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Certificate Introduction
Welcome to the SEI School Zero Net Energy Certificate. The School Zero Net Energy (ZNE) Design
project challenges students to redesign their school to produce as much electricity as it uses.
Throughout four modules on climate change and energy production, energy efficiency and
conservation, renewable energy, and clean energy careers, students will conduct an analysis of
their school’s energy use, and create a School Zero Net Energy Design Proposal that integrates
energy efficiency, energy conservation, and renewable energy into their school designs. The
School Zero Net Energy Design project empowers students to become energy leaders in their
community through the creation, implementation, and presentation of plans for creating a zero net
energy campus to present before their district decision-makers. Students will be awarded an SEI
Sustainability Certificate upon the completion and delivery of their final ZNE report.
This curriculum package includes:
Ø Comprehensive lessons covering climate change and energy production, energy efficiency and
conservation, energy auditing, renewable energy, solar analysis, and clean energy careers
Ø Hands-on activities allowing students to explore the carbon cycle, the greenhouse effect,
electricity generation, utility bill analysis, plug loads, lighting efficiency, HVAC efficiency, and
solar PV design and system siting
Ø Practical applications in energy assessments, conservation campaigns, renewable energy
cost/benefit analysis, action planning, reporting, and project implementation
Ø A unit pre and post-test to assess comprehension and retention of material presented.
Administer the test before beginning the unit and upon completion to assess student learning
outcomes
Ø Coverage of Next Generation Science Standards, Common Core ELA Standards, and Career
Technical Education Standards
This School Zero Net Energy Certificate was developed by Strategic Energy Innovations (SEI). SEI
is a non-profit organization that provides sustainability consulting to cornerstone community
institutions - schools, local governments, the workforce, and housing. For more information, please
visit us at http://www.seiinc.org.
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Curriculum Key
Lesson Symbols

µ

Look for this camera icon within lessons for image recommendations. Images can be found
in the instructional PowerPoint provided with the curriculum.

·
!

Look for this icon within lessons for video recommendations.
Look for this pencil icon within lessons for student journal prompts.

SETTING THE STAGE
Each lesson starts with a section entitled “Setting the Stage”, which guides the teacher in the
delivery of critical information relevant to the lesson topic or activity for the day. There may be
additional resources listed at the end of the “Setting the Stage section”. These provide the
instructor with links to extra resources to help solidify their understanding of topics.

ACTIVITES
Each lesson is accompanied by one or more in-class exercises. Instructors can assess and track
student performance based on their satisfactory completion of the activities and subsequent
discussions.

ASSIGNMENTS
Each lesson includes take-home assignments, which range from worksheets to research or group
project prompts. These can be used to assess and track student performance.

HANDOUTS
Each lesson is accompanied by handout(s) that will help the students complete the in-class
exercises or the take-home assignments.

ASSESSMENTS
Each main concept is followed by a prompt designed to assess student’s comprehension of the
material.
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EXTENSIONS
Many (but not all) of the lessons include extensions - project recommendations or assignments that
build upon the topic of that particular lesson. Instructors can use these optional extensions as a
guide for expanding upon material covered in the lesson.

MODULE CONTENT
The Sustainability Certification Course builds knowledge and skills in a sequential manner for
students to gain a fundamental understanding of and experience in sustainability. Instructors are
encouraged to follow the module sequence, though individual lessons may also be taught as
needed. See the Curriculum Matrix Chart on the following page for a module content summary
and overview of lesson content.

Production and distribution of this document is exclusively limited to
Strategic Energy Innovations. www.seiinc.org © 2017

iv

Zero Net Energy Certificate
Introduction

Curriculum Matrix: Zero Net Energy
Module

1

2

3

4

Energy &
Climate
Systems

Energy
Efficiency &
Conservation

School Solar
Design

Energy
Careers

Lesson

Estimated
Time

1.1

Exploring
Sustainability

45 minutes

1.2

Energy &
Climate
Systems

180
minutes

1.3

Zero Net
Energy

135
minutes

2.1

Auditing
Appliances

60 minutes

2.2

Lighting
Inventory

90 minutes

2.3

HVAC & The
Building
Envelope

90 minutes

2.4

Audit
Reporting &
Conservation
Action Planning

180
minutes

3.1

Solar Design

90 minutes

3.2

Solar Site
Assessment

90 minutes

3.3

Project
Financing

90 minutes

4.1

Green Careers

90 minutes

Description
In this module, students are introduced to the ZNE
Certificate and gain a basic understanding of
sustainability issues; climate impacts; fundamentals of
energy, energy sources, energy-efficiency, and
renewables; and zero net energy. Students will come
up with 30-second messages on climate change, give
short class presentations analyzing either a cause,
consequence or opportunity of climate change, and
begin to outline their school zero net energy goals for
their School ZNE Proposal.
Students learn the difference between energy
efficiency and energy conservation, and identify
opportunities a target for energy saving in their
school through energy use reduction measures.
Students will complete a walk-through energy audit
of their school and draft the energy audit report
section of their ZNE Proposal. Then, they will create
an Action Plan for promoting energy conservation at
their school, and draft the energy conservation sectin
of their ZNE Proposal. Ideally, students will then
implement their conservation action plan campaigns
on campus.

Solar system design and site assessment is a critical
step in understanding a building’s potential to
generate electricity from the sun. Students will model
the components of a solar electric system and
complete a design activity for a solar PV system,
designing a solar system to meet the rest of their
school energy needs that could not be met through
energy efficiency and energy conservation measures.
They will then draft the solar report section and
financial analysis for their ZNE Proposal, have a
chance for peer feedback on their proposals, and
give their final ZNE Proposal Presentation to the class.
To conclude the unit, students explore the market
sectors and job opportunities available in the utility,
energy efficiency, and renewable energy industries
after obtaining skills and knowledge from the Solar
Installation Certificate. Students will complete a selfassessment to aid in identifying their career interests,
work on a resume, and, ideally, speak with
professionals in the field.
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Lesson 3.1: Solar Design

Lesson 3.1 Overview
Estimated Time
2 lessons (90 minutes class time)
Standards Covered
NGSS: HS-LS2-7, HS-ESS3-4, HS-ETS1-2,
HS-PS3-5
CCSS Math: A-SSE-4
CCSS ELA Language: 1,6
CTE Energy, Environment & Utilities: B1.0,
B7.0 Engineering & Architecture: D2.0,
D2.1
Objectives: Students will be able to:
• Correctly assemble the components of
a solar power system
• Calculate the optimal size for a solar
system based on electricity usage
Prep Time
• 1-2 hours for reviewing the lesson,
assembling materials, and completing
the sizing worksheet with your school’s
energy data
Handouts
• 4.1.1 Solar System Design Cards
• 4.1.2 Sizing a Solar Electric System
Materials (for each student/group):
• Solar System Design Cards
• Pipe cleaners
• Internet Access
• School electricity usage data

Solar photovoltaic system sizing is based on a school’s
or building’s electricity usage. However, for ZNE
design, the students will size the system based on the
school’s projected reduced energy usage from the
implementation of energy efficiency and conservation
measures. This lesson introduces students to the
components of a solar electric system and instructs
students on how to size a solar system to meet their
school’s ZNE goals.

KEY WORDS
Photon: A small particle of light that contains energy
Solar Photovoltaic (PV) Cell: A material that
generates power using the photoelectric effect.
Electrons absorb the energy of an incoming photon
and generate current
Photoelectric Effect: When a photon with the right
amount of energy hits many metals and
semiconductors, an electron in the metal is released
Combiner Box: A device that combines the output of
all of the modules in a PV array for connection to the
inverter
DC Disconnect: A safety feature that allows the DC
current from the modules to be interrupted before it
reaches the inverter
Inverter: An electronic device that converts direct
current (DC) from solar panels into alternating current
(AC), the form of current used in homes and businesses
that are connected to a utility grid
AC Disconnect: A safety feature that allows the
system to be disconnected from the grid
Electrical Panel: Combines power coming from the
solar array with power coming from the utility grid
Insolation: Incident solar radiation – the amount of
solar power on a given area over time, measured in
kilowatt-hours per square meter (kWh/m2)
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Racking: The mounting system that attaches the solar array to the roof
Utility Grid: The infrastructure facilitating the transmission and distribution of power from power
plants and solar producers to the end user

PREPARATION
Ø Print the following handouts found at the end of the lesson:
§

Solar System Components – 1 set per group

§

Sizing a Solar System – 1per student

Ø Significant Figures:
§

Where applicable, this Module uses significant figures to ensure that the results of
our calculations indicate an accurate degree precision.

§

Below are links to two short (1 page) lessons that further describe the relevance of
significant figures and the rules associated with this system.
o https://www.chm.uri.edu/cbrittain/two_sig_fig_rules.pdf
o http://abacus.bates.edu/acad/depts/biobook/How-SigF.pdf

Ø Gather pipe cleaners for the solar system components activity and either cut the Solar System
Components cards for each group or provide them with a pair of scissors
Ø Internet access is recommended for some steps of the handouts.

SETTING THE STAGE: SOLAR ELECTRIC SYSTEMS
Ø Producing renewable energy is the final key component to creating a zero net electricity site.
The renewable energy source that is most easily and most often used in ZNE buildings is solar
electric, or PV power.

·

Show this video on solar energy:
§

The US Department of Energy’s one minute video can assist students in understanding
how solar PV panels work: http://youtu.be/AmWrGPKcMNM.

Ø A solar cell converts the energy from the sun into electrical energy.
§

1

Sunlight is made up of small particles of light called photons. A photon is essentially a
small packet of energy. All types of electromagnetic radiation including infrared
radiation, ultraviolet radiation, and visible light are made up of photons with different
amounts of energy.1

Source: http://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html
Production and distribution of this document is exclusively limited to
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§

Solar electric or photovoltaic (PV) cells use the energy in photons to produce
electricity. Most solar cells are composed of layers of silicon. Silicon is a
semiconductor. In a pure state, silicon conducts very little electricity due to the strong,
crystalline bonds formed by an even number of outer electrons. When silicon is mixed
with small amounts of other elements that have odd numbers of outer electrons, it can
conduct electricity so a current can travel through the material, making it a
semiconductor. The silicon in each layer of a solar cell is mixed with other elements to
give it either an overall positive (+) or negative (-) charge.2

§

The negatively charged top layer has ‘extra’ electrons, while the positive bottom layer
has an absence of electrons. When a photon strikes the cell, the electron absorbs the
energy from the photon and then has enough energy to escape the hold of the
negatively charged semiconductor layer. This process is called the photoelectric effect.
The excited electron then jumps to fill in the free spots in the positively charged layer.

µnegatively
As electrons move back and forth within electric fields created by the positively and
charged layers of the semiconductor, a current flows through the circuit created by
wires connected to the panels.3
•

Recall from the circuit activity that a difference in charge can result in a current,
or the movement of electricity from a negatively charged space toward a
more positively charged space.

4

§

An electric field is created at the junction of the negative and positive charged layers,
which forces those freed electrons to flow in a single direction along the wire. This flow
of electrons is a current, and by placing metal contacts on the top and bottom of the
solar cell, we can enable that current to travel along wires to power things like a light

Source: http://electronics.howstuffworks.com/diode.htm
Source: http://www.acs.org/content/acs/en/education/resources/highschool/chemmatters/past-issues/archive2013-2014/how-a-solar-cell-works.html?cq_ck=1396892718960
4 http://www.bls.gov/green/solar_power/
2
3
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bulb. The excited electrons continue to travel between the positive and negative layers
of the cell and around the circuit generating a current.
§

Physics Lab has a great analogy lab experiment for the photoelectric effect using
small balls on a ramp that can help further students’ understanding:
o http://dev.physicslab.org/document.aspx?doctype=2&filename=atomicnuclea
r_photoelectricanalogy.xml

ACTIVITY 1: SOLAR CELL DEMONSTRATION
Ø Once the students are comfortable with the photoelectric effect, bring them outside to a flat
open area such as a basketball court. For this activity, you will need “photon” and “electron”
nametags and chalk.
Ø Using chalk, outline a large circle and a rectangle about ten paces apart. The circle should be
large enough to accommodate about 1/4th of the students in the class, and the rectangle
should each be large enough to accommodate half the students in the class.
§

Tell students that the circle represents the sun and the rectangle represents a solar cell.

Ø Draw a line across the middle of the solar cell rectangle (see diagram below).
§

Tell students that the line separates the positive charged layer from the negative
charged layer in the solar cell. The negative layer is the closest part of the solar cell to
the sun.

Diagram of chalk outline and movement of students

5

5
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