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Course content: three modules

I. Electrochemical System
• L1: What is it? 
• L2-5:How does it work?
• L6: How to characterize it?

II. Battery Technology
• L7:Li-ion batteries
• L8:Li-metal batteries
• L9:Na-ion batteries
• L10:aqueous and flow batteries 
• L11: Manufacturing and supply chain

III. Current topics in electrochemical 
engineering

• Sustainable metal production
• Electrochemical separation
• CO2 capture and conversion
• Electro-chemical synthesis

Source: MCL chemistry
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Multiscale Electrochemical Engineering Lab
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A battery is an electrochemical system
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• Energy released or stored
• Chemical reactions
• Mass transport
• Interface between two phases
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Images source: A123, 
Tesla, Ballard, IEEE,
Furst, 2020, JES
Manthiram, 2017, Joule
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Computing

Metallurgy

• Batteries
• Fuel cell
• Electrolyzer

• Carbon capture
• Desalination
• Mineral extraction

• electrowinning
• electrorefinning

• memristor

• Biosensor
• Biofuel cell

• Synthetic fuel
• Nanomaterials

• Ammonia
• Drug molecules



Source: Raliant Institute of Tech

CorrosionGlucose Analyzer

Source: Wikipedia
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Learning Objectives

• Apply basic concepts of electrochemical systems to analyze and solve 

problems in electrochemical engineering.

• Develop preliminary designs of battery technologies including specification 

of materials for different energy storage needs.

• Apply the knowledge to understand other emerging electrochemical 
technologies
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Reference books

• Electrochemical methods: fundamentals and 

applications. Allen J. Bard, Larry R. Faulkner, 

2nd edition, John Wiley & Sons, Inc. 2001 

• Hard copy available from Marriot Library

• Electronic copay: contact TA

• Electrochemical Systems, John Newman, 

Karen E. Thomas-Alyea, 3rd edition, John Wiley 

& Sons, Inc. 2004 

• Electronic copy available from Marriot Library
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Reference books

• Atkins' Physical Chemistry, 8th 
edition

• Electronic copay: contact TA

• Contact TA if need help to find the reference 
book.
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• We will use equations and examples from these books.

• Notation or symbol of use may be slightly different

• I will try to make it clear whenever necessary 
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Notations: Bard vs Newman

• Equations come from both Bard’s book and Newman’s book
• For mass transport, we mostly use Newman’s book

• For kinetics, we mostly use Bard’s book

• There are some slight differences in notations, but most are the same
• Concentration: Newman uses c, Bard uses C

• Mobility: Newman uses velocity per force, Bard uses velocity per field 
strength

• Subscript for species: Newman uses i, Bard uses j

• Electrostatic field: Newman uses Ф, Bard uses φ

• Flux: Newman uses N, Bard uses J
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Course Structure

• 3 modules: electrochemical system, battery, emerging topics

• 12 lectures

• 2 labs (1 week each for lab and report)
• Lab 1. Make an electrochemical cell

• Lab 2. Make a Li-ion battery

• TA will guide the lab

• 4 homework assignments 
• example problems in class

• 2 exams (take home exam, no final)
• review session

• example problems in class
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Grading

• Homework: 20% (5% each)

• Lab: 20% (10% each)

• Exam: 60% (30% each)

• Final Score 

• ≥ 90 A(A-, A)

• ≥ 80 B (B-, B, B+) 

• ≥ 70 C(C-, C,C+) 

• ≥ 60 D.

• Last year

• Average: 90.8 (A-)
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More about the content and grade

• I believe you are taking this course because you want to learn about 
electrochemical systems

• The lecture notes are broad and, in some cases, deep

• This may make it overwhelming, or even intimidating, especially if you are an 
undergrad

• However, since this is an elective course
• The bar for homework and exams will be much lower than some of the course 

content

• The average is A-, so you will be fine

• Try to enjoy the course and learn as much as you can, but don’t be stressed 
about grade

• I do not expect you can master everything in one elective course

• But the materials can guide your through self-learnings if you want to learn more
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Office hour

• TBD
• TA will send a poll later

• TA: Thomas Webb
• Email: please see syllabus 
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Introduction 1: 
why study battery technology?
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Content 

• Why energy storage is important?

• The metrics to evaluate an energy storage technology

• Different types of energy storage technology
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We heavily rely on fossil fuel

In US, ~80% energy consumption comes from fossil
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World-wide primary energy consumption by sources

Source: IEA, World Energy Balances, 2020

World-wide, ~82% energy consumption comes from fossil

86.7% in 1973 81.3% in 2018
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…,which generates huge amount of CO2

Source: our world in data

CO2 emission significantly increases since industry revolution

Source: IPCC(2014)

World-wide, CO2 of fossil fuel 
accounts for 65% green house 
emission

Industry 
revolution

End of WWII
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CO2 level at historically high level, much higher than previous 
highest 

5/10/2026
CH EN 5308/6308 Battery Technology and Manufacturing 

@Gao University of Utah
22



CO2 level in air correlated with CO2 emission
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…,which leads to global warming 

CO2 absorbs infrared emit by earth surface
CO2 level correlates with atmosphere temperature

• Earth’s surface temperature has increased 1.18 Celsius since 1900s

• Ocean surface temperature has increased 0.33 Celsius since 1969
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… and climate change

• The effect is astounding!
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Wildfire
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Drought
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Flood
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Transportation, electricity generation and industry produce the most CO2

• In US, electricity and transportation accounts for 54% of greenhouse emission
• Globally, they account for 39%

Source: IPCC (2014);
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• Fast growing renewable energy

Source: EIA

World electricity generation

Renewable energy will double by 2050
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• Energy storage is required to buff the intermittency of solar and wind 

The challenge of renewable energy: intermittency
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The rise of EVs to de-carbonize our transportation 
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The rise of EVs to de-carbonize our transportation 
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Summary

• Currently, we are heavily relying on fossil fuel to power human society
• Transportation: ground, sea, air
• Electricity generation
• Industry: fuel, chemicals, fertilizers etc.

• However, CO2 emission and climate change pose serious threat to human 
civilization

• Renewable energy, electric transportation and industry electrification are 
important measures to address these challenges

• Renewable energy: solar, wind, etc.
• Electric transportation: electric vehicles, airplanes etc.
• Electrifying our industry: cement, iron and steel, chemical, etc.

• High-performance and low-cost energy storage technologies are critical to 
enable renewable energy and electric transportation
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Energy
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Cost

Energy
Storage

Safety

Key performance metrics of energy storage technologies

source: top gear
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Different types of energy storage technologies

X. Luo, J. Wang, M. Dooner, and J. Clarke, “Overview of current development in electrical 
energy storage technologies and the application potential in power system operation,” Appl. 
Energy, vol. 137, pp. 511–536, 2015, doi: 10.1016/j.apenergy.2014.09.081.
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Mechanical
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Electrochemical

X. Luo, J. Wang, M. Dooner, and J. Clarke, “Overview of current development in electrical 
energy storage technologies and the application potential in power system operation,” Appl. 
Energy, vol. 137, pp. 511–536, 2015, doi: 10.1016/j.apenergy.2014.09.081.
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Chemical

X. Luo, J. Wang, M. Dooner, and J. Clarke, “Overview of current development in electrical 
energy storage technologies and the application potential in power system operation,” Appl. 
Energy, vol. 137, pp. 511–536, 2015, doi: 10.1016/j.apenergy.2014.09.081.
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• Energy stored in the chemical bonds of fuels, hydrogen, etc.
• Requires energy conversion technology to convert primary or secondary energy into these chemicals

• Hydrogen: can come from primary (methane) or secondary energy (electricity)

Electrolyzer



Thermal

X. Luo, J. Wang, M. Dooner, and J. Clarke, “Overview of current development in electrical 
energy storage technologies and the application potential in power system operation,” Appl. 
Energy, vol. 137, pp. 511–536, 2015, doi: 10.1016/j.apenergy.2014.09.081.
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Comparison of energy/power density

• Right-top corner: suitable for 
volume-limited applications 

• Including Li-ion, fuel cell
• Vehicle, plane, consumer 

electronics
• Left-bottom corner: suitable for 

stationary application
• PHS, CAES, VRB, PSB, ZnBr
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Comparison of specific energy/power

• right-top corner: suitable for light-
weight applications 

• Including Li-ion, fuel cell
• Vehicle, plane, consumer 

electronics
• Left-bottom corner: suitable for 

stationary application
• VRB, PSB, ZnBr, lead-acid
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Comparison of power/energy rating

Discharge: 1 hour – 1day
• Li-ion
• ZnBr, NaS, Lead-acid, 

VRB
• PHS, TES

Discharge > 1 day
• VRB
• TES, PHS, large CAES
• Solar fuel

Time=energy/power
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Summary

• There are many different energy storage technologies, suitable for different 
applications 

• Medical device: compact, non-toxic
• Consumer electronics and robots: compact
• Transportation: compact, light-weight
• Stationary: low-cost

• Electrochemical energy storage are versatile in terms of power and energy
• Non-flow batteries: Pb-acid, Ni-Cd, Li-ion, Na-S
• Flow batteries: VRB, Zn-Br, etc.

• For transportation application (vehicle, planes)
• Li-ion batteries are dominating
• Pb-acid, Na-ion batteries for light-duty vehicles

• For stationary applications
• Pumped hydro and compressed air are cheap but has geographic restrictions and 

environmental footprints. 
• Li-ion, Na-ion and etc. are promising for small-scale application (household)
• Flow batteries are promising for large-scale application
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Quiz 1

Which of the following applications does not belong to electrochemical 
system?

A. Pt-acid battery

B. Glucose sensor

C. Hot rubber water bag

D. Electrolysis of water to produce hydrogen
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Quiz 2

Why can energy storage technology help combat climate change 
challenge?

A. Decarbonizing transportation sector needs battery to power EVs

B. Energy storage technology reduces our energy demand

C. Renewable energy source like solar energy is intermittent 
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Quiz 3

Which energy storage technology are suitable for volume-limited and light-

weight applications? 

• A. Li-ion batteries   

• B. Fuel cells   

• C. VRB (vanadium flow batteries) 

• D. ZnBr

5/10/2026
CH EN 5308/6308 Battery Technology and Manufacturing 

@Gao University of Utah
50



Quiz 4

Which energy storage technologies below are best for discharge duration of 

> 1 day? 

• A. Li-ion batteries 

• B. VRB (vanadium flow batteries) 

• C. fly wheel  

• D. none of the above
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Supplementary material
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Climate 101

https://youtu.be/G4H1N_yXBiA



Electric vehicle vs gas vehicle
Tesla Model 3 vs BMW 3
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