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Abstract

University of Nevada, Las Vegas Renewable Energy Center
(UNLV-REC) currently monitors three meteorological stations i
southern Nevada under the direction of the National Renewable
Energy Laboratory (NREL) and is funded by the Nevada Southwest
Energy Partnership (NSWEP). The three station locations are
Eldorado Valley, UNLV-REC Solar Site, and Nevada Power
Company Clark Station. The installation dates for each of the
locations were October of 2004 for Eldorado Valley station, August
of 2003 for the UNLV-REC Solar Site, and March of 2006 for the
Nevada Power Clark Station. Publicly available data fronh sée
have been archived since installation completion.

This paper discusses the installation of the equipment for each
site and images of the setup. The data that is being colledieedne
the sites is also compared. Data comparisons between tise site
include net monthly solar energy; monthly peak direct normal
irradiance (DNI), average daily wind speed, monthly wind roses, and
average monthly dry bulb temperatures.

The recently measured data is also compared to resource maps
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Figure 1. UNLV-REC Solar Site
developed by NREL and to TMY data. With these meteorological
resources, microclimatic variations can be studied foratiea and

used as a renewable energy resource for renewable instedldti
southern Nevada.

Introduction
Accurate meteorological data is a vital component in
determining the performance and potential impact of most renewable

energy sources at any given location. UNLV has collaboratéd wi
NREL to monitor meteorological data at three different sites i
southern Nevada. The data collected includes several meteoablogi
measurements such as wind speed, wind direction, precipitation and
ambient temperatures, with the primary focus on irradiance data
Each monitoring station is strategically located to provide a resour
record for determining the performance of nearby concentrating sola
systems. The data collected at these monitoring statioms als
contributes to the public knowledgebase for determining the potential
impact of future renewable energy plants, in particular sotartgl in
Nevada. Nevada has an aggressive Renewable Portfolio Standard
(RPS) that requires at least 20% of the power from the state’
electricity providers be generated by or acquired from renewable
energy sources by 2015. In addition, 5% of this amount must be
generated or acquired from solar renewable energy systexhsl)(r
This RPS increases the value of meteorological data for igatsy
potential renewable energy generation sites in Southern Nevada.
Also, these monitoring stations provide insight on the impact of
proximity to different urban and industrial features such as highways,
cooling towers and micro-climates.

This paper introduces the details of the three meteorological
monitoring stations in terms of equipment, location and data
accessibility and presents an examination of the solar di¢ated
over the past nine months.

Meteorologic Station History

UNLYV has a long history of work in solar energy. More
recently the UNLV has been collaborating with NREL to essalsi
Renewable Energy Center (UNLV-REC) with a focus on applied
research in solar energy and energy-efficient building design.

An extensive and accurate database of meteorological data,
especially solar data, was seen as an important part édrthation
of the UNLV-REC. To this end, UNLV and NREL have
collaborated with Nevada Power Company (NPC) to install a new
meteorological station at NPC'’s Clark Station in Las VegasIL\UJ
and NREL have also worked together to upgrade two existing
meteorological stations: the UNLV-REC station and the Eldorado
Valley station.

UNLV-REC Station

In 2000 two dish-Stirling systems were installed at UNLV. To
determine the performance of these two dish-Stirling systems, t
direct normal irradiance (DNI) at the site needed to be neuito
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Figure 2. Approximate locations of all three sites relatived
the Las Vegas are, provided by Mapquest

During the period of the dish-Stirling installation, a Normal diecice
Pyrheliometer (NIP) and Eppley tracker were installed and &

has been being archived since 2000. A pyranometer was added to the
data acquisition (DAQ) system in March of 2005 to measure the

tion

Figure 3. Anemometer and RTD with in its aspirated
radiation shield

global horizontal irradiance(GHI). In March of 2006 when the
UNLV-REC collaborated with NREL's Measurement and
Instrumentation Data Center (MIDC) team, more instrument we
added to the data acquisition system to upgrade the UNLV-REC
station and add it to NREL's MIDC web site. The meteorological
sensors that were added to the DAQ system are listed beloabia T

1:

Table 1. UNLV-REC Instrument List

Item No. Instrument Uncertainty

1 UV-S-AE-T +0.05 %

2 Resistance Temperature Detector+0.03 at 6C
(RTD)

3 Anemometer +0.03 m/s

The UV-S-AE-T sensor measures the UVA and UVE (erthema)
bands. The RTD, which measures ambient air temperatune R#la

Young 1000 Ohm 4-Wire mounted inside in a naturally aspirated

Figure 4. NIP mounted on a Eppley tracker

radiation shield mounted on a pole at approximately 10 meters above
ground. The anemometer is an RM Young 4-blade propeller and an
attached vane mounted on a pole at approximately 10 metersabove
the ground. This instrument records the wind speed, peak wind
speed, and wind direction.

Some of the measurements that are posted on the NREL-MIDC
web site are also calculated from the instruments thatnatelled.
The diffuse irradiance is calculated using the equation 1.

Global = Direct * Cosine(Zenith) + Diffuse 1)

The solar zenith and solar azimuth angles are calculated after
data collection using the Solar Position Algorithm (SPA) and added
to the data stream. Relative optical air mass is catmllafter data
collection using the SPA and is not pressure corrected.

,i’

Figure 5. O the right is the UV-S-AE-T sensor and the
pyranometer is on the lef

The data sample rate is 1-second, with 1 minute averBiges.
peak wind speed is recorded as the maximum 1 second anemometer
reading that was taken during the 1 minute interval.

Data weather station is currently used to determine performance
of a prototype Amonix High Concentration Photovoltaic (HCPV)
system that is located at the UNLV-REC.

Nevada Power Company’s Clark Station

NPC of Las Vegas, Nevada signed a contract in July of 2005
with Amonix, to install three of the Amonix HCPV systems at the
Nevada Power Company Clark Station. NREL, UNLV, NPC, and
Amonix are collaborating to monitor and maintain the three systems.
The installation of a weather station was proposed to provide a
baseline for accurately determining the Amonix HCPV system
performance. In addition to its proximity to the three Amonix
systems, benefits of this weather station’s location include i
proximity to the Clark Station cooling towers and state Highway 95.
This will provide insight into the impact of an urban/industrial
environment on the DNI by comparing the data to the other sites in
southern Nevada area.
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This weather station was installed in March of 2006, by the
UNLV-REC and NREL'’s MIDC team. This equipment was installed

Figure 6. Clark Station guard shack

on the guard shack at the NPC Clark Station site. The equipnagnt t
was installed is listed below in Table 2:

Table 2. NPC Clark Station Instrument List

Item No. Instrument Uncertainty

1 Pyranometer 510 15 pV/ W/ m2

2 NIP 8 uV/Wmni?

3 Vaisala Probe | +3% (0-90% RH); +5% (90-

98% RH)
4 Anemometer +0.03 m/s
5 Tipping bucket | +2% at 1" to 19.7"/hr

The Clark Station measures all of the same meteorological
conditions that the UNLV-REC station does and a few more weather
parameters. This station monitors the humidity and precipitalihe
Vaisala Probe measures the temperature and relative humiditys a
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Igigure 7. NIP and pyranometer on the left, Anemometer and
Vaisala Probe on the righ

mounted in an aspirated radiation shield mounted on a tower. The
precipitation is measured using a tipping bucket which is shown in
Figure 8. Unlike the UNLV-REC the anemometer is mounted
approximately 2 m from the ground. Aside from the 2 extra weather
conditions that are monitored at this station the weather cadmda

and data logging methods are the same as that of the UNLV-REC.

Eldorado Station

The UNLV-REC also has a meteorological station operating
next to the Solargenix Energy’s Nevada Solar One power plant in the
Eldorado Valley of Boulder City, Nevada. The Nevada Solar One
power plant is a 70 MWe concentrating solar power (CSP) parabolic
trough plant. Solargenix, NREL, and UNLV-REC collaborated to
develop this meteorological station as part of a joint project t
thoroughly evaluate Solargenix’s advanced-generation parabolic
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trough technology. This partnership has been both beneficial to
Solargenix as well as UNLV students, involving the Solargenix
technology and providing significant in-the-field experience.

Figure 8. Tipping bucket

The Eldorado Valley meteorological station is unique to UNLV
because it is a completely stand-alone, off-grid, data-callecti
system. The system was developed and tested during 2004 at UNLV.
When testing was completed later that year it was deployekein
field, and has successfully collected data continuously, siotebér
2004.

The remote system is housed in a commercially available shed,
outfitted with an array of six fixed photovoltaic (PV) panels
supplying 1200 watts to a battery bank. The PV/battery system
supplies 120VAC to power a small air conditioner and the electric
controls and drive for a Solargenix solar collector assemblA(SE
smaller 12VDC PV/battery system supplies power to the datarlogge
an automatic solar tracker and a cellular modem.

This data collection system uses a Campbell Scientific
Incorporated (CSI) CR23X Micrologger for data acquisition. The
data logger is connected to an AirLink Communications Raven
CDMA C3210 cellular modem. The dry bulb temperature and
relative humidity are measured using a CSI model HMP45C

Figure 9. UNLV NSO weather station

temperature and relative humidity probe. Wind speed and direction
are measured using a CSI Met One 034B-L Windset mounted 10
meters above ground. Precipitation is measured with a CSI model
TES525 Tipping Bucket Rain Gage. The DNI is measured with an
Eppley NIP mounted on a Li-Cor model LI-2020 Automatic Solar
Tracker. The data are measured in 1-second increments with Eminut
averages. Due to this station’s remote location and off griddife
communications with the station are done via a cellular modem. The
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data recorded at the Eldorado Station is transferred to UNLV-REC
via cellular data transfer. Using CSI LoggerNet, UNLV-REC
collects archives and manipulates the measured data. On thadéldor
Station web page, public real-time data plots are generated showing
pertinent information such as the air temperature, humidity, wind
speed and direction, DNI, and the battery voltages of the P\hsyste

Figure 10. LiCor LI-2020 Automatic Solar Tracker

Meteorological Data

Data from the three measured sites were compared to Typical
Metrological Year 2 data (TMY2). The TMY2 data that were
examined were from Las Vegas, Elko, Reno, Tonopah and
Winnemucca. TMY2 data sets are derived from the 1961-1990

Figure 11. Map of Nevada [3]

National Solar Radiation Data Base (NSRDB). The TMY2 dets s
and manual were produced by NREL’'s Analytic Studies Division
under the Resource Assessment Program, which is funded and
monitored by the U.S. Department of Energy’'s Office of Solar
Energy Conversion [2]. Comparing these sites with the TMY2 data
assists in seeing how well the sites correlate and verifpiedMY2
accuracy. With solar technology evaluations being performed ht eac
of the sites, it is hoped that data can continually be collectdd a
there is no current date of termination to this meteorologicay stud
As long as the stations are running and properly maintained data will
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be compared with the TMY2. There are other resources aiiaibl
comparisons however no other data bases are being studied at this
time.
Data from all three meteorological stations are publiclylakbbs
on the internet.
The websites are:
www.nrel.gov/midc/univ
www.nrel.gov/midc/npcs
www.eldorado.solar.unlv.edu

Data quality has been a priority for all of the sites. lyDai
maintenance including visual inspections is on all of the instruments
at the UNLV-REC and NPC Clark Station. The Eldorado Stason i
located approximately 40 minutes outside of town and is inspected
once a week. The maintenance includes cleaning of the NIP window,
pyranometer dome, and visually inspecting all of the instruments.
Wires are checked to make sure nothing is loose and/or damaged.
Insects can damage the wires or nest in instrument housings. In
addition to the daily maintenance the solar instrumentsaliterated
annually.

Direct Normal Irradiance

DNI in southern Nevada has been studied so that the
concentrating solar resources available can be compared with the
TMY2 data. Figure 10 is a map of Nevada, and shows the location of
the different TMY2 data sources. Figure 12 is a plot of daily TMY2
average total DNI for each TMY2 data location.

Table 3 shows the daily average total DNI for the entirg yea
calculated from the TMY2 data. Las Vegas TMY2 DNI datans
average higher than any of the other TMY2 locations. Las legas
approximately 12.4% higher than Elko, 10.5% higher than Reno,
7.1% higher than Tonopah, and 21.2% higher than Winnemucca.
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Figure 12. Average net daily accumulated DNI TMY2 data.

Although the annual average in Las Vegas was higher than the other
sites, this was not true for the monthly averages. Figurest@ys

that Las Vegas does not have the highest average daily accumulated
energy values from July thru September. The monsoon season occurs
during these months in southern Nevada, thus causing lower average
accumulated energy values. The values listed in Table 3 aterrel
with the values shown in NREL'’s concentrating solar power resource
map for Nevada (Figure 13).

Table 3. Daily Average Net Daily Direct Solar Radiation
(kWh/m?/Day)

Elko 6.25

Las Vegas 7.14
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Reno 6.38
Tonopah 6.63
Winnemucca 5.62

Figure 13. DNI map of Nevada [4]

Figure 14 shows the total monthly DNI measured at the three
meteorological stations and compares them to the Las Vegas TMY2
data totals. Only the Las Vegas TMY2 data was compared to the
three sites. Over the entire portion of the year that was dtdidée
TMY2 monthly DNI totals are on average within a 3% range of the
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Figure 14. The TMY2 and actual direct normal data

measured data-source totals. However there were individual monthl
differences that vary from 0.5-36%. During April, July and January
the differences between the TMY2 data exceed 10%. The redasur
data shows that April 2006 and January of 2007 were abnormally
sunny and July 2006 had an abnormally strong monsoon season. In
April of 2006, all measured DNI data totals were higher than the
corresponding TMY2 data: Eldorado Valley by 20.2%, Clark by
17.9% and UNLV-REC by 25.6%. During the heavy monsoon season
in July of 2006, all monthly measured DNI was lower than the
correxponding TMY2 data: Eldorado Valley by 20.9%, Clark by
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20.5% and UNLV-REC by 36.5%. In January of 2007, Eldorado was
17.0%, Clark was 10.0% and UNLV-REC was 14.6% higher than
TMY2 data. Figure 14 also shows that the effect on the DNistota
caused by cooling towers and the high-traffic zone at the NP@® Clar
Station site does not seem to be a significant factor.

Table 4. Accumulated Daily DNI for each month (KWh/nf)
Eldorado Clark UNLV-REC TMY2
Apr-06 280.8 275.4 293.4 233.5
May-06 263.2 267.3 257.6 269.0
Jun-06 269.3 275.8 269.7 2745
Jul-06 2174 218.4 174.5 274.8
Aug-06 280.8 2754 2934 258.9
Sep-06 243.6 248.3 239.9 232.3
Oct-06 194.8 186.7 196.1 207.5
Nov-06 186.8 163.4 174.4 174.6
Dec-06 167.6 163.7 164.8 164.5
Jan-07 191.0 179.6 187.2 163.3

On average, over the entire period under investigation, Eldorado
DNI is 2.3% higher than Clark and 2.4% higher than UNLV-REC.
UNLV-REC DNI on average is 2.6% higher than Clark. All of the
sites show less than a 10% difference in the measured DNI.

Sensor Shading

One problem that occurred during certain parts of the year at
both Clark Station and at UNLV-REC was shading of the NIP and/or
the pyranometer. Both of these instruments were shaded by

Figure 15. DNI and GHI curve for May 23, 2006, showing that
the DNI was shaded by an objec

objects other than clouds. To try and compensate for this each day
was examined. One way of easily detecting this was if the DNI
dropped to zero while there was no change in GHI. Another way was
if a drop occurred in either DNI or GHI consistently in the sdime
frame over a period of many days. It became apparent thatwiese

two kinds of shading problems. An approximation was made to
account for both types of shading that occurred. The first wdg fai
easy to deal with. It was shading that occurred during the day and
ended before the sun went down. An example of this can be seen in
Figure 15. This kind of shading was found primarily at UNLV during
the months of April, May, and August through December. The
shading varied from 20 minutes to 2 hours. Figure 15 shows a clear
example of shading of the NIP while the pyranometer shows no
sudden change during the shaded period. In addition to checking data
plots the NIP was visually inspected at different parts ofyte to

verify that it was being shaded.
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Figure 16. DNI and GHI curve for October 21, 2006, showing
that both instruments were shaded.
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Figure 17. UNLV adjusted DNI curve for May 25, 2006.
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Figure 18. NPC Clark Station adjusted DNI curve for
October 22, 2006.

To account for the lost data during shaded times following the
pattern illustrated in Figure 15; a Matlab program was writtah t
did a linear interpolation from the beginning to the end of thdisba
period. The program detected any sudden change in slope. After
running the program each day that had shading, that data was aga
examined to insure it was properly corrected.

The second kind of shading that occurred was at the Clark
Station. This kind of shading took place during the last hour or more
of the daylight. An example of this shading pattern is shown in
Figure 16. Another program was written to account for this. This
program first detected the shading pattern and then created a mirror
image of the beginning of the days DNI profile. The mirror image
data was then matched up to the first shading point to fill inimgiss
data. This procedure only works when the day is clear. Both
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programs were only used for days that were clear. Examples of
successful fixes can be seen in Figures 17 & 18.

Global Horizontal Irradiance

Figure 19 shows the GHI map for Nevada provided by U.S.
Dept. of Energy [5]. Table 5 lists the average daily GHI \&afuem
the map.
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Figure 19. Solar Resource map for flat plate [5]
Las Vegas GHI TMY2 data are on average higher than any of
the other locations. Las Vegas GHI was approximately 11.95%

higher than Elko, 11.1% higher than Reno, 8.0% higher than
Tonopah, and 17.3% higher than Winnemucca.
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Figure 20. Average net daily accumulated global horizontal
data.

Figure 21 shows the monthly GHI at the UNLV-REC and Clark
stations and compares them to the corresponding TMY2 data totals.
Figure 21 shows that most TMY2 monthly global horizontal totals
are within 5% of the actual data that have been collected at the
weather stations. July 2006 was the only month that had more than
10% difference. UNLV-REC GHI data is 15.7% higher and Clark
data are 10.2% higher than the TMY2 data.

Table 5. Average Daily Total GHI (kWh/n?)
Elko 5.01
Las Vegas 5.69
Reno 5.06
Tonopah 5.23
Winnemucca 4.70
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Parabolic Trough Performance Model

The TMY2 data and meteorological data from Clark Station and
UNLV-REC were used as the input in NREL’s Parabolic Trough
Performance Model [6]. Figure 22 compares the output from the
three data sets.

Providing data for this performance model is one of the purposes
for having these meteorological stations. It provides the capataility
calculate the generation potential for a CSP plant in the souther
Nevada area. Having this type of data resource available pubtie
could be a vital asset to potential future solar installations.
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Figure 22. NREL Parabolic Trough Performance Modelwas used to
estimate possible electricity generation with actuaand TMY2
weather data as the input

Wind Speed

Monthly average wind speeds for all three weather stations wer
compared to the TMY2 data. There is a large difference leetihe
TMY2 data and the three stations. On average the Clark Stasisn w
approximately 48% lower and UNLV-REC was 42% lower then the
TMY2 data. Eldorado station is lower as well but not as mucheas t
other two stations at 23%. One possible reason for the lowexgaver
values at the UNLV-REC and NPC Clark Station could be beczuse
buildings. It is possible that large buildings (Hotels & Casinoshé
area are obstructing the wind, causing lower speeds.

Although this data are not applicable for determining potential
wind resources in southern Nevada they could be important in
accessing wind loads on potential solar power plants. CSP or CSPV
plants may not be able to operate under high wind speeds. Amonix’s
High Concentrating Photovoltaic systems stop operating at wind
speeds of 30mph [7]. The wind stow speed for the SES Dish-Stirling
system at UNLV-REC was 25mph. With the winds speeds in these
three locations being continuously monitored a potential CSP or
concentrating solar photovoltaic (CSPV) installer can havettarbe
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understanding for what kind of wind conditions to expect. If wind

mEldorado mClark mUNLV OTMY2

Average wind Speed (m/s)

Figure 23. Monthly average wind speed comparison

speeds are regularly above operating conditions for a solar power
generating system under investigation may not be a good location for
the specific type of solar technology.

PVUSA is a rating method used on PV & CSPV systems to
determine performance and in some cases rating verificatiaalt
multivariable regression that uses system AC output, irradiance,
ambient temperature and wind speed to see how the system is
performing with respect to the weather conditions. [8]

Temperature

Monthly average ambient dry bulb temperatures for all three
weather stations were compared to the TMY2 data. On average the
Clark Station had higher ambient temperature conditions compared to
the other two sites and the TMY2 data. The Clark Station teaxtyrer
was on average approximately 9.6% higher than the Eldorado
Station, 3.6% higher than the UNLV-REC station, and 12.3% higher
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Figure 24. Monthly average ambient temperature for the moth

than the TMY2 data.

Temperature can have an effect on the performance of PV
technology; at high temperatures PV efficiency can decrfdse.
severity of this effect is different for every technology biiit a
factor nonetheless. Having ambient temperature data available at
potential sites or an actual solar facility can help tredoesly to
estimate the anticipated effect or to develop a correlat@mn
determining the actual effect on performance.

Conclusions

Accurate meteorological data is a vital component in
determining the potential of renewable energy installations. The
UNLV-REC under the direction of NREL is monitoring weather
conditions at three locations in southern Nevada witltlass rated
instruments to provide information about the current meteorological
conditions in the area. In addition to the current conditions all of the
data is being archived and studied. This data is available to the publi
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via the internet at the websites listed in the meteorologice da
section of the paper. All of the data that is archived is cordpare
between the sites and the TMY2 data to see how well it ctesaia
the modeled typical meteorological year. With these metedoalog
resources available, microclimatic variations can be studiethéor

area.
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