
Renewable Energy Fuel Cell with Zero 

Carbon Footprint

Steven Ragsdale, PhD, MBA

Chemistry Teachers Workshop

University of Utah

March 18, 2023 



Introduction
Education

University of Utah, PhD, 1998
◦ Physical and Analytical Chemistry

◦ Advisor Professor Henry White

◦ Thesis: Magnetohydrodynamic Flows at Microelectrodes

University of Washington, 2005

MBA, Technology Management



Introduction
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◦ Cedar City, UT, San Antonio TX, Qingdao China
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◦ Adjunct Professor – SUU, Cedar City, UT
◦ Triumph Group – Park City, UT



Thesis - 
Magnetohydrodyamics
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Electrochemical Synthesis
Washington University, St. Louis  



Outline
Biodiesel byproduct used directly in a fuel cell

• Overview of biodiesel production

• Remediation and use of crude glycerin

• Alkaline anion-exchange membranes (AAEMs) 

• Improved fuel cell performance of AAEM

• Reduced fuel crossover, No cathode flooding

• Energy density >5x DMFCs (direct methanol fuel cell)

• Glycerol oxidation without forming CO2

• Power generation with no carbon footprint
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Biodiesel Production

• Saturated glycerin market

• Cheap, abundant fuel source

CH-OOC-R2

CH2-OOC-R1

CH2-OOC-R3

Triglyceride Methyl Esters GlycerolMethanol

CH3-OOC-R2

CH3-OOC-R1

CH3-OOC-R3

CH-OH

CH2-OH

CH2-OH

+  3 CH3OH +
OH-

Base-Catalyzed Transesterification Reaction
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Technical Background

Alcohol Formula MW (g/mol) n Eocell (V)
SE 

(Wh/g)
ED (Wh/mL)

Methanol CH3OH 31.04 6 1.21 6.1 4.8

Glycerol C3H8O3 92.09 14 1.22 5.0 6.3

Thermodynamic and Electrochemical Properties
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Nernst Equation: 



Direct-Methanol Fuel Cell

Fuel Tank Balance of Plant Fuel Cell
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Direct-Methanol Fuel Cell

Fuel Tank Balance of Plant Fuel Cell

• Eliminate Balance-of-Plant

• Reduce Development Cost

• Reduce Manufacturing Cost

Use Chemistry to 
Eliminate Components, 

Complexity & Cost



Fuel Cell Experimental Setup
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Fuel Cell Operation
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PEM Fuel Cell – Methanol
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Anode Cathode

H+

CH3OH

H2O

e-

CH3OH  +   H2O

CO2 +  6 H+ 3 H2O

3/2 O2 +  6 H+

DMFCs Challenges:
Methanol Crossover and Cathode Flooding

6 e-6 e-

Proton-Exchange Membrane (Acidic Conditions)

Net Reaction:  CH3OH  +  3/2 O2  →  CO2  + 2 H2O 
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AAEM Fuel Cell – Methanol

Anode Cathode

Alkaline Anion-Exchange Membrane (Basic Conditions)

CH3OH  +  6 OH -

CO2 +  5 H2O 6 OH -

3/2 O2 +  3 H2O

6 e-6 e- OH-

OH-

OH-

Net Reaction:  CH3OH  +  3/2 O2  →  CO2  + 2 H2O 

e-

AAEM Challenges:
Ion Transport, Durability, and CO2 
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AAEM Disadvantages and Known Issues:

Lower temperature stability compared to Nafion®

Lower ionic conductivity compared to Nafion®

Carbonates form from CO2 in alkaline conditions

◦ Fixed charges (cations) on the main chain prevents 
carbonate formation within the membrane 

◦ 50% decease in performance due to ambient CO2 in air

◦ Polyhydric alcohols do not form CO2

AAEM Challenges 
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Glycerol Oxidation Products

Sequential oxidation of glycerol in alkaline media leads 
to carboxylation of one or both terminal carbons 
resulting in a partial electrooxidation reaction.

C3H8O3 + 8 OH- → C3H4O5 + 6 H2O + 8 e-

This is an example of an 8-electron transfer reaction, 
but there are dozens of alternative partial oxidation 
pathways (involving as many as 10 electrons) that do 
not result in carbon-carbon bond scission. 
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Glycerol Oxidation Pathways
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22



Single-Cell Test Fixture

Anode Cell Design Cathode Cell Design
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Membrane Electrode 
Assembly (MEA)

• MEAs with an AAEM can use 
supported and unsupported 
catalysts deposited on carbon 
electrodes.  

• The anode and cathode are 
separated by the AAEM. 

• The MEA is fabricated by heat 
pressing a low temperatures 65oC 
and low pressure (200 psi). 
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Polarization and Power Curves
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• Fuel cell containing 
1M glycerol and 3M 
KOH. 

• A) Voltage drop at low 
current is due to 
kinetics losses from 
catalyst. 

• B) Voltage drop at 
higher current is due 
to mass transport 
limitations. 
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MEA Cross-Sectional Image
SEM Image of AAEM and catalyst configuration  

Anode PtRu/C

Cathode Pt/C

Membrane
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Experimental Results
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Methanol vs. Glycerol: 
Constant Load Discharge
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http://focus.ti.com/lit/ug/slvu207/slvu207.pdf

Maximum output current vs. VBAT Ti Board: TPS6120xEVM-179

Efficiency vs. Output current

Low Voltage DC/DC Step-Up Converter

http://focus.ti.com/lit/ug/slvu207/slvu207.pdf


Physico-Chemical Properties

Complexity of AAEM System:

◦ Electro-osmotic Drag – veo 

◦ Fixed charges and Mobile Ions – Polymer Electrolyte – OH-

◦ Cation Selection – K+, Na+, Li+

◦ Water Content – Cation Solvation 

◦ Electro-osmotic Pressure – Δpeo 

◦ Partial Pressure – Vapor Pressure

vJ ii
i

iii CCD
RT

Fz
CD +−−= 

=
i

iitot xpp
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Alcohol Permeability - Electro-
Osmotic Velocity 



AAEM Electrode Assemblies

•

•

•

•

•



Electrodeposition of catalyst structures

SEM images of CNT composite polymers with catalyst particles 
deposited (Images provided by SMZ Research)



Electrodeposition of catalyst structures

10 mM PtCl6
4-, 0.1 M HCl

0.1 V vs. Ag/AgCl, 15 min.



Partial Pressure & Raoult's  Law

Substance Vapor Pressure (mmHg)

Methanol 97

Ethanol 43.7

2-Propanol 31.8

1-Propanol 18.0

Water 17.5

Propylene glycol <1

Glycerol <1

Ethylene glycol 0.03

=
i

iitot xpp

Raoult's law gives an 
approximation to the vapor 
pressure of mixtures of liquids. 

Raoult's Law is applicable only to 
non-electrolytes. pressure

• p is the mixture's vapor pressure
• i is one of the components of the 

mixture
• xi is the mole fraction of that 

component in the liquid mixture. 
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Summary

•

•

•

•
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