


Solar Panel Installer

This Green Collar Zone workstation will teach you the basic principles of
solar power, as you acquire skills by performing hands-on activities. No
prior knowledge of alternative energy trades is required as the Green Col-
lar Zone curriculum will introduce you to professional tools and materials
and provide step by step instructions to use them in skills practice.

Before working on the skill set activities, you will learn:

« The history of the solar power industry

« The career opportunities that exist in the alternative energy industry

« The components of a solar power system

. The difference between a grid tie and stand alone solar power system
« The principles of using photovoltaics to generate solar power

. Basis residential wiring skills and electrical safety

After you have learned about solar power systems and basic residential
wiring, you will work with industry grade materials to install a set of solar
panels on a roof. You will use a screwdriver, measuring tape, multimeter,
wire stripper, and wrenches. You will work with a solar panel mounting
system, electrical wire, storage batteries, a power inverter, and a solar
charge controller to tie into a residential electrical service panel.

WORKSTATION OVERVIEW
You will complete the following tasks:

« Mount a solar panel anchor system to an asphalt shingle roof
« Attach a solar panel rail system to roof anchors
« Mount a solar panel to a roof anchor system
« Wire a solar panel to a solar controller
« Wire a solar controller to a battery storage station
« Connect storage batteries in a series circuit
« Connect storage batteries to a power inverter
« Wire a power inverter to an electrical service panel
« Test circuits for voltage
« Calculate the voltage of all devices in a circuit
« Disassemble solar panels
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STEM

Throughout the Solar Panel Installer curriculum you will see STEM ENHANCE-
MENT sections. These may be additional activities, projects, reading, or presen-
tations that students can complete to strengthen their core skills in the areas of
science, technology, mathematics and engineering.

STEM ENHANCEMENT

S = Science concepts

T= Technology concepts
E= Engineering concepts
M= Mathematics concepts

Questech, Inc. Green Collar Zone 3 Solar Panel Installer



SOLAR PANEL INSTALLER SKILLS OBJECTIVES

Activity Day 1

Define solar energy

Define solar power

Define renewable and non-renewable energy

List non-renewable energy sources

List renewable energy sources

Explain the advantages and disadvantages of solar power
List the skills required of a solar panel installer

Activity Day 2

Draw and label a diagram of an atom

Define the terms current, voltage, power, and resistance

Describe the water analogy associated with current, voltage, power, and re-
sistance

Define the terms conductor and insulator

Define circuit

Describe how current flows in a circuit

Define the term ground and state the purpose of a ground wire

Explain the conditions necessary for electric shock to happen

Activity Day 3

Define passive solar power and list examples

Define active solar power and list examples

Differentiate between solar thermal power plants and solar thermal heat
systems

Define photovoltaic cell

Define semiconductor

Identify the characteristics of single-crystal, multi-crystal, and amorphous
silicon

Activity Day 4

Define reference voltage

Define charge controller and state its function in a solar electric system
Define battery and state its function in a solar electric system

Define inverter and state its function in a solar electric system

List the three common types of solar electric systems

Identify the components in the three types of solar electric systems
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Activity Day 5

« Define roof-flush mount and describe its characteristics

« Define roof/ground-tilt mount and describe its characteristics

« Define pole mount and describe its characteristics

. State the difference between fixed, adjustable, and tracking solar panel
mounts

. Define tape measure

. ldentify the different parts of a tape measure

« Define chalk line

« ldentify the different parts of a chalk line

. Use a tape measure to accurately measure a rafter location

« Use a chalk line to mark the center of a roof rafter

Activity Day 6

. Define ratchet and socket

« ldentify the different parts of a ratchet

. Be able to distinguish clockwise rotation from counter-clockwise

« Define standoff

« Install standoffs onto anchor bases

« Install roof flashing

. Use a ratchet to tighten bolts fastening L-foot brackets to standoffs

Activity Day 7

. List the advantages of a rail mount system

. Use a ratchet, socket, and tape measure to install solar panel rails

. Define adjustable wrench

. ldentify the different parts of an adjustable wrench

« Define screwdriver

« Identify the different parts of a screwdriver

« Define needle nose pliers

. ldentify the different parts of needle nose pliers

« Use an adjustable wrench, screwdriver, and needle nose pliers to install a
panel junction box and run conduit

Activity Day 8

« Define multimeter

« Identify the different parts of a multimeter

« List the steps for testing continuity, voltage, current, and resistance with a
multimeter

« Safely use a multimeter to test a

. Center and install a solar panel onto a rail system using panel clips
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Activity Day 9

Explain the function of a strain relief connector

Define fish tape

Identify the different parts of a fish tape

Use a fish tape and electrical tape to run wires through conduit

Activity Day 10

. Define solar charge controller

. State the functions of a solar charge controller

. Identify the different parts of a charge controller

« Use screwdrivers to install wiring in a solar power system

Activity Day 11

. Define lead acid battery

. Define rechargeable

. Define electrolyte

. Define cell

. Explain the electrochemical reaction when a battery is charging and dis-
charging

« Define amp-hour

. State the difference between starter and deep cycle batteries

« Recognize series, parallel, and series/parallel combination battery connec-
tions

. Determine final voltage in a series connection

. Determine final amperage in a parallel connection

Activity Day 12
« Connect a battery bank in a series/parallel combination
« Connect a battery bank to a charge controller
« Use a solar charge controller to read a battery bank voltage
. Install a direct current light fixture and light bulb

Activity Day 13
« Define inverter
. State the four main ways an inverter modifies low voltage current
« Define Hertz
e Use a multi meter and charge contrd
age to its output voltage
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Activity Day 14

Describe the function of hot, neutral, and ground wires

Explain the importance of wire size

Calculate the length of wire needed from one electrical box to another
Define wire stripper

Identify the different parts of a wire stripper

Safely use a wire stripper to strip 14 gauge wire

Activity Day 15 8 Wire outlet & single pole switch

Define side cutter

Identify the different parts of a side cutter
Define switch

Identify the different parts of a switch

Define receptacle

Identify the different parts of a receptacle
Safely use a side cutter to cut wires

Install a switch and receptacle using hand tools

Activity Day 16

Define service panel

Identify the different parts of a service panel

Define entrance cable

Define bus bar, and state the functions of hot, neutral, and ground bus bars
Define circuit breaker

Safely connect a ground wire to a ground bus bar and a neutral wire to a
neutral bus bar

Safely connect a hot wire to a circuit breaker

Activity Day 17

Define test lamp

Identify the different parts of a test lamp

Safely use a test lamp to test for voltage in a receptacle outlet

Check each component in an energized solar power system for proper
functioning
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Activity Day 18
« Define solar array
. List the considerations when designing a solar power system
. Define angle of inclination
« List the steps for determining the number of solar panels wired in parallel
required for a given power consumption
« List the steps for determining the number of solar panels wired in series re-
quired for a given power consumption

Activity Day 19
« Use basic math skills to calculate material and labor charges

Activity Day 20

. List safety tips specific to solar panel installers

. Safely use screwdrivers to remove electrical box covers and loosen termi-
nal screws on electrical components

« Disconnect a circuit breaker

« Pull out wire runs

. Safely use side cutters to trim wire ends

. Use a ratchet and adjustable wrench to disconnect and remove a solar
panel and rail mount system
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Activity Day 10

Wiring the Charge Controller

Solar Panel Installer Skills Objectives

Define solar charge controller

State the functions of a solar charge controller

Identify the different parts of a charge controller

Use screwdrivers to install wiring in a solar power system

PwpNE

Day 10 Activities

1. Read the sections Activity Introduction and Charge Controllers.

2. Complete the step-by-step directions to make solar power wiring connec-
tions.

3. Complete the Activity Day 10 workbook questions.
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Activity Introduction

Your task is to make the wire connections from:

the solar panel to the ground terminal block

the solar panel to the charge controller

charge controller to the positive and negative terminal blocks
the 12 volt load electrical box to the charge controller

To make these electrical connections, you'll need the tools pictured below. Each
is either labeled in the tool module or is kept in the drawer at the base of the
workstation. When you have finished using a tool, return it to the labeled tool
holder.

Activity Day 10 Tools and Materials

v Screwdriver
Safety Glasses
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Charge Controllers

The parts of a solar charge controller are called out below.

‘Battery Type Selecto_r_ LCD Meter Mode Selector

12 VOLT 30 AMP

12 VOLTS, 30 AMPERES

Charge Controller

A charge controller is also called a solar regulator. It is a device that modifies the
electric current that is added to or drawn from a battery bank. Recall that photo-
voltaic panels create an electric current and send it through output terminals as
DC, or direct current. The current is sent through a wire into a charge controller.
Controllers are rated by the amount of current they can receive from solar pan-
els, and this may range from one to 60 amperes. The Solar Panel Installer work-
station features a 30 ampere solar controller.

Solar charge controllers serve three functions. They ensure that all the available
power generated by a solar panel is stored efficiently in the battery bank. They
protect batteries from overcharging by lowering high voltage current produced by
solar panels before it is routed into a lower voltage battery bank. And during the
night, a charge controller prevents any reverse current flow from batteries into
solar panels.
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The charge controller will display either the charging current or the battery volt-
age on the LCD screen. Switch the LCD Meter Mode Selector to toggle between
the two. Place the slide switch in the middle to turn off the display meter.

The Battery Type Selector switch allows the user to choose either gel or lead
acid for a battery type. Do not change the battery type switch while batteries are
connected to the controller.

The Charging Status LED lights indicate the charge cycle status. When the red

light is on, it indicates that the solar panel is properly connected and that so-
lar power is being supplied. If this light is off, there is no or insufficient voltage to
activate the controller.

When thA blue light is on, it i
mode. This means that the battery is charging, and power is being allowed to
pass through to the battery. When theﬂlight is flashing, it indicates that the so-
lar panel voltage is too low or there is insufficient sunlight.

when thelillgr een light is on, it
battery is fully charged, and the <c¢h
small charge continues to pass to the battery in order to maintain a full charge
state.

The Battery Condition LED lights indicate the battery status. When the green

light is on, it indicates the battery voltage is greater than 12.5 volts. When
the yellow ﬁ light is on, it indicates the battery voltage is between 11.5 and
12.5 volts. When the red[ light is on, it indicates the battery voltage is below
11.5 volts.

When using a charge controller, follow these safety suggestions:

« Disconnect the controller from solar array and batteries before performing
maintenance or cleaning

« Do not exceed maximum voltage and current ratings
« Do not allow water to enter the controller

« Avoid touching the controller heat sink. Under certain operating conditions,
the heat sink can become hot.

. Install the controller in a vertical position with adequate space for ventilation
. @ Ensure the solar power system is properly grounded
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Step-By-Step Instructions

To make charge controller connections:

1. Put on your safety glasses.

2. Refer to the photo below. Each station at the Solar Panel Installer work-
station has the following components.

Octogonal Box

for DC Light
Ground Fixture
Terminal
Block Charge
Controller
Terminal
" Block
Positive
Terminal
Block Octogonal Box
for AC Light
Fixture
Negative
Terminal
Block

Electrical Box

Electrical Box for AC Switch

for AC Outlet

Station Components

3. Retrieve the #2 flathead screwdriver.

4.  Always connect the ground wire first for safety. Use your screwdriver to
loosen a screw (counter-clockwise %) on an empty slot of the ground ter-
minal block.
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5. Insert the stripped end of the green ground wire behind the empty screw
slot. Tighten the screw (clockwise @ ) to complete the connection.

Installing Ground Wire into Terminal Block

6. Make a loop with the green ground wire as shown below.

Green Ground Wire Installed into Ground Terminal Block

7. Use the screwdriver to loosen (counter-clockwise % ) the bottom screws
at the charge controller terminal block Panel/Array connection.

(e

B w o m m

2=
-

Charge Controller Terminal Block
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Insert the stripped end of the solar panel cable red positive wire behind the
screw for the red positive charge controller Panel/Array connection. Use
the screwdriver to tighten the screw (clockwise (? ) to complete the con-
nection. Insert the black negative solar panel wire into the black negative
Panel/Array connection. Tighten the screw. Once the screws are tight-
ened, pull the solar panel cable slightly to make sure there is a good con-
nection.

Installing Solar Panel Cable Wires into Charge Controller Terminal Block

9.  Make one or several loops with the solar panel cable, and tuck it behind the
conduit as shown below.

Solar Panel Cable Installed into Charge Controller Terminal Block
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