Solar
Solar radiation which is essentially the electromagnetic radiation from the sun is the most
powerful resource on the planet, with around 5.4 million exajoules (EJ) striking the earth
per year.
It is believed that the amount of solar radiation striking the earth in 40 minutes could
supply the energy needs of the entire world for a year.
Types of Solar Radiation
Direct- The amount of sunlight actually reaching earth’s surface, is around 70% of the
incoming solar radiation. On a clear day this can be around 1 KW/
, or “1 sun”.
Diffuse- The amount of sunlight that is absorbed, scattered, and reflected by clouds,
water vapor, dust, and other particles that prevent the light from reaching the surface of
the earth. 30% of the solar radiation striking the earth is diffuse and never reaches the
earth’s surface as it is reflected back into space.

http://www.mattfry0102.co.uk/why-is-earth-warm.html

Tilt and Orientation
Orientation- to receive and capture the maximum solar radiation a surface should be
facing south, except in the Southern Hemisphere where it should face north.

Tilt- though the tilt will change depending on the season, the tilt should equal the latitude
hence the sun’s rays will be striking the surface perpendicularly. This is true for the fall
and spring. During the summer the tilt angle should be less than the latitude, and greater
than the latitude during winter.
Main Uses of Solar Radiation
-Space Heating
-Solar Water Heating (Solar Thermal)
-Electricity Generation (Solar PV)
Space Heating- the sun’s rays can be used to passively warm a house using architectural
designs that employ windows that allow the sunlight to enter one’s house and
subsequently warm it. This is often called the greenhouse method.
Solar Water Heating- also referred to as solar thermal which uses the sun’s rays to raise
the temperature of water and create heat sinks that can be used to heat water for domestic
purposes. This can be as easy as taking a wooden box, painting it black, filling it with
water and running a line to your house. However more elaborate methods are needed to
provide all of the hot water needs of a house. Solar water heating systems contain two
main components, a solar collector (usually a solar panel) and storage tanks for the water.
-can be passive or active, where the active systems have circulating pumps and controls.
Types of Collectors

http://tinyadda.com/images/afw9bujuudhbh3z61cgb.jpg
Flat Plate- weatherproof boxes that are insulated and contain a glazed glass or plastic
surface.

http://solartechonline.com/wp-content/uploads/passive-batch.png
Integral Collector Storage Systems (ICS)- also called batch systems, they employ black
tanks or tubes that are in a glazed insulated box. Cold water is passed over the collector
surface which begins to heat it as it then travels to the conventional hot water heater. This
method is best suited for milder climates that have few freezing periods.

http://www.siliconsolar.com/images/how-evac-tubes-work.jpg
Evacuated-tube solar- this method employs parallel transparent glass tubes that also
contain a metal absorber tube that are attached to a fin which is coated to minimize heat
loss.
Types of Active Solar Water Heating Systems

http://www.energysavers.gov/images/active_closed_loop_solar_wa.gif

Direct Circulation- this method employs pumps that circulate water from the collectors
to the house. They work best in areas that rarely freeze.

http://www.energysavers.gov/images/indirect_water_heater.gif
Indirect Circulation- pumps circulate a non-freezing fluid through the collectors and a
heat exchanger. This heats the water that flows into the home. These are for climates that
are prone to freezing.
Solar Photovoltaic (PV)
- The most popular method that takes the solar radiation from the sun and turns it into
electricity that we can use.

http://www.cleanenergycouncil.org.au/technologies/solarpv/mainColumnParagraphs/0/te
xt_files/file1/Solar%20PV.jpg

-Most PV panels are either silicon based monocrystalline (more expensive, more
efficient) or thin film polycrystalline (less expense, less efficient).
-Most panels are between 13-17% efficient at converting DC to AC. As the efficiency
increases the cost also increases.
-PV panels usually last for 25 years.
Applications for Solar PV
-residential electricity production
-commercial water heating and electricity production
-utility scale electricity generation
-battery charging
-powering traffic lights and road signs
-powering the international space station
Components of a Solar PV System

http://www.nmsea.org/Curriculum/7_12/PV/Components_PV_System.gif
1. Solar PV panels- collect the solar radiation
2. Charging controller- to control and step down the voltage coming through the system.
3.Inverters- the system needs an inverter because the solar radiation striking the panel is
in direct current (DC), to be able to use it as electricity we need it to be in alternating
current (AC).
4. Storage Batteries/ grid connection- this allows you to either store the electricity in
battery form or release it to the grid.
Advantages to Solar PV
-a clean renewable source of electricity
-a powerful resource with the potential to provide all of our energy needs
-can reduce electricity costs and allows residents to live off-grid or sell back to the grid
using net-metering.
-contains few moving parts, little maintenance.
-panels usually last for 25 years or more
Disadvantage of Solar PV
-large capital costs
-long payback period (at least 20 years in most applications)
-low conversion efficiencies (usually around 13-17% efficient at converting DC to AC)
-we lack a power grid suitable for solar applications. Our aging electricity grid and power
lines cannot handle the high voltage current produced from solar PV. We would need
access to high voltage transmission lines that are extremely expensive to install.

-dispatch problems occur, because we can only produce when the sun shines and only for
a certain portion of the day. This problem is continually being researched and battery
storage applications appear to be a solution to this problem.
-most solar resources are located away from the largest demand. Most of the solar
resources are concentrated in the southwestern US, and it is difficult to get this resource
to the larger cities on the east coast.
Environmental Impacts
- Some degradation from the mining for the materials for the panels.
- Most of the impacts are from the creation of roads and land clearing for large solar
fields
-Some changes to microclimate in and around the solar panels

The “Solar Strand”, the State University of New York at Buffalo’s new 3200 panel 170
KW solar field. (http://www.buffalo.edu/news/hires/Solar-Array-Aerial-Photo-UB.jpg)

The 30 MW Solar PV farm in Webberville, Texas powers 5,000 homes annually, and
contains around 127,000 panels. http://www.earthtechling.com/2012/01/austin-fires-uplargest-solar-farm-in-texas/

Incentives
Federal
US Dept. of Treasury Renewable Energy Grant- up to 30% of the equipment costs.
USDA Grant Program- provides grants for between $75,000-5,000,000 to install solar
systems.
USDA REAP Grant- Provides a grant for up to 25% of the capital cost of the project.
US DOE Loan Program- provides loans for the installation of solar systems.
Residential Energy Conservation Subsidy Exclusion (Personal)- allows a 100%
exemption of any subsidy from taxes.
Residential Renewable Energy Tax Credit- A personal tax credit that provides the
following:
Solar PV systems before 1/1/2009= $2,000
Solar PV systems after 12/31/2008= no maximum
Solar water heating systems before 1/1/2009= $2,000
Solar water heating systems after 12/31/2008= no maximum

New York State
Residential Solar Tax Credit- provides a tax credit of 25% of the capital cost of installing
a solar PV or solar thermal system up to $5,000. For systems up to 25 KW.
Energy Conservation Improvement Property Tax Exemption- Provides a 100% property
tax exemption for the installation of solar water heating and solar PV. This means that
your property taxes will not increase due to the installation of these systems for 15 years.
Residential Solar Sales Tax Exemption- Provides a 100% sales tax exemption on the
purchase of passive solar space heating, solar water heating, and solar PV systems.
Home Performance with Energy Star Financing- Provides low interest loans for the
financing of solar water heaters. Loans are at 2.99% APR for loans between $3,00025,000, or a maximum of $13,000 for projects with a payback period of greater than 15
years.
Residential Loan Fund- Specifically for solar water heating, this provides loans for up to
$20,000 with rates up to 4% below market value for 10 years.
Green Residential Building Program- Provides rebates for up to $3.75 per square foot of
occupied spacing up to $5,125 for single family residence for the construction or
renovation of an existing building that employs passive solar, solar water heating, or solar
PV. The building must be at least LEED Silver certified.
Home Performance with Energy Star High Efficiency Measure Incentive (HEMI)Provides 10 % of the project cost for installing a solar water heater, or solar space heater
up to $3,000.
PV Incentive Program- provides incentives for up to 40% of the capital cost of the project
after tax credits for:
Residential $10,500
Non-profit/ local gov’t $37,500
Solar Thermal Incentive Program- Provides $1.50 per kwh displaced for solar water
heating up to $4,000 per site/ meter.
Net Metering- allows residents to sell surplus electricity produced back to the grid. For
systems up to 25 KW usually reimbursed as an avoided cost rate.

Cost
How much would it cost to power your home completely with solar power?
Assuming that the average house in central/ upstate NY uses around 3.75 KW of
electricity per year:
Average cost of electricity in Chemung County: $0.09/ kwh
Considering 15% efficient panels which can produce for 8 hours per day:
3.75 KW x 8760 hrs/ year = 32,850 kwh / year
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X= 75 KW system

A 220 W 20 V solar panel costs $280
At only a15% efficiency the panel will only produce 33 Watts
To produce 75 KW you would need:

= 2273 solar panels

This would cost approximately: 2273 panels x $280 per panel = $636,440
With the State PV rebate of 40% = $254,576
Total Cost= $636,440 – 254,576 = $381, 864
System Benefits = 32,850 kwh/ year x $0.09/ kwh = $2956.50 per year
Payback period =

= 129 years

This is an extremely large payback period and isn’t feasible due to the need for 2273
panels.

Even buying a single 275 W panel:
Panel cost= $347.95 x .4= $139.18 = $208.77
Production: (275 W) (
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Benefits: 120.45 kwh/ year x $0.09/ kwh = $10.84

) = 120.45 kwh / year

Payback period =

= 19.26 years

The map below explains why this area is not good for solar deployment:

http://www.nrel.gov/gis/images/eere_pv/eere_pv_newyork.jpg
The map above shows that our area and much of the state for that matter, has 4-4.5
kwh/m2/day of sunlight hitting the surface. However there are local examples were solar
has been successfully deployed. The Healing Spirits farm in Avoca, NY uses 4 large solar
panels that provide about 70 percent of the farms electricity needs including powering the
irrigation system and charging electric batteries.
Our electricity is relatively cheap in the area at around $0.09 / kwh, and in order to see a
more favorable payback period one would need to be in an area that receives a lot of solar
radiation (10 + hrs), and has a high electricity price between $0.22- 0.30 / kwh such as
California, Texas, parts of NY and NJ..
However it is important to keep in mind that solar PV costs are decreasing and the panels
are becoming more efficient. Many government subsidies and rebates are available for
solar systems, including the NY-Sun Initiative which aims to double the amount of
residential solar systems in NY over the next 4 years.
Solar PV is an expensive yet clean way to help power our world, and as the grid is
upgraded and advancements are made in the panel technology the cost will fall and allow
for more deployment.

Local Installers/ Suppliers
Twin Tiers Solar & Wind- Elmira, NY (www.ttsolarandwind.com)
Renovus Energy- Ithaca, NY (www.renovusenergy.com )
ETM Solar Works- Endicott, NY (www.etmsolar.com )
NYSERDA- (http://www.nyserda.ny.gov/Page-Sections/Workforce-Development-andTraining-Programs/Rater-Technician/Solar-Installers.aspx )
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