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
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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/

2

Last Updated 5/18/2007




COSEIA CERTIFICATION EXAM
STUDY GUIDE

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

4

Last Updated 5/18/2007




COSEIA CERTIFICATION EXAM

STUDY GUIDE
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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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

STUDY GUIDE

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.

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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