7/54 | 6.3/8.2
Latitude +15 Average 35 53 7.1 8.6 9.5 9.8 10.1 9.8 9.0 7.5 49 32 7.4
Min/Max | 2.0/55 4.0/7.3 4.8/9.0 |64/10.1 8.0/10.5 8.7/10.9| 9.1/10.7 7.7/10.6 7.6/10.0| 6.0/83 2.8/6.4 1.7/5.8 | 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
2-Axis Average 3.6 5.3 72 9.0 10.5 112 11.4 10.5 9.2 7.5 49 3.3 7.8
Min/Max | 2.1/55 4.0/73 4.9/9.1 |6.8/10.6 8.9/11.6 9.9/12.4| 10.3/12.1 8.3/11.4 7.8/10.2| 6.0/8.3 2.8/64 1.7/5.8 | 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 1.8 2.7 3.6 4.6 5.7 6.4 6.6 5.9 5.1 4.3 2.7 1.7 43
Horiz Axis | Min/Max | 0.5/3.4 1.7/44 2.0/52 | 2.7/59 4.4/6.8 4.6/74 | 57/7.3 42/6.7 4.0/59 29/50 1.2/40 05/3.8 | 3.2/4.8
1-Axis, N-S | Average 1.3 2.5 4.1 5.9 7.6 8.4 8.8 7.8 6.3 4.3 22 1.2 5.1
Horiz Axis | Min/Max | 04/2.6 1.5/4.1 2.1/6.0 | 3.6/7.9 5.8/9.0 58/10.0| 7.2/99 52/90 48/74 | 2.8/52 09/33 04/2.7 | 3.7/58
1-Axis, N-S | Average 1.9 3.3 4.7 6.2 7.3 7.9 8.4 7.9 6.9 5.4 3.1 1.8 5.4
Tilt=Latitude| Min/Max | 0.6/3.7 2.0/53 2.5/6.9 | 3.8/82 57/88 54/94 | 6.8/9.4 53/9.1 53/8.1 | 3563 13/46 0.5/4.0 | 3.9/62
2-Axis Average 2.1 3.4 4.8 6.3 7.8 8.6 9.0 8.1 7.0 5.4 32 1.9 5.6
Min/Max | 0.6/4.0 2.0/54 25/69 | 3.8/84 6.0/9.3 59102 7.3/10.1 54/94 53/82 | 35/64 13/48 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 24.8 277 26.8 23.6 18.4 12.0 7.4 17.4
Daily Minimum Temp 3.0 4.7 6.3 8.5 12.1 15.8 18.4 17.7 149 10.4 5.8 2.8 10.1
Daily Maximum Temp 12.3 16.5 19.2 23.9 29.0 33.7 37.0 35.9 32.3 26.5 182 12.1 24.7
Record Minimum Temp | -7.2 4.4 33 0.0 22 6.7 10.0 9.4 2.8 2.8 33 -7.8 -7.8
Record Maximum Temp | 25.6 26.7 32.2 37.8 41.7 43.3 444 43,9 439 38.9 31.7 24.4 44.4
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 88 196 291 263 163 51 0 0 1093
Relative Humidity (%) 83 77 69 57 47 42 39 45 50 58 74 84 60
Wind Speed (m/s) 22 2.5 3.0 34 38 3.8 34 31 2.8 2.3 2.1 2.1 2.9
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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 3.6 4.7 6.0 6.4 6.7 7.3 6.7 54 42 3.1 2.6 5.0
Min/Max | 2.3/3.3 2.9/43 4.1/5.6 | 5.3/6.8 54/72 52/15| 65/7.7 6.1/7.1 4.3/59 | 3.6/46 2.8/35 2.1/2.9 | 4.6/5.2
Latitude -15 Average 3.3 4.5 5.4 6.4 6.4 6.5 7.2 6.9 6.0 5.0 4.1 3.6 5.5
Min/Max | 3.0/4.7 3.5/56 4.6/65 | 5.6/7.3 54/72 51/7.3| 6.5/77 6.3/7.3 4.6/67 | 4.2/56 3.5/47 27/42 | 5.1/5.7
Latitude Ayerage 4.3 4.9 5.6 6.3 6.1 6.0 6.7 6.7 6.1 54 4.7 42 5.6
Min/Max | 3.3/5.5 3.8/6.3 4.8/6.8 | 55/7.2 5.1/6.8 4.7/6.8 | 6.0/7.1 6.1/7.1 4.6/6.8 | 4.4/6.1 3.9/53 3.1/49 | 5.2/59
Latitude +15 Ayerage 4.6 5.1 5.5 5.8 54 52 5.8 6.1 5.8 55 5.0 45 54
Min/Max | 3.5/5.9 3.8/6.5 4.7/6.7 | 5.1/6.7 4.5/6.0 4.1/58 | 53/6.2 55/6.5 4.4/6.6| 4.4/62 4.0/57 32/54 | 4.9/5.6
90 Average 4.1 4.1 3.8 32 2.5 2.2 2.4 3.0 37 42 4.3 4.1 34
Min/Max | 3.0/53 3.0/53 3.2/46 | 2.9/3.6 22/27 2.0/23 | 2325 2832 2.8/42| 3.3/47 34/49 2849 | 3.2/37
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 7.1 5.7 44 37 6.5
Min/Max | 3.0/50 3.8/6.3 53/79 | 6.7/94 6.5/94 6.1/9.8 | 8.0/10.2 7.8/9.3 52/8.0 | 4.6/6.4 3.6/50 2.7/4.4 | 6.0/6.9
Latitude -15 Ayerage 4.7 5.6 6.8 8.2 8.1 83 9.3 8.9 7.6 6.3 5.1 44 69
Min/Max | 3.5/6.0 42/7.3 57/8.6| 7.0/9.8 65/94 6.0/9.7 | 8.0/102 7.9/9.6 55/8.6 | 51/7.2 4.1/59 3.2/53 | 6.3/7.3
Latitude Average 5.1 59 7.0 8.1 7.9 7.9 8.9 8.8 7.6 6.6 5.6 49 7.0
Min/Max | 3.7/6.6 4.4/7.8 58/8.8 | 6.9/9.8 6.3/9.1 57/9.3 | 7.7/9.8 7.8/94 55/87 | 53/7.6 4.4/65 3.4/59 | 6.4/7.4
Latitude +15 Average 53 6.0 6.9 7.8 74 7.4 8.3 8.3 7.5 6.7 5.8 5.1 6.9
Min/Max | 3.9/7.0 4580 57/8.7| 6.6/94 59/8.6 53/87 | 7.2/9.1 7.4/89 5.3/85| 53/7.6 4.6/6.8 3.6/6.ﬂ 6.2/7.3
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 5.4 6.0 7.0 8.2 8.2 8.4 9.4 8.9 7.7 6.7 5.8 52 7.3
Min/Max | 3.9/7.1 45/80 5.88.8 | 7.0/9.8 6.6/9.5 6.1/9.9 | 8.1/103 8.0/9.6 5.58.7 | 53/7.6 4.6/6.8 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 32 33 35 4.1 4.0 42 52 4.8 4.0 37 35 32 39
Horiz Axis Min/Max | 2.0/4.6 2.1/49 2.6/5.1 | 3.2/55 2.7/5.1 2.0/54 | 4.1/59 3.9/55 2.2/48 | 2.6/45 25/43 1.8/42 | 3.3/43
1-Axis, N-S | Average 2.6 32 4.1 53 52 54 6.6 6.2 4.8 38 2.9 24 4.4
Horiz Axis Min/Max | 1.6/3.7 1.9/4.7 3.0/6.0 | 40/7.1 3.5/6.6 27/7.0 | 5176 5170 27/58 | 2.8/4.7 2.1/3.7 1.4/32 | 3.7/47
1-Axis, N-S | Average 35 4.0 4.6 5.4 5.0 5.0 6.2 6.2 53 4.6 3.9 34 4.8
Tilt=Latitude | Min/Max | 2.2/5.1 2.4/59 3.4/6.7 | 4.1/7.4 33/63 25/6.6 | 4.8/7.2 5.1/7.0 29/63 | 3.3/56 2.8/49 2.0/45 | 4.1/52
2_Axis Average 3.8 4.1 4.6 5.5 53 55 6.7 6.4 53 4.6 4.1 3.7 5.0

Min/Max | 2.3/5.4 2.5/6.1 3.4/6.7 | 42/15 35/6.7 2.7/7.1 | 52/17 52/12 29/63 | 3357 29/52 2.1/48 | 4.2/54

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 22.4 20.1 16.3 133 17.9
Daily Minimum Temp 72 8.3 9.4 110 135 15.4 17.4 18.2 17.1 143 10.2 72 12.4
Daily Maximum Temp 19.3 19.8 20.0 21.9 229 25.0 28.2 28.9 27.8 25.8 223 19.4 23.4
Record Minimum Temp | -3.9 0.6 0.6 33 4.4 8.3 10.6 11.1 10.0 3.9 1.1 =22 -39
Record Maximum Temp | 32.8 328 36.7 40.6 39.4 42.8 41.7 40.6 43.3 439 383 333 43.9
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 7 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 3.3 3.3 3.1 3.0 3.0 2.8 2.5 2.5 23 2.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 23174

LATITUDE: 33.93° N
LONGITUDE: 118.40° W
ELEVATION: 32 meters

MEAN PRESSURE: 1012 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary

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 2.8 3.6 4.8 6.1 6.4 6.6 7.1 6.5 53 42 32 2.6 4.9
Min/Max | 2.3/3.3  3.0/44 4.0/5.6 | 55/6.8 57/7.2 56/77 | 64/80 6.1/7.0 4458 | 3.8/45 27/3.6 2.1/3.0 | 4.7/5.1
Latitude -15 Average 3.8 4.5 55 6.4 6.4 6.4 7.1 6.8 5.9 5.0 42 3.6 55
Min/Max | 2.9/4.6  3.6/5.7 45/64 | 58/7.3 57/13 54/13 | 63/7.9 63/72 4.7/6.6 | 44/56 34/49 2.7/43 | 52/57
Latitude Average 44 5.0 57 6.3 6.1 6.0 6.6 6.6 6.0 54 4.7 42 5.6
Min/Max | 3.3/54 3.8/64 4.7/6.7 | 56/72 54/68 5.0/67 | 59/7.3 6.1/7.0 4867 | 47/60 3.7/56 3.0/50 | 53/59
Latitude +15 Average 4.7 5.1 5.6 5.9 54 52 5.8 6.0 5.7 55 5.0 4.5 5.4
Min/Max | 34/59 3.8/6.6 45/6.6 | 52/6.7 4.8/6.1 44/58 | 52/63 55/64 45/65 | 4.7/6.1 39/60 3.1/54 | 5.1/5.7
90 Average 4.1 4.1 3.8 33 2.5 22 2.4 3.0 3.6 4.2 43 4.1 35
Min/Max | 2.9/52 3.0/54 3.1/45 | 2.9/3.6 2327 2123 | 23/25 28732 29/4.1 | 3547 32/52 2.7/50]| 3.3/37
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 5.0 6.4 79 8.0 8.1 9.0 8.3 6.9 5.6 44 3.7 6.4
Min/Max | 3.0/49 3.7/64 5.1/7.8 ] 6.9/9.3 6.7/94 6.6/9.7 | 7.6/10.8 7.6/93 5.3/8.0| 4.8/6.3 3.4/53 2.6/43 | 6.1/6.8
Latitude -15 Average 4.7 5.6 6.9 82 8.0 8.0 9.0 8.6 7.3 6.3 52 44 6.9
Min/Max | 3.5/59 4.1/74 54/85 | 7.1/9.7 6.8/94 65/9.6 | 7.6/10.8 7.8/9.5 56/85| 54/7.0 3963 3.0/53 | 6.5/73
Latitude Ayerage 5.1 6.0 7.1 8.2 7.8 7.7 8.7 8.4 7.4 6.6 5.6 4.9 7.0
Min/Max | 3.7/6.5 4.3/79 55/8.7 | 7.0/9.6 6.5/92 63/93 | 7.3/104 7.7/93 5.6/8.6 | 5.6/74 4.2/69 33/59 | 6.5/74
Latitude +15 Average 5.4 6.1 7.0 7.8 7.3 7.1 8.1 8.0 72 6.6 5.8 52 6.8

Min/Max | 3.8/6.8 4.3)8.1 5.4/8.6 | 6.7/9.3 6.1/8.6 5.8/8.6 | 6.89.8 73/89 54/84 | 56/15 4.4/72 3.4/63 | 6.4/13

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 6.1 7.1 83 8.1 8.2 9.1 8.6 7.4 6.7 58 53 72
Min/Max | 3.9/6.9 4.4/8.1 56/8.7 | 7.1/9.7 6.8/9.6 6.7/99 | 7.7/11.0 7.9/9.5 5.7/8.6 | 5.6/1.5 4.4/12 3.5/64 | 6.7/1.7
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 39 4.8 45 3.8 3.6 35 32 3.8
Horiz Axis Min/Max | 2.0/45 1.9/50 2.4/49 | 3.3/54 3.0/5.1 24/53 | 3.7/6.1 4.0/53 22/48 | 2.8/44 23j47 1.8/4.1 | 3.4/42
1-Axis, N-S | Average 2.6 32 4.1 5.3 5.0 5.0 6.1 5.7 4.6 3.7 29 24 42
Horiz Axis Min/Max | 1.6/3.6 1.8/4.8 2.8/58 | 42/7.0 3.7/6.6 3.2/69 | 4.6/8.0 49/68 2.7/58 | 29/45 19/40 1.3/3.1 | 3.8/4.7
1-Axis, N-S§ | Average 3.6 4.1 4.7 5.5 4.8 4.6 58 57 5.0 45 39 35 4.6
Tilt=Latitude | Min/Max | 2.2/4.9 2.3/6.1 3.2/6.6 | 43/7.2 3.5/63 3.0/6.5 | 43/7.6 49/6.8 2.9/63 | 3554 2.6/53 1.8/44 | 4.1/5.1
2 Axis Average 3.8 42 4.7 5.5 5.1 5.0 6.2 59 5.0 4.6 4.1 3.8 4.8
Min/Max | 2.3/53 2.3/62 3.2/6.6 | 44/7.3 3.7/6.7 3.2/10 | 47/81 51/7.0 29/63 | 3.5/55 2.8/5.6 2.0/4.7 | 4.3/53
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 13.8 142 14.4 15.6 17.1 18.7 20.6 214 21.1 19.3 16.4 13.8 172
Daily Minimum Temp 8.8 9.6 10.3 11.6 13.5 15.3 17.1 17.9 17.3 15.1 11.6 8.8 13.1
Daily Maximum Temp 18.7 18.8 18.6 19.7 20.6 222 24.1 248 24.8 23.6 21.3 18.8 21.3
Record Minimum Temp -5.0 0.0 1.1 3.9 6.1 89 9.4 10.6 8.3 5.0 1.1 0.0 -5.0
Record Maximum Tenip | 31.1 33.3 35.0 38.9 36.1 40.0 36.1 36.7 43.3 41.1 38.3 344 43.3
HDD, Base 18.3°C 143 119 124 88 53 30 5 3 12 18 71 143 810
CDD, Base 18.3°C 0 4 4 6 14 42 76 98 94 49 14 4 404
Relative Humidity (%) 63 68 71 71 74 76 77 77 74 71 65 63 71
Wind Speed (m/s) 3.1 34 3.8 4.0 3.9 3.8 3.7 3.7 3.5 3.3 32 3.0 35
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 23232

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

MEAN PRESSURE: 1015 millibars

Monthly Radiation (kWh/m2/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 Ma June July Au Sept Oct Nov Dec Year
P Y g P
0 Average 1.9 3.0 4.3 5.9 7.2 7.9 7.9 7.0 5.7 4.0 2.4 1.7 4.9
Min/Max | 1.6/2.4 2.3/3.8 34/54 | 46/6.6 62/7.8 7.0/84 | 74/82 6.3/74 S51/6.1 | 35/43 1930 1423 | 4.6/5.1
Latitude -15 | Average 26 3.9 5.2 6.5 73 7.6 7.8 7.5 6.7 53 3.3 24 55
Min/Max | 1.9/3.6 2.8/53 39/6.6 | 4972 62/7.9 6881 | 73181 6779 5972 | 4458 2345 1737|5158
Latitude Average 2.9 42 5.4 6.3 6.8 7.0 72 7.2 6.9 5.7 3.7 2.7 55
Min/Max | 2.0/4.1 29/59 3.9/69 | 47/7.1 59/74 62/74 | 67/1.5 64/1.6 59/73 | 4863 25/51 18/44 | 5.0/59
Latitude +15 | Average 3.1 4.3 52 59 6.0 6.0 6.3 6.5 6.6 5.8 3.9 29 52
Min/Max | 2.0/43 29/62 3.8/6.8 | 44/6.6 52/65 54/63 | 58/64 5869 57/7.1| 48/64 25/54 1847 47/5.6
90 Average | 2.7 3.6 3.8 3.6 3.0 2.7 2.9 3.6 45 4.6 3.4 26 3.4
Min/Max | 1.6/3.9 2.3/52 28/50 | 2.7/40 2.7/32 2528 | 2.8/29 33/37 3948 | 38/52 2.1/49 1544 | 3.0/3.8
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m2/day), Uncertainty +9%
9 Y y
Axis Tilt (°) Jan Feb Mar Apr Ma June Jul Au Sept Oct Nov Dec Year
p Y y g P
0 Average 2.5 4.0 5.9 8.1 9.9 10.8 111 10.0 8.3 5.8 33 22 6.8
Min/Max | 1.7/34 27/57 4.1/79 | 5.7/9.3 8.2/11.1 9.2/11.9|10.1/11.7 8.8/10.8 6.8/9.0 | 4.8/6.5 22/45 15/35 | 6.2/72
Latitude -15 | Average 3.0 47 6.6 8.6 10.1 10.8 1.2 10.4 9.1 6.8 4.0 2.8 7.3
Min/Max | 2.0/43 3.0/6.8 45/89 | 59/9.8 8.3/11.3 9.2/11.9|102/11.8 9.1/11.2 7.5/9.9 | 5.6/7.6 2.6/5.6 1.8/4.6 | 6.5/7.8
Latitude Average 3.3 49 6.7 8.5 9.8 10.3 10.8 10.2 9.2 7.1 43 3.0 7.4
Min/Max | 2.0/4.7 32/7.3 4.6/9.1 | 59/9.8 8.0/10.9 8.8/11.4| 9.8/11.3 8.9/11.1 7.5/100| 5879 2.7/61 1951 | 6.5/7.9
Average 3.4 5.0 6.6 8.2 9.2 9.7 10.1 9.8 9.0 7.2 4.5 32 7.2

Latitude +15 | nrinMax | 2,149 3274 4.5/9.0 | 5.604 7.6/103 82/10.6| 9.2/10.6 8.5/10.6 7.4/98 | 5880 2764 1.9/54 | 6.3/7.7

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
2 Axis Average 34 5.0 6.7 8.6 10.2 11.0 11.4 10.4 9.2 7.2 4.5 32 7.6

Min/Max | 2.1/5.0 3.2/74 4.6/9.1 | 6.0/99 84/11.4 9.4/122|10.4/12.0 9.1/11.3 7.6/100| 5.8/8.1 2.8/6.4 1.9/55 | 6.7/8.1

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 1.8 2.6 34 43 5.5 6.2 6.6 5.8 52 4.1 2.5 1.7 4.1

Horiz Axis Min/Max | 0.7/3.0 1.2/46 1.8/53 | 2.1/54 4.0/65 49/73| 56/7.1 4.7/6.6 38/58 | 3.2/48 1.1/4.1 0.6/3.6 | 3.4/4.6
1-Axis, N-S | Average 1.3 2.4 3.8 5.6 73 83 8.8 7.7 6.3 4.1 2.0 1.2 4.9

Horiz Axis Min/Max | 0.5/2.2 1.0/4.2 2.0/6.1 | 2.8/7.0 53/8.7 64/9.8 | 7.4/9.6 6.3/8.8 4.4/72| 3.1/49 09/3.2 04/2.5 | 4.1/53
1-Axis, N-S | Average 1.9 3.1 44 59 7.1 7.8 8.4 7.9 7.1 52 2.8 1.8 53

Tilt=Latitude | Min/Max | 0.8/3.2 1.4/55 23/7.1 | 2.9/74 52/85 6.0/92| 7.1/9.1 64/89 50/80 | 39/6.1 13/46 0.7/3.8 | 44/5.8
2_Axis Average 2.1 32 44 6.0 7.5 8.4 9.0 8.1 7.1 5.3 2.9 1.9 5.5

Min/Max | 0.8/3.5 1.4/57 2.3/7.1| 3.0/7.5 55/9.0 6.5/10.0| 7.6/9.8 6.6/9.2 5.0/8.0 | 4.0/62 1.3/48 0.7/4.1 | 4.5/6.1

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 23.9 21.9 17.9 11.8 74 16.0
Daily Minimum Temp 32 52 6.2 7.5 10.2 12.9 14.5 14.4 13.2 10.2 6.3 32 8.9
Daily Maximum Temp 11.5 15.6 17.8 217 26.8 31.0 34.0 33.4 30.7 255 17.3 11.5 23.1
Record Minimum Temp -5.0 -5.0 -3.3 0.0 22 5.0 8.9 9.4 6.1 2.2 -33 -7.8 -7.8
Record Maximum Temp | 21.1 24.4 31.1 33.9 40.6 46.1 45.6 42.8 422 38.3 30.6 222 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 (%) 83 77 72 64 59 55 53 56 57 63 76 83 66
Wind Speed (m/s) 2.5 3.1 35 3.6 39 4.0 3.8 3.6 3.1 25 25 25 3.2
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 23188

LATITUDE: 32.73° N
LONGITUDE: 117.17° W
ELEVATION: 9 meters

MEAN PRESSURE: 1014 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary

—— 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 3.1 3.9 4.9 6.1 6.3 6.5 6.9 6.5 5.4 4.4 34 2.9 5.0
Min/Max | 2.6/3.5 3.3/44 4.4/5.7 | 55/6.8 53/7.2 50/7.6| 5.6/74 59/7.0 42/60 | 38/49 3.0/37 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 4.5 39 5.6
Min/Max | 3.3/48 3.9/5.6 4965|5872 53/712 4974 | 55/73 6113 4567 | 4560 3750 3.2/45|52/5.7
Latitude Average 4.7 53 58 6.3 59 5.8 6.4 6.5 6.1 5.7 5.1 4.6 5.7
Min/Max | 3.8/5.6 4.2/6.3 5.1/6.8 | 57/7.1 5.0/68 4.5/6.8 | 52/6.8 59/7.0 44/69 | 4.8/65 4.1/58 3.6/54 | 5.3/59
Latitude +15 Average 5.1 55 57 59 52 5.1 5.6 5.9 5.8 5.8 54 5.0 55
Min/Max | 4.0/6.1 4.3/65 5.0/6.8 | 5.3/6.7 45/60 4.0/58 | 4.6/59 54/64 42/66 4867 43/62 3.8/59 |5.1/5.7
90 Average 45 43 39 32 24 2.1 22 29 3.6 44 4.6 45 35
Min/Max | 3.4/54 3.3/53 33/45|29/35 2225 1921 | 2.0/23 27/3.0 27/40| 3550 3.6/54 3.4/54 | 3.3/37
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 4.4 54 6.7 8.0 7.1 7.8 8.8 8.4 72 6.1 4.9 42 6.6
Min/Max | 3.5/53 4.1/6.6 5.7/8.1 | 6.8/9.2 6.1/94 55/9.9 | 6.6/97 7.3/94 4983 | 50/7.0 3.9/58 3.3/49 | 6.1/69
Latitude -15 Average 52 6.1 72 83 7.7 7.8 8.7 8.6 7.6 6.7 57 5.0 7.1
Min/Max | 4.1/63 4.6/74 6.1/8.7 | 7.1/9.6  6.1/9.4 54/9.8 | 6.6/9.7 7.4/9.6 52/88 | 55/7.8 4.4/6.7 3.8/59 | 6.4/73
Latitude Average 5.7 6.5 7.4 8.2 7.5 7.4 8.4 8.4 7.7 7.1 6.2 5.5 7.2
Min/Max | 4.4/6.9 4.8/79 6.2/9.0 | 7.0/9.6 5.9/9.1 52/93 | 6.3/93 7.3/94 52/89 | 57/83 48/73 4.2/65 | 65/74
Average 6.0 6.6 7.3 79 7.0 6.9 7.8 8.0 7.5 7.1 6.5 5.8 7.0

Latitude 15 | yrinfax | 4.6/73 4981 6.1/89 | 6792 5586 4886 | 5987 6989 5087 | 5784 49716 4469 | 64773

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 uear
: Average 6.0 6.6 7.4 83 7.8 7.9 89 8.6 7.7 7.2 6.5 5.9 7.4

r 2-Axis Min/Max | 4.6/73 4.9/8.1 62/9.0 L7.l/9.6 6.2/9.5 55/100| 6.7/9.8 7.4/9.6 52/89 D.8/8.4 5.0/77 4.4f7.1 | 6.8/7.7

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 3.8 3.8 39 4.3 39 4.0 4.9 4.8 42 4.1 4.0 38 4.1

Horiz Axis Min/Max | 2.4/49 25/51 2953 | 3.4/55 25/52 1.8/57| 29/58 3.8/56 19/52 1 3.0/52 27/52 2.5/48 | 3.6/45
1-Axis, N-S | Average 3.1 3.8 4.6 5.6 4.9 50 6.2 6.1 5.1 4.4 3.6 3.0 4.6

Horiz Axis Min/Max | 2.0/4.1  23/51 3.4/63 | 43/7.1 3.1/6.8 23/73 | 3.6/7.4 47/72 23/63 | 3.2/55 24/46 2.0/3.8 |3.9/50
1-Axis, N-S | Average 42 4.7 5.1 5.7 4.7 4.7 5.8 6.1 55 52 4.6 4.1 5.0

Tilt=Latitude | Min/Max | 2.7/54 2.9/62 3.8/7.0 | 44/73 3.0/65 21/6.8 | 3.4/7.0 4.7/72 25/68 | 3.8/6.5 3.1/6.0 2.7/52 | 4.3/54
2 Axis Average 4.5 4.8 5.1 5.8 5.0 5.1 6.2 6.3 5.5 53 4.9 4.5 53

Min/Max | 2.9/58 3.0/64 3.8/7.1 | 4574 32/69 23/13 | 3.7/15 49/74 25/69 | 3.8/6.6 3.3/63 3.0/57 | 45/57

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 19.3 217 22.6 21.9 19.8 16.7 14.1 17.9
Daily Minimum Temp 94 10.4 11.6 13.1 15.1 16.6 18.7 19.6 18.7 16.1 12.2 9.3 14.2
Daily Maximum Temp 18.8 19.2 19.1 20.2 20.6 22.0 24.6 25.4 25.1 237 21.1 18.9 21.6
Record Minimum Temp -1.7 22 39 5.0 8.9 10.6 12.8 139 10.6 6.1 33 1.1 -1.7
Record Maximum Temp | 31.1 31.1 339 36.7 35.6 383 35.0 36.7 43.9 41.7 36.1 31.1 439
HDD, Base 18.3°C 136 105 98 63 41 28 7 0 11 13 61 135 698
CDD, Base 18.3°C 5 6 5 13 25 58 111 133 117 59 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 | 37 37 36 | 35 3.5 34 | 31 2.8 26 | 33
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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 22 3.0 4.2 5.7 6.7 7.2 7.3 6.5 54 3.9 2.5 2.0 4.7
Min/Max | 1.8/25 23/3.9 3.3/53 | 44/64 57/74 6.1/79( 69/79 57/73 47/6.0 | 3.2/44 2.1)29 14/24 | 4.4/49
Latitude -15 Average 3.1 3.9 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 2.9/55 3.8/6.5|4.7/7.0 5.7/7.5 59/7.7 | 69/7.8 6.0/7.7 53/7.1 | 4.0/58 2843 193.9 | 49/5.6
Latitude Average 3.5 4.2 5.2 6.1 6.4 6.5 6.8 6.7 6.4 54 3.9 34 5.4
Min/Max | 2.7/43  3.1/6.1 3.9/6.8 | 4.6/69 54/7.1 54/7.1| 6472 58/74 5473 | 43/64 3.1/49 2.0/4.6 | 4.9/5.7
Latitude +15 A_Verage 37 44 5.1 5.6 57 5.6 59 6.1 6.1 5.5 4.1 3.6 5.1
Min/Max | 2.8/4.7 3.1/6.4 3.8/6.8 | 4.2/6.4 4.8/63 4.7/6.1 | 5.6/6.3 5.3/6.7 52/7.0| 4.3/65 3.2/52 2.1/50 | 4.6/55
90 Ayerage 33 3.6 3.7 34 2.8 2.5 2.7 33 4.1 43 3.6 33 34
Min/Max | 2.5/4.2 24/54 2.7/49 | 2.6/3.8 2.5/3.0 23/2.6| 2.6/28 3.0/3.6 3.5/4.7 | 34/52 28/4.6 19/47 | 2.9/3.7
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 4.1 5.7 7.6 8.8 9.3 9.7 8.7 7.4 55 35 2.8 6.3
Min/Max | 2.3/3.7 2.8/6.0 4.1y7.7 | 5.6/89 7.0/10.1 7.5/10.8| 9.0/10.7 7.4/10.2 6.2/8.8 | 4.3/6.5 2.8/44 1.7/3.8 | 5.7/6.7
Latitude -15 Average 3.7 47 6.3 8.0 8.9 9.2 9.7 9.0 8.1 6.3 43 35 6.8
Min/Max | 2.8/4.6 3.3/7.1 45/8.6 | 58/94 7.1/10.3 7.4/10.7| 9.0/10.8 7.7/10.6 6.7/9.6 | 4.8/7.6 3.3/54 2.0/4.8 | 6.1/7.2
Latitude Ayerage 4.0 5.0 6.5 8.0 8.7 8.9 9.4 8.8 8.2 6.6 4.6 3.9 6.9
Min/Max | 3.0/5.1 3.4/7.6 4.6/8.9 | 57/94 6.8/10.0 7.1/10.3| 8.7/104 7.5/104 6.8/9.7 | 5.1/8.0 3.5/59 2.2/54 | 6.1/7.3
Latitude +15 Average 4.2 5.1 6.4 7.7 8.1 82 8.7 8.4 8.0 6.7 4.8 4.1 6.7
" | Min/Max | 3.1/5.4 34/78 4588 | 55/9.0 64/94 6696 8197 7.1/99 66/9.5 | 5.1/81 3.6/6.1 2.3/57 | 59/71
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 4.2 5.1 6.5 8.1 9.0 94 9.9 9.0 82 6.7 4.8 4.1 7.1
Min/Max | 3.1/54 34/78 4.689 | 58/9.5 72/104 7.6/11.0| 92/11.0 7.7/10.6 6.8/9.7 | 5.1)8.1 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 2.8 33 4.0 4.7 5.1 5.5 4.9 4.6 3.9 2.8 25 39
Horiz Axis Min/Max | 1.6/3.5 1.5/49 1.9/52 | 24/52 3.3/57 3.6/63 | 4.9/64 3.7/6.1 3.3/56 | 2.6/50 18/39 1.1/3.9 | 3.2/42
1-Axis, N-S | Average 1.9 2.5 3.8 5.2 6.1 6.5 7.1 6.3 5.4 39 23 1.8 4.4
Horiz Axis Min/Max | 1.2/2.6 1.3/46 2.16.0 | 3.1/6.7 42/75 4.6/83| 62/83 4.7/8.0 4.0/68 | 25/50 15/32 0.82.8 | 3.7/4.7
1-Axis, N-S | Average 2.7 33 4.4 5.4 59 6.1 6.8 64 6.0 4.8 32 279 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 4.3/7.7 | 5.9/7.9 4.8/8.1 44/7.6 | 32/63 2044 1.2/42 ] 4.0/53
2_Axis Average 29 34 44 5.5 6.3 6.7 73 6.6 6.1 4.9 33 2.9 5.0
Min/Max | 1.9/40 1.7/6.1 2.5/6.9 | 3.3/7.1 43/7.7 4.7/84 | 6.4/85 50/83 44/7.6 | 3.2/63 2.2/47 1345 | 42/55
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.3 11.2 11.8 13.1 14.5 16.4 17.1 17.6 18.1 16.1 12.7 9.7 13.9
Daily Minimum Temp 54 7.2 7.7 8.4 9.8 114 12.2 12.8 12.9 11.0 8.4 59 9.4
Daily Maximum Temp 13.1 15.2 16.0 17.7 19.2 21.3 22.0 224 23.1 212 16.9 134 18.4
Record Minimum Temp | -4.4 -3.9 -1.1 -0.6 22 5.0 6.1 5.6 3.3 1.1 -3.9 -6.7 -6.7
Record Maximum Temp | 22.2 25.6 29.4 33.3 36.1 41.1 40.6 36.7 394 37.2 294 23.9 41.1
HDD, Base 18.3°C 281 199 202 159 121 67 51 38 44 75 170 269 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 77 74
Wind Speed (m/s) 3.3 4.0 4.8 55 6.2 6.2 6.2 5.7 5.0 4.3 3.7 35 49
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WBAN NO. 23273

LATITUDE: 34.90° N

LONGITUDE: 120.45° W
ELEVATION: 72 meters

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

MEAN PRESSURE: 1008 millibars 3+
. 2 T
STATION TYPE: Primary
1 £
— 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 | 2.8 37 49 6.2 7.0 74 7.5 6.8 5.6 4.4 32 2.7 52
Min/Max | 2.3/3.3  3.0/42 4.0/58 | 53/69 5.6/79 63/80 | 7.1/7.9 63/1.2 50/6.1 | 3.8/47 27/3.6 2.3/3.0 | 4.8/54
Latitude -15 | Average | 4.0 4.7 5.7 6.6 7.0 72 7.4 7.1 6.3 5.4 4.4 3.9 5.8
Min/Max | 3.0/4.8 3.7/56 4.5/6.8 | 55/75 5.6/79 62/78 | 7178 65/15 56/70 | 4.6/59 3.5/51 3.1/4.6 | 53/6.1
n/
Latitude Average | 4.6 52 59 6.5 6.6 6.6 6.9 6.9 6.4 5.8 5.0 4.5 5.9
u Min/Max | 3.3/5.6 3.9/62 4.6/72 | 5374 53/74 57/72 | 6.6/12 63/13 56/1.1 | 49/65 3.9/59 3.6/54 | 54/6.2
Latitude +15 | Average | 4.9 5.4 5.8 6.0 5.8 5.7 6.0 6.2 6.2 6.0 53 4.9 5.7
atitude Min/Max | 3.5/6.1 4.0/6.5 4.5/7.1 | 49/6.9 47/65 49/6.1 | 58/62 57/6.6 5.4/69 | 49/66 4.1/63 3.8/59 | 5.2/6.0
90 Average | 4.4 44 4.0 3.4 2.7 2.3 2.5 32 3.9 4.6 4.6 4.5 37
Min/Max | 3.0/5.5 3.2/54 3.1/49 | 2.8/3.8 2429 22/24 | 2426 3033 35/44 | 3751 35/56 3.5/55 | 33/40
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 | 42 52 6.7 83 9.0 9.4 9.6 8.8 75 6.1 4.7 4.0 7.0
Min/Max | 3.0/5.1 3.8/63 5.1/84 | 67/9.7 6.8/10.6 7.7/10.8| 8.8/10.6 7.9/9.6 63/8.7 | 50/7.0 3.7/57 3.2/48 | 6.3/14
Latitude -15 | Average | 5.0 6.0 73 8.7 9.1 9.4 9.6 9.1 8.1 6.9 5.6 4.9 75
Min/Max | 3.5/62 4.3/7.3 5.5/9.2 |6.9/102 69/10.8 7.6/10.7| 8.8/10.6 8.1/9.9 6.7/9.4 | 5.6/1.9 4.3/6.7 3.8/59 | 6.7/1.9
Latitud Average 5.5 6.4 7.5 8.6 8.8 9.0 9.2 8.9 8.2 7.3 6.0 5.4 7.6
atitude Min/Max | 3.8/6.8 4.5/7.8 5.6/9.5 |6.8/10.1 6.7/10.4 7.3/102| 85/10.2 8.0/9.7 68/9.5 | 59/83 4.6/713 42/6.6 | 6.8/8.1
. Average | 57 6.5 7.4 8.3 8.3 8.3 8.6 8.5 8.0 7.3 6.3 5.7 7.4
Ea“mde *15 { Min/Max | 4.0/7.2 4.5/8.0 55/94 | 6.4/98 63/98 68/9.5 | 79/9.5 7.6/92 6.6/9.3 | 59184 4777 4410 | 6.6/19

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 5.8 6.5 7.5 8.7 9.2 9.6 9.7 9.1 8.2 7.4 6.3 5.8 7.8
Min/Max | 4.0/7.3 4.6/80 5.6/9.5 |69/102 6.9/109 7.8/10.9| 8.9/10.8 8.1/9.9 68/9.5 | 59/84 4.8/77 4472 | 7.0/84
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 3.6 3.8 4.0 4.5 4.9 53 5.6 5.2 4.6 4.3 3.9 37 4.5
Horiz Axis Min/Max | 2.1/49 2.1/50 2.3/57 | 3.0/57 29/62 3.6/64 | 4.6/64 4.1/59 32/56 | 3.2/52 2.6/52 2.6/5.0] 3.6/5.0
1-Axis, N-S | Average 2.9 3.6 4.6 5.9 6.4 6.8 7.1 6.5 55 4.5 34 2.8 5.0
Horiz Axis Min/Max | 1.6/39 2.0/4.8 2.7/6.7 | 4.0/7.5 3.8/82 45183 | 57/83 50/75 3.7/7.0 | 33/55 2.2/45 2.0/38 | 4.1/55
1-Axis, N-S | Average 4.0 4.6 53 6.1 6.2 6.3 6.7 6.6 6.0 54 4.5 4.0 55
Tilt=Latitude | Min/Max | 2.3/5.4 2.5/6.1 3.0/7.6 | 4.1/7.8 3.7/7.9 4.2/7.8 | 54/7.8 5.1/7.5 4.0/7.6 | 4.0/6.6 3.0/6.0 2.8/54 | 4.4/6.1
2 Axis Average 4.3 47 53 6.2 6.5 6.9 7.2 6.8 6.1 55 4.8 44 5.7
Min/Max | 2.5/58 2.6/6.3 3.0/7.7 | 4.1/79 39/84 4.6/84 | 58/84 52/17 4.0/7.6 | 4.1/6.7 3.1/63 3.1/58 | 4.6/6.4
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 17.3 17.8 17.6 16.1 13.1 10.6 14.1
Daily Minimum Temp 3.5 4.7 52 5.8 8.0 10.2 11.6 12.2 11.3 8.9 57 32 75
Daily Maximum Temp 17.7 18.2 179 19.4 19.9 217 229 23.4 23.8 233 20.4 17.9 20.6
Record Minimum Temp -0.7 -5.6 -4.4 -0.6 -0.6 22 6.1 6.1 22 -33 -39 -6.7 -6.7
Record Maximum Temp | 30.0 30.6 35.0 394 37.8 38.9 40.0 39.4 394 42.2 33.9 322 422
HDD, Base 18.3°C 239 193 210 173 138 77 53 40 56 79 161 239 1658
CDD, Base 18.3°C 0 0 0 3 0 5 21 23 32 11 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 3.7 3.8 4.0 3.7 3.2 3.0 2.8 2.8 3.0 2.8 32
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Monthly Radiation (kWh/m2/day)

1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 23061

LATITUDE: 37
LONGITUDE: 105.

45° N
87°W

ELEVATION: 2297 meters
MEAN PRESSURE: 772 millibars

STATION TYPE: P

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

rimary

Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 3.0 4.0 5.2 6.4 7.1 7.7 7.2 6.5 5.6 4.5 33 2.7 5.3
Min/Max | 2.6/3.2 3.6/44 45/56 | 54/6.8 6.6/7.6 7.1/88 | 6.6/7.9 5.8/69 4.9/62 | 3.6/49 3.0/3.6 2.4/3.0 | 5.0/5.6
Latitude -15 Average 4.7 5.5 6.2 6.9 7.1 74 7.0 6.8 6.5 5.9 4.9 44 6.1
Min/Max | 3.9/5.1 4.9/6.1 53/6.8 | 5.8/7.4 6.6/7.6 6.8/84 | 6.5/77 6.1/73 5.6/72 | 44/6.6 42/55 3.6/4.9 | 5.8/6.5
Latitude Average 5.5 6.2 6.5 6.8 6.6 6.8 6.5 6.5 6.7 6.4 5.6 5.2 6.3
Min/Max | 4.6/6.1 54/6.8 5.5/72|5.7/7.3 62/7.1 63/7.7 | 6.0/7.1 5870 5.7/73 | 4.7/72 4.8/63 4.2/6.0 | 5.9/6.6
Latitude +15 Ayerage 6.0 6.5 6.4 6.3 5.8 57 5.6 59 6.4 6.5 6.0 57 6.1
Min/Max | 4.9/6.6  5.6/7.3 5.4/7.1 | 5.3/6.8 5.4/62 53/65 | 52/62 53/63 54/70| 4774 5.0/6.8 4.5/6.7 | 5.7/6.5
90 Average 5.7 5.6 4.7 3.7 29 25 2.6 32 4.3 52 5.5 55 4.3
Min/Max | 4.6/6.2 4.8/6.7 4.0/52 | 3.2/4.1 27/)3.0 2427 | 24/28 29/34 3747 | 3.7/59 44/61 42/67 | 3.9/45
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 4.9 6.2 7.6 9.2 10.0 10.8 9.8 9.0 8.3 7.0 5.2 4.5 7.7
Min/Max | 3.9/54 5.3/7.1 6.1/8.6 |7.4/10.2 8.8/10.9 9.7/12.3| 8.9/11.3 7.8/10.0 6.5/9.2 | 5.0/8.0 4.3)59 3.5/52 | 7.1/8.3
Latitude -15 Ayerage 6.1 74 8.4 9.6 10.1 10.7 9.8 94 9.0 8.0 6.4 5.7 8.4
Min/Max | 4.8/6.8 6.3/84  6.7/9.5 |7.7/10.7 89/11.1 9.6/122| 8.9/11.4 8.1/10.3 7.1/10.0| 5.6/9.3 5.2/7.2 4.4/6.6 | 7.7/9.0
Latitude Ayerage 6.8 7.9 8.7 9.6 9.8 10.3 9.5 9.2 9.1 8.4 7.0 6.3 8.5
Min/Max | 5.3/7.6 6.7/9.0 6.9/9.8 |7.6/10.7 8.7/10.8 9.2/11.7| 8.6/11.0 7.9/10.2 7.1/10.2| 5.8/9.7 5.6/7.8 4.8/7.4 | 7.8/9.2
Latitude +15 Average 7.2 8.1 8.6 92 9.3 9.6 8.9 8.8 9.0 8.5 7.3 6.7 8.4
Min/Max | 5.6/8.0 6.809.2 6.8/9.7 |7.4/103 82/102 8.6/10.9] 8.0/103 7.6/9.7 7.0/9.9 | 5.8/9.8 59/82 5.1/7.9 | 7.6/9.1
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
2 Axis Average 72 8.1 3.7 97 102 11.0 10.0 9.4 9.2 8.5 7.3 6.8 8.8
Min/Max | 5.7/8.1 6.8/9.2 6.9/9.8 |7.7/10.8 9.1/11.2 9.9/12.5| 9.1/11.6 8.1/10.4 7.2/10.2| 5.9/9.8 59/83 52/8.1 | 8.0/9.5
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 4.8 5.0 4.7 5.0 54 6.2 5.5 5.0 5.1 5.2 4.8 4.6 5.1
Horiz Axis Min/Max | 3.5/5.7 3.8/6.0 3.3/57 | 33/59 4.3/6.3 5.1/74| 4.7/69 4.0/59 3.5/63 | 2.8/64 3.5/58 32/56 | 4.4/57
1-Axis, N-S | Average 3.7 4.8 57 6.9 7.4 8.4 7.4 6.7 6.5 55 4.0 34 59
Horiz Axis Min/Max | 2.6/4.6 3.6/5.9 3.8/6.9 | 4.6/83 5.8/88 69/99 | 6.2/94 54/8.1 42/80 | 3.0/7.0 2.8/49 23/42 | 50/6.6
1-Axis, N-S | Average 53 6.2 6.5 7.2 7.2 7.9 7.0 6.8 7.2 6.8 5.6 5.0 6.5
Tilt=Latitude | Min/Max | 3.8/6.4 4.7/7.6 4.4/7.9 | 48/8.6 57/85 6.4/93 | 59/89 55/8.1 4.7/88 | 3.7/85 4.0/6.8 3.4/6.1 | 55/7.4
2 Axis Average 5.7 6.3 6.5 7.3 7.6 8.6 75 7.0 7.2 6.8 5.9 54 6.8
Min/Max | 4.1/6.9 4.8/7.8 4.4/8.0 | 49/8.7 6.0/9.0 7.0/10.1| 6.3/9.6 5.6/84 4.7/88 | 3.7)8.6 4.2/7.1 37/6.6 | 5.7/1.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 9.6 -5.3 0.2 5.1 10.2 15.2 18.3 16.9 12.7 6.4 -1.2 -8.1 5.1
Daily Minimum Temp -19.9 -15.1 -9.0 -4.7 0.4 5.0 8.8 74 2.6 -4.1 -10.9 -18.1 -4.8
Daily Maximum Temp 0.7 4.4 9.3 14.8 20.0 25.4 27.8 26.2 22.6 16.9 8.6 1.9 14.9
Record Minimum Temp | -45.6 -37.2 -28.9 -21.1 -11.7 -4.4 1.1 -1.7 94 -233 -34.4 -41.1 -45.6
Record Maximum Temp | 16.7 18.9 22.8 26.7 294 339 35.6 322 30.6 272 21.7 16.1 35.6
HDD, Base 18.3°C 866 663 563 398 252 97 23 54 170 371 585 818 4861
CDD, Base 18.3°C 0 0 0 0 0 3 22 9 0 0 0 0 34
Relative Humidity (%) 71 67 57 48 47 46 56 60 56 55 64 70 58
Wind Speed (m/s) 34 34 4.7 5.1 4.8 45 3.6 34 2.7 34 4.0 2.6 3.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 94018

LATITUDE: 40.02° N
LONGITUDE: 105.25° W
ELEVATION: 1634 meters
MEAN PRESSURE: 836 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Primary

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 | 2.4 33 44 5.6 6.2 6.9 6.7 6.0 5.0 3.8 2.6 2.1 4.6
Min/Max | 2.12.7 2.8/35 3.7/50 | 48/6.1 5172 57/7.8 | 5.6/74 52/66 4.0/55| 3.1/42 23728 19723 | 43/48
Latitude -15 | Average | 338 4.6 54 6.1 6.2 6.6 6.6 6.3 5.9 5.1 4.0 3.5 54
Min/Max | 3.2/4.4 3.8/5.1 43/62 | 53/6.8 4.9/73 55/76 ) 5.6/74 53/71 4.6/67 | 4.0/58 3.4/4.6 2841|4957
Latitude Average | 44 5.1 5.6 6.0 59 6.1 6.1 6.1 6.0 5.6 4.6 4.2 5.5
Min/Max | 3.6/5.1 4.2/57 4.4/65 | 52/67 4.6/68 51/69 | 52/6.8 51/68 4.6/68 | 42/64 3.9/52 3.2/48 | 50/5.8
Latitude +15 | Average | 4.8 53 5.6 5.6 52 52 53 55 5.8 5.7 43 45 53
Min/Max | 3.9/5.6 4.3/59 4465 | 4.8/62 4.1/60 4.4/59 | 4.5/59 4.6/62 4.4/66 | 4.2/65 4.1/56 3.553 | 4.8/5.6
9 Average | 4.5 4.6 43 3.6 2.8 2.6 2.7 32 4.0 4.6 44 43 3.8

Min/Max | 3.6/5.4 3.7/52 35/50 | 3.0/40 2331 2228 | 2329 27/3.6 3.1/4.6 | 34/53 37/51 3.4/52 | 34/4.1

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 37 4.9 6.2 7.6 8.2 9.1 9.0 8.2 7.1 5.7 4.0 33 6.4
Min/Max | 3.0/4.4 4.1/55 4.6/74 | 6.2/8.7 6.2/10.0 7.410.9| 7.1/10.2 6.7/9.3 53/83 | 42/6.6 3.4/44 2.6/3.9 | 57/6.9
Latitude -15 Average 4.8 59 7.0 8.1 8.4 9.1 9.1 8.6 79 6.7 5.0 44 7.1
Min/Max | 3.8/5.6 4.8/6.7 5.1/84 | 6.6/92 6.3/102 7.4/109| 7.1/103 7.0/9.8 58/9.2 | 4.8/7.8 4.2/57 3.3/52 | 6.2/7.6
Latitude Average 52 6.2 7.2 8.0 8.1 8.8 8.7 8.4 79 7.1 55 4.9 7.2
Min/Max | 4.2/6.2 5.1/7.1 5.2/86 | 6.6/9.2 6.1/9.9 7.1/104( 6.8/10.0 6.8/9.6 58/9.3 | 50/82 4.6/6.3 3.6/58 | 6.3/7.8
Latitude +15 Average 55 6.4 7.1 7.7 7.7 8.2 8.2 8.0 7.8 7.1 5.7 5.2 7.1

Min/Max | 44/6.6 52/73 52/86 | 6.3/89 58/94 6.6/98 | 6.4/93 65/9.2 56/9.1 | 5.0/83 4.38/6.6 3.8/6.2 | 6.1/7.6

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 5.6 6.4 7.2 8.1 8.5 9.4 9.2 8.6 8.0 7.1 57 53 74

L Min/Max | 4.5/6.7 5.2/7.3 52/8.6 | 6.7/9.3 6.4/104 7.6/11.1| 7.2/]10.5 7.0/9.8 5.8/93 | 5.1/83 4.8/6.6 3.9/6.3 | 6.5/8.0

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 35 3.7 3.7 4.0 42 5.0 4.9 4.5 44 4.3 3.6 3.4 4.1
Horiz Axis Min/Max | 2.3/4.6 2.8/45 2.1/48 | 2.9/50 29/57 3.5/64 | 3.8/6.1 34/54 28/55| 2.5/52 27/47 2.0/43 | 3.4/45
1-Axis, N-S | Average 2.6 3.4 4.2 53 5.6 6.6 6.5 6.0 54 4.3 2.8 23 4.6
Horiz Axis Min/Max | 1.6/3.4 25/42 22/57 | 3.6/64 3.8/7.6 4.8/85 | 4.88.1 4571 34/67 | 24/53 22/3.6 1.3/3.0| 3.7/5.1
1-Axis, N-S | Average 3.9 4.5 5.0 5.6 5.5 6.2 6.2 6.1 6.0 5.5 4.1 3.6 52
Tilt=Latitude| Min/Max | 2.5/5.1 3.4/55 2.7/6.6 | 3.8/6.8 3.7/7.5 45/8.0 | 4.6/1.7 4.6/13 3.8/7.6 | 3.1/6.7 3.1/53 2.0/4.6 | 42/5.7
2 Axis Average 4.1 4.6 5.0 5.7 5.8 6.8 6.7 6.3 6.1 5.6 4.3 4.0 54

| Min/Max | 2.7/54 3.5/57 27/6.6 | 3.9/6.9 4.0/79 4987 | 4.9/83 48/15 38/76 | 32/68 33/56 22/50 | 43/6.0

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -1.3 0.8 3.9 9.0 14.0 19.4 23.1 219 16.8 10.8 39 -0.6 10.2
Daily Minimum Temp -8.8 -6.6 -34 1.4 6.4 11.3 14.8 13.8 8.7 24 -3.7 -8.1 2.3
Daily Maximum Temp 6.2 8.1 11.2 16.6 21.6 274 31.2 29.9 24.9 19.1 114 6.9 17.9
Record Minimum Temp | -31.7 -34.4 -23.9 -18.9 -5.6 -1.1 6.1 5.0 -83 -16.1 -22.2 -31.7 -34.4
Record Maximum Temp | 22.8 24.4 28.9 31.7 35.6 40.0 40.0 38.3 36.1 31.7 26.1 239 40.0
HDD, Base 18.3°C 608 492 448 280 141 39 0 0 80 238 433 586 3344
CDD, Base 18.3°C 0 0 0 0 6 71 148 113 35 4 0 0 377
Relative Humidity (%) 55 56 54 50 52 49 48 49 50 49 56 56 52
Wind Speed (m/s) 37 3.8 4.1 44 4.1 3.8 3.6 3.5 3.4 34 3.5 3.6 3.8
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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 | 25 34 45 5.7 6.2 6.9 6.7 6.0 5.1 4.0 2.8 2.3 47
Min/Max | 2.2/2.8 3.0/3.7 3.7/5.1 | 4.8/63 55/7.0 62/77 | 6.1/74 52/6.7 43/58 | 32/45 2.53.1 2.0/2.5 | 45/49
Latitude -15 | Average | 4.0 4.7 55 6.2 6.2 6.7 6.6 6.4 6.0 5.4 4.2 3.7 55
Min/Max | 32/4.6 4.0/52 43/63 | 52/69 55/7.1 60/74| 6.0/7.3 55/7.1 4.9/68 | 4.0/6.1 3.7/49 3.0/4.3 | 5.1/5.7
Latitude Average | 4.6 52 5.7 6.1 5.9 6.2 6.1 6.1 6.1 58 4.8 44 5.6
Min/Max | 3.7/54 44/57 44/67 | 5.1/68 52/6.6 55/68 | 5.6/6.8 53/6.9 49/69 | 42/6.6 4.1/57 3.5/52 | 52/59
Latitude +15 | Average | 5.0 54 5.6 5.6 5.2 53 53 5.6 59 5.9 5.1 4.8 5.4
Min/Max | 3.9/59 4.5/6.0 43/6.6 | 4.8/63 4.6/58 4.7/58 | 4.9/58 4.8/62 4.7/6.7 | 4.2/6.8 43161 3.8/5.7 | 49/5.7
90 Average 4.7 4.6 4.2 35 2.7 2.5 2.6 3.2 4.0 4.8 4.6 4.6 3.8
Min/Max | 3.5/55 3.8/5.1 3.4/49 | 3.0/40 25/3.0 23/2.6| 2.4/2.8 2.8/35 3.2/45| 33/55 3.8/56 3.7/54 3.4/4@
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?2/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 4.0 5.1 6.4 7.9 8.3 9.4 9.0 8.3 74 6.1 43 3.7 6.7
Min/Max | 3.1/4.7 4.4/57 4.7/7.7 | 63/9.1 7.0/9.8 8.0/10.8| 8.0/103 6.7/9.5 5.7/8.7 | 43/7.1 3.5/52 2943 | 6.1/7.1
Latitude -15 | Average | 5.1 6.1 7.2 8.3 8.5 9.3 9.0 8.6 8.1 7.1 5.4 4.7 73
Min/Max | 3.8/6.0 5.1/6.8 52/8.6 | 6.6/9.7 7.1/10.0 7.9/10.7| 8.0/10.3 7.0/9.9 6.2/9.5 | 4.9/83 4.4/64 3.7/56 | 6.6/7.7
Latitude Average 5.6 6.5 7.4 83 82 9.0 8.7 8.5 8.1 74 5.8 53 7.4
Min/Max | 42/6.6 54/7.3 5.3/89 | 6.6/9.6 6.8/9.7 7.6/103| 7.7/10.0 6.9/9.7 62/9.6 | 5.1/8.7 4.8/7.1 4.1/6.2 | 6.7/7.8
Latitude +15 | Average | 5.9 6.6 73 7.9 7.7 8.4 8.1 8.1 8.0 7.5 6.1 5.6 73
Min/Max | 4.4/7.0 55/7.5 52/88 | 6.3/93 64/9.1 7.1/9.6 | 7.2/94 6.5/9.3 6.1/94 | 5.1/88 5.0/74 43/6.6 | 6517
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 | 5.9 6.7 74 8.4 8.6 9.6 9.2 8.6 8.2 7.5 6.1 5.7 7.7
Min/Max | 4.4/7.1  55/7.5 5.3/89 | 67/9.7 7.2/10.1 8.1J11.0| 8.2/10.5 7.0/9.9 6.3/9.6 | 5.1/8.8 50/7.4 4.3/6.8 | 6.9/8.1
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, B-W | Average | 3.9 4.0 3.9 42 4.2 5.1 4.8 4.5 44 45 3.9 3.8 4.3
Horiz Axis | Min/Max | 2.5/5.0 3.1/47 22/52 | 2.8/53 3.1/54 38/64 | 4.0/6.1 3.4/55 3.0/56| 2.6/57 29/51 24/48 | 3.6/47
1-Axis,N-S | Average | 29 3.7 4.5 5.6 5.7 6.8 6.4 6.0 55 47 3.2 2.7 4.8
Horiz Axis | Min/Max | 1.8/3.8 2.8/45 24/6.0 | 3.7/7.1 42/74 51/85| 52/8.1 4.4/74 3.6/7.1 | 2.6/59 23/42 16/35 | 4.1/5.3
1-Axis, N-S | Average | 43 49 53 5.8 5.6 6.4 6.1 6.1 6.2 5.8 4.5 4.1 5.4
Tilt=Latitude | Min/Max | 2.7/5.5 3.8/5.8 2.8/7.0 | 3.9/7.4 4.1/72 4.8/8.1 | 49/7.8 4.5/75 4.0/7.9 | 3.3/73 3.3/59 2.5/52 | 45/59
2-Axis Average | 4.6 5.0 53 5.9 5.9 7.0 6.6 6.2 6.2 59 4.8 44 5.6
Min/Max | 2.9/5.9 3.8/6.0 2.8/7.0 | 3.977.5 4.3/7.6 52/87 | 5383 4.6/77 4.0/7.9 | 3374 3.5/62 2.8/5.7 | 4.7/6.2 |
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.8 0.0 2.9 8.0 13.0 18.3 21.6 20.2 15.8 9.9 3.2 -1.2 9.2
Daily Minimum Temp -8.8 7.1 4.1 0.6 5.6 10.6 13.9 12.9 8.4 24 3.9 8.1 1.9
Daily Maximum Temp 52 7.0 10.0 154 20.4 26.1 29.1 274 23.1 17.5 10.4 5.7 16.4
Record Minimum Temp | -32.2 -32.8 239 | -194 -6.1 0.0 5.6 6.1 5.6 -15.0 222 311 | -32.8
Record Maximum Temp | 22.2 24.4 272 28.3 339 37.8 37.8 372 344 30.0 25.6 25.0 37.8
HDD, Base 18.3°C 623 513 477 310 168 48 3 10 91 260 453 606 3564
CDD, Base 18.3°C 0 0 0 0 0 48 103 67 14 0 0 0 233
Relative Humidity (%) 51 50 50 46 49 48 50 54 51 46 50 51 50
Wind Speed (m/s) 4.1 43 47 5.1 4.8 43 4.0 3.8 4.1 4.2 4.2 4.0 43
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WBAN NO. 23063

LATITUDE: 39.65° N

LONGITUDE: 106.92° W
ELEVATION: 1985 meters
MEAN PRESSURE: 802 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1988 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 | 24 33 4.4 5.6 6.4 72 6.9 6.1 5.1 3.9 2.5 2.1 4.7
Min/Max | 2.0/29 2.7/3.9 3.8/50 | 5.0/6.0 5.6/72 6.6/82 | 6.4/74 53/68 44/56 | 3.1/44 2.0/3.0 1.8/2.3 | 4.5/4.9
Latitude -15 | Average | 3.7 4.6 5.3 6.1 6.4 7.0 6.9 6.5 6.1 52 3.8 34 54
Min/Max | 2.9/49 3.6/5.6 4.4/62 | 54/6.7 57/73 64/19| 63/7.3 55/72 5.0/6.7| 3.9/6.1 2747 2.6/40 | 52/57
Latitude Average | 4.3 52 5.6 6.0 6.0 6.4 6.3 6.3 6.2 5.6 43 3.9 55
Min/Max | 3.3/5.8 3.9/6.3 4.5/6.6 | 53/6.6 5.4/68 59/72 | 5.9/6.7 53/69 5.0/68 | 42/6.6 29/55 2947 | 52/58
Latitude +15 | Average | 4.6 5.4 55 5.6 5.3 5.5 55 5.7 5.9 5.7 45 43 53
Min/Max | 3.5/6.4 4.0/6.7 4.4/6.6 | 4.9/6.1 4.8/60 51/6.1 | 5.1/58 4.8/63 4.8/6.6 | 42/68 3.0/59 3.1/5.1 | 5.0/5.6
90 Average | 44 48 43 35 2.8 2.6 2.7 3.3 4.1 47 4.1 4.1 3.8
Min/Max | 3.4/6.3 3.3/62 3.3/54 | 3.1/3.8 26/3.1 2528 | 2.628 2936 33/45| 33/56 26/55 3.049 | 3.5/4.0
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 | 3.6 5.0 6.2 7.7 8.7 9.9 9.6 8.6 7.5 5.9 3.8 3.2 6.7
Min/Max | 2.8/49 3.7/62 4.8/73 | 6.7/8.8 7.3/102 9.0/11.7) 8.6/10.7 6.9/9.9 5.7/8.7 | 42/7.0 2.6/49 2.4/3.8 | 62/7.0
Latitude -15 | Average | 4.6 5.9 6.9 8.2 8.9 9.9 9.6 9.0 8.3 6.8 4.7 42 7.3
Min/Max | 3.5/6.4 4.4/74 53/83 | 7.1/9.3 74/104 9.0/11.7| 8.6/10.8 7.2/10.3 62/9.5 | 4.8/82 3.1/62 3.0/5.1 | 6.7/7.7
Latitude Average | 5.1 6.3 7.1 8.1 8.6 9.5 9.3 8.8 8.4 72 5.1 4.6 73
Min/Max | 3.8/7.1 4.7/79 54/85 | 7.0/93 72/10.1 8.6/11.3| 83/104 7.1/10.1 62/9.6 | 5.0/8.6 3.3/68 3.2/5.6 | 6.8/7.8
Latitude +15 | Average | 5.3 6.5 7.1 7.8 8.1 8.9 8.7 8.4 8.2 72 5.3 49 72
Min/Max | 4.0/7.6 4.7/82 53/8.6 | 6.7/89 6.8/9.6 8.1/10.6| 7.8/9.8 6.7/9.7 6.1/9.4 | 5.0/8.7 34/7.1 3.4/6.0 | 6.6/7.7
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
2-Axis Average | 54 6.5 7.1 8.2 9.0 10.2 9.8 9.0 8.4 73 5.4 5.0 7.6
Min/Max | 4.0/7.7 4.7/82 54/8.6 | 7.1/9.4 7.5/10.5 9.2/12.0| 8.8/11.0 7.3/10.3 6.3/9.6 | 5.1/8.7 3.4/7.1 3.4/6.1 | 7.0/8.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/mz?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.1 3.6 35 4.0 44 5.4 5.1 4.6 45 4.3 33 31 4.1
Horiz Axis | Min/Max | 2.0/5.2 2.6/4.6 23/4.5 | 3.1/49 32/55 45/7.1 | 43/6.1 33/57 2854 | 25/56 17/48 14/4.3 | 3.6/4.5
1-Axis, N-S | Average | 23 32 4.1 5.3 6.0 7.3 6.9 6.2 5.6 44 2.6 2.1 4.7
Horiz Axis | Min/Max | 1.4/3.9 2.3/43 25/5.1 | 4.1/6.6 43/7.6 6.0/9.6 | 5884 43/78 3.3/7.0 | 25/57 14/38 09/3.0| 4.1/5.1
1-Axis, N-S | Average | 34 43 4.8 5.6 5.8 6.9 6.6 6.3 6.3 5.5 3.7 33 52
Tilt=Latitude| Min/Max | 2.1/5.7 3.1/57 3.0/6.0 | 4.3/6.9 42/74 56/9.1 | 5.5/80 44/7.9 3.7/78 | 3.1/72 20/54 1.5/4.6 | 4.5/5.7
2-Axis Average | 3.7 44 4.8 5.7 6.2 75 7.1 6.5 6.3 5.6 3.9 35 5.4
L Min/Max | 2.3/6.1  3.2/5.8 3.0/6.0 | 44/7.1 45/78 6.1/98 | 59/8.6 4.6/81 3.7/7.8 | 3.1/72 2.1/57 1.6/50 | 4.7/6.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.4 -3.6 1.2 5.8 10.8 15.7 192 17.9 13.3 7.3 0.2 -6.3 6.2
Daily Minimum Temp -15.7 -12.0 -6.8 3.1 1.0 4.7 8.4 7.4 2.8 2.9 -8.1 -14.4 3.2
Daily Maximum Temp 1.0 4.8 9.1 14.8 20.6 26.7 30.0 28.5 23.9 17.4 8.4 L6 15.6
Record Minimum Temp | -46.1 -34.4 267 | -19.4 9.4 33 -1.1 2.2 -8.9 -16.1 289 350 | -46.1
Record Maximum Temp | 13.3 16.7 21.7 26.1 30.6 34.4 35.6 35.6 32.8 27.8 20.6 15.6 35.6
HDD, Base 18.3°C 797 614 532 375 234 91 14 40 153 343 545 764 4503
CDD, Base 18.3°C 0 0 0 0 0 11 42 28 3 0 0 0 84
Relative Humidity (%) 73 71 65 56 52 48 51 54 56 59 70 74 61
Wind Speed (/s) 1.9 2.1 2.6 3.1 3.0 2.7 2.5 2.4 2.5 2.1 2.1 1.8 2.4
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty x9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.5 35 4.6 6.0 7.0 7.7 7.4 6.6 5.5 4.1 2.7 22 5.0
Min/Max | 2.1/2.9 3.0/4.1 3.8/5.1 | 5.3/6.5 6.3/7.5 64/8.7| 7.1/7.7 57/7.1 45/6.0 | 3.1/45 22/32 15725 | 4.6/52
Latitude -15 Ayerage 3.8 47 5.5 6.5 7.0 7.5 73 7.0 6.5 54 4.1 3.6 5.7
Min/Max | 2.9/4.8 3.9/58 4.3/63 | 5.7/7.2 6.3/7.5 62/84 | 7.0/7.6 6.0/7.5 52/72 | 3.9/62 3.0/5.0 2.0/43 | 5.1/6.1
Latitude Average 4.4 52 5.7 6.4 6.6 6.8 6.7 6.7 6.6 5.9 4.6 4.1 5.8
Min/Max | 3.2/5.7 42/6.6 43/66 | 5.6/7.1 6.0/7.1 57/7.6| 64/7.0 57/7.2 52/73 | 42/68 33/58 2.3/5.1 | 5.1/6.2
Latitude +15 Average 4.7 5.4 5.6 6.0 5.8 5.8 5.8 6.1 6.4 6.0 4.9 4.5 5.6
Min/Max | 3.4/6.2 43/69 42/65 | 5.1)6.6 5.3/62 4.9/65 | 5.6/6.1 52/65 49/7.0 | 42/6.9 3.4/62 2.4/56 | 48/6.0
90 Average 44 4.7 4.2 3.7 3.0 2.7 2.8 35 44 4.8 4.4 4.3 3.9
Min/Max | 3.0/5.8 3.5/64 3.0/4.8 | 3.2/40 29/32 2429 | 2729 3.0/37 34/48 | 33/56 3.0/57 22/53 | 3.3/4.3
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 3.7 5.1 6.4 8.2 9.5 10.6 10.1 9.2 8.1 6.1 4.2 34 7.0
Min/Max | 2.7/4.8 3.9/6.5 44/75 | 7.0/94 7.7/10.5 8.3/12.4| 9.3/10.7 7.6/10.2 6.0/9.0 | 4.1/7.1 2.8/5.2 1.9/4.2 | 6.0/7.5
Latitude -15 Average 4.7 6.0 7.1 8.7 9.6 10.6 10.1 9.5 8.9 7.1 5.1 4.4 7.7
Min/Max | 3.4/6.2 4.6/7.8 4.9/84 |7.3/10.0 7.9/10.7 8.3/12.3| 9.4/10.7 7.9/10.6 6.5/9.9 | 4.8/8.4 3.4/6.6 2.3/55 | 6.4/8.2
Latitude Ayerage 5.2 6.4 7.3 8.7 9.3 10.1 9.8 9.4 9.0 7.5 5.6 4.9 7.8
Min/Max | 3.7/6.9 4.8/84 4.9/8.7 | 7.2/99 7.6/10.4 7.9/11.9| 9.0/10.4 7.7/10.4 6.6/10.0| 5.0/8.8 3.7/7.2 25/6.1 | 6.4/8.3
Latitude +15 Ayerage 54 6.6 7.2 8.3 8.8 9.5 9.2 8.9 8.8 7.5 5.8 52 7.6
Min/Max | 3.8/7.3 4.9/8.6 4.8/8.6 | 6.9/9.6 7.2/9.8 7.4/11.1| 8.4/9.7 7.4/10.0 6.4/98 | 5.0/89 3.8/7.5 2.6/6.5 | 6.3/82
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 5.5 6.6 7.3 8.8 9.7 10.8 10.3 9.6 9.0 7.6 5.8 5.2 8.0
Min/Max | 3.8/7.4 4.9/8.6 5.0/8.7 |7.3/10.0 8.0/10.9 8.4/12.7| 9.5/10.9 7.9/10.7 6.6/10.0| 5.0/8.9 3.8/7.5 2.6/6.6 | 6.7/8.6
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 3.7 3.7 4.3 5.0 5.9 55 5.1 49 4.5 3.6 3.4 4.4
Horiz Axis Min/Max | 1.9/5.3 2.3/52 1849 | 3.2/54 3.5/6.0 4.3/7.6 | 4.8/62 3.7/58 3.0/59 | 2.6/56 2.1/52 1.2/47 | 3.3/4.9
1-Axis, N-S | Average 2.5 34 43 57 6.7 79 74 6.7 6.2 4.6 2.9 23 5.1
Horiz Axis Min/Max | 1.5/4.0 2.0/4.9 1.9/57 | 4.0/7.2 45/82 56/102] 6.3/82 47/79 37/73 | 25/5.8 1.6/42 0.8/3.3 | 3.7/5.6
1-Axis, N-S | Average 3.6 4.5 5.0 6.0 6.5 7.5 7.0 6.9 6.9 5.8 4.1 3.6 5.6
Tilt=Latitude | Min/Max | 2.2/5.8 2.7/6.4 2.3/6.6 | 4.3/7.5 4.4/8.0 5.3/9.6 | 6.0/7.8 4.8/8.0 4.1/8.1 | 32/7.2 23/59 1.2/50 | 4.1/6.2
2_Axis Average 3.9 4.7 5.0 6.1 6.9 8.1 7.6 7.1 6.9 5.8 4.4 39 59
Min/Max | 2.3/6.3 2.8/6.5 23/6.6 | 43/7.7 4.6/84 58/104| 6.4/84 4.9/83 4.1/82 | 32/73 24/63 1.3/55| 4.3/6.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -39 1.4 6.3 11.2 16.7 224 26.0 24.7 194 12.6 4.7 -1.8 11.7
Daily Minimum Temp 9.7 -4.7 -0.4 3.6 8.8 13.9 17.7 16.8 11.6 5.3 -1.4 -7.4 4.5
Daily Maximum Temp 19 74 13.1 18.8 244 30.9 342 325 27.3 19.8 10.8 3.7 18.8
Record Minimum Temp | -30.6 -27.8 -150 | -117 -3.3 1.1 7.8 6.1 -1.7 -7.8 -189 272 | -306
Record Maximum Temp | 15.6 20.0 272 29.4 35.0 40.6 40.6 39.4 36.7 31.1 23.9 17.8 40.6
HDD, Base 18.3°C 689 474 372 216 73 7 0 0 31 184 410 625 3082
CDD, Base 18.3°C V] 0 V] V] 22 131 238 196 64 7 0 0 657
Relative Humidity (%) 70 60 50 40 36 29 34 37 39 46 58 68 47
Wind Speed (m/s) 2.5 2.9 3.6 4.1 42 4.2 4.1 3.9 3.8 3.4 3.0 2.5 3.5
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WBAN NO. 93058

LATITUDE: 38.28° N

LONGITUDE: 104.52° W
ELEVATION: 1439 meters
MEAN PRESSURE: 855 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 2.7 3.6 4.7 6.0 6.7 74 7.2 6.5 5.4 4.2 2.9 2.4 5.0
Min/Max | 2.3/2.9 3.2/39 39/521|5.2/65 6.1/73 67/81 | 6.7/7.8 6.0/7.0 4.9/59 | 3.4/46 2.7/33 2.2/2.6 | 4.8/52
Latitude -15 Average 4.1 4.9 5.7 6.5 6.7 7.2 7.1 6.9 6.3 5.6 4.4 3.9 5.8
Min/Max | 3.3/4.7 4.2/55 4.6/63 | 5.671 6.1/74 65/7.8 | 6.6/7.6 63/74 56/69 | 43/62 3.851 3.3/44 | 55/6.0
Latitude Average 4.8 54 6.0 6.4 6.3 6.6 6.6 6.6 6.4 6.0 5.0 4.6 5.9
Min/Max | 3.8/5.5 4.6/6.1 4.7/6.7 | 55/6.9 5.8/7.0 6.0/7.1 | 6.1/7.1 6.0/7.1 5.6/7.1 | 4.6/6.8 42/59 3.8/53 | 5.6/6.2
Latitude +15 Average 5.2 5.6 5.9 6.0 5.6 5.6 5.7 6.0 6.2 6.2 5.3 5.0 5.7
Min/Max | 4.0/6.0 4.8/64 4.6/6.6 | 5.2/65 5.1/6.1 51/6.1 | 53/6.1 55/65 54/68 | 4.6/69 45/63 4.1/58 | 53/6.0
90 Average 4.9 4.8 4.3 3.6 2.8 26 2.7 33 4.2 4.9 4.8 4.8 4.0
Min/Max | 3.6/5.8 4.0/56 3.3/49 | 3.2/39 2.6/3.0 25/27 | 26/28 3.1/35 3.6/46 | 3.6/56 4.0/57 3.8/55 | 3.6/42
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 42 5.3 6.8 8.4 9.0 10.0 9.7 8.9 7.8 6.4 4.5 3.8 7.1
Min/Max | 3.2/4.8 45/6.1 5.0/7.8 | 6.8/9.4 7.8/10.3 8.8/11.3| 8.6/10.8 7.9/99 6.6/9.0 | 4.7/7.3 3.8/54 3.1/44 | 6.6/1.5
Latitude -15 Ayerage 53 6.3 7.5 89 9.1 9.9 9.7 9.3 8.5 7.4 5.6 49 7.7
Min/Max | 3.9/6.1 5.3/72 55/86 | 7.2/9.9 79/10.5 8.8/11.2] 8.7/109 8.2/10.3 7.1/9.8 | 5.4/8.5 4.7/6.7 4.0/5.7 | 7.2/8.2
Latitude Average 5.8 6.7 7.1 8.8 8.8 9.5 9.4 9.1 8.6 7.7 6.1 55 7.8
Min/Max | 4.3/6.7 5.6/77 5.6/89 | 7.2/9.9 7.6/102 8.4/10.8| 8.4/10.5 8.1/10.1 7.2/9.9 | 5.6/89 51/7.3 4.4/6.4 | 7.3/8.3
Latitude +15 Ayerage 6.1 6.9 7.7 8.5 8.3 8.9 8.8 8.7 8.4 7.8 6.3 5.8 7.7
Min/Max | 4.5/7.1  5.7/79 55/8.8 | 6.9/95 7.2/9.6 7.8/10.1| 7.8/9.8 7.7/9.7 7.0/9.7 | 5.6/9.0 53/7.7 4.6/6.8 | 7.1/8.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWWh/m?/day), Uncertainty +9%
Tracker | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2_Axis Average 6.2 6.9 7.8 8.9 9.2 10.2 9.9 9.3 8.6 7.8 6.4 59 8.1
Min/Max | 4.6/7.2 5.7/7.9 5.7/8.9 |7.3/10.0 8.0/10.6 9.0/11.5| 8.8/11.1 8.3/10.3 7.2/99 | 5.6/9.0 5.3/7.7 4.7/6.9 | 7.5/8.6
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 4.0 4.2 4.2 4.6 4.8 5.7 5.5 5.1 4.8 4.8 4.1 3.9 4.6
Horiz Axis Min/Max | 2.6/4.9 3.1/5.1 25/5.1 | 3.3/54 3.8/59 4.6/7.0| 44/65 4.2/60 3.6/58 | 2.8/58 3.0/53 2.7/50 | 4.1/5.1
1-Axis, N-S | Average 3.1 3.9 4.9 6.1 6.4 7.5 7.2 6.6 5.9 4.9 33 2.8 5.2
Horiz Axis | Min/Max | 1.9/3.8 2.9/48 2.8/6.1 | 43/7.3 4980 6.0/93 | 57/87 54/7.9 4.4/74 | 29/61 25/44 1973.6  4.6/57
1-Axis, N-S | Average 4.4 5.1 5.6 6.4 6.2 7.0 6.9 6.7 6.6 6.1 4.7 4.2 5.8
Tilt=Latitude | Min/Max | 2.8/5.5 3.8/6.2 3.3/7.0 | 4.6/7.7 4.8/7.8 57/87 | 55/83 5.5/80 4982 | 3.6/75 3.5/6.1 2.9/53 | 5.1/6.4
2_Axis Average 4.8 52 5.7 6.5 6.6 7.6 7.4 6.9 6.6 6.2 4.9 4.6 6.1
Min/Max | 3.0/5.9 3.8/6.4 33/7.0 | 4.6/7.8 5.1/82 6.2/95 | 59/89 57/83 4982 | 3.7/7.6 3.7/6.5 3.1/5.8 | 5.3/6.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.2 1.7 5.4 11.0 16.2 21.7 25.1 23.5 18.8 12.0 4.7 -0.5 11.5
Daily Minimum Temp -9.9 -6.9 -33 2.1 7.6 12.3 16.2 15.0 10.1 2.6 43 9.2 2.7
Daily Maximum Temp 7.4 104 14.0 19.9 247 30.9 33.9 32.1 27.4 214 13.8 8.2 20.3
Record Minimum Temp | -33.9 -35.0 -28.9 -16.7 3.9 2.8 6.7 4.4 2.8 -10.6 -27.2 -31.7 -35.0
Record Maximum Temp | 25.6 27.2 30.0 33.9 36.7 422 41.1 40.0 37.8 34.4 28.9 27.8 422
HDD, Base 18.3°C 606 465 401 220 84 6 0 0 34 198 408 584 3007
CDD, Base 18.3°C 0 0 0 0 17 106 208 162 48 0 0 0 541
Relative Humidity (%) 60 56 51 45 47 46 49 52 50 48 57 60 52
Wind Speed (m/s) 3.7 3.9 4.6 5.1 4.9 45 4.2 3.9 3.9 3.7 3.7 3.6 4.2
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 94702

LATITUDE: 41.17° N
LONGITUDE: 73.13° W
ELEVATION: 2 meters

MEAN PRESSURE: 1016 millibars

Monthly Radiation (kWh/m2/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 +11%

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

0 Average 1.9 2.7 3.7 4.7 54 59 5.8 52 42 3.1 2.0 1.6 3.8
Min/Max | 1.7/22 22/32 32/41 | 4154 47/6.1 49/6.6 | 50/63 44)57 3847 | 27735 1.7/23 1.3/1.7 | 3.7/4.0

Latitude -15 Average 2.9 37 4.4 5.1 5.5 5.8 5.8 55 49 4.0 2.8 2.4 44
Min/Max | 2.5/3.5 2.8/4.6 3.7/52 | 4359 4.7/62 48/65 | 49/6.3 4.6/62 4.3/5.6| 3.547 22/3.6 1728 | 4.2/4.6

Latitude Average 33 4.0 4.6 5.0 52 53 5.4 53 4.9 43 3.1 2.8 44
Min/Max | 2.8/4.0 3.0/5.1 3.8/54 | 42/5.8 4.4/59 4.5/6.0 | 4.6/59 44/59 43/57 | 3.6/51 23/4.0 1833 | 42/4.6

Latitude +15 Average 3.5 4.1 4.5 4.6 4.6 4.6 4.7 4.8 4.7 4.3 33 2.9 4.2
Min/Max | 3.0/4.3 3.0/53 3.6/54 | 3.954 3.9/52 39/52 | 4.0/51 4.0/54 4.1/54 | 3.6/52 24/43 1935 | 4.0/44

90 Average 33 3.6 3.4 3.0 2.6 2.5 2.6 3.0 33 35 29 2.7 3.0
Min/Max | 2.7/42 25/47 2742 | 2.6/3.6 23/29 22/27 | 2.3/28 25/33 2939 | 2943 2139 1.7/33|29/32

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%

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

0 Average 27 3.7 4.9 6.0 6.8 73 73 6.7 5.6 4.2 27 22 5.0
Min/Max | 2.3/3.3 28/48 4.0/59 | 4.8/73 5.8/80 57/84 | 6.0/8.1 53/7.6 4.8/64 | 3.6/50 2.0/35 1526 | 4.8/52

Latitude -15 Average 35 4.5 5.5 6.4 6.9 7.3 74 7.0 6.1 5.0 34 2.8 5.5
Min/Max | 2.9/4.3 3.3/59 4.4/6.7 | 5.1/7.8 5.8/8.1 57/84 | 6.0/8.1 55/80 52/7.1 | 4.2/59 2.4/44 19/3.4 |52/5.7

Latitude Average 3.8 4.8 5.6 6.3 6.7 7.0 7.1 6.8 6.1 52 3.6 3.1 55
Min/Max | 3.2/4.7 3.4/63 4.5/69 | 50/7.8 5.6/7.9 54/8.1 | 57/7.8 5.4/18 52/1.2 | 43/62 25/4.8 20/3.7 | 52/57

Latitude +15 Average 4.0 4.9 55 6.1 6.3 6.5 6.6 6.5 6.0 52 3.7 33 54
Min/Max | 3.3/50 3.4/6.5 4.4/6.8 | 4.8/7.5 53/14 5175 | 5373 5174 50/70 | 43/63 26/50 2.0/40 | 5.1/56

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +11%

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

2-Axis Average 4.0 4.9 5.6 6.4 7.0 75 75 7.0 6.2 53 3.8 33 5.7
Min/Max | 3.3/5.1 3.5/6.5 4.5/6.9 | 5.1/7.8 59/82 58/86 | 6.1/83 5580 52/72| 4.3/63 2.6/50 2.1/40 | 54/5.9

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%

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

1-Axis, BE-W | Average 23 2.6 27 2.8 3.0 33 33 3.1 29 2.8 2.1 1.9 2.7
Horiz Axis Min/Max | 1.8/29 1.5/39 1.9/3.7 | 1.839 2.1/3.9 2.2/43 | 22/40 2.1/40 2.1/3.8| 2.0/3.6 1.2/3.1 1.0/25 | 2529

1-Axis, N-S | Average 1.6 22 3.0 3.6 3.9 4.3 4.3 4.0 34 2.7 1.6 1.3 3.0
Horiz Axis Min/Max | 1.3/2.1 1.4/3.4 2.1/4.1 | 2.2/49 2.8/5.1 27/55 | 2.7/51 2.6/5.1 25/43 | 2.0/34 09/24 0.6/1.6 | 2.7/32

1-Axis, N-S§ | Average 2.5 3.0 3.6 3.8 3.9 4.0 4.1 4.1 3.9 3.5 2.4 2.0 3.4
Tilt=Latitude | Min/Max | 2.0/3.2 19/4.7 2.5/4.8 | 2.4/53 2.8/5.0 2.6/52 | 2.6/49 2.7/52 28/5.0 | 2.6/45 1.3/35 1.0/2.7 | 3.1/3.6

2-Axis Average 2.7 3.1 3.6 39 4.1 4.4 4.4 4.2 3.9 3.5 25 22 35
Min/Max | 2.1/3.4 19/48 25/48 | 24/54 3.0/53 2.8/56 | 2.8/53 2.8/54 29/50 | 2.6/45 14/3.7 1129 | 3.2/3.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -1.7 -0.9 3.7 9.0 14.7 19.8 232 22.8 18.8 13.1 7.6 1.3 10.9

Daily Minimum Temp -5.6 -4.9 -0.6 4.3 10.0 15.1 18.7 18.4 14.2 8.4 34 2.4 6.6
Daily Maximum Temp 22 3.1 79 13.7 193 24.4 27.6 272 234 17.8 11.7 5.0 15.3
Record Mimimum Temp | -21.7 -20.6 -15.6 -7.8 -0.6 5.0 94 6.7 2.2 -3.3 -8.9 -20.0 -21.7
Record Maximum Temp | 18.3 19.4 28.9 32.8 333 35.6 39.4 36.7 372 29.4 25.6 18.3 39.4
HDD, Base 18.3°C 622 538 454 280 122 10 0 0 30 168 323 529 3076

CDD, Base 18.3°C 0 0 0 0 8 53 150 139 45 6 0 0 402

Relative Humidity (%) 66 66 65 64 70 73 73 74 74 70 70 69 70

Wind Speed (m/s) 5.9 6.1 6.1 59 5.2 4.8 4.6 4.7 52 5.3 5.8 5.8 55
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14740

7

LATITUDE: 41.93° N

Monthly Radiation (kWh/m2/day)

LONGITUDE: 72.68° W +
ELEVATION: 55 meters
MEAN PRESSURE: 1010 millibars
STATION TYPE: Secondary
1+
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +11%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.9 27 3.7 4.6 5.4 59 59 5.1 4.1 3.0 19 L5 38
Min/Max | 1.7/2.2 22/32 3.1/4.1 | 4.0/54 46/63 4.7/68 | 51/65 4.7/5.6 3.6/47 | 2636 1521 13/1.7 | 3.6/4.0
Latitude -15 | Average | 2.9 3.7 44 5.1 55 5.8 5.8 5.4 4.8 3.9 2.7 2.3 44
Min/Max | 2.5/3.5 2.8/47 3.6/52 | 42/60 4.6/64 46/6.8 | 50/6.5 49/59 4.0/56 | 33/49 20/32 1.828 |4.1/47
Latitude Average | 33 4.1 4.6 4.9 5.2 53 5.4 5.2 4.8 4.1 29 2.7 4.4
Min/Max | 2.8/4.0 3.0/52 3.6/54 | 4.1/59 43/6.1 4.2/62 | 4.7/6.1 47)57 4.0/57 | 3.4/53 22/35 2.0/33 | 4.1/4.7
Latitude +15 | Average 35 4.2 4.5 4.6 4.6 4.6 4.8 4.7 4.6 42 3.0 2.8 42
u Min/Max | 2.9/43 3.0/55 3.5/54 | 3.7/55 3.8/54 37/54 | 41/53 42/52 38/55| 34/54 22/3.7 2.0/35]|39/45
90 Average 33 3.8 35 3.0 2.7 2.6 2.7 3.0 33 34 27 2.7 3.0
Min/Max | 2.7/4.2  2.6/5.1 2.6/44 | 2.53.6 23/3.1 22029 | 2429 2733 27/39 | 2.7/45 20/3.3 19/34 | 2.8/34
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average | 27 3.8 4.9 6.0 6.8 73 7.3 6.6 5.4 4.0 25 2.1 49
Min/Max | 2.2/3.2 2.8/49 3.8/58 | 47/72 55/80 54/88 | 59/83 58/73 44/64 | 33/52 19/3.0 15725 | 4.6/53
Latitude -15 | Average | 3.4 4.5 55 6.3 6.9 73 7.4 6.9 59 4.7 3.1 2.7 5.4
Min/Max | 2.8/4.2 3.3/6.0 42/6.6 | 5.0/7.7 5.5/83 54/89 | 59/84 6.0/7.7 47/7.1 | 3863 2.3/38 2.0/34 | 50/58
Latitude Average | 3.7 4.8 5.6 6.2 6.7 7.0 7.1 6.7 6.0 4.9 33 3.0 5.4
Min/Max | 3.1/4.6 3.5/64 42/68 | 49/77 53/80 5.1/85| 57/8.1 5.8/7.6 4.7/12 | 40/66 25/4.1 2.1/3.8 | 5.0/5.9
Latitude +15 | Average | 3.9 4.9 55 6.0 6.2 6.5 6.6 6.4 5.8 5.0 34 3.1 53
Min/Max | 3.2/4.9 3.5/66 4.1/6.7 | 47/74 50/1.5 4.7/7.9 | 5.3/7.6 55/7.2 4.6/70 | 39/6.6 2.5/42 22/4.0 | 4.9/5.8
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2-Axis Average | 4.0 4.9 5.6 6.3 7.0 7.5 1.5 6.9 6.0 5.0 34 3.2 5.6
Min/Max | 3.2/49 3.5/6.6 42/68 | 50/7.8 5.6/83 55/9.1 | 6.0/8.6 6.0/7.7 4872 | 4.0/6.7 2.5/42 22/40 | 52/6.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average | 2.1 2.5 2.5 2.7 2.9 32 32 29 2.7 2.6 1.8 1.7 2.6
Horiz Axis | Min/Max | 1.6/27 1.6/37 1.7/3.5 | 1.8/3.7 1.8/3.9 1.6/44 | 2.0/3.9 22/35 1.8/36 | 1.839 1.1/25 1.022.5 | 2329
1-Axis, N-S | Average 1.5 2.1 2.8 3.4 38 4.1 4.1 3.8 32 2.4 13 1.1 2.8
Horiz Axis | Min/Max | 1.1/1.8  1.4/32 1.9/3.7 | 2.2/47 24/50 2.1/57 | 2.6/51 2847 2.1/42| 1.7/38 08/1.9 0.6/1.6 | 2.5/3.1
1-Axis, N-S | Average | 2.3 2.9 33 3.7 3.7 3.9 4.0 3.9 3.6 32 2.0 1.8 32
Tilt=Latitude| Min/Max | 1.7/2.9 2.0/44 22/45 | 2.4/50 2.4/49 20/54 | 2.5/49 29/48 24/4.8 | 22/49 1228 1.0/2.6 | 2.8/3.5
2-Axis Average | 2.5 3.0 33 3.7 39 4.2 4.3 4.0 3.6 32 2.1 2.0 33
Min/Max | 1.9/3.1 2.0/45 22/45 | 24/51 25/52 22/59 | 2.6/52 3.0/49 24/48 | 22/49 1329 1.1/2.8 | 3.0/3.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 4.1 2.5 3.1 9.3 15.3 20.3 23.2 22.0 17.4 11.2 55 -1.4 9.9
Daily Minimum Temp 9.0 7.4 22 3.1 8.7 13.8 16.8 15.8 11.0 4.8 0.4 5.9 42
Daily Maximum Temp 0.7 24 8.2 15.5 22.0 26.7 29.4 28.2 23.8 17.6 10.6 3.1 15.7
Record Minimum Temp | -32.2 -29.4 211 | -12.8 2.2 2.8 6.7 22 -1.1 8.3 -17.2 256 | -322
Record Maximum Temp | 18.3 22.8 30.6 35.6 36.1 37.8 38.9 38.3 37.2 32.8 27.2 23.3 38.9
HDD, Base 18.3°C 696 583 474 272 108 11 0 3 53 221 385 612 3417
CDD, Base 18.3°C 0 0 0 0 15 69 150 117 25 0 0 0 376
Relative Humidity (%) 64 63 60 58 63 67 68 71 73 69 68 68 66
Wind Speed (m/s) 3.8 4.0 4.3 4.4 3.8 35 33 3.1 3.1 3.3 3.7 3.7 3.7
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13781

LATITUDE: 39.67° N
+ LONGITUDE: 75.60° W

ELEVATION: 24 meters
MEAN PRESSURE: 1015 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +11%

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

0 Average | 2.0 2.9 3.9 49 5.6 6.2 6.1 5.4 4.4 3.3 2.2 1.7 4.1
Min/Max | 1.7/2.3  2.4/3.5 3.4/44 | 4.2/57 5.1)6.6 55/69 | 53/68 50/60 39/49| 2838 1826 15/20 | 3.8/4.2

Latitude -15 | Average | 3.0 3.8 4.6 53 5.7 6.1 6.0 5.8 5.0 4.3 3.1 26 4.6
Min/Max | 2.4/3.6 2.9/4.8 39/54 | 44/63 5.1)67 54/6.7 | 52/6.8 52/64 43/58 | 35/51 2.3/39 2.0/3.1 | 4.3/49

Latitude Average | 34 4.2 4.8 5.2 5.4 5.6 5.6 5.5 5.1 4.5 3.5 3.0 4.6
‘ Min/Max | 2.6/4.1 3.1/5.4 4.0/57 | 43/62 4.8/63 5.0/6.2 | 48/63 50/62 4.3/6.0 | 3.6/54 24/45 22/35 | 43/49

Latitude +15 | Average | 3.6 4.3 4.7 4.8 4.7 49 4.9 5.0 49 4.6 3.6 32 4.4
Min/Max | 2.8/4.4 3.2/57 3.8/5.6 | 3.9/5.7 4.2/5.6 43/53| 42/55 4.6/56 4.1/58 | 3.6/55 2.5/4.8 2.2/3.8 | 4.1/4.7

90 Average | 34 3.7 35 30 2.6 2.5 2.6 3.0 3.4 3.7 32 3.0 3.1
Min/Max | 2.4/42 2.7/52 2.8/42 | 2.5/3.6 24/3.0 23/2.6 | 2.4/28 2.8/33 28/4.1| 2844 2143 2.0/3.7 | 2933

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%

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

0 Average | 29 4.0 5.3 6.4 7.1 7.8 7.7 7.0 5.8 4.6 3.0 25 5.3
Min/Max | 2.3/3.5 3.0/53 4.2/6.3 | 5.1/80 62/87 6.509.1 | 62/87 62/80 4.9/6.8 | 3.6/5.6 22/39 19729 | 5.0/57

Latitude -15 | Average | 3.6 4.7 5.9 6.7 7.2 7.8 7.7 7.3 6.3 53 3.7 3.1 5.8
Min/Max | 2.7/45 3.5/63 4.7/7.1 | 53/85 6.2/88 6.5/9.1 | 62/8.8 65/84 53/7.6| 4.1/6.6 2.5/49 22/3.7 | 5.4/6.2

Latitude Average | 4.0 5.0 6.0 6.7 7.0 7.5 7.4 7.2 6.3 55 4.0 34 5.8
€ Min/Max | 3.0/49 3.6/6.7 4.7/73152/84 6.0/86 62/87 | 60/85 63/82 53/7.7) 42/68 27/53 24/41 | 5.4/63

Average 4.1 5.1 5.9 6.4 6.6 7.0 6.9 6.8 62 5.5 4.1 3.6 5.7

Latitude +15 | Nroax | 3.1/52 3.6/69  4.6/72 | 49/8.1  S68.1 5881 | 5679 6078 S.1/75| 42069 2756 2443 | 52/6.1

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £11%

macker 4‘ Jan Feb Mar | Apr May June July Aug Sept Oct Nov Dec Yearj
7-Axis Average 42 5.1 6.0 6.8 7.3 8.0 7.8 7.3 6.4 5.6 42 3.6 6.0
Min/Max | 3.1/52 3.7/6.9 4.7/7.3 | 53/8.5 63/89 6.7/93 | 6.3/89 65/84 53/7.7 | 42/69 2.8/56 2.5/44 | 5.6/6.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 24 2.7 2.9 3.0 3.2 3.6 35 33 3.0 29 2.3 2.1 2.9
Horiz Axis Min/Max | 1.5/3.3 1.5/3.8 1.9/4.0 | 1.7/42 2.4/44 2.6/47 | 2.3/44 2.7/42 2140 | 19/4.1 12/3.6 1.1/2.8 | 2.6/3.3
1-Axis, N-S | Average 1.8 25 33 39 42 4.7 4.6 4.2 35 29 1.8 1.4 32
Horiz Axis Min/Max | 1.1/2.4 1.4/3.5 2.1/45 | 2.3/56 3.2/58 3.3/6.2| 3.0/57 3.4/53 2547 | 19/41 1.0/28 08/1.9 | 2.8/3.7
1-Axis, N-S | Average 2.6 3.3 3.9 4.1 4.1 4.4 4.4 4.3 4.0 3.7 2.6 22 3.6
[ilt=Latitude { MinfMax | 1.7/3.6  1.8/4.6 2.5/53 | 24/58 3.1/57 3.1/5.8 | 2.8/54 3.5/55 28/53 | 23/51 14/4.1 12/30| 3.2/4.1
7_Axis Average 2.8 34 3.9 4.2 4.3 4.8 4.7 4.5 4.0 3.7 2.8 24 3.8
Min/Max | 1.8/3.8 1.9/4.8 2.5/53 | 2.4/59 3.3/6.0 3.4/63 | 3.0/58 3.6/56 28/53 | 2.4/52 1.5/43 1.3/32 | 3.3/4.3
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -0.8 0.8 5.9 11.2 16.9 21.9 24.7 239 20.0 13.4 7.9 2.1 12.3
Daily Minimum Temp -5.3 -4.0 0.6 54 11.2 16.4 19.5 18.8 14.6 7.6 2.8 2.4 7.1
Daily Maximum Temp 3.7 55 112 17.0 22.7 27.4 29.8 28.9 254 19.2 13.1 6.6 17.6
Record Minimum Temp | -25.6 -21.1 -16.7 -7.8 -1.1 5.0 8.9 6.1 22 4.4 -10.0 -21.7 -25.6
Record Maximum Temp | 23.9 25.6 30.0 34.4 35.0 37.2 38.9 38.3 37.8 328 29.4 233 38.9
HDD, Base 18.3°C 592 492 384 213 68 0 0 0 19 160 312 503 2743
CDD, Base 18.3°C 0 0 0 0 24 111 196 172 69 8 0 0 581
Relative Humidity (%) 68 65 62 62 67 69 70 72 72 71 69 69 68
Wind Speed (m/s) 4.5 4.6 5.1 49 4.2 3.8 3.5 34 3.6 3.7 4.2 43 42
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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 | 3.1 3.9 5.0 6.2 6.4 6.1 6.0 5.7 49 42 34 2.9 4.3
Min/Max | 2.7/3.7 3.2/44 42/55)56/68 5.3/7.0 54/70| 55/6.6 4.8/63 4.3/55| 3.54.8 2937 24/33 | 4.6/5.1
Latitude -15 | Average | 3.8 45 55 6.4 6.4 6.0 5.9 5.8 52 4.7 4.1 3.6 52
Min/Max | 3.2/4.6 3.7/52 45/6.1 | 58/7.1 53/7.0 5.3/6.8 | 54/64 4.8/65 4.5/6.0| 3855 3.4/4.6 2.8/4.1 | 48/55
Latitude Average | 4.3 4.9 5.7 6.3 6.0 55 5.5 5.6 53 5.0 4.6 4.1 52
Min/Max | 3.6/54 4.0/58 4.6/63 | 57/7.0 50/66 4.9/63 | 51/60 4.6/63 4561 | 4059 3.8/52 3.1/49 | 4957
Latitude +15 | Average | 4.6 5.1 5.6 5.9 5.4 438 49 5.1 5.1 5.1 4.3 4.4 5.1
Min/Max | 3.8/58 4.1/6.0 4.5/63 | 53/6.5 4.5/58 4.3/55 | 4.5/53 42/57 4.3/59 | 4.0/6.0 3.9/5.6 3.3)53 | 47/55
90 Average | 3.9 3.8 3.6 2.9 2.1 1.8 19 2.4 3.0 3.6 4.0 3.9 3.1
Min/Max | 3.1/5.1  3.1/47 2.9/40 | 27/3.1 2022 1.6/19| 1820 2026 2534 | 2.7/43 3.1j47 2.8/47 | 2.8/3.3
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 | 43 52 6.6 8.1 8.2 75 7.4 7.1 6.2 55 4.6 3.9 6.2
Min/Max | 3.5/5.4 4.2/62 52(16 | 7.1/95 63/92 6.5/8.9 | 6.6/83 5883 5.0/7.3| 42/6.6 3.8/53 3.0/47 | 57/6.8
Latitude -15 Average 4.8 5.7 7.0 83 82 7.4 7.4 7.2 6.5 5.9 5.1 4.4 6.5
Min/Max | 3.8/6.1 4.6/6.8 55(8.0 | 7.3/97 63/92 64/88 | 6582 5984 5276\ 45/71 4.1/59 3.3/54 | 6.0/7.1
Latitude Average | 5.2 6.0 7.2 8.3 7.9 7.1 7.1 7.0 6.5 6.1 5.5 4.9 6.6
Min/Max | 4.1/6.7 4.8/7.3 5.6/83 | 7.2/97 6.1/89 6.1/84 | 6.2/7.9 5883 52/77 | 4.6/74 4.4/64 3.6/59 | 6.0/7.2
Latitude +15 | Average | 5.4 6.1 7.1 8.0 7.4 6.6 6.6 6.7 6.4 6.2 5.7 5.1 6.4
| Min/Max | 43/70 4.9/74 55/82 | 69/93 57/84 57/7.8 | 58/74 55/7.9 50/7.5| 4.6/15 4567 3.7/63 | 59/1.1
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 |
2-Axis Average | 55 6.1 72 8.4 8.2 7.5 75 72 6.5 6.2 5.7 52 6.8
Min/Max | 43/7.1 4.9/7.5 5.6/83 | 7.3/9.8 63/93 6.5/9.0 | 6.6/84 5984 5277 | 4.6/15 4568 3.7/64 | 62/15
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 | 3.1 33 3.6 4.2 3.9 3.3 3.3 3.1 2.8 3.1 3.2 3.0 3.3
Horiz Axis | Min/Max | 2.1/4.5 2.4/44 2.4/4.6 | 3.3/5.5 22/48 24/4.6 | 2.4/42 21/40 1736 | 1.84.1 22/41 1841|2939
1-Axis, N-S | Average | 27 34 44 55 5.1 43 42 4.0 3.5 33 3.0 2.5 3.8
Horiz Axis | Min/Max | 1.9/4.0 25/45 29/56 | 43/7.3 2.9/63 3.1/58 | 3.2/53 2.8/53 2.1/4.6 | 2.0/4.5 20/3.8 15/35 | 3.3/45
1-Axis, N-S | Average | 3.5 4.1 48 5.6 49 4.0 4.0 4.0 3.7 3.9 3.7 33 4.1
Tilt=Latitude | Min/Max | 2.4/5.1  3.0/54 3.2/6.1 | 44/74 2.8/6.0 29/54 | 3.0/50 28/53 2248 | 2.3/52 2547 19/4.6 | 3.5/4.8
- Axis Average | 3.7 4.2 4.8 5.7 52 4.3 4.3 4.1 3.8 3.9 3.9 3.6 43
| Min/Max | 2.6/54  3.0/5.6  32/6.1 | 44/7.6 29/64 3.1y59 | 3.2/53 29/54 22/48 | 2.3/53 27/50 2.1/49 | 3.7/50
Average Climatic Conditions
Element | Jan Feb Mar | Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 14.2 15.0 17.9 20.7 23.7 263 27.3 272 263 23.0 18.8 15.6 21.3
Daily Minimum Temp 8.3 9.1 122 14.8 18.3 21.6 225 227 222 18.4 135 9.8 16.1
Daily Maximum Temp 20.0 20.8 23.8 26.7 29.2 31.1 32.1 31.7 304 275 242 21.3 26.6
Record Minimum Temp | -9.4 44 3.3 1.7 6.7 1.1 15.6 18.3 111 5.0 2.8 72 9.4
Record Maximum Temp | 30.6 31.7 32.8 35.6 37.8 38.9 38.9 37.8 37.2 35.0 31.7 31.1 389
HDD, Base 18.3°C 157 114 62 12 0 0 0 0 0 0 46 115 505
CDD, Base 18.3°C 28 21 50 83 167 240 279 276 240 147 61 31 1622
Relative Humidity (%) 75 72 71 69 72 77 78 80 79 75 76 76 75
Wind Speed (my/s) 3.8 4.1 4.2 4.1 3.8 34 | 32 3.0 35 | 40 3.7 3.6 3.7
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13889

LATITUDE: 30.50° N
LONGITUDE: 81.70° W
ELEVATION: 9 meters

MEAN PRESSURE: 1017 millibars

Monthly Radiation (kWh/mz2/day)
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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 | 29 3.7 4.7 5.9 6.1 6.0 5.8 5.4 4.6 4.0 3.2 2.7 4.6
Min/Max | 2.6/3.5 32/43 4.0/52 | 5169 50/7.1 53/6.8 | 49/64 47/59 36/54| 33/45 25/38 22/32 | 44/48
Latitude -15 | Average | 3.6 43 5.2 6.1 6.1 5.8 5.7 55 5.0 45 3.9 34 4.9
Min/Max | 32/4.5 3.7/52 4.4/58 | 53/72 49/7.1 5.1/6.7 | 48/63 47/6.1 3.7/59 | 3.7/53 2.9/4.8 26/42 | 47/5.2
Latitude Average | 4.2 4.7 5.5 6.0 5.7 5.4 5.4 53 5.0 4.9 44 3.9 5.0
Min/Max | 3.5/53 4.0/58 45/6.1 | 5.3/7.1 4.7/6.7 4.8/6.1 | 45/58 4.6/59 3.7/60| 3.9/57 3.1/55 29/50 | 4.7/53
Latitude +15 | Average | 44 4.9 5.4 5.6 5.1 4.7 4.7 49 48 4.9 4.7 42 4.9
Min/Max | 3.7/5.8 4.1/6.0 4.4/6.1 | 49/6.7 42/59 42/53 | 4.0/51 4.2/54 3558 | 3858 32/59 3.0/55 | 45/52
90 Average | 38 3.8 3.5 2.9 2.1 1.8 19 2.3 2.9 3.6 3.9 3.7 3.0
Min/Max | 3.1/5.0  3.1/47 29/40 | 2.6/3.3 2.023 1819 | 1820 2.1/25 2.1/35| 2.7/42 2.6/50 2.5/4.9 | 2.7/32 |
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 | 4.0 5.0 6.3 7.8 7.8 7.4 7.2 6.8 59 53 4.4 3.7 6.0
Min/Max | 3.3/52 4.1/62 5273 | 6.5/9.6 5895 62/89 | 59/82 55/77 42/74| 4163 3.0/55 2.7/47 | 55/6.4
Latitude -15 | Average | 4.6 5.5 6.7 8.0 7.8 73 72 6.9 6.2 5.7 49 4.2 6.3
Min/Max | 3.8/6.0 4.5/69 54/78 | 6.7/99 58/9.5 6.1/8.8 | 588.1 5.6/7.8 43/7.8 | 43/68 3.3/63 3.0/55 | 58/6.7
Latitude Average | 5.0 5.8 6.9 8.0 7.6 7.0 6.9 6.8 6.2 6.0 5.3 4.6 6.3
Min/Max | 4.1/6.6  4.7/7.3 5.5/8.0 | 6.6/9.8 56/92 5985 | 56/78 55/7.7 43/719 | 45/72 3.5/68 32/6.1 | 58/6.8
Average | 5.2 59 6.8 7.6 7.1 6.5 6.5 6.4 6.1 6.0 5.5 4.9 6.2

Latitude +15 | nripMax | 4.2/69  4.8/7.5  5.5/80 | 64/94 5287 55779 | 5313 S13 42017 | 44/73  3.6/1.1 33/64 | 5.7/66 |

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 J
2 Axis Ayerage 52 5.9 6.9 8.0 79 75 73 6.9 6.3 6.0 5.5 49 6.5
Min/Max | 43/7.0 4.8/75 56/8.1 | 6.7/9.9 58/9.6 63/9.0| 5983 5.6/7.9 43/79 | 45/7.3 3.6/72 3.4/6.6 | 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 32 3.5 4.0 37 33 32 3.0 2.7 3.0 3.1 2.9 32
Horiz Axis Min/Max | 2.2/4.5 2.3/45 25/44 | 3.0/5.5 2.0/50 2.3/45 | 2.1/41 1.9/37 14/3.8| 18/4.0 15/45 15/4.4 | 2.8/3.6
1-Axis, N-S | Average 2.6 33 42 53 4.9 4.3 42 3.9 34 33 2.8 24 3.7
Horiz Axis Min/Max | 1.8/3.9 2.3/47 3.0/54 | 3.9/7.3 2.6/6.7 3.0/5.9 | 2.8/53 25/49 1.8/50 | 2.0/44 14/41 1.3/3.6| 3.2/4.1
1-Axis, N-S | Average 3.4 4.0 4.7 54 4.7 4.0 39 3.8 3.6 3.8 3.6 32 4.0
Tilt=Latitude | Min/Max | 2.4/5.1 28/5.6 3.3/6.0 | 4.0/7.5 25/64 27/54 | 27/50 25/4.9 19/53 | 2.3/51 18/52 1.7/4.8 | 3.4/44
2 Axis Ayerage 3.7 4.1 4.7 54 5.0 44 4.2 4.0 3.6 39 3.8 34 42
Min/Max | 2.6/5.5 2.9/58 3.3/6.0 | 4.0/7.6 2.7/68 3.0/59 | 2.9/53 25/50 19/53 | 2.3/52 19/54 1.8/5.2 | 3.6/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 11.3 12.9 16.2 19.4 23.0 26.2 27.6 27.3 25.6 21.0 16.6 12.8 20.0
Daily Minimum Temp 4.7 6.3 9.6 12.7 16.7 20.6 222 22.1 20.6 15.2 10.1 6.3 13.9
Daily Maximum Temp 17.9 19.4 22.8 26.2 29.3 31.8 33.0 32.6 30.7 26.8 23.1 19.3 26.1
Record Minimum Temp | -13.9 7.2 -5.0 L1 7.2 8.3 16.1 17.2 8.9 22 -6.1 -11.7 | -139
Record Maximum Temp | 29.4 31.1 32.8 35.0 37.8 394 40.6 38.9 37.8 35.6 31.1 28.9 40.6
HDD, Base 18.3°C 234 164 94 21 0 0 0 0 0 17 83 184 797
CDD, Base 18.3°C 17 12 27 54 144 235 286 279 218 99 31 14 1417
Relative Humidity (%) 75 72 71 69 73 77 78 80 81 79 78 77 76
Wind Speed (m/s) 3.6 3.9 3.9 3.7 3.4 3.2 3.0 2.8 3.1 34 3.3 3.3 3.4 J
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8 £
WBAN NO. 12836 g
" 2
E
=
LATITUDE: 24.55° N g +
LONGITUDE: 81.75° W 5
ELEVATION: 1 meters 3
MEAN PRESSURE: 1016 millibars D;
£ 24
STATION TYPE: Secondary 2
1 .
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 | 3.7 4.4 55 6.3 6.3 6.1 6.1 5.8 52 4.6 3.8 3.4 5.1
Min/Max | 3.0/4.1 3.7/4.9 4.6/6.0 | 57/69 55/6.8 52/67 | 5.6/64 52/62 4.6/55 | 4.0/51 3.3/43 3.0/38 ]| 4953
Latitude -15 | Average | 4.2 4.9 5.8 6.5 6.3 6.0 6.0 5.9 5.4 5.0 4.4 4.0 5.4
Min/Max | 3.4/48 4.0/54 4.9/64 | 58/7.0 54/68 51/6.6| 5.5/63 53/62 4858 | 4.3/56 3.7/49 3.4/45 | 5.1/5.6
Latitude Average | 49 55 6.1 6.4 6.0 55 5.6 5.7 55 5.4 5.0 4.7 55
Min/Max | 3.8/5.6 4.4/6.1 5.1/6.8 | 5.8/6.9 5.2/64 47/6.1 | 5.1/59 5.1/6.0 4.8/59 | 4.66.1 4.1/56 4.0/53 | 52/58
Latitude +15 | Average | 5.3 5.7 6.0 6.0 53 4.8 5.0 52 53 55 5.3 5.1 5.4
Min/Max | 4.0/6.1 4.5/6.4 5.0/6.7 | 5.4/6.4 4.6/57 42/53 | 4.6/52 4755 4.6/57 | 4.6/63 43/6.0 42/59 | 5.1/5.6
90 Average | 43 42 3.5 2.5 1.7 15 1.6 2.1 2.8 3.7 42 4.3 3.0

Min/Max | 3.2/52 33/47 29/39 | 23/26 1.7/1.8 15/1.6| 1517 19/2.1 24/3.0 | 3.0/43 33/48 3.5/51 | 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 5.1 6.1 7.4 8.4 8.1 7.5 75 7.3 6.6 6.0 52 4.8 6.7
Min/Max | 3.8/6.0 4.7/7.0 58/8.6 | 7.4/9.6 6.6/89 6.1/8.6 | 6.8/8.1 6.4/7.8 5.6/72 | 50/7.1 42/6.0 4.0/56 | 6.2/7.0
Latitude -15 Average 5.5 6.5 77 8.5 8.1 7.5 75 73 6.7 6.3 5.6 52 6.9
Min/Max | 4.1/6.5 4.9/74 6.0/89 | 7.5/9.7 6.6/8.8 6.0/8.5| 6.7/8.1 6.4/79 57/74 | 52/74 45/64 43/6.1 | 6.4/72
Latitude Average 6.0 6.9 7.9 8.5 7.8 7.1 72 72 6.8 6.6 6.1 5.7 7.0
Min/Max | 4.4/72 52/79 6.2/9.1 | 74/9.6 6.4/8.6 58/8.1 | 6.4/7.8 63/7.7 58/7.5 | 54/1.8 4.8/7.0 4.7/6.7 | 6.5/74
Average 6.3 7.1 7.8 8.2 73 6.6 6.7 6.8 6.6 6.7 6.3 6.0 6.9

Latitude +15 | N Max | 4.6/7.6 53801 6.0/9.1 | 7.1/93  6.0/8.0 5475 | 60/72 60773 5673 | 5479 5073 4971 | 6473

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 6.4 7.1 79 8.6 8.1 7.6 7.6 73 6.8 6.7 6.4 6.2 72
Min/Max | 4.6/7.7 5.3/8.1 6.2/9.1 | 7.5/9.7 6.6/89 6.1/86 | 6882 65/79 58/75| 55/79 50/7.3 5.0/7.3 | 6.7/7.6

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 3.8 4.1 4.3 4.5 4.1 3.6 35 3.4 3.1 35 3.6 3.7 38
Horiz Axis Min/Max | 2.3/49 2.7/5.1 29/53 | 3.6/55 2.8/47 25/45| 29/40 2.8/3.9 2437 | 24/45 25/45 2.6/47 | 3.3/41
1-Axis, N-S | Average 3.6 44 53 6.0 53 4.5 4.5 4.3 3.9 39 35 33 4.4
Horiz Axis Min/Max | 2.1/4.6 2.8/5.6 3.5/6.7 | 47/7.5 3.6/62 3.1/57| 3.6/51 3.6/50 3.0/47 | 2.8/51 24/44 23/43 | 38/48
1-Axis, N-S | Average 43 5.0 5.7 6.0 5.0 42 4.2 4.3 4.1 4.4 4.2 4.1 4.6
Tilt=Latitude| Min/Max | 2.6/5.6 3.2/6.3 3.8/7.2 | 47/7.5 35/59 29/53 | 3.4/48 3.5/49 3.1/49 | 3.1/57 29/52 29/52 | 4.0/5.1
2_Axis Average 4.6 52 5.7 6.1 53 4.6 45 4.4 4.1 44 44 44 4.8
Min/Max | 2.8/6.0 3.3/6.5 3.8/7.2 | 4.8/7.6 3.7/63 3.1/58 | 3.7/52 3.6/50 32/49 | 3.1/58 3.0/55 3.1/57 | 42/53

Average Climatic Conditions

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

Temperature (°C) 211 214 232 25.0 27.0 28.4 29.1 29.1 285 26.7 24.2 219 254

Daily Minimnum Temp 18.3 18.7 20.6 223 24.5 25.8 26.4 26.3 25.8 242 21.8 19.3 22.8
Daily Maximum Temp 23.8 24.1 259 27.6 29.5 30.9 317 31.8 311 29.1 26.7 245 28.1

Record Minimum Temp 5.0 7.8 83 8.9 18.3 20.0 20.6 20.0 20.6 15.6 9.4 6.7 5.0
Record Maximum Temp | 30.0 294 30.6 322 3238 344 35.0 35.0 34.4 339 317 30.0 35.0
HDD, Base 18.3°C 24 17 4 0 0 0 0 0 0 0 0 11 56
CDD, Base 18.3°C 109 102 155 200 269 302 334 332 305 258 177 123 2666
Relative Humidity (%) 76 74 73 70 72 74 72 73 75 75 76 76 74
Wind Speed (m/s) 5.2 54 55 53 4.8 4.5 4.3 4.1 4.3 52 5.5 5.3 5.0
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 12839

+ LATITUDE: 25.80° N
LONGITUDE: 80.27° W
ELEVATION: 2 meters

MEAN PRESSURE: 1017 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Primary

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 3.5 4.2 5.2 6.0 6.0 5.6 5.8 5.6 4.9 4.4 3.7 3.3 4.8
Min/Max | 3.1/40 3.6/47 4.5/58 | 5.1/67 51/69 49/63 ) 47/67 49/60 4.1)57 | 3.9/49 3240 2837 | 4551
Latitude -15 Average 4.1 4.7 5.5 6.2 5.9 5.5 5.7 5.6 5.1 4.7 4.2 3.9 5.1
Min/Max | 3.5/4.8 4.0/5.3 4.7/6.2 | 5.2/6.8 5.0/6.8 4.8/6.1 | 4.7/6.5 4.9/6.1 4.2/59 | 4.2/55 3.6/4.6 32/44 | 4.8/5.4
Latitude Ayerage 4.7 5.2 5.7 6.1 5.6 5.1 5.4 55 5.1 5.1 4.7 4.5 52
Min/Max | 4.0/5.6 4.3/59 4.9/6.5 | 5.1/6.7 4.8/64 4.5/57 | 4.4/6.1 4.7/59 4.2/6.0 | 4.4/60 3.9/53 3.7/52 | 4.8/5.5
Latitude +15 Average 5.0 5.4 5.6 5.7 5.0 4.5 4.8 5.0 4.9 5.1 4.9 4.9 5.1
Min/Max | 4.2/6.0 4.4/62 4.8/6.4 | 4.8/63 43/57 4.0/50 | 39/54 43/54 4.1/)58 | 4.4/6.1 4.156 39/57 | 4.7/54
90 Average 4.1 3.9 3.4 2.6 1.9 1.6 1.7 2.1 2.7 35 3.9 4.1 3.0
Min/Max | 3.4/5.1 3.1/4.6 29/3.9 | 2.3/28 1.620 15/1.8 | 1.6/2.0 2.0/22 23/3.1 | 3.042 3.2/45 3.2/49 | 2.7/3.1
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 4.8 5.7 6.8 7.8 7.4 6.7 7.0 6.8 6.0 5.6 4.8 4.5 6.2
Min/Max | 4.0/5.8 4.5/6.7 5.6/7.8 | 6.5/9.1 6.1/8.9 5.6/7.7 | 53/82 58/7.5 4.7)7.1| 4.7/6.8 4.0/55 3.6/53 | 5.6/6.7
Latitude -15 Average 5.2 6.1 7.0 79 74 6.6 7.0 6.9 6.2 5.9 5.2 4.9 6.4
Min/Max | 43/6.3 4.8/7.1 5.8/82 | 6.6/92 6.1)89 5.5/7.6 | 5.3/82 58/7.6 4.8/7.3 | 49/72 43/6.0 3.9/58 | 5.8/6.9
Latitude Average 5.7 6.4 7.2 7.8 7.2 6.3 6.7 6.7 6.2 6.1 5.6 5.4 6.5
Min/Max | 4.6/6.9 5.0/7.6 59/8.4 | 65/92 59/86 53/7.3| 5.1/79 57/74 4.8/74 | 51/7.6 4.6/65 4.2/64 | 58/7.0
Latitude +15 Ayerage 5.9 6.5 7.1 7.5 6.7 5.9 6.3 6.4 6.1 6.2 5.8 5.7 6.3
Min/Max | 4.8/73  5.0/7.8 59/83 | 6.3/88 558.1 49/6.8 | 4873 5471 47/13 ] 5177 4767 4.4/68 | 5.7/6.9 |
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
2. Axis Average 6.0 6.6 7.2 7.9 7.4 6.7 7.1 6.9 6.2 6.2 5.9 5.8 6.7
Min/Max | 4.8/7.4 5.1/7.8 6.0/84 | 6.6/93 6.1/89 5.6/7.8 | 5.4/83 58/7.6 4.8/74 | 51/7.7 4768 4.5/6.9 | 6.0/7.2
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 34 34 3.7 32 2.7 29 2.8 2.5 2.8 31 32 3.1
Horiz Axis Min/Max | 2.3/4.6 2.1/43 2.5/44 | 2.6/47 2.2/45 1.8/3.4 1.2/3.8 1.8/3.3 1.5/35 1.9/4.0 2.1/3.8 2.0/44 | 2.4/3.6
1-Axis, N-S | Average 3.1 3.7 4.3 4.9 4.2 34 3.7 3.6 32 32 2.9 2.8 3.6
Horiz Axis Min/Max | 2.0/4.3 2.2/4.8 3.1/5.6 | 3.5/6.5 2.8/59 2.2/43 1.6/49 2.4/43 19/44 | 2.1/46 2.0/3.7 1.7/3.8 | 2.8/42
1-Axis, N-S | Average 3.8 4.3 4.6 4.9 4.0 32 3.5 35 33 3.6 35 3.6 3.8
Tilt=Latitude | Min/Max | 2.5/53  2.6/55 3.3/6.0 | 3.5/6,5 27/57 2.1j40 | 1.5/46 23/43 19/4.6| 23/52 24/44 2.1/48 | 3.044
7_Axis Average 4.1 4.4 4.6 5.0 43 34 3.7 3.6 33 3.7 3.7 3.9 4.0
Min/Max | 2.7/5.6  2.6/5.7 33/6.0 | 3.5/6.6 2.8/6.0 2.2/43 1.6/49 2.4/44 2.0/46 | 24/52 25/47 23/52 | 3.1/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
Temperature (°C) 19.6 20.3 22.1 24.0 25.9 274 28.1 28.2 27.7 25.7 23.1 20.6 24.4
Daily Minimum Temp 15.1 15.8 17.9 19.9 223 239 24.6 24.8 24.4 223 19.3 16.4 20.6
Daily Maximum Temp 24.0 24.7 26.2 28.0 29.6 30.9 31.7 31.7 31.0 29.2 269 24.8 28.2
Record Minimum Temp -1.1 0.0 0.0 7.8 11.7 15.6 20.6 20.0 20.0 10.6 39 -1.1 -1.1
Record Maximum Temp | 31.1 31.7 333 35.6 35.0 36.7 36.7 36.7 36.1 35.0 31.7 30.6 36.7
HDD, Base 18.3°C 49 28 8 0 0 0 0 0 0 0 3 23 111
CDD, Base 18.3°C 87 83 123 170 236 273 303 307 282 229 147 93 2332
Relative Humidity (%) 73 71 69 67 72 76 75 76 78 75 74 72 73
Wind Speed (m/s) 4.3 4.7 4.9 4.8 4.4 3.8 3.7 37 3.8 4.4 4.5 43 4.2

57




Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93805

LATITUDE: 30.38° N
LONGITUDE: 84.37° W
ELEVATION: 21 meters

MEAN PRESSURE: 1016 millibars

Monthly Radiation (kWh/m2/day)

2-_
STATION TYPE: Primary
+
! 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 2.9 3.7 4.7 59 6.3 6.1 5.8 5.5 4.9 43 33 2.7 4.7
Min/Max | 2.5/3.4 3.1/44 4.0/53 | 5.1/6.7 55/6.9 54/7.0 | 52/64 4.6/62 35/57 | 3.7/50 2.6/3.8 2.3/3.1 | 44/50
Latitude -15 Average 3.6 4.3 52 6.1 6.2 6.0 5.7 5.6 53 5.0 4.1 3.4 5.0
Min/Max | 3.1/43  3.6/53 4.3/59 | 52/7.1 53/69 53/68 | 5.0/63 47/63 3.6/62 | 42/58 3.0/47 2.7/40 | 47/54
Latitude Average 4.0 4.7 54 6.0 5.9 5.6 54 54 5.3 54 4.6 4.0 5.1
Min/Max | 3.5/50 3.9/59 4.5/62 | 5.1/7.0 50/6.5 49/63 | 4.7/59 45/6.1 3.6/63 | 4.4/63 32/54 3.0/47 | 48/55
Latitude +15 Average 43 49 53 5.6 52 49 4.7 4.9 5.1 55 4.8 4.2 5.0
Min/Max | 3.6/53 4.0/6.1 4.3/6.1 | 4.7/6.5 45/58 43/55| 4.2/52 4.1/56 3.4/6.1 | 44/64 33/58 3.2/5.1 | 4.6/53
90 Average 3.6 3.7 34 29 22 1.9 2.0 2.4 3.1 4.0 4.0 3.7 3.1

Min/Max | 3.0/47 3.1/48 2.8/4.0 | 2532 19/24 1720 | 1821 2.1/25 2.0/3.6 | 3.2/47 26/49 27/45 2.9)3,3

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 39 5.0 6.2 7.7 79 7.5 7.1 6.8 6.2 59 4.5 3.7 6.0
Min/Max | 3.3/49 4.0/63 5.0/7.2 | 6.3/92 64/9.0 65189 | 6.0/8.1 5518.1 4.1/77| 4.7/70 3.1/54 29/44 | 56/6.6
Latitude -15 Average 4.4 5.5 6.6 7.9 7.9 7.4 7.1 6.9 6.5 6.4 5.1 4.2 6.3
Min/Max | 3.7/5.6 4.4/69 5.3/7.7 | 6.4/9.5 64/9.0 6.5/88 | 6.0/8.1 56/8.2 42/80 | 51/7.7 3.4/62 3.2/51 | 58/69
Latitude Average 4.8 5.8 6.7 7.8 7.7 7.1 6.8 6.8 6.6 6.7 55 4.6 6.4
Min/Max | 4.0/6.1 4.7/7.3 5.3/79 | 6.3/94 6.2/8.7 6.2/84 | 57/7.8 54/8.0 42/8.1 | 53/80 3.6/6.7 3.4/56 | 59/7.0
Latitude +15 Average 5.0 5.9 6.6 7.5 7.2 6.6 6.3 6.4 6.4 6.7 5.7 4.9 6.3

Min/Max | 4.1/6.4 4.7/75 52/7.8 | 6.1/9.1 58/82 5878 | 53/7.3 52/77 4179 | 53/8.1 37/7.0 35/59 | 5.8/6.8

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

2_Axis Average 5.1 59 6.7 7.9 8.0 7.6 7.2 6.9 6.6 6.7 5.7 5.0 6.6
Min/Max | 4.1/6.5 4.8/7.5 53/79 | 6.4/9.5 65/9.1 6.6/9.0| 6.1/82 56/82 42/81 | 53/8.1 3.7/7.0 3.6/6.1 | 6.1/7.2

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 | 29 32 33 3.8 37 33 2.9 2.8 2.9 35 33 2.9 3.2
Horiz Axis Min/Max | 2.0/4.1 23/46 2.0/42 | 2.8/52 24/45 24/44 | 2.0/3.8 1.9/4.0 15/4.1| 23/48 1.6/44 1.7/3.8 | 2.8/3.7
1-Axis, N-S | Average 2.5 32 4.0 5.0 4.8 42 3.8 3.7 3.6 3.9 3.0 2.4 37
Horiz Axis Min/Max | 1.7/3.5 2.3/48 2.5/50 | 3.7/6.9 3.158 3.2/57 | 2.6/50 25/52 19/52 | 25/53 1540 14/3.1] 3.3/43
1-Axis, N-S§ | Average 3.2 3.9 4.4 5.1 4.6 3.9 3.6 37 38 4.5 3.8 3.1 4.0
Tilt=Latitude | Min/Max | 2.2/4.6 2.8/5.8 2.8/5.6 | 3.7/7.0 2.9/5.6 29/53 | 2.4/47 2.5/51 20/55 | 3.0/6.1 19/51 1.9/42 | 3.5/47
2_Axis Average 35 4.0 44 5.2 4.9 4.3 3.8 3.8 3.8 4.6 4.0 34 4.1
L Min/Max | 2.3/49 29/59 2.3/56 | 3.87.1 3.1/59 32/57| 2.6/50 25/53 2.0/55| 3.0/62 19/54 2.0/4.5 | 3.7/49
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept—| Oct Nov Dec Year
Temperature (°C) 10.3 11.8 15.7 19.1 23.1 26.4 274 274 257 | 204 154 11.8 19.6
Daily Minimum Temp 34 4.5 8.2 11.2 16.0 20.3 21.7 21.9 20.0 13.3 7.9 4.6 12.8
Daily Maximum Temp 17.2 19.1 23.1 26.9 30.2 327 329 32.8 31.4 27.5 22.8 18.8 26.3
Record Mimimum Temp | -14.4 -10.0 -6.7 -1.7 1.1 7.8 139 15.6 4.4 -1.1 -10.6 -12.2 -14.4
Record Maximum Temp | 27.8 29.4 32.2 35.0 36.7 394 39.4 38.9 37.2 34.4 31.1 28.9 39.4
HDD, Base 18.3°C 262 191 106 33 0 0 0 0 0 27 113 216 947
CDD, Base 18.3°C 12 7 23 54 148 243 281 281 222 91 24 13 1399
Relative Humidity (%) 75 72 72 70 72 76 80 81 78 74 76 76 75
Wind Speed (m/s) 3.0 33 34 3.2 2.9 25 2.3 2.3 2.7 2.9 2.8 2.9 2.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 12842

LATITUDE: 27.97° N
LONGITUDE: 82.53° W
ELEVATION: 3 meters

MEAN PRESSURE: 1018 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m#/day)

T 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 3.2 4.0 5.1 6.2 6.4 6.1 5.8 5.5 49 4.4 3.6 3.1 49
Min/Max | 2.6/3.7 3.4/45 4.3)5.6 | 5.8/6.8 57/7.1 5.1/69 | 5.1/64 4.6/63 43/54 | 3.6/49 3.0/4.0 2.7/35 | 4.5/5.2
Latitude -15 | Average 3.9 4.6 5.5 6.4 6.4 5.9 5.7 55 5.2 5.0 42 38 5.2
Min/Max | 3.0/4.6 3.8/53 4.7/6.1 | 59/7.1 57/7.0 50/6.7 | 5.0/63 4.7/63 45/58 | 4.0/56 34/48 3.1/44 | 4.7/55
Latitude Average 45 5.1 5.8 6.3 6.0 5.5 5.3 5.4 5.2 5.4 4.8 4.4 5.3
Min/Max | 3.3/53 4.2/59 4.8/6.4 | 5.9/7.0 54/6.6 4.7/62 | 4.7/59 4.5/62 45/59 | 4.1/6.1 3.8/56 3.5/52 | 4.8/5.7
Latitude +15 Average 4.8 53 5.7 59 53 4.8 4.7 4.9 5.0 55 5.1 4.7 5.1
Min/Max | 3.5/5.8 4.3/62 4.7/6.4 | 54/65 4.8/58 4.1/53 | 42/52 4.2/56 43/57 | 4.1/62 4.0/6.0 3.7/57 | 4.6/5.5
90 Average 4.0 4.0 35 2.8 2.0 1.7 1.8 2.2 2.9 3.9 4.2 4.1 3.1
Min/Max | 2.8/5.0 3.2/48 3.0/4.0 | 2.6/3.0 1.9/2.1 1.6/1.8 1.7/19 2.0/24 24/32 | 2.8/44 3.1/50 3.1/5.0| 2.7/3.3
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 4.5 5.5 6.8 8.3 8.3 7.5 7.1 6.8 6.2 6.0 4.9 4.2 6.3
Min/Max | 3.3/54 43/6.6 55/7.9 | 7.5/9.4 7.1/94 6.0/8.8 | 6.0/8.1 5.6/8.1 52/72 | 4.4/68 3.95.8 3.3/52 | 5.6/6.9
Latitude -15 Average 5.0 5.9 7.2 8.4 8.2 7.4 7.1 6.9 6.5 6.4 5.4 4.8 6.6
Min/Max | 3.5/6.0 4.6/7.1 5.8/83 | 7.7/9.6 7.1/93 59/87 | 6.0/8.0 57/82 53/7.5| 47/73 4.2/64 3758 | 58/72
Latitude Average 5.4 6.3 7.3 8.4 8.0 7.1 6.8 6.8 6.5 6.7 5.9 5.2 6.7
Min/Max | 3.8/6.6 4.9/7.6 59/8.5 | 7.6/9.6 6.9/9.1 57/84 | 57/7.7 5.6/8.0 53/7.6 | 4.8/7.7 45/69 40/64 |59/73
Latitude +15 Average 5.6 64 73 8.1 7.5 6.6 6.3 6.4 6.4 6.8 6.1 5.5 6.6
Min/Max | 3.9/7.0 4.9/7.8 5885 | 7.3/9.2 6.4/85 53/7.8 | 53/7.2 5.3/7.6 52/74 | 4.8/7.8 4.6/73 42/68 | 5.8/7.2
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-Axis Average 5.7 64 7.4 8.5 8.3 7.6 72 6.9 6.5 6.8 6.1 5.6 6.9
Min/Max | 3.9/7.1 5.0/7.8 5985 | 7.7/9.7 7.2/94 6.0/89 | 6.0/8.1 57/82 54/7.6 | 49/7.8 4.6/7.3 43/70 | 6.1/7.6
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 3.6 3.8 4.3 4.1 34 3.1 3.0 2.9 3.5 3.5 34 3.5
Horiz Axis Min/Max | 1.9/4.6 2.4/48 2.6/4.8 | 3.5/53 3.1/5.0 2.2/46| 23/3.9 2040 2037 | 2044 23/46 22/45 | 2.8/4.1
1-Axis, N-S | Average 3.0 3.7 4.7 5.7 5.4 4.4 4.0 39 3.6 3.9 3.3 2.9 4.0
Horiz Axis Min/Max | 1.6/4.1  2.4/5.1 3.2/59 | 47/7.1 4.1/6.7 28/59 | 3.0/50 27/53 25/48 | 2.3/49 22/43 1839 | 32/47
1-Axis, N-S | Average 3.8 4.4 5.1 5.8 5.1 4.1 3.8 3.8 3.8 4.5 4.1 3.7 43
Tilt=Latitude | Min/Max | 2.1/52 2.8/6.0 3.5/6.5 | 4.8/7.2 3.9/63 2.6/55 | 2.8/47 27/52 27/50 | 2.6/56 2853 2.3/50 | 3.45.1
2-Axis Average 4.0 4.5 5.1 5.9 54 4.5 4.0 3.9 3.8 4.5 4.3 4.0 4.5

Min/Max | 2.2/5.5 2.9/62 3.5/65 | 48/73 4.1/6.7 28/6.0 | 3.0/5.1 2.7/54 2.7/50| 2.6/57 29/5.6 2.5)5‘4 3.6/5.3

Average Climatic Conditions

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

Temperature (°C) 15.5 16.4 19.1 218 25.1 272 27.8 27.8 272 238 19.8 16.8 22.4

Daily Minimum Temp 10.0 10.9 13.6 16.0 19.7 22.7 23.6 23.6 227 18.4 14.0 11.3 17.2
Daily Maximum Temp 21.0 21.9 24.8 27.6 30.7 31.9 32.3 323 31.7 29.1 25.4 22.3 27.6

Record Minimum Temp | -6.1 4.4 -1.7 44 9.4 11.7 17.2 19.4 13.9 44 -5.0 -7.8 -7.8
Record Maximum Temp | 30.0 31.1 32.8 339 36.7 37.2 36.1 36.7 35.6 344 322 30.0 37.2
HDD, Base 18.3°C 130 89 47 4 0 0 0 0 0 0 39 95 403
CDD, Base 18.3°C 42 34 71 107 210 267 294 294 267 171 82 47 1887
Relative Humidity (%) 75 73 72 69 70 74 77 78 77 74 75 75 74
Wind Speed (m/s) 39 4.1 42 | 41 3.9 3.6 33 3.1 34 3.8 3.8 3.8 3.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 12844

LATITUDE: 26.68° N
LONGITUDE: 80.10° W
ELEVATION: 6 meters

MEAN PRESSURE: 1017 millibars

Monthly Radiation (kWh/m?/day)

2 -
STATION TYPE: Secondary
1 e
1961-1990 Average
0 t t t f } f t f ; t } } f
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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 33 4.0 5.0 59 6.0 5.7 5.9 5.6 4.8 4.2 34 3.1 4.7
Min/Max | 2.4/3.8 35/4.6 4.1/57 | 5.1/6.8 4.9/7.0 4.7/6.6 | 50/6.6 4.8/63 3.9/56 | 3.6/48 3.0/39 2.8/3.5| 4.4/5.1
Latitude -15 Average 3.8 4.5 5.3 6.1 5.9 5.6 5.8 5.6 5.1 4.6 4.0 3.7 5.0
Min/Max | 2.7/4.6  4.0/53 4.4/6.1 | 52/7.0 4.9/69 4.6/65 | 4.9/6.5 49/63 4.0/59 | 3.9/54 33/46 3.2/43 | 4.6/54
Latitude Average 44 5.0 5.6 6.0 5.6 52 5.4 5.4 5.1 49 4.5 43 5.1
Min/Max | 2.9/54 4.3/6.0 45/6.4 | 5.1/6.9 4.7/65 4.3/6.0 | 4.6/6.1 4.7/6.1 4.0/6.0 | 4.1/58 3.7/52 3.7/51 | 4.6/5.6
Latitude +15 Average 4.7 5.1 55 5.6 5.0 45 4.8 5.0 4.9 5.0 4.7 4.7 5.0
Min/Max | 3.0/5.9 4.4/62 4.4/64 | 4.8/6.4 4.2/58 3.8/52 | 4.1/53 4.3/5.6 3.8/58 | 4.1/6.0 3.8/5.6 3.9/56 | 4.5/54
90 Average 3.9 3.8 3.4 2.6 1.9 1.6 1.7 22 2.7 35 3.8 4.0 2.9
Min/Max | 2.3/5.0 3.2/47 27/39 | 2.3/2.8 17/20 1.6/1.7 | 1.6/1.8 2.0/23 2.2/3.2 | 2842 3.0/45 3.3/49 | 26/32
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 45 55 6.6 7.8 7.5 6.9 7.2 6.9 6.0 54 4.6 43 6.1
Min/Max | 2.9/5.6 4.5/6.7 5.1/7.8 | 6.5/93 58/9.1 52/84 | 57/84 58/8.1 4.6/73 | 4.3/6.6 3.7/54 3.5/5.1 | 54/6.7
1 atitude -15 Ayerage 49 5.8 6.9 79 7.5 6.8 7.2 7.0 6.2 5.8 5.0 4.7 6.3
Min/Max | 3.0/6.2 4.8/72 53/82 | 6.6/9.5 58/9.1 52/83 | 5.7/84 58/82 4775 4.6/7.0 4.0/6.0 3.9/57 | 5.6/6.9
Latitude Average 53 6.2 7.1 7.9 7.3 6.6 6.9 6.8 6.3 6.0 5.4 5.2 6.4
Min/Max | 3.2/6.8 5.1/7.7 53/8.4 | 65/94 5.6/8.8 5.0/79 | 55/81 57/8.1 47/7.6 | 47/74 43/65 4.2/63 | 56/7.1
Latitude +15 Ayerage 5.6 6.3 7.0 7.6 6.9 6.1 6.4 6.5 6.1 6.1 5.6 5.4 6.3
Min/Max | 3.3/7.1 52/7.8 53/84 | 6.3/9.1 53/83 4.6/74 | 51/71.5 54/17 4.6/14 | 47/75 4.4/677 4.4/6.7 | 55/6.9
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
9_Axis Average 5.6 6.3 7.1 8.0 7.6 7.0 7.3 7.0 6.3 6.1 5.6 5.5 6.6
Min/Max | 3.3/7.2 52/79 54/84 | 6.6/95 59/92 53/85| 58/85 5.8/82 47/7.6| 48/1.5 44/68 45/68 | 58/73
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 33 3.5 3.8 3.5 3.0 3.2 3.0 2.7 29 3.0 3.2 3.2
Horiz Axis Min/Max | 1.3/4.6 24/4.6 2.1/47 | 27/52 2.1/48 15/4.1 1.9/42 2.0/40 1.6/38 | 2.0/40 2.0/40 23/43 | 2.6/3.7
1-Axis, N-S | Average 29 3.6 4.3 5.1 4.6 3.8 4.0 3.9 3.4 3.2 2.9 2.7 3.7
Horiz Axis Min/Max | 1.2/4.2 2.5/49 26/58 | 3.6/7.0 28/63 1.9/52 | 2.5/54 26/52 21/47 | 2.2/45 19/38 20/3.7|3.0/4.4
1-Axis, N-S | Average 3.6 42 4.7 5.2 4.4 35 3.8 3.8 35 3.7 3.5 3.5 3.9
Tilt=Latitude | Min/Max | 1.4/5.2 2.9/57 28/6.3 | 3.6/7.0 2.6/6.0 1.8/48 | 23/50 26/52 22/49 | 2.5/51 23/47 25/47 | 32/4.6
9_Axis Ayerage 3.8 4.3 4.7 5.2 4.6 3.8 4.1 3.9 3.5 3.7 3.7 3.8 4.1
Min/Max | 1.5/56  3.0/59 28/63 | 3.7/7.1 28/63 2.0/53 | 2554 2.7/53 22/50 | 25/51 25/49 27/5.1 | 3.3/4.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 18.4 19.0 21.1 23.0 25.3 27.0 27.9 28.1 27.6 25.4 22.4 19.7 23.7
Daily Minimum Temp 13.2 13.6 16.2 18.2 20.9 22.8 23.6 239 23.7 21.5 18.1 14.8 19.2
Daily Maximum Temp 23.6 244 26.0 27.8 29.8 31.2 322 322 31.4 29.4 26.7 24.4 28.3
Record Minimum Temp 2.8 0.0 -1.1 6.1 11.7 16.1 18.9 18.3 18.9 7.8 2.2 2.2 2.8
Record Maximum Temp | 31.7 32.2 34.4 37.2 35.6 36.7 38.3 36.7 36.1 35.0 32.8 322 38.3
HDD, Base 18.3°C 68 47 15 0 0 0 0 0 0 0 8 41 179
CDD, Base 18.3°C 69 66 101 140 217 260 296 302 277 221 130 83 2162
Relative Humidity (%) 73 72 70 67 71 77 77 76 77 74 73 73 73
Wind Speed (m/s) 4.6 4.8 5.1 4.9 4.6 3.9 3.7 3.7 3.9 4.8 4.8 4.6 4.4
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4 Variability of Latitude Fixed-Tilt Radiation
8
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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 5.6 6.1 6.4 6.1 5.6 4.8 4.0 2.9 2.4 4.5
Min/Max | 2.3/3.2  2.8/42 3.8/5.1 | 4.8/64 53/69 5471 | 50/7.1 50/63 42/54 | 33/47 2.1/34 2027 | 4.3/4.7
Latitude -15 | Average | 3.5 42 5.1 59 6.1 6.2 6.0 5.8 53 438 3.8 32 50
Min/Max | 2.8/4.5 33/54 42/59 | 5.0/68 53/69 53/7.0 | 4970 51/66 44/6.1 | 3.8/58 254.6 2.6/39 |4.7/52
Latitude Average | 39 4.6 5.2 5.8 5.7 5.7 5.6 5.6 54 52 43 37 5.1
Min/Max | 3.1/5.3  3.6/6.1 43/62 | 49/6.7 50/65 49/64 | 4.6/65 4.9/63 44/6.2 | 40/63 2.6/53 2.9/4.6| 4.8/53
Latitude +15 | Average | 4.2 43 52 54 5.1 5.0 49 5.1 5.1 53 4.5 3.9 4.9
Min/Max | 3.3/5.7 3.6/63 4.1/6.1 | 45/63 4.5/58 43/55 | 4.1/57 4.5/58 42/6.0 | 4.0/64 2.7/56 3.0/50 | 4.5/5.1
90 Average | 3.7 3.8 3.5 3.0 24 2.1 2.2 2.7 3.3 4.0 3.9 3.5 32
Min/Max | 2.7/5.2  29/5.2 2.8/42 | 2.6/35 22/26 2.0/22| 20724 2429 2.6/38 | 3.0/49 2149 2745 | 2.9/34
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 3.7 4.8 6.0 7.5 7.8 8.0 7.6 7.1 6.3 5.5 4.1 33 6.0
Min/Max | 2.9/49 3.6/64 4.7/72 | 59/87 64/9.1 64/93 | 5892 6.0/84 50/74 | 42/68 2.5/50 2.5/4.1 | 55/6.3
Latitude -15 | Average | 4.3 5.4 6.5 7.7 7.8 7.9 75 7.3 6.6 6.1 4.7 3.9 6.3
Min/Max | 3.3/59 40/73 5.1478 [ 6.1/9.1 64/92 63/92 | 58/9.1 6.1/86 5.3/79 | 4.6/77 2.7/59 3.0/49 | 59/6.7
Latitude Average 4.7 5.7 6.6 7.7 7.6 7.6 7.3 7.1 6.7 6.4 5.1 4.3 6.4
Min/Max | 3.5/6.5 4.2/7.8 5.1/8.1 | 6.0/9.0 62/89 6.1/8.8 | 5588 6.0/85 5.3/8.0 | 488.1 29/64 3.2/55| 59/6.8
Average | 49 538 6.5 7.4 7.1 7.0 6.8 6.8 6.5 6.5 53 4.5 6.3

Latitude +15 | \rionvfax | 3.7/68  42/80 5.08.0 | 5.7/87 5884 5682 | 5182 5781 S5.17.8 | 488.1 2967 34/58 | 5.8/6.6

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +t9%

Tracker Jan Feb Mar Apr May June Tuly Aug Sept QOct Nov Dec Year
2 Axis Average 4.9 5.8 6.6 7.8 79 8.1 7.6 7.3 6.7 6.5 5.3 4.6 6.6
Min/Max | 3.7/6.9 43/8.0 5.1/8.1| 6.1/9.1 6.5/9.3 6.5/9.4 | 5893 62/87 5380 | 4881 29/68 3.4/59 | 6.1/7.0
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 29 32 33 3.7 3.6 3.7 34 32 3.1 35 3.1 2.8 33
Horiz Axis Min/Max | 1.9/47 2.1/5.1 2.1j44 | 2.5/47 2.5/4.8 23/48 | 2.1/47 2.4/42 2.0/41 ) 22/49 12/42 18/40 ) 2.9/37
1-Axis, N-S | Average 2.4 32 39 49 4.8 4.8 4.4 4.2 3.8 3.7 2.7 2.1 3.7
Horiz Axis Min/Max | 1.5/3.9 20/5.1 2.4/52 | 3.3/64 32/64 3.0/63| 27/61 3.1/56 2.4/51 | 2.4/52 1.0/3.7 1.3/3.1] 3.3/4.2
1-Axis, N-S | Average 33 4.0 4.4 5.1 4.6 4.5 4.1 4.2 4.1 44 3.6 3.0 4.1
Tilt=Latitude | Min/Max | 2.1/52  2.5/6.3 2.8/59 | 3.4/6.6 3.1/6.1 2.8/58 | 2.5/58 3.1/55 2.6/56 | 2.8/62 14/49 19/43 | 3.6/4.6
2_Axis Average 35 4.1 4.5 5.2 4.9 4.8 44 4.3 4.1 4.5 3.7 33 43
Min/Max | 2.2/5.6 2.6/6.5 2.8/59 | 3.4/67 3.3/65 3.1/6.4 | 2.7/62 3.2/57 2.6/56 | 2.8/63 1.5/51 2.1/47 | 3.8/4.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 54 7.5 12.0 16.4 20.7 247 26.4 25.8 22.7 16.8 119 7.3 16.5
Daily Minimum Temp 0.0 1.5 5.6 9.9 14.5 18.8 20.8 20.4 17.2 104 5.7 1.7 10.6
Daily Maximum Temp 10.9 13.5 18.4 23.0 26.9 30.6 32.0 31.2 28.2 23.1 18.0 12.8 22.4
Record Minimum Temp | -20.0 -15.0 -11.7 -2.8 2.8 7.2 12.8 12.2 22 -4.4 -13.9 -16.7 -20.0
Record Maximum Temp | 267 272 31.1 33.9 36.1 40.0 40.0 41.7 372 36.7 30.0 26.1 41.7
HDD, Base 18.3°C 399 303 199 73 15 0 0 0 0 78 197 343 1607
CDD, Base 18.3°C 0 0 3 16 89 190 252 233 133 29 3 0 949
Relative Humidity (%) 68 64 64 63 70 71 75 77 76 71 69 70 70
Wind Speed (m/s) 3.8 4.0 39 37 3.1 2.9 2.8 2.6 29 3.0 33 3.6 33
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13874

LATITUDE: 33.65° N
LONGITUDE: 84.43° W
ELEVATION: 315 meters

MEAN PRESSURE: 981 millibars

Monthly Radiation (kWh/m2/day)

2 R
STATION TYPE: Primary
1 4
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 3.4 45 5.7 6.2 6.4 6.2 5.7 4.3 4.1 2.9 24 4.6
Min/Max | 2.2/3.0 2.9/4.1 3.7/53 | 5.0/65 55/7.2 55/73 | 53/73 50/63 4.0/5.6 | 3.4/49 2.4/34 2.0/2.8 | 43/49
Latitude -15 | Average | 34 42 5.1 6.0 6.2 6.3 6.1 59 53 49 3.8 3.2 5.0
Min/Max | 2.7/4.2  3.3/53 4.1/6.2 | 5.2/69 55/7.2 5471 | 53/7.2 5.1/64 43/62 | 3.8/60 2.9/45 2.6/3.9 | 4.7/54
Latitude Average | 3.8 4.6 53 5.8 5.8 5.8 5.7 5.7 54 52 42 3.7 5.1
u Min/Max | 2.9/49 3.6/59 4.2/65 | 5.1/68 52/68 5.0/6.6 | 4.9/67 4.9/62 42/63 | 4.0/6.6 3.1/52 2.9/4.6 | 48/54
Latitude +15 | Average | 4.1 4.7 5.1 54 52 5.1 5.0 52 5.1 53 45 3.9 49
Min/Max | 3.0/53 3.6/6.1 4.0/6.4 | 47/6.3 4.6/6.0 4.3/57 | 4.4/59 4557 4.0/6.1 | 40/6.7 32/55 3.0/50 | 4.6/52
9 Average | 35 3.7 35 3.0 2.4 2.2 22 2.7 3.2 4.0 38 3.5 3.1
Min/Max | 2.5/4.8 2.8/50 2.7/43 | 2.6/34 22026 20723 | 2.1/26 2429 25/3.8 | 29/51 2.6/48 26/4.6 | 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 4.7 6.0 7.4 79 8.0 7.6 72 6.3 5.6 4.0 3.3 6.0
Min/Max | 2.8/4.6 3.5/62 4.7/7.6 | 6389 6.7/9.6 6.6/95| 6.1/92 6.1/8.1 48/75| 42/71 2950 2.6/4.1 | 5.5/65
Latitude -15 | Average | 4.2 53 6.5 7.7 7.9 8.0 7.6 7.4 6.6 6.2 4.7 3.9 6.3
Min/Max | 3.1/54 3.9/7.0 4.9/83 | 64/9.2 6.7/9.7 65/94 | 61/92 62/83 51/8.0 | 4.6/80 32/58 3.0/49 | 5.8/6.9
Latitud Average | 4.5 55 6.6 7.6 7.7 7.6 7.3 72 6.7 6.4 5.0 4.3 6.4
ude Min/Max | 3.3/6.0 4.0/74 5.0/85 | 63/92 65/94 62/9.0 | 5.8/88 6.0/8.1 5.0/8.1 | 4.8/84 3.4/63 3.3/55|59/7.0
Latitude +15 | Average | 47 5.6 6.5 7.3 7.2 7.1 6.8 6.9 6.5 6.5 5.2 45 6.2

Min/Max | 3.4/63 4.1/7.6 49/84 | 6.1/88 6,1/89 5.8/84 | 54/83 57/78 49/19 | 4.7)85 3.56.6 3.4/58 | 5.7/6.8

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

2 Axi Average 4.8 5.7 6.6 7.7 8.0 8.1 7.7 7.4 6.7 6.5 53 4.5 6.6
XIS Min/Max | 3.4/6.4 4.1/7.7 5.0/85 | 6.4/93 68/9.8 6.6/9.6 | 6.1/93 62/83 5.1/8.1 | 4.885 3.5/66 34/59 | 6.1/72

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +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 3.7 3.7 3.7 33 3.1 3.0 3.5 3.0 2.7 32
Horiz Axis Min/Max | 1.7/43 1.8/4.7 2.0/4.8 | 2.7/49 2.8/51 2.5/48 | 2.1/46 23/3.9 19/4.1 | 2.1/51 1.6/4.1 1.7/3.9 | 2.8/3.7
1-Axis, N-S | Average 23 3.1 39 4.9 49 4.7 43 4.1 3.7 3.7 2.6 2.1 3.7
Horiz Axis Min/Max | 1.4/3.6 1.8/4.7 2.4/58 | 3.5/64 37/69 3.3/63 | 2.6/6.0 29/52 24/51 | 2.3/54 13/3.6 1.3/3.0|3.2/43
1-Axis, N-S | Average 3.1 3.8 44 5.0 4.7 44 4.0 4.1 4.0 44 35 2.9 4.0
Tilt=Latitude | Min/Max | 1.9/4.8 2.2/59 2.7/65 | 3.6/6.6 3.5/6.6 3.0/58 | 2.5/57 29/52 25/56 | 2.7/6.5 1.8/48 1.9/42 | 35/4.6
2 Axis Average 3.3 39 44 5.1 4.9 4.8 43 4.2 4.0 4.5 3.6 32 42
Min/Max | 2.0/52 2.3/6.0 2.7/65 | 3.7/67 3.7/7.0 3.3/63 | 2.7/6.1 3.0/53 25/56| 2.7/65 19/50 2.0/4.6 | 3.6/4.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 5.0 7.1 11.9 164 20.7 24.4 26.0 25.6 22.6 16.8 11.7 6.9 16.3
Daily Mimimum Temp -0.3 14 5.8 10.1 14.8 19.0 20.8 20.6 17.5 11.1 6.0 1.7 10.7
Daily Maximum Temp 10.2 12.8 17.9 22.6 26.4 29.9 31.1 30.6 27.7 22.6 17.4 12.2 21.8
Record Minimum Temp | -22.2 -15.0 -12.2 3.3 2.8 7.8 11.7 12.8 22 2.2 -16.1  -17.8 | -222
Record Maximum Temp | 26.1 26.7 29.4 339 35.0 383 40.6 389 36.7 35.0 28.9 26.1 40.6
HDD, Base 18.3°C 413 314 203 71 15 0 0 0 6 71 204 353 1662
CDD, Base 18.3°C 0 0 4 18 87 183 238 226 134 30 6 0 926
Relative Humidity (%) 68 63 62 61 67 70 74 75 74 68 68 68 68

Wind Speed (m/s) 4.4 4.6 4.5 4.3 3.8 3.5 3.4 32 3.5 3.7 3.9 4.2 3.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 03820

_i_ LATITUDE: 33.37° N
: LONGITUDE: 81.97° W

ELEVATION: 45 meters
MEAN PRESSURE: 1013 millibars

Monthly Radiation (kWh/m2/day)

2 €1
STATION TYPE: Secondary
1 -
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 35 4.5 5.7 6.1 6.3 6.1 5.5 4.8 4.1 3.0 2.4 4.6
Min/Max | 2.3/33  3.1/42 3.8/51 | 5.0/6.5 52/6.8 54/7.1| 45/7.1 4565 4.1/56 | 3.4/48 2334 22/29 | 42/49
Latitude -15 | Average | 3.4 43 5.1 6.0 6.1 6.2 6.0 5.7 5.2 49 3.8 33 5.0
Min/Max | 2.8/45 3.7/54 4.2/59|52/69 5.1/68 53/6.9 | 44/70 4.6/68 43/63 | 3959 27/4.6 28/4.1 | 4.6/54
Latitude Average | 3.9 47 53 5.9 5.8 5.7 5.6 55 53 5.3 43 3.8 5.1
Min/Max | 3.1/53 4.0/6.1 4.2/6.2 | 5.1/6.8 4.8/6.4 4964 | 4.1/65 44/65 43/64 | 4.1/65 2.9/53 3.1/48| 4.7/55
Latitude +15 | Average | 4.1 4.8 5.2 5.5 5.1 5.0 4.9 5.0 5.1 5.3 4.6 4.1 49
Min/Max | 3.2/5.7 4.1/6.4 4.1/6.1 | 4764 43/57 43/55| 3757 4.0/59 4.1/62 | 4.1/6.6 2956 3.3/53 | 4.5/53
90 Average | 3.6 3.8 3.5 3.0 2.4 2.1 2.2 2.6 3.2 4.0 3.9 3.6 3.2

Min/Max | 2.7/5.1 3.2/52 2.8/42 | 2.7/34 22/25 20/22| 1.9/23 22/3.0 25/39| 3.0/50 2.4/48 2.8/4.8 |29/35

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 3.6 4.8 6.1 7.6 7.8 7.9 7.5 6.9 6.2 5.6 4.1 3.4 6.0
Min/Max | 2.8/5.0 4.0/64 4.6/7.1 | 6.2/92 6.0/9.0 6.4/92 | 5.1/9.3 53/87 4977 | 42/11 2751 27/44 | 54/65
Latitude -15 Average 4.2 54 6.5 7.8 7.8 7.8 7.5 7.1 6.5 6.2 4.8 4.0 6.3
Min/Max | 3.3/59 4.4/73 4.9/7.7 | 64/9.6 6.0/9.1 6.3/9.1 | 5.0/9.3 54/89 5.1/82 | 4.6/79 3.0/59 3.2/53 | 5.7/6.9
Latitude Average 4.6 5.7 6.7 7.8 7.6 7.5 7.2 7.0 6.6 6.5 52 4.4 6.4
Min/Max | 3.5/6.5 4.7/7.8 4.9/79 | 6.3/9.5 5.8/88 6.1/8.8 | 4889 52/87 5.1/83 | 4.883 3.2/64 3.5/5.8 | 58/7.0
Latitude +15 Average 4.8 5.8 6.6 7.5 7.1 7.0 6.7 6.6 6.4 6.5 53 4.7 6.3

Min/Max | 3.6/6.8 4.8/7.9 4.8/7.9 | 6.0/9.2 54/83 5.6/8.1 | 4583 50/83 49/8.1 | 4884 3.2/6.7 3.7/6.2 | 5.6/6.9

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

9-Axis Average 4.9 59 6.7 7.9 7.9 8.0 7.6 7.1 6.6 6.6 5.4 4.8 6.6
Min/Max | 3.6/6.9 4.8/80 4.9/80 | 6.4/9.6 6.1/92 64/93 | 51/94 54/89 5.1/83 | 4884 3.3/6.8 3.7/6.3 | 59/7.3

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

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
I-Axis, E-W | Average 2.8 3.2 33 3.8 3.7 3.7 34 3.1 3.0 3.5 3.1 2.9 33
Horiz Axis Min/Max | 1.8/4.7 24/5.0 1.9/44 | 27/52 22/48 23/49 | 15/50 1.8/4.6 2.0/43 | 22/5.1 14/43 1.9/4.3 | 2.8/3.8
1-Axis, N-S | Average 24 32 39 5.0 4.8 4.8 4.3 4.0 3.7 3.8 2.7 23 3.7
Horiz Axis Min/Max | 1.5/3.9 23/5.0 22/52 | 35/7.0 2863 3.0/63 | 19/6.6 23/6.0 24/53 | 2.3/55 12/3.8 15/33 | 3.1/43
1-Axis, N-S | Average 32 4.0 4.4 5.2 4.7 4.4 4.1 4.0 4.0 45 3.6 3.1 4.1
Tilt=Latitude | Min/Max | 2.0/5.2 2.9/6.2 2.5/59 | 3.6/7.2 2.7/6.1 2.8/59 | 1.8/62 23/6.0 26/58 | 2.7/6.5 1.6/49 2.1/4.6 | 3.4/4.8
9 Axis Average 3.4 4.1 4.5 52 4.9 4.8 4.4 4.1 4.0 4.5 3.8 34 4.3

Min/Max | 2.1/5.6  3.0/6.4 2.5/59 | 3.7/7.3 2.8/6.4 3.0/64 | 19/6.7 24/62 2.6/58 | 2.8/6.6 1.7/5.2 2.3}5.0 3.6/5.0

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 6.6 8.6 13.1 17.1 215 25.3 27.1 26.5 23.6 17.7 12.8 8.4 17.3
Daily Minimum Temp 0.0 1.5 5.7 9.2 14.2 18.7 21.1 20.6 17.3 10.2 53 1.6 104
Daily Maximum Temp 13.2 15.6 204 24.8 28.7 31.8 33.2 32.4 29.8 25.1 20.2 15.3 242
Record Minimum Temp | -18.3 -12.8 -11.1 -3.3 1.7 8.3 12.8 122 22 -5.6 9.4 -15.0 | -18.3
Record Maximum Temp | 26.7 30.0 311 35.6 372 40.6 41.7 422 38.3 36.1 322 27.8 422
HDD, Base 18.3°C 363 274 169 59 7 0 0 0 0 72 174 307 1425
CDD, Base 18.3°C 0 0 6 21 104 208 272 253 158 51 8 0 1082
Relative Humidity (%) 70 66 65 65 70 71 74 76 76 73 72 72 71

Wind Speed (m/s) 32 3.4 35 34 2.9 2.8 2.7 24 2.5 2.5 2.8 3.0 29
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93842

LATITUDE: 32.52° N
LONGITUDE: 84.95° W
ELEVATION: 136 meters

MEAN PRESSURE: 1004 millibars

Monthly Radiation (kWh/m2/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 QOct Nov Dec Year
0 Average 2.7 35 4.6 5.7 6.2 6.4 6.0 5.6 4.9 4.2 3.1 2.5 4.6
Min/Max | 2.4/32  3.0/42 39/51 | 5.1/64 5573 56/7.0 | 4.8/68 50/62 43/55 | 3549 2435 2.1/2.9 | 43/4.8
Latitude -15 Average 35 4.3 5.2 6.0 6.2 6.2 59 5.8 53 4.9 3.9 33 5.0
Min/Max | 3.0/4.4 3.6/53 42/58 | 53/6.8 54/73 5.4/6.8 | 4767 5.1/6.4 45/6.1 | 3.9/59 2.8/4.6 2.7/4.0 | 4.7/52
Latitude Average 39 4.7 5.3 59 5.8 5.7 5.5 5.6 54 53 4.4 3.8 5.1
Min/Max | 3.3/5.1 3.8/59 43/6.1 | 5.2/6.7 5.1/69 5.0/63 | 4.4/62 49/62 45/62 | 4.1/64 3.0/53 3.0/47 | 47/53
Latitude +15 Average 42 4.8 5.2 5.5 52 5.0 4.9 5.1 52 54 4.6 4.1 4.9
Min/Max | 34/55 39/62 4.1/6.0 | 49/6.2 4.6/6.1 4.4/54 | 39/54 4556 43/6.0| 4.1/65 3.1/57 3.1/52 | 4.5/5.1
90 Average 3.6 3.8 3.5 3.0 2.3 2.1 2.1 2.6 32 4.0 3.9 3.6 3.1
Min/Max @/4.9 3.0/50 2.8/40 | 2.7/33 22/25 19/2.1 1.9/23 23/28 2.6/3.8 | 3.0/49 25/49 27/47 | 29/33
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 Tuly Aug Sept Oct Nov Dec Year
0 Average 37 49 6.1 7.6 79 7.9 7.4 7.1 6.3 5.7 42 3.5 6.0
Min/Max | 3.1/49 3.9/6.2 4.7/72 | 6.4/8.8 6.7/100 6.7/8.9 | 5.3/87 6.0/7.9 52/74 | 43/7.0 2.8/52 2.7/44 | 55/6.3
Latitude -15 Average 43 54 6.6 7.8 8.0 7.8 7.3 72 6.6 6.3 4.8 4.1 6.4
Min/Max | 3.5/5.8 4.3/7.0 5.0/7.8 | 6.6/9.1 6.7/10.1 6.6/8.8 | 53/87 6.1/8.1 5.4/7.8 | 4.7/7.8 3.1/6.0 3.1/52 | 5.8/6.7
Latitude Average 4.7 5.7 6.7 7.8 7.7 7.5 7.1 7.1 6.7 6.6 52 4.5 6.4
Min/Max | 3.7/6.3 4.5/7.5 5.1/8.0 | 6.5/9.1 6.4/9.8 6.3/84 | 50/83 6.0/8.0 54/79 | 4.9/82 3.3/6.6 3.3/58 | 5.8/6.8
Latitude +15 Average 4.8 5.8 6.6 7.5 7.3 7.0 6.6 6.7 6.5 6.6 54 4.7 6.3
Min/Max | 3.8/6.6 4.5/7.7 4.9/79 | 62/87 6.1/92 59/7.8 | 47/78 56/1.6 52/7.8 | 4.8/83 34/68 3.5/6.1 | 57/6.6
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 4.9 5.8 6.7 7.9 8.1 8.0 7.4 7.3 6.7 6.7 54 4.8 6.6
Min/Max | 3.9/6.7 4.6/7.7 5.1/8.0 | 6.6/9.2 6.7/10.2 6.8/89 | 5.3/8.8 6.1/8.1 5.4/8.0 | 49/83 3.4/6.9 3.5/62 | 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 2.8 32 34 3.8 3.7 3.6 32 3.1 3.0 3.6 3.1 2.9 3.3
Horiz Axis | Min/Max | 1.9/44 22/48 2.0/4.4 | 2.8/4.8 2.6/54 26/44 | 1.7/43 2339 2.1/41 | 22/49 14/44 18/42 |2.835
1-Axis, N-S | Average 24 32 4.0 5.0 4.9 4.7 4.1 4.1 3.8 3.8 2.8 2.3 3.8
Horiz Axis | Min/Max | 1.6/3.7 2.2/4.8 23/53 | 3.6/64 3572 3357 | 2.1/56 3.05.0 27/50 | 24/53 1239 14/34 | 32/4.1
1-Axis, N-§ | Average 3.2 3.9 4.5 52 4.7 4.4 3.9 4.1 4.1 4.5 3.6 3.1 4.1
Tilt=Latitude | Min/Max | 2.1/4.9 2.7/59 2.6/59 | 3.8/6.6 3.3(77.0 3.1/53 | 2.0/53 3.0/50 2.8/54 | 2.8/63 1.6/5.1 1.9/46 | 3.5/4.4
2_Axis Average 3.4 4.0 45 52 5.0 4.8 42 42 4.1 4.6 3.8 34 43
Min/Max | 2.3/53 2.7/6.1 2.6/59 | 3.8/6.7 3.5/7.3 3.4/57 | 2.1/57 3.1/51 29/54 | 28/64 1.7/54 2.0/5.0 | 3.6/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 7.6 9.6 14.0 18.2 224 264 277 27.4 24.7 18.9 13.7 9.2 18.3
Daily Minimum Temp 1.8 3.1 7.3 11.2 16.1 20.2 22.1 21.9 19.1 12.3 7.2 34 12.2
Daily Maximum Temp 13.4 16.1 20.6 25.2 28.7 324 332 32.9 30.1 25.3 20.1 15.0 24.4
Record Minimum Temp | -18.9 -11.7 -8.9 2.2 39 6.7 15.0 13.9 33 -4.4 -12.2 -15.6 -18.9
Record Maximum Temp | 28.3 28.3 317 33.9 36.1 40.0 40.0 39.4 37.8 35.6 30.0 27.8 40.0
HDD, Base 18.3°C 337 244 144 42 4 0 0 0 0 48 149 287 1256
CDD, Base 18.3°C 5 0 10 39 130 242 291 282 190 65 11 4 1269
Relative Humidity (%) 71 68 67 65 69 70 75 75 75 71 72 73 71
Wind Speed (m/s) 3.3 3.6 3.5 34 3.0 2.8 2.7 2.5 2.9 3.0 3.0 3.1 3.0
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 03813

+ LATITUDE: 32.70° N
) LONGITUDE: 83.65° W

ELEVATION: 110 meters
MEAN PRESSURE: 1005 millibars

Monthly Radiation (kWh/m2/day)
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STATION TYPE: Secondary
1 -
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 2.7 3.5 4.6 5.7 6.2 6.3 6.0 5.6 4.8 4.1 3.0 2.5 4.6
Min/Max | 2.2/3.1  3.0/4.3 3.9/52 | 5.1/65 52/7.2 54/7.3 | 44/70 5.0/63 4.0/56 | 34/49 24/35 2.1/2.9 | 4.3/4.9
Latitude -15 Average 34 4.3 5.1 6.0 6.2 6.2 59 5.8 52 4.9 39 33 5.0
Min/Max | 2.7/42  3.5/54 4.2/59 | 53/69 52/72 53/72 | 43/69 5.1/65 42/62 | 3.9/60 28/4.6 2.6/4.0 | 4.7/53
Latitude Average | 3.9 4.7 53 5.9 5.8 5.7 5.5 5.6 5.3 53 44 3.8 5.1
Min/Max | 2.9/4.9 3.8/6.1 4.3/6.2 | 52/6.8 4.9/6.7 4.9/6.6 | 4.0/6.5 4.9/63 4.2/6.3 | 4.0/65 3.0/52 29/4.8 | 4.7/5.4
Latitude +15 | Average | 4.1 4.8 52 55 5.2 5.0 4.9 5.1 5.1 54 4.6 4.0 49
Min/Max | 3.0/52 3.8/64 4.2/6.1 | 48/63 4.4/60 4.4/57 | 3.6/57 4.5/57 4.0/6.1 | 4.0/6.7 3.1/56 3.0/52 | 4.6/5.2
90 Average | 3.6 3.8 35 3.0 23 2.1 2.1 2.6 32 4.0 3.9 3.6 3.1
Min/Max | 2.5/4.7 3.0/5.1 2.8/4.1 | 26/33 2225 2022 | 1823 2328 2538 ]| 2.9/50 2548 2.6/4.7 | 29733
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 4.8 6.1 7.6 7.9 7.9 7.3 7.1 6.2 5.7 4.2 34 6.0
Min/Max | 2.7/4.6  3.8/64 4.8/73 | 6.4/90 6.1/96 63/93 | 48/9.1 6.0/83 4776 | 43/7.1 2950 2.6/43|55/65
Latitude -15 | Average | 4.2 54 6.5 7.8 7.9 7.8 73 7.2 6.5 6.3 4.8 4.0 6.3
Min/Max | 3.0/54 42/7.3 5.1/7.9 | 6.6/93 6.1/9.6 62/92 | 4809.1 6.1/84 4981 | 4.7/7.9 3.2/58 3.0/52 | 5.8/6.8
Latitude Average | 4.6 5.7 6.7 7.7 7.7 7.5 7.0 7.1 6.6 6.5 52 44 6.4
Min/Max | 3.3/5.9 4.4/7.8 52/8.1 | 65/93 59/9.3 59/8.8 | 4.6/87 6.0/83 4.8/82 | 4883 3.4/63 3.2/57 | 5.8/6.9
Average | 4.8 5.8 6.6 7.4 7.2 6.9 6.6 6.7 6.4 6.6 5.4 4.6 6.3

Latitude +15 | nriMax | 33/62  44/8.0  S.08.1 | 62/89 5.6/88 5582 | 4381 5779 4780 | 4884 3566 33/6.1 | 5.7/6.8

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

Average 4.8 58 6.7 7.8 8.0 8.0 7.4 7.2 6.6 6.6 5.5 4.7 6.6
Min/Max | 3.4/6.3 4.5/8.0 52/8.1 | 6.6/94 62/9.7 6.3/9.4 | 49/92 6.1/8.5 4.9/82 | 4.8/84 3.5/67 3.4/62 | 6.0/7.1

2-Axis

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 2.8 32 33 3.8 37 3.6 32 31 2.9 3.6 32 2.8 33
Horiz Axis Min/Max | 1.6/4.0 2.0/50 2.0/4.6 | 2.9/50 22/51 22/48 | 14/48 2.1/42 1.6/42 | 2.1/5.1 1.5/42 1.6/42 | 2.9/3.7
1-Axis, N-S | Average 2.4 32 4.0 5.0 4.9 4.7 4.1 4.1 3.6 3.8 2.8 22 37
Horiz Axis Min/Max | 1.3/3.4 2.0/51 24/55 | 3.8/6.7 2.9/6.8 2.8/6.1 | 1.8/62 2.8/55 2.0/52 | 2.3/55 1.3}3.7 1.3/3.3 | 3.2/43
1-Axis, N-S | Average 3.1 39 4.5 5.1 4.7 43 3.9 4.1 3.9 4.5 3.6 3.1 4.1
Tilt=Latitude| Min/Max | 1.8/4.5 2.5/6.2 2.7/62 | 3.8/6.8 2.8/6.5 2.6/57 | 1.7/58 2.8/55 2.1/57 | 2.8/6.5 17/48 1.7/45 | 3.5/4.6
2-Axis Average 34 4.0 4.5 52 5.0 4.7 4.2 4.2 4.0 4.6 3.8 33 42

Min/Max | 1.9/4.8 2.6/64 2.7/6.2 | 39/69 2.9/69 28/6.2 | 1.8/63 2.9/57 2.1/57 | 2.8/6.6 1.8/5.0 1.9)4.9 3.7/4.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 74 9.3 13.8 17.9 222 25.8 27.3 26.9 24.1 18.2 133 9.3 18.0
Daily Minimum Temp 1.2 2.7 6.8 10.5 152 19.3 214 21.0 17.9 10.9 6.2 2.8 11.3
Daily Maximum Temp 13.7 16.0 20.8 25.4 292 323 33.3 32.8 30.2 255 204 15.7 24.6
Record Minimum Temp | -21.1 -12.8 -10.0 -1.7 4.4 7.8 12.2 12.8 1.7 -33 -122 -150 | -21.1
Record Maximum Temp | 289 294 350 35.6 372 41.1 42.2 40.6 38.9 37.8 31.1 27.8 422
HDD, Base 18.3°C 342 252 148 46 4 0 0 0 3 59 159 284 1297
CDD, Base 18.3°C 4 0 8 34 123 225 279 265 174 56 Y 3 1181
Relative Humidity (%) 70 67 67 65 69 71 74 76 76 71 71 71 71

Wind Speed (m/s) 34 3.8 3.8 3.7 32 3.1 3.0 2.8 2.9 2.9 3.0 3.3 32
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 03822

LATITUDE: 32.13° N
LONGITUDE: 81.20° W
ELEVATION: 16 meters

MEAN PRESSURE: 1017 millibars

STATION TYPE: Primary

Monthly Radiation (kWh/m?/day)

—— 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 | 2.8 3.5 4.7 5.8 6.2 6.3 6.1 5.5 4.7 4.1 3.1 2.6 46
Min/Max | 2.4/33 2.7/42 4.1/52 | 5.0/6.8 4.8/7.0 54/70| 51/69 4.6/63 3.7/55 | 3.1/46 22/3.5 2.0/29 | 4.4/48
Latitude -15 | Average | 3.5 43 5.2 6.1 6.2 6.1 6.0 5.6 5.1 4.3 3.9 3.4 5.0
Min/Max | 3.0/44 3.3/53 45/58 | 53/72 47/7.0 53/68 | 50/68 4.6/65 3.9/60 | 3556 2647 2.6/40]| 4753
Latitude Average | 4.0 4.7 54 6.0 58 5.7 5.6 5.4 5.1 5.1 44 3.9 5.1
Min/Max | 34/5.1 3.558 4.6/6.1 | 52/7.1 44/6.6 4963 | 4.7/63 45/63 3962 | 3.7/60 29/54 2947 | 48/54
Latitude +15 | Average | 4.3 48 53 5.6 52 4.9 4.9 5.0 4.9 52 4.6 42 4.9
Min/Max | 3.5/5.6 3.6/6.1 4.4/6.0 | 4.8/6.6 4.0/58 43/54 | 42/56 4157 3759 | 3.7/6.1 29/58 3.1/5.1 | 4.6/52
90 Average | 3.7 3.8 3.6 3.0 23 2.0 2.1 25 3.0 38 3.9 3.7 3.1
Min/Max | 3.0/49 2.8/4.8 3.04.0 | 2.6/34 2.0/25 1921 | 1922 2.1/28 2337 | 2.6/46 24/49 2.7/46 | 2.9/3.3
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 | 38 4.8 6.2 7.7 7.9 7.8 7.4 6.8 6.0 55 43 3.5 6.0
Min/Max | 32/49 3.5/6.1 51/72 | 63/93 55/9.2 63/88 | 59/86 55/83 4575 | 39/6.6 2.8/52 2.7/43|55/64
Latitude -15 | Average | 44 54 6.7 8.0 7.9 7.7 7.4 6.9 6.3 6.0 49 4.1 6.3
Min/Max | 3.6/5.7 3.9/6.9 54/77 | 65/9.7 55/92 63/87 | 59/86 5.6/85 4.7/7.9 | 42/73 3.1/6.1 3.1/5.1 | 5.8/6.7
Latitude Average 4.8 5.7 6.8 79 7.7 7.4 7.1 6.8 6.3 6.3 53 4.5 6.4
Min/Max | 3.9/63 42/7.3 55/79 | 64/9.6 53/89 60/84 | 56/83 55/83 4.7/80 | 44/7.7 32/66 3.3/56 | 5868
Latitude +15 | Average | 5.0 5.8 6.7 7.6 72 6.8 6.6 6.5 6.2 6.3 5.4 4.8 6.2
Min/Max | 4.0/6.6 4.2/7.5 54/7.8 | 62/9.2 50/84 5.6/7.8 | 52/7.7 5.2/79 45/78 | 44/7.8 3.3/69 3.5/6.0 | 5.7/6.7
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
2-Axis Average | 5.0 58 6.8 8.0 8.0 7.8 7.5 7.0 6.4 6.4 55 4.9 6.6
Min/Max | 4.0/6.7 43/7.5 56/79 | 65/9.7 5.6/93 64/89 | 59/87 56/85 47/80| 44/7.8 33/7.0 3.5/6.1 | 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, B-W | Average | 2.9 3.1 34 3.9 3.6 3.5 3.2 2.9 2.7 3.3 3.2 2.9 32
Horiz Axis | Min/Max | 2.0/43 22/4.4 24/43 | 2.7/54 1.6/48 22/44 | 2.1/42 2.0/40 1.6/4.0 | 2.0/45 1547 1.7/4.1 | 2.7/3.7
1-Axis, N-S | Average | 2.5 3.1 4.1 5.1 438 45 4.1 3.7 34 3.6 2.8 2.3 3.7
Horiz Axis | Min/Max | 1.7/3.6 2.1/45 29/52 | 35/7.1 2.1/6.3 28/57 | 2.7/54 2.6/53 20/50 | 22/50 1.3/42 1.3/3.2 | 3.1/4.1
1-Axis, N-S | Average 33 39 4.6 53 4.6 42 39 37 3.6 42 3.6 3.1 4.0
Tilt=Latitude| Min/Max | 2.3/4.8 2.7/55 3.3/5.7 | 3.6/7.2 2.0/6.1 2.6/53 | 2.6/5.1 2.6/53 22/54 | 26/58 1.7/54 1.8/44 | 33/45
2-Axis Average | 3.5 4.0 46 5.3 49 45 4.2 3.8 3.6 42 3.8 3.4 42
Min/Max | 2.5/52 2.7/57 33/58 | 3.7/7.3 22/64 29/58 | 2855 2.7/55 22/54| 2.6/59 1857 2.0/48 | 3.5/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 9.4 11.0 15.1 18.9 23.1 26.2 27.7 27.2 24.8 19.6 15.1 10.9 19.1
Daily Minimum Temp 3.4 5.1 9.1 12.5 17.2 20.7 224 22.3 19.9 13.8 8.9 5.0 133
Daily Maximum Temp 15.4 16.9 21.2 25.3 28.9 31.6 32.8 32.1 29.6 25.3 21.1 16.8 247
Record Minimum Temp | -16.1 -10.0 -6.7 0.0 3.9 10.6 16.1 13.9 6.1 22 94  -12.8 | -16.1
Record Maximum Temp | 28.9 30.0 32.8 35.0 37.8 40.0 40.6 40.0 36.7 36.1 317 28.3 40.6
HDD, Base 18.3°C 287 210 113 26 0 0 0 0 0 35 118 237 1026
CDD, Base 18.3°C 9 5 13 43 148 235 289 276 193 75 20 8 1314
Relative Humidity (%) 70 67 67 65 70 74 76 79 78 73 72 71 72
Wind Speed (my/s) 3.8 4.1 4.1 3.9 3.4 3.3 3.2 29 3.2 3.3 3.4 3.4 3.5

66




Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 21504

LATITUDE: 19.72° N

LONGITUDE: 155.07° W
ELEVATION: 11 meters
MEAN PRESSURE: 1015 millibars

2 <4
STATION TYPE: Secondary
'1 .
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 3.8 43 4.6 4.8 52 54 52 53 5.0 43 3.7 3.5 4.6
Min/Max | 2.8/4.6 3.5/5.1 3.5/55|42/5.6 42/58 4.6/59 | 4.4/64 4.4/62 42/57 | 3.7/54 2945 2.8/42 | 42/50
Latitude -15 Average 4.0 4.4 4.7 4.8 5.1 5.3 5.1 53 5.1 4.5 3.9 3.7 4.7
Min/Max | 2.9/4.9 3.6/54 3.6/5.6 | 42/56 4.1/58 4.6/58 | 4.4/63 4.4/62 4.3/58 | 3.8/5.6 3.0/4.7 29/4.5 | 43/5.1
Latitude Average | 4.5 4.9 4.8 4.7 4.3 4.9 4.8 5.1 52 4.8 4.3 43 4.3
Min/Max | 3.2/5.8 3.8/6.0 3.7/59 | 4.1/5.5 3.9/54 4.3/54 | 4.1)58 4.2/6.0 4.3/59 | 4.0/6.2 32/54 3.1/53 | 4.4/5.3
Latitude +15 Average 4.9 5.0 4.7 44 43 4.3 43 4.7 5.0 4.8 4.5 4.6 4.6
Min/Max | 3.3/6.3 3.9/6.3 3.6/5.8 | 3.9/52 3.5/4.8 3847 | 3.7/51 3.9/54 4.1/57| 4.0/63 3.3/5.8 3.2/59 | 42/5.1
90 Average 3.8 34 2.6 1.8 14 1.4 1.4 1.6 23 3.0 3.3 3.7 2.5
Min/Max | 2.5/5.1 2.6/43 2.0/3.1 | 1.720 14/1.5 13/1.5 | L3/1.5 15/1.7 20/2.5 | 2539 23/44 24/48 | 2.12.7
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?2/day), Uncertainty +9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.9 5.5 5.6 5.8 6.2 6.5 6.3 6.6 6.3 5.5 4.6 4.5 5.7
Min/Max | 3.3/6.5 4.1/7.1 3.9/7.0 | 4.8/7.2 4.7/73 53/74 | 5.1/8.1 5.1/80 5.0/76| 44/74 3.3/6.0 3.1/59 | 5.1/6.5
Latitude -15 A_Verage 5.1 5.6 5.7 5.8 6.2 6.5 6.2 6.6 6.4 5.6 4.8 4.7 5.8
Min/Max | 3.3/6.8 4.2/73 4.0/7.1 | 48/72 4.7/7.2 53/7.3 | 5.1/81 51/80 5.1/77 | 45/7.5 3.3/62 3.2/6.1 | 5.2/6.6
Latitude Average 5.5 5.9 5.8 5.7 6.0 6.2 6.0 6.5 6.4 5.8 5.1 5.1 5.8
Min/Max | 3.6/7.4 4.3/7.7 4.0/73 | 4.8/7.2 4570 51/7.0 | 49/7.8 5.0/79 5.1/7.7 | 4.6/79 3.5/6.7 3.4/6.7 | 52/6.7
Latitude +15 Average 5.7 6.0 5.8 5.5 5.6 5.8 5.6 6.1 6.3 59 53 54 5.7
Min/Max | 3.7/7.8 44/79 4.0/72 | 46/69 43/6.6 47/65 | 4.6/7.2 47715 50/7.6 | 4.6/80 3.6/7.0 3.5/7.1 | 5.1/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 19%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2_Axis Average 58 6.1 5.9 58 6.2 6.6 6.3 6.6 6.4 59 53 54 6.0
Min/Max | 3.7/7.9 4.4/8.0 4.0/73 | 4.8/73 4773 54/75| 52/82 5.1/8.1 5.1/7.8 | 4.7/8.0 3.6/7.1 3.5/13 | 5.4/6.9
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 32 3.1 25 2.3 2.7 3.0 2.8 3.0 3.0 2.8 2.6 29 2.8
Horiz Axis Min/Max | 1.5/5.0 15/47 1.4/3.8 | 1.5/3.4 1536 2.0/39| 1.7/45 19/44 1940 | 18/46 1.4/42 12/45 | 24/3.6
1-Axis, N-S | Average 3.1 35 32 3.0 34 3.8 3.5 4.0 39 33 2.7 2.8 33
Horiz Axis Min/Max | 1.4/5.1 1.7/53  1.7/4.7 | 1.9/4.6  19/47 25/49 | 2.1/58 24/57 25/53 | 2.1/54 1.4/43 1.1/43 | 2.8/43
1-Axis, N-S | Average 3.6 3.8 34 3.0 33 35 3.3 3.9 4.0 35 3.1 33 3.5
Tilt=Latitude | Min/Max | 1.6/58 1.9/59 1.8/5.0 | 1.9/4.6 1.8/4.4 24/4.6 | 2.0/54 24/55 25/54 | 23/59 16/49 13/51 | 2.9/45
2_Axis Average 39 3.9 34 3.1 3.5 3.8 3.6 4.0 4.0 3.6 32 35 3.6
Min/Max | 1.8/62 2.0/6.1 1.8/5.0 | 2.0/4.6 1.9/47 26/50 | 22/58 25/57 25/54 | 23/59 16/52 14/55 | 3.1/47
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 22.1 22.1 222 22.6 23.3 24.0 24.3 24.6 24.6 243 23.4 22.4 23.3
Daily Minimum Temp 17.6 17.6 18.0 18.6 19.2 19.8 203 20.5 203 20.1 19.3 18.2 19.1
Daily Maximum Temp 26.6 26.6 264 26.6 27.3 28.2 28.3 28.7 28.8 284 27.4 26.7 27.5
Record Minimum Temp 12.2 11.7 12.2 133 144 15.6 16.7 17.2 16.1 16.7 14.4 12.8 11.7
Record Maximum Temp | 32.8 33.3 33.9 31.7 344 32.2 31.7 339 333 32.8 322 339 34.4
HDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
CDD, Base 18.3°C 116 104 121 128 153 170 186 194 187 184 153 127 1824
Relative Humidity (%) 77 76 78 30 79 77 80 80 79 30 30 79 79
Wind Speed (m/s) 3.5 3.6 3.6 3.6 35 34 33 32 32 32 33 3.4 34
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WBAN NO. 22521

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 | 3.9 4.7 54 5.9 6.4 6.5 6.6 6.5 59 5.0 4.1 3.7 5.4
Min/Max | 3.2/44 3.7/52 4.4/6.1 | 5.0/6.5 5.6/69 6.2/69 | 6.1/7.0 58/69 54/63 | 4.6/54 3.7/45 3.2/4.1 | 5.0/56
Latitude -15 | Average | 43 5.0 5.6 59 6.3 6.4 6.5 6.5 6.1 53 45 4.1 55
Min/Max | 3.4/4.8 3.9/55 4.6/63 |51/66 56/68 6.1/6.7 | 6.0/68 5969 5565 | 49/57 3.9/49 3546 5.1/58
Latitude Average | 4.9 55 5.8 59 5.9 5.9 6.0 6.2 6.2 5.7 5.1 4.8 5.7
Min/Max | 3.8/5.7 4.2/6.2 4.7/6.7 | 49/6.5 52/64 56/6.1 | 56/63 5.7/6.6 5.6/6.6 | 52/62 43/56 3.9/54 |52/59
Latitude +15 | Average | 5.3 58 5.8 55 53 5.1 53 5.7 6.0 5.8 5.4 5.2 5.5
Min/Max | 4.0/6.2 4.3/6.5 4.6/6.6 | 46/6.1 4.7/56 4853 | 4.9/54 52/60 54/64 | 53/64 4560 4.2/59 | 5.0/5.7
90 Average | 42 4.0 3.2 22 15 14 1.4 1.8 2.8 3.7 4.1 43 2.9
Min/Max | 3.1/50 2.9/4.6 2.6/3.6 | 1.9/23 15/1.6 1415 | 14/1.5 1.8/19 2.6/3.0 | 3.3/4.1 33/47 3.3/49 | 2.6/3.1
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 | 53 6.4 72 7.7 8.3 8.5 8.7 8.7 8.0 6.8 5.6 5.1 72
Min/Max | 4.1/63 4.7/7.3 54/84 | 62/89 69/94 7.9/93 | 7.9/93 7.4/94 7.0/8.7 | 60/7.6 4.5/62 4.0/59 | 6.4/7.6
Latitude -15 | Average | 5.6 6.6 7.3 7.7 8.3 8.5 8.6 8.7 8.1 7.0 5.8 5.3 7.3
Min/Max | 42/6.6 4.8/7.6 55/8.6 | 6.2/90 69/93 7.8/92 | 7.9/93 74/94 7.1/89 | 62/78 4.7/65 4262 | 65/1.7
Latitude Average | 6.1 7.0 7.5 7.7 3.0 8.1 8.3 8.5 8.2 73 6.2 5.9 7.4
Min/Max | 45/7.3 5.0/8.1 5.7/89 | 6.1/89 6.7/9.0 7588 | 7.68.9 73/92 72/9.0 | 64/82 50/7.0 4.6/6.8 | 6.6/7.8
Latitude +15 | Average | 6.3 7.2 7.5 7.4 75 7.5 7.7 8.1 8.0 74 65 6.2 7.3
Min/Max | 4.7/7.6  5.1/83 5.6/8.8 | 5.9/8.6 6.3/85 7.0/82 | 7.1/83 6.9/88 7.0/88 | 6.5/83 52/7.3 4.8/72 | 6.4/1.7
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
2-Axi Average | 6.4 72 7.5 7.8 8.3 8.6 8.8 8.7 8.2 7.4 6.5 6.3 7.7
SAXIS Min/Max | 4.7/7.8 5.1/83 57/89 | 62/90 7.0/94 80/9.4 | 8.0/94 74/94 7.2/90| 6583 52/74 4.8/13 | 6.8/8.1
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 35 3.8 3.7 3.6 4.1 4.4 4.6 4.4 4.1 38 35 35 3.9
Horiz Axis | Min/Max | 2.2/48 2.1/48 2.3/48 | 2547 3.0/51 3.9/52 | 3.8/53 33/53 32/47 | 2.9/45 23/44 22/44 | 32/43
1-Axis, N-S | Average | 3.5 4.3 4.7 49 55 5.7 6.0 6.0 55 45 3.6 3.3 43
Horiz Axis | Min/Max | 2.1/4.7 2.4/55 2.9/62 | 3.3/64 3.9/69 50/68 | 50/7.0 4.4/7.1 43/63 | 3.5/55 23/44 2.0/42 | 3.9/53
1-Axis, N-S | Average 4.1 4.8 5.0 4.9 5.2 5.4 5.7 5.9 5.6 4.9 4.1 4.0 4.9
Tilt=Latitude | Min/Max | 2.5/5.5 2.7/6.1  3.1/6.5 | 3.3/6.4 3.7/6.6 4.7/6.4 | 4.7/6.6 4.3/69 4.4/6.5| 3.8/59 2.7/51 2.4/50 | 4.0/5.4
2-Axis Average | 43 4.9 5.0 4.9 55 5.8 6.1 6.0 5.6 5.0 43 43 52
Min/Max | 2.7/5.9  2.8/6.3 3.1/6.6 | 3.4/65 3.9/7.0 51/69 | 51/7.1 4.4/7.1 44/65 | 3.9/60 28/54 2.6/54 | 42/5.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22.7 22.8 23.6 24.3 25.3 26.3 26.9 274 272 26.4 25.1 234 25.1
Daily Minimum Temp 18.7 18.6 19.6 20.4 213 22.3 23.1 23.4 23.1 22.4 213 19.4 21.1
Daily Maximunt Temp 26.7 26.9 27.6 282 29.3 303 30.8 31.5 314 30.5 28.9 27.3 29.1
Record Minimum Temp | 11.7 11.7 12.8 13.9 15.6 18.3 18.9 19.4 18.9 17.8 13.9 122 1.7
Record Maximum Temp | 30.6 31.1 31.1 317 33.9 33.3 33.3 33.9 34.4 344 33.9 31.7 34.4
HDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
CDD, Base 18.3°C 136 124 162 180 216 240 267 282 267 252 203 157 2486
Relative Humidity (%) 73 71 69 67 66 64 65 64 66 68 70 72 68
Wind Speed (m/s) 4.3 4.3 5.0 5.1 5.1 55 5.7 5.4 4.9 4.6 4.6 43 4.9
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Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 22516

LATITUDE: 20.90° N

LONGITUDE: 156.43° W
ELEVATION: 15 meters
MEAN PRESSURE: 1013 millibars
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STATION TYPE: Secondary
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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 | 4.0 4.7 5.4 59 6.4 6.7 6.7 6.5 6.1 5.1 43 39 5.5
Min/Max | 3.3/4.7 3.8/54 4.2/63 | 4.6/67 5670 6274 60/73 S8/7.1 5665 4557 3.648 33/43 ) 5.0/58
Latitude -15 | Average | 44 5.0 5.6 59 6.4 6.6 6.6 6.5 6.2 54 4.6 42 5.6
Min/Max | 3.5/5.1 4.0/5.8 4.3/6.5 | 46/67 56/69 6.0/73 | 5971 58/7.1 57/6.6| 4.7/6.1 3.8/52 3.6/4.8 | 5.2/6.0
Latitude Average | 5.1 5.6 5.9 5.9 59 6.0 6.0 6.3 6.3 59 53 5.0 5.8
Min/Max | 3.9/6.1 4.3/65 4.4/69 | 4.5/6.6 5.2/6.5 5.5/6.6 | 55/65 5.6/68 5.8/6.8| 5.1/6.6 4.2/6.1 4.1/57 | 5.3/62
Latitude +15 | Average | 5.5 5.8 5.8 55 53 5.1 52 5.7 6.1 6.0 5.6 55 5.6
Min/Max | 4.2/6.7 4.4/6.8 4.3/6.9 | 4.2/62 4.6/57 4.8/55| 4.8/56 5.1/6.1 56/65 | 52/6.8 4.4/6.6 4.5/63 | 5.1/6.0
90 Average | 4.4 4.0 3.1 2.1 14 1.3 1.3 1.7 2.8 3.8 43 45 29
Min/Max | 3.3/5.4 3.0/48 25/3.7 | 1.822 1415 12/14 ] 1.2/1.4 1.6/1.8 2.6/29 | 3.3/43 33/51 3.6/53 ] 2.63.1
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 5.6 6.5 73 7.8 8.6 9.0 9.0 8.9 8.4 7.1 5.9 5.4 7.5
Min/Max | 43/69 47/18 52/90 | 56/9.3 7.2/97 8.1/10.5| 7.8/100 7.559 7.4/92| 6.0/83 45/70 44/64 | 6.6/8.1
Latitude -15 | Average | 5.9 6.8 7.5 79 8.5 8.9 8.9 8.9 8.5 7.3 6.2 5.7 7.6
Min/Max | 4.4/7.3 4.8/8.1 53/9.2 | 56/9.3 7.1/9.7 8.0/10.4| 7.8/9.9 7.5/9.9 7.5/93 | 62/8.5 4.7/13 4.6/6.7 | 6.7/8.2
Latitude Average 6.4 72 7.7 7.8 8.3 85 8.6 8.7 8.6 7.6 6.7 6.2 7.7
Min/Max | 4.8/80 5.1/8.6 54/94 | 55/93 69/9.4 7799 | 7.5/9.5 71.3/9.8 7.5/94 | 64/89 50/7.9 50/74 | 6.8/8.3
Latitude +15 | Average | 6.7 73 7.6 75 73 79 8.0 8.3 8.4 7.7 69 6.6 7.6
Min/Max | 49/84 52/89 53/9.4 | 53/89 65/88 7.1/9.2 | 7.0/89 7.0/93 7.4/93 | 6509.1 52/83 53/7.8| 6.7/8.2
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
- Axis Average | 6.8 7.4 7.7 7.9 8.7 9.1 9.1 9.0 8.6 7.7 7.0 6.7 8.0
Min/Max | 5.0/8.5 5.2/89 54/9.5|5.6/94 7.2/9.8 8.2/10.7| 7.9/10.1 7.5/10.0 7.6/94 | 6.5/9.1 5.2/84 5.4/8.0 | 7.0/8.6
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 | 4.0 4.1 4.0 4.0 4.6 5.1 5.1 4.9 4.7 43 4.0 4.1 44
Horiz Axis | Min/Max | 2.5/5.7 2.3/56 2.1/55 | 2.4/53 3.3/57 42/6.6 | 3.8/6.1 3.7/59 3.8/54 | 32/55 2.4/53 2.8/53|3.6/5.0
1-Axis, N-S | Average | 4.0 4.7 5.2 5.4 6.2 6.7 6.7 6.7 6.3 52 42 3.9 54
Horiz Axis | Min/Max | 2.5/5.7 2.5/64 2773 | 32/7.2 43/78 54/88 | S./8.1 4982 52/74 | 3.8/6.7 2556 2751|4462
1-Axis, N-S | Average | 4.6 52 5.4 5.4 5.9 6.2 6.4 6.6 6.5 5.6 4.8 4.6 5.6
Tilt=Latitude| Min/Max | 3.0/6.6 2.8/7.1 29/7.6 | 3.1/7.2 4.1/74 5.1/82 | 4.8/7.6 4.8/80 53/7.6| 42/72 28/64 3.2/59 | 4.5/64
2-Axis Average | 5.0 54 5.5 55 6.3 6.8 6.8 6.8 6.5 5.7 5.1 5.0 5.8
Min/Max | 3.2/7.1 2.9/7.3 29/7.7 | 3.2/73 43/7.8 55/89 | 5.1/82 4.9/83 53/7.6 | 42/7.3 3.0/6.7 3.5/6.4 | 4.7/6.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22.1 22.1 22.8 23.4 24.3 253 25.9 26.3 26.0 255 24.3 22.8 24.2
Daily Minimum Temp 17.6 17.4 18.1 18.9 19.4 20.6 214 21.6 21.0 20.7 19.8 18.4 19.6
Daily Maximum Temp 26.6 26.7 27.3 27.9 29.0 29.9 304 30.9 30.9 302 28.7 27.3 28.8
Record Minimum Temp | 8.9 10.0 12.8 12.2 13.9 14.4 14.4 16.1 15.6 14.4 12.8 11.1 8.9
Record Maximum Temp | 31.7 31.1 32.2 32.8 33.3 33.9 344 35.6 35.0 35.6 33.9 322 35.6
HDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
CDD, Base 18.3°C 116 106 138 153 184 208 236 246 230 222 178 139 2157
Relative Humidity (%) 75 74 72 71 70 68 69 69 69 71 73 74 71
Wind Speed (m/s) 5.2 5.4 5.7 6.3 6.7 7.1 7.4 7.1 6.2 55 5.7 50 | 6.1
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WBAN NO. 22536

LATITUDE: 21.98° N

LONGITUDE: 159.35° W

ELEVATION: 45 meters

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

MEAN PRESSURE: 1012 millibars 37
2 4
STATION TYPE: Secondary
1 e
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 3.7 4.3 4.9 5.3 5.9 6.1 6.0 5.9 5.6 4.7 3.8 35 5.0
Min/Max | 2.8/4.3 3.4/50 3.6/6.0 | 45/6.0 5.1/6.7 54/7.1 5.2/6.7 5.2/65 5.0/6.1 4.1/5.1 3.1/43 29/4.1 | 4.6/5.3
Latitude -15 Average 4.0 4.6 5.0 5.4 5.8 5.9 59 59 5.8 4.9 4.1 3.8 5.1
Min/Max | 3.0/4.7 3.5/54 3.7/6.2 | 4.6/6.1 5.1/6.6  53/69 | 5.1/6.6 52/65 5.1/63 | 4.3/54 3.3/47 3.1/4.6 | 47/5.5
Latitude Average 4.6 5.1 5.2 5.3 55 5.5 5.5 5.7 59 53 4.6 4.4 5.2
Min/Max | 3.3/5.5 3.7/6.1 3.8/6.6 | 4.5/6.0 4.8/62 49/63 | 4.8/6.1 5.0/6.3 52/64 | 4.6/59 3.5/54 3.4/54 | 4.8/5.6
Latitude +15 Average 5.0 5.3 5.2 4.9 49 4.8 4.8 52 5.7 54 4.8 4.8 5.1
Min/Max | 3.5/6.0 3.8/6.4 3.7/65 | 42/5.6 43/55 43/54 | 43/53 4.6/58 49/62 | 4.6/60 3758 3.6/6.0 | 4.6/54
90 Average 3.9 3.7 29 2.1 1.5 1.4 1.4 1.8 2.7 3.5 3.7 3.9 2.7
Min/Max L2.6/4.9 2.5/46 22/3.6 | 1.922 1.5/1.5 1.3/1.5 1.4/1.5 1.7/1.9 2529 | 2.9/39 2.7/45 2.38/5.1 L2‘5/2.9
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 5.8 6.2 6.7 74 7.7 7.6 7.6 7.5 6.1 49 4.6 6.4
Min/Max | 3.4/6.1 4.0/72 4.1/83 | 54/78 6.1/87 64/9.5 6.2/8.7 6.3/88 62/82 | 5.1/69 3.6/59 3.5/59 | 5.7/7.0
Latitude -15 Average 52 6.0 6.4 6.7 7.4 7.6 7.5 7.7 7.6 6.3 5.1 49 6.5
Min/Max | 3.5/6.4 4.1J75 4.2/8.5]54/79 6.1/8.7 63/94 | 62/86 6.3/8.8 63/83 | 53/72 3.8/62 3.6/6.3 | 58/7.1
Latitude Average 5.6 6.4 6.5 6.7 72 7.3 72 7.5 7.7 6.6 5.5 5.4 6.6
Min/Max | 3.8/7.0 4.3/80 43/8.7 | 5.3/7.8 5.9/84 6.1/9.0 | 6.0/83 6.2/8.6 6.3/8.5 5.5/7.5 4.0/6.7 3.9/69 | 5.8/7.2
Latitude +15 Average 5.9 6.5 6.5 6.4 6.7 6.7 6.7 7.2 7.5 6.7 5.7 5.6 6.5
Min/Max | 3.9/7.4 43/82 42/87 | 5.1/7.6 55/79 56/83 | 56/77 59/82 62/83 | 55/1.6 4.1/1.0 4.1/1.3 { 5.7/7.1
Solar Radiation for 2-Axis Tracking Fiat-Plate Collectors (kWh/m?/day), Uncertainty +9%
\ Tracker 7 L Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec { Year
2 Axis Average 6.0 6.5 6.5 6.7 7.5 7.8 7.6 7.7 7.7 6.7 5.7 5.7 6.8
Min/Max | 3.9/75 4.3/82 4.3/8.7 E4/7.9 6.2/8.8 64/9.6 | 6.3/88 6.3/88 6.3/85 5.5/7.6 4.1/7.0 4.1/7.5 | 6.0/75
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 3.4 3.1 3.0 3.7 3.9 3.8 3.9 3.9 35 3.0 3.2 3.5
Horiz Axis | Min/Max | 1.7/47  1.4/49 14/50 | 2.0/4.1 2.6/48 2.7/57 | 2.6/49 2748 27/47 | 2.6/43 1.6/42 1.7/48 | 2.8/4.1
1-Axis, N-S Average 32 3.8 39 4.0 4.8 5.0 4.9 5.1 5.1 4.1 3.0 3.0 42
Horiz Axis Min/Max | 1.6/4.6 1.6/5.6 1.6/6.3 | 2.6/54 33/63 34/74 | 3.3/6.3 3.5/6.5 3.5/6.0 | 3.0/5.0 1.6/42 1.6/4.5 | 3.3/49
1-Axis, N-S Average 3.8 4.3 4.1 4.0 45 4.7 4.6 5.0 53 4.4 3.5 3.6 4.3
Tilt=Latitude | Min/Max | 1.9/5.4 1.8/6.2 1.7/6.7 | 2.6/5.4 3.1/6.0 3.2/69 | 3.1/5.9 3.5/6.3 3.6/62 | 3.3/55 1.8/49 1.9/54 | 3.4/5.0
7_Axis Average 4.0 4.4 4.1 4.0 4.8 5.1 4.9 5.2 5.3 4.5 3.7 3.9 4.5
Min/Max | 2.0/5.8 1.8/6.4 1.8/6.7 | 2.7/5.5 3.3/6.3 3.5/7.5 3.3/6.4  3.6/6.5 3.6/63 3.4/5.6 19/52 2.1/5.8 | 3.6/5.2
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 22.0 22.0 22.6 23.3 24.3 25.4 26.1 26.4 26.2 25.3 242 22.7 242
Daily Minimum Temp 18.5 18.4 194 203 213 22.5 23.2 23.4 23.1 222 21.3 19.5 21.1
Daily Maximum Temp 25.5 25.6 25.8 264 27.3 284 28.9 29.3 293 284 27.1 259 27.3
Record Minimum Temp 10.0 11.1 10.6 13.3 15.0 16.1 16.7 18.9 18.3 16.7 13.9 11.1 10.0
Record Maximum Temp 29.4 30.0 31.1 31.1 31.1 31.7 31.7 322 31.7 322 30.6 30.0 322
HDD, Base 18.3°C 0 0 0 0 0 0 0 0 0 0 0 0 0
CDD, Base 18.3°C 116 104 133 150 186 213 239 250 237 217 175 136 2157
Relative Humidity (%) 76 75 75 75 75 73 74 74 74 76 77 76 75
Wind Speed (m/s) | 52 5.3 59 | 64 6.1 6.1 6.4 5.9 5.4 5.3 5.7 52 5.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14933

H LATITUDE: 41.53° N
T LONGITUDE: 93.65° W

ELEVATION: 294 meters
MEAN PRESSURE: 982 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Secondary

1961-1990 Average

0 1 -t —] 1 | { 1 [
T T T T T T T T T

J  FMAMJ J A S O N DY

—
i

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 2.0 2.8 3.8 4.9 5.8 6.5 6.5 5.7 4.4 32 2.1 1.7 4.1
Min/Max | 1.7/22 2.5/3.2 3.0/44 | 43/56 4.8/6.7 58/75] 58/73 4.9/63 3.6/55| 2.8/39 1724 14/2.0 | 3.9/45
Latitude -15 Average 32 39 4.6 53 59 64 6.5 6.0 52 44 3.1 2.6 4.8
Min/Max | 2.4/3.6 3.2/4.6 3.4/57 | 4.6/62 4.8/6.8 57/74 | 57/73 5.2/6.8 4.0/6.7 | 3.6/55 2.4/40 19/33 | 4.4/53
Latitude Average 3.6 4.3 4.7 52 5.5 5.8 6.0 5.8 53 4.7 3.4 3.0 4.8
Min/Max | 2.7/42 3.4/50 3.5/59 | 4.5/6.1 4.5/64 53/68 | 5.2/67 5.0/65 4.0/6.8 | 3.8/60 2.6/45 2.0/39 | 44/53
Latitude +15 Average 39 4.4 4.7 4.8 4.9 5.1 52 5.3 5.1 4.7 3.6 32 4.6
Min/Max | 2.8/4.6 35/52 3.3/59 | 4.1/56 4.0/56 4.6/58 | 4.6/58 45/59 3.8/6.6| 3.8/6.1 2.64.8 2.1/4.3 | 42/5.1
90 Average 3.7 4.0 36 32 2.8 2.7 2.8 32 3.6 39 32 3.1 33
Min/Max | 2.6/44 3.0/48 2.5/45 | 2.7/3.6 2.4/3.1 2529 | 2530 2.83.6 2.7/47| 3.0/5.1 24/44 19/42 | 3.0/3.6

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 4.0 5.1 6.5 7.6 8.6 8.6 7.7 6.2 4.7 2.9 2.4 5.6
Min/Max | 2.2/34 3.1/48 3.7/65 | 54/78 6.0/9.1 7.2/103] 7.3/10.1 6.4/8.8 4.5/83 | 3.7/6.1 2339 L7/3.1 | 52/64
Latitude -15 Average 3.8 49 58 6.9 7.7 8.6 8.7 8.0 6.8 55 3.7 3.1 6.1
Min/Max | 2.8/45 3.7/59 4.1/74 | 5.7/83 6.0/94 7.2/10.3| 7.4/10.2 6.7/9.2 4.9/92 | 43/72 27/5.0 2.0/4.1 | 5.6/7.0
Latitude Average 4.2 52 59 6.8 7.5 8.2 8.4 79 6.8 5.8 4.0 34 6.2
Min/Max | 3.0/50 3.9/63 4.1/7.7 | 5.6/8.3 58/9.1 6.9/9.9 | 7.1/99 65/9.1 48/9.3 | 44/7.6 2.9/54 2.2/46 | 57/7.1
Average 44 5.3 5.8 6.5 7.1 7.7 7.9 7.5 6.7 5.8 4.1 3.6 6.0

Lam“de”i Min/Max | 3.1/53  3.9/64 4.0/7.6 | 53/79 55/86 64093 | 6793 62/8.6 4791 | 4477 29/56 23/49 | 55/6.9
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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 45 53 59 6.9 7.8 8.8 8.9 8.1 6.9 5.8 4.1 3.7 6.4
Min/Max | 3.1/53 3.9/6.4 4.1/7.7 | 5.7/84 6.1/9.5 7.3/10.6| 7.5/104 6.7/9.3 4.9/9.3 | 45/7.7 3.0/57 2.3/49| 5973
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 2.6 2.8 2.8 3.1 3.6 42 43 39 34 3.2 2.4 2.1 32
Horiz Axis | Min/Max | 1.4/3.3 1.7/3.8 1.6/4.4 | 22/44 22/50 3.0/59 | 32/55 28/48 19/54 | 2.3/47 12/3.6 10/3.0|2.7/4.0
1-Axis, N-S | Average 1.8 24 3.1 4.0 4.7 5.6 57 5.1 4.1 3.2 1.8 1.4 3.6
Horiz Axis Min/Max | 1.023 15/3.4 1.7/48 | 2.9/57 3.0/6.6 3.8/7.7 | 42/7.4 3.7/64 23/65) 22/47 0928 0.62.0 | 3.1/45
1-Axis, N-S | Average 2.8 33 3.7 43 4.7 53 55 53 4.7 4.1 2.7 22 4.0
Tilt=Latitude | Min/Max | 1.5/3.5 2.0/4.6 2.1/5.8 | 3.1/6.0 3.0/6.5 3.6/7.3 | 4.1/7.1 3.8/6.6 2.6/74 | 2.8/6.0 13/41 1.0/32 | 35/51
2-Axis Average 3.0 34 3.7 44 49 5.7 5.9 5.4 4.7 4.1 2.8 24 4.2

Min/Max | 1.6/3.8 2.1/47 2.1/5.8 | 3.2/6.1 3.2/6.8 3.9/7.9 | 4.3/7.6 39/6.8 2.6/74 | 29/6.0 14/43 1.1/35 | 3.6/5.3

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.0 -4.1 2.9 105 16.8 22.1 24.8 233 18.4 11.9 3.9 -4.2 9.9
Daily Minimum Temp -11.8 9.1 -2.4 44 10.8 16.2 19.2 17.6 12.5 59 -1.2 -8.8 44
Daily Maximum Temp -2.2 0.9 83 16.6 22.8 27.9 30.4 29.0 242 17.9 8.9 0.3 15.4
Record Minimum Temp | -31.1 -28.9 -30.0 -12.8 -1.1 33 8.3 44 -3.3 -10.0 -20.0 -30.0 -31.1
Record Maximum Temp | 18.3 22.8 32.8 339 36.7 394 40.6 42.2 38.3 35.0 244 20.6 42.2
HDD, Base 18.3°C 786 627 477 238 92 6 0 6 39 207 433 699 3609
CDD, Base 18.3°C 0 0 0 3 45 119 200 159 41 8 0 0 576
Relative Humidity (%) 71 71 68 63 63 65 68 70 71 67 71 75 68
Wind Speed (m/s) 5.1 5.0 5.5 55 4.8 4.4 3.9 3.8 4.1 4.4 4.8 4.9 4.7
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WBAN NO. 14940

LATITUDE: 43.15° N

Monthly Radiation (kWh/mz/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 93.33° W +
ELEVATION: 373 meters
MEAN PRESSURE: 972 millibars
STATION TYPE: Secondary
1 4
1961-1990 Average
o -+—+—
J F M A MJI J A S O N D Yr
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 2.7 3.7 47 58 63 6.3 55 43 3.0 1.8 15 4.0
Min/Max | 1.6/22 22/3.1 3.0/43| 3956 4.8/63 5671 56/7.1 48/62 34/50| 24/36 1521 1.3/1.8 | 3.7/4.2
Latitude -15 | Average | 3.1 3.9 46 5.1 59 6.2 6.3 5.9 5.1 4.1 2.8 25 4.6
Min/Max | 2.4/3.7 2.8/44 3.4/57 | 42/64 48/64 54/70| 5571 51/67 3.7/62 | 3.1/51 1.8/3.5 2.0/3.1 | 42/5.0
Latitude Average | 3.5 43 47 5.0 55 5.7 5.8 5.6 5.1 4.4 3.1 2.8 4.6
Min/Max | 2.7/43  29/49 3.4/6.0 | 4.1/63 45/60 50/64 | 5.1/6.6 49/64 3.7/63 | 3.3/55 1.94.0 22/3.7|4.2/50
Latitude +15 | Average | 38 44 47 4.6 49 49 5.1 5.1 4.9 44 3.2 3.0 44
Min/Max | 2.8/4.7 3.0/5.2 3.3/6.0 | 3.8/58 4.0/53 4.3/55 | 4.5/57 4.4/58 3.4/6.1| 33/56 2.0/42 2.3/40 | 3.9/4.8
90 Average | 3.6 4.1 38 3.2 2.9 2.7 2.9 3.2 3.6 3.7 29 2.9 3.3
Min/Max | 2.7/44 2.7/49 2.6/53 | 27/3.9 25/3.1 25/3.0 | 2.6/3.1 283.6 2545 | 2.747 1738 22/40 | 2.953.5
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 | 2.8 3.9 5.0 6.2 15 8.3 8.4 7.4 5.9 43 2.6 22 54
Min/Max | 2.2/34 2.7/46 3.5/6.5 | 47/7.9 59/85 7.1/9.6 | 7.3/10.0 6.2/8.6 4.1/74 | 3.2/54 1.7/3.3 1.7/2.8 | 4.8/5.9
Latitude -15 | Average | 3.7 438 5.7 6.6 7.7 8.3 8.5 7.7 6.5 5.1 33 2.9 5.9
Min/Max | 2.8/4.7 3.1/5.7 3.9/7.5 | 5.0/85 6.0/8.7 7.0/9.6 | 7.3/10.1 6.5/9.1 4.4/83 | 3.7/6.6 2.0/43 2.2/38 | 5.2/6.5
Latitude Average | 4.1 5.1 5.8 6.5 75 8.0 8.2 7.6 6.6 54 3.5 3.2 6.0
Min/Max | 3.0/5.1 32/6.1 3.9/7.7 | 4.9/84 5885 6.7/92 | 7.0/9.8 64/90 43/84 | 3.8/69 2.1/47 2.5/42 | 52/6.6
Latitude +15 | Average | 4.3 52 5.8 6.2 7.0 7.5 7.7 72 6.4 5.4 3.6 33 58
Min/Max | 3.1/54  33/62 3.8/7.7 | 47/81 55180 6.3/86 | 66/92 60/8.6 4.2/83| 3.870 21/48 2.6/45 | 51/6.4
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar | Apr May June July Aug Sept T Oct Nov Dec Year |
2-Axis Average | 4.3 5.2 5.8 6.6 7.8 8.5 8.6 7.8 6.6 5.4 3.6 3.4 6.2
Min/Max | 3.2/55 3.3/62 3.9/7.7 | 5.0)85 6.1/89 7.2/99 | 74/103 6.6/92 44/84 | 3.9/7.0 2.1/49 2.6/4.6 | 5.4/6.8
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 2.4 2.6 2.6 2.9 35 4.0 4.1 3.6 3.2 3.0 2.0 1.9 3.0
Horiz Axis | Min/Max | 1.5/3.7 1.0/37 1.3/43 | 1.6/45 2343 30/51 | 3.1/53 27/48 1546 | 1.9/4.1 08/3.0 13/2.7|24/3.6
1-Axis, N-S | Average 1.6 2.3 29 37 4.7 52 5.4 48 3.8 2.8 1.5 1.2 33
Horiz Axis | Min/Max | 1.0/2.6 0.9/32 14/4.8 | 2.1/5.7 3.0/58 3.9/6.7 | 42/7.2 3563 1955 1739 05/23 08/1.71]2.7/4.0
1-Axis, N-S | Average | 2.6 3.2 3.5 4.0 4.6 5.0 5.2 4.9 4.4 3.7 23 2.0 38
Tilt=Latitude | Min/Max | 1.6/4.1 12/44 1.7/58 | 2.3/6.1 3.0/5.7 3.7/6.4 | 4.0/69 3.7/65 2.1/64 | 23/52 09/34 1.3/2.8 | 3.0/45
- Axis Average | 2.8 32 35 4.0 4.9 5.4 5.6 5.1 44 3.7 24 2.1 3.9
Min/Max | 1.7/44 13/45 17/58 | 2.3/6.2 32/60 4.1/69 | 4.3/74 3867 2.1/64 | 23/52 09/3.6 14/3.0 | 3.1/4.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -104 74 0.3 7.9 14.8 20.2 22.5 21.0 159 9.6 1.1 -7.6 73
Daily Minimum Temp -15.4 -12.3 -5.1 2.0 8.2 13.8 16.4 14.8 9.6 3.3 -39 -121 1.6
Daily Maximum Temp 5.5 25 44 13.9 21.4 26.6 28.7 27.2 223 15.8 6.1 3.1 12.9
Record Minimum Temp | -36.1 -31.1 -32.8 | -14.4 -5.0 33 6.7 3.9 -3.3 -11.1 =267 322 | -36.1
Record Maximum Temp { 15.0 18.9 283 33.9 34.4 394 39.4 37.8 36.1 35.0 22.8 18.3 39.4
HDD, Base 18.3°C 892 720 579 312 129 22 6 15 83 276 517 804 4354
CDD, Base 18.3°C 0 0 0 0 21 78 134 97 11 4 0 0 346
Relative Humidity (%) 74 76 76 68 65 67 73 76 76 72 78 79 73
Wind Speed (m/s) 5.9 5.5 5.9 59 5.4 49 4.0 3.8 43 49 5.4 5.6 5.1
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14943

LATITUDE: 42.40° N
LONGITUDE: 96.38° W
ELEVATION: 336 meters

MEAN PRESSURE: 976 millibars

Monthly Radiation (kWh/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%
g V) y
! Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 1.9 2.8 3.8 4.9 5.8 6.6 6.5 5.7 44 3.2 2.0 1.6 4.1
Min/Max | 1.6/2.1 23/32 3.0/45 | 3.9/55 45/67 57/7.2| 5873 50/63 3.6/53 | 2.83.8 1623 14/1.8| 3.8/4.4
Latitude -15 | Average 3.1 39 47 54 59 64 6.5 6.1 52 44 3.0 2.6 4.8
Min/Max | 2.3/3.6 2.8/4.8 3.4/58 | 42/62 45/68 5.6/7.1 | 57/73 53/69 4.0/65 | 3.6/53 2.1/3.8 22/32 | 4.3/5.3
Latitude Average 3.6 43 4.9 5.3 55 5.9 6.0 5.8 5.3 47 3.4 3.0 4.8
Min/Max | 2.6/42 3.0/54 3.4/6.0 | 41/60 42/64 5.1/65| 52/6.8 5.1/6.6 4.0/67 | 3.8/58 22/43 24/3.8 | 4.3/5.3
Latitude +15 Average 3.9 4.4 4.8 4.9 4.9 5.1 5.3 5.3 5.1 4.7 3.5 32 4.6
atitu Min/Max | 2.7/45 3.0/5.6 3.3)59 | 3.7/56 3.7/57 44/5.6 | 4.6/59 4.6/6.0 3.7/6.4 | 3.7/59 2.3/4.6 2.6/4.1 | 4.0/5.1
90 Average 3.7 4.0 3.8 3.3 2.9 2.7 2.9 3.3 37 3.9 32 3.1 34
_ | Min/Max | 2.6/4.3 2.7/50 2.5/48 | 2.5/37  23/32 2529 | 2532 2937 2.7/47 | 3.049 2.042 24/39 2.9/3.7J

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?3/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.9 4.0 53 6.6 7.6 8.6 8.7 7.7 6.2 4.6 2.9 2.4 5.6
Min/Max | 2.1/3.4  2.7/50 3.6/6.6 | 4.8/7.8 5.4/9.1 7.2/9.9 | 7.6/10.1 6.4/89 4.5/8.0 | 3.8/58 1.9/3.7 1929 | 5.0/6.3
Latitude -15 Average 3.8 4.8 6.0 7.0 7.8 8.7 8.9 8.1 6.8 5.5 3.7 3.1 6.2
Min/Max | 2.7/4.4 3.1/62 3.9/7.6 | 5.0/84 5.5/94 7.2/99 | 7.6/103 67/94 4.9/9.0 | 4.4/7.0 23/48 25/3.9 | 54/7.0
Latitude Average 42 5.1 6.1 6.9 7.6 8.3 8.5 8.0 6.9 5.8 39 35 6.2
a Min/Max | 2.9/49 3.2/6.7 4.0/7.8 | 4.9/83 53/9.1 6.8/9.6 | 7.3/9.9 6.5/9.2 4.9/9.1 | 4.5/7.3 2.4/52 2.7/44 | 54/7.0
Average 4.4 5.2 6.0 6.6 7.1 7.8 8.0 7.6 6.7 5.8 4.1 3.6 6.1

Latitude +15 | nriMax | 3.0/52 33068 3.9/77 | 4780 5.0/8.6 6489 | 6993 62088 4789 | 4574 24/54 2847 | 52069

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

Average 4.4 5.2 6.1 7.0 7.9 8.9 9.0 8.1 6.9 5.8 4.1 3.7 6.4
Min/Max | 3.1/5.2 3.3)6.8 4.0/7.8 | 5.1/84 5.6/95 7.3/10.2| 7.8/105 6.7/9.4 4.9/9.1 | 4.5/74 2.5/54 29/4.7 | 5.6/7.3

2-Axis

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 2.6 2.8 2.9 33 3.6 43 4.5 4.0 35 33 2.4 2.1 33
Horiz Axis Min/Max | 1.2/3.5 1.1/4.1 1.5/43 | 1.7/43 1.9/49 3.1/53 | 3.5/56 2.8/49 1.9/52 | 2.2/45 1.0/3.5 14/3.1 | 2.5/4.0
1-Axis, N-S | Average 1.8 24 3.2 4.2 4.8 5.7 5.9 5.2 4.1 32 1.8 1.4 3.6
Horiz Axis Min/Max | 0.9/2.4 0.9/3.7 1.7/48 | 2.3/5.6 25/65 4.1/7.1 | 47/74 3.6/64 23/63 | 22/44 0.7/27 0.9/2.0 [ 2.9/44
1-Axis, N-S | Average 2.8 33 3.9 4.5 4.7 5.4 5.7 5.4 4.7 4.1 2.7 23 4.1
Tilt=Latitude | Min/Max | 1.3/3.7 1.3/50 2.0/5.8 | 2.4/6.0 2.5/6.4 3.9/6.7 | 4.5/7.2 38/6.7 27/72 | 2.8/57 1.1/40 1.53.3 | 3.2/5.0

2-Axis Average 3.0 34 3.9 4.5 5.0 59 6.1 5.6 4.7 4.1 2.8 2.5 43
| Min/Max | 1.4/40 1.3/5.1 2.0/58 | 2.5/6.1 2.7/6.8 4.2/1.3 | 4.8/77 39/68 27/72 | 2858 12/42 1.6/3.6]33/52

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -7.9 -4.7 2.1 10.1 16.4 21.6 24.3 22.7 17.4 11.0 24 -5.7 9.2
Daily Minimum Temp -13.5 -10.1 -3.5 35 10.0 153 18.2 16.7 111 42 -3.1 -10.7 32
Daily Maximum Temp 2.4 0.7 7.7 16.8 22.9 27.8 303 28.6 23.8 17.8 8.0 -0.6 15.1
Record Minimum Temp | -32.2 -32.2 -30.0 -18.9 -3.9 33 5.6 2.8 -4.4 -10.6 -22.8 -31.1 -322
Record Maximum Temp | 21.1 21.7 32.8 36.1 389 422 41.7 40.0 38.9 339 272 20.0 422
HDD, Base 18.3°C 814 644 503 247 95 11 0 7 57 232 477 744 3829
CDD, Base 18.3°C 0 0 0 0 36 107 184 141 31 4 0 0 504
Relative Humidity (%) 72 72 70 62 62 65 69 72 71 66 72 76 69
Wind Speed (m/s) 52 5.1 5.7 5.9 5.4 48 | 42 4.1 4.4 4.7 5.0 5.1 50 |
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WBAN NO. 94910

LATITUDE: 42.55° N

]

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 92.40° W +
ELEVATION: 265 meters
MEAN PRESSURE: 985 millibars
STATION TYPE: Secondary
1 L
ﬁ 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 2.7 3.6 4.7 5.7 6.4 6.3 55 43 3.0 19 15 4.0
Min/Max | 1.5/2.2 2.3/3.0 3.0/43 | 4156 4965 57/74 | 55/7.0 47/6.1 35/51 | 24/3.6 1521 13/19 | 3.7/4.4
Latitude -15 | Average | 3.0 3.8 44 5.1 5.8 6.2 6.3 59 5.0 4.1 27 25 4.6
Min/Max | 2.2/3.5 3.0/43 3.3/55 [ 4.3/6.2 49/6.7 5.6/72| 54/7.1 49/66 3.8/63 | 3.1/50 1.9/3.3 19/3.2 | 4.2/5.1
Latitude Average | 34 42 4.6 5.0 5.4 5.7 5.8 5.6 5.1 43 3.0 2.8 4.6
u Min/Max | 2.5/4.1 3.1/48 3.3/58 | 4.2/6.1 4.6/63 5.1/6.6 | 5.0/65 47/64 38/64 | 3.2/54 2037 2137|4151
Latitude +15 | Average | 3.7 43 45 4.6 4.3 5.0 5.1 5.1 4.8 44 3.1 3.0 4.4
a Min/Max | 2.6/44 3.2/50 32/57 | 3.8/57 4.1/55 44/57 | 4.4/57 42/58 3.6/62 | 32/55 2.0/39 22/40 | 3.9/49
90 Average | 3.5 3.9 3.6 3.1 2.8 2.7 2.8 32 3.5 3.6 28 2.9 3.2
Min/Max B,4/4.3 28/46 25/44 | 2638 2532 2530 | 2531 2735 26/45 | 2646 1736 2139 | 2.8535
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 | 2.8 3.9 4.9 6.2 7.4 8.2 8.3 7.4 59 43 2.6 2.2 53
Min/Max | 2.0/3.3 2.8/4.5 3.4/62 | 50/7.9 5987 7.2/10.1| 6998 6.0/8.6 4.3/7.6 | 3.1/54 1731 1.6/29 | 4.8/6.1
Latitude -15 | Average | 3.6 4.7 55 6.6 7.5 8.3 8.4 7.7 6.5 5.1 3.2 29 5.8
Min/Max | 2.5/44 3.3/55 3.8/7.2 | 53/84 6.0/9.0 7.1/10.1| 7.0/99 62/9.0 4.6/85 | 3.6/6.5 2.0/40 2.1/38 |5.1/6.7
Latitude Average | 4.0 5.0 5.6 6.5 73 7.9 8.1 7.6 6.5 53 34 3.2 59
Min/Max | 2.8/4.8 34/58 3.8/74 | 52/84 58/87 6.8/98 | 6.7/9.6 6.0/89 4686 | 3.7/68 2.1/44 23/43 | 5.1/6.8
Latitude +15 | Average | 4.2 5.1 5.6 6.2 6.9 7.4 7.6 7.2 6.3 5.3 3.5 3.3 5.7
Min/Max | 2.8/5.1 3.5/5.9 3.7/73 | 49/8.1 55/82 64/9.1 | 6.3/9.0 57/84 44/84 | 3.7/69 22/45 2.4/4.6 | 5.0/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
‘ Tracker —‘ L Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
2. Axis Average | 4.2 5.1 5.6 6.6 7.6 8.5 8.6 7.8 6.5 53 3.6 3.4 6.1
Min/Max | 2.9/5.1 35/59 3.8/7.4 | 5385 6.1/9.1 7.3/104| 7.1/10.1 62/9.1 4.6/8.6 | 3.7/69 2.2/46 24/4.6 | 53/70
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 | 23 2.6 25 29 34 3.9 4.0 3.6 3.1 29 19 19 29
Horiz Axis | Min/Max | 1.4/3.3 13/35 1.1/40 | 1.9/45 22/45 29/56 | 2.7/52 24/47 1748 | 17/41 0827 12/3.0| 2.3/3.7
1-Axis, N-S | Average 1.6 2.2 2.8 3.7 45 5.1 5.3 4.7 3.7 2.8 14 12 33
Horiz Axis | Min/Max | 1.0/23 1.0/3.0 1.2/44 | 2558 29/59 3.8/74 | 3.6/7.0 32/62 20/57 | 1640 0.6/20 0.7/1.9 | 2.6/42
1-Axis, N-S | Average 25 3.1 34 39 44 49 5.1 4.9 43 3.6 22 2.0 3.7
Tilt=Latitude | Min/Max | 1.5/3.7 1.5/42 1.5/53 |2.6/62 2.8/58 3.6/7.0 | 3.5/68 33/64 23/66 | 2.1/52 09/3.1 12/3.1 |29/47
2-Axis Average | 2.7 3.1 34 4.0 4.7 53 5.5 5.0 43 3.6 23 2.1 3.8
Min/Max | 1.73.9 1543 1.5/53 | 27/63  3.0/6.1 39/7.6 | 37/13 3.4/6.6 23/66 | 2.1/52 1.0/32 1334 | 3.049
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.7 6.6 12 9.1 15.7 20.6 22.8 21.3 16.6 10.1 2.1 -6.5 8.1
Daily Minimum Temp -14.8 -11.9 -39 2.8 93 14.2 16.8 15.0 10.0 3.6 32 -113 2.2
Daily Maximum Temp 4.6 -14 6.3 152 22.0 26.9 28.8 275 232 16.6 73 -1.7 13.8
Record Minimum Temp | -35.0 -33.9 367 | 200 3.9 33 5.6 3.3 5.6 -11.7 272 328 | -36.7
Record Maximum Temp | 14.4 18.9 30.6 378 34.4 39.4 40.6 40.6 36.7 35.0 26.1 18.3 40.6
HDD, Base 18.3°C 868 698 531 278 113 15 6 16 71 261 488 770 4114
CDD, Base 18.3°C 0 0 0 0 31 83 145 108 19 4 0 0 390
Relative Humidity (%) 73 74 73 66 66 68 72 74 74 70 75 77 72
Wind Speed (m/s) 5.2 5.0 5.6 5.6 49 44 3.8 3.8 4.1 45 5.0 5.1 47
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 24131

Monthly Radiation (kWh/m2/day)

+ LATITUDE: 43.57° N
LONGITUDE: 116.22° W
ELEVATION: 874 meters
3 T : i MEAN PRESSURE: 916 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 1.6 25 3.8 53 6.5 7.2 7.6 6.6 5.1 3.4 1.9 14 44
Min/Max | 1.3/20 1.9/3.0 3.1/44 | 42/6.1 55/72 59/80 | 6.9/83 5.6/72 43/58 | 2.9/39 1423 12/1.8 | 4.2/4.6

Latitude -15 Average 2.5 35 4.7 5.9 6.7 7.1 7.6 7.1 6.3 4.9 2.9 23 5.1
Min/Max | 1.6/3.2 23/47 3.7/58 | 4570 55/74 57/79 | 6.8/82 6.0/7.9 5.0/73 | 3.9/59 2.0/3.9 1.6/3.4 | 4.8/54

Latitude Average 2.8 3.8 4.9 5.8 6.2 6.5 7.0 6.8 6.5 52 32 2.6 5.1
Min/Max | 1.7/3.6  2.5/52 3.8/6.1 | 44/69 5.1/69 52/7.2 | 6.3/7.6 5.8/7.6 5.1/7.5| 4.2/65 22/44 1.7/40 | 4.8/54

Latitude +15 Average 2.9 3.9 4.8 54 55 5.5 6.0 6.2 6.2 53 33 2.8 4.8
1 Min/Max | 1.7/3.9 2.5/54 3.6/6.1 | 4.0/6.4 45/6.1 4.5/62 | 55/65 53/6.8 4872 | 42/66 2.2/47 18/43 ] 4.5/5.1

90 Average 2.7 34 3.7 3.6 3.2 3.0 33 38 4.6 4.5 3.0 2.6 35
Min/Max | 1.5/3.8 2.1/49 2.8/48 | 2.8/443 2.7/3.5 2.6/3.2 | 3.0/35 3.3/42 35/53| 35/56 1943 1.7/42 | 3.2/38

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 35 54 74 9.0 10.0 10.9 9.5 7.8 52 2.7 2.0 6.3
Min/Max | 1.5/29 2.3/48 3.9/6.7 | 5.3)8.8 7.1/10.3 7.6/11.4| 95/12.2 7.6/10.9 6.0/9.3 | 4.1/6.3 1.8/3.6 1.4/29 | 5.8/6.7

Latitude -15 Average 2.9 43 6.1 7.9 9.2 10.0 11.0 10.1 8.7 6.3 34 2.7 6.9
Min/Max | 1.7/3.8 2.7/6.0 44/7.7 | 55/9.6 7.3/10.6 7.6/11.4| 9.6/12.4 8.0/11.6 6.6/10.5| 4.8/7.8 2.3/4.8 1.7/4.1 | 6.3/7.3

Latitad Average 3.1 45 6.2 7.8 9.0 9.6 10.7 9.9 8.8 6.6 3.7 29 6.9
a © Min/Max | 1.8/42 2.8/6.4 4.4/8.0 | 54/9.5 7.0/10.3 7.3/11.0| 9.3/12.0 7.9/11.4 6.7/10.6| 5.0/8.3 2.4/52 1.8/4.6 ) 6.3/7.4

Average 32 4.6 6.1 7.5 8.5 9.0 10.0 9.5 8.6 6.7 3.8 3.1 6.7

Latitude +15 | npioiMiax | 18744 2.8/66 4379 | 52092 6.6/9.8 68/103| 87113 75/109 6.5/10.4| 5084 2455 1.9/49 | 6.1/7.2

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

Average 33 4.6 6.2 79 9.4 103 11.3 10.1 8.8 6.7 3.8 3.1 7.1

2-Axis Min/Max | 1.8/4.4 2.8/6.6 4.4/3.0 | 5.6/9.6 7.4/10.8 7.8/11.8| 9.8/127 8.I/11.6 6.7/10.6| 5.1/84 2.4/55 1.9/50 | 6.5/7.6

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 1.7 24 3.0 38 47 55 6.4 5.6 5.0 4.0 22 1.7 38
Horiz Axis Min/Max | 0.4/2.8 1.0/3.9 1.8/4.5| 1.8/52 3.1/59 3.4/69 | 5.1/7.6 3.9/7.0 3.3/64 | 2.6/57 09/3.6 0.6/3.4 | 3.3/4.3
1-Axis, N-S | Average 1.1 2.1 34 4.9 6.3 7.3 8.7 7.5 6.1 3.9 1.6 1.1 4.5
Horiz Axis Min/Max | 0.3/1.9 0.9/34 1.9/5.1 | 2.4/6.7 4.2/80 4.5/9.2 | 6.8/104 5.1/94 4.0/79 | 25/54 07/2.6 04/2.1 | 3.8/5.0
1-Axis, N-S | Average 1.8 29 4.1 53 6.3 7.0 8.4 7.7 6.9 5.0 2.5 1.8 5.0
Tilt=Latitude | Min/Max | 0.5/3.0 1.2/47 24/6.1 | 2.6/7.2 4.1/7.9 4.3/8.8 | 6.6/10.0 5.3/9.7 4.6/9.1 | 3.3/72 1.1/40 0.6/3.6 | 42/5.6
3-Axis Average 1.9 3.0 4.1 54 6.6 7.6 9.0 8.0 7.0 5.1 2.6 2.0 52
Min/Max | 0.5/3.2 1.3/48 24/6.1 | 2.6/7.3 4.4/83 47/9.5 | 7.1/10.7 55/10.0 4.6/9.1 | 3.3/7.3 1.1/43 0.7/3.9 | 4.4/5.8
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -1.7 22 5.8 9.5 14.2 19.2 233 22.5 17.0 11.0 4.4 -1.1 10.5
Daily Minimum Temp -5.8 -2.5 -0.1 2.6 6.6 11.2 143 13.8 9.0 39 -0.5 =53 39
Daily Maximum Temp 24 6.8 11.6 16.3 21.7 27.2 323 31.2 25.0 18.1 9.3 32 17.1
Record Minimum Temp | -27.2 261  -144 | -72 5.6 -0.6 1.7 2.8 5.0 -7 -194 317 | -317
Record Maximum Temp | 17.2 21.1 272 333 36.7 42.8 439 433 389 328 233 18.3 43.9
HDD, Base 18.3°C 620 453 389 265 134 42 3 11 89 230 418 601 3256
CDD, Base 18.3°C 0 0 0 0 5 67 158 140 49 0 0 0 419
Relative Humidity (%) 75 70 59 52 49 45 36 37 45 54 69 75 55
Wind Speed (m/s) 3.2 3.8 42 4.3 42 3.9 3.6 35 35 34 3.6 3.3 3.7
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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 1.7 2.6 3.8 5.1 6.2 7.0 7.3 6.3 5.0 3.5 2.0 1.5 43
Min/Max | 1.4/2.1 2.3/3.0 3.0/43 ) 4.2/62 52/7.3 58/7.8 | 6.7/80 5.3/7.0 42/57| 3.040 1624 12/1.8 | 4.0/4.6
Latitude -15 Average 2.6 3.6 4.7 5.6 6.3 6.8 7.3 6.8 6.1 4.9 2.9 2.3 5.0
Min/Max | 1.9/3.6 29/46 3.6/57 [ 45/7.0 53/75 57/7.6| 67/79 57/7.6 5.0/72 | 4.0/59 22/41 1.6/32 | 45/54
Latitude Average 2.9 3.9 4.9 55 59 6.2 6.7 6.6 6.2 53 32 2.6 5.0
Min/Max | 2.0/42 3.1/50 3.6/59 | 43/6.9 49/7.0 52/69 | 6273 54/73 5.1/74 | 4.3/64 23/46 1.7/37 | 4.5/54
Latitude +15 Average 3.0 4.0 4.8 5.1 52 54 5.8 6.0 6.0 53 3.4 2.8 4.7
Min/Max | 2.1/45 3.1/52 3.5/59 | 4.0/64 44/62 45/59 | 54/63 49/6.7 4.8/7.1| 43/6.6 23/49 1.8/4.0 | 4.2/52
90 Average 29 3.6 3.8 34 3.0 2.8 3.1 3.7 44 4.5 3.1 2.7 34

Min/Max | 1.9/43 2.6/4.6 27/4.6 | 27/43 2.7/35 2530 | 2.9/33 3.1/41 35/52| 35/56 2.0/45 1.7/3.8 | 3.0/3.8

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 24 3.6 53 7.0 8.4 9.6 10.3 9.1 75 53 2.8 2.1 6.1
Min/Max | 1.7/3.3 2.8/47 3.7/64 | 5.3/9.1 6.7/10.3 7.5/11.2( 9.1/11.6 7.1/104 6.0/9.0 | 4.2/6.5 2.0/3.8 1.4/2.8 | 54/6.6
Latitude -15 Average 3.0 44 6.1 7.5 8.6 9.6 104 9.6 8.4 6.3 35 2.7 6.7
Min/Max | 2.1/45 3.3/58 4.1/74 | 5.6/9.8 6.8/10.6 7.5/11.2| 9.2/11.8 7.4/11.1 6.7/10.1| 4.9/7.9 24/51 1.7/39 | 5.8/7.3
Latitude Average 3.3 4.6 6.2 7.4 8.3 9.3 10.1 9.5 85 6.6 3.8 3.0 6.7
Min/Max | 2.2/49 3.5/6.2 4.1/7.6 | 55/98 6.6/10.3 7.2/10.8| 89/11.4 7.3/109 6.7/10.3} 5.1/8.3 2.5/55 1.8/43 | 5.8/7.3
Latitude +15 Average 34 4.7 6.1 7.1 7.8 8.7 9.5 9.0 83 6.7 3.9 3.1 6.5

| Min/Max | 2.3)52 35/63 4.1/7.6 | 53/94 6.2/97 6.8/10.1| 8.3/10.7 6.9/10.4 65/10.1| 5.2/84 2.6/57 19/4.6 | 5.7/1.1

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

2 Axis Average 3.4 4.7 6.2 7.5 8.7 9.9 10.7 9.7 8.5 6.7 3.9 32 6.9
Min/Max | 2.3)52  3.5/6.3  4.2/7.7 | 5.6/99 6.9/10.7 7.7/11.5| 9.4/12.0 7.5/11.1 6.7/103| 5.2/84 2.6/5.8 1.9/4.6 | 6.0/7.5

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 1.7 2.4 2.9 35 4.3 53 6.0 52 4.7 39 2.1 1.7 3.6
Horiz Axis Min/Max | 0.8/3.4 1.4/3.8 1.5/42 | 2.1/53 2.8/59 35/6.7 | 49/72 3.5/65 34/62 | 2.7/54 1.0/3.8 0.5/3.0 | 3.0/42
1-Axis, N-S | Average 12 2.1 33 4.5 57 7.0 8.0 7.0 5.7 39 1.6 1.1 4.3
Horiz Axis Min/Max | 0.6/24 12/34 16/4.6 | 2.7/69 3.9/7.9 4.6/90 | 64/97 4.6/87 4.0/7.7 )| 2.6/53 0.7/2.8 0.3/1.9 | 3.5/49
1-Axis, N-S | Average 1.8 29 4.0 4.8 5.6 6.6 7.7 7.2 6.5 5.0 24 1.8 4.7
Tilt=Latitude | Min/Max | 0.9/3.7 1.6/47 19/56 | 29/75 3.8/7.8 4.4/86 | 62/93 4.7/89 4.6/87 | 34/69 1.1/42 0.632 | 3.8/54
9 Axis Average 2.0 3.0 4.0 4.9 6.0 72 8.3 74 6.5 5.1 2.5 1.9 4.9

| Min/Max | 0.9/40 1.7/48 1.9/56 | 3.0/7.6 4.0/83 48/93 | 6.7/10.0 4.9/92 4.6/8.8 | 3.57.0 12/4.4 0.6)3.4 3.9/5.7

Average Climatic Conditions

Element | Jan Feb Mar Apr May June July Aug  Sept Oct Nov  Dec | Year
Temperature (°C) -4.8 -1.6 2.4 7.2 12.0 17.1 214 204 15.0 8.9 2.0 -4.0 8.0
Daily Minimum Temp 9.8 -6.8 -34 02 4.2 8.5 11.7 10.5 6.0 0.8 -3.3 -9.0 0.8
Daily Maximum Temp 0.1 3.6 8.2 14.2 19.7 25.6 31.2 30.2 23.9 16.9 7.3 0.9 152
Record Minimum Temp | -34.4 -36.1 244 9.4 -6.7 -1.1 1.1 0.0 <12 -12.2 -25.0 -33.9 -36.1
Record Maximum Temp | 13.9 16.7 239 29.4 33.9 39.4 38.9 40.0 36.7 31.1 21.7 15.0 40.0
HDD, Base 18.3°C 718 558 494 335 196 69 5 16 121 293 490 692 3989
CDD, Base 18.3°C 0 0 0 0 0 31 102 80 21 0 0 0 234
Relative Humidity (%) 75 72 65 54 52 49 41 41 47 54 69 75 58
Wind Speed (m/s) 45 46 4.9 52 438 43 4.0 3.9 4.0 4.1 4.7 43 45
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 94846

LATITUDE: 41.78° N
LONGITUDE: 87.75° W
ELEVATION: 190 meters

MEAN PRESSURE: 992 millibars

Monthly Radiation (kWh/m2/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 1.8 2.6 3.5 4.6 5.7 6.3 6.1 5.4 42 3.0 1.8 15 3.9
Min/Max | 1.5/2.1 2.2/3.0 3.1/3.9 | 4.0/53 4.8/68 5.7/7.2 | 5.4/6.6 4.8/6.1 3.649 | 2535 14/2.1 12/1.7| 3.7/4.2
Latitude -15 | Average [ 2.7 35 4.1 5.0 5.8 6.1 6.1 5.7 49 39 2.5 22 44
Min/Max | 2.0/3.1 2.8/4.2 3.6/48 | 42/59 4.8/69 55/7.1| 54/66 50/6.6 4.0/59 | 3.0/47 17733 1.62.9 | 4.2/4.8
Latitude Average | 3.1 3.8 42 49 5.4 5.7 5.6 5.5 49 42 2.8 24 4.4
Min/Max | 2.1/3.5 3.0/4.6 3.6/4.9 | 4.1/58 4.4/65 51/6.6 | 50/62 4.8/64 4.0/6.1 | 3.1/51 1.8/3.7 1833 | 4.1/4.8
Latitude +15 | Average 3.3 3.9 4.1 4.5 4.8 49 4.9 5.0 4.7 4.2 2.9 2.6 4.1
Min/Max | 22/3.8  3.0/4.7 3.54.9 | 3.8/54 4.0/57 44/57 | 4.3/54 4.3/58 3.8/58 | 3.1/52 1.8/3.8 L1836 | 3.8/4.5
90 Average | 3.1 35 32 3.0 2.8 2.6 2.7 3.1 34 34 2.5 2.4 3.0
Min/Max | 2.0/3.7 25/43 27/3.8|25/36 24/32 253.0| 2529 2835 27/42 | 2543 1535 1735|2733
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 2.5 3.5 45 5.9 7.3 8.0 7.9 7.0 5.6 4.1 2.4 1.9 5.1
Min/Max | 1.7/2.9 2.7/42 3.9/54 | 47/73 5.8/9.1 7.1/9.6| 69/89 59/85 4.4/69 | 3.0/50 1.63.0 15726 | 4.7/5.7
Latitude -15 | Average | 32 42 5.0 6.2 7.4 8.0 7.9 73 6.2 438 2.9 2.5 5.5
Min/Max | 2.2/3.7 32/52 4.3/6.1 | 50/7.8 59/94 7.1/9.6 | 69/9.0 6.1/90 4.8/7.7 | 3.5/60 1839 1.83.4|5.1/62
Latitude Average 35 4.5 5.1 6.1 7.2 7.7 7.7 7.2 6.2 5.0 3.1 2.7 5.5
Min/Max | 2.3/4.1  3.3/55 4.3/62 | 49/7.8 5.7/9.1 6.8/9.2 | 6.7/87 6.0/88 4.8/7.8 | 3.6/63 1942 19738 | 51/62
Latitude +15 | Average 37 45 5.0 59 6.8 72 72 6.8 6.0 50 32 29 53
Min/Max | 2.4/4.3 33/56 42/6.1 | 46/74 54/86 63/8.6 | 62/8.1 57/84 4.6/7.6 | 3.5/63 19/44 20/4.1 | 49/6.0
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
2-Axis Average | 3.7 4.6 5.1 6.2 75 8.2 8.1 7.4 6.2 5.0 3.2 2.9 5.7
Min/Max | 2.4/4.3 34/5.6 43/62 | 50/7.8 6.0/95 7.2/98 | 7.1/92 62/9.0 4.8/7.8 | 3.6/63 1944 20/4.1 | 52/64
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 2.2 2.2 2.6 33 3.7 3.6 3.3 29 26 1.7 L5 2.6
Horiz Axis | Min/Max | 1.1/25 1.3/33  1.6/3.1 | 1.8/3.8 2.1/49 3.0/49 | 2.8/44 2344 1941 153.6 07/2.6 09725 | 2.3/3.2
1-Axis, N-S | Average 1.3 1.9 2.4 3.3 43 4.8 48 42 3.4 2.5 1.3 1.0 29
Horiz Axis | Min/Max | 0.7/1.7  1.1)28 1.6/34 | 2.2/48 2.8/64 4.0/6.4 | 3.8/59 3.0/59 22/47| 14/35 0519 0.6/1.6 | 2.63.6
1-Axis, N-S | Average 2.1 2.6 2.9 3.6 4.3 4.6 4.6 4.3 39 3.2 1.9 1.6 33
Tilt=Latitude | Min/Max | 1.2/2.7  1.5/3.9 2.0/4.1 | 2.4/52 2.8/63 3.7/6.1 | 3.7/5.6 3.16.1 2.5/54 | 1.9/45 08/29 09/2.6 | 2.9/4.0
2-Axis Average | 23 2.7 2.9 36 45 5.0 49 45 39 33 2.0 1.7 3.4
Min/Max | 1.3/29 1.6/40 2.0/41 | 2452 3.0/67 4.1j6.6| 39/6.1 32/62 25/54| 1.9/45 0830 1.0/2.8 | 3.0/42
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.1 37 2.9 92 14.9 20.3 229 22.1 18.0 11.6 44 3.0 9.4
Daily Minimum Temp -10.6 -8.2 -1.9 3.7 8.7 14.2 17.0 16.4 12.2 5.7 -0.2 72 42
Daily Maximum Temp -1.7 0.8 7.7 14.8 21.2 26.4 28.7 27.7 23.8 174 9.1 1.1 14.8
Record Mininium Temp | -32.8 272 222 | -13.9 4.4 22 4.4 5.0 22 -83 -17.2 317 | -32.8
Record Maxinium Temp | 18.3 21.7 31.1 32.8 339 40.0 389 383 372 32.8 25.6 21.7 40.0
HDD, Base 18.3°C 758 616 479 273 131 19 3 11 47 217 417 661 3631
CDD, Base 18.3°C 0 0 0 0 26 79 144 126 37 7 0 0 418
Relative Humidity (%) 72 72 70 65 64 66 68 71 71 69 73 76 70
Wind Speed (m/s) 5.2 5.1 5.4 5.3 4.6 4.2 3.7 3.6 4.0 4.5 4.8 4.9 4.6
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14923

LATITUDE: 41.45° N
LONGITUDE: 90.52° W
ELEVATION: 181 meters

MEAN PRESSURE: 995 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average

L 1 ' | § | ' 1
T T — ¥ T T

0 F——F—
J FMAMJI J A S O N DYV

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 27 3.6 4.7 5.7 6.4 6.3 55 4.3 32 2.0 1.6 4.0
Min/Max | 1.5/22 24/3.1 3.1/4.1 | 42/55 4.7/69 58/72 | 54/69 4.7/6.1 338/53 | 2.6/3.7 1.6/24 1.3/1.9 | 3.8/44
Latitude -15 Average 2.9 3.8 4.3 5.1 5.8 6.2 6.2 5.9 5.1 4.2 2.8 24 4.6
Min/Max | 2.0/3.5 3.045 35/52 | 4.4/6.1 47/7.0 5.7/7.1 | 54/69 4.9/6.6 42/64 | 3.3/51 20/3.8 1.9/3.2 | 4.3/5.0
Latitude Average 33 4.1 44 5.0 54 5.7 5.8 5.6 5.1 4.5 3.1 2.7 4.6
Min/Max | 2.2/40 3.2/50 3.5/54 | 4.3/6.0 4.4/6.6 53/65 ] 50/64 4.7/6.4 42/6.6 | 3.5/55 2.1/43 2.1/3.8|42/51
Latitude +15 Average 335 42 43 4.6 4.8 4.9 5.1 5.1 4.9 4.5 33 2.9 4.4
Min/Max | 2.3/4.3  3.2/5.1 3.4/53 | 3.9/5.6 3.9/58 45/56 | 4.4/56 43/58 4.0/63 | 35/56 2.1/46 22/4.1 | 4.0/48
90 Average 34 3.8 3.3 3.1 2.7 2.6 2.7 3.1 35 37 2.9 2.8 3.1

Min/Max | 2.1/42 2.9/44 2.6/41 | 2.6/3.6 24/32 25729 | 25/30 2735 2845 | 2846 18/42 19/4.0| 2.8/3.5

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 2.8 3.8 4.8 6.2 7.4 8.3 8.3 7.4 6.0 4.5 2.7 2.2 54
Min/Max | 1.8/3.3 3.0/47 3.7/6.0 | 5.1/7.6 57194 7.2/9.7 | 69/94 6.1/85 4.8/7.8 | 3.5/54 1.9/3.7 1.6/3.0 | 5.0/6.1
Latitude -15 Average 335 4.6 53 6.5 7.6 8.3 8.3 7.9 6.6 5.2 34 2.8 5.8
Min/Max | 2.3/43 3.5/57 4.0/6.8 | 5.4/8.1 5.8/9.7 72/97| 69/95 6.3/89 52/87 | 4.0/65 2.2/48 2.1/4.0 | 53/6.6
Latitude Average 3.8 49 54 6.5 7.3 7.9 8.0 7.6 6.6 55 3.6 3.1 59
Min/Max | 2.4/4.7 3.7/6.1 4.1/7.0 | 5.3)8.0 5.6/94 69/94 | 6.7/9.1 6.1/88 5.2/88 | 4.1/68 2.3/52 2.2/44 | 53/6.6
Latitude +15 Average 4.0 5.0 53 6.2 6.9 7.4 75 7.2 6.4 55 37 3.3 5.7

| Min/Max | 2.5[4.9 37/6.2 4.0/69 | 5.0/7.7 52/89 64/87 | 63/86 5.884 50/8.6| 4.1/69 2354 23/47|51/65

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. Axis Average 4.1 5.0 54 6.6 7.7 8.5 8.5 7.7 6.6 55 3.7 33 6.1
Min/Max | 2.5/50 3.7/62 4.1/7.0 | 54/8.1 59/9.8 7.4/10.0| 7.1/9.6 6.3)89 5.2/88 | 4.1/6.9 2.3/54 2.3/48 | 55/6.9

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 23 2.6 2.4 2.9 34 4.0 4.0 3.6 3.2 3.0 2.1 1.8 2.9
Horiz Axis Min/Max | 1.1/29 1.5/3.7 1.4/3.6 | 2.0/4.1 2.0/51 3.1/52 | 2.8/49 2.6/45 2.1/49| 1.9/4.1 08/34 12/3.0 | 25/3.6
1-Axis, N-S | Average 1.6 2.2 2.7 3.7 4.6 52 5.3 4.7 3.9 29 1.6 1.2 33
Horiz Axis Min/Max | 0.8/2.1 1.3)3.3 15/42|27/53 27/68 4.0/6.8 | 3.8/6.5 3.559 2560 | 1939 0.62.6 0.8/2.0 | 2.8/4.1
1-Axis, N-S | Average 24 3.1 3.3 3.9 4.5 4.9 5.1 4.9 44 3.7 23 1.9 3.7
Tilt=Latitude| Min/Max | 1.2/3.2 1.8/4.5 1.8/49 | 2.9/56 2.6/6.7 3.8/6.5 | 3.7/63 35/6.0 29/6.8 | 24/51 09/3.8 1.3/3.2 ] 3.1/46
2 Axis Average 2.6 32 33 4.0 4.7 53 5.4 5.0 44 3.8 2.4 2.1 39
Min/Max | 1.3/3.5 1.8/46 1.8/5.0 | 2.9/57 2.8/7.0 4.1/7.0| 3.9/6.7 3.7/62 29/6.8 | 25/51 09/40 1.4/35 | 3.3/4.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -6.7 -4.0 3.0 10.2 16.3 21.7 24.0 22.6 18.2 11.7 4.2 37 | 9.8
Daily Minimum Temp -11.5 -8.9 -2.2 4.1 9.9 15.3 18.1 16.6 11.8 54 -0.7 -8.1 4.2
Daily Maximum Temp -2.0 0.9 82 16.3 227 28.1 299 28.6 244 17.9 9.1 0.8 154
Record Minimum Temp | -32.8 -31.7 -28.3 -13.9 -3.3 39 7.8 4.4 -4.4 -8.9 -22.8 -31.1 -32.8
Record Maximum Temp | 20.6 21.7 31.1 339 40.0 40.0 40.6 41.1 37.8 333 26.7 20.6 41.1
HDD, Base 18.3°C 777 626 476 243 104 6 0 6 41 213 423 682 3597
CDD, Base 18.3°C 0 0 0 0 42 107 176 139 36 7 0 0 506
Relative Humidity (%) 70 70 68 64 65 66 70 73 73 68 71 74 69
Wind Speed (m/s) 5.1 4.8 55 5.4 4.6 4.2 35 3.4 3.7 4.3 4.8 49 4.5
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Variabhility of Latitude Fixed-Tilt Radiation
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WBAN NO. 14842

. LATITUDE: 40.67° N
+ LONGITUDE: 89.68° W

ELEVATION: 199 meters
MEAN PRESSURE: 993 millibars

Monthly Radiation (kWh/m2/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 | 2.0 238 3.6 4.8 5.8 6.4 6.3 5.5 4.4 3.2 2.0 1.6 4.0
Min/Max | 1.6/22 2532 3.0/42 | 4.1/56 4.4/6.8 58/72 | 5869 4.8/6.1 3.853 | 2737 1625 L3/1.9 | 3.8/44

Latitude -15 | Average | 2.9 3.7 42 52 5.8 6.3 6.2 5.9 52 43 2.9 2.4 4.6
Min/Max | 2.2/3.4  3.1/45 3.4/52 | 43/6.1 4.4/69 56/7.0 | 57/69 5.1/65 4.3/6.4 | 33/50 2.0/3.8 1.8/3.2| 43/50

Latitude Average | 3.3 4.1 4.4 5.1 55 5.8 5.8 5.7 5.2 4.6 3.2 2.7 4.6
Min/Max | 2.4/39 33/50 3.5/54 | 42/59 4.1/65 5164 | 53/65 4963 43/65| 35/54 22/43 2037 | 43450

Latitude +15 Average 35 4.2 4.2 4.7 4.8 5.0 5.1 5.1 5.0 4.6 33 2.9 4.4
a Min/Max | 2.5/4.1  3.4/5.1 3.3/53 | 3.9/55 3.7/57 4.4/55 | 4.6/56 44/57 4.0/63 | 34/55 22/46 20/4.0 | 4.0/4.8

9% Average | 3.3 3.7 32 3.0 2.7 2.6 2.7 3.1 3.5 3.7 2.9 2.7 3.1
Min/Max | 2.2/4.0 3.0/44 2.6/4.0 | 2535 22/3.1 23/2.8| 2530 2.7/34 2844 | 2745 1941 1839 | 2.8/34

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 | 2.8 3.8 4.7 6.2 7.5 8.3 8.2 7.4 6.0 4.6 2.7 22 5.4
Min/Max | 2.0/3.3 32/4.7 3.7/5.9 | 5.1/7.6 5.3/9.4  7.4/9.7 | 73/9.1 62/82 4.9/7.8 | 3.4/55 1937 1.6/2.9 | 5.0/6.1

Latitude -15 | Average | 35 4.6 52 6.6 7.6 8.3 8.3 7.7 6.6 53 3.4 28 5.8
Min/Max | 2.4/4.1  3.7/57 4.0/67 | 5.3/8.1 5.3/9.6 74/9.7 | 73/93 6.4/8.6 53/8.6| 39/64 22/47 2.0/3.8 | 54/6.6

Latitude Average | 3.8 43 5.3 6.5 74 8.0 8.0 75 6.7 5.6 3.6 3.1 5.9
a Min/Max | 2.6/45 39/6.1 4.0/68 | 52/8.0 52/93 7.1/9.3 | 7.1/89 6.2/85 53/8.7 | 4.0/68 23/51 2.1/43 | 5.4/6.6

Average | 4.0 4.9 52 6.2 6.9 7.4 7.5 72 6.5 5.6 3.7 32 5.7

Latitude +15 | Ny | 27748 3.9/62  4.0/68 | 5.0/7.7 4888 66/87 | 6684 S598.1 5185 | 4068 24/53 2245 | 5265

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 4.0 5.0 53 6.6 7.7 8.5 8.4 7.7 6.7 5.6 3.8 33 6.1
Min/Max | 2.7/48 3.9/62 4.1/6.9 | 53/8.1 54/9.7 7.6/9.9 | 7.5/9.4 6.4/8.6 5.3/87 | 4.1/6.8 24/53 2.2/4.6 | 5.6/6.8

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 2.2 25 23 2.9 34 4.0 3.9 3.6 3.2 3.0 2.1 1.8 29
Horiz Axis Min/Max | 1.3/29 1.6/3.7 1.3/3.5|2.0/40 1.850 3.1/5.1 | 3.2/48 2.6/42 2.2/48 | 1.9/4.0 0933 1.0/3.0] 25/35
1-Axis, N-S | Average 1.6 22 2.6 3.7 4.6 52 5.2 4.7 3.9 3.0 1.6 1.2 33
Horiz Axis Min/Max | 0.9/2.1 1.4/3.3 15/3.9 | 2.6/52 24/67 42/6.7 | 4.2/64 3.4/56 2.7/58 184.0 0.7/25 0.62.0 | 2.8/4.1
1-Axis, N-S | Average 2.4 3.0 3.1 39 4.5 4.9 5.0 4.8 44 3.8 2.3 1.9 3.7
Tilt=Latitude | Min/Max | 1.3/3.2 1.9/4.4 1.8/4.7 | 2.7/56 2.4/6.5 3.9/6.4 | 4.0/6.1 35/57 3.0/6.6 | 2.3/51 1.0/3.7 1.0/3.1 | 3.2/45
7-Axis Average 2.6 3.1 3.1 4.0 4.7 54 53 4.9 44 39 2.4 2.1 3.8

Min/Max | 1434 2.0/46 1847 | 28/56 2569 43/69 | 43/65 3.659 3.0/6.6 | 2451 1038 1134 | 3347 |

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -5.8 -3.2 3.9 10.8 16.6 21.9 24.2 22.8 18.9 12.2 5.1 -2.8 10.4
Daily Minimum Temp -104 -7.9 -1.2 4.9 10.5 15.9 18.6 17.3 12.9 6.2 0.3 -7.1 5.0

Daily Maximum Temp -1.2 1.6 8.9 16.7 22.7 27.9 29.8 284 249 18.2 9.9 14 15.8
Record Minimum Temp | -31.7 -27.8 -233 -10.0 -3.9 3.9 8.3 5.0 -3.3 -7.2 -18.9 -30.6 -31.7
Record Maximum Temp | 21.1 222 30.0 333 339 40.6 39.4 394 37.8 322 272 21.7 40.6
HDD, Base 18.3°C 747 602 448 227 102 6 0 5 30 198 397 654 3416
CDD, Base 18.3°C 0 0 0 0 48 114 181 145 48 8 0 0 546
Relative Humidity (%) 74 74 71 65 66 67 72 74 73 70 74 78 71

Wind Speed (m/s) 4.9 4.8 53 5.1 43 3.8 3.4 3.3 3.6 4.1 4.7 4.7 4.3
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WBAN NO. 94822

LATITUDE: 42.20° N

LONGITUDE: 89.10° W
ELEVATION: 221 meters
MEAN PRESSURE: 990 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 1.9 2.7 3.5 4.6 5.7 6.3 6.1 54 4.2 3.0 1.8 1.5 39
Min/Max | 14/22 2.4/3.1 3.1/4.1 | 4.0/52 4.7/6.8 54/72 | 5.6/6.7 4.6/6.0 35/51 | 25/34 1.5/2.1 1.2/1.8 | 3.7/4.2
Latitude -15 Average 29 3.8 43 5.0 5.7 6.1 6.1 5.7 5.0 4.0 2.6 2.3 4.5
Min/Max | 1.9/3.6 3.1/45 3.5/5.1 | 42/58 47/69 53/7.0 | 54/6.7 4.9/6.5 3.8/63 | 3.1/47 1.8/3.3 1.7/3.0 | 4.1/4.9
Latitude Average 3.3 4.1 44 4.9 54 5.6 5.7 55 5.0 4.2 2.9 2.6 4.5
Min/Max | 2.1/42 33/49 3.6/53 | 4.1/57 4.4/65 4.8/65 | 5.1/62 47/63 3.8/64 | 32/51 1.9/3.7 1835 | 4.1/49
Latitude +15 Average 3.6 4.2 43 4.5 4.8 4.9 4.9 5.0 4.8 4.3 3.0 2.8 4.3
Min/Max | 2.1/45 3.3/5.1 3.5/52 | 3.8/53 3.9/57 42/56 | 44/54 42/57 3.5/62 | 3.2/5.1 1.9/3.9 1.9/3.8 | 3.8/4.7
90 Average 3.4 3.8 34 3.0 2.8 2.7 2.8 3.1 34 35 2.7 27 3.1
Min/Max | 1.9/43 3.0/45 2.8/4.2 | 2535 24/32 2429 | 25/29 26/35 25/45| 25/43 1.6/3.6 1.7/3.8 | 2.7/3.4
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 2.7 3.8 47 6.0 7.3 8.1 8.0 7.1 5.7 42 2.5 2.1 5.2
Min/Max | 1.7/3.3 3.0/4.6 3.8/5.8 | 4.8/7.2 5.8/93 6.8/9.5 6.9/9.1 5.9/84 4374 | 3.2/50 1.7/32  1.5/2.7 | 4.7/5.8
Latitude -15 Average 35 4.6 5.3 6.3 7.4 8.1 8.1 7.4 6.3 49 3.1 2.7 5.7
Min/Max | 2.1/4.4  3.5/57 4.2/6.6 | 50/76 58/9.6 6.8/9.6 | 7.0/92 6.2/8.8 4.7/83 | 3.7/6.0 1.9/4.1 1.8/3.6 | 5.1/6.4
Latitude Average 3.8 4.9 54 6.2 72 7.7 7.8 73 6.3 5.1 33 3.0 5.7
Min/Max | 2.3/4.8 3.7/6.0 4.2/6.8 | 4.9/75 5.6/93 65/92 | 6.7/8.8 6.0/87 4.6/85 | 3.8/6.3 2.0/44 2.0/4.1 | 5.1/6.4
Latitude +15 Average 4.0 5.0 53 6.0 6.8 7.2 7.3 6.9 6.2 5.1 34 3.1 55
Min/Max | 2.3/5.1 3.7/62 4.1/6.7 | 47/72 5.3/8.8 6.1/8.6 | 6.3/83 5.7/83 44/83 | 3.7/63 2.0/46 2.0/43 | 49/6.3
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 4.1 5.0 54 6.3 7.5 8.3 8.2 7.5 6.4 52 34 3.2 5.9
Min/Max | 2.3/52 3.7/6.2 42/6.8 | 5.17.6 5.9/9.7 7.0/98 | 7.1/9.3 6.2/89 4.7/85 | 38/6.4 2.0/4.6 2.0/44 | 52/6.6
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 22 2.5 24 2.7 3.3 3.8 3.8 3.4 3.0 2.7 1.8 1.7 2.8
Horiz Axis Min/Max | 1.0/3.1 1.5/3.7 1.5/3.5 | 1.8/3.7 2.1/5.1 2.8/5.1 2.8/4.6 25/45 1.8/4.7 1.7/3.6  0.7/2.8 0.9/2.8 | 2.3/3.4
1-Axis, N-S Average 1.5 2.2 2.6 3.4 4.4 4.9 5.0 4.4 3.6 2.6 14 1.1 3.1
Horiz Axis | Min/Max | 0.7/2.1 1.2/33 1.6/3.8 | 23149 2.7/68 3.7/6.6 | 3.7/62 3.2/58 22/55| 1.7/35 0621 06/1.8 | 2.6/338
1-Axis, N-S Average 2.4 3.0 3.1 3.7 4.3 4.7 4.8 4.5 4.1 3.4 2.0 1.8 35
Tilt=Latitude | Min/Max | 1.1/3.3 1.8/4.5 1.9/46 | 25/52 2.7/6.7 3.5/63 | 3.6/59 3.3/6.0 25/63 1| 22/45 0.8/3.1 1.0/29 | 2.9/4.3
2-Axis Ayerage 2.6 3.1 3.1 3.8 4.6 5.1 5.1 4.7 4.1 3.5 2.1 2.0 3.6
L Min/Max | 1.1/3.6 1.8/4.6 1.9/4.6 | 2.5/53 2.8/7.1 3.8/6.8 L 3.8/6.3 3.3/6.2 2.5/63 | 2.2/46 0933 1.0/3.2 | 3.0/4.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec uear
Temperature (°C) -1.7 -5.1 1.7 8.7 15.1 20.4 22.9 21.6 17.3 10.8 33 4.4 8.7
Daily Minimum Temp -12.3 99 -33 2.7 8.6 14.1 16.9 15.7 111 4.8 -1.4 -8.8 32
Daily Maximum Temp -3.0 -0.2 6.6 14.7 21.6 26.8 28.8 27.4 234 16.8 7.9 -0.1 142
Record Minimum Temp -32.8 -30.0 -23.9 -15.0 -4.4 33 6.1 5.0 -2.8 9.4 -23.3 -31.1 -32.8
Record Maximum Temp 17.2 20.0 294 32.8 35.0 38.3 394 40.0 38.9 322 24.4 189 40.0
HDD, Base 18.3°C 806 655 517 288 133 13 3 8 55 237 450 706 3872
CDD, Base 18.3°C 0 0 0 0 31 77 144 110 23 5 0 0 390
Relative Humidity (%) 75 74 72 66 65 66 71 74 74 71 75 78 72
| Wind Speed (m/s) 5.0 4.8 5.4 53 4.7 4.2 3.7 3.5 338 43 4.8 48 | 45
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93822

LATITUDE: 39.83° N
LONGITUDE: 89.67° W
ELEVATION: 187 meters

MEAN PRESSURE: 995 millibars

Monthly Radiation (kWh/mz2/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 2.1 2.9 3.7 5.0 6.0 6.5 6.4 5.7 4.6 34 22 1.7 42
Min/Max | 1.6/2.3 2.5/3.3 3.1/44 | 43/57 4.7/69 59/74 | 58/7.1 4.9/64 3.9/53 | 2.8/3.9 1.8/2.7 1.4/2.1 | 4.0/4.6
Latitude -15 Ayerage 3.1 3.9 4.4 54 6.0 6.4 6.4 6.0 54 4.5 3.1 2.6 4.8
Min/Max | 2.2/3.7 3.1)47 3.4/54 | 45/62 4.7/7.0 57772 | 5771 5.1/6.8 4.4/63 | 3.4/53 22/41 20/3.3 | 4.5/52
Latitude Average 3.5 4.2 4.5 53 5.6 5.9 5.9 5.8 54 4.8 3.4 2.9 4.8
Min/Max | 2.5/42 3.3/5.1 3.5/57 | 43/6.1 4.4/6.6 53/6.6 | 53/6.6 4.9/65 44/65 | 3.557 2.3/47 22/3.9| 45/53
Latitude +15 Average 3.8 44 44 49 5.0 5.1 5.1 5.3 52 438 35 3.1 45
Min/Max | 2.5/4.6 3.4/5.3 3.3/5.6 | 4.0/57 39/58 4.6/5.7| 4.6/58 4.5/59 42/62 | 3.5/58 23/50 2.2/42 | 4.2/50
90 Average 3.5 3.8 33 3.1 2.7 2.5 2.7 3.1 3.6 39 3.1 29 3.2
Min/Max | 2.3/4.4 29146 2.6/44 | 2536 23030 2427 2529 2734 2944 2847 2045 2041|2935
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 4.0 49 6.5 7.8 8.5 8.5 7.7 6.3 4.8 3.0 2.4 5.6
Min/Max | 2.0/3.5 3.2/49 3.7/6.3 | 52/7.9 5.7/9.5 7.3/10.0| 7.5/9.5 6.2/8.7 5.0/7.7| 3.6/58 2.1/41 1.7/3.1 | 5.2/6.3
Latitude -15 Average 3.8 4.8 5.5 6.9 7.9 8.5 8.5 8.0 6.9 5.6 3.7 3.0 6.1
Min/Max | 2.5/4.5 37/59 39/7.1 | 54/84 5.8/9.7 7.3/100| 7.5/9.6 6.4/9.1 5.4/85 | 4.0/6.8 2.4/52 2.1/4.1 | 5.6/6.9
Latitude Average 4.1 5.1 5.6 6.8 7.6 8.2 8.2 7.8 7.0 5.9 3.9 33 6.1
Min/Max | 2.7/5.0 3.9/6.3 4.0/73 | 5.3/84 5.6/94 7.0/9.6 | 7.2/9.2 63/90 54/8.6 | 4.2/7.2 25/56 2.3/45 | 56/69
Average 43 5.2 55 6.5 7.2 7.6 7.7 7.5 6.8 5.9 4.1 35 6.0

Latitude +15 | \roMax | 2853 3.9/64  3.9/72 | 5.0/80 52089 6.6/89 | 68/86 5986 S384 | 4.1/72 2558 24/48  54/68

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-Axis Average 4.4 5.2 5.6 6.9 8.0 8.7 8.7 8.0 7.0 59 4.1 3.5 6.3
Min/Max | 2.8/53 3.9/64 4.0/73 | 54/84 5.8/9.8 7.5/102| 7.6/9.7 6.4/92 55/86 | 42/73 25/59 24/49 | 5.8/72

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 2.7 25 3.1 3.7 4.2 4.1 3.8 35 33 23 2.0 3.1
Horiz Axis Min/Max | 1.4/3.2 1.6/3.9 1139 | 2.1)42 22/52 3.1/55| 3.3/50 2.6/47 23/47| 2.0/43 0.9/3.7 12/3.0] 2.6/3.8
1-Axis, N-S | Average 1.8 24 2.8 4.0 4.9 55 5.5 5.0 42 32 1.8 14 3.6
Horiz Axis Min/Max | 0.9/2.3 1.53.5 13/44 | 2.7/56 29/69 4.1/7.2 | 44/6.6 3.4/63 2857 | 2043 07/29 0.8/2.0 3.0/44
1-Axis, N-S | Average 2.7 33 34 42 4.8 5.2 53 5.1 4.7 4.1 2.6 2.1 4.0
Tilt=Latitude | Min/Max | 1.5/3.5 2.0/47 1.5/52 | 28/59 29/68 3.9/6.8 | 42/63 3.5/64 32/64 | 25/54 1.0/42 13/32 | 3.3/49
2 Axis Average 2.9 33 3.4 4.3 5.1 5.6 5.6 5.3 4.7 4.2 2.7 23 4.1

Min/Max | 1.6/3.7 2.0/4.8 15/52 | 2.8/6.0 3.0/72 42/74 | 45/68 3.6/6.6 3.2/64 | 2.5/55 1.1/44 1.4/34 | 3.5/5.1

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -4.3 -1.8 4.9 11.8 17.5 22.7 24.7 23.2 19.6 13.1 6.1 -1.3 11.3
Daily Minimum Temp -8.9 -6.6 -0.2 5.8 11.3 16.6 18.9 17.4 13.3 6.9 1.1 -5.6 5.8
Daily Maximum Temp 0.3 2.9 10.0 17.7 23.7 28.8 30.5 29.0 259 19.3 10.9 2.9 16.8
Record Minimum Temp | -29.4 -30.0 -244 -7.2 2.2 44 8.9 6.1 0.0 -8.3 -194 -29.4 -30.0
Record Maximum Temp | 21.7 233 30.6 322 35.0 394 44.4 394 38.3 33.9 28.3 233 444
HDD, Base 18.3°C 703 564 417 201 92 4 0 4 24 174 368 608 3160
CDD, Base 18.3°C 0 0 0 4 67 136 198 154 63 12 0 0 634
Relative Humidity (%) 73 74 71 65 66 67 70 74 72 68 74 78 71
Wind Speed (m/s) 5.5 5.3 5.9 5.6 4.8 4.2 3.7 3.5 4.0 4.6 5.2 54 4.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93817

LATITUDE: 38.05° N
LONGITUDE: 87.53° W
ELEVATION: 118 meters

MEAN PRESSURE: 1004 millibars

Monthly Radiation (kWh/m2/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 | 2.1 2.9 3.8 5.0 5.9 6.5 6.3 5.7 4.6 3.5 2.3 1.8 42
Min/Max | 1.8/2.5 2.5/3.3 34/43 | 41/59 4.8/7.0 58/7.7 | 53/69 5.0/63 4.1/52| 29/42 1927 1522 | 4.0/46
Latitude -15 | Average | 2.9 3.7 45 53 59 6.3 6.2 6.0 5.3 45 3.1 25 4.7
Min/Max | 2.3/3.5 3.0/4.5 3.8/52 | 43/64 4.8/7.1 57/7.5 | 53/68 52/6.6 4.5/6.0| 3.5/55 23/3.8 2.0/34 | 4452
Latitude Average 33 4.0 4.6 52 5.6 5.8 5.8 5.8 53 4.8 34 2.9 4.7
Min/Max | 2.5/4.1 3.1/5.0 3.8/54 | 4.1/6.3 4.5/6.6 5.2/68 | 4.963 50/64 4.5/6.1 | 3.7/60 2.4/43 22/4.0 | 4.4/52
Latitude +15 | Average 35 4.1 45 4.8 49 5.0 5.1 53 5.1 49 3.6 3.0 45
Min/Max | 2.5/44 3.1/52 3.7/53 | 3.8/58 4.0/58 4.6/58 | 43/55 4.6/58 43/59 | 3.7/6.1 25/46 2.3/43 | 4.2/50
90 Average | 3.1 3.4 33 3.0 2.6 2.4 2.5 3.0 35 3.8 3.1 2.8 3.0

Min/Max | 2.2/4.1 2.6/45 2739 | 24/3.6 22/29 2326 | 23/27 2.6/33 29/40| 29/49 2.0/41 2.0/40 | 2.8/33

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 29 3.9 5.1 6.5 7.7 8.4 8.2 7.6 6.2 4.9 3.1 24 5.6
Min/Max | 2.2/3.6 3.1/48 4.1/6.1 | 5.0/82 5.8/9.6 7.2/104| 6.5/9.1 6.4/85 52/73| 3.7/63 2.3/39 1.8/33 | 52/64
Latitude -15 Average 3.5 4.5 5.6 6.8 7.7 8.4 8.2 7.8 6.7 5.7 37 3.0 6.0
Min/Max | 2.6/4.4 3.4/57 4.4/6.8 | 52/8.6 59/9.8 7.1/104| 65/9.1 6.6/88 5.6/79 | 4.2/72 2.6/48 2.2/42 | 5.6/6.8
Latitude Average 3.8 4.7 5.7 6.7 75 8.1 7.9 7.7 6.8 5.9 4.0 33 6.0
Min/Max | 2.8/4.8 3.6/6.1 4.5/69 | 5.1/8.5 5.7/9.5 6.8/10.0| 6.3/8.8 6.4/8.6 5.6/8.0 | 43/7.6 2.7/52 23/4.6 | 5.6/6.9
Latitude +15 Average 39 438 5.6 6.4 7.1 7.5 7.4 73 6.6 5.9 4.1 34 59

| Min/Max | 2.8/50 3.6/62 44/6.8 | 49/82 53/9.0 6.3/93 | 59/83 6.1/82 5479 | 43/1.7 2.7/54 2449 | 55/6.7

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
2_Axis Average 4.0 4.8 57 6.8 7.8 8.6 8.4 7.9 6.8 6.0 4.1 35 6.2
| <0 Min/Max | 2.8/5.1  3.6/62  4.5/6.9 | 5.2/8.6 5.9/9.9 7.3/10.6| 67/9.3 6.6/88 56/8.1 | 44/77 2854 2.4/50 | 5.8/7.1
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 22 24 2.6 3.0 3.6 4.1 3.9 3.6 33 32 23 1.9 3.0
Horiz Axis Min/Max | 1.3/3.2 1.4/35 1.7/3.6 | 1.8/44 2.1/53 2.8/59 | 25/4.8 2.6/45 24/42| 2.0/4.6 12/33 1.1/32 | 2.7/3.8
1-Axis, N-S | Average 1.6 2.3 3.0 4.0 4.3 54 52 4.8 4.0 33 1.8 1.4 3.5
Horiz Axis Min/Max | 1.02.4 14/32 1.9/42 | 2.3/58 29/7.1 3.7/7.8 | 3.4/63 35/59 29/53 | 2.0/47 1.0/27 0.8/23 | 3.1/44
1-Axis, N-S | Average 24 3.0 35 42 4.6 5.0 4.9 4.9 4.4 4.1 2.6 2.1 3.8
Tilt=Latitude | Min/Max | 1.4/3.5 1.8/42 2.2/49 | 2.4/6.1 2.8/69 3.5/7.3 | 3.2/6.0 3.5/6.0 3.3/58 | 2.558 14/3.8 1.2/35 | 3.4/4.8
2-Axis Average 2.6 3.1 35 4.2 4.9 55 5.3 5.0 44 4.1 2.7 22 4.0

Min/Max | 1.5/3.7 1.8/4.3 22/49 | 24/62 3.0/73 3.8/79 | 3.4/64 3.6/62 33/59 | 25/59 14/39 1‘3}3.8 3.6}5.0

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -1.1 1.3 7.7 134 18.6 23.8 25.8 24.5 20.7 14.0 7.9 1.8 132
Daily Minimum Temp -6.0 -39 2.1 72 123 17.4 19.7 18.3 14.2 7.1 2.5 -2.9 73
Daily Maximum Temp 38 6.5 133 19.7 24.9 30.1 317 30.7 27.1 209 133 6.4 19.1
Record Minimum Temp | -29.4 -30.6 -22.8 -5.0 2.2 5.0 8.3 6.1 -0.6 -6.1 -194 -26.1 -30.6
Record Maximum Temp | 24.4 26.1 28.9 32.8 35.0 40.0 40.6 38.9 394 34.4 28.3 25.0 40.6
HDD, Base 18.3°C 601 476 331 152 63 0 0 0 18 148 313 513 2616
CDD, Base 18.3°C 0 0 0 5 72 163 231 191 88 14 0 0 764
Relative Humidity (%) 72 71 68 65 68 68 71 73 73 69 71 74 70
Wind Speed (m/s) 4.0 4.0 4.3 4.1 3.4 3.1 2.7 2.5 2.7 3.0 3.6 3.8 3.4
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Z_ Variability of Latitude Fixed-Tilt Radiation yn N
21 WBAN NO. 14827

LATITUDE: 41.00° N
<I, LONGITUDE: 85.20° W

ELEVATION: 252 meters
MEAN PRESSURE: 987 millibars

Monthly Radiation (kWh/m2/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 1.8 2.6 3.5 4.6 5.6 6.2 6.1 53 43 3.0 1.8 1.4 3.9
Min/Max | 1.4/20 22/33 3.2/39 | 3.8/54 4.6/67 55/7.2| 53/6.7 4.8/6.1 3.7/49 | 2.5/3.6 1521 1.1/1.7 ]| 3.7/4.2
Latitude -15 Average 2.5 34 4.1 5.0 5.7 6.1 6.0 57 5.0 3.9 2.5 2.0 43
Min/Max | 1.9/3.0 27/45 3.6/4.6 | 40/6.0 4.6/68 53/7.01 52/67 5.0/65 4.1/58 | 3.0/49 1.8/3.1 1425 4.1/47
Latitude Average 2.8 3.7 4.2 4.9 5.4 5.6 5.6 54 5.0 4.1 2.7 22 4.3
Min/Max | 2.0/3.4 2.8/5.0 3.6/4.8 | 3.8/59 43/63 49/65 | 4.9/62 4.8/63 4.1/59| 3.1/53 1.9/34 1.4/29 | 4.1/4.7
Latitude +15 Average 3.0 3.8 4.1 4.5 4.3 4.9 4.9 4.9 4.8 4.1 2.8 2.3 4.1
Min/Max | 2.1/3.7 2.8/52 3.5/4.6 | 3.5/55 3.8/5.6 43/56 | 4.3/54 43/57 3.8/57 | 3.0/54 1.83.6 1.5/3.1 | 3.8/4.4
90 Average 2.8 33 3.1 2.9 2.7 2.6 2.7 3.0 3.4 34 25 2.2 2.9

Min/Max | 1.8/3.5 2.4/48 2.7/3.8 | 2.3/3.6 23/3.1 24/2.8 | 2428 2735 2741 | 2444 1533 13/3.0 ]| 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 24 3.4 4.4 59 72 7.9 7.8 7.0 57 4.1 2.4 1.8 5.0
Min/Max | 1.6/2.8 2.6/4.6 3.8/52 | 4.6/7.2 55/9.0 6.5/9.6 | 6.7/8.8 59/85 4.6/6.7 | 3.0/53 1.6/29 1.2/23 | 4.7/5.6
Latitude -15 Average 29 4.0 4.9 6.2 7.3 79 7.8 7.3 6.2 4.8 29 2.3 54
Min/Max | 2.0/3.6 3.0/55 4.1/58 | 4.7/7.7 5.6/92 65/9.6 | 6.7/8.8 62/89 49/74 | 35/63 19/3.7 1.4/3.0| 5.1/6.0
Latitude Ayerage 32 43 5.0 6.2 7.1 7.6 7.6 7.1 6.3 4.9 3.1 24 54
Min/Max | 2.1/3.9 3.1/59 4.1/59 | 4.6/7.7 54/89 62/92 | 64/85 6.0/8.7 4.9/75 | 35/6.6 2.0/4.0 15/33 | 5.0/6.0

Latitude +15 Average 33 43 49 5.9 6.7 7.1 7.1 6.8 6.1 5.0 3.1 2.5 52
Min/Max | 2.2/4.1 3.1/6.0 4.1/58 | 44/7.3 5.1/84 5.8/8.6 | 6.0/80 57/83 47/74 | 35/6.6 2.0/4.1 15735 | 49/59

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
2_Axis A_verage 3.4 44 5.0 6.3 7.4 8.1 8.0 7.3 6.3 5.0 32 2.6 5.6
Min/Max | 2.2/42  3.2/6.0 4.2/59|4.7/77 57/93 6.6/9.8 | 6.89.0 6.2/89 4.9/7.6 | 3.5/6.6 2.0/42 15/35 | 52/62
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.7 2.0 2.1 2.6 32 3.6 35 3.2 29 25 1.6 1.2 25
Horiz Axis Min/Max | 0.9/25 1.2/2.8 12028 | 1.5/37 1.9/47 25,50 | 2544 24/43 19381 14/38 0824 0.5/2.0|2.2/3.1
1-Axis, N-§ | Average 1.2 1.8 23 34 4.2 4.7 4.7 4.2 34 2.4 1.2 0.8 29
Horiz Axis Min/Max | 0.6/1.8 1.0/2.5 1.4/3.2 | 1.9/48 2.6/62 3.2/65 | 3.4/58 3.1/5.7 2.3/45| 14/3.7 0.6/1.8 0.3/1.3 | 2.5/3.5
1-Axis, N-S | Average 1.8 24 2.8 3.6 4.1 4.4 4.5 4.3 3.9 3.1 1.8 1.3 3.2
Tilt=Latitude | Min/Max | 1.0/27 14/3.3 1.6/3.8 | 2.0/5.1 2.5/6.1 3.0/62 | 33/55 3.1/59 2.6/51| 1.8/48 0.8/27 0.5/2.0 | 2.8/3.9
2_Axis Average 1.9 2.5 2.8 3.6 4.4 4.8 4.8 44 3.9 3.2 1.9 14 33

Min/Max | 1.0/29 1.4/34 1.6/3.8 | 2.1/52 2.7/64 33/6.7 | 3.5/59 32/6.1 26/51 | 1848 0.9/2.8 0.6}2.2 2.9/4.1

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -5.1 3.4 3.1 9.6 15.7 21.2 233 22.0 18.3 11.6 52 -1.9 9.9
Daily Minimum Temp -9.3 -7.9 -1.8 3.6 9.5 152 17.3 16.1 12.3 5.8 0.8 -5.8 4.7
Daily Maximum Temp -0.9 1.1 7.9 15.4 21.8 27.2 292 279 242 17.3 9.5 1.9 15.2
Record Minimum Temp | -30.0 -27.8 -233 -13.9 -2.8 33 6.7 33 -1.7 -7.2 -18.3 -27.8 -30.0
Record Maximum Temp | 20.6 20.6 27.8 31.1 344 41.1 394 38.3 37.8 322 26.1 21.7 41.1
HDD, Base 18.3°C 725 608 472 263 121 8 0 6 45 216 395 627 3485
CDD, Base 18.3°C 0 0 0 0 38 95 155 119 43 7 0 0 458
Relative Humidity (%) 76 74 72 66 65 66 69 73 73 72 76 79 72
Wind Speed (m/s) 53 49 54 5.1 4.4 4.1 3.6 34 3.6 4.1 47 5.0 4.5
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WBAN NO. 93819

LATITUDE: 39.73° N

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 86.28° W +
ELEVATION: 246 meters
MEAN PRESSURE: 988 millibars
STATION TYPE: Primary
1 pu N
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 2.0 28 37 4.9 59 6.5 6.3 5.6 4.6 33 21 1.6 4.1
Min/Max | 1.6/2.3  2.3/3.3 3.2/4.1 | 4157 5.1/69 59/77 | 56/7.0 5.0/64 4.0/52 | 2.8/3.8 1.725 1.3/2.0 | 3.9/4.5
Latitude -15 Ayerage 2.8 3.6 4.3 52 5.9 6.3 6.2 59 5.2 4.2 2.8 2.3 4.6
Min/Max | 2.2/35 2.7/44 3.6/50 | 43/63 5.0/7.0 57/75 | 5.6/69 52/6.8 45/6.1 3.3/50 2.1/3.8 1.7/3.1 | 44/5.1
Latitude Average 3.1 39 4.4 5.1 5.6 58 5.8 5.7 53 4.5 3.1 2.6 4.6
Min/Max | 2.3/4.0 2.8/4.8 3.6/52 | 42/62 47/66 53/69 | 52/64 50/66 4.5/62 | 3.4/54 22/43 1835 | 43/51
Latitude +15 Ayerage 33 4.0 43 4.7 49 5.0 5.1 5.2 5.1 4.5 32 2.7 4.3
Min/Max | 2.4/4.3 2.8/50 3.5/5.1 | 3.9/57 42/58 4.6/59 | 45/56 4.659 43/59 | 34/54 22/45 19/3.8 | 4.1/48
90 AVerage 3.0 3.5 3.2 3.0 2.7 2.6 2.7 3.1 3.5 3.6 2.8 2.5 3.0
Min/Max | 2.1/4.1 24/46 25/3.8 | 2.5/3.6 24/3.1 2428 | 2529 2735 29/4.1| 2.6/44 1.8/41 16/37 | 2.8/3.3
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 2.7 3.7 47 6.2 75 8.2 8.1 7.4 6.1 4.5 2.7 2.1 53
Min/Max | 2.0/34 28/46 38/57 | 4979 61/9.1 7.2/104| 69/92 64/89 51/7.2 | 34/54 19/38 15/2.8 | 5.1/6.1
Latitude -15 Average 3.3 4.3 5.2 6.5 7.6 8.2 8.1 7.7 6.6 5.2 3.3 2.7 57
Min/Max | 2.4/43 3.1/55 4.2/63 | 5.1/84 6.1/9.3 72/104| 69/93 6.6/9.3 55/79 | 3.8/64 22/47 1.8/3.7 | 54/6.6
Latitude A_Verage 3.6 4.6 53 6.5 7.4 7.9 7.8 75 6.7 55 35 2.9 5.8
Min/Max | 2.5/4.7 3.2/58 4.2/64 | 49/84 59/9.0 6.9/10.0| 6.7/9.0 6.4/9.1 5580 | 3.9/67 2.3/51 1.9/4.1 | 5.4/6.6
Latitude +15 Ayerage 3.7 4.7 52 6.2 6.9 7.3 7.3 7.1 6.5 55 3.6 3.0 5.6
Min/Max | 2.6/49 3.2/59 4.1/64 | 4.7/8.1 56/85 64/93 | 62/84 6.1/87 53/7.8 | 3.9/67 24/53 2.0/43 | 53/64
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-Axis A_Verage 3.7 4.7 5.3 6.6 7.9 8.4 8.3 7.7 6.7 55 3.6 3.1 59
Min/Max | 2.6/49 32/59 4.2/65|5.1/85 6.2/94 7.3/106| 7.1/95 6.6/9.4 56/81 | 4.0/6.7 24/53 2.0/44 | 5.6/6.8
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 2.0 2.3 2.3 2.8 3.4 37 3.7 34 3.1 29 1.9 1.6 2.7
Horiz Axis | Min/Max | 1.1/3.0  1.1/3.4 14/32 | 1.7/42 22/48 3.0/58 | 2.7/48 2.6/47 2.3/43| 1638 09/33 08/2.7| 25735
1-Axis, N-S Average 1.4 2.0 2.5 3.6 4.4 49 4.8 45 3.8 2.8 1.5 1.1 3.1
Horiz Axis Min/Max | 0.8/2.2 1.0/3.1 1.5/3.6 | 2.1/55 29/64 39/7.6 | 3.6/63 3.5/6.3 2.8/5.1 1.6/3.8 0.7/2.6 0.5/1.8 | 2.8/4.0
1-Axis, N-S | Average 2.1 2.7 3.0 3.8 4.3 4.6 4.6 4.6 4.2 3.6 2.1 1.7 34
Tilt=Latitude | Min/Max | 1.2/3.3 1.3/4.1 1.8/42 | 2.2/58 2.8/62 3.6/7.1 3.5/6.1 3.5/6.4 3.1/58 | 2.1/4.8 1.0/3.7 0.8/2.8 | 3.1/4.4
2 Axis Average 2.3 2.8 3.0 39 4.6 5.0 5.0 47 4.2 3.6 22 1.8 3.6
Min/Max | 1.3/3.5 1.4/4.2 1.9/4.2 | 2.3/59. 3.0/6.6 4.0/7.8 | 3.7/6.5 3.6/6.7 3.2/58 | 2.1/4.8 1.1/3.9 0.9/3.0 | 3.2/4.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.6 -1.3 52 113 17.1 222 24.1 229 19.2 12.6 6.1 -0.6 11.3
Daily Minimum Temp -8.2 -6.2 -0.1 53 10.9 16.1 18.4 17.1 13.1 6.4 1.2 -4.9 5.8
Daily Maximum Temp 0.9 3.5 10.5 174 232 28.2 29.7 28.7 253 18.8 11.1 3.6 16.7
Record Minimum Temp -30.0 -29.4 217 -8.9 2.2 39 6.7 5.0 22 -8.3 -189 -30.6 -30.6
Record Maximum Temp | 21.7 233 294 31.7 33.9 38.9 40.0 38.9 37.8 322 272 233 40.0
HDD, Base 18.3°C 681 551 407 210 92 3 0 3 32 188 367 587 3119
CDD, Base 18.3°C 0 0 0 0 53 118 179 144 59 10 0 0 563
Relative Humidity (%) 75 74 70 66 67 68 73 75 74 72 76 78 72
Wind Speed (m/s) 47 46 5.1 47 4.1 37 3.3 3.1 34 3.8 44 46 4.1
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Variability of Latitude Fixed-Tilt Radiation
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| WBAN NO. 14848

LATITUDE: 41.70° N
+ LONGITUDE: 86.32° W

ELEVATION: 236 meters
MEAN PRESSURE: 988 millibars

Monthly Radiation (kWh/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 1.7 25 34 4.6 5.6 6.2 6.0 53 4.1 29 1.7 14 3.8
Min/Max | 1.5/20 22/32 3.0/3.9]|3.8/53 4.7/6.6 55/73| 53/6.6 4.8/59 3.6/48 | 2.4/33 1420 1.1/1.6 | 3.6/4.1
Latitude -15 Average 24 33 4.0 5.0 5.7 6.1 6.0 5.6 4.8 3.7 23 1.9 4.2
Min/Max | 1.9/2.9 2.7/43 3.5/4.7 | 4.0/5.8 4.7/6.7 54/72 | 52/6.6 4.9/63 4.0/57 ) 29/45 17/3.0 1.3/24 | 4.0/4.6
Latitude Average 2.7 35 4.1 4.8 54 5.6 5.6 5.4 4.8 3.9 25 2.0 4.2
Min/Max | 2.0/3.2 2.8/47 3.5/49 | 3.9/58 4.4/63 4966 | 49/6.1 4.7/6.1 4.0/58 | 3.0/48 1834 14/27 | 4.0/45
Latitude +15 Average 2.8 3.6 4.0 4.5 4.7 4.8 4.9 4.9 4.6 3.9 2.6 2.1 4.0
Min/Max | 2.0/3.4 2.8/49 3.3/48 | 3.5/54 3.9/56 43/57| 43/53 4.3/56 3.8/56 | 2.9/48 1835 1.4/29 | 3.743
90 Average 2.6 3.2 3.1 3.0 2.8 2.6 2.7 3.0 3.3 32 2.3 2.0 2.8

Min/Max | 1.8/33  25/4.5 25/39 | 24/35 23/3.1 24/29 | 24/29 27534 27/40 | 23/40 1532 12/2.8 | 2.6/3.1

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 22 33 4.3 5.9 7.2 7.9 7.7 6.9 55 3.8 22 1.7 49
Min/Max | 1.6/2.7 2.6/43 3.6/52 | 45/72 57/89 6.7/9.7 | 6.7/8.7 58/80 4.5/67 | 2947 1629 12/2.1]|4.6/54
Latitude -15 Average 27 3.9 4.8 6.2 73 7.9 7.8 7.2 6.0 4.5 2.6 2.1 53
Min/Max | 2.0/3.3 3.0/5.1 4.0/58 | 4.7/7.7 5.8/9.1 6.6/9.8 | 6.7/8.8 6.0/84 4.9/75| 3.3/56 1.8/3.6 1.4/2.8 | 4.9/59
Latitude Average 3.0 4.1 4.9 6.1 7.1 7.6 75 7.1 6.0 4.7 2.8 22 5.3
Min/Max | 2.1/3.6  3.1/54 4.0/6.0 | 4.6/76 55/89 63/94 | 64/85 59/83 49/76 1 34/59 1839 15730 ) 4.9/59
Latitude +15 Average 3.1 4.1 4.8 5.8 6.6 7.0 7.0 6.7 59 4.7 29 23 5.1

Min/Max | 2.2/38 3.2/56 3.9/59 | 43/7.3 52/83 5.9/8.8 | 6.0/80 56/7.9 4.7/74 | 3.3/59 18/4.1 15732 |4.7/57

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

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

2 -Axis Average 3.1 4.2 4.9 6.2 7.4 8.1 79 73 6.1 4.7 29 23 54
| Min/Max | 2.2/3.8 3256 4.160 | 4.7/77 58/92 68/10.0] 68/9.0 6.1/84 49/7.6| 3.4/59 1941 15335161

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 14 1.8 2.0 2.6 32 3.6 35 32 27 23 14 1.0 24
Horiz Axis Min/Max | 0.8/2.1 1.1/24 12/27 | 1.5/3.7 2.1/46 26/51| 2.7/45 23/40 1838 | 1333 06/2.3 04/1.8 | 2.1/3.0
1-Axis, N-S | Average 0.9 1.5 22 33 4.2 4.7 4.6 4.1 32 22 1.0 0.6 2.7
Horiz Axis Min/Max | 0.5/1.5  09/20 1.4/3.0 | 1.9/47 2.8/6.2 3.4/67 | 3.6/59 3.0/53 22/46 | 1232 04/1.7 03/12 | 2.4/34
1-Axis, N-S | Average 1.5 2.1 2.6 3.5 42 45 44 4.2 3.7 29 1.5 1.0 3.0
Tilt=Latitude | Min/Max | 0.9/2.3  1.3/29 1.6/3.6 | 2.0/5.1 2.8/6.1 3.2/6.3 | 3.5/5.6 3.0/54 24/53| 1.6/41 0.7/2.6 05/1.9 | 2.6/3.7
2-Axis Average 1.6 2.2 2.6 3.6 44 4.8 4.8 44 3.7 29 1.6 1.1 3.1

Min/Max | 0925 1329 16536 | 2.1/51 2964 3569 | 3761 3.1/56 2553 | 1642 0727 0521|2739

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept [ Oct Nov Dec | Year
Temperature (°C) -4.8 -3.1 3.0 9.3 15.2 20.6 227 21.6 17.7 11.4 4.9 -1.7 9.7
Daily Minimum Temp -8.8 -7.4 -1.6 37 9.3 14.8 17.2 16.2 12.1 6.0 0.8 54 4.7
Daily Maximum Temp -0.9 1.2 7.6 14.8 21.1 264 283 27.1 234 16.8 9.2 19 147
Record Minimum Temp | -30.0 -27.2 -25.0 -11.7 -4.4 1.7 6.7 44 -1.7 -6.7 -21.7 -26.7 -30.0
Record Maximum Temp | 20.0 20.6 29.4 328 35.0 40.0 38.3 39.4 37.2 333 27.8 21.1 40.0
HDD, Base 18.3°C 718 601 476 272 129 16 4 12 47 219 402 622 3517
CDD, Base 18.3°C 0 0 0 0 33 84 139 114 29 6 0 0 404
Relative Humidity (%) 71 75 71 66 66 67 70 73 74 72 76 79 72
Wind Speed (m/s) 53 5.0 5.3 5.1 44 4.0 3.6 3.4 3.7 4.2 4.8 5.1 4.5
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 13985

LATITUDE: 37.77° N
LONGITUDE: 99.97° W
ELEVATION: 787 meters

MEAN PRESSURE: 925 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Primary 1 {_
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 2.7 3.6 4.7 5.9 6.5 72 72 6.3 5.1 4.0 2.8 24 4.9
Min/Max | 2.2/3.1 3.0/41 3.7/53)52/65 57/74 62/80 | 63/7.7 54/7.1 4.1/58 | 3.2/47 22/33 1927 | 4.6/5.1
Latitude -15 Average 4.0 4.8 55 6.3 6.5 7.0 7.1 6.6 59 52 4.0 3.6 55
Min/Max | 3.0/49 3.8/5.6 42/64 | 5571 5774 6.0/1.7 | 61/7.6 56/75 45/67 | 3.8/63 3.0/5.0 2.6/45 | 51/59
Latitude Average 4.6 5.3 5.8 6.2 6.1 6.4 6.5 6.4 6.0 5.6 4.6 42 5.6
Min/Max | 3.3/5.8 4.1/6.3 4.3/6.8 | 5.3/7.0 54/69 56/7.1 | 57/70 54/72 4.5/6.8 | 4.0/6.8 3.3/57 29/53 | 5.1/6.0
Latitude +15 Average 5.0 5.5 5.7 5.8 5.4 5.5 5.7 5.8 5.7 5.7 4.8 4.6 54
Min/Max | 3.5/6.3 4.2/6.6 42/67 | 49/6.5 48/6.1 48/6.1 | 50/6.1 49/6.5 42/66| 4.0/7.0 3.5/62 3.1/58 | 4.9/58
90 Average 4.6 4.6 42 35 2.7 25 2.7 32 3.9 4.5 4.3 4.3 37
Min/Max | 3.2/58 3.5/5.6 3.1/49 | 3.1/3.9 25/3.0 23/26| 2528 2835 2844 | 3.0/56 3.0/55 2.8/55 | 3.3/40
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 Tuly Aug  Sept Oct Nov Dec | Year
0 Average 4.1 52 6.5 8.0 8.5 9.5 9.5 8.5 7.1 5.8 4.1 3.6 6.7
Min/Max | 2.9/5.1 3.9/62 4.6/76 | 6.6/89 7.0/10.1 7.8/11.0( 8.0/104 6.9/9.8 52/82 | 4.1/7.2 3.0/52 2.5/4.5 | 6.1/7.2
Latitude -15 Average 5.1 6.1 72 84 8.7 9.4 9.6 8.8 7.7 6.7 5.0 4.5 73
Min/Max | 3.5/64 4.5/74 50/85] 6994 7.1/102 7.7/109| 8.0/10.5 7.1/10.2 5.5/89 | 4.6/84 3.6/6.5 3.1/58 | 6.6/7.8
Latitude Average 5.6 6.5 7.4 8.3 84 9.0 9.2 8.7 7.8 7.0 5.5 5.0 7.4
Min/Max | 3.8/7.1 4.7/1.9 5.1/8.8 | 6.8/94 6.9/99 7.4/105| 7.7/10.1 7.0/10.0 55/9.0 | 4.7/88 3.9/7.1 3.3/6.5 | 6.6/8.0
Average 5.8 6.6 73 8.0 7.9 8.4 8.6 8.2 7.6 7.1 5.7 5.3 7.2

Latitude +15 | Min/Max | 4.0/7.5  48/8.1 50/87 | 65090 64/93 6998 | 7.2/95 6696 5389 | 4789 40774 35/69 | 64/18

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
2. Axis Average 5.9 6.6 7.4 8.4 8.8 9.7 9.7 8.9 7.8 7.1 5.7 5.4 7.6
Min/Max | 4.0/7.6 4.8/81 5.1/88 | 6.9/9.5 7.2/10.3 79/11.2| 8.2/10.7 7.2/10.2 5.6/9.1 | 4.8/89 4.0/74 3.5/7.0 | 6.8/8.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 3.7 3.8 3.8 4.2 43 5.1 5.2 4.5 4.1 4.1 3.5 3.4 4.1
Horiz Axis Min/Max | 2.1/54 22/53 2.0/5.0 | 29/52 3.1/56 35/6.5| 3.9/6.0 3.3/58 23/50 | 2.1/56 2.1/51 1.9/5.0 | 3.4/4.7
1-Axis, N-S | Average 2.8 3.6 4.4 5.5 5.8 6.6 6.8 6.0 5.0 4.2 29 2.5 4.7
Horiz Axis Min/Max | 1.6/42 2.0/4.9 22/57 | 3.8/6.7 4.0/7.6 4.6/8.6 | 52/7.9 4.3/7.5 29/6.1 | 2.2/57 1.8/42 14/3.7 | 39/52
1-Axis, N-S | Average 4.1 4.7 5.1 5.8 5.6 6.2 6.5 6.1 5.5 52 4.0 3.7 52
Tilt=Latitude | Min/Max | 2.3/6.0 2.6/6.4 2.6/6.6 | 4.0/7.1 39/7.4 43/8.1 | 49/7.6 43/7.6 32/68 | 27/7.1 25/59 20/54 | 4.3/59
2. Axis Average 4.4 4.8 5.1 5.9 5.9 6.8 7.0 6.2 5.5 5.3 4.2 4.0 54

| Min/Max | 25/64  27/6.6  2.6/67 | 40/72  41/7.8  47/88 | 5381 4578 32/68 2712  2.6/62 22/59 | 45/6.1

Average Climatic Conditions

Element Jan Feb Mar | Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -12 1.7 6.4 12.6 17.9 23.6 26.8 257 20.6 14.2 6.2 0.3 12.9
Daily Minimum Temp -1.7 -5.2 -0.9 5.2 11.1 16.6 19.7 18.7 13.7 6.8 -0.5 -6.0 59
Daily Maximum Temp 5.3 8.5 137 20.0 24.6 30.6 33.9 32.6 27.4 215 12.9 6.6 19.8
Record Minimum Temp | -25.0 -26.1 -26.1 -9.4 -33 5.0 7.8 8.3 -1.7 -8.3 -17.8 294 | -294
Record Maximum Temp | 26.7 29.4 339 37.8 38.9 422 42.8 41.7 41.1 35.6 32.8 30.0 42.8
HDD, Base 18.3°C 606 467 371 179 66 4 0 0 22 141 363 560 2778
CDD, Base 18.3°C 0 0 0 8 52 161 263 230 88 12 0 0 814
Relative Humidity (%) 66 65 61 58 63 60 55 58 62 58 64 67 61
Wind Speed (m/s) 59 6.0 6.7 6.7 6.3 6.0 5.8 5.5 58 | 58 5.9 5.9 6.0
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Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation
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LONGITUDE: 101.

WBAN NO. 23065

37° N
70°W

ELEVATION: 1124 meters
MEAN PRESSURE: 888 millibars

21 .
STATION TYPE: Secondary
1 ~+
1961-1990 Average
0 A+——t—t——t—t——t———
J F M A MJI J A S O N D VY
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 2.5 33 4.5 5.7 6.3 7.2 7.1 6.3 5.1 3.9 2.7 22 4.7
Min/Max | 2.2/2.8 29/3.6 3.8/49 | 5.2/6.3 57/7.3 62/8.1 | 6.4/7.8 58/7.1 4.0/57 | 3.1/44 2.3/3.1 20724 | 4.5/50
Latitude -15 Ayerage 39 4.6 54 6.2 6.4 7.0 7.0 6.7 6.0 53 4.0 36 55
Min/Max | 3.2/4.6  39/5.1 4.4/6.2 (5.6/7.0 57/73 6.1/79 | 63/7.7 6.1/75 45/6.7| 3.7/6.1 3.3/49 32/4.1 | 52/58
Latitude Average 4.5 5.1 5.7 6.1 6.0 6.4 6.5 6.4 6.1 5.7 4.6 42 5.6
Min/Max | 3.7/54 42/57 45/65 | 54/69 53/69 56/7.2 | 59/7.1 59/73 45/69 | 3.9/6.7 3.6/56 3.7/4.8 | 52/5.9
Latitude +15 Average 49 5.3 5.6 5.7 53 5.5 5.6 5.8 5.8 5.8 4.8 4.6 54
Min/Max | 3.9/59 4.3/6.0 4.4/65 | 5.0/64 4.7/6.1 4.8/6.1 | 5.1/6.1 53/6.6 4.2/6.6  3.8/6.9 3.8/6.0 3.9/53 | 5.0/5.7
90 Average 4.6 4.6 4.3 3.6 2.8 2.6 2.8 33 4.0 4.7 44 44 3.8
Min/Max | 3.6/55 3.7/53 33/50 | 3.2/39 25/3.2 2.4/28 | 2.6/3.0 3.0/37 2946 | 3.0/56 3.3/54 3.75.1 | 3.5/4.1
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 39 4.9 6.4 7.9 8.4 9.6 9.6 8.7 7.3 59 4.1 34 6.7
Min/Max | 3.2/4.6 4.1/56 4.9/74 | 6.8/9.1 7.3/10.0 8.0/11.3| 84/11.0 7.7/10.1 5.3/8.5 | 4.0/7.1 3.2/49 3.0/4.0 | 6.2/7.1
Latitude -15 Ayerage 4.9 59 7.1 83 8.6 9.6 9.7 9.1 8.0 6.9 5.0 45 7.3
Min/Max | 3.9/6.0 4.8/6.7 54/84 | 7.1/9.7 74/102 79/11.3| 84/11.1 8.0/10.5 57/93 | 45/83 3.9/62 3.9/52 | 6.8/7.8
Latitude Average 5.4 6.3 7.3 83 8.3 9.2 9.4 8.9 8.0 7.2 55 4.9 7.4
Min/Max | 4.3/6.6 5.1/7.2 55/86 | 7.1/9.6 7.2/9.9 7.6/109| 8.1/10.7 7.8/10.4 57/9.4 | 4.6/8.8 4.2/6.8 4.3/58 | 6.8/7.9
Latitude +15 Average 57 6.4 72 8.0 7.8 8.6 88 85 7.9 7.3 57 53 73
Min/Max | 4.5/7.0 5.1/74 54/8.6 | 6.8/93 6.8/9.3 7.1/10.1| 7.6/10.1 7.4/9.9 55/9.2 | 4.6/8.9 4.3/7.1 4.5/62 | 6.7/1.8
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
2_Axis Ayerage 57 6.4 7.3 8.4 8.7 9.9 9.9 9.1 8.1 7.3 57 53 7.7
Min/Max | 4.5/7.1 52/74 55/86 | 7.2/9.8 75/103 8.1/11.6| 8.6/11.3 8.0/10.6 57/9.4 | 4.7/89 4.3/72 4.6/63 | 7.1/8.2
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 3.6 37 37 4.2 4.3 5.4 54 4.9 4.4 4.4 3.6 35 4.2
Horiz Axis | Min/Max | 2.5/4.8 2.7/46 2.3/4.8 | 3.1/53 3.3/57 3.8/7.0 | 43/67 3.9/62 2555 | 2.0/57 2.4/48 2.8/44 | 3.7/4.7
1-Axis, N-S | Average 2.7 34 43 5.5 5.8 7.1 7.1 6.4 5.4 44 2.9 24 4.8
Horiz Axis Min/Max | 1.9/3.6 25/43 25/56 | 4171 45/76 4992 57/90 51/82 3.1/68 ) 2.1/59 1.9/3.8 1932 | 4.2/53
1-Axis, N-S | Average 4.0 4.5 5.0 5.8 5.7 6.6 6.8 6.6 6.0 5.6 4.1 3.7 5.4
Tilt=Latitude | Min/Max | 2.8/5.3 3.3/57 3.0/6.5 | 43/74 4.4/74 47187 | 54/86 52/83 3.5/7.6| 2.6/73 2.7/55 3.0/4.8 | 4.7/59
2-Axis Average 42 4.6 5.1 59 6.0 7.2 7.3 6.8 6.0 5.6 4.3 4.0 5.6
Min/Max | 3.0/5.7 3.4/58 3.0/6.6 | 44/15 4.6/78 51/94 | 58/93 53/86 3.5/7.7| 2.6/74 28/58 32/52|49/6.2
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 2.0 0.1 39 9.7 15.0 20.7 24.2 229 17.8 11.2 37 -14 10.5
Daily Minimum Temp 93 272 -3.7 1.8 7.6 12.9 16.3 15.1 10.0 3.1 -35 -8.3 2.9
Daily Maximum Temp 53 7.4 11.5 17.6 22.4 28.6 32.1 30.7 25.6 19.2 10.9 5.6 18.1
Record Mimimum Temp | -32.2 -30.0 -289 -17.8 -6.1 -0.6 5.6 33 7.2 -12.2 -24.4 -32.8 -32.8
Record Maximum Temp | 26.1 272 317 35.6 372 42.8 439 43.3 40.6 35.6 30.6 283 439
HDD, Base 18.3°C 631 510 446 258 117 18 0 6 60 222 438 612 3319
CDD, Base 18.3°C 0 0 0 0 14 90 183 147 43 0 0 0 477
Relative Humidity (%) 66 66 63 59 64 60 58 60 60 57 65 66 62
Wind Speed (m/s) 5.7 5.6 6.4 6.6 6.1 57 55 5.1 54 5.3 54 55 5.7
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WBAN NO. 13996

Variability of Latitude Fixed-Tilt Radiation

B
k]
E
=
LATITUDE: 32.07° N = +
LONGITUDE: 95.63° W S :
ELEVATION: 270 meters 3
MEAN PRESSURE: 985 millibars ﬂ;
z
c
STATION TYPE: Secondary S
1 e
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 | 2.3 3.0 4.0 5.1 5.9 6.5 6.6 5.8 4.6 3.5 24 1.9 43
Min/Max | 1.8/2.6 2.6/3.6 3.0/4.6 | 43/6.0 5.1/6.8 58/73 | 57/7.5 4.8/64 33/56 | 2.94.1 1928 17723 | 4.1/4.7
Latitude -15 | Average | 3.4 4.0 4.7 5.5 5.9 6.3 6.5 6.1 53 4.6 3.4 29 49
Min/Max | 2.5/42 33/50 34/56 | 4.6/65 5.1/69 57/72 | 56/74 5.0/69 3.6/6.6| 3.6/54 2542 24/38|45/54
Latitude Average | 39 44 49 5.4 55 5.8 6.0 5.9 54 4.9 3.8 3.4 49
Min/Max | 2.7/49 3.5/56 3.4/58 | 45/64 4.7/65 52/65| 52/6.8 4.8/6.6 3.6/6.8 | 3.8/59 2.7/48 2.7/44 | 4.5/55
Latitude +15 | Average | 4.2 45 4.7 5.0 49 5.0 53 53 52 49 4.0 3.6 47
Min/Max | 2.9/5.3 3.5/58 3.3/57 | 4.1/59 4.2/58 4.6/56 ] 45/6.0 43/6.0 3.4/6.6 | 3.7/60 2.8/51 2.8/4.8 | 43/53
90 Average | 3.9 39 3.5 31 2.6 25 2.6 3.1 3.6 4.0 3.5 34 33
Min/Max | 2.6/4.9 2.9/50 2.4/4.2 | 2.6/3.6 24/30 23/2.6 | 23729 2.6/34 2.3/45| 2949 24/46 25/4.6 | 2.9/37
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 43 5.4 6.7 7.6 8.4 8.7 78 6.3 5.0 3.4 2.8 5.8
Min/Max | 2.3/42  3.3/55 3.7/64 | 53/83 6.3/9.1 7.2/10.0| 7.2/10.3 6.1/9.0 3.9/83 | 3.8/6.2 24/43 2.3/3.6 | 54/6.6
Latitude -15 | Average | 4.2 5.0 5.9 7.1 7.7 8.4 8.8 8.1 6.9 5.8 4.1 3.5 6.3
Min/Max | 2.8/5.3 3.9/6.6 4.0/7.2 | 5.5/88 6.4/92 7.2/10.0| 7.2/10.3 6.3/9.3 42/9.1 | 4.3/72 28/53 2847|5772
Latitude Average | 4.6 5.3 6.1 7.0 75 8.0 8.5 8.0 7.0 6.1 45 3.9 6.4
Min/Max | 3.0/59 4.1/7.0 4.0/73 | 5.4/88 62/90 6.9/9.6 | 7.0/10.0 6.1/92 4.1/92 | 44/7.6 3.0/58 3.0/52 | 5.7/72
Latitude +15 | Average | 4.8 5.4 6.0 6.7 7.0 75 7.9 7.6 6.8 6.1 4.6 4.1 6.2
Min/Max | 32/62 4.1/7.2 39/73 | 5.2/84 58/84 64/9.0 | 65/94 5888 4.0/90 | 44/76 3.1/60 3.1/55 | 55/7.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m2?/day), Uncertainty 9%
LTracker LJ an Feb Mar LApr May June July Aug Sept Oct Nov Dec | Year
9-Axis Average | 4.9 55 6.1 7.1 7.8 8.5 8.9 8.2 7.0 6.1 4.7 4.2 6.6
Min/Max | 3.2/63 4.1/72 4.1/73 | 55/89 6.4/93 7.4/103| 74/10.5 6.3/94 42/92 | 4417 3.1/6.1 3.2/56 | 5.9/15
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 3.0 2.9 3.3 3.6 4.1 44 40 34 34 2.7 25 34
Horiz Axis | Min/Max | 1.54.3 1.8/44 1540 |22/48 24/49 3.0/55| 3.1/58 2.5/49 1552 | 2046 1339 1738 | 28/4.1
1-Axis, N-S | Average 22 2.7 33 43 4.7 5.4 5.8 5.2 4.2 34 22 1.8 3.8
Horiz Axis | Min/Max | 1.1/32  L.6/4.2 1.8/45|28/62 33/64 4.0/74 | 4176 3.3/6.6 17/64 | 2047 1131 1227|3247
1-Axis, N-S | Average | 3.2 3.6 3.9 45 4.6 5.1 5.6 53 47 43 3.1 2.7 42
Tilt=Latitude | Min/Max | 1.7/47 2.1)54 2.0/53 | 2.9/65 32/63 3.7/69 | 4.0/7.3 3.3/6.7 197.1| 2.6/59 1544 18/4.1 ] 35/52
2-Axis Average | 3.5 3.7 39 4.6 4.9 55 6.0 55 4.7 44 3.3 2.9 44
Min/Max | 1.8/5.1 22/5.6 2.0/53 | 3.0/6.6 3.4/6.6 4.0/7.5 | 42/7.8 3.5/69 1.9/7.1 | 2.6/6.0 1.6/47 2.0/44 | 3.7/5.4
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 2.9 0.1 6.4 127 18.1 23.1 25.8 24.6 19.9 135 6.1 -0.7 122
Daily Minimum Temp -8.7 5.7 0.1 6.0 11.8 172 19.8 183 132 6.4 0.0 -6.1 6.0
Daily Maximum Temp 2.8 59 2.8 194 243 29.0 31.8 30.8 26.5 20.6 122 4.7 18.4
Record Minimum Temp | -28.9 -30.6 217 | -122 3.3 6.1 6.1 5.0 -1.7 <12 -167  -322 | -322
Record Maximum Temp | 22.8 28.9 31.7 35.0 36.1 41.7 433 433 42.8 35.6 294 22.8 433
HDD, Base 18.3°C 659 510 368 173 67 3 0 0 31 157 367 589 2925
CDD, Base 18.3°C 0 0 0 5 61 146 233 195 78 7 0 0 724
Relative Humidity (%) 70 69 66 64 69 71 70 71 73 68 71 72 69
| Wind Speed (m/s) | 44 45 53 | 52 4.6 42 38 3.6 37 | 39 43 4.2 43
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L 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 | 2.5 33 4.3 5.4 6.1 6.7 6.8 6.1 49 38 2.6 22 4.6
Min/Max | 2.0/3.0 2.8/3.8 3.2/49 | 4.6/62 54/7.0 60/7.6 | 6.1/7.7 52/6.8 3.8/58 | 3.1/44 2.2/3.1 1.9/26 | 4.3/4.8
Latitude -15 | Average | 3.6 4.3 5.0 5.8 6.1 6.5 6.8 6.4 5.5 4.8 3.7 33 5.2
Min/Max | 2.7/4.8 3.4/52 3.6/5.9 | 4.8/6.8 54/70 58/74 | 6.0/7.6 54/7.1 4.1/6.7] 3.7/57 2.9/47 26/43 | 48/55
Latitude Average | 4.2 4.7 5.2 5.7 5.7 6.0 6.3 6.1 5.6 5.2 42 3.8 52
Min/Max | 3.0/5.6 3.7)57 3.7/6.2 | 4.7/6.7 5.0/6.6 54/6.8 | 56/7.0 5.1/69 4.1)69 | 3.9/62 3.2/54 29/5.1 | 4.8/5.7
Latitude +15 | Average | 4.5 49 5.1 53 5.1 52 5.5 5.6 5.4 53 4.4 4.1 5.0
Min/Max | 3.1/6.1  3.7/6.0 3.5/6.1 | 43/6.2 4.5/58 4.7/58 | 4.9/6.0 4.7/6.3 3.9/6.7| 3.8/63 3.4/58 3.1/5.6 | 4.5/5.5
90 Average | 4.1 4.1 3.7 32 2.6 2.4 2.6 3.1 3.6 42 3.9 3.8 34
Min/Max | 2.7/5.6  3.2/50 2.5/4.4 | 2.6/37 2.4/29 23[2.6 | 24/27 27/34 26/45| 2.9/51 3.0/52 2.8/53 | 3.0/3.8
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 | 3.7 4.6 5.8 7.2 79 8.8 9.1 8.2 6.7 5.4 3.8 32 6.2
Min/Max | 2.6/49 3.5/57 4.1/7.1 [ 5.7/88 6.9/9.4 7.4/103| 8.0/10.6 6.6/9.6 47/84 | 4.0/67 3.0/49 2.5/43|5.7/68
Latitude -15 | Average | 4.5 54 6.4 7.6 8.0 8.7 9.1 8.5 7.2 6.2 4.6 4.0 6.7
Min/Max | 3.1/6.2  4.0/6.7 4.4/7.9 | 59/9.3 6.9/9.6 7.4/10.3| 8.0/10.6 6.8/9.9 5.0/9.2 | 44/7.7 3.5/6.1 3.0/55 | 6.1/74
Latitude Average | 5.0 5.7 6.6 75 7.8 8.4 8.8 8.4 73 6.5 5.0 44 6.8
Min/Max | 3.3/6.8 4.2/72 4.4/8.1 | 5892 6.7/9.3 7.1/9.8 | 7.7/10.2 6.6/9.8 5.0/9.3 | 4.6/80 3.7/6.6 3.3/62 | 6.1/7.5
Latitude +15 | Average | 5.2 5.8 6.5 72 73 7.8 8.3 8.0 7.1 6.5 5.1 4.7 6.6
Min/Max | 3.4/72 4373 4.3/80 | 56/89 6.3/8.7 6.6/92| 72/9.6 6.3/93 4.8/9.1 | 4.58.1 3.8/6.9 3.4/6.6 | 5973
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker r Jan Feb Mar Apr May June July Aug Sept | Oct Nov Dec Year
2-Axis Average | 53 59 6.6 7.6 8.1 8.9 9.3 8.6 73 6.6 5.2 4.7 7.0
Min/Max | 3.5/7.3 43/7.3 4.4/8.1 | 59/93 7.0/97 75/105| 82/10.8 6.8/10.0 5.0/9.3 | 4.6/8.1 3.9/7.0 3.5/6.7 | 6.3/1.7
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 | 3.2 32 33 3.6 38 4.5 4.7 4.3 3.7 3.7 3.1 3.0 3.7
Horiz Axis | Min/Max | 1.6/5.1  1.8/4.5 17/45 | 2.5/51 2951 33/57 | 3.8/62 3.0/55 19/53| 20/50 2.047 19/48 | 3.1/43
1-Axis, N-S | Average 2.5 3.0 3.8 4.7 5.1 5.9 6.3 5.7 4.5 38 2.5 2.1 4.2
Horiz Axis | Min/Max | 1.2/40 1.7/42 2.0/52 | 32/6.7 4.0/69 43/7.6 | 5.0/82 3.9/74 2465 | 2.0/52 1.6/3.8 1.4/35 | 3.6/4.9
1-Axis, N-S | Average | 3.5 4.0 44 5.0 4.9 55 6.0 5.8 5.0 47 35 32 46
Tilt=Latitude | Min/Max | 1.8/57 22/55 2.3/6.0 | 3.3/7.0 3.8/6.7 4.1j7.1 | 4878 3.9/7.5 2.7/72 | 2.5/64 2.3/53 20/52 | 3.9/55
2-Axis Average | 3.8 4.1 4.4 5.0 5.2 6.0 6.4 6.0 5.0 4.8 3.7 34 4.8
Min/Max | 1.9/6.1 22/56 2.3/60 | 34/7.1 4.1y7.1 44/7.7 | 5.1/84 40/17 2712 | 25/65 24/56 22/56 | 4.0/5.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -14 1.6 7.4 13.6 18.7 24.3 274 26.3 21.3 14.8 7.1 0.6 13.4
Daily Minimum Temp 7.1 -4.6 0.9 6.9 124 18.1 21.1 19.9 15.1 8.1 1.1 5.0 72
Daily Maximum Temp 43 7.7 14.0 20.2 249 30.4 33.8 32.6 27.4 214 12.9 6.1 19.7
Record Minimum Temp | -24.4 -29.4 -18.9 -9.4 -0.6 6.1 10.6 8.9 -0.6 -6.1 -172 267 | 294
Record Maximum Temp | 23.9 28.9 31.7 35.6 37.8 43.3 45.0 43.3 41.7 35.0 29.4 28.3 45.0
HDD, Base 18.3°C 612 470 338 154 57 3 0 0 16 123 338 551 2662
CDD, Base 18.3°C 0 0 0 11 67 181 282 246 104 12 0 0 904
Relative Humidity (%) 70 68 64 63 67 64 59 61 67 65 70 72 66
Wind Speed (m/s) 5.4 55 6.2 6.1 5.4 5.2 5.1 49 5.1 52 5.4 5.4 5.4
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LATITUDE: 39.07° N

WBAN NO. 93814

Monthly Radiation (kWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 84.67° W +
ELEVATION: 271 meters
MEAN PRESSURE: 986 millibars
STATION TYPE: Secondary
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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 1.9 2.7 36 4.8 5.7 6.2 6.0 5.5 45 3.3 2.1 1.6 4.0
Min/Max | 1.6/23 2.3/3.3 3.1/4.1 | 3.8/58 4.8/6.6 5.6/7.6 | 53/6.6 4960 4.0/52 | 2.8/4.0 1725 14/19 | 3.8/44
Latitude -15 | Average 2.7 35 42 5.1 5.9 6.1 5.9 5.8 5.1 42 2.8 2.3 45
Min/Max | 2.1/3.3 2.8/44 3.5/48 | 3.9/64 47/67 55174 | 52/66 5.1/64 44/6.1 | 3.3/53 2.0/3.8 18/3.0|4.2/49
Latitude Average 3.0 37 43 5.0 5.4 5.6 5.5 5.6 52 4.5 3.1 2.5 4.5
Min/Max | 2.3/3.8 2.9/49 3.5/5.0 | 3.8/6.3 4.4/63 5.1/68 | 48/6.1 48/62 44/62 | 3.5/57 2.1/42 19/3.4 | 42/49
Latitude +15 | Average 32 3.8 42 4.6 4.8 4.9 4.8 5.1 4.9 45 32 2.7 4.2
Min/Max | 2.4/4.1 2.9/52 3.4/4.9 | 35/58 39/56 4.4/58 | 43/53 44/56 42/6.0| 35/58 2.1/45 20/3.7 | 3.9/4.7
90 Average 2.9 3.3 3.1 2.9 2.6 2.4 2.5 3.0 3.4 3.6 2.7 2.4 2.9
Min/Max | 2.0/3.9 25/4.8 25/3.6 | 22/3.6 22/29 2327 | 23/27 2633 2841 | 2746 1740 17/34 | 2.7/32
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 2.6 3.6 4.7 6.1 72 7.9 7.9 72 6.0 45 2.7 2.1 5.2
Min/Max | 2.0/3.3 2.8/4.7 3.8/56 | 4580 5787 7.1/102| 65/8.8 6.1/8.1 5.1/73 | 3.5/57 19/3.8 16/2.8| 4859
Latitude -15 | Average 32 42 5.1 6.4 7.3 79 7.7 7.5 6.5 52 3.3 2.6 5.6
Min/Max | 24/4.1  3.1/56 4.1/62 | 4.6/85 5889 7.0/102| 65/88 6.3/84 54/80 | 3.9/6.7 2.1/47 19/3.6 | 52/6.4
Latitude Average 3.5 4.4 52 6.4 7.1 7.6 7.4 7.3 6.5 5.4 35 2.8 5.6
Min/Max | 2.5/4.5 32/5.9 42/63 | 45/84 5586 6.7/98 | 62/85 62/83 54/8.1| 4.0/7.0 22/51 2.0/39 | 52/64
Latitude +15 | Average 3.6 45 5.1 6.1 6.7 7.1 7.0 7.0 6.4 55 3.6 2.9 5.4
Min/Max | 2.6/4.7 3.3/6.1 4.1/62 | 43/)8.1 52/8.1 63/9.1 | 588.0 5879 52/80 | 40/7.1 23/53 2.1/42 | 5.0/62
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 3.6 4.5 52 6.5 7.4 8.1 7.9 7.5 6.6 55 3.6 3.0 5.8
Min/Max | 2.6/47 33/6.1 472/63 | 46/85 5890 72/104| 6.6/89 63/85 54/8.1| 4.1/71 23/53 2.1/42 | 53/66
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m2/day), Uncertainty +8%
Tracker ( Jan Feb Mar Apr May June ’ July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.9 22 2.3 2.8 32 3.6 3.5 3.3 3.1 2.9 1.9 1.6 2.7
Horiz Axis | Min/Max | 1.2/2.8 12/3.4 15/3.1 | 1.3/43 2.0/46 2957 | 2.5/44 25/43 2.1/43| 1.8/41 0832 09726 | 2.3/3.4
1-Axis, N-S | Average 1.4 2.0 2.6 3.6 43 4.8 4.6 44 3.7 2.9 1.5 1.1 3.1
Horiz Axis | Min/Max | 0.9/2.1  1.0/32 1635 | 1.7/56 28/6.0 3.9/74 | 3.3/58 3.3/57 26/5.1 | 1.8/41 0.6/2.6 0.6/1.8 | 2.7/3.9
1-Axis, N-S | Average 2.1 2.6 3.0 3.8 42 45 4.4 4.5 42 3.6 2.1 1.7 34
Tilt=Latitude | Min/Max | 1.3/3.1 1.4/42 2.0/4.1 | 1.8/59 2.7/59 3.6/7.0 | 3.1/5.6 3.3/57 29/58 | 23/51 09/3.7 09/2.8 | 2.9/43
2-Axis Average 2.2 2.7 3.1 3.8 4.4 4.9 4.7 4.6 4.2 3.7 2.2 1.8 3.5
Min/Max b.4/3.3 1.4/43  2.0/4.1 | 1.8/6.0 29/62 4.0/7.6 | 3.3/6.0 3.4/59 29/58 | 23/52 1.0/39 1.0/3.0 | 3.0/4.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) 2.2 -0.1 6.1 11.8 172 21.7 239 23.1 19.6 12.8 6.8 0.8 11.8
Daily Minimum Temp -6.9 52 0.6 5.7 11.0 15.6 182 17.2 13.7 6.8 1.8 -3.7 6.2
Daily Maximum Temp 2.6 4.9 11.7 17.9 233 27.8 29.7 28.9 255 18.9 11.8 5.3 17.3
Record Minimum Temp | -31.7 233 -23.3 -7.2 2.8 5.0 8.9 6.7 1.7 -83 -16.7 289 | -31.7
Record Maximum Temp | 20.0 22.8 28.3 31.1 32.8 38.3 389 38.3 36.1 30.6 26.7 23.9 38.9
HDD, Base 18.3°C 636 517 379 197 84 6 0 0 28 182 345 543 2916
CDD, Base 18.3°C 0 0 0 0 48 106 174 148 67 11 0 0 553
Relative Humidity (%) 72 70 67 63 67 69 72 72 73 69 71 74 70
Wind Speed (m/s) 47 4.5 4.9 4.6 38 35 3.1 3.1 32 3.6 42 4.5 4.0
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Monthly Radiation (kWh/m?2/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93820

LATITUDE: 38.03° N

5 ﬁ :

+ LONGITUDE: 84.60° W
a1 ELEVATION: 301 meters
3+ MEAN PRESSURE: 982 millibars
21 :

] STATION TYPE: Secondary
14+
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 2.0 2.8 3.7 49 5.7 6.2 6.0 5.5 44 34 2.2 1.7 4.1
Min/Max | 1.7/2.3  2.5/32 32/4.4 | 4.0/59 4.7/64 5.6/75| 4.9/64 5.0/6.1 4.0/51 | 2.8/42 1.82.6 L1572.1 | 3.8/44
Latitude -15 Ayerage 2.8 3.5 43 52 5.7 6.0 5.9 57 50 43 2.9 24 4.5
Min/Max | 2.1/3.5 29/43 3.5/52 | 4.1/64 47065 55/7.4 | 4.8/64 52/64 4.4/58 | 33/56 2.1/3.8 20/3.1 | 4.2/4.9
Latitude Average 3.1 3.8 44 5.1 54 5.6 55 5.5 5.1 4.6 3.2 27 4.5
Min/Max | 2.3/4.0 3.0/47 3.6/53 | 4.0/63 44/6.1 5167 45/59 50/62 44/60 | 3560 2.2/43 2.1/3.6| 4.2/49
Latitude <15 Ayerage 33 3.8 4.3 4.7 4.8 4.8 4.8 5.0 4.8 4.6 34 2.9 43
Min/Max | 2.3/4.3 3.0/49 34/52 | 3.7/59 3.9/54 44/58 | 4.0/52 4.6/56 42/58 | 34/6.1 22/45 2239 | 4.04.7
90 Ayerage 2.9 32 3.1 2.9 2.5 24 24 2.9 33 37 2.9 2.6 29
Min/Max | 2.0/4.1 25/43 2538 | 2.3/3.6 22/28 2326 | 2.1/2.6 2.6/32 2.8/39 | 2.6/49 1840 1937|2732
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 2.7 37 4.8 6.3 7.3 7.8 7.6 7.1 5.9 4.7 2.9 23 53
Min/Max | 2.1/3.5 2.9/47 3.8/6.1 | 4.6/82 5.6/87 6.8/10.2| 5.9/84 64/83 5.1/7.2 | 3.4/64 2.0/3.9 1.9/3.0| 4.9/6.0
Latitude -15 A_Verage 33 4.2 53 6.6 73 7.8 7.6 7.4 6.4 54 3.5 2.8 5.6
Min/Max | 2.4/44 32/54 4.1/6.7 | 4.8/8.6 5.6/8.8 6.8/10.1| 5.8/85 6.6/8.6 54/7.8 | 3.8/7.3 23/47 22/3.8|52/64
Latitude Ayerage 35 44 54 6.5 7.1 7.5 7.3 7.2 6.4 5.6 3.7 3.1 57
Min/Max | 2.5/4.8 3.3/58 4.1/6.8 | 47/8.6 54/8.5 65/9.7 | 56/8.1 6.4/85 5.4/79 | 4.0/7.7 24/5.1 2.4/42 | 52/6.4
Latitude <15 Average 37 4.5 53 6.2 6.7 7.0 6.9 6.9 6.2 5.6 3.8 32 55
Min/Max | 2.6/5.1 3.3)59 4.0/6.7 | 45/83 5.0/80 6.0/9.1 | 52/7.6 6.1/8.1 52/7.8 | 3.9/7.8 2.4/53 24/44 | 5.1/6.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
rTracker | Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
E—Axis Average 3.7 45 54 6.6 74 8.0 7.7 7.4 6.4 5.7 3.9 32 5.8
Min/Max | 2.6/5.1 3.4/59 4.1/6.8 | 4.8/8.7 5.7/89 6.9/10.4| 59/8.6 6.6/8.7 54/79 | 4.0/7.8 24/53 25/45 | 5.4/6.6
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 1.9 22 24 2.9 32 3.5 34 3.3 2.9 3.0 2.0 1.7 2.7
Horiz Axis | Min/Max | 1.1/32  1.3/33  14/35 | 1444 2043 2756 | 2.0/4.1 2743 2039 1746 0932 1028 | 2.4/3.4
1-Axis, N-S | Average 1.5 2.0 2.8 3.8 4.3 4.7 45 4.3 3.6 3.0 1.7 1.2 3.1
Horiz Axis | Min/Max | 0.9/24 1.2/3.1 1.6/42 | 1.8/58 2.7/59 3.5/7.4 | 2.7/54 3.5/57 25/49 | 1.6/48 07/2.7 08/2.0 | 2.7/3.9
1-Axis, N-S | Average 2.1 2.6 3.2 3.9 4.2 4.4 42 4.4 4.0 3.8 2.3 1.8 34
Tilt=Latitude | Min/Max | 1.2/3.5 1.54.0 1948 | 1.9/6.1 2.6/57 3.3/69 | 2.6/52 3.5/58 2.8/55| 2.0/59 1.0/3.7 L1.1/3.0 | 3.0/4.3
7-Axis Average 2.3 2.7 32 4.0 4.4 4.7 4.5 4.5 4.0 3.8 24 2.0 3.6
Min/Max | 1.3/3.8 1.642 19/48 | 20/62 2.7/60 3.6/7.5] 28/5.6 3.6/60 28/55| 2.1/60 1.1y39 12/33 | 3.1/4.4
Average Climatic Conditions
[Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -0.7 1.4 74 12.7 17.8 22.3 24.3 23.7 20.1 13.7 7.8 22 12.7
Daily Minimum Temp -5.3 -3.7 1.8 6.8 11.9 16.4 18.7 18.0 14.4 7.8 2.8 24 7.3
Daily Maximum Temp 39 6.4 129 18.6 23.5 282 29.9 29.4 25.7 19.6 12.7 6.3 18.2
Record Minimum Temp | -29.4 -26.1 -18.9 -7.8 -3.3 39 8.3 5.6 1.7 -6.7 -194 283 | -294
Record Maximum Temp | 24.4 24.4 28.3 31.1 333 38.3 394 39.4 394 32.8 283 239 394
HDD, Base 18.3°C 589 474 339 173 75 3 0 0 26 159 317 501 2657
CDD, Base 18.3°C 0 0 0 3 58 123 186 167 79 17 0 0 633
Relative Humidity (%) 73 71 66 63 68 69 72 73 73 69 72 74 70
Wind Speed (m/s) 4.4 44 47 | 44 3.7 34 3.0 3.0 3.1 34 4.1 44 38
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93821

LATITUDE: 38.18° N
LONGITUDE: 85.73° W
ELEVATION: 149 meters

MEAN PRESSURE: 1000 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Secondary

1961-1990 Average
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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 2.0 2.8 38 5.0 5.8 6.3 6.1 5.6 4.5 35 22 1.7 4.1
Min/Max | 1.7/23 2.5/34 3.1/44 | 42/58 5.1/68 57/7.8 | 5.1/67 5161 4.0/51 | 2.84.1 1827 15/2.1] 3.9/4.6
Latitude -15 Average 2.8 3.6 44 53 58 6.2 6.0 59 5.1 44 3.0 24 4.6
Min/Max | 2.1/3.3 3.1/4.6 34/52 | 44/63 5.1/6.8 55/7.6| 50/6.6 53/65 4.4/58 | 34/53 22/3.8 1.9/3.3 | 4.3/5.1
Latitude Average 3.1 3.9 435 52 55 57 5.6 57 52 4.7 33 2.7 4.6
Min/Max | 2.3/3.8 3.2/5.1 3.5/54 | 4.2/62 48/64 51/69 | 4.6/6.1 5.1/63 44/59 | 35/57 23/43 2.0/38 | 43/52
Latitude +15 Average 33 4.0 4.4 4.8 4.9 4.9 4.9 5.1 5.0 4.7 34 29 44
Min/Max | 2.3/4.1 3.3/53 3.3/53 | 3.9/58 42/57 44/60 | 4.1/54 4.6/57 4.2/57 | 3.5/58 23/4.6 2.1/4.1 | 4.1/49
90 Average 3.0 34 3.2 3.0 2.6 24 2.5 29 3.4 3.7 29 2.6 3.0

Min/Max | 2.0/3.8 2.7/49 24/39 | 2.4/3.5 23/29 2327 | 2.2/27 2.7/32 2839 | 2.7/46 19/41 1838 | 2.8/33

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 2.7 3.8 49 6.4 74 8.0 7.8 73 6.0 4.7 29 23 54
Min/Max { 2.0/3.3 3.1/49 3.7/6.1 | 5.0/8.0 6.2/92 7.0/10.5| 6.2/8.9 65/82 50/7.0 | 3.5/59 2.1/3.8 1831 | 50/6.2
Latitude -15 Average 33 44 54 6.7 7.5 8.0 7.8 7.5 6.5 54 3.5 2.8 5.7
Min/Max | 2.4/4.1 3.5/58 4.0/6.7 | 5.2/84 6.3/94 7.0/104| 62/89 6.7/85 5.3/7.7| 4.0/68 2.4/4.7 2.1/39 | 5.3/6.7
Latitude Average 3.6 4.6 5.5 6.6 7.2 7.7 7.5 7.4 6.6 5.7 3.8 3.1 5.8
Min/Max | 2.5/4.5 3.7/62 4.0/69 | 5.1/84 6.1/9.1 6.7/10.0| 6.0/8.6 6.5/84 5.3/7.8 | 4.1/72 25/52 22/43 | 53/6.7
Latitude +15 Average 3.7 4.7 5.4 6.3 6.8 7.2 7.1 7.0 6.4 57 39 32 5.6

| Min/Max | 2.5/4.7 3.7/64 3.9/6.8 | 48/8.1 57/86 62/94 | 56/81 62/8.0 52/7.6 | 4.0/72 2553 23/46 | 52/6.6

Solar Badiation 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 3.8 4.7 55 6.7 7.6 8.2 8.0 7.6 6.6 57 3.9 32 6.0
Min/Max | 2.5/47 3.7/64 4.0/6.9 | 5.2/85 63/9.5 7.1/107| 6.3/9.1 6.7/)86 54/7.8 | 4.1/73 25/54 23/47 | 55/1.0

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 2.0 2.4 2.5 3.0 34 37 35 3.4 3.1 3.0 2.1 1.7 2.8
Horiz Axis Min/Max | 1.0/28 15/33 14/3.6 | 1.6/43 23/49 27/59 | 23/45 2.7/43 22/40| 17/42 1.0/33 1.0/3.0 | 24/3.7
1-Axis, N-S | Average 1.5 22 2.8 3.8 44 4.9 4.7 4.5 3.7 3.0 1.7 1.2 32
Horiz Axis Min/Max | 0.8/2.1 1.4/3.1 1.6/42 | 2.1/56 3.0/65 3.6/7.8 | 3.1/59 3.6/55 2.6/49 | 1.7/43 0827 0.7/2.0 | 2.8/4.2
1-Axis, N-S | Average 22 29 33 4.0 4.3 4.6 4.4 4.5 4.1 3.8 2.3 1.9 35
Tilt=Latitude | Min/Max | 1.1/3.1 1.9/4.1 1.9/48 | 2.3/5.9 29/63 34/73 | 29/57 3.6/56 2954 | 2.1/53 11/38 1.1/3.1 | 3.0/4.6
2 Axis Average 23 29 33 4.1 4.6 4.9 4.8 4.7 42 3.8 25 2.0 37

| Min/Max | 1.2/3.3  1.9/42 1.9/48 | 23/60 3.1/67 3.7/79 | 32/61 3.7/58 2.9/54 | 2.2/54 12/40 12/3.4 | 3.2/48

Average Climatic Conditions

Element | Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -0.2 2.1 79 13.5 18.5 229 251 243 20.8 14.2 8.4 27 13.4
Daily Minimum Temp -4.9 -3.1 2.3 7.4 12.6 17.2 19.6 18.8 14.8 77 29 -1.9 7.8

Daily Maximum Temp 4.6 7.1 13.5 19.6 24.4 28.6 30.6 29.8 26.8 20.7 13.8 7.3 18.9
Record Minimum Temp | -28.9 -28.3 -18.3 -5.6 -0.6 5.6 10.0 7.8 0.6 -5.0 -18.3 -26.1 -28.9
Record Maximum Temp | 25.0 25.0 30.0 32.8 35.0 38.9 40.6 383 40.0 333 28.9 24.4 40.6
HDD, Base 18.3°C 573 456 322 152 58 3 0 0 20 141 298 484 2508
CDD, Base 18.3°C 0 0 0 7 64 140 210 186 95 14 0 0 716

Relative Humidity (%) 69 68 64 61 67 69 71 72 73 70 69 70 69
Wind Speed (m/s) 4.2 42 4.5 4.3 3.6 3.4 3.0 3.0 3.0 3.3 39 4.2 37
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WBAN NO. 13970
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LATITUDE: 30.53° N
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ELEVATION: 23 meters
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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 3.5 44 54 59 6.0 5.7 54 4.8 43 3.0 25 4.5
Min/Max | 2.2/3.1  3.0/4.1 3.8/52 | 4.6/6.6 5.3/6.9 5.0/6.8 | 5.1/6.7 4.8/63 4.0/54 | 34/49 24/34 22/30 | 4.2/4.6
Latitude -15 Average 32 4.0 4.8 5.6 59 5.9 5.6 5.6 52 5.0 3.7 3.1 4.8
Min/Max | 2.6/4.0 3.4/4.8 4.0/58 | 4.7/69 5.2/6.8 49/6.6 | 5.0/6.6 49/64 43/59 | 3.8/58 2.7/43 2639 | 4.5/50
Latitude Average 3.6 44 5.0 55 5.5 55 5.3 54 52 53 4.1 3.6 4.9
Min/Max | 2.8/4.6 3.6/54 4.1/6.1 | 4.6/6.8 5.0/6.4 4.5/6.1 | 4.7/62 4.7/62 43/60 | 4.0/63 2.8/49 2.8/45 | 4.6/5.1
Latitude +15 Average 3.8 4.5 4.9 5.1 4.9 4.7 4.6 4.9 5.0 54 44 38 4.7
Min/Max | 2.9/49  3.6/5.6 4.0/6.0 | 43/63 4.4/56 3.9/52 | 42/54 43]57 42/58 | 40/65 2.9/52 3.0/49 | 4.4/49
90 Average 32 34 32 27 2.1 1.9 1.9 24 3.0 3.9 3.6 33 2.9
Min/Max | 2.4/43  2.7/43 26039 | 23/3.1 2023 1719 | 1821 2.1/2.6 2.6/3.5 | 2.8/47 22/44 2.5/44 | 27/3.0
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 35 4.6 5.7 6.9 74 7.6 7.0 6.8 6.2 58 4.1 34 5.8
Min/Max | 2.7/44  3.7/57 4.6/73 | 5392 63/9.1 62/9.0 | 6.0/84 5882 4973 | 43/72 2749 27/43 | 54/6.0
Latitude -15 Ayerage 39 50 6.1 7.1 14 735 7.0 6.9 6.5 6.3 4.6 3.8 6.0
Min/Max | 3.0/5.1 4.0/6.3 4.8/7.8 | 54/9.5 6.3/9.1 6.1/89 | 6.0/84 5984 51/76| 4.6/7.8 29/5.6 3.0/49 | 5.6/6.3
Latitude Ayerage 4.2 53 6.2 7.0 72 7.2 6.7 6.8 6.5 6.6 4.9 4.2 6.1
Min/Max | 3.2/5.5 4.1/6.7 4.9/8.0 | 54/94 6.1/89 59/8.5 | 57/8.1 58/82 51/7.7| 47/82 3.1/60 3.2/54 | 5.6/6.4
Latitude +15 Average 4.4 54 6.1 6.7 6.8 6.7 6.3 6.4 6.4 6.7 5.1 44 59
Min/Max | 3.2/5.8 4.2/6.8 4.8/79 | 5.1/9.1 57/83 55/7.9 | 53/7.6 55/1.8 50/7.6 | 47183 3.1/63 3.3/5.& 5.5/6.2
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-Axis Average 44 54 6.2 7.1 75 7.6 7.1 6.9 6.6 6.7 5.1 4.5 6.3
Min/Max | 3.3/59 4.2/6.8 4980 |55/9.5 64/93 62/9.1 | 6.0/85 5984 52/77| 4783 3.1/63 3.3/5.9 | 5.8/6.6
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, BE-W | Average 24 2.8 3.0 33 34 34 3.1 3.0 3.0 3.6 2.8 2.6 3.0
Horiz Axis Min/Max | 1.5/3.7 1.8/4.0 1.9/44 | 22/53 2.4/49 24/45 | 22/42 23/43 20/39 | 2.1/50 12/38 16/3.8|2.7/3.3
1-Axis, N-S | Average 2.1 2.9 3.6 43 4.5 4.4 3.9 4.0 37 3.9 2.6 2.1 3.5
Horiz Axis Min/Max | 1.3/3.2 1.9/4.1 2.3/54 | 2.7/7.0 3.2/6.5 3.2/59 | 2.8/54 29/56 24/50| 2.3/55 1.1/35 L13/3.1] 3.1/3.8
1-Axis, N-S | Average 2.7 35 4.0 44 43 4.1 3.7 3.9 4.0 4.6 33 2.8 3.8
Tilt=Latitude | Min/Max | 1.7/4.1  23/49 25/60 | 27/7.2 3.0/63 3.0/55| 2.7/51 29/56 26/54 | 27/64 14/44 17/4.1 | 3.3/4.1
2 Axis Average 2.9 3.6 4.0 4.5 4.6 45 4.0 4.0 4.0 4.6 34 3.0 3.9
Min/Max | 1.8/44 2.4/50 25/6.0 | 28/73 32/6.6 32/6.0| 2955 3.0/58 26/54 | 2.7/65 14/46 19/45 | 3.5/43
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.9 11.7 16.3 20.5 24.1 26.9 279 277 25.6 20.3 15.6 11.6 19.8
Daily Minimum Temp 42 5.8 10.1 14.4 18.2 21.3 229 22.6 204 13.9 9.4 5.8 14.1
Daily Maximum Temp 154 17.6 224 26.6 29.8 325 33.0 32.8 30.8 26.7 21.6 17.4 25.6
Record Minimum Temp | -12.8 -6.7 -6.7 0.0 6.7 11.7 14.4 15.0 6.1 0.0 -6.1 -133 | -13.3
Record Maximum Temp | 27.8 29.4 328 333 36.7 394 38.3 38.9 37.2 344 30.6 294 394
HDD, Base 18.3°C 272 192 94 15 0 0 0 0 0 27 109 218 927
CDD, Base 18.3°C 11 7 31 80 177 258 298 291 218 88 26 9 1494
Relative Humidity (%) 74 71 70 71 72 74 77 78 77 73 75 75 74
Wind Speed (m/s) 38 40 4.1 3.9 34 29 26 24 29 29 3.4 36 | 33
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 03937 g
. i}
E
S
LATITUDE: 30.12° N = +
LONGITUDE: 93.22° W s
ELEVATION: 3 meters =
MEAN PRESSURE: 1016 millibars T
_ g 24
STATION TYPE: Primary 2
T 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 | 2.7 3.6 4.5 5.4 6.0 6.3 6.0 5.6 5.0 4.3 32 2.6 4.6
Min/Max | 2.1/3.3  3.1/4.1 3.6/52 | 45/6.6 52/7.1 54/72 | 5.3/6.8 4.7/63 43/56 | 3.4/50 2.4/37 23/3.0 | 45/48
Latitude -15 | Average | 3.3 4.1 4.9 55 6.0 6.2 5.9 5.7 5.4 5.0 3.9 3.2 4.9
Min/Max | 2.5/4.1 3.4/4.9 3.8/58 | 4.6/69 52/7.0 52/69 | 52/6.6 4.7/65 4.6/6.1 | 3.8/58 2.6/4.6 28/38 | 47/51
Latitude Average | 3.7 4.5 5.1 5.4 5.6 5.7 55 5.6 5.4 5.4 43 3.7 5.0
Min/Max | 2.8/47 3.6/54 39/6.1 | 45/68 49/6.6 4.8/64 | 4.8/62 4.6/62 4.6/62 | 39/63 2.8/53 3.1/44 | 48/52
Latitude +15 | Average | 3.9 4.6 4.9 5.1 5.0 5.0 49 5.1 52 54 4.6 3.9 4.8
Min/Max | 2.9/5.1 3.6/56 3.8/6.0 | 4.2/6.3 4.4/58 42/55 | 4.3/54 4.2/57 4.4/60 | 3.9/64 2.8/5.7 3.3/4.8 | 4.6/5.0
90 Average | 3.2 3.5 32 26 2.1 1.9 2.0 2.4 3.1 3.9 3.7 34 29

Min/Max | 2.4/43 2.7/43 24/3.9 | 2.3)3.1 2.0/23 1820 | 1.8/20 2.126 27/3.6 | 2746 2.1/48 2.8/42 | 2.8/3.1

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 6.8 75 79 7.4 7.1 6.4 58 43 3.4 5.9
Min/Max | 2.6/4.6 3.8/58 43/74]53/9.0 63/94 65092 | 63/87 5682 53/75| 42/7.1 2.6/53 2.8/42 | 55/6.2
Latitude -15 Average 4.0 5.2 6.1 6.9 75 7.8 7.3 7.2 6.7 6.3 4.8 3.9 6.1
Min/Max | 2.9/52 4.1/64 45/78 | 54/93  63/94 649.1 | 6386 56/84 5579 | 44/77 28/60 32/4.8 | 5865
Latitude Average 4.3 54 6.2 6.9 72 75 7.0 7.0 6.8 6.6 52 4.3 6.2
Min/Max | 3.1/5.7 4.2/6.8 4.6/8.0 |53/92 60/9.1 62/87 | 6.1/83 55/82 5.6/80 | 4.6/81 29/6.6 3.5/53 | 59/6.6

Latitude +15 | Average | 4.5 55 6.1 6.6 6.8 6.9 6.6 6.7 6.6 6.6 53 45 6.1
Min/Max | 3.2/6.0 42/69 45/80 | 5.1/88 5.7/85 5.78.1 | 57/78 52/1.8 54/78 | 4581 3.0/68 3.6/56 | 5.7/6.4

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

3-Axis Average 4.5 55 6.2 7.0 75 7.9 7.4 72 6.8 6.7 54 4.5 6.4
Min/Max | 3.3/6.0 4.3/6.9 4.6/8.1 | 54/93 63/95 6.6/9.3 | 64/8.8 57/84 5.6/80 | 4.6/82 3.0/69 3.7/57 | 6.0/6.8

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 2.4 2.9 2.9 3.1 3.3 3.6 3.2 3.0 3.1 35 3.0 2.6 3.0
Horiz Axis Min/Max | 1.4/3.8 1.7/40 1.8/43 | 1.9/50 24/50 26/4.6 | 25/43 20/39 21/40| 1.9/48 10/45 18/3.6| 2.8/34
1-Axis, N-S | Average 2.1 3.0 35 4.1 43 4.6 4.1 4.0 3.8 3.8 2.8 2.1 35
Horiz Axis Min/Max | 1.3/3.3 19/42 2.1/54 | 2.5/67 3.1/6.6 3.4/60 | 3.2/5.6 2.6/52 2.7/52 | 2.1/53 09/4.1 1.4/3.0 | 3.1/4.0
1-Axis, N-S | Average 2.7 3.6 3.9 4.1 4.1 4.3 3.9 3.9 4.1 4.4 35 2.8 3.8
Tilt=Latitude | Min/Max | 1.6/43 22/5.0 23/59 | 2.5/68 29/63 3.1/5.6 | 3.0/53 2.5/5.1 2.8/55 | 2.4/6.1 1.1/52 1.9/3.9 | 3.3/4.3
2-Axis Average 2.9 3.7 39 42 44 4.7 4.1 4.1 4.1 4.5 3.7 3.0 39

Min/Max | 1746 23/5.1  23/59 | 2.6/69 3.1/67 3461 | 33/57 2653 2855 | 24/62 12/54 2.1/43 | 3545

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov  Dec | Year
Temperature (°C) 10.2 12.1 15.9 20.2 23.8 26.8 27.9 277 254 20.6 15.8 11.9 19.9
Daily Minimum Temp 5.1 6.7 104 14.8 18.7 22.0 23.1 22.8 20.3 14.4 10.0 6.4 14.6
Daily Maximum Temp 154 17.4 21.5 255 28.9 317 327 327 30.4 26.8 21.6 17.4 25.2
Record Minimum Temp 9.4 5.6 -3.9 1.1 9.4 13.3 16.1 16.1 83 0.0 -5.0 -11.7 -11.7
Record Maximum Temp | 27.8 28.3 30.0 35.0 35.6 37.2 38.9 383 36.7 33.3 30.6 27.8 38.9
HDD, Base 18.3°C 259 182 99 22 0 0 0 0 0 19 107 208 898
CDD, Base 18.3°C 8 7 25 71 171 255 296 291 212 90 31 10 1472
Relative Humidity (%) 79 71 76 76 71 78 80 80 79 76 77 79 78
| Wind Speed (m/s) 4.4 4.6 4.6 4.5 3.9 34 | 29 2.7 3.2 3.4 4.1 4.4 3.8
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 12916

1t LATITUDE: 29.98° N
LONGITUDE: 90.25° W

ELEVATION: 3 meters

MEAN PRESSURE: 1017 millibars

Monthly Radiation (kWh/mz2/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 | 2.7 3.6 45 5.5 6.1 6.1 5.7 55 4.9 43 3.1 2.6 4.6
Min/Max | 2.3/32 3.0/4.2 3.8/52 ] 4.7/66 53/7.0 50/7.1| 53/66 47/6.1 43/55| 3.7/50 23/3.6 23/3.0 ]| 4.3/4.8

Latitude -15 | Average | 3.3 4.2 4.9 5.7 6.0 6.0 5.7 5.6 5.3 5.0 3.8 32 4.9
Min/Max | 2.6/4.1 33/50 4.0/58 | 48/69 53/7.0 48/6.9 | 52/65 4.7/63 4.6/6.0 | 4.1/58 2.5/44 28/39 | 4.6/5.1

Latitude Average | 3.7 45 5.0 5.6 5.7 5.5 5.3 5.4 53 53 43 3.7 5.0
Min/Max | 2.8/47 3.5/55 4.1/6.1 | 47/6.8 5.0/6.6 4.5/63 | 4.8/6.1 45/6.1 4.6/6.1 | 43/63 2.7/51 3.1/4.6 | 47/5.2

Latitude +15 | Average | 3.9 46 49 53 5.1 4.3 4.7 4.9 5.1 5.4 45 3.9 4.3
Min/Max | 2.8/5.1 3.6/57 4.0/6.0 | 44/63 4.4/58 4.0/54 | 43/53 4.1/55 4.4/59 | 43/65 2.7/54 3.3/49 | 4550

90 Average | 3.3 3.5 3.2 2.7 2.1 L8 19 2.3 3.0 3.9 3.7 34 2.9
Min/Max | 2.3/44 27/44 2.6/39|23/3.0 1922 17/1.9| 1820 2.1/25 2735]| 3.047 2.1/45 2744 27/3.0

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 | 3.6 4.7 5.8 7.1 7.7 7.6 7.0 6.8 6.3 5.8 4.2 3.5 58
Min/Max | 2.7/4.6  3.6/6.0 4.5/7.2 | 57/9.1 65/9.3 58/93 | 63/83 55/7.9 52/74| 4.6/71 2.6/50 2843 5.5/6.2

Latitude -15 Average 4.0 5.2 6.1 7.3 1.7 7.5 6.9 6.9 6.6 6.3 4.7 39 6.1
Min/Max | 3.0/5.2 3.9/6.6 4.8/7.6 | 58/93 65/93 5809.1 | 62/82 5580 54/7.7| 4978 2.8/57 3.2/50 | 5.7/6.5

Latitude Average | 4.3 5.5 6.3 7.3 74 7.2 6.7 6.7 6.6 6.6 5.1 43 6.2
Min/Max | 3.1/5.7 4.1/7.0 4.8/7.8 | 58/93 6.3/90 55/88 | 6.0/79 5479 54/78| 5.1/8.1 2.9/6.1 3.4/55| 5.8/6.6

Latitude +15 | Average | 4.5 5.6 6.2 7.0 7.0 6.7 6.2 6.4 6.5 6.7 53 45 6.0

Min/Max | 32/60 4.1/7.1 4.7/78 | 55/89 59/85 5.1/8.1 | 5.6/74 5175 53/7.6| 51/82 29/64 3.6/58 | 5.6/64

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 Axis Average 4.5 5.6 6.3 7.3 7.8 7.7 7.0 6.9 6.6 6.7 5.3 4.5 6.4
Min/Max | 3.2/6.1 42/72 48/79 | 59/94 66/94 5894 | 63/84 5581 54/78 | 52/82 29/64 3.6/59 ) 59/68

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, EW | Average | 24 2.9 3.0 35 3.6 35 3.0 3.0 3.0 3.6 2.9 2.6 3.1
Horiz Axis Min/Max | 1.2/3.8  1.8/42 1.9/42 | 2.2/5.1 2.7/50 20/49 | 2.4/42 1839 21)40| 24/49 104.0 1.873.7 ] 2.8/35
1-Axis, N-S | Average 2.1 3.0 3.6 4.5 4.8 4.5 3.9 39 38 3.9 27 2.1 3.6
Horiz Axis Min/Max | 1.1/3.3 1.9/44 2.2/51 | 29/6.8 3.5/6.7 26/63 | 3.1/53 23/51 25/50| 2.6/54 0937 14/3.1]| 3.1/40
1-Axis, N-§ | Average 2.7 3.6 4.0 4.6 4.6 42 3.6 3.8 4.0 45 34 2.8 3.8
Tilt=Latitude| Min/Max | 1.4/42 2.3/53 25/56 | 3.0/69 34/64 24/59 | 2.9/50 2.3/5.1 2.7/53 | 3.0/63 11/46 19/4.1 | 3.4/4.3
2_Axis Average 2.9 3.7 4.0 4.7 4.8 4.5 39 39 4.1 4.6 3.6 3.0 4.0
Min/Max | 1.5/4.6 2.3/54 25/57|3.0/7.1 3.6/6.7 2.6/64 | 3.2/53 24/52 27/53 | 3.0/63 12/49 20/44 | 35/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 10.7 12.4 164 203 23.8 26.7 27.7 27.5 25.6 20.6 16.2 12.5 20.1
Daily Minimum Temp 54 6.9 10.9 14.7 18.4 21.6 22.8 22.7 20.8 14.8 10.6 7.1 14.7
Daily Maximum Temp 16.0 17.8 22.0 25.8 29.1 31.8 32.6 323 30.3 26.3 21.7 17.9 25.3
Record Minimum Temp | -10.0 -7.2 -3.9 0.0 5.0 10.0 15.6 15.6 5.6 1.7 4.4 -11.7 -11.7
Record Maximum Temp | 28.3 294 317 333 35.6 37.8 383 38.9 38.3 333 30.6 28.9 38.9
HDD, Base 18.3°C 250 176 90 16 0 0 0 0 0 17 99 194 841
CDD, Base 18.3°C 14 9 31 74 169 250 291 284 218 87 34 13 1475
Relative Humidity (%) 76 73 73 73 74 76 79 79 78 75 71 77 76
Wind Speed (m/s) 4.0 4.3 4.2 4.1 3.6 3.0 2.6 2.6 3.1 33 3.8 4.0 35
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 13957

LATITUDE: 32.47° N
LONGITUDE: 93.82° W
ELEVATION: 79 meters

MEAN PRESSURE: 1008 millibars

Monthly Radiation (kWh/m?/day)
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STATION TYPE: Secondary
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1 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 4.4 5.4 6.0 6.4 6.4 6.0 5.0 4.1 3.0 2.5 4.6
Min/Max | 2.2/3.1 3.0/3.9 3.8/54 | 4.6/6.6 52/70 54/7.1 | 58/74 53/65 4.0/55| 3.3/48 23/34 2.1/2.8 | 4.4/49
Latitude -15 Average 34 4.1 4.9 5.6 6.0 6.3 6.3 6.2 5.4 4.9 37 32 5.0
Min/Max | 2.7/42 3.5/4.8 4.1/62 | 47/69 52/7.0 53/68 | 5.8/7.2 5.4/6.7 42/60| 3.8/58 2.6/44 2.6/3.8 | 4.8/53
Latitude Average 3.8 4.5 5.1 55 5.7 5.8 5.9 6.0 55 52 4.2 3.7 5.1
Min/Max | 2.9/4.8 3.7/53 4.2/65 | 4.6/6.8 49/6.6 4.8/63 | 54/67 53/64 42/62 | 39/63 28/5.1 29/45 )| 4.8/54
Latitude +15 Average 4.0 4.6 5.0 5.1 5.0 5.0 5.2 55 53 53 4.4 39 4.9
Min/Max | 3.0/5.2 3.7/55 4.1/6.4 | 43/63 44/58 42/54 | 48/58 4.8/59 4.0/59 | 3.9/64 28/54 3.0/49 | 4.6/5.2
90 Average 34 3.6 33 2.8 23 2.0 22 279 33 3.9 3.7 35 3.1
Min/Max | 2.4/45 2.8/44 27/43 | 24/33 2125 1921 | 20/23 24/28 25/37 | 2.8/48 22/46 2.6/44 | 2933
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 6.9 7.6 8.1 8.2 7.8 6.5 5.6 4.1 34 6.0
Min/Max | 2.7/4.6  3.8/5.6 4.7/7.6 | 5.6/9.1 6.2/9.3 6.6/92 | 7.1/9.8 6.6/8.7 4.8/7.4 | 4.1/7.0 2.6/49 2.6/42 | 5.6/65
Latitude -15 Average 4.1 52 6.2 7.1 7.6 8.1 8.2 8.0 6.9 6.2 4.6 3.9 6.3
Min/Max | 3.0/53 4.1/6.3 4.9/8.2 | 5.7/94 6.2/94 65/9.1 | 7.1/9.8 6.7/8.8 5.0/7.8 | 4.4/7.8 2957 3.0/49 | 59/6.9
Latitude Average 44 54 6.3 7.0 7.4 N 79 7.8 7.0 6.5 5.0 43 6.4
Min/Max | 3.2/5.8 4.3/6.6 5.0/85|56/94 60/9.1 62/8.7 | 6894 66/87 50/7.9 | 4681 3.0/62 3.2/54 | 59/69
Average 4.6 55 6.2 6.8 7.0 7.2 73 74 6.8 6.5 52 4.5 6.3

Latitude +15 | \iinviax | 3.3j6.1  43/68  49/84 | 54190 5685 S88.1| 64188 6383 49778 4682 3064 3357 5868

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 4.7 55 6.3 7.1 7.7 8.2 8.3 8.0 7.0 6.6 52 4.6 6.6
Min/Max | 33/6.2 4.3/68 5.0/85|57/95 63/95 6.7/93| 7.2/100 6.8/8.9 5.1/8.0 | 4.6/82 3.1/65 34/58 | 6.1/7.2

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?3/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
1-Axis, E-W | Average 2.6 2.9 3.0 33 35 3.8 3.9 37 3.2 35 2.9 2.7 33
Horiz Axis Min/Max | 1.4/3.9 1.9/4.0 19/48 | 2.2/52 22/50 2.7/4.8 | 3.1/53 2.8/45 1.84.1| 2.0/49 1.2/40 1.63.7 | 28/3.8
1-Axis, N-S | Average 22 3.0 3.6 43 4.6 5.0 5.1 4.9 4.1 3.8 2.6 2.1 38
Horiz Axis Min/Max | 1.2/3.3 2.0/4.0 23/57 | 2.9/69 29/6.6 35/62 | 4.0/7.0 3.6/6.0 2.2/51 | 2.1/53 1.0/3.6 1.3/3.0 | 3.2/44
1-Axis, N-S | Average 2.9 3.6 4.1 4.4 4.4 4.6 4.8 4.9 44 4.5 34 2.9 4.1
Tilt=Latitude | Min/Max | 1.6/4.3 24/49 26/6.4 | 3.0/7.0 2.8/64 3.3/5.8 | 3.8/6.6 3.6/60 24/55| 25/63 14/4.6 1.7/4.1 | 35/4.7
2. Axis Average 3.1 37 4.1 4.5 4.7 5.0 52 5.0 44 4.5 3.6 3.1 4.2

Min/Max | 1.8/4.6  2.4/50 2.6/64 | 3.0/72 30/67 35/63 | 41/7.1 37/62 24/55 | 2.5/64 14/49 1.9/44 | 3.6/49

Average Climatic Conditions

Element Jan Feb Mar Apr May June | July Aug Sept Oct Nov Dec | Year
Temperature (°C) 7.3 9.6 14.2 18.7 22.6 26.3 28.2 279 24.8 19.2 13.7 8.9 18.4
Daily Minimum Temp 1.6 33 7.7 12.3 16.7 20.6 22.4 21.8 18.9 12.4 7.4 2.9 12.3
Daily Maxinium Temp 13.0 15.9 20.7 25.1 28.4 32.1 339 339 30.7 259 20.0 14.7 24.6
Record Minimum Temp | -16.1 -11.1 -6.7 -0.6 5.6 11.1 144 122 5.6 -1.7 -8.9 -15.0 | -16.1
Record Maximum Temp | 28.9 31.7 333 344 35.0 383 41.1 41.7 39.4 36.1 31.1 28.9 41.7
HDD, Base 18.3°C 346 249 146 38 0 0 0 0 0 35 147 297 1258
CDD, Base 18.3°C 3 4 17 48 133 240 305 296 195 61 8 4 1316
Relative Humidity (%) 73 70 68 70 73 73 72 72 74 72 74 74 72

Wind Speed (m/s) 3.9 42 4.4 42 37 33 3.1 2.9 3.2 32 3.8 39 3.6
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 14739

LATITUDE: 42.37° N
+ LONGITUDE: 71.03° W

ELEVATION: 5 meters
MEAN PRESSURE: 1015 millibars

Monthly Radiation (kWh/mz/day)

STATION TYPE: Primary

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 L9 2.7 3.7 47 5.6 6.1 6.1 5.4 43 3.0 1.9 L5 3.9
Min/Max | 1.5/2.2 2.2/33 3.2/44 | 40/54 4.8/64 53/70 | 52/6.6 4.86.0 3.947 | 2735 1522 12/1.8|3.7/4.1
Latitude -15 | Average | 3.0 3.8 4.6 52 5.7 6.0 6.0 5.7 5.0 4.1 2.8 2.5 45
Min/Max | 2.2/3.7 2.8/50 3.7/56 | 43/6.0 4.8/6.6 52/69 | 52/6.6 5.0/6.5 4557 | 3548 2.1/35 17/3.1| 4.2/48
Latitude Average | 34 4.2 4.7 5.0 53 5.5 5.6 55 5.1 4.3 3.1 29 4.6
Min/Max | 2.5/4.3  3.0/55 3.8/58 | 4.1/59 4.6/62 4.7/64 | 4.8/6.1 4.8/62 4.5/58 | 3.7/51 23/40 1.9/3.6 | 42/49
Latitude +15 | Average | 3.6 43 4.6 47 4.7 4.8 4.9 5.0 49 4.4 3.3 3.1 44
Min/Max | 2.6/4.6 3.0/58 3.7/58 | 3.8/55 4.1/55 4.1/55 | 4.3/53 4.4/57 43/55| 3.7/52 2.4/42 20/39 | 4.0/4.7
90 Average | 3.4 3.9 3.7 3.1 2.8 2.6 2.8 3.1 35 3.6 3.0 2.9 3.2
Min/Max | 2.4/4.5 2.6/53 2.8/49 | 2.6/37 2.5/32 24729 | 2530 2835 3.1/40| 3.0/43 21/38 1.8/3.8|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 | 2.7 3.8 5.1 6.2 7.1 7.7 7.7 7.0 5.7 4.2 2.6 22 5.2
Min/Max | 2.0/3.5 2.8/5.1 3.9/62 |50/74 57/8.6 64/92| 6.1/8.8 5880 5.0/6.7| 3.550 2.0/33 1527 | 4.8/55
Latitude -15 | Average | 3.6 47 5.7 6.5 7.3 7.7 7.8 73 6.3 5.0 3.4 29 5.7
Min/Max | 2.6/4.6 3.2/63 43/7.1 | 52/79 58/8.8 63/9.3| 62/89 6.1/84 55/74 | 4.1/60 2.4/43 19/3.7 | 52/6.1
Latitude Average | 3.9 5.0 59 6.5 7.1 7.4 75 7.1 6.4 5.2 3.6 32 5.7
Min/Max | 2.8/5.0 3.4/6.8 4.4/73 |51/78 56/85 6.1/89 | 598.6 5983 S5.5/75| 43/63 2.6/47 20/4.1]| 52/62
Average | 4.1 5.1 5.8 6.2 6.6 6.9 7.0 6.8 6.2 52 3.7 34 5.6

Latitude +15 | \ioMax | 2.9/5.3  34/7.0 4373 | 4975  52/80 5683 | 5580 5679 54713 | 4363 2648 2144 | 5.0/6.1

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 \

2. Axis Average 4.1 5.1 59 6.6 7.4 7.9 7.9 7.3 6.4 53 3.8 34 5.9
Min/Max | 2.9/53 34/7.0 4.4/73 |52/79 58/89 65/9.5| 63/9.1 6.1/85 56/15 | 43/63 2.6/49 2.1/44 | 54/64

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 2.8 29 32 35 3.5 33 3.1 2.8 2.2 2.1 2.9
Horiz Axis Min/Max | 1.6/3.1 1.5/42 1.9/3.6 | 1.9/40 2.0/44 25/47 | 23/45 22/42 2539 | 2.1/3.6 1331 1.0/2.8 |2.4/32
1-Axis, N-S | Average 1.7 2.3 3.1 3.7 4.2 45 4.6 42 3.6 2.7 1.6 1.3 3.1
Horiz Axis Min/Max | 1.0/2.1 1.3/3.6 2.0/3.9 | 2.550 2.6/58 3.2/6.1 | 2.8/59 2.8/53 28/4.6 | 2.0/34 09/23 0.6/1.8 | 2.7/34
1-Axis, N-S | Average 2.6 32 3.7 4.0 42 43 44 43 4.1 35 2.4 22 3.6
Tilt=Latitude | Min/Max | 1.7/3.4 1.7/50 2.5/4.8 | 2.6/54 2.6/57 3.0/58 { 2.7/57 29/55 3.3/53] 2.6/44 14/34 1029 | 3.0/3.9
2-Axis Average 2.8 33 3.7 4.0 4.4 4.7 4.7 4.5 4.1 35 2.5 2.3 3.7

Min/Max | 1.8/3.6 1.8/5.1 2.5/48 | 2.7/55 2.7/60 3.3/63 | 2.9/6.1 3.0/57 3.3/53| 2.7/45 1536 11/32 | 3.2/4.1

Average Climatic Conditions

Element Jan Feb Mar | Apr May June July Aug  Sept Oct Nov  Dec | Year
Temperature (°C) -1.9 -0.9 3.7 8.9 14.6 19.8 23.1 222 18.2 12.7 7.4 09 10.7
Daily Minimum Temp -5.8 -5.0 -04 4.6 9.9 15.1 184 17.8 13.8 8.3 35 -2.9 6.4
Daily Maximum Temp 2.1 3.1 7.7 133 19.2 24.6 27.7 26.6 227 17.1 11.2 4.7 15.0
Record Minimum Temp | -24.4 -20.0 -14.4 -8.9 1.1 7.2 10.0 8.3 33 2.2 9.4 217 | -24.4
Record Maximum Temp | 17.2 21.1 27.2 34.4 35.0 37.8 38.9 389 37.8 322 25.6 22.8 38.9
HDD, Base 18.3°C 627 540 454 282 123 18 0 3 40 178 328 541 3134
CDD, Base 18.3°C 0 0 0 0 6 63 147 122 37 3 0 0 377
Relative Humidity (%) 62 62 63 63 67 68 68 71 72 68 67 65 67
Wind Speed (m/s) 6.2 6.1 6.1 59 55 5.1 4.9 48 5.1 54 5.8 6.1 56
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 94746

LATITUDE: 42.27° N
LONGITUDE: 71.87° W
ELEVATION: 301 meters

MEAN PRESSURE: 979 millibars

Monthly Radiation (kWh/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 +11%

Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 19 2.8 3.8 4.7 55 6.0 59 52 4.2 3.0 19 1.5 3.9
Min/Max | 1.6/22 2.2/3.4 3.0/43 | 4.0/54 4.6/64 5.0/6.8 | 53/6.6 4.6/59 3.7/47 | 2.7/3.5 15/2.1 13/1.8 | 3.7/4.0
Latitude -15 Average 3.0 3.8 4.6 5.1 5.5 5.8 59 5.6 49 4.0 2.8 2.4 4.5
Min/Max | 2.4/35 29/50 35/54 | 42/60 46/6.6 4.9/68 | 52/6.6 48/64 42/57 | 35/49 2032 18/3.0 | 4.2/47
Latitude Average 3.4 42 4.8 5.0 52 5.4 55 53 5.0 43 3.0 2.8 4.5
Min/Max | 2.7/4.1 3.1/5.6 3.5/57 | 41/59 4.3/62 45/62 | 48/6.1 4.6/62 42/57 | 3.6/53 22/3.6 2.0/3.5 | 42/4.7
Latitude +15 Average 3.6 44 4.7 4.6 4.6 4.6 4.8 4.8 4.7 43 32 3.0 4.3
Min/Max | 2.8/44 3.2/59 3.4/57 | 38/55 3.8/55 3.9/54 | 42/53 42/56 4.0/55| 3.6/53 23/38 2.1/3.8 | 4.0/4.5
90 Average 35 4.0 3.8 3.1 2.7 2.6 2.7 3.0 34 35 2.9 2.8 32
Min/Max | 2.7/43 28/55 2.6/49 | 2.5/3.6 23/32 2329 | 2529 27/35 28/40| 2944 20/35 2.0/3.7 | 3.0/3.4
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 27 3.9 5.1 6.1 6.9 7.5 7.5 6.8 5.6 4.1 2.6 22 5.1
Min/Max | 22/3.3 3.0/52 3.7/6.1 | 47/74 54/84 59/89 | 63/87 5.7/79 47/65| 3.5/51 19/3.0 1.6/27 | 4.8/5.4
Latitude -15 Average 35 4.7 5.7 6.4 7.0 7.5 7.6 7.1 6.2 49 32 29 5.6
Min/Max | 2.8/43 3.5/6.4 4.1/69 | 49/80 55/86 5.8/89 | 63/88 58/84 5.1/73 | 4.1/6.1 2.3/3.8 2.0/3.7 | 52/59
Latitude Average 3.9 50 59 6.4 6.8 72 7.3 6.9 6.2 5.1 35 3.1 5.6
Min/Max | 3.0/4.8 3.6/6.8 4.1/7.1 | 4.8/79 53/84 56/8.6 | 6.1/85 5.7/82 5.1/73 | 42/64 25/42 22/4.1| 5.2/6.0
Latitude +15 Average 4.1 5.1 5.8 6.1 6.4 6.7 6.8 6.6 6.0 5.1 3.6 33 55

Min/Max | 32/50 37770 4.0/7.1 | 46/7.6 49/7.9 52/80 | 57719 54/7.8 49/72 | 42/65 2543 23/43 | 5.1/5.8

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £11%

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

2_Axis Average 4.1 5.1 59 6.5 7.1 7.7 7.7 7.1 6.2 52 3.6 3.4 5.8
Min/Max | 3.2/51 3.7/7.0 4.1/7.1 | 49/80 5.6/87 6.0/9.1 | 6589 59/84 51/7.3 | 42/65 25/43 23/44 | 54/6.2

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +11%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 22 25 2.6 2.8 3.0 33 33 3.1 29 27 2.0 1.9 2.9
Horiz Axis Min/Max | 1.5/2.9 1.6/3.9 1.7/34 | 1.7/39 1.9/43 19/44 | 2.3/44 2.1/41 2.0/3.8 | 1.9/3.8 1.1/27 0.9/2.7 | 2.3/3.0
1-Axis, N-S | Average 15 22 2.9 35 3.9 4.3 43 4.0 34 25 1.4 12 29
Horiz Axis Min/Max | 1.0/20 14/34 1.8/3.7 | 20/5.0 25/55 25/57 | 3.0/57 2.8/5.3 23/44 | 18/3.6 0.820 0.6/17 | 2.6/3.2
1-Axis, N-S | Average 24 3.0 35 3.8 3.8 4.1 4.1 4.1 39 3.3 22 2.0 3.3
Tilt=Latitude | Min/Max | 1.6/3.2 2.0/4.6 2.2/45 | 2.2/54 25/54 24/54 | 29/55 2.8/54 27/51| 24/46 1.3/3.0 1.028 | 2.9/37
2_Axis Average 2.6 31 35 3.8 4.1 4.4 4.5 4.2 39 34 2.3 2.1 35
Min/Max | 1.7/3.4 2.0/48 2.2/45 | 2.3/54 2.6/57 26/58 | 3.1/59 29/56 27/51 | 24/47 13/3.1 1.0/3.1 L3.0/3,9

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -5.1 -4.0 0.9 6.9 13.1 17.9 20.9 20.0 15.7 10.0 4.1 -2.6 8.2
Daily Minimum Temp 94 -8.6 -3.9 15 73 122 15.6 14.8 103 4.7 -0.4 -6.6 31
Daily Maximum Tenip -0.7 0.6 58 12.2 18.8 23.6 26.3 25.2 20.9 15.3 8.6 15 13.2
Record Minimum Temp | -28.3 -24.4 -20.0 -11.7 2.2 22 6.1 33 -1.1 -6.7 -14.4 -25.0 -28.3
Record Maximum Temp | 15.6 19.4 27.2 32.8 333 344 35.6 35.6 328 294 25.6 211 35.6
HDD, Base 18.3°C 727 626 539 343 167 38 3 14 87 258 427 648 3877
CDD, Base 18.3°C 0 0 0 0 3 25 84 66 7 0 0 0 185
Relative Humidity (%) 65 64 63 60 64 69 70 73 74 69 70 70 68
Wind Speed (m1/s) 49 48 4.3 4.6 4.1 338 35 34 3.6 4.0 45 4.6 42
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 93721

LATITUDE: 39.18° N
+ LONGITUDE: 76.67° W

ELEVATION: 47 meters
MEAN PRESSURE: 1012 millibars

Monthly Radiation (kWh/m2/day)

STATION TYPE: Secondary

1961-1990 Average

0 - t ; t f } } t t t 1 }
J F M AMJ J A S O N D Y

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 | 2.1 2.9 3.9 4.9 5.6 6.2 6.0 5.3 44 33 2.2 1.8 4.0
Min/Max | 1.7/24 24/32 34/45|39/58 50/65 55/69| 53/68 47557 37)50| 2939 1826 150203843

Latitude -15 | Average | 3.1 3.8 4.6 53 5.7 6.0 6.0 5.6 5.0 43 3.2 2.7 4.6
Min/Max | 2.3/3.7 3.0/44 3.8/54 | 4.1/63 5.0/6.6 54/67 | 52/67 4.9/6.0 4.1)58 | 3.5/52 2.3/40 2.0/3.2 | 43/49

Latitude Average 3.5 42 4.8 52 53 5.6 5.5 5.4 5.1 4.6 3.6 3.1 4.6
Min/Max | 2.5/42 3.1/49 3.9/57 | 4.0/62 4.7/62 50/62 | 49/63 4758 4159 | 3.6/5.6 2.5/45 22/37 | 44/50

Latitude +15 | Average | 3.7 4.3 4.7 4.8 4.7 4.8 49 4.9 4.8 4.6 3.7 3.3 44
Min/Max | 2.6/4.6  3.2/5.1 3.8/5.6 | 3.7/5.8 4.1/55 4.3/53 | 43/55 4.3/53 39/57 | 3.6/57 25/48 23/4.0 | 4.1/4.8

90 Average | 3.4 3.7 3.5 3.0 2.6 24 2.5 2.9 33 3.7 33 3.0 3.1
Min/Max | 2344 2.7/45 2842 | 2.4/3.6 23029 22026 | 23728 2631 2739 | 2846 22/43 20/37 | 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 3.0 4.0 53 6.4 7.1 7.8 7.7 6.9 58 4.6 32 25 54
Min/Max | 2.3/3.7 3.048 4.2/6.4 | 4.8/8.1 6.1/85 65/9.0| 63/89 57/1.5 4.7/6.9 | 3.6/57 22/40 1.9/3.0 5.0/59
Latitude -15 Ayerage 37 4.7 59 6.8 7.2 7.8 7.7 7.1 6.3 53 3.9 32 5.8
Min/Max | 2.7/4.6  3.4/57 4.6/7.2 | 49/86 6.1/8.6 65/90 | 63/90 59/7.8 5.1/7.5| 42/67 2.6/50 23/3.9 | 5.4/6.4
Latitude Ayerage 4.1 5.0 6.0 6.7 7.0 7.5 7.4 7.0 6.4 55 4.2 3.5 59
Min/Max | 2.9/5.1 3.6/6.1 4.7/7.3 | 49/85 59/84 62/86 | 6.1/86 58/77 5.1/7.6| 43/7.0 2.8/54 24/43 | 54/6.4
Latitude +15 Ayerage 43 5.1 59 6.4 6.6 7.0 6.9 6.6 6.2 5.6 43 3.7 5.7
Min/Max | 3.0/5.3 3.6/63 4.6/7.3 | 47/82 55/7.9 58/8.1 | 56/8.1 54/73 4974 | 43/7.1 28/56 2.54.6 | 53/6.3
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 43 5.1 6.0 6.8 73 8.0 7.8 72 64 5.6 43 37 6.0
J Min/Max | 3.0/54 3.6/63 4.7/7.3 | 5.0/8.6 6.2/87 6.7/92| 6.4/9.1 59/7.8 517.6| 43/7.1 28/57 25/4.6 | 5.6/6.7
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 2.5 2.8 3.0 3.1 33 3.7 3.6 3.2 3.0 3.0 2.5 22 3.0
Horiz Axis | MinyMax | 1.4/3.5 15/3.7 1.8/4.1 | 1.6/44 25/44 27/4.6 | 2.54.6 23/3.8 2039 | 2042 1336 1230|2735
1-Axis, N-S | Average 1.9 25 34 4.0 4.3 4.8 4.7 4.2 3.6 3.0 2.0 1.5 33
Horiz Axis Min/Max | 1.12.5 1.4/34 2.1j47 | 2.2/58 33/58 34/6.1 | 3.1/6.0 2.9/50 2547 | 19142 1029 08/2.1 | 2.9/3.9
1-Axis, N-S | Average 2.8 34 39 42 4.2 4.5 4.5 42 4.1 3.8 2.8 24 3.7
Tilt=Latitude | Min/Max | 1.6/3.8 1.8/4.5 2.4/54 | 2.3/6.1 3.2/5.6 32/5.7 | 3.0/57 3.0/50 2852 | 25/53 14/41 13/32 | 33/4.4
2-Axis Average 3.0 34 4.0 4.3 4.4 4.9 4.8 4.4 4.1 3.8 3.0 2.6 3.9
Min/Max | 1.7/4.1 1.9/4.6 2.4/55 | 2.4/62 3.4/59 3.5/62 | 3.2/6.1 3.1)52 28/53 | 25/53 15/43 1.4/35 | 3.5/46
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -0.1 1.6 6.7 11.9 174 225 25.0 24.2 203 13.7 8.2 2.6 12.8
Daily Minimum Temp -4.8 -34 12 58 11.4 16.6 19.3 18.7 14.7 7.7 2.8 2.1 7.3
Daily Maximum Temp 4.6 6.5 12.2 17.9 234 284 30.7 29.7 25.8 19.6 13.6 7.3 18.3
Record Minimum Temp | -21.7 -19.4 -14.4 -6.7 0.0 4.4 10.0 7.2 1.7 -39 -10.6  -17.8 | -21.7
Record Maximum Temp | 23.9 26.1 30.6 34.4 36.7 37.8 40.0 40.6 37.8 333 28.3 25.0 40.6
HDD, Base 18.3°C 572 470 360 193 60 0 0 0 16 153 303 487 2615
CDD, Base 18.3°C 0 0 0 0 33 126 207 183 74 9 0 0 632
Relative Humidity (%) 63 61 59 59 66 68 69 71 71 69 67 66 66
Wind Speed (m/s) 42 44 46 46 3.9 3.6 3.4 3.4 3.5 37 4.0 4.1 3.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14607

LATITUDE: 46.87° N
LONGITUDE: 68.02° W
ELEVATION: 190 meters

MEAN PRESSURE: 991 millibars

Monthly Radiation (kwh/m2/day)

STATION TYPE: Primary

—— 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 2.6 3.8 4.6 52 57 5.6 4.8 3.6 2.3 1.4 1.2 3.6
Min/Max | 1.3/1.8  1.9/2.9 3.0/43 | 3.5/54 3.6/62 4.7/64 | 4665 40/57 3.1/42 | 1.8/27 L1/1.7 09/1.5 | 3.1/37

Latitude -15 Average 29 39 5.0 5.1 53 5.6 5.6 52 43 3.1 22 22 42
Min/Max | 2.0/3.7 2.7/47 3.6/56 | 3.8/6.2 3.6/63 4.4/62 | 45/6.6 42/62 3.6/52 | 2.3/39 1.6/29 14/3.1 | 3.6/4.5

Latitude Average 33 43 52 5.0 49 5.1 52 4.9 43 33 24 2.5 42
Min/Max | 2.3/4.3  2.9/52 3.7/59 | 3.6/62 34/59 4.1/57 | 42/6.1 4.0/60 3552 | 24/41 18/3.2 1.6/3.6 | 3.6/45

Latitude +15 Average 35 45 52 4.7 44 4.5 4.6 4.5 4.1 33 2.5 2.7 4.0
Min/Max | 2.4/4.7 3.0/55 3.6/59 | 3.3/59 3.0/52 35/49 | 3.6/53 3.6/54 3.3/5.0 | 2.3/42 1.8/3.4 1.6/3.9 | 34/43

90 Average 34 42 4.6 3.7 29 2.8 2.9 3.0 32 2.8 2.3 2.7 32
Min/Max | 2.3/47 2.8/52 3.1)53 | 24/48 20/34 23/3.0 | 23/32 2537 25738 2.0/3.6 16/32 1.5/39 | 2.6/35

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 2.5 3.8 5.4 6.1 6.8 73 7.3 6.4 5.0 3.1 1.9 1.9 4.8
Min/Max | 1.8/3.2 2.7/4.6 3.7/62 | 4.1/7.6 4.2/8.1 54/86| 5892 51/78 3.9/58 | 2.3/40 1526 1.1j2.6 | 4.0/5.1

Latitude -15 Average 34 4.8 6.3 6.6 7.0 7.4 7.4 6.7 55 3.8 2.5 2.6 53
Min/Max | 2.4/4.6  3.3/59 43/73 | 44/83 42/83 54/8.6 | 5894 5483 43/67| 2.7/48 1.9/3.5 15/3.8 | 4.4/5.7

Latitade Average 3.7 5.1 6.5 6.5 6.7 7.1 72 6.6 5.6 39 2.7 2.8 54
a Min/Max | 2.6/5.1 3.4/64 4.3/75 | 43/83 4.1/8.1 51/83 | 56/9.1 52/82 4.3/6.7 | 2.851 2.0/3.8 1742 | 44/58

Average 3.9 52 6.5 6.3 6.3 6.6 6.7 6.3 54 3.9 2.8 3.0 52

Latitude +15 | njiiMax | 27/54  35/6.5 43775 | 4.1/8.1 3876 48778 | 5386 50/78 4265 | 2851 2039 17j44 | 42)57

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 Axi Average 4.0 52 6.5 6.6 7.1 7.6 7.6 6.8 5.6 4.0 2.8 3.0 5.6
S Min/Max | 2.7/54 3.5/6.5 43/7.5 | 44/83 4.3/84 5689 | 6.0/96 54/84 43/67| 2.8/51 2.0/3.9 17/45 | 4.5/6.0

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 2.1 25 2.7 2.6 29 32 3.2 2.9 2.5 1.9 1.4 1.6 2.5
Horiz Axis Min/Max | 1.1/3.5 1.4/3.6 15/3.7 | 1.4/3.6 15/40 1.7/41 | 2.4/47 22/41 1.7/34| 1.0/28 0.825 0.8/2.7 | 1.9/2.8
1-Axis, N-S | Average 13 2.1 29 33 3.9 4.2 4.3 3.8 3.0 1.8 0.9 0.9 2.7
Horiz Axis Min/Max | 0.7/2.2 1.129 15/40 | 1.7/45 1.8/54 23/55 | 3.2/64 29/53 2.0/40| 09/27 05/1.8 04/1.6 | 2.0/3.0
1-Axis, N-S | Average 23 3.0 37 3.6 39 4.0 42 4.0 35 2.4 15 1.7 3.1
Tilt=Latitude | Min/Max | 1.3/3.7 1.6/43 19/49 | 1.9/50 18/54 22/53 | 3.1/6.2 3.1)56 2.3/47 | L13/3.6 0.9/2.8 0.8/29 | 2.3/3.5
2 Axis Average 2.4 3.1 3.7 3.7 4.1 4.4 4.5 4.1 35 2.4 1.6 1.8 33

Min/Max | 1.3/40 1.7/44 2.0/49 | 1.9/5.1 1.9/57 23/58 | 3.3/6.7 32/58 23/47 | 1.3/3.7 09/3.0 0.9)3.1 2.4/3.7

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -12.8 -11.2 4.1 3.3 10.5 15.8 18.6 17.1 12.1 6.2 -0.7 -9.6 3.8
Daily Mininium Temp -18.7 -17.4 -9.5 -1.7 4.5 9.5 12.5 11.2 6.2 1.3 -4.6 -14.7 -1.8
Daily Maximum Temp -7.0 -5.0 1.3 8.2 16.5 222 24.7 23.1 17.8 11.1 3.1 -4.4 9.3
Record Minimum Temp | -35.6 -40.6 -28.9 -18.9 -7.8 -1.1 2.2 1.1 -5.0 -10.0 -20.6 -35.0 -40.6
Record Maximum Temp 11.1 11.1 22.8 30.0 35.6 35.6 35.0 35.0 32.8 26.1 20.0 14.4 35.6
HDD, Base 18.3°C 966 826 696 452 243 79 34 64 191 376 572 864 5362
CDD, Base 18.3°C 0 0 0 0 0 4 42 26 0 0 0 0 73
Relative Humidity (%) 72 70 69 69 66 70 75 78 78 77 80 77 73
Wind Speed (m/s) 5.1 5.0 5.3 5.1 4.8 4.4 4.1 3.8 4.2 45 4.7 4.9 4.6
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Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14764

LATITUDE: 43.65° N

L
+ LONGITUDE: 70.32° W
47 ELEVATION: 19 meters
3+ MEAN PRESSURE: 1013 millibars
21
STATION TYPE: Secondary
'1 -+
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +11%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 19 2.8 3.8 4.7 5.6 6.1 6.0 5.4 4.2 2.9 18 1.5 3.9
Min/Max | 1.7/22  22/3.3  3.1/45 | 4.1/54 4.6/6.6 52/12 | 54/67 4859 3.94.8 | 2535 14/20 12/1.8 | 3.7/42
Latitude -15 | Average | 3.1 4.1 4.8 52 5.7 6.0 6.0 5.8 5.1 4.0 2.8 2.6 4.6
Min/Max | 2.6/3.8 3.1/5.1 3.7/5.7 | 44/6.1 4.7/6.7 50/7.1 | 53/6.7 5.1/64 4.5/59 | 32/50 19733 1933 | 44/50
Latitude Average | 3.6 4.5 5.0 5.1 5.3 5.5 5.6 55 5.1 4.3 3.1 3.0 4.6
Min/Max | 2.9/4.4 3.3/57 3.8/6.0 | 43/6.0 4.4/63 4.6/65| 5.0/62 4962 44/6.0| 34/54 2.0/3.8 2.1/3.8 | 44/50
Latitude +15 | Average | 3.9 4.7 5.0 4.7 4.7 4.7 49 5.0 49 43 32 32 4.4
Min/Max | 3.1/4.8 3.4/6.0 3.7/6.0 | 3.9/5.6 3.9/55 4.0/56 | 4.4/54 44/56 4.2/58 | 34/54 2.1/40 2.3/42 | 42/48
90 Average | 3.8 4.4 4.1 32 28 2.7 2.8 32 3.6 3.6 2.9 3.1 3.4
Min/Max | 3.0/4.7 3.0/56 29/52 | 2.7/4.0 24/32 2330 | 2.6/3.0 283.6 3.1)43 | 2.8/4.6 1.8/3.6 2.1/42 | 3.1/37
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +11%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average | 29 4.1 5.4 6.2 7.2 7.8 7.8 72 5.8 4.2 2.6 2.3 5.3
Min/Max | 2.4/3.5 3.0/5.1 4.0/6.4 | 5.1/7.5 57/9.0 6.1/9.7 | 64/9.0 63/82 5.0/6.8 | 3.3/53 17/3.1 1.6/29 | 50558
Latitude -15 | Average | 38 5.1 6.1 6.7 74 7.9 7.9 7.5 6.5 5.0 3.3 3.1 59
Min/Max | 3.1/4.7 3.6/65 4.5/73 | 54/80 5.8/93 6.1/9.7 | 64/9.1 66/87 55/7.6| 3.8/6.4 2.1/40 2.1/4.0 | 55/6.4
Latitude Average | 42 5.4 6.3 6.6 7.1 7.5 7.6 7.4 6.6 5.2 3.6 3.4 5.9
Min/Max | 34/5.2 3.8/69 46/76|53/80 5500 58094 62/88 64/86 5.5/1.7| 40/6.7 22/44 23/44) 55/65
Latitude 15 | Average | 4.4 5.6 6.2 6.3 6.7 7.0 7.1 7.0 6.4 52 3.7 36 5.8
Min/Max | 3.5/55 39/7.2 45/7.6 | 50/7.7 52/85 54/8.8 | 5.8/83 6.1/8.1 5.3/7.5 | 4.0/68 2.3/4.6 24/4.7|54/64
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year \
2-Axis Average | 45 5.6 6.3 6.7 7.5 8.1 8.1 7.6 6.6 53 3.7 3.6 6.1
Min/Max | 3.6/55 3.9/72 4.6/7.6 | 54/8.1 5894 63/10.0| 6.6/93 6.6/88 5.6/7.7 | 4.0/6.8 23/46 25/4.8|57/6.7
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty *11%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average | 2.5 29 2.9 3.0 3.3 3.7 3.8 36 32 2.9 2.1 2.1 3.0
Horiz Axis | Min/Max | 1.8/3.2 2.0/4.1 1838 | 2.1/40 22/49 23/52 | 2.6/46 2944 24/41| 1941 1.1/28 12/29 | 28/34
1-Axis, N-S | Average L7 2.5 32 38 4.4 49 49 46 3.8 2.7 1.5 1.3 33
Horiz Axis | Min/Max | 1.2/2.2  1.6/3.4 20/4.1 | 2.6/51 29/64 2968 | 3.3/6.1 3.8/58 2.8/49| 1740 08/2.1 0.7/1.8 | 3.0/3.7
1-Axis, N-S | Average | 28 3.5 3.9 4.1 4.3 46 4.7 48 44 3.6 2.4 22 3.8
Tilt=Latitude | Min/Max | 1.9/3.5 2.3/4.8 2.4/50 | 2.8/55 29/6.4 28/65 | 32/59 3.9/60 3.2/57| 23/52 12/3.2 1.3/3.1 | 3.4/43
2-Axis Average | 29 3.6 3.9 42 4.6 5.0 5.1 49 4.4 3.6 25 24 3.9
Min/Max | 2.1/3.8  24/50 24/50 | 29/56 3.1/6.7 30/7.0| 3.4/63 4.0/62 3.3/57| 2.4/53 13133 1.4/33 ) 3.645
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.2 -4.8 0.6 6.3 11.8 16.9 203 19.6 15.1 9.2 3.7 -3.1 7.4
Daily Minimum Temp -11.4 -10.3 -4.2 1.2 6.3 11.2 14.6 13.9 9.4 3.5 -0.9 -1.9 2.1
Daily Maximum Temp -0.9 0.6 5.2 113 17.3 22,6 26.0 25.2 20.7 14.8 8.3 1.7 12.7
Record Minimum Temp | -322 -394 294 | -133 -5.0 0.6 4.4 0.6 -5.0 -9.4 -16.1 294 | -394
Record Maximum Temp | 17.8 17.8 30.0 29.4 34.4 36.7 372 39.4 35.0 31.1 23.3 20.6 39.4
HDD, Base 18.3°C 761 649 551 362 202 56 6 22 105 284 438 663 4099
CDD, Base 18.3°C 0 0 0 0 0 12 68 62 7 0 0 0 149
Relative Humidity (%) 67 65 66 67 71 75 75 76 77 74 73 70 71
Wind Speed (m/s) 4.1 4.1 4.4 4.4 4.1 3.8 3.4 3.4 3.5 3.7 4.0 3.9 3.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 94849

LATITUDE: 45.07° N

Monthly Radiation (kWh/m2/day)

LONGITUDE: 83.57° W +
ELEVATION: 210 meters
MEAN PRESSURE: 990 millibars
STATION TYPE: Secondary
—— 1961-1990 Average
0 ottt
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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 1.6 25 3.7 4.7 5.7 62 6.1 5.1 3.8 2.5 L5 1.2 3.7
Min/Max | 1.4/1.8 22729 3.1/43 | 40/53 47/66 54/72| 55/68 4.5/58 3.0/44 | 2228 12/1.8 0.9/1.4 | 3.6/3.9
Latitude -15 | Average | 2.5 3.6 47 52 5.8 6.1 6.1 55 45 3.3 2.1 18 43
Min/Max | 2.0/3.0 3.0/43 3.7/55 | 43/6.1 4.8/6.8 S52/71 | 55/68 4.7/63 3.3/56 | 2.6/3.9 15/3.0 1.1/2.3 | 4.1/45
Latitude Average | 2.8 3.9 49 5.1 5.4 55 5.7 53 45 3.5 23 2.0 42
Min/Max | 2.2/3.4 3.2/48 3.8/58 | 42/60 44/64 48/64 | 51/63 4.5/61 32/57| 2742 1.6/33 1.2/2.6 | 4.0/45
Latitude +15 Average 2.9 4.0 4.9 4.7 4.8 4.8 4.9 4.8 4.3 3.5 2.3 2.1 4.0
Min/Max | 2.3/3.7 3.3/50 3.7/5.8 | 3.8/5.7 3.9/57 4.1/56 | 44/55 4.1/55 3.0/55 | 2.6/42 1635 1.2/2.8 | 3.8/43
90 Average | 2.9 3.8 42 3.4 3.0 2.8 2.9 3.1 32 2.9 2.1 2.1 3.0
Min/Max | 2.2/3.6 3.0/47 3.0/5.1| 2742 2534 253.1| 2732 2736 22/42| 2.1/35 14/32 1.1/28| 2833
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 22 3.6 52 6.3 7.6 8.2 8.2 7.0 52 3.4 1.9 1.6 5.0
Min/Max | 1.8/2.8 2.8/43 4.0/6.1 | 50/74 5892 68100| 7.1/93 5984 3.5/65| 2.6/41 1427 1020 | 47/54
Latitude -15 | Average | 2.9 43 6.0 6.8 7.8 8.2 8.4 7.4 5.7 4.0 24 2.1 55
Min/Max | 2.2/3.7 34/54 45/7.1 | 53/8.1 59/9.6 6810.1| 7.2/95 6.2/89 3.8/74 | 3.0[49 1.6/3.6 1227 | 52/59
Latitude Average 3.1 4.6 6.1 6.7 7.5 7.9 8.1 72 5.8 42 25 22 55
Min/Max | 2.4/4.0 3.6/57 4.6/7.3 | 52/8.1 57/93 6.6/9.7 | 7.0/92 6.0/88 3.8/75 | 3.0/52 17/38 12/29 | 51/59
Latitude +15 | Average 33 47 6.1 6.4 7.1 7.4 7.6 6.9 5.6 42 2.6 23 5.4
Min/Max | 2.5/42 3.6/58 45/7.3 | 49/7.8 54/88 6.1/9.1 | 65/8.6 57/84 3.6/73| 3.0/52 17/40 13/3.1 | 5.0/5.7
Solar Radiation for 2-Axis Tracking Fiat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2-Axis Average 3.3 47 6.1 6.8 7.9 8.5 8.6 7.4 5.8 42 2.6 2.4 5.7
Min/Max | 2.5/42 3.6/58 4.6/73 | 5.3/8.1 6.0/9.7 7.0/104| 7.4/9.7 62/90 3.8/75| 3.0/52 17/40 1.3/3.1 ] 5.3/6.1
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 1.5 2.1 2.7 3.1 3.7 4.0 4.1 3.4 2.7 2.1 1.2 1.0 2.6
Horiz Axis | Min/Max | 0.8/23 14/28 19/35 | 2.0/40 22/52 27/56 | 32/50 25/4.6 13/41 | 1028 0.6/24 0.4/1.5 ] 2.3/3.0
1-Axis, N-S | Average 1.0 1.7 2.9 3.9 4.9 53 55 4.5 32 1.9 0.9 0.6 3.0
Horiz Axis | Min/Max | 0.5/1.5 1.1/24 2.0/4.0 | 25/51 29/69 37/74 | 42/66 3.3/6.1 1.6/4.8| 1.0/27 04/1.8 03/1.0 | 2.7/35
1-Axis, N-S | Average 1.6 25 3.6 4.3 49 5.1 5.3 4.7 3.7 2.6 14 1.0 34
Tilt=Latitude | Min/Max | 0.9/2.5 1.6/34 25/4.8 | 2.7/56 29/68 35/7.1 | 4.1/64 34/64 18/56 | 1.3/3.6 07727 04/1.6 | 3.0/3.9
2-Axis Average 1.7 2.5 3.6 4.3 5.2 55 5.7 49 3.7 2.6 1.5 1.1 3.5
Min/Max | 0.9/2.7 1.6/35 25/4.8 | 2.8/56 3.0/7.2 3.8/7.7 | 44/6.8 3.5/6.6 18/56| 1.3/3.6 0.8/2.8 0.5/1.8 | 3.1/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -8.0 -7.6 22 49 111 16.3 195 18.2 14.1 8.3 2.1 4.6 6.0
Daily Minimum Temp -12.9 -132 -7.8 -1.1 4.0 8.9 122 11.4 7.9 2.8 20 8.6 02
Daily Maximum Temp 3.1 2.1 3.3 10.9 18.2 23.6 26.8 24.9 20.2 13.8 6.1 0.6 11.8
Record Minimum Temp | -33.3 -38.3 2328 | -17.8 -6.7 22 1.1 -1.1 -39 -89 -183 278 | -383
Record Maximum Temp | 11.1 18.3 24.4 32.2 34.4 36.7 38.9 38.9 34.4 31.1 24.4 18.3 38.9
HDD, Base 18.3°C 816 727 637 402 228 81 24 44 132 312 488 711 4602
CDD, Base 18.3°C 0 0 0 0 4 19 60 41 3 0 0 0 128
Relative Humidity (%) 76 73 72 67 66 70 71 76 78 76 78 79 73
| Wind Speed (m/s) 4.1 3.9 42 42 3.8 3.5 3.3 3.1 33 3.6 - 4.0 3.9 38
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Monthly Radiation (kWh/m?/day)

1961-1990 Average
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Variability of Latitude Fixed-Tilt Radiation
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WBAN NO. 94847

LATITUDE: 42.42° N

LONGITUDE: 83.02° W
ELEVATION: 191 meters
MEAN PRESSURE: 992 millibars

STATION TYPE: Secondary

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 2.5 34 4.6 5.6 6.2 6.1 53 4.1 2.8 1.7 1.3 3.8
Min/Max | 1.3/1.9  2.1/3.2 3.1/40 | 3.6/52 4.6/65 55/7.3 | 5.7/6.8 4.6/6.1 3.5/47 | 2.2/3.4 1321 1115 | 3.6/4.0
Latitude -15 A_Verage 24 33 4.1 5.0 5.7 6.1 6.1 5.6 4.8 37 24 1.9 4.3
Min/Max | 1.8/29 2.7/4.6 3.5/51 | 3.7/58 4.6/6.7 54/72 | 5.6/6.8 48/6.6 3.9/56 | 2.6/47 15/33 1425 | 4.0/45
Latitude A_Verage 27 3.6 42 49 5.4 5.6 5.6 5.4 4.8 3.9 2.6 2.1 42
Min/Max | 1.9/3.3  2.8/5.1 3.6/53 | 3.6/5.7 4.3/62 4.9/6.6 | 52/63 45/63 3.9/57 | 2.7/51 1.6/37 15/28 | 4.0/45
Latitude +15 Ayerage 2.8 3.7 4.1 4.5 4.8 4.9 4.9 4.9 4.6 39 2.6 22 4.0
Min/Max | 2.0/3.5 2.8/54 3.5/52 | 3.3/53 3.8/55 43/57| 4.6/55 4.1/58 3.7/55| 2.6/5.1 1.5/3.8 1.6/3.0 | 3.7/42
90 Average 2.6 33 32 3.0 2.8 2.7 2.8 3.1 33 32 23 2.0 2.9
Min/Max | 1.8/3.4 25/50 2.7/4.1 | 22/3.6 23/3.1 253.0| 2.6/3.0 2636 26/40| 2.1/42 1.3/3.5 1429|2731
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 33 4.5 5.9 7.2 8.0 79 6.9 55 38 22 1.7 4.9
Min/Max | 1.6/2.7 2.6/4.6 3.8/5.7 | 4.3/7.1 56/9.0 6.7/98 | 7.1/9.1 5.8/8.3 4.3/64 | 2.6/50 1.4/3.1 1222 | 4.6/53
Latitude -15 A_Verage 2.8 4.0 5.0 6.3 7.4 8.0 8.0 73 6.0 4.5 2.7 2.1 53
Min/Max | 1.9/3.5 3.0/5.7 4.1/65 | 44/7.5 57/92 6.7/9.8 | 72/93 6.0/88 4.7/72| 3.0/59 1.6/40 15/29 |4.9/5.8
Latitude Ayerage 3.0 42 5.1 6.2 7.1 7.7 7.7 7.1 6.1 4.7 29 23 53
Min/Max | 2.0/3.8 32/6.1 4.2/6.6 | 43/75 55/89 64/94 )| 69/90 538/8.6 4.7/73 | 3.0/62 1.6/43 1.6/32 | 4.9/58
Latitude +15 Ayerage 3.1 43 5.0 59 6.7 7.1 72 6.8 59 4.7 29 24 52
Min/Max | 2.1/4.0 3.2/63 4.1/6.6 | 4.1/7.2 5.1/84 59/88 | 6.4/84 55/82 45/7.1 | 3.0/63 1.6/44 1.7/33 | 4.8/5.6
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 3.1 4.3 5.1 6.3 7.5 82 8.2 7.3 6.1 4.7 3.0 2.4 55
Min/Max | 2.1/40  3.2/63 4267 | 45/7.6  5.8/9.3 6.8/10.1] 7.3/9.4 6.0/88 47773 | 3.0/63 1644 1734 |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 2.0 22 2.7 32 3.7 3.6 32 2.8 23 1.5 1.1 2.5
Horiz Axis Min/Max | 0.9/2.1 1.2/33  1.2/3.5 | 1.2/3.6 2.0/4.6 2.6/51 | 29/46 23/44 17/3.7 ] 1.1/35 04/2.6 0.6/1.9 | 2.2/2.9
1-Axis, N-S | Average 1.0 1.7 24 34 4.3 4.8 4.8 42 3.3 2.2 1.1 0.7 2.8
Horiz Axis Min/Max | 0.6/1.4 1.0/27 1.4/3.8| 1.7/46 27/62 3.4/6.7 | 3.9/62 3.1/57 2043 | 1034 0.320 04/12 | 25/33
1-Axis, N-S | Average 1.6 24 29 3.7 4.2 4.6 4.6 4.3 3.7 2.9 1.7 1.2 3.2
Tilt=Latitude | Min/Max | 1.0/2.3 1.4/3.9 1.6/4.6 | 1.8/49 2.6/6.1 3.2/64 | 3.7/59 3.2/59 23/49 | 13/44 0.5/3.0 0.6/2.0 ]| 2.7/3.6
2 Axis Average 1.8 25 29 37 44 5.0 5.0 4.5 3.8 3.0 1.7 1.3 33
Min/Max | 1.0/2.5 1.4/40 16/4.6 | 1.8/5.0 2.8/6.4 3.5/69 | 4.0/64 33/6.1 23/49 | 1445 0531 0772229338
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -5.1 -3.7 2.1 8.5 14.7 19.8 224 21.4 17.3 10.7 4.6 2.1 9.2
Daily Minimum Temp 9.1 -8.0 -2.8 2.7 8.4 13.5 16.3 15.3 11.4 4.9 0.1 -5.9 39
Daily Maximum Temp -0.9 0.7 6.9 14.3 209 26.1 28.5 27.4 233 16.4 8.9 1.8 14.5
Record Minimum Temp | -29.4 -26.1 -20.0 -12.2 -3.9 2.2 5.0 33 -1.7 -8.3 -12.8 -23.3 -294
Record Maximum Temp | 16.7 18.3 272 31.7 33.9 40.0 38.9 37.8 36.7 32.8 25.0 20.0 40.0
HDD, Base 18.3°C 725 616 504 295 135 21 0 9 57 242 413 632 3649
CDD, Base 18.3°C 0 0 0 0 21 64 128 103 27 4 0 0 348
Relative Humidity (%) 75 73 70 66 65 67 69 72 73 72 75 77 71
Wind Speed (m/s) 54 5.1 5.3 52 4.6 42 3.8 37 39 44 5.0 5.1 46
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WBAN NO. 14826

LATITUDE: 42.97° N

LONGITUDE: 83.73° W
ELEVATION: 233 meters
MEAN PRESSURE: 988 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m2/day)
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
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Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 1.6 2.5 34 4.6 5.6 6.1 6.0 52 4.0 2.7 1.6 1.3 3.7
Min/Max | 1.4/1.8 2.1/3.0 3.1/40 | 3.5/5.1 4.6/6.6 52/69 | 54/6.6 45/6.3 33/46 | 24/33 13/2.0 1.1/1.6 | 3.6/3.9
Latitude -15 Ayerage 23 33 4.1 5.0 5.7 6.0 6.0 5.6 4.7 35 22 1.8 42
Min/Max | 1.8/2.8 2.6/44 3.6/50 | 3.7/57 4.6/68 5.1/68 | 54/6.6 4.7/6.8 3.7/55 | 2.9/45 1.4/3.1 1.4/2.5 | 4.0/4.4
Latitude A}/erage 2.6 3.6 4.2 4.8 53 55 55 5.3 4.7 3.7 2.4 2.0 4.1
Min/Max | 2.0/3.2 2.8/48 3.7/52 | 3.5/5.6 4.2/64 47/62 | 50/62 45/6.6 3.6/56 | 3.049 15/35 1.5/29 | 3.9/44
Latitude +15 Ayerage 2.7 3.7 4.1 4.5 4.7 4.7 4.8 4.8 4.5 3.7 2.5 2.1 3.9
Min/Max | 2.0/3.4 2.8/5.1 3.6/5.1 | 32/52 3.8/56 4.1/54 | 44/54 4.1/59 3.4/54 | 29/49 1436 15/3.1|3.7/42
90 Average 2.6 33 33 3.0 2.8 2.7 2.8 3.1 33 3.0 22 2.0 2.8
Min/Max | 1.9/3.3 24/47 2.8/41 | 2.2/3.6 23/33 2429 | 253.0 26/37 24/40| 24/41 1.1/3.3 13/3.0 | 2.6/3.1
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 2.1 33 4.5 5.9 7.1 7.8 7.8 6.9 5.3 3.6 2.1 1.6 49
Min/Max | 1.6/2.5 25/43 3.8/56 | 42/69 5590 6.2/92 | 69/89 56/88 4.0/64 | 2.8/47 1.3/3.0 1.2/22 | 4.6/5.2
Latitude -15 Ayerage 2.7 4.0 5.0 6.3 73 7.8 7.9 7.2 5.9 4.3 2.5 2.0 52
Min/Max | 2.0/3.3 29/53 4.2/64 | 44/74 5593 62093 | 7.09.0 5893 43/72| 32/57 15738 15/29 4.9/5.6
Latitude Average 2.9 4.2 5.1 6.2 7.1 7.5 7.6 7.0 59 44 2.7 2.2 5.2
Min/Max | 2.1/3.6  3.0/5.7 4.3/6.6 | 43/7.3 53/90 5989 | 6.7/8.7 57/9.1 4.3/73 | 3.3/59 15/41 15/3.2|4.9/5.7
Latitude +15 Ayerage 3.0 43 5.1 59 6.6 7.0 72 6.7 5.7 4.4 2.8 2.3 5.1
Min/Max | 2.2/3.8 3.0/59 42/65 | 41/7.0 5.0/85 55/83 | 63/82 54/87 4.1/7.1 | 3.3/60 1542 1.6/34 | 4.7/55
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
LTracker Jan Feb Mar LApr May June L July Aug Sept L Oct Nov Dec | Year |
2-Axis Average 3.1 4.3 5.1 6.3 7.4 8.0 8.1 72 6.0 4.5 2.8 2.3 54
Min/Max | 2.2/3.8 3.1/59 4.3/6.6 | 44/74 56/94 6.4/95| 7.1/92 5893 43/7.3 | 33/6.0 15/42 16/35 | 50/58
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 1.9 22 2.6 3.2 3.5 3.6 3.2 2.7 22 1.3 1.0 2.4
Horiz Axis Min/Max | 0.8/1.9 1.0/2.9 1.4/34 | 1.2/35 1.8/47 22/46]| 2944 23/48 1.53.6| 1.3/34 03/25 0419 | 21727
1-Axis, N-S | Average 1.0 1.6 24 34 4.2 4.6 4.7 4.1 32 2.1 1.0 0.6 2.7
Horiz Axis Min/Max | 0.5/1.2 0.8/24 1.6/3.7 | 1.7/44 24/62 29/6.0 | 3.9/58 3.0/62 1.843 | 1233 02/1.9 03/1.2 | 2.4/3.1
1-Axis, N-S | Average 1.5 23 29 3.6 4.1 44 4.6 4.3 3.6 2.7 1.5 1.1 3.0
Tilt=Latitude | Min/Max | 0.9/2.0 1.2/34 1.9/45 | 1.8/4.8 24/6.1 28/5.7| 3.7/5.6 3.0/64 2.1/49 | 1.6/43 0.3/2.8 0.4/2.0 | 2.7/35
2-Axis Ayerage 1.6 2.4 2.9 3.7 4.4 4.7 49 4.4 3.7 2.7 1.5 1.2 32
Min/Max | 0.9/2.1 1.2/35 1.9/45| 1.8/49 25/65 3.0/62 | 4.0/60 3.1/6.6 21/49 | 1.6/43 03/29 05/2.1 | 2.8/3.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -5.8 -4.7 1.1 7.8 13.8 18.8 214 20.3 16.3 10.1 4.1 -2.7 8.4
Daily Minimum Temp -99 -9.1 -3.6 2.2 7.6 12.6 154 14.4 10.6 4.7 0.1 -6.3 32
Daily Maximum Temp -1.8 -0.4 5.7 13.3 20.0 249 275 26.2 22.0 15.4 8.1 1.0 135
Record Minimum Temp | -3L.7 -30.0 -24.4 -14.4 -5.6 0.6 44 2.8 -33 -7.2 -14.4 -24.4 -31.7
Record Maximum Temp | 15.6 17.2 25.6 30.6 33.9 38.3 383 36.7 33.9 31.7 24.4 19.4 38.3
HDD, Base 18.3°C 749 646 534 317 162 36 6 14 76 260 427 651 3877
CDD, Base 18.3°C 0 0 0 0 21 51 102 76 16 3 0 0 268
Relative Humidity (%) 75 73 70 66 66 68 70 73 76 73 76 71 72
Wind Speed (m/s) 5.1 4.8 5.1 4.9 4.4 4.0 3.6 3.4 3.8 4.2 4.8 4.9 4.4
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Variability of Latitude Fixed-Tilt Radiation
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LATITUDE: 42.88° N
LONGITUDE: 85.52° W
ELEVATION: 245 meters

MEAN PRESSURE: 987 millibars
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Monthly Radiation (kWh/m2/day)
N

STATION TYPE: Secondary
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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 1.6 2.5 3.5 4.7 5.7 6.3 6.2 53 4.1 2.7 1.6 1.3 3.8
Min/Max | 1.4/1.9 22/29 3.1/3.9 | 4.0/53 4.4/68 5.5/74 | 5.6/67 47761 33/4.8 | 2.4/32 14/20 L1/1.5] 3.6/4.0

Latitude -15 Average 2.3 33 4.2 5.1 5.8 6.2 6.1 57 4.8 3.6 22 18 43
Min/Max | 1.8/2.8 2.8/4.0 3.6/49 | 42/59 44/7.0 53/73 | 5.5/6.7 50067 3.7/59 | 29/44 1.53.1 1.4/22 | 4.0/45

Latitude Average 2.5 35 4.3 5.0 54 57 5.7 5.4 4.8 38 2.4 2.0 4.2
Min/Max | 1.9/3.2 2.9/44 3.7/50 | 4.1/5.8 4.1/65 49/67 | 5.1/62 4.8/64 3.6/6.0 | 3.0/47 1.6/34 15/2.5 | 4.0/4.5

Latitude +15 Average 2.6 3.6 4.2 4.6 4.8 4.9 5.0 4.9 4.6 38 25 2.0 4.0
Min/Max | 2.0/3.3 3.0/46 3.6/49 | 3.8/54 3.6/58 4.3/57 | 4.5/54 43/58 3.4/5.8 | 3.04.7 1536 1.5/2.7 | 3.8/4.3

90 Average 2.5 33 3.4 3.1 2.9 2.7 2.8 3.1 33 3.1 2.2 1.9 29
Min/Max | 1.8/32 27/43 28/39|26/3.6 23/33 25/30| 2.6/30 2837 24/43| 24/39 13/33 14/2.5 | 2.7/3.1

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 2.1 33 4.6 6.1 7.4 8.2 8.1 7.1 5.5 3.7 2.1 1.6 5.0
Min/Max | 1.6/2.5 2.7/4.0 3.9/53 | 4.9/7.1 53/9.1 6.8/10.0( 7.2/90 6.0/8.6 4.1/6.9 | 3.0/4.6 14/29 1320 | 47/54

Latitude -15 Average 2.6 3.9 5.1 6.5 76 82 82 74 6.0 43 2.5 2.0 54
Min/Max | 1.9/3.3 32/49 4.2/6.1 | 5.1/7.6 5.3/94 67/10.1| 7.2/92 6.3/9.1 4.4/7.8 | 34/55 1.6/37 1525 | 5.0/5.8

Latitude Average 2.8 4.1 5.2 64 7.3 7.9 7.9 73 6.1 4.5 2.7 2.1 5.4
Min/Max | 2.0/3.5 3.3/52 43/63 | 50/7.6 52/91 64/9.7 | 69/8.8 6.1/89 44/7.8 | 3.5/5.8 1.6/40 15/2.8 | 5.0/58

. Average 29 42 5.1 6.1 6.9 7.4 7.4 6.9 5.9 4.5 2.7 22 5.2
Latitude +15 | nriviax | 2.1/37  3.3/53  4.2/62 | 4.8/7.3 4886 6091 | 6583 5885 42777 | 3458 1641 1502.9 | 49/5.7

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

2_Axis Average 29 42 5.2 6.5 7.7 8.4 8.3 75 6.1 4.5 2.8 22 5.5
Min/Max | 2.1/3.8  3.3/53 4.3/63 | 5.1/7.7 5.4/94 69/103| 7.3/93 63/9.1 4.4/79 | 35/58 16/42 1.5/3.0 | 5.2/6.0

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 1.2 1.8 2.2 2.8 3.4 3.9 3.8 33 2.8 22 1.3 0.9 2.5
Horiz Axis Min/Max | 0.7/2.0 1.1/24 1.4/3.2 | 1.8/3.7 1.8/48 2.6/54 | 3.0/4.8 24/46 15/42 | 14/33 04/24 02/1.6|22/2.8
1-Axis, N-S | Average 0.8 1.5 2.4 35 4.5 5.1 5.0 44 33 2.1 1.0 0.6 29
Horiz Axis Min/Max | 0.5/1.3 09/2.0 1.6/34 | 2.3/46 24/63 35/72 | 40/62 32/60 19/49 | 1332 03/1.8 0.11.0] 2.6/33
1-Axis, N-S | Average 1.3 2.1 2.9 3.8 45 4.9 4.8 4.5 3.8 2.8 1.4 0.9 32
Tilt=Latitude | Min/Max | 0.7/2.1  1.3/2.8 1.9/4.2 | 2.5/5.0 24/6.2 3.3/6.8 | 3.8/60 3.3/62 22/57| 17/41 05/27 0.2/1.6| 2.8/3.6
2. Axis Average 1.4 2.2 2.9 38 4.7 5.3 52 4.7 3.8 2.8 L5 1.0 33

Min/Max | 0.8/22 1.3/29 1.9/42 | 2.5/5.0 25/6.5 3.6/74 | 4.1/64 34/64 22/57 | 1.8/4.1 0.5/2.8 0.2/1.8 | 3.0/3.8

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -5.7 -4.6 1.2 7.8 14.2 19.4 22.0 20.8 16.1 9.7 3.3 2.7 8.4
Daily Minimum Temp -9.6 -9.0 -3.7 1.9 7.6 12.9 15.8 14.7 9.9 3.9 -1.0 -6.3 3.1
Daily Maximum Temp -1.7 -0.2 6.0 13.7 20.7 25.9 282 26.9 222 154 7.7 0.8 13.8
Record Mininium Temp | -29.4 -283 =222 | -16.1 -5.6 0.6 5.0 39 2.8 -7.8 -15.0 278 | -294
Record Maximum Temp | 16.7 19.4 25.6 31.1 333 36.7 37.8 378 33.9 30.6 25.0 19.4 37.8
HDD, Base 18.3°C 744 642 532 317 152 28 0 10 77 269 450 653 3874

’CDD, Base 18.3°C 0 0 0 0 22 61 116 87 11 0 0 0 297
Relative Humidity (%) 71 75 71 66 65 67 69 73 76 74 77 79 72
Wind Speed (m/s) 5.1 4.7 5.1 4.9 4.3 4.0 3.7 3.5 3.7 4.0 4.6 4.8 4.4
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 94814

LATITUDE: 47.17° N
LONGITUDE: 88.50° W

ELEVATION: 329 meters
MEAN PRESSURE: 974 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m?/day)

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 | 13 22 3.5 4.6 55 6.0 6.0 5.0 3.6 2.3 1.3 1.1 3.6
Min/Max | 1.0/1.6 1.7/2.6 2.8/4.1 | 40/53 4.6/6.6 52/7.0 | 55/67 4.3/57 3.0/43 | 2027 11/1.6 0.7/1.3 | 3.3/3.8
Latitude -15 | Average | 2.1 32 45 52 5.6 59 6.0 55 4.4 3.2 19 1.6 4.1
Min/Max | 1.3/28 2.4/40 3.5/55|4.3/63 47/69 50/69 | 54/68 4.6/63 3.3/56| 2.639 13726 10/2.1 |3.7/44
Latitude Average | 2.3 3.5 47 52 53 5.4 5.6 52 4.4 3.4 2.1 1.8 4.1
Min/Max | 1.4/3.2 2.5/44 3.5/58 | 42/63 43/65 4.6/63 | 51/63 4461 3.3/57 | 2.7/42 13/29 1.0/23 | 3.7/4.4
Latitude +15 | Average | 2.5 3.6 4.7 4.8 4.7 4.7 4.8 4.7 42 3.4 2.1 19 3.8
Min/Max | 1.4/3.4 25/4.6 3.4/59 | 3.8/6.1 3.8/57 4.0/54 | 44/55 4.0/55 3.1/54 | 2.7/43 12/3.1 10725 | 3.4/4.1
90 Average | 24 33 4.1 3.7 3.0 29 3.0 3.2 3.2 29 2.0 1.8 3.0
Min/Max | 1.2/3.3 22/44 2.7/53 | 2.7/50 25/3.6 2532 | 2.833 2838 2343 | 2337 1028 0925|2532
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 1.8 3.1 4.9 6.3 74 8.1 8.1 6.9 5.0 32 1.7 14 4.8
Min/Max | 1.1/2.4 22/40 3.7/62 | 5.0/7.4 5.8/94 6.6/10.0| 7.2/9.3 57/85 3.6/63 | 2541 1.1/24 08/1.7 | 4.4/52
Latitude -15 | Average | 24 3.8 5.7 6.8 7.6 8.2 8.3 7.4 5.6 3.9 2.2 1.8 53
Min/Max | 1.4/33 27/50 42/72 | 54/83 6.0/9.8 6.6/10.1| 7.3/9.6 6.0/9.1 39/73 | 3.0/50 13/32 1.0/23 | 4.8/5.8
Latitude Average | 2.6 4.1 5.8 6.8 7.4 7.8 8.0 7.2 5.6 4.0 2.3 2.0 53
Min/Max | 1.5/3.6 2.8/53 4.3/7.4 | 53/83 5.8/9.6 63/9.8| 7.0/93 5989 3.9/74 | 30/52 13/34 1.0/22.6 | 4.7/5.8
Latitude +15 | Average | 27 4.1 5.8 6.6 7.0 73 7.5 6.9 55 4.0 2.4 2.1 52
= | Min/Max | 1.5/3.8 2.8/55 4.2/74 | 5.0/82 54/9.1 59/92| 66/87 5685 37772 | 3.0/53 1335 1.0/27 | 45/5.6
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 | 2.7 4.1 5.8 6.9 7.7 8.4 8.4 7.4 5.7 4.1 2.4 2.1 5.5
L Min/Max uj/&s 2.8/55 4.3/7.4 L5.4/8.3 6.1/10.0 6.8/10.4 L 7.4/9.8 6.1/9.1 3.9/74 | 3.0/53 13/3.5 1.1/2.8 | 4.9/6.0
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 1.2 1.8 24 2.9 3.6 3.9 4.0 3.4 2.6 2.0 1.1 0.8 2.5
Horiz Axis | Min/Max | 0.52.0 1.1/27 1.6/3.4 | 20/3.7 23/53 2.8/54 | 3.1/5.1 2446 15/40| 1.1/3.0 0320 03/1.3 | 2.2/29
1-Axis,N-S | Average | 08 15 2.6 3.7 4.7 5.3 53 45 3.1 1.9 0.7 0.5 2.9
Horiz Axis | Min/Max | 0.3/1.3  0.8/23 1.7/3.7 | 2.6/4.6 3.1/7.0 3.6/72 | 42/67 32/62 1.7/45| 1.0/28 02/1.4 02/0.8 | 2.53.3
1-Axis, N-S | Average 13 2.2 32 4.1 48 5.1 52 47 3.6 2.6 1.2 0.9 32
Tilt=Latitude| Min/Max | 0.6/2.2 1.3/3.3  2.1/4.6 | 29/5.1 3.1/70 3.5/6.9 | 4.1/6.5 3.4/6.5 20/54 | 1.4/3.8 03/23 03/1.4 | 2.8/3.7
2-Axis Average | 1.4 22 32 4.1 5.0 5.5 5.6 4.9 3.6 2.6 1.3 0.9 3.4
Min/Max | 0.6/2.4 1.3/3.4 2.1/4.6 | 2.9/52 3.3/7.4 3.8/7.6 | 4470 3.5/67 20/54 | 14/39 0424 0.3/1.5] 3.0/39
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept | Oct Nov Dec Year
Temperature (°C) -8.4 -1.7 2.1 5.7 12.3 17.1 19.7 18.4 14.1 8.2 1.8 5.2 6.2
Daily Minimum Temp -13.1 -132 1.7 -0.2 5.6 10.3 13.0 12.1 8.3 3.1 2.0 9.1 0.6
Daily Maximum Temp -3.7 22 3.4 11.5 189 23.8 26.4 247 19.9 13.2 5.6 -14 11.7
Record Minimum Temp | -32.2 -36.7 -30.6 | -16.1 -6.1 -1.7 0.6 -1.7 -6.1 8.9 -189 294 | -36.7
Record Maximum Temp | 11.7 15.0 24.4 30.0 322 35.0 36.7 34.4 33.3 29.4 21.1 17.2 36.7
HDD, Base 18.3°C 828 728 634 380 199 67 19 39 130 315 497 730 4566
CDD, Base 18.3°C 0 0 0 0 11 28 62 41 0 0 0 0 142
Relative Humidity (%) 79 76 74 68 65 69 71 75 78 77 81 82 75
Wind Speed (m/s) | 45 4.1 44 | 45 4.1 38 | 34 3.3 3.5 3.9 4.3 4.3 4.0
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Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14836

LATITUDE: 42.78° N

LONGITUDE: 84.60° W

ELEVATION: 256 meters
MEAN PRESSURE: 985 millibars
STATION TYPE: Secondary
T 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 25 35 4.6 5.6 6.2 6.1 52 4.0 2.7 17 13 38
Min/Max | 1.4/1.9 2.1/3.0 32/39 | 3.8/5.1 4.6/6.7 54/73 | 56/65 4760 32/48 | 2333 1420 1.1/1.6 | 3.6/4.0
Latitude -15 Average 2.4 33 4.2 5.0 5.7 6.0 6.1 5.6 4.7 3.6 23 1.8 42
Min/Max | 1.8/2.8 2.6/42 3.7/4.8 | 3.9/57 4.6/69 53/72 | 55/65 4.8/65 3.5/58 | 2.8/45 1.6/3.0 1425 | 4.0/45
Latitude Average 2.6 3.6 43 49 53 5.6 5.6 54 4.3 38 24 2.0 4.2
Min/Max | 1.9/3.1 2.7/46 3.7/5.0 | 3.8/5.6 4.3/64 4.8/6.6 | 51/6.1 4.6/63 3.560 | 2948 1633 1528 | 4.0/45
Latitude +15 Average 2.8 37 42 45 4.7 4.8 4.9 49 45 37 25 2.1 4.0
Min/Max | 2.0/3.3 2.7/48 3.6/4.9 | 3.5/52 3.8/57 4.2/57| 45/53 42/57 3.3/5.8 | 2849 1635 1.6/3.0 ]| 3.7/43
90 Average 2.6 34 34 3.1 2.8 2.7 2.8 3.1 33 3.1 2.2 2.0 2.9
Min/Max | 1.8/3.2 2.4/45 2.8/42 | 24/3.6 23/33 25/3.0| 2630 2736 2342 | 23/41 13/3.1 1429 | 2.7/3.1
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 2.2 33 4.6 59 7.2 7.9 79 6.9 54 37 2.1 1.6 4.9
Min/Max | 1.6/25 2.5/4.1 3.9/53 | 46/6.9 55/9.1 65/9.8| 7.1/88 59/84 3.9/6.8 | 2.8/4.8 14/2.8 1.3/2.2 | 4.6/53
Latitude -15 Average 2.7 4.0 5.1 6.3 7.4 7.9 8.0 7.2 59 43 2.6 2.1 53
Min/Max | 2.0/3.2  2.9/5.1 43/6.1 | 48/7.4 5694 65099 | 7.1/89 62/88 4.2/7.7 | 3.2/57 16/3.6 15/2.8 | 5.0/5.7
Latitude Average 2.9 4.2 5.2 6.2 7.1 7.6 7.7 7.1 6.0 4.5 2.7 22 53
Min/Max | 2.1/3.5 3.0/54 43/6.2 | 4.7/74 54/9.1 62/95| 6886 6.0/87 42/7.8 | 32/6.0 16/3.8 1.6/3.1 | 5.0/5.8
Latitude +15 Ayerage 3.1 4.3 5.1 6.0 6.7 7.1 72 6.7 5.8 4.5 2.8 23 5.1
Min/Max | 2.1/3.7 3.0/56 42/6.1 | 44/7.1 50/8.6 57/89 | 64/80 57/83 4.0/7.6 | 3.2/60 16/40 1.6/3.3 | 4.8/5.6
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 3.1 4.3 52 6.3 7.5 8.1 8.1 73 6.0 4.5 2.8 2.3 5.5
Min/Max | 2.1/3.7 3.0/5.6 44/62 | 48/75 57/9.5 6.6/10.1| 72/90 6.2/89 42/7.8 | 33/6.1 1640 17/33 | 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 14 19 22 2.7 33 3.6 3.6 32 2.7 22 1.3 1.0 24
Horiz Axis | Min/Max | 0.8/1.9 1.0/2.6 1.6/3.1 | 1.4/3.6 2.0/4.8 24/52 | 28/43 23/43 14/4.1| 12/3.4 04/23 04/1.7 | 2.1/2.8
1-Axis, N-§ | Average 0.9 1.6 2.4 34 4.3 4.8 43 4.2 32 21 1.0 0.6 2.8
Horiz Axis | Min/Max | 0.6/1.3 0.8/22 1.7/34 | 1.9/45 2.6/63 3.1/6.8 | 3.7/57 3.1/57 17/47| L133 03/1.7 0.3/1.0 | 2.4/3.3
1-Axis, N-S | Average 1.5 2.3 2.9 3.7 42 4.5 4.6 43 3.7 2.7 1.5 1.0 3.1
Tilt=Latitude | Min/Max | 0.9/2.1  1.1/3.0  2.1)4.2 | 2.0/4.9 2.6/6.2 29/65 | 3.6/55 32/59 1.9/55| 1.5/43 04/2.6 04/1.8 | 2.7/3.6
2-Axis Average 1.6 2.4 2.9 3.7 4.5 4.9 5.0 4.4 3.7 2.8 1.6 1.1 32
Min/Max | 0.9/22 1.2/3.1 2.1/42 | 2.1/5.0 27/6.6 32/7.1 | 38/59 33/61 2.0/55| 1.5/44 0427 05/1.9 | 2.8/37
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -6.2 -5.1 0.9 7.7 13.9 19.1 21.6 204 16.1 9.6 35 -3.1 8.2
Daily Minimum Temp -104 -9.9 4.2 1.7 72 12.5 15.0 13.8 9.9 4.0 -0.7 -7.1 2.7
Daily Maximum Temp -1.9 -0.2 5.9 13.7 20.6 25.7 28.1 26.9 222 15.2 7.7 0.8 13.7
Record Minimum Temp ( -33.9 -31.1 -26.1 | -189 <72 L1 28 L7 -5.6 94 -156 272 | -339
Record Maximum Temp | 18.9 17.8 25.6 30.0 34.4 372 37.8 37.8 36.1 31.7 25.0 18.9 37.8
HDD, Base 18.3°C 759 655 541 318 157 33 4 14 82 271 445 665 3945
CDD, Base 18.3°C 0 0 0 0 19 57 104 78 13 0 0 0 272
Relative Humidity (%) 79 76 73 68 67 69 71 75 77 76 79 81 74
Wind Speed (m/s) 54 4.9 5.2 5.1 4.5 4.1 3.6 34 3.7 4.1 4.8 5.0 4.5
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14840

LATITUDE: 43.17° N
LONGITUDE: 86.25° W

Monthly Radiation (kWh/m?/day)

ELEVATION: 191 meters T
MEAN PRESSURE: 993 millibars
STATION TYPE: Secondary
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m2/day), Uncertainty 19%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.6 2.4 35 4.7 59 6.4 6.4 54 4.1 2.7 1.6 1.2 3.8
Min/Max | 13/1.8 2.1/29 3.1/4.0 | 4.0/54 4.9/69 57/74 | 58/69 49/64 34/48 | 23/3.0 13/19 1.0/1.4 | 3.6/4.0
Latitude -15 A_Verage 2.0 3.1 42 52 6.0 6.3 6.4 5.8 4.8 35 2.1 1.6 4.3
Min/Max | 1.6/2.5 25/3.9 3.7/49 | 43/6.0 4.9/71 5.5/73 | 5.8/69 52/7.0 3.8/59| 29/4.1 1527 13/2.1 4.0/4.5
Latitude Average | 22 33 43 5.1 56 5.8 59 56 49 37 2.2 1.8 4.2
Min/Max | 1.6/2.8 2.6/43 3.7/5.1 | 42/59 4.6/6.6 5.1/6.7| 54/64 49/6.8 3.8/6.0 | 3.0/43 15/3.0 1.3/24 |3.9/4.4
Latitade +15 A_Verage 23 34 4.2 4.7 5.0 5.0 52 5.1 4.6 3.7 23 1.8 3.9
Min/Max | 1.6/3.0 2.6/44 3.6/5.1 ] 3.8/55 4.1/59 44/57 | 4.7/56 45/6.1 3.6/58 | 2944 1.5/3.1 13/2.6 | 3.7/42
90 Average 2.1 3.1 34 3.2 2.9 2.8 29 32 34 3.0 2.0 1.7 2.8
Min/Max | 1.5/2.8 2.3/4.1 28/4.4 | 2.6/3.7 2534 2530 | 2731 2838 2643 | 2336 12728 1.1/24 | 2.6/3.0
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 19 3.1 4.6 6.2 7.6 8.3 8.4 73 5.5 3.6 19 1.5 5.0
Min/Max | 1423  24/3.9 39/54 | 4973 59/93 69/10.1| 7592 62/9.1 4.2/68 | 2.9/43 1326 1119 | 4.6/54
Latitude -15 Ayerage 2.3 3.7 5.1 6.6 7.8 8.3 8.5 7.6 6.1 4.2 23 1.8 5.4
Min/Max | 1.6/3.0 27/47 43/62 | 52/79 60/9.5 69/102| 7.6/9.4 65096 4.67.6| 33/51 1532 13/25 | 4957
Latitude A_Verage 24 3.8 52 6.6 7.6 8.0 8.2 7.5 6.1 4.4 2.5 1.9 53
Min/Max | 17/3.2  2.8/50 43/6.3 | 5.1/7.8 58/93 6.6/9.8 | 73/90 63/94 4577 | 33/53 1535 13727 | 4.9/57
Latitude +15 A_Verage 2.5 39 5.2 6.3 7.1 7.5 7.7 7.1 6.0 4.3 2.5 2.0 5.2
Min/Max | 1.7/34 29/5.1 43/6.3 | 4.8/7.5 54/87 6.1/92 | 6.8/85 6.0/9.0 44/7.6 | 3.3/53 1.5/3.6 13/2.8 | 47/5.5
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Fl“—racker Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
. Average 25 39 53 6.7 7.9 8.5 8.7 7.7 6.2 4.4 2.5 2.0 5.5
( 2-Axis Min/Max | 17/3.4 29/5.1 4463 | 5279 6.1/96 7.1/10.4 | 795 65096 46/1.8 | 34/53 1536 13/29 | 5059
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 0.8 1.5 2.2 3.0 3.7 4.1 4.2 3.6 2.9 2.1 1.1 0.7 2.5
Horiz Axis | Min/Max | 03/1.8 0724 12/33 | 1.9/3.9 23/50 29/56 | 3.5/50 2751 1842 | 1328 04/19 0.1/1.5]|2.1/28
1-Axis, N-S | Average 0.5 1.3 2.4 3.8 4.8 53 55 4.7 34 2.0 0.8 0.4 29
Horiz Axis Min/Max | 02/1.2 0.6/20 14/35|24/49 29/6.6 3.8/73 | 4566 3567 2.0/4.8| 1.2/28 03/1.4 0.1/1.0|25/3.3
1-Axis, N-S | Average 0.8 1.8 2.9 4.0 4.7 5.0 5.3 4.8 3.9 2.7 1.2 0.7 3.2
Tilt=Latitude | Min/Max | 0.3/1.9 0.9/28 17/43 | 2.6/53 2.9/6.5 3.6/69 | 4.4/64 3.6/69 23/56 | 1.6/3.6 04/21 0.1/1.6 | 2.7/3.6
2. Axis Ayerage 0.9 1.8 2.9 4.1 5.0 55 5.7 5.0 3.9 2.7 1.3 0.8 33
Min/Max | 0.4/2.1 09728 17/43 | 277/54 3.0/6.8 3.9/75| 4.7/68 37771 2457 | 1636 0423 02/1.7 | 2.8/3.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.8 -4.2 0.7 7.2 13.3 18.3 21.3 20.3 16.2 10.2 4.1 -1.9 8.4
Daily Mimimum Temp -7.9 -7.8 -3.7 1.9 7.3 12.4 15.7 14.9 10.8 53 0.4 -4.8 3.7
Daily Maximum Temp -1.8 -0.7 5.1 12.5 19.2 24.2 26.8 25.6 21.6 15.0 7.8 0.9 13.1
Record Mimimum Temp | -25.0 -25.6 ~233 -17.2 -5.6 -0.6 4.4 2.2 -2.8 -6.1 -25.6 -26.1 -26.1
Record Maximum Temp | 17.2 16.7 26.7 30.0 339 36.1 35.6 372 35.0 283 244 17.8 372
HDD, Base 18.3°C 718 632 546 333 172 43 6 14 74 253 427 629 3847
CDD, Base 18.3°C 0 0 0 0 15 43 97 74 11 0 0 0 239
Relative Humidity (%) 78 75 71 65 64 68 71 75 76 74 75 79 73
Wind Speed (my/s) | 56 5.1 54 | 53 4.5 42 | 40 39 4.2 4.7 53 54 4.8
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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 2.6 3.9 4.8 5.7 6.1 6.0 5.0 35 22 1.4 12 3.7
Min/Max | 1.4/1.7 23/29 3.1/45 | 4.1/57 4.7/6.7 5.1/6.7 | 55/68 42/57 2.9/43 | 2.02.7 L11/1.6 0.9/15 | 3.5/3.9
Latitude -15 | Average | 2.5 3.8 5.1 5.4 5.8 5.9 6.0 5.4 42 3.0 1.9 19 43
Min/Max | 2.1/2.9  3.1/44 3.8/6.0 | 45/65 48/7.0 50/6.7 | 55/69 4563 32/53| 23/39 1325 12/2.6 | 4.045
Latitude Average | 2.8 42 53 53 5.4 5.4 5.6 5.2 472 3.1 2.1 2.2 42
Min/Max | 2.3/33  3.4/49 3.9/63 | 4.4/6.5 44/66 4.6/6.1 | 50/64 4360 32/54 | 23/42 1428 1.3/3.0 | 4.0/4.5
Latitude +15 | Average | 2.9 43 53 5.0 4.8 4.7 4.9 4.7 4.0 3.1 2.1 2.3 40
Min/Max | 2.4/3.5 35/5.1 3.8/6.3 | 4.0/62 3.9/58 4.0/53 | 44/56 3.8/55 3.0/51 | 2.3/42 1429 13/33 | 3.8/4.3
90 Average | 29 4.1 4.7 3.7 3.0 2.8 3.0 32 3.0 2.6 2.0 22 3.1
| Min/Max | 2.3/3.5 32/48 3.2/56 | 3.0/49 2.6/3.6 25/3.1| 27/33 2637 22/39| 1936 12727 12/33]| 28733
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 | 2.1 3.7 5.5 6.6 7.6 8.0 8.1 6.8 4.8 3.0 1.7 1.6 5.0
Min/Max | 1.8/2.5 29/43 4.1/6.6 | 54/80 58/9.6 63/94 | 7.1/9.6 53/81 35/62| 2340 1223 1022|4653
Latitude -15 | Average | 2.9 4.6 6.4 7.1 7.9 8.1 8.3 72 53 3.6 22 22 5.5
Min/Max | 2.3/35 3.6/55 4.7/7.8 | 5.8/8.8 5.9/100 6.3/9.4 | 7.2/9.8 5.6/8.6 3.8/7.0 | 2.6/49 14/30 13/3.1 | 5.1/59
Latitude Average | 3.1 49 6.6 7.1 7.6 7.8 8.0 7.0 5.3 3.7 23 2.4 5.5
Min/Max | 2.5/3.8 3.8/58 4.7/8.0 | 5.7/8.8 57/9.7 6.1/9.1 | 69/95 54/85 3.8/7.1 | 2.6/51 1533 13/34 | 5.1/59
Average | 32 5.0 6.6 6.8 72 7.3 7.5 6.7 52 3.7 2.4 2.5 53

Latitude +15 Min/Max | 2.6/4.0  3.9/60 4.7/80 | 55/8.6 53/92 57/85| 6589 5181 3.6/69 | 2651 1533 14/3.6 | 4957

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 33 5.0 6.6 7.1 8.0 8.3 8.5 72 54 3.7 24 2.5 5.7
Min/Max | 2.6/40 3.9/60 4.8/8.0 | 5.8/8.8 59/10.1 6.59.7 | 74/100 5.6/8.7 3.8/7.1 | 2.6/5.1 1.5/34 1.4/3.7 | 5.2/6.1
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 23 2.8 32 3.8 4.0 4.1 3.4 24 1.7 1.0 1.1 2.6
Horiz Axis Min/Max | 0.8/2.0 1.3/3.1 1.6/3.7 | 2.3/42 2.2/55 25/51| 3.3/54 22/46 13/3.8 | 08/28 0.3/1.9 0.52.0 2.3/29
1-Axis, N-S | Average 0.9 1.8 3.0 4.1 5.0 5.3 5.5 4.4 2.8 1.6 0.7 0.6 3.0
Horiz Axis Min/Max | 0.5/1.3 1.1/2.5 1.7/4.0 | 3.0/53 2.8/7.3 3.4/6.8 | 44/7.1 2.8/59 16/44 | 0.8/2.6 02/1.4 03/1.1] 2.6/3.3
1-Axis, N-S | Average 1.5 2.7 3.7 44 5.0 5.0 53 4.6 33 22 1.2 1.1 3.3
Tilt=Latitude| Min/Max | 0.8/22 1.6/3.7 2.1/5.0 | 3.3/5.9 2.8/7.3 3.2/6.5] 4.3/69 3.0/62 1.85.1 | 1.0/3.5 04/22 0.5/20|2.9/37
2_Axis Average 1.6 27 3.7 4.5 53 55 5.7 4.7 3.3 22 1.2 1.2 3.5

Min/Max | 0.9/23 1.7/3.8 2.1/5.0 | 3.3/59 3.0/7.7 3.5/7.1 | 46/74 3.1/64 1.8/5.1 1.0/3.6  0.4/23 0.5/2.2 | 3.0/3.9
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -10.6 -10.0 -4.4 34 10.3 14.4 17.7 17.0 12.8 7.4 0.6 -72 43
Daily Minimum Temp <152 -15.1 -9.3 -2.0 3.6 7.5 10.7 10.7 6.8 2.3 -3.4 -11.2 -1.2
Daily Maximum Temp -6.1 -49 04 8.9 17.0 214 24.6 232 18.8 124 4.4 32 9.8
Record Minimum Temp | -37.8 -37.2 -31.1 -18.9 -7.8 -3.3 22 -1.7 -3.9 -8.9 -23.3 -31.7 -37.8
Record Maximum Temp 7.2 8.3 239 294 31.7 33.9 36.1 36.7 35.0 26.7 19.4 15.6 36.7
HDD, Base 18.3°C 897 793 706 447 254 124 51 71 167 339 533 792 5176
CDD, Base 18.3°C 0 0 0 0 4 8 31 30 0 0 0 0 73
Relative Humidity (%) 77 75 75 70 68 75 76 80 82 80 82 81 77
LWind Speed (m/s) 42 3.9 4.3 44 4.1 3.7 3.4 3.3 3.6 3.8 4.2 4.1 3.9
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14850

LATITUDE: 44.73° N
LONGITUDE: 85.58° W
ELEVATION: 192 meters

MEAN PRESSURE: 993 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

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 15 24 35 4.6 5.6 6.2 6.1 5.1 3.7 2.4 14 1.2 3.6
Min/Max | 1.3/1.7 1.9/2.8 28/4.0 | 4.1/51 4.8/6.6 54/72| 57/6.6 4.6/59 3.1/44 | 2029 1.2/1.7 0.9/14 | 3.53.8
Latitude -15 | Average | 2.1 33 44 5.0 5.8 6.1 6.1 5.4 44 32 2.0 1.6 4.1
Min/Max | 1.6/2.4 2439 33/50 | 4.4/58 4968 53/7.1 | 5.6/6.6 4.8/64 3.4/55( 2.54.0 1527 11/1.9 | 3.9/44
Latitude Average | 23 3.5 4.6 4.9 5.4 56 5.6 52 44 34 2.1 1.8 4.1
Min/Max | 1.7/2.7 2.6/43 33/53 | 4.2/57 4.6/64 4865 | 52/6.1 4.6/62 33/56| 2.6/42 1529 1.1/2.1 | 3.8/44
Latitude +15 | Average | 24 3.6 45 4.6 4.3 4.8 49 47 42 3.3 2.1 1.8 3.8
Min/Max | 1.8/2.9 2.6/44 32/53|3.9/53 4.0/57 42/56| 4553 42/56 3.1/53 | 2543 1531 1122 | 3.54.1
90 Average | 2.2 33 3.8 32 2.9 2.8 2.9 3.1 3.1 2.8 19 1.7 2.8
Min/Max Q7/2.8 23/4.1  2.5/47 | 2737 2634 2531 | 2731 2837 23/40| 2036 1328 1022|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 1.9 3.2 4.8 6.1 7.4 8.1 8.1 6.8 5.0 32 18 1.4 4.8
Min/Max | 1.4/2.2 23/39 34/56 | 52/69 59/9.0 6899 7.4/89 59/84 3.7/63 | 2542 1325 0.9/1.7 | 44/52
Latitude -15 | Average | 2.3 3.8 5.4 6.5 7.6 8.1 8.2 7.1 5.6 338 22 1.8 5.2
Min/Max | 1.7/2.8 2.7/48 3.8/65 | 55/7.5 6.0/94 6810.0| 7509.1 62/89 4.0/7.1 | 2.9/50 15/32 1.1/2.1 | 48/57
Latitude Average | 2.5 4.0 5.6 6.4 7.4 7.8 7.9 7.0 5.6 3.9 2.3 1.9 52
Min/Max | 1.8/3.1 2.8/50 3.8/6.7 | 54/7.5 58/9.1 65/9.6| 7.2/8.8 6.0/87 3.9/72 | 3.0/52 1634 12023 | 4.7/57
: Average 2.6 4.1 55 6.2 7.0 7.3 7.4 6.6 5.4 3.9 2.4 2.0 5.0
Latitude +15 Min/Max u9/3.2 29/52 38/67|52/12 54/86 6190 | 6882 57/83 37/7.1| 2.9/52 1635 1224 | 4655
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 | 2.6 4.1 5.6 6.5 1.7 8.3 8.3 72 5.6 4.0 2.4 2.0 5.4
Min/Max | 1.9/3.2  2.9/52  3.8/6.7 | 5.6/71.6 6.1/9.5 7.0/103| 7.7/93 62/89 4.0/7.2 | 3.0/53 1.6/3.5 1.2/2.5 | 4.9/59
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 | 09 1.6 23 2.9 3.5 3.9 3.9 32 25 L9 1.0 0.7 24
Horiz Axis | Min/Max | 05/1.4 0.9/2.5 1.3/3.4]2.1/37 23/49 28/56 | 3.3/46 2.4/44 12/38) 1.129 0420 02/12|2.1/2.7
1-Axis, N-S | Average 0.5 1.3 2.5 3.7 4.7 5.1 52 4.2 29 1.7 0.7 0.4 2.7
Horiz Axis | Min/Max | 0.3/0.9 0.8/2.1 1437 | 2.7/46 29/63 3.6/73| 43/6.1 32/58 1543 | 1.028 03/1.5 0.1/0.7 | 2.4/32
1-Axis, N-S | Average | 09 1.9 3.0 4.0 4.6 4.9 5.0 43 34 23 1.1 0.7 3.0
Tilt=Latitude| Min/Max | 0.6/1.5 1.1/3.0 1.7/4.6 | 2.9/50 29/63 3.5/7.0 | 42/59 3361 17/51| 14/37 05/23 02/12 | 2.6/3.5
2 Axis Average 1.0 19 3.0 4.0 49 53 5.4 45 3.4 24 1.2 0.7 32
Min/Max | 0.6/1.6 1.1/3.1 1.7/46 | 3.0/51 3.1/6.7 3.8/7.6 | 45/64 3.4/63 1.7/51| 14/3.7 05/24 03/13 | 2.83.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 6.8 -6.8 -1.4 5.8 12.1 175 20.7 19.5 153 9.3 2.9 -3.7 7.1
Daily Minimum Temp -104 -11.6 -6.6 -0.1 5.0 10.6 14.1 13.3 9.6 4.2 0.8 -6.9 1.7
Daily Maximum Temp 3.2 2.1 3.6 11.8 19.1 24.4 274 25.7 20.9 14.4 6.6 0.4 12.3
Record Minimum Temp | -28.9 -37.8 317 | -150 -6.1 -1.7 0.0 0.0 2.2 5.6 -150 261 | -37.8
Record Maximum Temp | 11.7 14.4 25.6 322 333 372 372 36.7 333 31.1 23.3 17.2 372
HDD, Base 18.3°C 778 703 613 375 206 64 14 32 96 279 463 682 4305
CDD, Base 18.3°C 0 0 0 0 11 39 88 68 4 0 0 0 209
Relative Humidity (%) 77 74 71 66 66 69 68 73 76 74 76 79 72
Wind Speed (m/s) 4.6 4.2 4.2 4.3 3.8 3.7 3.4 3.4 3.6 3.8 42 43 3.9
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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 1.6 2.6 3.8 4.8 5.6 6.0 6.1 5.1 3.7 2.5 L5 1.2 3.7
Min/Max | 1.5/1.8 2.1/29 3.3/44 | 42/55 4.6/6.6 5.1/6.8 | 51/6.8 4.2/59 3.0/44 | 2.1/29 13/1.7 1.0/1.5 | 3.5/4.0
Latitude -15 Average 2.8 4.0 5.0 5.5 5.7 5.9 6.1 55 4.5 34 24 2.2 4.4
Min/Max | 2.3/3.4 2.8/47 4.2/59 | 4.7/65 4.6/6.8 4.9/67 | 51/7.0 44/6.6 3.4/56 | 2.7/42 1.629 15029 | 4.1/4.8
Latitude Average 32 4.4 52 54 54 5.4 5.6 53 45 3.6 2.6 2.5 4.4
Min/Max | 2.6/3.9 3.0/53 4.3/6.2 | 45/64 43/6.4 45/6.1 | 4.7/65 4.2/6.3 3.4/57 | 2.8/45 1.7/3.3 1.7/3.4 | 4.0/4.8
Latitude +15 Ayerage 3.4 4.5 5.2 5.1 4.7 4.7 4.9 4.8 43 3.6 2.7 2.7 4.2
Min/Max | 2.8/42 3.0/5.6 4.3/6.2 | 4.2/6.1 3.8/5.6 3.9/53 | 4.1/56 3.8/57 3254 | 28/4.6 1.7/34 1.8/3.7| 3.9/4.6
90 Average 3.4 4.3 4.6 39 3.0 2.9 3.0 3.2 33 3.1 2.5 27 33
Min/Max | 2.7/42 2.8/53 3.8/5.6 | 3.0/4.8 25/35 25/3.1 | 2.6/34 2.6/39 24/42 | 23/39 1532 1.7/3.7 | 3.0/3.6
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 24 3.8 54 6.6 74 7.8 8.1 6.9 5.1 34 2.1 1.9 5.1
Min/Max | 2.0/2.9 2.6/4.6 4.4/64 ] 55/8.1 54/9.1 62/94 | 6.6/94 54/85 3.8/64 | 2.7/4.3 1527 1.2/2.4 | 4.6/57
Latitude -15 Average 33 4.9 6.3 7.2 7.6 7.9 8.3 73 57 4.2 27 2.6 5.7
Min/Max | 2.7/4.1  3.2/6.0 5.1/7.6 | 6.0/89 5.6/9.5 62/9.5 | 6.7/9.7 56/9.1 4.1/73 | 32/53 1.7/3.6 1.7/35 | 51/64
Latitude Average 3.7 5.2 6.5 7.1 74 7.6 8.0 7.2 5.7 4.3 2.9 29 57
Min/Max | 2.9/45 3.3/64 52/7.8 | 59/89 54/92 59/9.1 | 64/94 55/89 4.1/74 | 32/56 1.8/38 1.8/3.9 | 5.1/6.4
Average 3.8 53 6.5 6.9 7.0 7.1 7.5 6.8 55 43 3.0 3.0 5.6

Latitude +15 | \pivinax | 3.048  33/6.6  5.0/7.8 | 5.7/8.6 5087 5585 | 6088 5285 3972 | 32/56 1840 1.9/41  50/63

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 3.9 53 6.5 7.2 7.8 8.1 8.5 7.4 57 4.4 3.1 3.1 5.9
- Min/Max | 3.1/4.8 3.4/6.6 5.2/1.8 | 6.0/9.0 57/9.6 64/9.7 | 6.8/99 57/9.1 4.1/74 | 33/56 1.8/40 19/42 | 53/6.6

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 2.1 2.6 2.7 3.1 35 3.6 3.9 3.4 27 22 16 L6 2.8
Horiz Axis Min/Max | 1.4/3.0 1.0/3.7 1.9/3.6 | 2.1/47 2.1/5.1 2.1/49 | 2.7/52 2.2/4.6 1.4/40 | 1.3/3.2 05/24 0.8/2.6 | 2.3/3.4
1-Axis, N-S | Average 1.3 2.1 29 4.0 4.7 4.8 5.2 44 3.1 2.0 1.1 0.9 3.0
Horiz Axis Min/Max | 0.9/1.9 0.8/3.0 1.9/39 | 2.7/6.0 2.6/6.6 2.8/6.5 | 3.6/6.8 2.8/6.1 1.7/4.6 | 12/29 0.3/1.7 0.5/1.5 | 2.6/3.8
1-Axis, N-S | Average 22 3.1 3.6 44 47 4.6 5.1 4.6 3.6 2.8 1.8 1.7 3.5
Tilt=Latitude | Min/Max | 1.5/3.2 1.2/44 25/49 | 2.9/6.6 2.7/6.6 2.7/6.3 | 3.5/6.7 3.0/64 19/54 | 1.6/4.0 0.627 0927|2943
7 Axis Average 2.4 3.2 3.6 4.4 49 5.0 5.5 4.8 3.7 2.8 1.8 1.8 3.7

Min/Max | 1.63.4 13/45 2549 | 3.0/67 2.8/7.0 3.0/68 | 38/72 3.1/66 2.0/54 | L6/4.1 0628 0929 | 3.1/4.5

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -13.9 -10.9 4.2 3.7 104 15.4 18.9 17.6 12.3 6.5 -2.0 -10.7 36
Daily Minimum Temp -19.0 -16.2 -9.1 -1.7 4.2 9.2 12.8 11.8 6.9 1.7 5.8 -15.1 -1.7
Daily Maximum Temp -8.8 5.7 0.5 9.0 16.6 21.7 25.1 233 17.7 113 1.8 -6.3 8.8
Record Minimum Temp | -39.4 -36.1 -33.9 -20.6 -8.3 -2.8 1.7 0.0 -5.6 -13.3 -30.6 -36.7 -39.4
Record Maximum Temp | 11.1 12.8 25.6 311 322 339 36.1 36.1 35.0 30.0 21.1 12.8 36.1
HDD, Base 18.3°C 999 820 699 440 247 94 33 63 183 367 610 899 5454
CDD, Base 18.3°C 0 0 0 0 0 8 52 40 0 0 0 0 100
Relative Humidity (%) 72 70 69 64 63 69 71 75 76 71 75 76 71
Wind Speed (m/s) 5.1 4.8 5.3 5.2 4.9 4.5 4.0 4.0 4.4 4.6 4.9 48 | 47
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WBAN NO. 14918

LATITUDE: 48.57° N

Monthly Radiation (kWh/m2/day)

Variability of Latitude Fixed-Tilt Radiation

LONGITUDE: 93.38° W +
ELEVATION: 361 meters .
MEAN PRESSURE: 972 millibars
STATION TYPE: Secondary
1961-1990 Average
0 Attt
J FMAMUJ J A S O N DY
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 1.4 2.4 3.7 4.8 55 5.8 5.8 4.9 3.5 2.2 1.4 11 3.6
Min/Max | 1.2/1.6  1.9/2.7 3.0/43 | 41/56 43/63 50/67 | 53/64 43/56 2.8/4.1| 1927 12/15 0.8/1.3 ] 3.3/3.8
Lafitude -15 | Average | 2.6 39 49 55 5.6 5.7 59 5.4 43 3.1 2.1 2.1 43
Min/Max | 2.0/32 2.7/46 3.7/62 | 4.6/6.8 42/66 4.8/6.6 | 53/65 45/63 3.3/53 | 2.3/42 1526 14/25|3.9/4.6
Latitude Average | 3.0 43 5.1 54 52 52 5.4 5.1 43 32 23 2.4 43
Min/Max | 2.2/37 29/5.1 3.8/65 | 4567 3.9/62 44/6.0 | 49/60 43/60 33/54 | 23/45 1530 1.6/3.0 | 3.8/4.6
Latitude +15 | Average | 32 45 5.1 5.1 4.6 45 4.7 4.6 4.1 32 24 2.6 4.0
Min/Max | 2.3/40 29/53 3.7/6.6 | 4.1/62 3.4/54 3852 | 43/52 3854 3.0/51 | 22/45 1531 1732 3.6/43
90 Average | 32 43 4.6 3.9 3.1 29 3.0 33 32 2.8 22 2.6 32
Min/Max | 2340 2.8/51 3.159 | 3.0/50 23/35 2533 | 2833 2738 24/41| 1940 14/30 1.6/3.2|2.8/3.5
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 3.7 53 6.7 7.4 7.7 79 6.8 4.8 3.1 1.8 1.7 49
Min/Max | 1.6/27 2543 3.9/67 | 56/85 53/90 62/93| 6.7/89 5580 3.6/61 | 22/42 13/23 1.1/2.1 ]| 45/54
Latitude -15 | Average | 3.1 4.8 6.3 73 7.6 7.7 8.1 7.3 55 3.7 24 24 55
Min/Max | 2.2/3.8 3.1/57 4.5/80 | 6.0/9.5 54/94 62/94 | 6892 57/87 4.0/70 | 25/53 153.1 16/3.0] 4.9/6.1
Latitude Average | 3.4 5.1 6.4 72 7.4 74 7.8 7.1 55 3.8 2.6 2.7 55
Min/Max | 2.4/4.3 3.2/6.1 4.6/83 | 59/94 52/9.1 59/9.1 | 6.6/89 56/85 4.0/7.1 | 2.6/56 1.6/3.4 1733 | 4.9/6.1
Latitude +15 | Average | 3.6 52 6.4 7.0 7.0 7.0 7.4 6.8 53 3.8 2.7 2.9 54
Min/Max | 2.5/4.5 3.3/63 4583 | 57/9.1 4986 56/85| 6.1/84 53/8.1 3869 | 2.5/56 16/35 1.8/3.6| 4.7/59
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
- Axis Average | 3.6 52 6.4 73 7.7 8.0 8.3 73 55 3.9 2.7 2.9 5.7
|- Min/Max | 2.6/4.6 33/63 4.6/83 ] 6.0/95 55095 64/9.7 | 7.0/94 58187 4.0/7.1| 2.6/56 1635 1.8/3.6 | 51/6.3
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average 19 2.6 2.8 3.2 35 3.5 3.7 33 25 1.9 1.3 1.6 26
Horiz Axis | Min/Max | 1.1/2.7 12/3.5 1.84.1 | 22/51 1.8/49 22/49 | 2.7/46 2.1/44 14/3.6| 08/33 04/20 0.82.2|22/3.1
1-Axis, N-S | Average 12 2.1 29 4.1 46 4.6 5.0 43 29 1.7 0.9 0.8 2.9
Horiz Axis | Min/Max | 0.7/1.6  0.9/2.8  1.9/43 | 2.7/64  25/6.5 3.0/6.6 | 3.6/62 28/58 1.7/42 | 0.83.0 03/1.3 04/1.2 | 2535
1-Axis, N-S | Average | 2.1 3.1 3.7 45 4.7 45 49 4.5 3.4 24 14 1.6 3.4
Tilt=Latitude | Min/Max | 1.2/28 1.4/42 24/54 | 3.0/72 25/65 29/6.3 | 35/6.1 3.0/6.1 2.0/50| 10/42 0522 09/2.2 | 29/4.0
2-Axis Average | 22 32 3.7 4.6 4.9 49 53 4.7 35 24 15 1.7 3.6
“ Min/Max | 1.3/3.0 1.543 24/55 | 3.1/73 2.6/69 32/69 | 3.8/65 3.1/63 2.0/50 | 1.1/43 05/23 0.9/2.4 | 3.0/4.1
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -17.2 -13.5 5.5 3.9 11.2 16.3 19.3 17.6 11.9 5.8 39  -138 2.7
Daily Minimum Temp 233 -20.0 ‘114 | 23 4.2 9.7 12.6 10.9 5.8 0.5 83  -19.0 | -34
Daily Maximum Temp -11.2 -7.1 0.4 10.1 18.1 23.0 26.0 242 17.9 11.0 0.4 8.6 8.7
Record Minimum Temp | 43.3 422 -389 | 256 -11.7 5.0 1.7 -1.1 6.7 -16.7 356  -40.6 | -433
Record Maximum Temp { 8.9 12.8 244 339 35.0 36.7 36.7 35.0 35.0 31.1 22.8 13.9 36.7
HDD, Base 18.3°C 1102 891 739 433 232 87 31 64 193 389 668 996 5826
CDD, Base 18.3°C 0 0 0 0 10 27 59 42 0 0 0 0 138
Relative Humidity (%) 71 67 66 61 61 68 71 75 77 74 79 77 71
| Wind Speed (my/s) 3.9 3.8 42 43 4.1 3.7 33 3.4 3.7 4.0 4.1 3.9 3.9
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Variability of Latitude Fixed-Tilt Radiation

‘Minneapolis, MN'
WBAN NO. 14922

LATITUDE: 44.88° N

Monthly Radiation (kWh/m?/day)

+ LONGITUDE: 93.22° W
ELEVATION: 255 meters
MEAN PRESSURE: 986 millibars
STATION TYPE: Secondary
1 e
1961-1990 Average
0 ; ; } } +—t t t t 1 } 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 1.8 2.7 3.8 4.7 5.7 6.3 6.3 5.4 4.1 2.8 1.7 1.4 3.9
Min/Max | 1.52.0 24/3.1 3.1/4.3 | 4.1/55 4.9/6,5 55/74 | 56/69 4.8/6.4 33/48 | 2.4/3.2 13720 L1/1.7 | 3.7/42
Latitude -15 | Average | 3.1 4.1 48 5.3 5.8 6.1 6.4 5.8 4.9 3.9 2.6 2.3 4.6
Min/Max | 2.5/3.8 32/4.9 3.7/5.7 | 4.4/63 49/67 53/73| 5.6/70 S5.70 3660 3347 1733 18/3.1| 43/5.1
Latitude Average | 3.5 4.5 5.0 5.1 5.5 5.6 5.9 5.6 5.0 4.1 2.9 2.7 4.6
Min/Max | 2.8/4.4 3.4/55 3.8/6.0 | 4.4/62 45/63 49/6.6 | 5.1/65 4.8/68 35/6.1 | 34/51 1.8/3.7 2.0/3.6 | 4.3/5.1
Latitude +15 | Average | 338 4.7 49 4.8 4.8 4.9 5.1 5.1 4.7 4.2 3.0 2.9 44
Min/Max | 3.0/4.8 3.5/58 3.7/6.1 | 40/58 4.0/55 43/57 | 45/56 44/62 33/58 | 3.4/51 1839 2.1/39 | 4.0/49
90 Average | 3.7 4.4 4.1 3.3 3.0 2.8 3.0 3.3 33 3.5 2.8 2.8 3.3
Min/Max | 2.8/4.8 32/54 29/53 | 2.84.0 2.5/33 2532 | 2733 2940 24/44 | 2843 16/3.6 2.0/3.9 | 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 | 27 4.0 52 6.3 75 8.2 8.5 7.4 5.7 4.0 2.4 2.0 5.3
Min/Max | 2.2/3.5 3.0/4.9 3.9/6.4 | 5.0/7.8 62/8.9 6.9/104| 7.3/9.6 6.3/9.1 4.0/7.0 | 32/49 15/3.1 1.5/2.6 | 49/6.1
Latitude -15 | Average | 37 5.0 6.0 6.8 7.8 8.3 8.7 7.8 6.3 4.8 3.1 2.7 5.9
Min/Max | 3.0/4.7 3.7/6.2 4.4/7.5 | 5.3/8.5 6.3/9.2 6.9/10.5| 7.4/99 6.6/9.8 4.3/7.9 | 3.8/6.0 1840 2.0/3.7 | 5.4/6.8
Latitude Average | 4.0 5.4 6.2 6.7 75 8.0 8.4 7.7 6.4 5.0 3.3 3.0 6.0
Min/Max | 3.2/52  38/6.7 4.4/7.7 | 5385 6.1/89 6.6/10.1| 7.1/9.5 6.4/9.6 43/8.0 | 4.0/63 1.9/43 2.2/41 | 54/6.8
Latitude +15 | Average | 43 55 6.1 6.5 7.1 7.4 7.9 73 6.2 5.0 3.4 32 5.8
Min/Max | 3.3/55 3.9/69 43/7.7 |51/81 57/84 62/95| 6.7/89 6.1/9.1 41778 | 4.0/64 1.9/45 23/43 | 5.2/6.7
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
2-Axis Average | 4.3 55 6.2 6.8 7.9 8.5 8.9 79 6.4 5.1 34 3.2 6.2
Min/Max | 34/5.6 3.9/6.9 4.4/77 | 53/86 64/93 7.1/10.8| 7.5/100 6.6/9.8 4.3/8.0 | 4.0/6.4 2.0/45 23/44 |56/7.1
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 | 24 2.8 2.8 3.1 3.6 4.0 4.3 3.7 3.1 2.7 19 1.8 3.0
Horiz Axis | Min/Max | 1.4/3.5 14/40 1.7/40 | 1.7/45 24/47 2758 { 3.3/53 28/53 15/42 | 1.9/38 0727 L1126 | 2537
1-Axis, N-S | Average 1.6 24 3.1 3.9 4.8 5.2 5.6 4.9 3.7 2.5 1.3 1.1 33
Horiz Axis | Min/Max | 0.9/2.3 12/3.3 1.8/44 | 2.1/5.6 3.2/6.2 3.6/7.7 | 4.4/69 3.7/6.8 18/50 | 1.7/3.6 0.5/2.0 0.7/1.6 | 2.8/4.2
1-Axis, N-S | Average | 2.6 3.4 38 4.3 47 5.0 55 5.1 43 3.4 2.1 1.9 3.8
Tilt=Latitude | Min/Max | 1.5/3.8 1747 22/54 | 23/6.1 32/6.1 35/74 | 42/67 3.8/7.1 2.1/58 | 2.3/48 0.8/30 12/28 | 3.1/4.8
2-Axis Average | 2.8 3.5 3.8 43 5.0 5.4 5.9 5.2 4.3 3.5 2.2 2.0 4.0
Min/Max | 1.6/4.1 1.7/4.9 2.2/54 | 2.3/62 3.3/65 3.8/80 | 4.5/72 4.0/7.3 2.1/58 | 2.4/48 0.8/32 1.3/3.0 | 3.3/5.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 112 7.8 -0.6 8.0 14.7 20.1 23.1 21.4 15.8 9.3 0.7 1.8 7.2
Daily Minimum Temp -16.2 -12.7 -5.2 2.3 8.7 142 17.3 15.7 10.2 3.8 3.8 -12.1 1.8
Daily Maximum Temp 6.3 3.0 4.0 13.6 20.8 26.0 289 27.1 21.5 14.9 5.0 3.6 12.4
Record Minimum Temp | -36.7 -333 2356 | -16.7 -7.8 L1 6.1 3.9 3.3 9.4 272 <339 | -36.7
Record Maximum Temp | 14.4 15.6 28.3 35.0 35.6 389 40.6 38.9 36.7 31.7 23.9 17.2 40.6
HDD, Base 18.3°C 916 733 586 310 136 23 6 12 93 279 530 811 4434
CDD, Base 18.3°C 0 0 0 0 24 76 154 107 18 0 0 0 379
Relative Humidity (%) 70 70 67 60 60 64 65 68 71 68 73 74 67
Wind Speed (m/s) 47 4.6 5.1 5.4 4.8 4.6 4.2 4.1 43 4.6 47 4.6 j 4.6
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Variability of Latitude Fixed-Tilt Radiation

WBAN NO. 14925

Sl

LATITUDE: 43.92° N
LONGITUDE: 92.50° W
ELEVATION: 402 meters

MEAN PRESSURE: 968 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average

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 2.7 3.7 4.6 5.6 6.2 6.2 53 4.0 2.8 1.7 1.4 3.8
Min/Max | 1.5/2.1 2.3/3.0 3.0/43 | 39/55 48/65 54/73 | 53/7.0 45/6.0 33/47 | 2333 14/20 1.2/1.7 | 3.7/4.1
Latitude -15 Average 2.9 3.9 4.6 5.1 5.7 6.0 6.2 57 4.8 38 2.6 23 4.5
Min/Max | 2.2/3.6 2.9/45 3.5/56 | 4.1/63 49/6.6 53/7.1 | 52/7.1 4.7/65 3.6/5.8 | 3.0/4.7 1.7/32  1.8/2.9 ’ 4.1/4.9
Latitude Average 33 42 4.7 49 5.3 5.5 5.7 5.5 4.8 4.1 2.8 2.6 4.5
a Min/Max | 2.4/42 3.1/50 3.5/59 | 4.0/62 4.6/62 4.8/6.6 | 48/6.6 44/63 3559 | 3.1/51 1.8/3.6 2.0/3.4 | 4.1/49
Latitude +15 Average 3.6 44 4.7 4.6 4.7 4.8 5.0 49 4.6 4.1 2.9 2.8 43
Min/Max | 2.5/4.5 3.2/52 3.4/6.0 | 3.8/5.8 4.1/54 4.2/56 | 4.2/57 4.0/57 3.3/57 | 3.0/51 1.8/3.8 22/37 | 3.9/4.6
90 Average 35 4.1 3.9 32 2.8 2.7 2.9 32 34 34 2.7 2.7 32

Min/Max | 2.4/44 2.9/49 2.7/53 | 27/39 26/3.2 2531 | 2532 26/3.6 24/42 | 2543 1535 2.1/37 | 29/35

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 2.7 3.9 5.0 6.1 73 8.0 8.2 7.1 5.5 4.0 24 2.0 52
Min/Max | 1.9/3.3 2.8/45 3.6/6.3 | 4.7/7.7 58/89 6.8/99 | 6.7/9.6 57/83 39/6.9 | 2.9/49 1530 1.625 | 4.8/58
Latitude -15 Average 35 4.8 5.7 6.5 7.5 8.0 83 7.5 6.1 4.7 3.0 2.7 57
Min/Max | 2.5/4.4 3.3/57 4.0/73 | 5.0/84 59/9.1 6.8/100| 6.7/9.7 59/8.8 42/77 | 3.4/60 1.8/39 2.1/3.5 | 52/6.4
Latitude Average 38 5.1 5.8 6.4 72 7.7 8.0 74 6.2 4.9 32 2.9 5.7
Min/Max | 2.7/49 3.5/6.1 4.1/7.6 | 49/83 57/89 6.5/9.6 | 6.5/94 57/8.7 42/78 | 3.5/63 1.9/43 23/39 | 52/64
Average 4.0 52 5.8 6.1 6.8 72 7.5 7.0 6.0 5.0 33 3.1 5.6

Latitude +15 Min/Max

2.8/52 3.5/62 4.0/7.6 | 4780 53/84 6.1/9.0| 6.1/88 54/83 40/7.6 | 3.5/63 19/44 24/4.1 | 5.0/6.3

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

Tracker j Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2_Axis Average 4.1 52 5.8 6.5 7.6 82 8.5 7.6 6.2 5.0 33 3.1 5.9
L Min/Max | 2.8/52 3.6/62 4.1/7.6 | 5.0/84 6.0/93 7.0/103| 6.9/9.9 59/89 42/7.8 | 3.6/63 1.9/44 2.4/42 | 53/6.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m2/day), Uncertainty £8%
Tracker ‘) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 22 2.6 2.6 2.8 34 3.7 39 35 29 2.6 1.8 1.7 2.8
Horiz Axis Min/Max | 1.2/3.1 1.2/35 1.4/3.6 | 1.6/44 22/47 2.6/54 | 2.6/50 22/45 14/42 | 1.7/38 0.6/27 1.1/24 | 23/3.4
1-Axis, N-§ | Average 1.5 22 2.8 3.6 44 4.9 52 4.6 35 25 13 1.0 3.1
Horiz Axis Min/Max | 0.8/2.1 0.9/3.0 15/39 | 2.0/55 2.8/63 3.6/7.1 | 3.6/6.6 3.0/59 17/50| 1.53.6 04/20 07/15 | 2.6/3.8
1-Axis, N-§ | Average 24 3.1 34 3.9 44 4.7 5.0 4.7 4.0 33 2.0 1.8 3.6
Tilt=Latitude| Min/Max | 1.2/3.3 1.4/43 1.8/4.8 | 2.2/6.0 2.8/62 3.4/68 | 35/6.4 3.1/6.1 2.0/5.7 | 2.1/47 06/3.0 1.1/25 | 2.9/4.3
7 Axis Average 2.6 32 34 39 4.7 5.1 54 4.9 4.0 34 2.1 1.9 3.7
L Min/Max m/&S 14/44 1.8/48 | 2.2/6.1 3.0/65 3.7/74 | 37/68 32/63 20/58 | 2.1/48 0.7/3.1 1.2/2.8 | 3.1/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept | Oct Nov Dec Year
Temperature (°C) -11.4 -8.3 -1.2 72 13.8 19.2 21.6 20.1 15.1 8.8 0.3 -8.2 6.4
Daily Minimum Temp -16.3 -13.3 -5.9 1.4 75 12.9 15.6 14.2 9.2 3.1 -4.2 -12.6 0.9
Daily Maximum Temp -6.6 -3.3 34 12.9 20.1 254 27.7 26.0 21.0 14.6 49 -39 11.8
Record Minimum Temp | -35.6 -33.9 -35.0 -15.0 -6.1 1.7 5.6 2.8 -5.0 -11.7 -28.9 -36.1 -36.1
Record Maximum Temp | 12.8 17.2 26.1 32.8 333 38.3 38.9 372 35.0 31.1 22.8 16.7 389
HDD, Base 18.3°C 922 745 606 335 157 31 9 18 103 294 540 823 4583
CDD, Base 18.3°C 0 0 0 0 16 56 111 74 6 0 0 0 262
Relative Humidity (%) 77 76 75 68 67 69 72 75 75 72 77 80 74
Wind Speed (m/s) 6.6 6.3 6.6 6.6 6.0 5.7 4.9 4.9 54 5.9 6.2 6.3 5.9
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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 1.7 2.7 3.8 47 5.6 6.2 6.3 54 4.0 2.7 1.7 13 3.8
Min/Max | 1.4/1.9 22/3.0 3.1/44 | 4.0/56 4.7/64 56/72 | 5.6/7.1 4.8/65 32/45| 22/32 13/1.9 L1/1.6 | 3.6/4.2
Latitude -15 | Average | 3.0 4.1 4.8 5.3 5.8 6.1 6.3 5.8 43 3.8 2.6 2.3 4.6
Min/Max | 2.3/3.6 3.0/48 3.7/59 | 43/6.4 48/6.6 55/7.1| 5.6/7.1 51/7.1 34/56 | 2.9/49 17/31 18/3.0 | 4.1/50
Latitude Average | 34 45 5.0 5.1 5.4 5.6 5.8 5.6 4.9 4.1 2.9 2.6 4.6
Min/Max | 2.6/42 3.2/54 3.8/62 | 4.1/63 45/62 50/65| 52/6.6 4.9/69 3.4/57| 3.0/53 1835 20/35|4.1/5.1
Latitude +15 | Average | 37 4.7 5.0 4.7 4.8 43 5.1 5.0 4.6 4.1 3.0 2.8 44
Min/Max | 2.7/4.5 3.3/57 3.7/63 | 3.8/59 4.0/54 43/56| 4.6/57 4.4/62 3.1/55| 3.0/53 1.8/3.7 2.1/3.8 | 3.9/4.8
90 Average | 3.6 44 43 34 3.0 2.8 3.0 3.3 3.5 3.5 28 2.7 33
| Min/Max | 2.6/44  3.1/54  3.0/5.6 | 2.7/4.1 2633 26321 2.834 2940 2342 | 254.6 1634 2038 | 29737
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 | 26 4.0 5.3 6.4 75 8.2 8.5 7.4 5.6 3.9 2.4 19 5.3
Min/Max | 2.0/3.1 2.8/4.8 39/65 | 48/8.1 5.6/88 7.1/10.1| 75/100 6.2/9.7 3.8/6.7 | 2.8/51 1529 15725 | 47/59
Latitude -15 Average 3.6 5.0 6.2 6.8 7.7 8.2 87 7.8 6.3 4.8 3.1 27 5.9
Min/Max | 2.7/4.4  3.4/62 4.4/77 | 5.1/88 58/9.1 7.1/102| 7.6/10.2 6.5/10.3 4.1/7.6 | 3.3/6.3 1.8/3.8 2.0/3.6 | 5.2/6.7
Latitude Average | 3.9 5.4 6.3 6.8 74 79 8.4 7.7 6.3 5.0 3.3 2.9 5.9
Min/Max | 3.0/4.9 3.6/6.7 45/79 | 50/88 5.6/89 68/9.8 | 7.3/9.8 63/10.1 4.0/7.7 | 35/6.6 19/4.1 22/40 | 52/6.7
Average | 4.1 5.5 6.3 6.5 7.0 74 7.9 7.3 6.1 5.0 3.4 3.1 5.8

Latitude +15 | nriomfax | 3.1/52  37/69 44779 | 4884 52084 6392 | 6555 6057 3975 | 3466 1943 2245 | 5066

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 Ayerage 42 55 6.3 6.9 7.8 8.5 3.9 79 6.3 5.0 3.4 3.1 6.1
Min/Max | 3.1/52 3.7/6.9 45/7.9 | 5.1/89 5.9/92 7.3/104| 7.8/104 6.5/10.4 4.1/7.7 | 3.5/6.6 1.9/43 23/43 | 54/1.0
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 24 2.9 2.9 3.1 3.5 39 4.2 3.7 3.0 27 1.9 1.8 3.0
Horiz Axis | Min/Max | 1.4/3.6  14/4.1 1.9/4.2 | 1.3/47 22/4.6 29/54 | 3.4/53 2757 14/41 | L64.1 0727 1028 | 2.4/37
1-Axis, N-S | Average 1.5 24 3.1 39 4.7 5.2 5.6 4.9 3.6 25 1.3 1.0 33
Horiz Axis Min/Max | 0.9/23 1.1/34 19/45| 1.6/6.0 2.8/6.1 3.8/7.3 | 44/7.1 3.5/7.6 17/49 | 153.8 04/1.9 0.6/1.7 | 2.7/4.1
1-Axis, N-S | Average 2.5 3.4 39 4.3 4.7 4.9 55 5.1 4.2 3.4 2.1 1.8 3.8
Tilt=Latitude | Min/Max | 1.5/3.9 1.6/49 2.4/5.6 | 1.8/6.6 29/6.1 3.7/6.9 | 4.3/69 3.6/7.9 19/5.6 | 2.0/51 0.7/3.0 1.1/3.0 | 3.1/4.7
2-Axis Average | 2.7 35 3.9 4.3 4.9 5.4 5.9 53 42 34 22 20 4.0
Min/Max | 1.6/42 1.7/50 2.4/5.6 | 1.8/6.7 3.0/6.5 4.0/75 | 4.6/74 3.8/82 1.9/57| 2.0/52 08/3.2 12/32 | 3.2/49
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Qct Nov Dec Year
Temperature (°C) -13.3 9.8 2.4 6.4 13.3 18.2 21.2 19.5 14.1 7.7 -1.3 -9.9 53
Daily Minimum Temp -19.1 -15.7 -8.0 0.0 6.3 11.2 14.2 12.7 74 1.3 -6.5 -15.0 -0.9
Daily Maximum Temp -15 -4.0 3.1 12.8 20.2 25.2 28.1 26.3 20.6 14.1 3.9 4.9 11.5
Record Minimum Temp | -41.7 -37.2 -356 | -194 -7.2 0.6 4.4 0.6 -7.8 -15.0 289 406 | 417
Record Maximum Temp | 12.8 12.8 26.1 35.6 36.1 38.9 394 394 36.7 322 23.3 15.6 39.4
HDD, Base 18.3°C 980 789 644 358 171 48 13 30 133 329 588 877 4960
CDD, Base 18.3°C 0 0 0 0 14 45 101 66 5 0 0 0 231
Relative Humidity (%) 72 70 70 64 63 68 69 72 74 70 75 76 70
Wind Speed (m/s) 4.7 3.7 5.0 4.7 44 3.7 32 33 3.4 39 4.2 44 4.1
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WBAN NO. 03945

LATITUDE: 38.82° N

Monthly Radiation (kwh/m?/day)

Variability of Latitude Fixed-Tilt Radiation

_|_
LONGITUDE: 92.22° W :
ELEVATION: 270 meters
MEAN PRESSURE: 986 millibars
STATION TYPE: Primary
1 -+
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 22 3.0 4.0 5.2 6.0 6.6 6.6 5.9 4.6 3.5 2.3 1.9 43
Min/Max | 1.8/2.6 2.6/34 3.2/47 | 43/59 5.2/68 58/75| 55/7.5 5.0/65 3.7/53 | 29/4.1 2.0/28 15723 ] 4.1/46
Latitude -15 | Average 33 4.0 4.7 5.6 6.0 6.4 6.6 62 5.3 4.5 3.2 2.8 4.9
Min/Max | 2.4/40 3.3/4.7 3.5/57 | 45/64 52/68 5.6/73 | 55/7.4 51/68 4.1/63 | 3.4/54 2.6/43 22/3.7 ] 4.6/5.3
Latitude Average 3.8 44 4.9 5.5 5.6 5.9 6.1 59 54 49 3.6 3.2 4.9
Min/Max | 2.6/4.6 3.5/53 3.5/59 | 44/63 4.9/64 52/67 | 5.1/69 4.9/6.6 4.0/64 | 35/59 2.8/49 2.4/44 | 4.6/53
Latitude +15 Average 4.0 45 438 5.1 5.0 5.1 5.3 5.4 5.1 49 3.8 3.4 4.7
Min/Max | 2.7/5.0 3.5/55 3.4/58 | 4.0/58 43/57 45/57 | 45/60 44/60 38/62 | 3560 29/52 25/48 |4.3/5.1
90 Average 3.7 3.9 35 32 2.7 2.5 2.7 3.1 35 3.9 33 32 3.3
Min/Max | 2.4/47 3.0/49 2.6/43 | 25/3.6 2429 23/27 | 2429 2635 2642 | 2748 2547 2.2/46 | 29/3.6
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 4.2 53 6.8 7.7 8.5 8.7 7.8 6.3 5.0 3.2 2.7 5.8
Min/Max | 2.2/40 3.4/5.1 3.8/6.6 | 5.2/83 6.6/92 7.2/100| 6.7/10.0 6.3)89 4.4/7.6 | 3.6/6.0 2.5/43 2037 | 54/6.3
Latitude -15 | Average 4.0 4.9 5.9 7.2 7.8 8.4 8.7 8.0 6.8 57 3.9 3.3 6.2
Min/Max | 2.7/5.0 3.8/6.1 4.1/7.4 | 54/87 6.6/93 7.2/10.0| 6.7/10.1 6.4/92 47/83 | 4.0/7.0 3.0/54 2.4/47 | 5.8/69
Latitude Average 44 52 6.0 7.1 7.6 8.1 8.4 7.9 6.9 6.0 4.2 3.7 6.3
Min/Max | 2.9/55 4.0/65 4.1/7.6 | 5.3/8.6 6.4/9.1 6.9/9.6 | 64/9.7 63/9.1 47/84 | 41/73 3.2/59 2.6/52 | 5.8/6.9
Latitude +15 | Average 4.6 53 5.9 6.8 7.1 7.6 7.8 7.5 6.7 6.0 44 3.9 6.1
Min/Max | 3.0/5.8 4.1/6.7 4.0/75 | 5.0/83 6.0/85 64/89 | 6.0/9.1 59/86 4.6/82| 4.1/74 32/6.1 2.7/56 | 56/6.8
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
2-Axis Average 4.6 53 6.0 7.2 7.9 8.6 8.8 8.1 6.9 6.0 4.4 3.9 6.5
Min/Max | 3.0/5.9 4.1)6.7 4.1/7.6 | 54/8.7 6.7/9.4 7.3/102| 6.8/10.3 6.4/93 4.8/84 | 4.1/74 3.2/62 28/5.7 | 5.9/7.2
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 2.8 2.9 3.3 3.6 4.0 42 3.8 33 3.3 2.5 2.3 32
Horiz Axis | Min/Max | 1.5/3.9 1.8/3.8 12/42 | 2.0/43 2.6[48 29/54 | 24/54 26/4.6 17444 | 1744 1439 1.3/3.8| 2838
1-Axis, N-S | Average 2.0 2.6 33 43 4.8 5.3 5.6 5.0 4.0 3.3 2.0 1.6 3.6
Horiz Axis | Min/Max | 1.0/29 1.7/35 1.4/47 | 2.6/58 3.5/64 39/7.1 | 3.2/7.1 3.4/6.1 20/53 | 1.8/44 1.1/3.1 0.9/2.6 | 3.2/4.3
1-Axis, N-S | Average 3.0 34 3.8 45 4.6 5.0 5.3 5.1 45 4.2 2.8 2.5 4.1
Tilt=Latitude | Min/Max | 1.5/4.3 22/4.6 1.6/55 | 27/6.1 3.5/63 3.7/6.7 | 3.0/6.8 34/62 22/60 | 2.2/55 1.6/45 1.4/40 | 35/48
2-Axis Average 3.2 35 3.8 4.6 49 5.4 5.7 5.2 4.5 4.2 3.0 2.7 42
Min/Max | 1.7/4.6 2.2/4.8 1.6/5.6 | 2.8/6.2 3.6/6.6 4.0/73 | 3.3/7.3 3.5/64 22/60 | 22/56 1.6/47 1.5/44 | 3.6/50
Average Climatic Conditions
Element | Jam Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 2.4 0.1 6.2 12.6 17.6 223 252 24.0 19.9 13.6 6.7 -0.1 122
Daily Minimum Temp 75 5.1 0.6 6.5 11.7 16.2 19.0 17.7 13.9 75 14 4.9 6.4
Daily Maximum Temp 2.6 52 11.8 18.7 23.4 28.2 31.4 30.4 26.0 19.8 12.0 4.6 17.8
Record Minimum Temp | -28.3 -26.1 -20.6 72 -1.7 6.1 8.9 5.6 0.0 5.6 -17.8  -289 | -289
Record Maximum Temp | 23.3 27.8 29.4 322 322 39.4 439 433 38.3 33.9 28.3 24.4 43.9
HDD, Base 18.3°C 644 512 376 176 76 6 0 0 29 158 348 572 2896
CDD, Base 18.3°C 0 0 0 4 52 124 213 178 77 12 0 0 661
Relative Humidity (%) 71 71 67 63 69 71 69 70 71 68 71 74 69
Wind Speed (m/s) 5.0 5.0 55 5.3 43 39 3.7 3.6 3.9 4.4 4.8 4.9 45
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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 | 2.2 3.0 3.9 5.1 59 6.5 6.6 5.8 4.6 3.6 2.3 L9 43
Min/Max | 1.8/2.6 2.5/3.5 3.1/45 | 42/59 49/68 5.5/74 | 57/74 4.9/64 33/56| 29144 1928 1622 | 4.1/4.7
Latitude -15 | Average | 3.4 4.0 4.7 55 5.9 6.3 6.5 6.1 53 4.6 3.4 2.9 4.9
Min/Max | 2.4/4.2 3.1/49 35/54 | 44/65 4.9/68 5.4/73 | 56/74 5.1/69 3.6/66 | 3.6/60 2.5/43 22/37 | 4.6/54
Latitude Average | 3.8 4.3 4.8 54 5.6 5.8 6.0 59 5.4 5.0 3.8 3.3 49
Min/Max | 2.7/4.8 3.3/54 35/57 | 42/64 4.6/64 49/6.6 | 52/68 4.8/6.6 3.5/68 | 3.8/6.6 27/49 25/43 | 45/55
Latitude +15 | Average | 4.1 4.4 4.7 5.0 49 5.0 53 53 5.2 5.0 4.0 3.5 47
Min/Max | 2.8/5.2 3.3/56 3.3/56 | 3.9/59 4.1/57 4.3/57 | 45/59 4.4/6.0 33/65| 3.8/67 2.8/53 2.6/4.7 | 43/53
90 Average | 38 3.8 3.5 3.1 27 2.5 2.7 3.1 3.6 4.0 3.5 3.3 33
Min/Max | 2.5/4.9 27/4.8 24/42 | 253.6 2329 23727 | 2429 2635 23/45| 3.0/55 2.4/48 2.3/45 | 2.9/3.7
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 | 33 42 5.3 6.7 7.7 8.4 8.7 78 6.4 5.1 3.4 2.7 5.8
Min/Max | 2.3/4.1 32/52 3.8/65 | 5.0/84 6.1/92 6.8/10.2| 7.2/10.3 6.1/89 4.0/82 | 39/6.8 2.5/44 2.1/35 | 5.3/6.6
Latitude -15 | Average | 4.1 49 5.9 7.1 7.8 8.4 8.8 8.1 6.9 59 4.1 3.5 6.3
Min/Max | 2.8/5.3 3.7/62 4.1j73 | 52/88 6.1/9.4 68/10.1| 7.3/104 6.3/9.3 42/9.0 | 4.4/80 3.0/55 2.5/4.6 | 5.8/7.2
Latitude Average | 45 52 6.0 7.0 7.5 8.1 8.5 8.0 7.0 6.2 45 3.8 6.4
Min/Max | 3.0/58 3.9/6.6 4.1/74 | 51/88 5.9/9.1 65/9.7 | 7.0/100 6.1/9.2 42/9.1 | 4.6/84 32/59 27/51 | 58/73
Average | 4.7 53 5.9 6.7 7.1 75 7.9 7.6 6.8 6.2 4.6 4.0 6.2

Latitude +15 | nrioinfax | 3.1/6.0  3.9/6.8 40773 | 4884 5686 60/9.1 | 6694 5887 40090 4685 32062 2.8/54 | 5671

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

Average 4.8 53 6.0 7.1 7.9 8.6 8.9 8.2 7.0 6.2 4.7 4.1 6.6

2-Axis Min/Max | 3.1/62  3.9/68 42/74 | 52/89 62/95 6.9/104] 74106 6.3/94 42/9.1 | 4.6/85 3.3/62 2.9}5.5 5.9/7.5

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 29 29 2.9 33 3.6 4.1 4.4 4.0 3.5 3.5 2.8 2.5 34
Horiz Axis Min/Max | 1.5/42 1.8/42 1.5/4.0 | 1.9/47 23/50 27/57 | 3.1/57 25/49 14/52 | 22/53 1.6/41 1.5/3.8 | 2.8/42
1-Axis, N-S | Average 2.1 2.6 33 4.3 4.8 55 5.8 53 4.3 3.5 2.2 1.7 3.8
Horiz Axis Min/Max | 1.0/3.1 1.7/39 1.6/4.7 | 2.4/6.2 3.0/6.6 35/7.5| 4177 33/64 1.7/63 | 22/53 1.3/32 1.0/2.6 | 3.2/4.7
1-Axis, N-S | Average 3.2 3.5 3.9 4.5 4.7 5.1 5.6 53 4.8 4.5 3.1 2.6 4.2
Tilt=Latitude | Min/Max | 1.6/4.6 2.2/5.1 19/55 | 2.5/6.5 3.0/64 33/7.1 | 3.9/7.3 33/65 1.9/7.1 | 2.8/6.7 1.9/4.6 1.6/40 | 3.6/53
2_Axis Average 3.4 3.6 3.9 4.6 5.0 5.6 6.0 5.5 4.8 4.5 33 2.8 4.4

Min/Max | 1.7/49 23/53 20/55 | 25/6.6 3.1/68 3.67.7 | 42/79 3567 197.1 | 2.8/68 2048 L17/43 | 3.7/5.5

Average Climatic Conditions

Element Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -3.5 -0.4 5.9 125 17.8 229 25.8 24.5 19.7 13.7 6.2 -0.9 12.0
Daily Minimum Temp -8.5 -5.7 03 6.6 122 17.3 20.1 18.7 13.8 7.6 0.9 -5.6 6.5

Daily Maximum Temp L5 4.8 11.6 18.4 235 285 31.5 30.2 25.6 19.7 11.4 3.8 17.6
Record Minimum Temp | -27.2 -28.3 -233 -11.1 -1.1 5.6 11.1 6.1 0.6 -6.1 -17.2 -30.6 -30.6
Record Maximum Temp | 20.6 244 30.0 33.9 333 40.6 41.7 42.8 38.9 333 27.8 21.1 42.8
HDD, Base 18.3°C 677 526 384 181 75 4 0 3 31 155 365 596 2996
CDD, Base 18.3°C 0 0 0 6 59 141 233 194 73 10 0 0 716
Relative Humidity (%) 68 67 64 61 66 68 66 68 70 64 68 71 67

Wind Speed (m/s) 4.9 4.9 5.5 5.4 4.6 4.3 4.1 4.0 4.1 4.5 4.8 4.8 4.6
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WBAN NO. 13995

LATITUDE: 37.23° N
LONGITUDE: 93.38° W

ELEVATION: 387 meters
MEAN PRESSURE: 972 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m2/day)
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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 | 24 3.1 4.1 52 5.9 6.4 6.6 5.9 4.7 3.7 25 2.0 4.4
Min/Max | 2.0/2.7 2.8/34 3.4/4.7 | 42/58 50/67 5774 | 59/7.5 53/6.6 3.8/54 | 27/43 20/3.0 18/24 | 42/46

Latitude -15 | Average | 3.4 3.9 47 5.6 5.9 6.2 6.5 6.2 53 4.6 34 2.9 49
Min/Max | 2.6/4.1 3.4/46 3.9/56 | 43/62 50/68 S55/7.2 | 58/74 54/70 4163 | 3.2/56 2544 24/38 | 46/52

Latitude Average | 38 43 49 5.4 5.6 5.7 6.0 5.9 5.4 49 3.8 33 49
Min/Max | 29/47 3.6/51 3.9/59 | 42/6.1 47/64 S5.1/6.6 | 53/6.8 52/67 4.1/6.4 | 33/6.1 27/50 2.7/4.5 | 4.6/5.3

Latitude +15 | Average | 4.1 44 43 5.0 4.9 5.0 5.2 5.4 5.1 5.0 3.9 3.5 47
Min/Max | 3.1/5.1  3.7/53 3.8/5.8 | 3.9/57 42/57 44/56| 47/59 47/6.1 39/62 | 33/62 2.7/53 2.8/49 | 43/5.1

90 Average | 3.7 3.7 35 3.0 2.5 2.3 25 3.0 34 3.9 3.4 33 32
Min/Max | 2.7/4.6  3.0/45 2.7/42 | 2.4/34 2228 21/25| 2327 2633 2.6/4.1 | 2.5/49 22/48 25/4.6 | 2.8/3.5

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 3.4 4.2 5.4 6.8 7.6 83 8.7 7.9 6.3 5.1 3.5 2.8 59
Min/Max | 2.5/4.1 3.5[4.9 4.2/66 | 49/80 6.1/9.0 6.9/99 | 7.6/10.3 6.7/94 4.8/7.8 | 3.4/65 2546 2.3/3.8 | 55/6.3
Latitude -15 Average 4.1 4.9 6.0 7.1 7.7 8.2 8.7 8.2 6.8 59 4.1 35 6.3
Min/Max | 3.0/5.1 4.0/58 4.573 ] 51/84 6191 6998 | 7.6/10.3 6.9/9.7 5.1/85 | 3.8/74 2.8/5.6 2.7/48 | 5.8/6.8
Latitude Average 4.5 5.1 6.1 7.1 75 7.9 8.4 8.0 6.9 6.1 44 38 6.3
Min/Max | 3.2/5.6 4.2/62 4.5/7.5 | 50/84 59/88 6.6/94 | 7.3/10.0 6.8/95 5.1/8.6 | 3.9/7.8 3.0/6.1 3.0/53 | 5.8/6.9
Latitude +15 Average 4.7 5.2 6.0 6.8 7.0 7.4 79 7.6 6.7 6.2 4.6 4.0 6.2
Min/Max | 34/59 4.2/6.4 4.4/74 | 48/8.0 55/83 62/38 | 6.8/93 64/9.1 4984 | 3879 3.0/64 3.1/57 | 56/6.7
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
2-Axis Average 4.7 52 6.1 7.2 7.8 8.4 8.9 8.2 6.9 6.2 4.6 4.1 6.5
Min/Max | 3.4/59 42/64 4.6/7.5|5.1/84 6.2/92 7.0/10.1| 7.7/10.5 6.9/9.7 5.1/8.6 | 3.9/79 3.0/64 3.1/57 | 6.0/7.1
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 2.8 2.7 29 33 3.6 4.0 4.3 4.0 33 3.4 2.7 24 33
Horiz Axis Min/Max | 1.7/3.9 1.9/3.8 1.7/4.1 | 1.9/44 2547 28/54 | 34/58 3.1/52 19/46 | 1.7/48 14/41 1.4/3.8 | 2.8/3.8
1-Axis, N-S | Average 2.1 2.6 3.4 4.4 4.8 5.3 5.8 53 4.1 3.5 2.2 1.7 38
Horiz Axis Min/Max | 1.2/3.0 1.8/3.5 1.9/4.6 | 2.4/58 3.3/62 3.7/7.2 | 4.5/7.8 4.1/69 25/58 | 1.8/50 1.2/3.5 09/2.8 | 3.3/43
1-Axis, N-S | Average 3.1 33 3.9 4.6 4.6 5.0 5.5 53 4.6 43 3.0 2.6 4.2
Tilt=Latitude | Min/Max | 1.8/4.3 2.3/4.6 22/54 | 25/60 3.2/60 35/6.7 | 43/74 4170 27/63 | 2.2/6.1 1.6/48 1.4/4.1 | 3.