COSEIA CERTIFICATION EXAM

STUDY GUIDE

This is the study guide for the COSEIA PV Installer Certificatioarix The purpose of this study guide is to outline the possible
subjects that will be covered by the exam. The study guide and exam are wctss mf being continually updated. COSEIA will
continue to update this study guide as the exam evolves. If you have any commerisionendations for the study guide,
especially resources from the internet please send them Jon-Klima@PeopiePCThank you, the COSEIA Board.

TOPIC SPECIFICS RESOURCES
Solar Electric Grid-Intertied www.homepower.com/files/beginner/SolarElectricBasics. pdf
Overview Solar Electric Panels (M&O) Maintenance and Operation of Stand-Alone Photovoltaic Systems,
Array mounting Rack Publication of the Photovoltaic Design and Assistance Center, Sandim&ati
Array DC Disconnect Laboratories, Albuquerque, New Mexico 87185-5800.
Charge Controller www.sandia.gov/pv/docs/PDF/98TLREF13.pdf
Grid-Intertied with Battery Backup
Battery Bank
System Meter
Main Dc Disconnect
Inverter
Stand Alone System
AC Breaker & Panel AC Disconnect
Kilowatt-Hour Meter
Backup Generator
Basic Ohm's Law HP72P98
Electricity Current HP82P104
Resistance HP83P114
Voltage HP84P114
Amperage and Amp-hours HP87P100
Power www.gsl.net/aa0ni/lsn02.html
Series www.outlawnet.com/~oclass/electricity/formulas.htm
Parallel
AC & DC power
DC power
Watts &Watt-hours
Energy

1
Last Updated 5/18/2007




COSEIA CERTIFICATION EXAM

STUDY GUIDE

magnetic north/south

www.ngdc.noaa.gov/seg/geomag/declination.shtml

Solar - true south http://eosweb.larc.nasa.gov/sse/
Principles - solar declination http://rredc.nrel.gov/solar/
- solar azimuth http://wrdc-mgo.nrel.gov/
- peak sun hours www.fallingrain.com/world/index.html
- solar resource in Colorado HP36P14
- insolation, irradiance www.nrel.gov/csp/maps.html#co
- optimal tilt angle
- latitude
- altitude
Site - Effects of shading on a system HP57P32
Assessment | - Array Orientation
- Array Mounting Options
- Balance of System Locations
- Determining the pitch of a roof
Load Analysis | - duty cycle of the load HP21P67
- power factor of motor driven loads HP37P46
- autonomy requirements HP71P84

Watts v. Watt hours

Energy - Parasitic loads

Efficiency - Phantom Loads

Sizing - Stand-Alone There are many ways to size the various photovoltaic systems, for 8IS0
- Grid-Tie exam one sizing method will be accepted. Please see sizing Exampkesrad
- Battery Backup of the study guide for the accepted sizing methodology.

PV Watts - Understand how to use the program http://rredc.nrel.gov/solar/codes_algs/PVWATTS/system.html
Understand all factors used within program http://rredc.nrel.gov/solar/codes_algs/PVWATTS/versionl/
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Overall Design

total system efficiency goals

Stand — alone System
Hybrid-System

Grid-tie system

Grid-tie system with Battery Backup
Grounding

Stand-Alone Photovoltaic Systems: A Handbook of Recommended Design
Practices SAND87-7023. Sandia

National Laboratories, Photovoltaic Systems Assistance Center, Albuguerq
NM 87185-0753

www.sandia.gov/pv

Hybrid Power Systems: Issues and Answ8asdia National Laboratories,
Photovoltaic Systems Assistance Center, Albuguerque, NM 87185-0753
www.sandia.gov/pv
http://www.sandia.gov/pv/docs/PDF/CodeCorner94.pdf
http://www.sandia.gov/pv/docs/PDF/CodeCorner92.pdf
http://www.sandia.gov/pv/docs/PDF/CodeCorner88.pdf
http://www.nmsu.edu/~tdi/pdf-resources/cc74.pdf
http://www.nmsu.edu/~tdi/pdf-resources/cc89.pdf
http://www.nmsu.edu/~tdi/pdf-resources/cc90.pdf
http://www.nmsu.edu/~tdi/pdf-resources/CC102.pdf
http://www.nmsu.edu/~tdi/pdf-resources/CC103.pdf
http://www.nmsu.edu/~tdi/pdf-resources/CC104.pdf

Solar Panels

I-V (Current — Voltage) Curves and how they a
affected by Sun and ambient temperature
Open Circuit Voltage

Short Circuit Voltage

Maximum Power Voltage

Maximum Power Current

Blocking diode

Nominal Voltage

STC

PTC

eHP87P35
HP105P96

Charge
Controllers

Sizing

State of Charge
Temperature Control
Bulk charging

Stand-Alone Photovoltaic Systems: A Handbook of Recommended Design
Practices SAND87-7023. Sandia
National Laboratories, Photovoltaic Systems Assistance Center, Albuguerq

NM 87185-0753www.sandia.gov/pv/docs/PDF/Stand%20Alone.pdf
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- Absorption charge

- Float charge

- Purpose of a LVD (Low Voltage Disconnect)
- Shunt Type

- Series Type

- MPPT (Maximum Power Point Tracking)

www.trojanbattery.com/Tech-Support/BatteryMaintenance.aspx
www.outbackpower.com/MX60.htm
www.outbackpower.com/pdfs_manuals/MX60_REV_B.pdf
www.blueskyenergyinc.com/manuals.htm

Inverters

- Sizing

- square wave

- modified sine wave
- sine wave

- Their Function

- General Efficiency

Location of installation in respect to grid-connectiol

and panels

www.consumerenergycenter.org/erprebate/equipment.html
HP23P53
HP62P44

Batteries

- Deep Cycle

- Gel Lead-Acid Battery

- AGM-VRLA Battery (Absorbed Glass Mat —
Valve Regulated Battery) Lead-Acid Battery

- Flooded Lead Acid

- Battery Wiring

- Sizing

- Equalization

- State of Charge/Depth of Discharge

- Rate of Charge

- Temperature effect on Performance

- Specific Gravity

- Maintenance issues

- Nominal Battery Voltage

- Days of Autonomy

Ref. NEC 480.8 (A)(1) Racks

Ref. NEC 480.6 (B) & NEC Handbook 480.1 Scope

NEC 690.9D

HP27P30

www.rollsbattery.com/
www.trojanbattery.com/Tech-Support/MaterialDataSafetyShepis.as
www.trojanbattery.com/ProductLiterature/pdf/DeepCycleMaintenaadfe
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Battery Safety | - Working with hydrogen gases NEC 480.6 (B) & NEC Handbook 480.1 Scope
- Working around flooded lead-acid batteries (HP#27)_Overcurrent Protection for Battery-Powered Syst@msstopher
- Proper ways to install batteries Freitas, Home Power #27, Pages 26-29, February/ March 1992.
- Types of tools to use around batteries www.homepower.com

www.trojanbattery.com/Tech-Support/MaterialDataSafetyShepts.as
www.rollsbattery.com/

Components | Conductors/Cables/Wires http://www.sandia.gov/pv/docs/PDF/Code.Corner.104.Final.pdf
General Types used in PV systems| http://www.sandia.gov/pv/docs/PDF/CodeCorner85.pdf
How to size http://www.sandia.gov/pv/docs/PDF/CodeCorner84.pdf
Voltage drop http://www.sandia.gov/pv/docs/PDF/CodeCorner83.pdf
Conduit issues http://www.sandia.gov/pv/docs/PDF/CodeCorner82.pdf
Voltage drop http://www.sandia.gov/pv/docs/PDF/CodeCorner81.pdf
Color Coding http://www.sandia.gov/pv/docs/PDF/whrtocdcrnr.pdf
Conduit/Raceway sizing http://www.sandia.gov/pv/docs/PDF/bigcdcrnr.pdf
Fuse http://www.sandia.gov/pv/docs/PDF/awgcdcrnr.pdf
AC Vs. DC Fuses http://www.sandia.gov/pv/docs/PDF/surfcdcrnr.pdf
Current-limiting Fuses http://www.sandia.gov/pv/docs/PDF/clarcdcrnr.pdf
Circuit Breaker http://www.nmsu.edu/~tdi/pdf-resources/CC104.pdf
Branch Circuit http://www.nmsu.edu/~tdi/pdf-resources/CC105.pdf
Supplementary Applications http://www.nmsu.edu/~tdi/pdf-resources/CC113.pdf
DC & AC Rated
Dual-Rated AC Breakers Ref. NEC 200.6 (A) & NEC Handbook 690.31 (D)
Used as a Disconnect Table 250-122 of the 2005 NEC
Current Limiting Breakers
Disconnect
Utility - NEC690.64(B) NEC690.64(B)
Connection - the connection to the panel must be made via a IEEE 1547
dedicated circuit breaker or fusible disconnectingJL 1741
means, www.nmsu.edu/~tdi/pdf-resources/CC111.pdf

- the sum of the ampere ratings of the over current
devices in circuits supplying power to a bus bar or
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conductor shall not exceed the rating of the bus

bar or conductor,

the interconnect point shall be on the line side
all ground-fault protection equipment,
equipment containing over current devices in
circuits supplying power to a bus bar or condug
shall be marked to indicate the presence of all
sources.

tor

Installation - Working safely with PV systems requires a www.sandia.gov/pv/docs/PDF/Wiles99.pdf
Safety fundamental understanding of electrical systemswww.sandia.gov/pv/docs/PDF/Code_Corner_96.pdf
coupled with common sense. To help keep a safe
working environment it is recommended to do at
least the following:
- Reduce workplace clutter.
- Be extra cautious and organized on sloped roofs.
- Don't leave tools lying on a slope roof without
being secured.
- While working on a roof be prepared for all
elements, cold, sun, heat, wind etc...
- ltis essential when traversing an attic to support
one’s weight by steppingnly on the ceiling joistg
or trusses
- Take your time and make the proper electrical and
structural connections
Mounting - Fixed Tilt www.greenbuilder.com/sourcebook/Photovoltaic.htm#MOUNTING
Systems - One-axis Trackers www.ecobusinesslinks.com/solar_tracking_sun_trackers.htm
- Two-axis Trackers WWWw.unirac.com
Durability in design of mounting structures
Utility - Net Payment www.epa.gov/greenpower/whatis/glossary.htm
Connection - Peak Shaving NEC 690.64 (B)(2)

Net Metering

NEC 408.36 (F)
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- Demand Side Management NEC 690.64 (B)(5)

- |EE1547

- NEC Article 705

- Back-fed breakers

- Bus bar conductor sizing in main panel

- Breaker sizing in main panel
Renewable - Definition www.epa.gov/greenpower/whatis/glossary.htm
Energy - Their use
Credits
NEC CODE - Understand section 690 and all other relevant | www.sandia.gov/pv/docs/PDF/WilesCC110.pdf

information in respect to PV installation www.sandia.gov/pv/docs/PDF/CodeCornerl05.pdf

GENERL Photovoltaic Power Systems and The National Electrical Code: SugifrFatticeswww.nmsu.edu/%7Etdi/Photovoltaics/Codes-

REFRENCES | Stds/PVnecSugPract.html

Maintenance and Operation of Stand-Alone Photovoltaic Systems.sandia.gov/pv/docs/PDF/98TLREF13.pdf
Stand-Alone Photovoltaic Systems: A Handbook of Recommended Design Prastisesandia.gov/pv/docs/PDF/Stand%20Alone.
Sandia Publications Order Formmvw.sandia.gov/pv/docs/DOC/Order%20Form.doc

ndf

2005 NEC and NEC 2005 Handbook

Notes:

HP = Home Power
P = Page

For the Home Power articles not available online, you may be able to obtain thenh ywautpcal library. A fee may apply.
The links shown above were active as of 5-22-07. If some of the Code Corner links seem t&,rgn veothe master index at
http://www.nmsu.edu/~tdi/Photovoltaics/Codes-Stds/codecornertbir@ode Corner articles 50 to present.
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Stand-alone system array sizing ---

The basic tenant to keep in mind when sizing a stand-alone array is, size the proayde the energy that will be required by the
load. So, if 5000 watt-hrs will be required over a given time period, then taking into accaent sfficiencies, make sure there are
enough PV modules to provide the 5000 watt-hrs during the amount of time available famcpllest energy.

1. Daily load requirement in watt-hyssystem efficiency = Corrected daily load requirement. This is the datggnequired

2. Determine module average energy output per day --- Multiply rated module, auiguips, by peak sun-hours per day. Convert to
watt-hrs per day by multiplying by the module nominal voltage.

3. Determine the number of modules required by dividing the total energy required foundovébw the watt-hrs per day per
module found above in #2.

4. Round up the number of modules to give a whole number and correct source circuit voltage.

Stand-alone system battery bank sizing ---

When sizing the system battery bank, first determine how many amp-hredezlte supply the load over a given time period, then
divide the number of amp-hrs available from each battery string into the angmhned.

1. Convert the watt-hrs per day into amp-hrs per day by dividing the watt-hrs pgey tteeynominal system DC voltage.

2. Divide this figure by the system efficiency to obtain the corrected aaitlih amp-hrs.

3. Multiply the per day figure found in 2 directly above by the days of autonomy rédaified the total amp-hrs required from the
battery bank.

4. Determine how many amp-hrs will be available by multiplying the bagteng capacity by the acceptable depth of discharge.
5. Divide the amp-hrs required by the amp-hrs available per string to obtain ther miiindktery strings needed.

6. Round up to give a whole number of strings.

7. Multiply the number of batteries per string by the number of strings reqaicdddin the total number of batteries needed.

Stand-alone system charge controller sizing ---

1. Determine, from the PV modules, the module short circuit raggg (This is the short circuit current for each series source circuit
containing these modules.
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2. Multiply the number of strings by the short circuit rating to obtain the total sihcutt current.
3. Multiply the total short circuit current by 1.25. This is the minimum controlter stome people advocate multiplying this figure
by another 1.25 to allow for system expansion.

Utility-Interactive / Grid-Tie PV System Sizing Example"Courtesy of Solar Energy International (c) 2006"

Electric Load Estimation:
1. Approximate monthly and daily average energy usage

Yearly average energy consumption: kilowatt-hrs/yr
Kilowatt-hrs/yr, 12 months = average Kilowatt-hrs/month
Average Kilowatt-hrs/month 30 days = kilowatt-hrs/day

(This is your Average Daily Load)
% of power to be generated from PV System
Kilowatt-hrs/day x % of power to be from PV
= PV System Kilowatt-hrs/day
Array Sizing:
2. Find out your Average Sun Hours Per Day:
3. Figure out the PV system kilowatts needed (the initial size of the array):
PV System Kilowatt-hrs/day average peak sun hours per day
= PV System Kilowatts
4. Factor in inverter efficiency

PV System Kilowatts inverter efficiency
= PV array System Kilowatts needed
PV array system Kilowatts x 1000 watts/Kilowatt = PV array watts
9
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INFORMATION

U.S. DEPARTMENT OF ENERGY

«ry

CONSERVATION AND
RENEWABLE ENERGY INQURY
AND REFERRAL SERVICE

Siting of Flat Plate Solar Thermal Collectors
and Photovoltaic Modules

To install a solar energy system, the
siting and tilt requirements for the
solar collectors are important to
understand. This is true for all types
of solar collectors, whether they are
flat plate collectors for heating
water, or photovoltaic modules for
generating electricity. The flat plate
collectars or photovoltaic modules
must be oriented and tilted to obtain
maximum solar radiation and to
avoid unwanted shading. Evaluating
these factors at the outset is essen-
tial to determine if your proposed
site is suitable for collecting solar
energy and ensuring that your
system operates efficiently.

Orientation of the
Collectors or Modules

A solar collector or photovoltaic (PV)
module gathers the most sunlight
when it is perpendicular to the sun.
Ideally, it should be tilted to follow
the sun's change in elevation during
the course of the year, and turn to
tollow the sun's apparent path from
east to west during the day. Daily
east-wast tracking is possible for a
photovoltaic system with an active
or passive tracking system, and can
produce 20 to 40 percent more
electricity, depending on the time of
year. The hardware, machinery, and
controls needed to track the sun,
however, are usually not cost-
effective when used with solar
thermal flat plate collectors. For a
fixed, non-tracking system, solar

collectors or photovoltaic modules are
usually installed facing true south. This
is the one fixed orientation by which
they almost always intercept the
greatest amount of solar radiation
during the year. An exception tb this
rule may occur due to unusual weather
patterns, perhaps near large bodies of
water. For example, if the site tends to
have cloudy weather in the morning
and sunny weather in the afternoon, a
shift in collector or module orientation
to the west might increase the total
solar energy collected.

Variations

To accommodate local weather
congditions, the orientation of an
existing building, or other factors
relating to the building site, such as
shading, you can modify the basic rule
of thumb that you crient a solar
collactor or module true south. Deviat-
ing from true south by as much as 20°
to 30° east or west will not significantly
reducs the total solar radiation
received.

Magnetic Declination

True south is not the same as mag-
netic south at most locations. Because
of the earth's magnetic field, a com-
pass' reading of south varies as much
as 22° from true south in some parts
of the country. This variance is called
"magnetic declination,” and is usually
represented as the number of degrees
that compass (magnetic) north varies
from true north.

An imaginary line of zero degrees
declination runs through Gary, IN,
Louisville, KY, Chattancoga, TN, and
Tallahassee, FL. Along this line, true
north and south are the same as
north and south according to a
compass. The amount of declination
increases as you move away from
this line. For example, if solar energy
systems are oriented south accord-

-ing to a compass in San Jose, CA,

they wil: actually be about 16° west
of true south. Therefora, they should
be installed 1o face 16° east of south
according to a compass so that they
will face true south.

To find out the magnetic declination
for a particular location, ask a local
surveyor, or look at either a topo-
graphic map of the area or a plot
map from a local tax office. The
National Oceanic and Atmospheric
Administration (NOAA) also provides
this information to the public. The
first request is fres, and a small fee
is charged for each additional
request. Contact NOAA at:

NOAA/NESDIS/National
Geophysical Data Canter
325 Broadway

Boulder, CO 80303

(303) 497-6478

An “Isogonic Map of the United
States,” Publication No. 11283,
showing magnetic declinations
nationwide is available from:
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‘" 8. Geological Survey
stribution Branch
Box 25286

Denver Federa! Center
Denver, CO 80225
(303) 236-7477

A “Magnetic Variation Chart of the
World" indicating magnetic declina-
tions worldwide is available from:

Defense Mapping Agency
Combat Support Center
Attn: DDCP

Figure 1. Allitude and Azimuth Angles

Washington, DC 20315-0020
Customer Assistance Office
(202) 227-2485

(800) 826-0342

Avoiding Shade on the
Collectors or Modules

Once true south is identified, the
installation site must be carefully
analyzed to determine if obstructions
to the south will prevent access to
the sun during some or all of the
year. While solar energy collectors
1d modules do not require guaran-
~eed access to sunlight from sunrise
to sunset, they shouid be shaded as
little as possible between 9 a.m. and
3 p.m., when nearly 85 percent of
the sun's energy reaches the earth.
Shading affects the performance of
photovoltaic modules more critically
than it affects solar thermal collec-
tors. In any solar energy system
design, however, shading should
be avoided, and solar access
maximized. By obtaining the sun's
altitude and azimuth angles through-
out the year, you can accurately
predict potential shading problems.

Altitude and Azimuth

The sun's position in the sky is
defined by two angles: aititude and
azimuth. The height above the
horizon is called the altitude, which
ranges from zero degrees (the
horizon) to 90° (directly overhead). To
measure the altitude, an observer
uses a sextant and squarely taces the
sun. The azimuth describes the sun's
position from east to west; It is the
angle between true south and the
point on the horizen directly below the
sun. The azimuth, measured with a
compass, has a negative value to the
east and a positive value to the west
(see Figure 1).

At sunrise, the altitude of the sun is
zero degrees and the azimuth is
typically a large negative number (for
example, —58° to the east of true
south at 40°N. latitude on December
21). At solar noon, the sun's altitude
reaches its maximum for that day,
and the azimuth becomes zero
degrees. At sunset the sun’s altitude
decreases to zero degrees again and

These irees casta
shadow on the
coltecior batween
1pmand 2 pm trom
November 15t to
abkrmt Eamraaorg 181K

Tl

AL

I M‘"ﬂlﬂm

the azimuth reaches the same
number in a positive value as its
number at sunrise (+58° to the west
of true south in the same example).

The sun traces a progressively
higher path in the sky in the north-
ern hamisphere between the
December 22 (winter) solstice and
the June 22 (summer) soistice. That
is, its altitude angle increases. After
reaching its highest point on June
22, the sun’s path becomes lower in
the sky until December 22. The
altitude angle depends on the time
of day, the day of the year, and the
site’s latitude.

Solar "Window" or
"Skyspace™

Solar collecters or modules must
have a clear view of the portion of
the sky defined by the sun’s appar-
ent daily crossings. This area is
referred to as the solar “window” or
“skyspace.” To reiterate, this solar
window should be free of shading
from § a.m. to 3 p.m. when the
maximum solar radiation oceurs
{see Figure 2).

The altitudes of the sun on Decem-
ber 22 and June 22 (the winter and
summer solstices) determine the
upper and lower boundaries of the
solar window. In most cases, it is
the lowest altitude of the sun,
reached on December 22, that is
most important for protecting solar
access. If the ionger winter shad-
ows do not shade the solar collector
or module, it is usually safe to
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foliage with the change of seasons
is another factor, however, that
determines the amount of sunlight
that will reach the solar collector
or module.

At low solar altitudes, the atmos-
phere, clouds, smog and air
pollutants can absorb or deflect
considerable amounts of solar
radiation. Se much solar radiation is
lost that solar altitudes below 12°
are essentially useless for collecting
solar energy.

Sun Charts

Sun angle charts show the sun's
apparent path through the sky for a
particular latitude. By plotting the
altitude and azimuth angles, these
charts indicate the sun’s position
throughout the day at different times
of the year. They are available from
several commercial companies,
some of which are listed at the end
of this fact sheet. Sun charis are
particularly useful for determining
the shading effect of obstructions
protruding from the horizon such as
trees, buildings, chimneys, dormers,
new construction, and fences. When
an object, indicated by its altitude
and azimuth angles, is transcribed
onto the chart, you can determine
the times of day or year it will shade
a surface (see Figure 3).

Rough Approximation
Method

The following is adapted from a
method of the Energy Task Force
of New York to estimate the

Estimating Solar Window

11 o'Clock Position
12 o'Clock Positlon = {East), and 1 0'Clock

Latitude ° Bearing - Position (West) =

30° Bearing Angle
28°N. 18 inches (47° Alt.) 12 inches {30° Alt.)
32°N. 14 inches (34° AlL) 10 inches (26° Alt.)
36°N. 12 inches (30° Alt.) 9 inches (23° Alt.)
40°N, 10 inches (27° Alt.) 8 inches (20° Alt.)
44°N, 9 inches (23° Alt.) 6 inches (17° Alt)
48°N. 8 inches (20° Alt.) 6 inches (14° Alt.)

solar window.
Teus morin
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Stand where the collectors are to be
placed and face true south. Point so
that your finger and your eye are
horizontal, Hold a yardstick vertically in
your other hand so that the top of the
yardstick extends above your horizon-
tal arm by the exact number of inches
determined by the table above.

Look over the top of the yardstick at
true south and 30° east and west (with
adjustments in yardstick height) to
determine shading effects. Any object
above the top of the yardstick will cast
a shadow on the collectors, and
objects below the top of the yardstick
don’t matter. E

The Popular Science
Sun Locator

Another method for determining the
solar window was created for Popular
Science Magazine (Selar Energy
Handbook, 1878). Make a copy of the
sun locator (included with this fact
sheet) and glue it to a cardbeard
backing. Trim along the line of the
latitude nearest you, Place the locator
in a level position at the area where
collectors are to be mounted. Align the
compass along the correct magnetic
declination line for true north and
south. View from the corner over the
top of the latitude line from 9 a.m. to 3

p.m. {solar time). This is a path the sun
il talba irm midwintar IF mars than 5

Even tree branches without leaves
can block a considerable amount of
winter sunlight if the branches are
thick. Consider trimming them if
necessary.

Tiit Angie

A solar collector or module collects
the maximum solar radiation when the
sun’s rays strike it at right angles. As
the solar collector or module is tilted
away from a perpendicular to the sun,
less solar energy is intercepted. Small
deviations in tilt will not affect energy
output much. For example, if the flat
plate solar collector or module is 5° to
10° from the perpendicular, the loss
of energy will be small.

The optimal tilt angle for a solar
energy system depends on both the
site latitude and solar application.
Fixed collectors and modules that
need to produce heat and electricity
respectively on a year-round basis
are usually tited at an angle equal to
the latitude of the site. This angle
points the collectors and modules

* directly toward the sun in the spring

and fall when the sun is at its midpoint
position in the sky. Energy from the
low winter sun and the high summer
sun is not collected as efficiently, but
the average yearly collection of
energy is maximized. For example, in
Philadelphia. PA., the collector ¢r




space heating. At this steeper
angle, the solar collector directly
faces the low winter sun, when
heating is needed most.

a, If a solar thermal system is used
for both hot water and space
heating, a tilt angle equal to the
latitude plus 15° is preferable.

4. A tilt angle equal to the latitude is
best for a solar energy system
-used to heat a swimming pool
year-round. If the system is
used to heat a pool’s water
primarily in the summer, a tit
angle equal to the lalitude minus
10° to 15° is optimal.

Tilt angles for
photovoltaic systems

1. A photovoltaic system sized to
maximize annual electricity
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framing MQuNTs Nat aHow 1auny
easy adjustments. Simple east-
west tracking systems also may
be easily adjusted. In these cases,
making several seasonal adjust-
ments in tilt will yield more electric-
ity. The value of this additiona
electricity should be evaluated
against the effort needed to make
the adjustments. Four adjustments
per year will keep the photovoltaic
module within about 10° of being
perpendicular to the sun's rays
year-round. Tilt the PV array atthe
angie of your latitude on or about
March 21, to an angle equal to the
latitide minus 100 on May 7,
back to the angle of the latitude
on September 21, and to an
angie equal to the latitude plus
10°% on November 7. If ad-
justments were made on the
summer and winter sclistice dates
cember 22)

angle, slightly increasing energy
collection. The use of tracking is
only cost effective if the value of the
additional enargy by the tracking
system exceeds the cost of buying,
installing and operating the tracker.

These are broad guidelines for the
orientation and tilt of flat plate solar
thermal collectors and photovoltaic
modules. Many factors may affect
the optimal positioning of a solar
collector or module. Therefore, it is
not recommended that you design
or orient a sofar heating or photo-
voitaic electricity-generating system
without a solid background in the
principles and mechanics of solar
heating or photovoltaic systems, or
without professional help.

Proper crientation is even mare
crucial for soiar concentrating

photovoltaic. Solar concentrators
must track the sun. They cannot
tolerate some of the small devia-
tions in tilt and orientation that are
acceptable to non-concentrating
collectors.




