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These modules are designed to build upon each other, culminating in a final activity. Resources like handouts, assessments, and web links are provided, but you are encouraged to find additional materials. Example curriculum alignments for Ohio Learning Standards and NGSS are included; use the provided links to explore and select the most relevant standards for your needs.

Some modules may require equipment purchases. Recommendations are provided, but these are not endorsements. Conduct your own research before purchasing or using any external resources. 
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MODULE 3 OVERVIEW
This 5-day module on Battery Technology and Management in Electric Vehicles aims to equip high school students with a comprehensive understanding of EV battery systems. It begins with fundamental battery principles and EV introductions, progresses to in-depth studies of lithium-ion and emerging solid-state technologies, and then explores crucial Battery Management Systems (BMS) and thermal management. Finally, it covers EV charging infrastructure and methods. Through a blend of lectures, lab experiments, simulations, research, and group projects, students will learn about battery chemistry, safety, charging, and future trends, assessed through participation, assignments, and a final evaluation.
This additional resource is available to enhance this module’s curriculum and can be used to augment the information should you feel the need:
Systems Thinking: Batteries and Electric Cars
· This lesson plan, "Systems Thinking: Batteries and Electric Cars," focuses on the real-world applications of batteries in both physics and chemistry, helping students understand how batteries function and apply systems thinking to solve related problems, particularly in the context of electric cars. It is designed for grades 9-12 and covers Chemistry, Physics, and Environmental Science.

MAIN LEARNING OBJECTIVE
	· Students will understand the fundamental principles of battery operation and their application in electric vehicles (EVs).
· Students will be able to identify and compare different types of batteries used in EVs, with a focus on lithium-ion and solid-state technologies.
· Students will understand the different types of EV charging infrastructure and methods.


CURRICULUM ALIGNMENT
	Ohio Learning Standards
· C.PM.3: Chemical bonding: Explain chemical reactions in terms of the rearrangement of atoms and/or ions and the breaking and forming of chemical bonds.
· ENV.ER.1: Energy resources: Evaluate the effectiveness of proposed solutions to address sustainability challenges, considering factors such as technological feasibility, economic viability, and social impact.
· PS.EW.2: Transfer and transformation of energy (including work)
· New Technology Standards:
· Empowered Learner: 9-12.KC.3.a.
· Digital Citizen: 9-12.DC.2.c.
· Knowledge Constructor: 9-12.KC.3.c
· Innovative Designer: 9-12.ID.4.d.
· Computational Thinker: 9-12.CT.5.c.
· Creative Communicator: 9-12.CT.5.c.
· Global Collaborator: 9-12.GC.7.c.

	
NGSS Standards 
· HS-PS1-3: Matter and Its Interactions: Plan and conduct an investigation to gather evidence to compare the structure of substances at the macroscopic scale to infer the strength of electrical forces within and between atoms.
· HS-PS3-3: Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
· HS-ETS1-2: Engineering Design; Analyze complex real-world problems by specifying criteria and constraints for successful solutions.






CAREER CONNECTIONS
Below are some resources and information relevant to careers pertaining to the curriculum in this module. 
Website: Ohio is an Ideal Location for EV Battery Innovation | JobsOhio
Video: Ultium Cells Celebrates 100M Battery Cells Produced
Video: PodCast: Jim Fenton - Senior Electrical Engineer, Battery Systems
Battery Systems Engineer: 
· Designing, developing, and testing BMS hardware and software. 
· Work on optimizing battery performance, safety, and lifespan.
· Involves understanding battery chemistry, electrical engineering principles, and software development.
BMS Software Engineer
· Write, test, and debug embedded software and firmware for BMS microcontrollers and processors.
· Implement control algorithms for charging, discharging, and thermal management of the battery.
· Design and develop user interfaces for monitoring battery status and performance.
· Contribute to software architecture design and documentation.
Battery Test and Validation Engineer
· Develop and execute test plans and procedures to evaluate BMS hardware and software performance.
· Operate and maintain various testing equipment, including battery cyclers, environmental chambers, and data acquisition systems.
· Collect, analyze, and interpret test data to identify performance characteristics and potential failure modes.
· Collaborate with design engineers to identify and resolve issues found during testing.
· Develop automated test scripts to improve efficiency and repeatability.
· Ensure compliance with relevant industry standards and safety regulations.
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LESSON OVERVIEW – DAY 1: Introduction to Batteries and EV Basics 
This introductory lesson aims to establish a foundational understanding of batteries and their role in electric vehicles (EVs). Teachers will begin by explaining the basic principles of electrochemical cells and batteries, distinguishing between primary and secondary battery types. A simple voltaic cell demonstration, such as a lemon battery, will provide a hands-on experience, while a video and presentation will illustrate the essential components of EVs and the strategic placement of batteries within them. The goal is to spark student interest in EV technology and provide the necessary background for subsequent lessons on advanced battery technologies and management systems.
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to define and differentiate between primary and secondary batteries and explain the basic principles of electrochemical cell operation. 
Students will be able to identify the key components of an electric vehicle and describe the role and placement of the battery within the vehicle. 
Students will be able to construct and explain the operation of a simple voltaic cell (lemon battery), demonstrating an understanding of basic electrochemical processes.
	Video: The Battery Basics: Understanding Lithium-Ion, Lead-Acid and More
Video: How to Make a Lemon Battery
Video: When a Diesel Dominated at Le Mans


	Lesson Time
	Lesson Materials

	45- 50 minutes
	Access to computers/tablets for research
Whiteboard or projector
Lemon battery lesson materials (see lesson)
EV Terminology Handout (appendix)



Lesson Introduction
Electric vehicles are significantly more efficient, losing only 15-20% of their energy. This means that for every unit of electricity used, 80-85% powers the wheels. An internal combustion engines (gasoline) waste 64-75% of their fuel's energy, with only 25-36% actually moving the car. Diesel engines fall in between, losing 50-60% of their energy. This difference in efficiency is a big deal. Years ago, Audi realized that diesel engines were more efficient than gasoline for racing. They built a super-efficient diesel race car, the R8, and it won many races at Le Mans over ten years because it could go further on the same amount of fuel.
Watch the video to learn more: “When a Diesel Dominated at Le Mans.”
Lesson Activity/Presentation 
To better explore this concept, today's lesson introduces the fundamentals of batteries and their role in electric vehicles (EVs). Students will learn the basic principles of electrochemical cells, differentiating between primary and secondary battery types. A hands-on demonstration, like building a lemon battery, illustrates these principles. Visual aids and videos will then showcase the essential components of EVs and the placement of batteries within them, establishing the importance of batteries in EV technology.
Part 1: Basic parts of battery systems (15 minutes)
Watch the video The Battery Basics: Understanding Lithium-Ion, Lead-Acid and More and take notes.  You will need them for a reference.
Class discussion: What do you think will happen to standard car batteries in the future?
Part 2: Building a lemon battery (25 minutes)
Watch video How to Make a Lemon Battery
(You may choose to watch this after the activity for a stronger learner connection)
Materials for activity:	
· Lemons (1-2 per student/group)
· Copper nails or pennies (clean)
· Galvanized nails or zinc-coated screws
· Alligator clip leads or thin insulated wire
· Small LED light (low voltage) or a multimeter
· Paper towels
· Safety glasses (optional but recommended)
See below for detailed activity instructions.

Clean-up and discuss (5 minutes)
Discussion questions:
· Do you think that fruit can be an untapped source of electrical energy?  Why or why not?
· What did you find the most surprising about vehicle batteries?
· What did you find the most confusing?
Lemon Battery Activity
Prepare the Lemons:
· Gently roll the lemons on a hard surface to soften them and release some of the juice inside.
Insert the Metals: 
· Push a copper nail (or penny) into one side of the lemon.
· Push a galvanized nail (or zinc screw) into the opposite side of the lemon, a few centimeters away from the copper. Make sure the nails don't touch inside the lemon.
Connect the Wires: 
· If you're using an LED: Attach one alligator clip lead to the copper nail and the other to the galvanized nail. Then, connect the leads to the LED's terminals. Observe what happens. (The longer lead of the LED is positive).
· If you are using a multimeter: Attach one lead to the copper nail and the other lead to the zinc nail. Set your multimeter to measure DC voltage. Observe the reading.
Observe and Record: 
· Did the LED light up? If so, how brightly?
· What voltage did you measure with the multimeter?
· What do you think is happening inside the lemon?
Experiment (Optional): 
· Try connecting multiple lemon batteries in series (copper of one lemon to zinc of another) to see if you can increase the voltage and brightness of the LED.
· Try different metals. Does the voltage change?
· Try different fruits or vegetables. Do they work?
Explanation:
· The lemon juice acts as an electrolyte, a substance that conducts electricity.
· The copper and zinc act as electrodes, where chemical reactions occur.
· The zinc reacts with the acid in the lemon juice, releasing electrons.
· These electrons flow through the wire to the copper, creating an electrical current.
· The voltage you measure is the difference in electrical potential between the two metals.
Safety Notes:
· Wash your hands after handling the lemons and metals.
· Be careful when inserting the nails into the lemons.
· Do not try to power anything that requires high voltage.


LESSON OVERVIEW – Day 2: Lithium-Ion Batteries – The Current Standard
This lesson provides students with a comprehensive overview of lithium-ion battery technology, focusing on the core chemistry, diverse cell types (LFP, NMC, NCA), and their practical applications within electric vehicles. Through a combination of lectures, hands-on lab work measuring battery voltage and current, and collaborative group discussions, students will explore the advantages and limitations of Li-ion batteries, as well as critical safety considerations. This multifaceted approach aimed to foster a deep understanding of the current standard in rechargeable battery technology and its role in modern energy storage. 


	Lesson Learning Objectives
	Lesson Resources

	Students will be able to compare and contrast the characteristics of different lithium-ion battery chemistries (LFP, NMC, NCA) and explain their respective advantages and disadvantages in electric vehicle applications.
Students will be able to describe the basic chemical processes involved in the operation of a lithium-ion battery and identify key safety considerations related to their use.
	Website: How is battery capacity measured?
Video: How to use a multimeter for beginners: Easy version!
Video: Battery 101: The fundamentals of how a lithium-ion battery works


	Lesson Time
	Lesson Materials

	45 – 60 Minutes
	Whiteboard/projector
Internet Access
Handout “Measuring Lithium-Ion Batteries” (Appendix)
Battery Activity Materials (See lesson)



Tips for battery selection:
For a safe and effective voltage and current measurement activity with high schoolers, the ideal battery would be a small, low-capacity lithium-ion battery with built-in safety features. Here are some specific recommendations:
· 18650 Battery with Protection Circuit: 
· These are common and relatively inexpensive.
· Crucially, look for "protected" 18650 batteries. These have a small circuit board integrated into the battery that prevents overcharging, over-discharging, and short circuits, significantly enhancing safety.   
· A lower capacity rating (e.g., 1000-2000 mAh) is preferable for quicker and safer experiments.
· Small LiPo (Lithium Polymer) Battery with Protection Circuit: 
· Similar to 18650s, LiPo batteries are used in various devices.   
· Ensure the LiPo battery has a built-in protection circuit or is used with a separate protection module.
· Choose a low-capacity LiPo battery designed for hobby electronics or small devices.
· Old Cell Phone Battery (with Caution): 
· If using an old cell phone battery, carefully inspect it for any signs of damage (swelling, punctures).
· Many cell phone batteries have built-in protection, but their condition might be uncertain.
· If using these, make sure the students understand that these batteries can be dangerous if mistreated.
· Dedicated Hobby Batteries: 
· Many hobby electronic companies sell small lithium batteries that are designed for educational purposes, and have built in safety features.

Key Considerations:
· Protection Circuit: This is the most critical safety feature. It prevents dangerous overcharging, over-discharging, and short circuits.
· Low Capacity: A lower capacity battery reduces the potential for high current flow and minimizes the risk of overheating.
· Condition: Always inspect batteries for damage before use. Discard any batteries that are swollen, punctured, or showing signs of corrosion.
· Supervision: Closely supervise students during the activity.


Lesson Introduction
Today's lesson explores lithium-ion batteries, which are used in many devices and electric cars. We will learn about the chemistry inside these batteries and how different types, like LFP, NMC, and NCA, work. In a lab activity, we will measure the voltage and current of a small battery. We also will discuss the good and bad points of using lithium-ion batteries in electric vehicles, and why safety is important. By the end of this lesson, you should understand how these batteries work and why they are so common today.

Lesson Activity/Presentation 
Part 1: Introduction (5 minutes)
· Watch video: Battery 101: The fundamentals of how a lithium-ion battery works
· Diagram parts of a battery as the video is showing.
· Compare and contrast the difference between Lithium Ion and Lead Acid batteries.
Lesson Activity/Presentation 
Part 2: Characterizing a Small Lithium-Ion Battery (35 minutes)
Materials:
· Small, safe lithium-ion battery (e.g., from an old cell phone or a dedicated hobby battery with appropriate safety circuits).
· Multimeter (capable of measuring DC voltage and current).
· Alligator clip leads or test leads.
· Small resistor (e.g., 10 ohms, 1/4 watt - to create a small load for current measurement).
· Safety goggles.
· Worksheet: “Measuring a Lithium-Ion Battery”

*For the teacher: If students have not worked with resistors or multimeters it will be necessary to do a supplementary lesson prior to starting this activity.

1. Safety First: Put on safety goggles. Ensure the battery is in good condition (no swelling or damage).
2. Voltage Measurement: 
· Set the multimeter to DC voltage (VDC).
· Connect the red (positive) lead of the multimeter to the positive terminal of the battery.
· Connect the black (negative) lead of the multimeter to the negative terminal of the battery.
· Record the voltage reading. This is the battery's open-circuit voltage.
3. Current Measurement (with Load): 
· Important: This step requires a resistor to limit the current and prevent damage. Never directly short-circuit a lithium-ion battery.
· Set the multimeter to DC current (A or mA).
· Connect one end of the resistor to the positive terminal of the battery.
· Connect the Red multimeter lead to the other end of the resistor.
· Connect the black multimeter lead to the negative terminal of the battery.
· Record the current reading.
· Disconnect the circuit immediately after recording the current. Do not leave the battery discharging for a long period of time.
4. Analysis: 
· Discuss the voltage reading. What does it indicate about the battery's charge level?
· Calculate the approximate power dissipated by the resistor using the formula P = I²R.
· Discuss the safety measures taken during this activity. Why are they important?
Safety Notes:
· Always supervise students during this activity.
· Use batteries with built-in safety circuits if possible.
· Never short-circuit a lithium-ion battery.
· Do not use damaged or swollen batteries.
· Keep the activity brief to minimize battery discharge.
· Make sure the resistor is rated to handle the power that will be dissipated.
Part 3: Clean-up & Wrap Up
Questions for discussion:
· How accurate do you think your measurements were? What factors might have affected the accuracy?
· Based on your observations, what are some key characteristics of lithium-ion batteries that make them useful in electronic devices?
· How does this activity relate to the concept of energy transfer and conservation?
· How do you think that advances in battery technology will impact the future of electric vehicles and renewable energy storage?



LESSON OVERVIEW – Day 3: Beyond Li-ion: Solid-State and Future Technologies
This activity, "Beyond Li-ion: Solid-State and Future Technologies," aims to provide students with a comprehensive understanding of the current state and future directions of battery technology. Through a combination of presentation, research, debate, and visual representation, students will explore the principles and potential of solid-state batteries, compare them to traditional Li-ion batteries, and delve into other emerging technologies like sodium-ion and metal-air. The activity culminates in a debate fostering critical thinking about the future of electric vehicle power sources and a Venn diagram homework assignment to solidify their understanding of the key differences and similarities between solid-state and Li-ion batteries, encouraging students to actively engage with and synthesize information about cutting-edge energy storage solutions. 

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to differentiate between solid-state and traditional lithium-ion batteries by explaining the key distinctions in their materials, performance, and safety profiles.
Students will be able to evaluate the potential of various emerging battery technologies, such as sodium-ion and metal-air, and critically analyze their roles in the future of electric vehicle power sources.
	Video: All about EVs: Different types of EV Batteries
Battery 101: The fundamentals of how a Lithium-Ion battery works
Solid-state batteries: the new frontier of electrification?
The big beginner’s guide to Sodium-Ion batteries
Science Buddies: How to Make a Battery with Metal, Air, and Saltwater

	Lesson Time
	Lesson Materials

	45 – 50 minutes
	Whiteboard/projector
Laptops/tablets with internet access
Materials listed under Science Buddies activity



Lesson Introduction
This activity focuses on battery technologies beyond lithium-ion. You will learn the operating principles and potential advantages of solid-state batteries, compare them to lithium-ion batteries, and research alternative technologies such as sodium-ion and metal-air. A presentation will introduce solid-state battery concepts. You will then research and present on a chosen emerging battery technology. A debate will address the potential replacement of lithium-ion batteries by solid-state batteries in electric vehicles. A homework assignment requires you to create a Venn diagram comparing and contrasting solid-state and lithium-ion batteries.
Lesson Activity/Presentation 
Battery Breakthroughs: Exploring the Future of Energy Storage
Part 1: Tech Spotlight: Quick Research & Presentations (20 minutes)
· Show Video: All about EVs: Different types of EV Batteries
· Group Research: 
· Divide the class into groups.
· Assign each group one of the following battery technologies: 
· Group 1: Lithium-ion (Li-ion) Batteries
· Group 2: Solid-State Batteries
· Group 3: Sodium-ion Batteries
· Provide each group with 15 minutes to research their assigned battery type using reliable online sources (e.g., reputable science websites, educational videos).
· Research focus: 
· Basic operating principles (simplified chemical reactions).
· Key advantages (e.g., energy density, safety, cost).
· Current limitations and challenges.
· Each group will present a concise 3-5 minute summary of their findings to the class, using visual aids like diagrams or images if possible.
Part 2:  How to Make a Battery with Metal, Air, and Saltwater (20-30 minutes)
· Use the Science Buddies: How to Make a Battery with Metal, Air, and Saltwater activity.  
· Be sure to read the entire activity prior to performing with students to prepare.
· This activity is rated as “Intermediate” level and does require intermediate prerequisite knowledge in chemistry and lab safety.
Part 3: Homework: Venn Diagram Analysis (Independent or in class activity) (15 minutes)
· Instructions: 
· Students will create a Venn diagram comparing Li-ion and solid-state batteries.
· The Venn diagram should include: 
· Unique characteristics of Li-ion batteries (e.g., established manufacturing, lower initial cost).
· Unique characteristics of solid-state batteries (e.g., higher potential energy density, improved safety).
· Shared characteristics (e.g., electrochemical energy storage, use in electric vehicles).
· Students should include at least 5 characteristics in each section of the Venn Diagram.
· Encourage students to use specific examples and data points where possible.


LESSON OVERVIEW – Day 4: Thermal & Battery Management Systems
This session focuses on the practicalities of EV battery tech, specifically, the BMS and thermal management. You will be covering the core functions of a BMS, cell balancing, SOC, and SOH estimations, and then moving into thermal management, looking at both cooling and heating strategies. When finished this lesson should give students a better understanding of how these systems ensure battery safety and longevity, providing a clear picture of their real-world importance. 

	Lesson Learning Objectives
	Lesson Resources

	Describe the primary functions of a Battery Management System (BMS), including cell balancing, State of Charge (SOC) estimation, and State of Health (SOH) estimation.
Explain the purpose of thermal management systems in electric vehicle batteries, differentiating between cooling and heating functions.
Discuss the importance of both BMS and thermal management for battery safety and longevity.
	Video: What is a battery management system?


	Lesson Time
	Lesson Materials

	45 – 50 minutes
	Laptops/tablets
Internet access
List of resources
Interactive Whiteboard/projector
Handout: Webhunt (Appendix)


Lesson Introduction
Today, we're going to break down how electric car batteries actually work, looking at two key systems: the Battery Management System (BMS) and thermal management. First, we'll learn what the BMS does, including how it keeps each battery cell working together, and how it figures out the battery's charge level and overall health. Then, we'll get into how these batteries stay at the right temperature, both cooling them down and warming them up. Understanding these systems helps explain how EV batteries stay safe and last longer, which is a big part of why electric cars are becoming more common. 


Lesson Activity 
· Watch video: What is a battery management system? (6 minutes)
· Have students define while watching:
· BMS
· Thermal Management
· Cell Balancing
· State of Charge (SOC)
· State of Health (SOH)
· Webhunt activity: (25 minutes)
· Instructions:
· Divide into Teams: Students will work in teams of 2-3.
· Webhunt Worksheet (Appendix)
· Online Research: Teams will use the internet to find answers to the questions, citing their sources.
· Presentation/Discussion: (10 minutes)
· Teams will share their findings in a brief presentation or class discussion.
Tips for Teachers:
· Provide a list of reliable websites or keywords to guide students' research.
· Encourage students to use a variety of media (images, videos, articles) in their presentations.
· Facilitate a class discussion to compare and contrast findings.
· Remind students not to use Wikipedia as a primary source.


LESSON OVERVIEW – DAY 5: Charging Infrastructure and Methods 
This lesson provides a comprehensive overview of EV charging, starting with the three main charging levels: Level 1, Level 2, and DC fast charging, detailing their characteristics and applications. We'll then explore the existing charging infrastructure and networks, emphasizing their importance for EV adoption. Students will learn about the factors that influence charging time and efficiency, such as battery capacity, charging power, and temperature.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to explain the factors affecting long range capabilities of EVs in regards to battery charging options.
Students will be able to identify key attributes that differentiate the different levels of charging.
	Department of Energy EV Charging Stations Map
EV Charging Station Levels


	Lesson Time
	Lesson Materials

	45 – 50 minutes

	Laptops/ Tablets with internet access
Whiteboard/projector
GPS mapping program (Google Maps, Waze, etc.)
Handout: EV Charging Levels Worksheet (Appendix)
EV Itinerary Grading Rubric (Appendix)



Lesson Introduction:
This lesson covers electric vehicle (EV) charging. We'll examine the three charging levels: Level 1, Level 2, and DC fast charging. We'll discuss charging infrastructure and networks, and the factors that affect charging time and efficiency.

Lesson Activity/Presentation 

Part 1 (15 minutes): EV Charging Stations Overview
· Pass out worksheet 
· Go through website EV Charging Station Levels and discuss the different levels of charging stations.  
· Students will fill out their worksheets as you go through the website.
Part 2 (10 minutes): Group & Class discussion
When finished with the worksheet, have students discuss in groups these questions and then have an overall class discussion.
1. Imagine you are planning a long road trip in an EV.
· Which charging level(s) would be most useful for you, and why?
· Why would you not want to use only level 1 charging for a long road trip?
2. Based on the article, what factors influence the charging speed of an EV? 
3. What is one thing that you learned that surprised you about EV charging?
Part 3 (20 minutes): EV Charging station locations
Have students in groups design a road trip using the interactive map Department of Energy EV Charging Stations Map. (Teacher to pick destinations for each group)
They must justify their reasoning using the information learned at the beginning of the lesson about the different types of charging stations, total distance traveled between charging, etc.  
They will then design an itinerary of their road trip with stopping locations, etc. using any format that you desire (PowerPoint, Word, etc.)
Grade students itineraries and justification of route based on charging locations.  Use rubric to grade group itineraries.


EV TERMINOLOGY HANDOUT
Level 1 charging: Charging of EV from a typical wall-mounted standard residential power socket (120V). It is fairly slow charging and is commonly used overnight to charge an electric car battery.
Level 2 charging: Faster than Level 1 charging with an increased current and voltage (240V) rating. Level 2 chargers often need to be professionally installed.
Level 3 charging: Also known as “superchargers”. Uses 480-volt direct current (DC) for the fastest way to charge an electric vehicle. Usually, it charges to 80% battery capacity in 30 minutes. Because of their extremely high 480-volt draw, superchargers require heavy-duty commercial planning and wiring that most residential neighborhoods can't support.
Hybrid Electric Vehicle (HEV): a vehicle that has one or more energy sources along with electricity. A combination of gasoline and electricity power is widely used in hybrid electric vehicles.
Internal Combustion Engine (ICE): an engine powered by fuel in the form of diesel or gasoline. Internal combustion engines were the standard for vehicles for more than a century.
Charging station: An infrastructure that provides the facility to charge an electric vehicle.
Inverter: An electronic circuit component that changes Direct Current (DC) to Alternating Current (AC).
Electric Vehicle (EV): a vehicle that uses electricity as a source of energy for propulsion. They are classified as Battery Electric Vehicle, Hybrid Electric Vehicle, and Plug-in Hybrid Electric Vehicle kW (1 kilowatt = 1,000 Watts) The basic measurement of an EV’s power that is generated by its batteries.
kWh (kilowatt-hour): The basic measurement of an EV’s energy – how much power (kilowatts) it can supply over a period of time (hours).
kWh/km: energy required to travel a kilometer.
Range: The total distance an electric vehicle can travel on one full charge before the battery needs to be recharged.
State of Charge (SoC): State of Charge (SoC) is the level of charge of an electric battery relative to its capacity. The units of SoC are percentages (0% = empty; 100% = full)
CCS1 connector: Also known as SAE J1772 combo, the Combined Charging System 1 (CCS1) connector uses the same five pin layout for the SAE J1772 connector used for AC Level 1 and Level 2 charging with two additional bottom “DC” pins for use with a DCFC.
SAE J1772 Connector: Also known as a J plug, is a North American standard for electrical connectors for electric vehicles. 
NACS connector: Originally developed by Tesla, this connector works for AC (L1, L2) and DC charging utilizing the same pins for AC and DC power transfer.
SAE J3400 Connector: The SAE standard for the NACS connector to enable its use across the EV industry.
Sources include: https://driveelectric.gov/charging-connector
Handout: Measuring Lithium-Ion Batteries
Objective: To measure and analyze the voltage and current of a small lithium-ion battery and understand basic battery characteristics.
Materials:
· Small lithium-ion battery (with protection circuit)
· Multimeter
· Alligator clip leads/test leads
· Resistor (10 ohms, 1/4 watt)
· Safety goggles
Safety Precautions:
· Wear safety goggles at all times.
· Never short-circuit the battery.
· Use the resistor to limit current flow.
· Inspect the battery for damage before use.
· Disconnect the circuit immediately after taking measurements.
Procedure:
Part 1: Voltage Measurement
1. Set the multimeter to DC voltage (VDC).
2. Connect the red (positive) lead of the multimeter to the positive terminal of the battery.
3. Connect the black (negative) lead of the multimeter to the negative terminal of the battery.
4. Record the voltage reading below:
· Voltage: ___________ Volts
Part 2: Current Measurement (with Resistor)
1. Set the multimeter to DC current (A or mA).
2. Connect one end of the resistor to the positive terminal of the battery.
3. Connect the red multimeter lead to the other end of the resistor.
4. Connect the black multimeter lead to the negative terminal of the battery.
5. Record the current reading below:
· Current: ___________ Amps (or milliamps)
6. Disconnect the circuit immediately.
Analysis Questions:
1. What does the voltage reading tell you about the battery?
2. Why was it important to use a resistor when measuring the current?
3. Calculate the approximate power dissipated by the resistor using the formula P = I²R. Show your work. 
· P = (Current)<sup>2</sup> * (Resistance)
· P = ____________ Watts
4. What are some important safety considerations when working with lithium-ion batteries?
5. If the measured voltage of the battery decreased over time, what does that mean?
Explain in your own words why Lithium Ion batteries are so widely used in modern electronics.

Handout: Webhunt: EV Battery Brain and Body Check!

Student Name: _________________________ Date: _________________________ 
Instructions:
1. Divide into Teams: Students will work in teams of 2-3.
2. Online Research: Teams will use the internet to find answers to the questions, citing their sources.
3. Presentation/Discussion: Teams will share their findings in a brief presentation or class discussion.
Webhunt Worksheet Questions:
1. BMS Basics: 
· What are the three main functions of a Battery Management System (BMS)?
· Find a diagram or image that visually represents a BMS in an EV battery pack.
· Cite your source.
2. Cell Balancing Act: 
· Explain the concept of "cell balancing" and why it's important for EV battery performance.
· What happens if cell balancing is not performed correctly?
· Find a website that explains how cell balancing is performed.
· Cite your source.
3. SOC and SOH: 
· Define "State of Charge (SOC)" and "State of Health (SOH)."
· How does a BMS estimate SOC and SOH?
· Find a website that shows the difference between SOC and SOH graphs.
· Cite your source.
4. Thermal Management: Cool and Warm: 
· Describe the different methods used to cool EV batteries (e.g., liquid cooling, air cooling).
· Why is heating also important in EV battery thermal management?
· Find a video or article that explains how liquid cooling works in an EV battery.
· Cite your source.
5. Safety and Longevity: 
· Explain how BMS and thermal management contribute to the safety of EV batteries.
· How do these systems impact the lifespan (longevity) of EV batteries?
· Find an article or report that describes a real world example of thermal runaway.
· Cite your source.
6. Future Tech: 
· Find an article that describes a new or upcoming technology related to EV battery thermal management, or BMS systems.
· Briefly describe the technology, and how it will improve EV battery performance.
· Cite your source.

Assessment:
· Accuracy of answers.
· Quality of cited sources.
· Teamwork and participation.
· Clarity of presentation/discussion.

Tips for Teachers:
· Provide a list of reliable websites or keywords to guide students' research.
· Encourage students to use a variety of media (images, videos, articles) in their presentations.
· Facilitate a class discussion to compare and contrast findings.
· Remind students to not use Wikipedia as a primary source.



Handout: EV Charging Levels Worksheet

Website: https://chargelab.co/blog/level-1-vs-level-2-vs-level-3-charging
Instructions: Use the information from the ChargeLab article to answer the following questions.
Part 1: Charging Levels
1. Level 1 Charging:
· What type of outlet is used for Level 1 charging?
· What is the approximate voltage and amperage provided by Level 1 charging?
· Describe a typical scenario where Level 1 charging would be used.
· What is the typical charging speed of Level 1 charging in miles of range added per hour?
2. Level 2 Charging:
· What type of outlet is used for Level 2 charging?
· What is the approximate voltage and amperage provided by Level 2 charging?
· Describe a typical scenario where Level 2 charging would be used.
· What is the typical charging speed of Level 2 charging in miles of range added per hour?
3. DC Fast Charging (Level 3):
· What is the key difference between DC Fast Charging and Level 1/Level 2 charging?
· What is the approximate voltage and amperage provided by DC Fast Charging?
· Describe a typical scenario where DC Fast Charging would be used.
· What is the typical charging speed of DC fast charging in miles of range added per hour?
Part 2: Comparison and Application
4. Compare: Create a simple table or chart comparing Level 1, Level 2, and DC Fast Charging, including:
· Outlet type
· Voltage/Amperage
· Typical use case
· Approximate charging speed
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