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1. PhotovoltaicSolarEnergy and Solar Water Heating

1.1 Background

Solar technology is the process of taking energy that comes from the sun amglitunto
electricity. Solar Bergy can be brokeinto two different categorief?hotovoltaic and solar

water heating.

Photovoltaicenergy is the process of converting light energy into electrical energy.
When the light from the sun shines down dP\acell three things happen; the light is absorbed,
reflected or passes through. Only the light that is absorbed by the cell can be converted to
electricity. When the PV cells absorb the light, it is then transferred into electrons in the atoms
of the @lls. Due to an excess of energy from thedslight these lectrons are able to leave

their original location where they are then forced into the flow of an electrical circuit.
1.2 PhotovoltaicTechnological Process

In PV cells there is what is knowen s wlt-ifnb el ectric field. o6 This
the extra electrons that enter the electrical circuitmndidesa force thatransferghe electrical
current into an external circuit that can be used as powstcells are made out of twayers of
siliconwhichis a semiconductive material. In a PV cell there are two different types of silicon
|l ayers that are used to create t-thy me @hdeaytear ca
t he ot herypiasoeth et yipmsey hasrextra electrons with a negative electric
charge -t yplTehoe Ifiapy er has a eedrsnhdes onds conta@ sudaee. wi t h

When these two layers are put into contact with each other the extra electrons from the negative
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type layer are transferred to the positive type layer. This process creates an excess amount of
positive charge on thetype layer and an excess of negative charge on-tingeplayer. The
transfer of electrons to the other layer creates an electric fi¢ldahses electrons to move

toward the negative surface which is now availablgrtwidethe electrical current for external

use. The positive sidanctions inthe oppositavay as goeto the surfaceo complete the

circuit. A group of PV Cells that amonnected together make up a solar panel. A group of solar

panels together is known as a solar array.

Figure 11: PV Cell
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Solar panels produce direct current (DC) electricity. Buildings howevey@oally
poweredby alternating current (AC) electricityd DC/AC inverteris installed intahe system

before it can be used as electricity. After the inverter thexvo optionsfor the electricity.



One option is thexcess output from thganelscanbe directly onnected into the utility gridor

theexcess output can be usedéoh ar gi ng batteries that wil/| be

Figurel.2: Solar Energy Proce&howing Excess Power Provided to Grid

(Solar Energies Technologies Program, 2008)

A combination of these two options is also possible. The benefit to being connected to
the utility grid isthat it is possible to sell thextra energy back to the grid and have the utility

company payor thesolar system.
1.3The Sunds Light

Whenthesn6s | i ght reaches Earthoés surface it
light includes the light that comes directly from the sun without reflecting off of clouds, dust or
the ground. Diffused light however, consistdight that is reflected oftlouds, the ground or
any other object. This is important when dealing with PV collectors beoatisztwo types of

collectors, flat plate and concentrators, only the flat plate can use both forms of light while
8



concentrators can only use direct ligblar Energy Technologies Program: Light and the PV
Cell). About 21% of the solar flux reaches the surface as direct light, while 29% reaches as
diffuse light. Even though there is a lot of lost solar engdlgylight that does reach us is a

significart amount. (Teste et al, 2005)

Flat platesolar watercollectors operate in that they intercept solar radiation on an
absorber plate in which passages for carrier fluid are integral. The carrier fluid, which is either
liquid or air, pasgsthrough tke flow channels and has its temperature increased by heat transfer
from the absorber plate. The energy transferred to the carriedétedmineshe instantaneous
collector efficiency. In order to achieve maximum capacity, the flat plate collect@iyusave
one or more optically transparent cover plates that are intended to minimize heat lose from the
absorber plate. Usually they are capable of heating carrier fluids up to 82°C with efficiencies
between 40 and 80 percent. For applications sualr asnditioning and other industrial heat
requirementsf | at pl ate coll ectors generally candt pr
high enougho be effective. They can be used as first stage heat input devices and then the

temperatre of thecarrier fluid isincreased by other conventional heating means.

A more complex and @ensive device called concentrating collect@s be used.
Concentrating collectors optically reflect and focus incident solar energy onto a small receiving
area. Wih this concentratigrihe intensity of the solar energy is magnified and the temperature
that can be achieved at the receiver, also known as the tggetaches several hundred or
even several thousand degrees Celsius. In order to work effectivelyribentrators must move
to track the sun. Concentrators use devices called heliostats to track tliBisaavery

Education Science Connection)



1.4 Solar Panel Orientation

Theorientation of thesolar panels is very important in order to maximizeiicelent
energyand in turn optimize the effectiveness of golar panel. Pals can either be fied or the
tilt can be adjusted seasonally. In rare cases where thes paaoéthe suids movement
througouttheday, it can receive 10%wvinter) and 40%(summei) more energy than fixed panels.
Solar panels shutd always face true south in the northern hemisphere and should face north in
the southern hemisphere. The winter season has thavedable incident enerdyut in order
to achieve the mosnerg, the solar panels must baentedof the latitute of the location
multiplied by .9 and 29 degrees added to it. Some examples of this are ih lal#®lar panels
should be adjusted during the changlowsof each
Winter is from October 13to Februrary 2%, Spring is from February 3o April 20", summer
is from April 20" to August 22°, and Autumn is from August 22to October 18. The
adjustment needed on the panels for maximum efficiency idlaw$ofor the spring and
autumn seasons the tilt should be the latitute minude&yeesand for the summer the optimum
angle is 52.5legreedess than the winter angle. See tadb&for examples of the adjustments

(Landau, 2002)
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Tablel.1: Winter Solar Panel Angle

Latitute Angle % of
optimum

25° (Key West, Taipei) | 51.5° 85%

30° (Houston, Cairo) 56° 86%

35° (Albuquerque, Tokyo| 60.5° 88%

40° (Denver, Madrid) 65° 89%

45° (Minneapolis, Milano) 69.5° 91%

(Landau, 2008)
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Tablel.2 Spiing, Summer, Autumn Solar Panel Angle

Latitude | Spring/Autumn| Insolation| % of | Summer| Insolation| % of
angle on panel | optimum| angle | on panel | optimum
25 22.5 6.5 75% -1.0 7.3 75%
30 27.5 6.4 75% 3.5 7.3 74%
35 325 6.2 76% 8 7.3 73%
40 37.5 6.0 76% 12.5 7.3 72%
45 42.5 5.8 76% 17.0 7.2 71%
50 47.5 55 76% 21.5 7.1 70%

(Landau, 2008)

Note 1: The %of optimum is based off of howell the angle orientation will do compared with

the best possible tracker that always keeps the panel pointed directlywat.the s

Note 2: These calculations are based off ideal situations. This means that loaressuction

of the sky, with no trees or clouds ever blocking the sun.
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1.5 Solar Water Heating

Solar water heating systems are made up of two parts, thesiingt & solar collector and
the second is a storage tank. Most solar collectors are made up of a thin, flat, rectangular box
known apl ate&fdaltl ector. 6 This flat plat coll ec
on the soutkside of the builthg. This collector has small tubes that run through the collector to
an absorber plate; these tubes carry either water or antifreeze that will be heated. This absorber
plate is painted black and continues to build up heat that will heat the fluritisathrough the
tubes. The process of moving the liquid from the collector to the tank can be one of two
methods, either a passive or active system. An active system involves using pumps to transfer
the liquid from the collector to the tank. The othption, passive systems, depends on gravity

to circulate the water as it is heatelthe storage tank holds hot water that is readyi$er

1.6 Solar Energy Feasibility

There are a lot of variables to take into account when determining whether solgrisne
technically and economicalfgasible for a home or building. A few facddhat needio be
determined are; the amount of energy that is used over the year by the building or home, the size
of the roof, location of the building (this will be usedfigure the tilt of the panel and solar
radiance), if the roof is flat or pitched, and if the system can be connected to the energy grid. Once all of
these factors are determined it is possible to do a feasibility clidssolar radiance at the buitdis
location is constant year to year asdlready known. However, this does not take into account any

trees, buildings or any other objects that may be
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order to do a moraccurate evaluatiatiere is device called the solar pathfinder that can help tell how

much solar radiance a roof will get throughout the entire year.

1.7 Solar Pdtfinder

Figurel.4: Solar Pathfinder

b

Above is a picture of a solar pathfind&éhe solar pathfinder as welk the solar
pathfinder assistant is manufacture by the Solar Pathfinder Company and is based out of Linden,
TN. The device works by putting up onto a roof and standing at the north side of the
pathfinder (there is a compass on it). Hover directly tive pathfinder and take a picture of it
(if the roof is small, one picture in the centetluéroof is sufficient, if it is large a shot at all

four corners might be necessary).

14



Figurel.5: Solar Pathfinder Overhead

Above is a picture being takémom the north side, directly over the pathfinder. It can be
seen that there are buildings that will be blocking some sunlight throughout the year. The reason
thatthe picture is taken from the north is because a solar panel that would be installgil here
be tilted down to the south, therefore anything that is being obstructed from the north is
neglected. Once this process is finishibd,pictures will beiploaddinto the Solar Pathfinder
Assistant. The Solar Pathfinder Assistant can tell howhraun is expected at this saad will
also be able to say the exact month, day, hour and minute the panels will be receiving sun and

also will tell the same for when the paméll not be receiving sunlighiSolar Pathfinder)
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Figurel.6: Solar Assstant

(Solar Pathfinder)

Above is a picture of a traced outline after the solar assistant has been used. This has all
the months in the year and every hour in a day. For exampledase study above it can be
seen that in this location from 3pim4pm, from December t8eptemberthere is something

obstructing the sun and little to no energy will be produced by the panels at this specific time.

1.8 Determining costs

When figuring out the costs ofsalar panel system, there are many differents that
needto be understood and determined, includiey Capacity Factor (NCF), Simple Payback

and Net Present Value.
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