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college programs. 
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Our objectives today:
• Understand the function of the charge controller in 

governing current flow in a renewable energy 
battery storage system.

• Predict, measure, and explain electric potential 
(volts) and current (amps) in a variety of dynamic 
settings.

• Understand how to access this lesson (and others) 
on the CREATE website.

• Understand the features available within this lesson 
for ease of teacher and student classroom use. 
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Post lab questions  



● Energy Literacy Standards

      and
● Next Generation Science Standards

      (potentially) satisfied

[posted soon]



Other nice features:
• Teacher answer key on 

CREATE website.
• Available as PDF or MSWord 

document.  This (along with 
our copyright) enables you to 
alter the document to your 
specific situation. 

• Written and formatted in 
MSWord for ease of 
translation into a Google Doc.

• Written to enable students to 
record information and 
answer questions right into 
the document for digital 
submission.
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Materials list included  



Lab Introductory Information: 

● Deep Cycle Battery
● Charge Controller
● Think Like a Charge 

Controller Exercise
● Easy as PIE



Components of Lab: 

● Deep Cycle Battery
● Solar PV Module
● Charge Controller
● Load Center and Circuit 

Breakers
● Incandescent Lighting Load
● Digital Multimeters
● Pyranometer



Components of Lab: Deep Cycle Battery

Purpose: Stores electrical energy

Type: nominal 12 volt, absorbed glass 
mat lead acid

Size: 8 amp-hours (sized to charge 
and discharge quickly so students can 
see results during lab)

Features: safe, available, durable, 
portable



Components of Lab: Solar Photovoltaic (PV) Module

Purpose: Produces electrical power

Type: nominal 12 volt, polycrystalline

Size: 30 watt (sized to charge battery 
quickly so students can see results 
during lab)

Features: safe, available, durable, 
portable



Components of Lab: Charge Controller

Purpose: Regulates charging and 
discharging of battery

Type: nominal 12 volt

Size: 10 amp

Features: safe, available, durable, 
portable, easy to use



Components of Lab: Incandescent Light Bulb (Load)

Purpose: Uses electrical energy

Type: nominal 12 volt

Size: 25 watt (sized to discharge the battery quickly 
so students can see results)

Features: safe, available, portable, easy to use, 
tolerant of electrical potential variations



Components of Lab: Load Center and 
Circuit Breakers (Switches)

Purpose: Controls connections between 
components

Type: DC rated, nominal 150 volt

Size: 10 amp

Features: safe, available, portable, easy to 
use, tolerant of electrical potential variations

Note: Load center and circuit breakers are 
typical of full-size solar photovoltaic systems 
and are not required for safety in this lab 
system



Components of Lab: Digital Multimeter (DMM)

Purpose: Measure electrical 
quantities

Type: DC rated (Not all clamp-on 
DMMs measure DC current)



Components of Lab: Pyranometer (Daystar meter)

Purpose: Measure light

Type: Daystar meter is the easiest 
light meter to use for solar purposes - 
there is one switch to turn the meter 
on



Best Practices

1. Outdoors in full sun
➢ Hard to get enough light indoors
➢ Intermittent clouds create the 

most difficult conditions for 
students to get consistent 
measurements

2. Begin lab with batteries 
somewhat discharged

➢ Results may vary from those 
stated in the teacher answer key if 
lab begins with batteries fully 
charged or completely discharged



Lab Procedure

Five stages represent different 
conditions under which the 
solar PV system with batteries 
may be operating



Lab Procedure

By taking measurements in 
these conditions, the students 
learn how the equipment 
operates to produce, store and 
consume electrical energy



Lab Procedure

The illustrations to the right in 
this slide indicate which 
components have been turned 
on in each of the stages.

These illustrations are used 
throughout the lab to orient 
students to the context in 
which they are taking 
measurements



Condition 1: All Switches Off 
- Baseline Measurements

➔ All switches are off
➔ All paths of the circuit 

are open



Condition 1: All Switches Off 
- Baseline Measurements

➔ What is electrical potential 
of battery, PV module and 
load?

➔ Students asked to predict 
value before measuring

➔ And to explain measured 
value

➔ Steps 2-8
➔ Questions 2-4



➔ Battery switch is on
➔ Solar PV switch is off 

representing no 
sunlight

➔ Light bulb switch is off 
representing all loads 
turned off

Condition 2: Nighttime with No Load



➔ Students predict,  measure, 
then explain:
● electrical potential of 

battery at charge controller 
terminals

● irradiance at the PV 
module surface

● current from the PV 
module

➔ Steps 9-15
➔ Questions 5-7

Condition 2: Nighttime with No Load



Condition 3: Daytime with No Load
➔ Battery switch is on
➔ Solar PV switch is on 

representing sunlight
➔ Light bulb switch is off 

representing all loads being 
off

● Students quickly measure the electrical potential of the battery at the 
charge controller

● This provides an electrical potential with which to compare after the 
battery has charged for a few minutes



Condition 3: Daytime with No Load

➔ Students predict,  measure, 
then explain:
● current from the PV module
● current to the Battery
● electrical potential of the 

Battery

➔ Steps 16-22

➔ Questions 8-11



Condition 4: Daytime with Load

➔ Battery switch is on

➔ Solar PV switch is on 

representing sunlight

➔ Light bulb switch is on



Condition 4: Daytime with Load

➔ Students measure and 
explain:
● electrical potential of 

the Load, Battery and PV 
Module

● current of the Load, 
Battery and PV module

➔ Steps 23-24
➔ Questions 12-14



Condition 5: Nighttime with Load

➔ Battery switch is on
➔ Solar PV switch is off 

representing no 
sunlight

➔ Light bulb switch is on



Condition 5: Nighttime with Load

➔ Students measure and 
explain:
● electrical potential of the 

Load and Battery
● current of the Load and 

Battery
➔ Steps 25-27
➔ Questions 15



Show What You Know

➔ Questions 16-19 ask students to 
elaborate on what they have 
learned in this lab and to connect 
this information to other 
knowledge the students have 
learned.



Challenges in Teaching Lab

1. Student Lack of Evaluation of 
Measured Quantities



Challenges in Teaching Lab

2. Lack of Understanding of Electrical Quantities: 
Electrical Potential and Current



Challenges in Teaching Lab

3. Evaluating the State of Charge of 
Batteries through Electrical Potential is 
an Art



Materials and Equipment List for Lab

➔ List at the end of document
➔ Spreadsheet with possible sources for 

materials and equipment also on website



Lab Can be Incorporated into Various Classes
➢ Chemistry

○ chemical reactions as battery charges and discharges
○ What are the types of batteries being installed?
○ What are the advantages and disadvantages of 

various battery chemistries?
○ Atomic charges produced by solar PV module

➢ Electrical Construction
○ Connection of components to create working system
○ Concept of open and closed circuits
○ Use of proper components to build safe system
○ Use of meters to troubleshoot system

➢ Electronics/Electrical Engineering
○ Construction of charge controller to properly charge 

battery
○ Use of diodes to maintain direction of current flow at 

night
○ P layer and N layer of photovoltaic cell



Lab Can be Incorporated into Various Classes
➢ Engineering

○ Sizing of battery, solar PV module and loads to 
achieve goals

○ Selection of proper equipment for durability 
and safety

➢ Physics
○ Photovoltaic effect
○ Operation of PN Junction of solar PV cell

➢ Renewable Energy
○ When are battery systems desirable?
○ What makes solar + storage a good match?
○ What policies encourage users to install battery 

systems?
○ What are the components of a battery system?
○ How can battery systems be used?

➢ Solar
○ All of the above!



Thank you for 
your attention!

 
 Questions?

For more info, please see our 
Germany Study Abroad Blog at:

www.CreateEnergy.org


