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Establishment of an Integrated Learning Environment for Advanced Energy 
Storage Systems: Supporting the Sustainable Energy Development 

 
 
 
Abstract 
 
There is a great need of electrical energy storage for the effective commercialization of 
renewable energy resources, load-leveling, and transportation electrification. The steadily 
increasing capacity of generating power from renewables and production of electric drive 
vehicles by the industry coupled with the specialized set of skills required to accommodate the 
energy storage systems in both the stationary and transportation sectors, have created an urgent 
and continuous demand for more knowledgeable energy storage engineers and technicians. This 
paper presents the collaboration between university and community colleges to create an 
advanced energy storage curriculum; setup an industrial-based energy storage laboratory; 
develop and deliver a short course for on-site training of engineers, technologists, and college 
instructors working in the alternative energy and advanced automotive propulsion fields; develop 
and deliver a series of workshops and seminars for K-12 science teachers, corporate partners, 
energy and automotive professionals; and provide transfer student advising by university faculty. 
 
1. Introduction 
 
The growing demand for energy and the increasing concerns about man-made climate changes 
have called for clean and sustainable energy development. Generating electricity from 
renewable, clean energy sources such as wind and solar as well as driving ultra fuel-efficient 
vehicles are promising solutions to the energy development strategies. A central feature here is 
maintaining a secure and constant supply of electrical energy, derived from a widely distributed 
supply infrastructure of generators subject to unexpected variation in their output. These variable 
output energy sources require energy storage facilities to maintain customer requested output and 
guard against overcapacity investments.  Another important factor related to the need for electric 
energy storage is the transportation electrification. The steadily increasing capacity of generating 
power from renewables and production of electric drive vehicles by the industry coupled with the 
specialized set of skills required to accommodate the energy storage systems in both the 
stationary and transportation sectors, have created an urgent and continuous demand for more 
knowledgeable energy storage engineers and technicians. The required education includes safety, 
regulations, maintenance, control systems, and system integration for energy storage devices. 
 
Intensive research work has been done on different types of energy storage systems from a 
variety of perspectives. However, the educational effort on energy storage is inefficient for the 
current and future needs. Many universities/colleges have offered curricula in renewable and 
sustainable energy [1-8], but only a few universities in the nation and around the world have 
specific educational program on energy storage technologies [9-10]. In a statement by the U.S. 
Secretary of Energy before the Budget Committee in the United States Senate, Smart Electricity 
Infrastructure was one of the priorities. The goals of the Smart Electricity Infrastructure program 
include improved energy storage, security, smart grid technology, and system reliability [11]. 
The state of Michigan has created several incentives and programs to assist companies working 
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in energy storages and batteries through the 21st Century Jobs Fund and as stated by James C. 
Epolito, president and CEO of the Michigan Economic Development Corporation, “It’s 
estimated that we can create more than 60,000 new jobs by investing in alternative energy, 
including advanced battery storage, biofuels, and wind and solar energy” [12]. There is a clear 
need for a systematic training program on energy storage technology, particularly in regions 
where the sustainable energy development in electricity generation and automotive 
manufacturers and their advanced battery suppliers are highly concentrated. The goal of this 
collaborated curricula development is to fill this need by developing an industry-based learning 
environment to prepare students and returning engineers or technicians to be skilled energy 
storage engineers or technicians in both the stationary and vehicular sectors. 
 
A majority of states in the USA have passed their Renewable Portfolio Standards, which set 
aggressive goals to achieve a certain percentage of electricity generated from renewables by a 
certain deadline [13]. President Obama has also stated in his first address to a joint session of 
congress that the nation’s supply of renewable energy will be doubled in the next three years 
[14]. The changing nature of these resources will increase the need for energy storage in both 
supply and demand. Energy storage facilities hold a key position in energy supply systems; the 
benefits of electric energy storage include increasing grid reliability, reducing system 
transmission congestion, helping manage load, and making renewable electricity sources more 
suitable as base load providers [15-18]. They facilitate the task of matching a varying energy 
supply with a consistently varying energy demand and permit an interruption-free electricity 
supply. New electric energy storage technologies coupled with energy efficiency measures are 
keys to a better utilization of existing and future power system assets. 
 
Another important factor related to the need for storage is the increasing cost of fossil fuels that 
has made their efficient use more vital than ever before. This is particularly true with the use of 
oil in the transportation industry. The new Corporate Average Fuel Economy (CAFE) standards 
were passed to decrease our dependence on fossil fuels by increasing a standard on new vehicles 
to 34.1 miles per gallon by model year 2016 [19]. One important method of actualizing this 
required efficiency is electrification with technologies such as the Electric Vehicles (EV), Hybrid 
Electric Vehicles (HEV), and Plug-in Hybrid Electric Vehicle (PHEV). The in-vehicle, high-
power energy storage of these vehicles is distinctly different from traditional vehicles [20-24]. 
The energy storage units in EVs and PHEVs serve primarily to support the mobile provision of 
electrical energy. Energy storage technologies, especially batteries, are critical enabling 
technologies for the development of these advanced, fuel-efficient, light- and heavy-duty 
vehicles. Energy storage technologies developed for electric transportation applications, and 
made available via the smart electric distribution grid of the future, can provide grid support in 
the electric distribution system. 
 
The evolving situation on the energy market requires a new look at the options for energy 
storage. In overall energy concepts to be expected in the future with high proportions of variable 
energy sources, the demands on storage of energy will increase. Energy storage facilities thus 
deserve increasing attention from the technological, societal, economic and political viewpoints. 
In response to the emerging area of energy storage technology, several research collaborations 
between universities, automotive manufacturers, and government agencies have been formed. 
Intensive research work has been carried out on different types of energy storage systems from a 
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variety of perspectives [25]. Supported by the Department of Energy Vehicle Technologies 
program (DOE-VT) and administrated through the Lawrence Berkeley National Laboratory, the 
Batteries for Advanced Transportation Technologies (BATT) program is targeted to research and 
analyze new materials for high-performance, next generation, rechargeable batteries for use in 
HEVs, PHEVs, and EVs [26]. Moreover, the intensive research work has been carried out on 
large-scale energy storage systems for power grid applications [27]. The infrastructure 
development and energy storage management technologies have also been investigated to 
facilitate the electric power delivery system transformation that will accommodate high 
penetration of renewable energy sources and support new types of loads such as charging PHEVs 
or EVs [28-29]. 
 
In spite of these research activities, the educational effort on energy storage technology is 
inefficient for the current and future needs. Several universities/colleges have implemented 
curricula or degree programs in energy and renewable energy [30-32]. Only a few universities in 
the nation and around the world have a specific educational program on energy storage. 
Pennsylvania State University and Ohio State University, two of the few on the list, have an 
energy storage curriculum embedded within their Graduate Automotive Technology Education 
(GATE) programs [33-35]. However, neither systematic courses nor laboratory have been 
developed to train engineer and technicians in the emerging technology of advanced energy 
storages in both the stationary and vehicular applications. To date, neither an undergraduate 
engineering curriculum nor service technician program in energy storage technology has been 
developed. This learning environment establishment responds to this critical need through the 
creation of laboratory-based undergraduate courses in advanced energy storage systems, tailored 
with an emphasis on the alternative energy industry in both the stationary and vehicular sectors. 
We particularly look into four types of advanced energy storages: electro-chemical battery, 
ultracapacitor (also called supercapacitor), electro-mechanical flywheel, and 
regenerative/reversible fuel cells or fuel cell/electrolyzer combination. 
 
An energy storage curricula development team has been formed by the faculty of the Division of 
Engineering Technology at Wayne State University (WSU-DET), Macomb Community College 
(MCC), and Henry Ford Community College (HFCC). The team also includes industrial partners 
from major battery manufacturers, solar energy developer, automobile manufacturers and 
suppliers. The main activities include: creating an advanced energy storage curriculum and 
setting up an industrial-based energy storage laboratory; developing and delivering a short course 
for on-site training of engineers, technologists, and community college instructors working in the 
alternative energy and alternative automotive propulsion fields; and developing and delivering a 
series of workshops and seminars for K-12 science teachers, corporate partners, and energy and 
automotive professionals. The course materials and laboratory specifications developed are 
posted online for dissemination, allowing the short course is made available for distance 
learning. This enables energy storage engineers and technicians across the country to receive the 
training courses on-site through the Internet. Experience gained from this curricula development 
can also prepare the collaborative team for the future projects on advanced energy storage 
technology. 
 
This paper describes a funded project that addresses the critical need for energy storage trained 
engineers and technicians that currently exists, and will continue to grow, by creating a curricular 

P
age 22.641.4



program to train engineers and technicians for work specific to advanced energy storage systems. 
The developed curricula targets engineering/engineering technology students in 4-year 
universities and community colleges, engineers and technicians in industries, and K-12 
technology teachers. 
 
2. Objectives 
 
It is not necessary to establish a new degree program in the advanced energy storage systems; 
however it is essential to integrate the energy storage courses and laboratory experiments into the 
existing alternative energy/automotive engineering curricula. An integrated or progressive 
learning system is proved to be the most effective approach for professional development [36-
38]. This project develops an industry-based learning environment to help build a workforce of 
highly-trained engineers, engineering technologists, and service technicians to advance energy 
storage technologies for clean and sustainable energy development in stationary and vehicular 
sectors. The main objective stemming from this goal is to address the critical need for educating 
students in this new and emergent technology of advanced energy storages. To make a positive, 
continual, and lasting contribution to the advanced energy storage education, the following 
objectives were specifically set: 
 To prepare students and returning engineers or technicians to be skilled advanced energy 

storages engineers or technicians. 
 To enable students to acquire industry-based experience in advanced energy storage 

technology through a hands-on laboratory environment. 
 To expose renewable energy and advanced energy storage technology to K-12 teachers, 

corporate partners, energy and automotive professionals. 
 To prepare Macomb Community College and Henry Ford Community College students in 

Associate of Applied Science (AAS) programs to successfully transfer to Wayne State 
University’s Engineering Technology program to earn a Bachelor of Science in Engineering 
Technology degree. 

 
3. Environment Implementation 
 
Leveraging the strengths of each institution - Wayne State University’s experience in 
engineering research and producing talented Bachelor and higher levels graduates and MCC’s 
and HFCC’s reputation for innovation and educating highly-qualified technicians - and pooling 
their respective resources (i.e., their programs, faculty, facilities, location, and industry ties), a 
series of activities are planned and carried out the stated objectives. They are as follows: 
 Create an advisory committee to oversee the program. 
 Integrate advanced energy storage curriculum with existing programs in WSU, MCC, and 

HFCC. 
 Develop advanced energy storage specific courses, and deliver these courses. 
 Create an advanced energy storage specialized laboratory. 
 Develop and delivered a two-day short course. 
 Develop and delivered workshops and seminars. 
 Create internship and co-op opportunities, plant visits, and an expert lecturer series. 
 Provide transfer students advising by WSU faculty at MCC and HFCC. 
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3.1 Advisory Committee  
Initiating the development and implementation of all activities requires a system of coordination 
for exchange of information and resources and effective utilization of institutional strengths. 
Collaboration among faculty and administrators from all institutions and their industry partners 
was formalized through the creation of an advisory committee, which met regularly to develop 
and implement the planned activities and monitor progress. 
 
3.2 Curriculum Integration 
The primary objective of this curricula development is to prepare students and working engineers 
and technicians to be skilled advanced energy storage professionals. To achieve this objective, 
WSU, MCC, and HFCC in collaboration with their industry partners integrate energy storage 
education courses into their programs. WSU integrates two energy storage courses into the 
Bachelor of Science curriculum in Engineering Technology. MCC and HFCC in collaboration 
with WSU integrate one energy storage courses into the Associate of Applied Science curricula 
in Energy Technology and Automotive Technology. 
 
The energy storage curriculum at WSU is shown in Table 1. The structured curriculum is divided 
into two sequential sections: Energy Fundamentals and Advanced Energy Storage Technology. 
Section I, Energy Fundamentals, consists of four basic courses of critical importance to energy 
systems. A student completes this section by completing at least three courses for nine credit 
hours. All courses are offered by WSU and are currently enrolling students. Section II, Advanced 
Energy Storage Technology, requires two new courses that were developed. Together they are 
total six credit hours, covering advanced knowledge in energy storage technology. Students must 
take both Section I and II (for a total of 15 credit hours) to complete the advanced energy storage 
training program and obtain an undergraduate certificate in advanced energy storage technology. 
 
WSU faculty develops and delivers condensed course materials for advanced energy storage 
technologies to assist MCC and HFCC faculty in developing the course and workshops. Both 
MCC and HFCC offer Alternative Energy Technology and Automotive Technology (hybrid 
electric vehicle) programs, however no specific course and laboratory focuses on energy storage. 
The energy storage curriculum in MCC and HFCC is shown in Table 2 and 3 respectively. 
Students in Energy Technology, Automotive Technology, and other potential future certificate 
and degree programs have the option or requirement to complete the course in advanced energy 
storage. 
 

 Table 1. Curriculum for advanced energy storage technology in WSU-DET 

WSU-DET             Section I: Energy Fundamentals - Current Courses 
Course No. Course Title Credit Hours 
ETT 4150 Fundamental of Hybrid and Electric Vehicle Technology 3 
ETT 4310 Energy Storage Systems for Hybrid and Electric Vehicles 3 
MCT 4150 Applied Thermodynamics 3 
MCT 5210 Energy Sources and Conversion 3 

Section II: Advanced Energy Storage Technology (new courses) 
Course No. Course Title Credit Hours 
ETT 4410 Introduction to Advanced Energy Storages 3 
ETT 4510 Power Management and Applications of Energy Storage 3 
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Table 2. Curriculum for advanced energy storage technology in MCC 

 
Table 3. Curriculum for advanced energy storage technology in HFCC 

 
3.3 Course Development 
To integrate the energy storage curriculum into the Engineering Technology Program, two new 
courses in advanced energy storage technology are developed. The two new courses that form 
the requirements for Section II of the curriculum are Advanced Energy Storage Systems and 
Power Management and Applications of Energy Storage Systems. These two courses target 
current students as well as returning or lifelong students already working in the alternative 
energy and advanced automotive propulsion fields. 
 
The first new course, Advanced Energy Storage Systems, covers the fundamentals of advanced 
energy storage technologies including electro-chemical batteries, ultracapacitors, electro-
mechanical flywheels, fuel cells/electrolyzers and regenerative fuel cells with hydrogen storage 
tank. The introduction of alternative energy systems and electric propulsion systems for 

              MCC                                        Current Courses 
Program Course No. Course Title Credit Hours 

RNEW 1000 Introduction to Energy 3 
RNEW 1100 Principles of Wind Energy 2 
RNEW 1200 Principles of Solar Energy 2 
RNEW 1300 Principles of Biomass Technology 2 

Renewable Energy 
Technology 

RNEW 1500 
Principles of Hydrogen Fuel Cell 
Technology 

4 

Auto 1440 
Hybrid Electric Vehicle 
Fundamentals 

3 
Automotive 
Technology 

Auto 2440 
Hybrid Electric Vehicle Power 
Management 

3 

             New course for Advanced Energy Storage Technology  
Course Title Credit Hours Course for both 

programs Advanced Energy Storage Systems 3 

              HFCC                                                            Current Courses 
Program Course No. Course Title Credit Hours 

ENT 101 Introduction to Energy 2 
ENT 260 Energy Systems Management 4 
ENT 265 Energy Systems Design 5 
REEN 101 Survey of Renewable Energy Sources 2 
REEN 120 Wind, Solar, and Fuel Cell Technology 2 

Energy Technology – 
Alternative Energy 

REEN 140 Co-Generation and Back UP Power 2 
Automotive 
Technology 

Auto 260 Alternative Automotive Propulsion 3 

             New course for Advanced Energy Storage Technology 
Course Title Credit Hours Course for both 

programs Advanced Energy Storage Systems 3 
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transportation are also given. The second new course, Power Management and Applications of 
Energy Storage Systems, covers the design, control and power management of different energy 
storage systems including electro-chemical batteries, ultracapacitors, electro-mechanical 
flywheels, fuel cells/electrolyzers and regenerative fuel cells with hydrogen storage tank. The 
energy storage systems for applications in stationary alternative energy systems, and alternative 
vehicle propulsion systems are covered. The fundamentals of power electronics and system 
modeling and simulation are introduced as well. Table 4 lists the contents of two new courses in 
WSU-DET. The development of these courses is based on input from industrial partners, 
textbooks, manuals and training materials provided by the energy storage manufacturers. The 
course development activities include the initial development of the course materials, delivery of 
the course, and modification of the course contents and materials based on student feedback. 
WSU faculty has completed and delivered condensed course materials from Advanced Energy 
Storage Systems and Power Management and Applications of Energy Storage Systems to assist 
MCC and HFCC faculty in developing the course and workshops. WSU faculty collaborated 
with MCC and HFCC faculty to develop appropriate teaching materials in community college 
student level. WSU faculty also provided laboratory specifications for MCC and HFCC. Table 5 
lists the contents for the energy storage course in MCC and HFCC. 
 

Table 4. Course contents of the two energy storage courses in WSU-DET 
 

Advanced Energy Storage Systems 
Power Management and Applications of Energy 

Storage Systems 
Introduction  
 Sustainable energy development 
 The need for energy storage 

Introduction  
 Energy storage systems and sustainable energy 

development 

Fundamentals of electro-chemical 
batteries 

Review of different types of energy storage systems: 
batteries, ultracapacitors, flywheel, fuel cells, 
electrolyzers, and hydrogen storage. 

Types of electro-chemical batteries 
 Lead-acid 
 Nickel-cadmium 
 Nickel-metal hydride 
 Lithium ion and Lithium polymer 
 Other (Sodium-Ni, Zinc-air, etc) 

Power management of batteries and ultracapacitors 
 Fundamentals of power electronics 
 Energy characteristics of batteries and 

ultracapacitors 
 Charge and discharge management 

Lab 1: Measurement of internal voltage 
and resistance of a battery 

Lab 1: Battery test  

Ultracapacitors 
 Fundamentals 
 Applications 
 

Thermal management of batteries 
 Thermal modeling of batteries 
 Thermal management for durable and reliable 

operation of batteries 
 Thermal management of battery pack 

Lab 2: Charging and discharging 
ultracapacitors  

Lab 2: Thermal management studies of a battery 
pack 

Electro-mechanical flywheels 
 Physics and features 
 Operation of flywheel 

Control of flywheels 
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 Advantages and disadvantages 
Fuel Cells 
 Fundamentals 
 PEMFC and SOFC 

Control of fuel cells 
 Stand-alone systems 
 Grid-connected systems 

Electrolyzers and hydrogen storage Control of electrolyzers with hydrogen storage 
Regenreative fuel cells Energy management of hybrid vehicles: case study 
Lab 3: Simulation of hydrogen storage 
system 

Lab 3: Hybrid vehicle lab 

Introduction to alternative energy 
systems: wind, solar, and fuel cells. 

Design and power management of an alternative 
energy system with multiple sources: a case study 

Introduction to electric propulsion 
systems for transportation 

Lab 4: Simulation of a hybrid wind/PV/energy 
storage system 

 
Table 5. Course contents of energy storage course in MCC and HFCC 

 
3.4 Two-Day Short Course Development 
In addition to the two new courses, a two-day short course is developed for engineers,  
technologists, technicians, and community college instructors working in the alternative energy 
and alternative automotive propulsion fields who wish to gain an in-depth understanding of 

Advanced Energy Storage Systems 
Introduction  
 Sustainable energy development 
 The need for energy storage systems 
 Basic categories of energy storage: flywheels, ultracapacitors, fuel cells, hydrogen storage, 

and batteries. 
Fundamentals of batteries and Choices of battery 
 Lead-acid 
 Nickel-cadmium 
 Nickel-metal hydride 
 Lithium-ion 
Fundamentals of other energy storage systems 
 Ultracapacitors 
 Electro-mechanical flywheels  
 Fuel cells and hydrogen storage systems 
Introduction to Power Electronic circuits 
 AC/DC, DC/DC, and DC/AC. 
Energy storage in alternative energy systems 
 Introduction to different alternative energy systems 
 Power management of energy storage devices 
Energy storage in transportation applications 
 Introduction to hybrid, plug-in hybrid, fuel cell and pure electric vehicles 
 Energy management for hybrid vehicles 
System integration and unit sizing of energy storage devices 
 Case studies for both electrical energy generation and vehicle applications 
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advanced energy storage and their energy management schemes. The course consists of three 
modules as listed in Table 6. A set of computer-based courseware is developed as a teaching and 
learning tool. MATLAB/Simulink is used for simulations of energy system control and 
integration. 
 
3.5 Development of Workshops and Seminars 
MCC and HFCC offer a variety of workshops and seminars to various groups with a stake in 
learning more about alternative energy and advanced energy storage systems. These workshops 
and seminars are tailored to meet the specific needs of each group. More specifically: 
1. Workshop for K-12 science teachers: MCC is a founding member of the Southeast Michigan 

Automotive Teacher Association (SEMATA), which represents 40 secondary schools and 
approximately 120 teachers and provides a forum for this project to educate teachers. 

2. Workshop for emergency first responders: First responders to traffic accidents (i.e., police, 
fire, and ambulatory personnel) need to be educated on the safety practices with respect to 
high voltage battery pack in HEVs and EVs. 

3. Informational seminars for corporate partners: These seminars are made available through 
the Detroit Automobile Dealers Association and other industry connections. 

4. Informational seminars for the general public: These seminars focus on safety, which may be 
offered for credit or non-credit. 

 
Education of K-12 teachers, corporate and academic partners, renewable energy and automotive 
professionals can broaden the reach of the activity and contribute to the service mission of each 
institution. Extended contact with these important stakeholders can also create a flow of energy 
storage-relevant information that may impact the content of the curricular offerings. 
 

Table 6. Course contents of the two-day short course 
 

Modules Contents 
Lecture 
Hours 

Alternative Energy 
and Energy Storage 

 Introduction to alternative energy storage systems 
including wind, solar and fuel cells. 

 Fundamentals of batteries, ultracapacitors and flywheel. 
 Power electronics and system integration 
 System safety, design, control and power management. 

4 

Electric Machines 
and Power Systems 

 Operation principles of different electric machines 
including DC machines, AC synchronous and 
asynchronous (induction) machines. 

 Introduction to power generation, transmission and 
distribution. 

 Power system operation and control 
 Energy storages in power systems 

4 

Modeling and 
Analysis of Energy 

Storage Systems 

 Fundamentals of different energy storage systems 
including batteries, ultracapacitors, flywheels, and fuel 
cells. 

 Modeling energy storage systems: case study on 
modeling battery and fuel cell. 
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 Modeling alternative energy systems with energy 
storage devices 

 Modeling electric propulsion systems in vehicles 
 

3.6 Student Transfer Credit Evaluation and Advising 
WSU-DET is a two-plus-two program with the expectation that students enter with an associate 
degree. The WSU-DET, MCC, and HFCC have been working together successfully for a number 
of years to provide a seamless transfer of students from MCC and HFCC to WSU-DET. With 
this collaborated curricula development for energy storage technology, WSU, MCC, and HFCC 
can further provide students the opportunity to expand their skills and knowledge in this 
emerging technological field to specialize their degrees.  

 
4. Energy Storage Laboratory Development 
 
Along with the courses development, an energy storage laboratory with different types of energy 
storage devices is developed. The modeling packages, controlling and interfacing circuits, and 
various energy storage application systems are also developed. Hence, students can consolidate 
their knowledge of operation principles of different energy storage systems and their 
performance characteristics, and also learn how to test, model, control and integrate them with 
other energy sources to form a real energy system. Table 7 lists the components for the lab setup 
and Table 8 summarizes the laboratory experiments that were developed. 
 

Table 7. Laboratory equipment in WSU-DET 
 

Lab Component Description 

Wind turbine  
50 W wind turbines. It is used for the energy storage application in 
wind power generation system.  

PV panel 
10 W. It is used for the energy storage application in solar power 
generation system. 

Batteries  
Regular lead-acid 
battery 

12V. Typical lead-acid battery such the cranking battery in the vehicle. 

Deep VRLA battery  
12V. Commonly used for wind, solar, and UPS sustainable systems. It 
is also used for PHEV. 

NiMH battery 12 V. It is mainly for HEV and PHEV 
Li-ion battery 12 V. It is mainly for EV and PHEV 
Battery tester  
Fuel cell unit Educational demo unit 
Electrolyzer Educational demo unit 
Hydrogen storage 
tank 

Educational demo unit 

Electro-mechanical 
flywheel 

Educational demo unit 

Ultracapacitor  
Power electronic devices 
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Power electronics 
system test bench 

DC/DC converter, DC/AC inverter, AC/DC rectifier, and PC with 
LabView data acquisition card. 

Oscilloscope  
Electric Fan Wind source for the wind turbine 
Light source For the PV panel 

 
Table 8. Laboratory experiments in WSU-DET 

 

 
Conclusions 
 
The escalating demand for energy and the increasing concerns over the environment have called 
for clean and sustainable energy development. Generating electricity from renewable, clean 
energy sources such as solar and wind power as well as driving ultra fuel-efficient vehicles are 
promising solutions to the energy development strategies. There is a great need of electrical 
energy storage for the effective commercialization of renewable energy resources, load-leveling, 
and transportation electrification. The steadily increasing capacity of generating power from 
renewables and production of electric drive vehicles by the industry coupled with the specialized 
set of skills required to accommodate the energy storage systems in both the stationary and 
transportation sectors, have created an urgent and continuous demand for more knowledgeable 
energy storage engineers and technicians. The required education includes safety, regulations, 
maintenance, system integration and control for energy storage devices. There is a clear need for 
a systematic educational program on energy storage technology, particularly in regions where the 
sustainable energy development in electricity generation and automotive manufacturers and their 
advanced battery suppliers are highly concentrated. 
 
In order to establish energy storage systems learning environment, a partnership was formed 
between faculty at WSU, MCC and HFCC. The partnership also includes industrial partners 
from major battery manufacturers, solar energy developer, automobile manufacturers and 
suppliers. The activities included (1) Creating an advanced energy storage curriculum; (2) 
Setting up an industrial-based energy storage laboratory; (3) Developing and delivering a short 

Experiment Topics 
Energy storage system operation principles and characteristics 

Electrical storage: charging and discharging characteristics of batteries and ultracapacitor 
Electrochemical storage: fuel cells and electrolyzers 
Mechanical storage: flywheel and kinetic energy 

Energy storage system control and test 
Battery SOC test and management 
Charging and discharging ultracapacitor 
FC and electrolyzer modeling and control (demonstration and simulation study) 

Energy storage applications 
Wind/battery or ultracapacitor system 
PV/battery or ultracapacitor system 
Wind/PV/battery system 
Wind/PV/FC-electrolyzer system 
Electric propulsion systems in vehicles (demonstration and simulation study) 
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course for on-site training of engineers, technologists, and community college instructors 
working in the alternative energy and alternative automotive propulsion fields; (4) Developing 
and delivering a series of workshops and seminars for K-12 science teachers, corporate partners, 
and energy and automotive professionals; and (5) Providing transfer student advising by 
university faculty. 
 
It is our intent to develop collective effort, among educators, industry, and government agency, 
to make positive, continual, and lasting contribution for engineering education on the emerging 
technology for advanced energy storage systems in both the stationary and transportation sectors. 
The implementation of the energy storage learning environment is a resounding success. The 
work is still ongoing and initial student reaction has been quite enthusiastic. 
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