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Introduction and Background

APhotovoltaic systems benefit the state by allowing
deployment of ITS systems at critical rural locations where
commercial power sources are either unavailable or cost
prohibitive.

AEXxisting systems are typically low power (less than 20 watts),
however, increased efficiency and reduced costs are
Increasing the power threshold.

Ancreased options and improved technology in photovoltaic
(PV) system components allow for more diversity in design.
This allows for a more streamline design to meet the specific
needs of the application thereby increasing efficiency and
reducing costs.




PV Systems Background

A The first systems were used for solar flashers with low power
requirements (<10 watts).

A Systems were pre-packaged and self-contained.

A Contractor designed and selected in accordance with
performance specifications and loading requirements.

A Contractor has no long term ownership or accountability in the
system. This may lead to increased risk of system failure and
Increased maintenance costs.

A Newer systems and components have greater capability and
complexity.

A This has created a need for development of component level
design standards and specifications for PV systems.




Current Rural PV Systems in Nevada

Solar power is used extensively throughout the state of
Nevada for deployment of Flashing Warning Signs, Road
Weather Information Systems (RWIS) and Highway Advisory
Radio (HAR). Nevada's arid climate and average high
elevation provide an ideal environment for photovoltaic power
systems.

Current NDOT PV Inventory

A Flashing Warning Signs: 32
A Road Weather Information System (RWIS): 29

_ A Highway Advisory Radio (HAR): 1



SolarPowerAdvantages

A Flexibility: Self contained systems allow ITS devices
to be placed in optimal locations without the
constraints of distance or right-of-way

A Autonomy: no need for 3rd party agreements
(easements, line extension agreements, etc.)

A Reliability: The sun is a reliable energy source not
subject to surges and blackouts

A Low maintenance: newer systems are more reliable
and require less preventative maintenance.

A Green: Once installed, the system has minimal
environmental impact.




Solar Power Disadvantages

Adigher initial capital cost.

A ifecycle cost is usually greater than metered service.
ACost per kilowatt hour exceeds commercial energy cost.
AReliability is subject to local weather conditions.
Aeriodic replacement of components (batteries,

controllers, etc.).

ATheft and vandalism.




A Brief History of Photovoltaics

A 1953 First working silicon PV cell developed at Bell Labs 4%
efficiency.

A 1958 First used in space satellites in 1958. Commercial applicatior
were too costly at this time (around $300 per watt).

A 196Q Efficiency of 14% achieved.

A 1970 Cost is down to $20 per watt allowing use several terrestrial
applications (mostly public works).

A 1980 Solar power plants appear with worldwide production
exceeding 21.3 MW. Residential installations are becoming more
common.

A 2000 Worldwide solar productions exceeds 1000 MW. Solar power
systems are readily available for commercial and residential
applications.




Photovoltaics in the New Millennium

ASince the year 2000, PV use has increased exponentially,
while costs continue to decline.

AGlobal demand for PV technology is predicted to increase by
/5 GW In the next 5 years.

As of 20009:

ANorldwide annual PV production has gone from 3.7 GW in
2007 to 10.7 GW in 2009, about 70% Increase per year.

ACumulative PV capacity in the United States surpassed 1 GW.

MV cost as low as $2.50 per watt.



Types of Photovoltaic Systems

Grid tied system: PV provides primary power with any unused power
returned to the power grid. Grid power is used when demand exceeds
solar output. Battery backup is optional with this type of system.

Grid fall-back system: PV is primary source of power with switch over
to grid power when solar power source is unavailable (no sun or backup
batteries are drained).

Hybrid System: PV is primary source of power with an alternative
power source such as a generator, windmill, or hydropower system.
This would be suitable for rural ITS applications where wind generated
power could supplement the lack of PV power during periods of low
Insolation (incident solar radiation). NDOT has been looking into such a
hybrid system for future installations (Mt. Rose Summit on SR 431).

Stand-alone system: PV is the sole source of power with backup
batteries during periods of low solar insolation. This is the system type
most commonly used for rural ITS applications in Nevada.

There are several more configurations possible, however, the focus of
this presentation will be on the stand-alone system since it is the best
suited for rural ITS, where commercial power is unavailable.
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System Overview
Rural ITS StaneAlone System Components

ASource The Sun (solar irradiance)

ACollector Photovoltaic Module/Array
ARequlator Charge Controller

AStorage Battery Backup

APower Conditioning Inverter (AC), DC to
DC converter, etc.

Aload DC and/or AC
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Photovoltaic System Block Diagram
Typical Stand Alone Configuration
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Solar Energy Source Terminology

Solar irradiance: Instantaneous power from the sun in watts/m?

Average value at top of atmosphere = 1,366 w/m?

Average value at the surface of the earth = 1,000 w/m?. This is under ideal
conditions (surface perpendicular to the

Solar insolation (incident solar radiation): Total energy received per unit
area over time: power/area x time = Kilowatt-hours/m?. Found from the
integration of the solar irradiance over time.

Peak Sun Hours: The irradiance of the sun at any given location varies
throughout the day, with the maximum at solar noon. Total solar insolation for
24 hours divided by the standard peak value of 1,000 w/m? gives the peak sun
hours, i.e. the equivalent solar insolation produced by a steady peak sun
irradiance for the given number of hours.
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Solar and Weather Data

U An important step in designing a rural PV system is to select the site and obtain
the solar and weather data for that location. The following resources are
available at no cost and are adequate for most stand-alone applications:

Resources for obtaining PV and solar information:
ANREL - www.nrel.gov

ASandia - www.sandia.gov

ANASA T www.nasa.gov

The following website contains some excellent resources for calculating solar
insolation: www.pveducation.org/pvcdrom

Resources for obtaining historical climate data:
ANOAA T www.noaa.gov

www.weather.gov
ANorld Climate i www.worldclimate.com
KClimate Records: www.wrcc.dri.edu

AMHi gher accuracy c anpylmmetedt, aian epca swss ivreg dee
to measure local solar radiation flux density (irradiation).
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Sun Orientation

Elevation of sun varies 47 degrees from the Winter Solstice to the
Summer Solstice

Elevation of the sun at solar noon (180 degrees azimuth)

-Winter Solstice = 90°7 latitude -23.5°
- Summer Solstice = 90° i latitude +23.5°

Consider the variable length of shadows from nearby buildings,
trees, and mountains during site selection.

Example: 30 ft tree at 40° North Latitude.

Summer Sun Altitude = 90°-40°+23.5°= 73.5° deg
Shadow Length = 30 ft/tan(73.5°)=8.9 ft

Winter Sun Altitude = 90°-40°-23.5°=26.5° deg
Shadow Length=30 ft/tan(26.5°)=60.2 ft

Here is a free web resource for plotting solar paths for any location:

http://solardat.uoregon.edu/SunChartProgram.html
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Sun Plot with Azimuth and Elevation

University of Oregon SRML
http://solardat.uoregon.edu/SunChartProgram.html
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Sun Plot with Azimuth and Elevation

University of Oregon SRML
http://solardat.uoregon.edu/SunChartProgram.html
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NREL Solar Insolation December Average
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NREL Solar Insolation July Average
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NREL Solar Insolation Annual Average

Photovoltaic Solar Resource:
Flat Plate Tilted South at Latitude
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Photovoltaic (PV) Modules




Photovoltaic Cell
Description and theory of operation

A Photovoltaic effect: Sunlight incident on the cell surface and
absorbed energizes and liberates electrons from the valence band t
conduction band. Diffusion of free charge carries develops a net
separation of charges resulting in an electrical potential between the
opposite sides of the semiconductor.

A The photovoltaic cell is the fundamental component of the PV modu

A \oltage is typically 0.5 V per cell and decrease about 0.5 percent pe
degree centigrade increase in temperature.

A A photovoltaic module normally consist of 36 or 72 cells combined tc
produce a desired voltage and current. Cells are place within a
laminate with protective covering on both sides. Conductors are
connected to provide a path for current to flow from the PV module.
An array consists of two or more PV modules.
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Photovoltaic Effect
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Photovoltaic Cells
Three Types

1. Monocrystalline
2. Thin film

3. Polycrystalline
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Mono-crystalline

Single Cell 36 Cell Module

A Most efficient at 11% to 14% efficiency
A Most expensive.
A Inefficient use of space with beveled shape

A Not used for rural ITS applications since the increased efficiency
comes at a much greater expense.
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Thin Film

2\

A Amorphous silicon or cadmium telluride

-
A

A Relatively inexpensive.

A Least efficient at 6% to 12%.

A Can be place on rigid surface or flexible substrates; low weight
A Better performance in low light conditions.

A Not used for rural ITS applications since they are less efficient and
have a shorter lifespan.
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Polycrystalline

Single Cell 36 Cell Module

A Less efficient (10% to 12%) than monocrystalline
A Lower cost than monocrystalline
A Square shape uses space efficiently

A The current choice for rural ITS applications; cost effective
and robust. Will typically last in excess of 20 years.
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PV Module Performance Specifications

STC (Standard test conditions): Used for performance specifications. PV modules
specifications are based on the following conditions:

i Irradiance: 1,000 watts/m?
I Module temperature: 25° C
I 1.5 thickness of atmosphere

MPP: Maximum power point (current x voltage is max, see graph)

P... Maximum power (maximum power point)

Vmpp: Voltage at maximum power point

V... Open circuit voltage

Impp: Current at maximum power point

I, Short circuit current

V,. temperature coefficient: reduction in V, for each degree above 25° C.

|, temperature coefficient: increase in I . for each degree above 25° C.
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PV current vs. voltage characteristics
(typical)
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Photovoltaic IV Curve in Excel
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PV Module Specifications

Kyocera KC85T 85W Module

M Specifications

B Electrical Performance under Standard Test Conditions ("STC) W Cells
Maximum Power (P BTW (1097 —5) Mumbear per Module | 36
Maximum Power Voltage (Vmppl 17.4V
Maximum Power Currant (Impg) 6.024A B Module Characteristics
Open Circuit Voltage (vioc) 217V Length » Width » Depth 1007 mend) Al 5 S 25 T <582 3l
Short Circuit Currant (lsc) 5.34A Weight E.Elkgh 8.3lks.)
Max System Voltage a00Y
Temperature Coafficient of Voo —8.21x102 W B Junction Box Characteristics
Temparaturs Cosfficiant of Isc 2.12x10% A/C Length = Width > Depth T R e oy
SSTC: redlanca 1D:ﬂ|'|'.'rn=.AH1.5 spacium, mdula urrpﬂ.mﬂs-t ”:' Dcdg |F|'EE

B Electrical Performance at 200W/m2, NOCT, ANM1.5

B Reduction of Efficiency under Low Irradiance

Reduction | 6.1%

Maximum Power (Prrse) & 2W

Maximum Power Voltage (Vrpp) 15.3V
Maximum Power Cumant (Impp) 4 0BA
Open Circuit Voltage (Vo) 19.7V
Short Circuit Currant (lsc) 4.31A

MCCT (Momiral Cperating Cell Tamperatur) : 47T

Reduction of efficiency from an imandiance of 1000Wirm? to 200Wime (module temperature 257 )
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PV Current and Voltage at Various
Irradiance Levels

6 CELLTEMP.25C  Some PV Characteristics:
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PV Current and Voltage at Various PV Cell
Temperatures

Currant (A)
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AAs cell temperature
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Battery Backup

Some Battery Terms and Definitions:

Cell: Fundamental battery unit. A typical 12V battery has 6 cells of 2v each
connected in series for a total of 12V.

Amp-Hour Capacity: the amount of charge in a fully charged battery. This is
dependent on the discharge rat e, usual ly
designation (C/100 = 100 hour capacity, C/20 = 20 hour capacity).

Depth of discharge (DOD): the amount (in percentage of capacity) that a battery is
discharged. Can be determined by measuring the voltage or specific gravity.

State of charge (SOC): the inverse of DOD (= 100-DOD); the percentage of capacity
remaining.

Cycle: One complete charge and discharge. The number of cycles available is
dependent on frequency and depth of discharge.
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Battery Backup Types

A Rural ITS and solar power in general require the lead-acid, deep cycle type of battery.
It is constructed with thicker plates and designed for repeated deep discharge.

A Rural ITS devices require a back up battery that is robust, easily maintained,
affordable, and able to withstand repeated cycles of deep discharge (50% to 80%).

Three main type of deep cycle lead-acid batteries:

1. Flooded (wet): original type. Very reliable and economical. Require regular
maintenance to maintain water levels. Must be stored in a well ventilated enclosure.
Can be used for rural ITS as long as temperatures are not too extreme.

~

2. Gelled (gelcells): EIl ectrolyte is ngell edo to preve
maintenance but have much higher initial cost. Must be charged at a lower rate than
conventional flooded batteries.

3. AGM (Absorbed Glass Mat): Utilize a Boron-Silicate glass mat between the plates.
Better suited to low temperature environments (will not freeze). Low maintenance
since there is little to no water loss. Cost is comparable to gel cells but with better

performance. Much lower ventilation requirements; can be stored in ground

enclosures.
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Temperature Effect on Battery Capacity

Solar Deka 8G4D Sealed Gel Cell
Use to derate battery in cold climates

Capacity vs. Operating Temperature
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Battery Cycle Life vs. Depth of Discharge
Solar Deka 8G4D Sealed Gel Cell




