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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. 
	
	
	



LIABILITY RELEASE: This curriculum is provided "as is," without warranties. Partnership for Innovation in Education (PIE) is not liable for any damages arising from its use, including equipment purchases or reliance on external resources.MODULE 7: 
Charging Infrastructure
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MODULE OVERVIEW: 
This module explores the charging infrastructure for electric vehicles (EVs) and its integration with the power grid. It covers the different levels of EV charging, from standard household outlets to DC fast charging, and examines real-world charging station examples. The module also delves into the concept of the smart grid and smart charging technologies, discussing how these can enhance efficiency and cost-effectiveness. Furthermore, it addresses vehicle-to-grid (V2G) technology, highlighting its potential benefits and challenges. Finally, the module analyzes the impact of widespread EV adoption on the power grid, exploring challenges and potential solutions for seamless integration.

MAIN LEARNING OBJECTIVES:
· Students will be able to differentiate between various levels of EV charging (Level 1, Level 2, and DC Fast Charging) based on their characteristics and typical applications.
· Students will be able to explain the core concepts of the smart grid, smart charging, and vehicle-to-grid (V2G) technology, and articulate their potential benefits and challenges for both EV owners and the power grid.
· Students will be able to analyze the potential impacts of widespread electric vehicle adoption on the existing power grid infrastructure and propose potential solutions for successful integration.

CURRICULUM ALIGNMENT
Ohio Learning Standards
· PS.ETS.1: Analyze and interpret data to determine the relationships among force, mass, and acceleration.
· LS.ESS.2: Evaluate how human activities affect the Earth's systems and how scientific and technological advances can address these impacts.
· ESS.EE.1: Analyze and interpret data to determine the relationships between energy inputs, energy outputs, and the efficiency of energy conversion systems.
· Ohio Technology Standards:
· Empowered Learner: 9-12.KC.3.a.
· Digital Citizen: 9-12.DC.2.c.
· Innovative Designer: 9-12.ID.4.d.
· Computational Thinker: 9-12.CT.5.c.
NGSS Standards:
· HS-ETS1-3: Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
· HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
· 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.


Career Connections

Below are some resources and information relevant to careers pertaining to the curriculum in this module. 
Video: Redefining Reliability - Velion™ Electric Vehicle DC Fast Charger
Video: Building an EV - Manufacturing
EV Charging Station Technician/Installer:
· Responsible for the installation, maintenance, and repair of EV charging stations in various locations (homes, workplaces, public spaces, fleets).
· Strong understanding of electrical systems, troubleshooting skills, safety protocols, and the ability to work with different types of charging equipment.
· Many people become licensed electricians first, then specialize in EV charging through certifications like the Electric Vehicle Infrastructure Training Program (EVITP).
Field Service Technician (EV Charging):
· Respond to service calls, diagnose issues with charging stations, and perform on-site repairs and preventative maintenance. This often involves travel.
· Strong emphasis on diagnostics and problem-solving. Good customer service skills are also valuable.
· Will need an electrical background, technical certifications, and on-the-job training.
EV Charging Network Operations/Support:
· Monitor the performance of charging networks, troubleshoot issues remotely, provide customer support to EV drivers, and manage software systems for charging stations.
· Technical aptitude, strong communication and problem-solving skills, familiarity with software platforms.
· May not require a specific degree, but technical certifications or a strong interest in technology and customer service are beneficial.
Manufacturing and Assembly (EV Charging Equipment):
· Assembly and testing the physical charging units and components.
· Manual dexterity, attention to detail, ability to follow assembly instructions, understanding of quality control.
· High school diploma, often with on-the-job training or apprenticeship programs.
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LESSON OVERVIEW – DAY 1: Introduction to Electric Vehicle Charging
This lesson introduces students to the three main levels of electric vehicle (EV) charging. It begins with a review of prior knowledge about charging stations, followed by a presentation explaining Level 1, Level 2, and DC Fast Charging, emphasizing the differences in voltage, current, speed, and typical locations. Students then work in groups to compare and contrast these charging levels based on speed, power output, installation, locations, and ideal use cases, culminating in a class chart summarizing their findings. The lesson concludes with a review and homework assignment where students research local examples of each charging level.
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to differentiate between Level 1, Level 2, and DC Fast Charging by identifying their distinct characteristics, including charging speed, power output, and typical applications.
Students will be able to compare and contrast the installation requirements, common locations, and ideal use cases for each level of EV charging
	Video: These Are The Different Types Of EV Chargers

	Lesson Time
	Lesson Materials

	50 Minutes
	Whiteboard or projector
Student notebooks or devices for note-taking and research



Lesson Introduction
Today, we will learn about the three main types of electric vehicle (EV) charging. We will cover Level 1, which uses standard home outlets; Level 2, often found in homes and public places; and DC Fast Charging, which offers very quick power at commercial stations. We will discuss how these types differ in speed and where you'd typically find them. You will then work in groups to compare these charging methods based on factors like charging speed, power used, and installation needs. For homework, your task will be to find a local example of each charging type.



Lesson Activity/Presentation 

(5 min) Engage: Start with a brief discussion: "Let’s review about Vehicle Charging stations from a previous module.”
· Have students recall the information from the module to refresh their memories.
(15 min) Presentation/Lecture: Introduce the three main types of EV charging: 
· Show video: These are the different types of chargers. 
· Have students take notes on the levels of chargers
· Level 1: Standard household outlet (120V AC) - slow charging, typical use case.
· Level 2: Dedicated charging equipment (240V AC) - faster charging, common in homes and public areas.
· DC Fast Charging: High-power direct current - very fast charging, typically found along highways and in commercial areas.
· Highlight key differences: voltage, current, speed, typical locations.
(20 min) Activity: Charging Comparison Chart: Divide students into small groups. Provide each group with information or prompts to compare and contrast the three charging levels based on: 
· Charging speed (miles of range per hour)
· Typical power output (kW)
· Installation requirements
· Common locations
· Ideal use cases
· Groups share their findings and create a class chart on the board
(15 min) Wrap-up/Homework: Review the key differences between charging levels. Homework: Research and find one example of each type of charging station in your local area.
· Online search is acceptable
· Bonus points for videos taken and/or locations of charging stations if done in real life.

LESSON OVERVIEW – DAY 2: Exploring Local Charging Infrastructure (Virtual Field Trip) 
This lesson introduces students to Electric Vehicles (EVs) and their charging infrastructure through an engaging, hands-on "virtual field trip." Beginning with a hook about local EV charging in your geographic location, the lesson provides a "crash course" on different charging levels (L1, L2, DCFC) and connector types using short videos. Students then work in small groups to conduct rapid research using online sources to identify and document local EV charging stations, noting their location, charging level, and connector types on a "One-Day EV Charging Scout Sheet." Finally, groups create a quick video or slideshow showcasing their findings, which they present in a rapid-fire session, concluding with a class discussion about local EV charging availability and implications for potential EV owners. 
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will identify the three main levels of EV charging (Level 1, Level 2, DC Fast Charging).
Students will name common EV charging connector types.
Students will quickly locate and identify the levels of nearby EV charging stations using online video sources
	Video: EV Charging Infrastructure in Ohio | DriveOhio
Video: The Basics of Electric Vehicle Charging
Video: EV Charging Connectors Explained – A Beginner’s Guide!
Various internet sites


	Lesson Time
	Lesson Materials

	45 – 60 Minutes
	Computers or tablets with internet access (one per student or pair)
Projector or interactive whiteboard
Access to a quick video creation tool (e.g., Google Slides with video embedding, simple screen recording tools)
Handout: "One-Day EV Charging Scout Sheet"


Lesson Introduction
This lesson introduces students to Electric Vehicles (EVs) and their charging infrastructure, beginning with an exploration of local charging options. Students will learn about various charging speeds and connector types through video demonstrations before working in small groups to identify at least two nearby EV charging stations using only video resources. For each station, they will document the location, charging speed, and connector types. The lesson concludes with groups creating and presenting a short video or slideshow of their findings, fostering a class discussion on the prevalence and implications of local EV charging infrastructure.
Lesson Activity/ Presentation
Engage & Introduce (10 minutes)
· Hook: Pose a question: "If you had an electric car today in Anytown, Ohio, where would you 'fill up'?"
· Brief Overview: 
· Show Video: EV Charging Infrastructure in Ohio
· Introduce Electric Vehicles (EVs) and the concept of charging infrastructure.
· Explain that EV chargers have different "speeds" or levels, similar to gas pumps.
· Charging Levels Crash Course: 
· Show Video: These are the Different Types of EV Chargers
· Briefly explain and show visuals (if available) for: 
· Level 1 (L1): Slowest (standard wall outlet), ideal for overnight home charging.
· Level 2 (L2): Faster (dedicated home/workplace/public chargers), good for several hours of charging.
· DC Fast Charging (DCFC/L3): Fastest (public, along highways), designed for quick top-offs.
· Connector Types: 
· Show Video: EV Charging Connectors Explained – A Beginner’s Guide!
· Briefly mention common types: J1772 (L1/L2 standard), CCS/CHAdeMO (DCFC), NACS (Tesla).
· Explain they are like different fuel nozzles.
· The Mission: Introduce the "virtual field trip" project – students will quickly find and identify local EV chargers using videos.
Group Formation & Rapid Research (20 minutes)
· Group Formation: Divide students into small groups (2-3 students).
· Handout: Distribute the "One-Day EV Charging Scout Sheet" 
· Demonstrate Search: 
· Project your screen and model effective search terms (e.g., "EV charging Ohio video," "EV charging stations Ohio YouTube").
· Show how to look for visual clues in videos (size of charger, cable thickness, labels).
· Guided Research: 
· Groups use devices to find at least two different video sources showing EV charging stations your geographic location, or nearby communities.
· Important: Emphasize video sources only.
· Students fill out their Scout Sheet: 
· Station's approximate location.
· Charging level(s) identified from the video.
· Connector types visible.
· Video URL for citation.
· Teacher Role: Circulate, provide quick support for search terms, and help students interpret video clues.
Quick Video Creation & Presentation Prep (15 minutes)
· Simplified Output: Students will create a very quick, informal video or a slideshow with embedded video clips.
· Options for Creation: 
· Google Slides/PowerPoint: Create 2-3 slides per station with embedded clips/screenshots, text for location, level, and connectors.
· Simple Screen Recording: Record quick narration over their found video clips, highlighting charger details.
· Key Content for Video: For each station found: 
· Show the location (or screenshot from video).
· Identify charging level(s) (L1, L2, DCFC).
· Identify connector type(s).
· Include a clear citation (video title, channel, URL) on screen.
· Practice: Groups quickly rehearse their 1-2 minute presentation.
Rapid-Fire Presentations & Wrap-up (5-10 minutes)
· Presentations: Each group presents their findings (1-2 minutes per group), showing their video/slideshow.
· Class Discussion (as time allows): 
· "What types of chargers seemed most common in our local area?"
· "Were there any surprises about the availability or types of chargers?"
· "Based on what you found, what's one thing you'd want to know if you were buying an EV and living here?"


LESSON OVERVIEW – DAY 3: The Smart Grid and Smart Charging 
This lesson introduces students to the concept of the "smart grid," an advanced power system leveraging digital communication to optimize electricity flow and respond to real-time usage changes. Key benefits of the smart grid, such as enhanced efficiency, improved reliability, and seamless integration of renewable energy sources, will be discussed. Following this, a "Smart Charging Brainstorm" activity will focus on applying smart grid principles to electric vehicle (EV) charging. Students explore how EV charging can be made more efficient and cost-effective through concepts like time-of-use rates, scheduled charging, and load balancing, understanding the mutual benefits for both EV owners and the broader electrical grid. The lesson will conclude with a summary of smart charging's core features and a homework assignment for students to research real-world smart charging programs or technologies. 
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to explain the concept of a smart grid and how smart charging technology works.
	Video: Smart Power Grid | NOVA scienceNOW
Video: Toward A Smarter Grid

	Lesson Time
	Lesson Materials

	45 – 50 minutes
	Projector/whiteboard w/ internet access
Student Notebooks
Student Facing Information


Lesson Introduction
This lesson will introduce you to the "smart grid," an advanced electricity system that uses digital technology to detect and respond to changes in energy use, leading to increased efficiency, reliability, and better integration of renewable energy. You will then explore "smart charging" for electric vehicles (EVs), discussing how features like time-of-use rates and scheduled charging can make charging more efficient and cost-effective for both EV owners and the overall power grid. Finally, you will summarize the key aspects of smart charging and research a real-world example of a smart charging program or technology implemented by a utility company or charging network for homework.


Lesson Activity

(15 min) Presentation/Lecture: 
· Introduce the concept of the "smart grid" - an enhanced power grid that uses digital communications technology to detect and react to local changes in usage. 
· Discuss its benefits: efficiency, reliability, integration of renewable energy.
· Video: Smart Power Grid | NOVA scienceNOW 
· Video: Nova - Toward A Smarter Grid 
(20 min) Activity: Smart Charging Brainstorm: Facilitate a group discussion on "smart charging." 
· What does "smart" imply in this context?
· How could charging be made more efficient or cost-effective?
· Introduce concepts like time-of-use rates, scheduled charging, and load balancing.
· Discuss the benefits for both EV owners and the grid.
(15 min) Wrap-up/Homework: Summarize the key features of smart charging. Homework: Research and find an example of a smart charging program or technology being implemented by a utility company or charging network.

LESSON OVERVIEW – DAY 4:  Vehicle-to-Grid (V2G) Technology
This lesson on Vehicle-to-Grid (V2G) technology will help students understand its principles and potential benefits. The class begins with a presentation explaining how V2G-capable electric vehicles (EVs) can both draw power from and send power back to the grid, discussing applications like grid stabilization, peak shaving, and backup power, along with technological requirements and limitations. Following this, students engage in a group discussion to explore the benefits and challenges of V2G for EV owners, the power grid, the environment, as well as technological hurdles, economic considerations, user acceptance, and impact on battery life. The lesson concludes with a video on future V2G charging ideas and a homework assignment asking students to brainstorm innovative future uses for the technology.
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to understand the principles and potential benefits of vehicle-to-grid (V2G) technology.
	Video: What is Vehicle-to-Grid (V2G) ? The Future of EV Charging & Energy Storage
Video: The Future Of Electric Vehicle Charging Will Blow Your Mind!

	Lesson Time
	Lesson Materials

	50 Minutes
	Projector/Whiteboard w/ internet
Student notebooks


Lesson Introduction
In this lesson, you will learn about Vehicle-to-Grid (V2G) technology, understanding how electric vehicles (EVs) with V2G capabilities can both take power from and send power back to the electrical grid. We will discuss its uses for grid stabilization, peak shaving, and backup power, while also covering the necessary technology and current limitations. You will then explore the benefits and challenges of V2G in a group discussion, considering its advantages for EV owners, the grid, and the environment, alongside technical hurdles, economic factors, user acceptance, and battery life impact. Finally, we will watch a video on future V2G charging ideas, and your homework will be to brainstorm an innovative future use for V2G technology. 


Lesson Activity 
(15 min) Introduction to V2G Technology:
· Begin with a presentation explaining Vehicle-to-Grid (V2G) technology.
· Show video: V2G Technology Explained
· Explain how EVs with V2G capabilities can both draw power from and send power back to the electrical grid.
· Discuss the potential applications of V2G, such as grid stabilization, peak shaving, and backup power.
· Highlight the technological requirements and current limitations of V2G systems.
(15 min) V2G Benefits and Challenges Discussion:
· Engage students in a group discussion about the potential benefits and challenges of V2G technology. 
· Benefits: What are the advantages of V2G for EV owners, the power grid, and the environment?
· Challenges: What are the technological hurdles, economic considerations, user acceptance issues, and the potential impact on battery life?
· Have students create a Venn diagram in their notebooks to visually organize the benefits and challenges identified during the discussion.
(10 min) Future Ideas for Charging Vehicle to Grid:
· Show video: Future of V2G Charging
(10 min) Wrap-up and Homework:
· Briefly review the main concepts of V2G technology discussed during the lesson.
Homework: Ask students to consider and write down one innovative way V2G technology could be used in the future.

Lesson Overview – Day 5: Impact of EVs on the Power Grid and Future Considerations
This lesson explores the impact of increased electric vehicle (EV) adoption on the power grid. It highlights the need for significant infrastructure upgrades, including home chargers, electrical panels, neighborhood transformers, and transmission lines. Despite the costs, studies suggest that electricity rates could decrease due to the additional revenue from EV charging. Students will also investigate challenges like managing peak charging demand, ensuring grid stability with renewable energy, upgrading infrastructure, and developing equitable charging solutions. The class will conclude with a summary of key challenges, potential solutions, and a brief discussion on future trends in EV charging infrastructure.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to analyze the potential impacts of widespread EV adoption on the power grid.
	Video: NCST Mini Lecture: Electric Vehicles and the Power Grid
Video: Can charging network keep up with electric vehicle demand?

	Lesson Time
	Lesson Materials

	50 Minutes
	Projector/Whiteboard w/ internet
Laptops/tablets w/ internet access
Student notebooks
EV Grid Integration Presentation Rubric (Appendix)


Lesson Introduction:
This lesson is about how electric cars will affect our power grid. We'll learn that more EVs mean we'll need stronger electrical systems, from the wires in our homes to big power lines. Even though these upgrades will cost money, electricity prices might actually go down because of the extra power sold for charging cars. You'll work in groups to figure out solutions for challenges like managing when everyone charges their cars at once, making sure the grid stays steady, upgrading old equipment, and making sure everyone has fair access to charging. We'll finish by reviewing the main problems and solutions for fitting EVs into our power system and discuss what's next for EV charging.
Lesson Activity:
(15 min) Presentation/Lecture: Show video and discuss the impact of increasing EV adoption on the power grid: 
· Video: NCST Mini Lecture: Electric Vehicles and the Power Grid 
· Items to focus on with discussion:
· Increased electricity demand.
· Potential strain on existing infrastructure (transformers, transmission lines).
· The need for grid upgrades and modernization.
· The role of renewable energy sources in powering EVs.
(25 min) Activity: Group Research - Grid Integration Challenges and Solutions: Divide students into small groups. Assign each group one of the following challenges related to EV grid integration: 
· Show video: Can charging network keep up with electric vehicle demand? 
· Divide students into groups.  Assign each group one of the following topics:
· Managing peak charging demand.
· Ensuring grid stability with fluctuating renewable energy sources.
· Upgrading existing grid infrastructure.
· Developing accessible charging solutions for all communities.
· Each group will brainstorm potential solutions to their assigned challenge and present their ideas to the class.
· Groups will present their findings to the class in an advertisement format.
· Use provided rubric “EV Grid Integration Presentations” to grade projects.
(10 min) Wrap-up: Summarize the key challenges and potential solutions for integrating EVs with the power grid. Briefly discuss future trends and the evolving landscape of EV charging infrastructure.



Handout: One-Day EV Charging Scout Sheet (Virtual Field Trip)

Group Name: _________________________
Instructions: Find at least two different video sources showing EV charging stations in or very near your geographic location. Use this sheet to organize your findings for your quick video presentation.

EV Charging Station #1
· Video URL:
· Video Title/Channel:
· Approximate Location Seen in Video:
· Charging Level(s) Identified (L1, L2, DCFC/L3): (How did you know? Look for size, cables, labels!)
· Connector Type(s) Seen: (J1772, CCS, CHAdeMO, NACS/Tesla)
· Any other quick observations from the video?

EV Charging Station #2
· Video URL:
· Video Title/Channel:
· Approximate Location Seen in Video:
· Charging Level(s) Identified (L1, L2, DCFC/L3): (How did you know? Look for size, cables, labels!)
· Connector Type(s) Seen: (J1772, CCS, CHAdeMO, NACS/Tesla)
· Any other quick observations from the video?



Grading Rubric – EV Grid Integration Advertisement
	Category
	Excellent (4 Points)
	Good (3 points)
	Fair (2 Points)
	Needs Improvement 
(1 Point)

	Understanding of EV Grid Impact
	Demonstrates comprehensive understanding of the impact of EV adoption on the power grid, including detailed insights into electricity demand, infrastructure strain, upgrade needs, and the role of renewables. 
	Demonstrates good understanding of the impact of EV adoption on the power grid, covering most key aspects. 
	Shows basic understanding of the impact of EV adoption on the power grid, but with some gaps or misconceptions. 
	Limited or no understanding of the impact of EV adoption on the power grid. 

	Research Quality & Problem Identification
	Thoroughly researched the assigned grid integration challenge, identifying all relevant aspects and nuances of the problem. 
	Researched the assigned challenge well, identifying most key aspects of the problem. 
	Researched the assigned challenge, but missed some key aspects or presented some inaccuracies. 
	Minimal research on the assigned challenge, or significant inaccuracies in problem identification.

	Solution Brainstorming & Innovation
	Proposed highly creative, practical, and well-thought-out solutions that directly address the assigned challenge. Solutions demonstrate innovative thinking and consider multiple factors (e.g., economic, environmental, social).
	Proposed practical and relevant solutions to the assigned challenge. Solutions are generally well-conceived.
	Proposed some solutions, but they may lack practicality, depth, or direct relevance to the challenge. Limited evidence of innovative thinking.
	Proposed few or no solutions, or solutions were impractical, irrelevant, or unoriginal.

	Presentation Quality & Advertisement Format
	Presentation was highly engaging, clearly articulated the challenge and solutions, and masterfully utilized the "advertisement format" with compelling visuals/language. 
	The advertisement presentation was engaging, clearly articulated the challenge and solutions, and effectively used the "advertisement format." 
	The presentation conveyed the challenge and solutions, but the "advertisement format" was only partially realized or lacked impact. 
	The presentation was unclear or unengaging, and the "advertisement format" was not evident. 

	Group Collaboration & Participation
	Consistently collaborated effectively with group members, actively contributing ideas, listening to others, and helping to ensure the group's success. 
	Collaborated well with group members, contributing ideas and participating in discussions. 

	Participated in group activities, but contributions were sometimes inconsistent or required prompting. 
	Limited or no participation in group activities. 



Total grade: _________________ / 20
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