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Why Sustainable Energy?
Greenhouse Gas Inventory Data Explorer (LINK)

● Collects data by sector, type of emission, and date

 

https://www3.epa.gov/climatechange/ghgemissions/inventoryexplorer/#transportation/allgas/source/current


Climate Justice

Notre Dame Global Adaptation Index (ND-GAIN) Map indicating most (red)/least (green) vulnerable/equipped 
countries when dealing with effects of climate change. The group measures vulnerability by considering the 
potential impact of climate change on six areas: food, water, health, ecosystem service, human habitat and 
infrastructure. The readiness rank weights portions of the economy, governance and society that affect the 
speed and efficiency of adaptation projects. (LINK)

HIGH Emitting
Vulnerability Rank

1. China

2. U.S.

3. E.U.

4. India 

5. Russia

6. Japan

7. Brasil

8. Indonesia

9. Canada

10. Mexico

LOW Emitting
Vulnerability Rank

1. Chad

2. Burundi

3. D.R.C.

4. Mali

5. Rwanda

6. Niger

7. Uganda

8. Somalia

9. Ethiopia

10. Burkina Faso

https://gain-visualization.crc.nd.edu/index_main.py?tool_type=basic


Sustainable Energy 
● Produce electric current through chemical reaction

○ PEMFC, Proton Exchange Membrane Fuel Cell
○ DMFC, Direct Methanol Fuel Cell
○ PAFC, Phosphoric Acid Fuel Cell
○ AFC, Alkaline Fuel Cell
○ MCFC, Molten Carbonate Fuel Cell
○ SOFC, Solid Oxide Fuel Cell

○ Microbial Fuel Cell
○ Solar Cell



Conservation of Energy

Energy is neither created nor destroyed it is converted from one form into another.

Hydroelectric Power Respiration

Mechanical    Chemical/Sugar                 ATPLight 

Photosynthesis

ChemicalElectrical



“Not to sound too crazy, but we 
have an electric planet,” 

John Stolz, Microbiologist, 
Duquesne University

New York Times Article. 
Wired Bacteria Form Nature’s 

Power Grid: 
‘We Have an Electric Planet' 

    by Carl Zimmer

https://www.nytimes.com/2019/07/01/science/bacteria-microbes-electricity.html


Microbial Fuel Cells
Makeshift, Youtube Video LINK

● Leroy Mwasaru and classmates
○ Designed Bioreactor/digestor
○ Uses human, organic waste

■ Food remains
■ Cow dung
■ Cut grass

○ Bacterial Methanogenesis
■ Byproduct of metabolism
■ ‘Biogas”

● Can be used on larger scale
○ Most frequently on dairy farms
○ YouTube Video LINK

https://www.youtube.com/watch?v=ziS7yYFT6jc
https://www.youtube.com/watch?v=W5vV_K4533A


Cells (Self Contained Units)
Bacterial Cell: 
smallest living unit, organism

Fuel Cell: 
energy producing unit 



Where Do Microbes Reside?
● Environmental Microbiome: Present in soil, sediment, sludge, compost
● Gut Microbiome: Diverse Microbial Population

○ Aid in metabolism of sugars (e.g. lactose fermentation, susceptibility to obesity, etc.) 
○ Bacteria are deposited from human gut into wastewater (human coliforms)

Credit: Jordan, T. Molecules of Life Ch. 14. 



History of MFC
“The results of recent researches in electrophysiology have familiarised us with the view that any 
physiological process accompanied by chemical changes involves an associated electrical change.”

-M.C. Potter, Professor of Botany in the University of Durham. 1911

● 1911 Potter builds a MFC with yeast and shows voltage is affected by:
○ Concentration of yeast, Concentration of food/sugar, Temperature of reaction 

● 1931 Barnett Cohen (Yale, Society of American bacteriologists)
○ Combines MFCs in series to create 35V

● 1980s M.J. Allen and H. Peter Bennetto (King’s College, London)
○ Redesigns MFC into form used today

● 1990s B.H. Kim (Korean Institute of Science and Technology)
○ Shows organisms can donate electrons to anode without mediator molecule



Harnessing Microbial Energy
● Biodiverse Community is better for Microbial Fuel Cells (MFC)
● Isolated Pure Microbial Cultures 

○ Algae:  Chlorella pyrenoidosa 6030  mW/m2

○ Yeast:  Saccharomyces cerevisiae      25.5 mW/m2

○ Cyanobacteria: Spirulina     6.5 mW/m2

○ γ- Proteobacteria  
■ E. coli (human microbiome) first used in 1911 (Potter)→ 0.3V 
■ E. coli (genetically modified) 1304 mW/m2

■ Shewanella  putrefaciens (soil) 1024 mW/m2

■ Shewanella oneidensis (soil)     249 mW/m2

■ Geobacter sulfurreducens (soil)       3.9 W/m2

Cao, et al.  2019. Electricigens in the anode of microbial fuel cells: pure cultures versus mixed communities Microbial Cell Factories.  Link

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6380051/


SOIL: Direct Electron Transfer (Shewanella & Geobacter)

○ Highly Efficient
○ Direct Contact with Anode

“Nanowires” are protein filaments, e-pili, and flagella
Biofilms are layers of bacteria colonizing the anode

Electrogenic Bacteria
Why might bacteria evolved different mechanisms? Hint: Think about location!

Cao, et al.  2019.  Link

Nanowire length can be increased with environmental changes.

GUT: Indirect Electron Transfer (E. coli)

○ Less Efficient
○ Uses Oxidation-Reduction Endogenous Mediators
○ Can be enhanced w/ chemicals; act as exogenous mediators 

Expensive or toxic (Neutral Red, Methylene Blue) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6380051/


● Electrogenic bacteria: transfer electrons to extracellular electron acceptors
○ Have potential to be used in bioelectrochemical systems (BES). 

● Have evolved in response to environments to be more electroactive 

● DNA codes for pili and flavoproteins responsible for increased electroactivity
○ E-pilin Genes (electrically conductive pili)

Widely Studied Electrogenic Bacteria:
Shewanella oneidensis
Geobacter sulfurreducens
Dietzia. sp.

Electrogenic Bacteria



Design The System



Electron Flow Through A Microbial Fuel Cell 
● Microbial Fuel Cell: Electrogenic Bacteria Transfer Electrons

● Metabolism: needs food source or substrate
○ Organic matter in soil or wastewater
○ Generating energy for cellular functions
○ Electrons transported into/through cell membrane
○ Electrons moved into circuit with conductor

■ Intercept electrons with anode
■ Bacteria/Biofilm deposit electrons onto anode
■ Conductor carries electrons toward cathode

●  Oxygen



 
BioSafety Level 1 Protocol: Lab grown non disease causing  E coli K12 strain (MM294)

Wear LAB COATS and WEAR GOGGLES or EYE PROTECTION TO AVOID SPLASHES
USE GLOVES AT ALL TIMES- ONE SET FINE
DO NOT TOUCH FACE and EYES
MINIMIZE PHONE USE- ONLY FOR PHOTOGRAPHS/ WIPE with 70% ALCOHOL Before 
departure 
USE ALCOHOL to CLEAN SPILLS 

Note that alcohol is flammable; Use caution- demonstrated in lab
SDS Sheet on Safety Wall and Chemical Hygiene Plan in Prep Room 621 

DISPOSE  of GLOVES in BIOHAZARD WASTE BIN
WASH  HANDS BEFORE LEAVING THE LAB
ALL BACTERIA ARE EXPOSED TO  10% BLEACH/ STERILIZED by Lab Staff

 

Biosafety/Risk Group Level 
Working with Microbes 

 



APPLYING THE SCIENTIFIC METHOD: 
Student Handout

Observations: List prior knowledge, news, or science regarding traditional and alternative energy 
resources. What are some potential environmental impacts of each type? What do we already know 
about Microbial Fuel Cells that might inform our answers below? 

Manipulating Variables: Considering the starting material at your lab bench (mud, glucose, heating 
element, water) what are some questions that you want the experiments today to answer?  Consider 
which of these components you are interested in varying and why? What variables might increase the 
production of energy? 

Research Question: What questions do you hope to answer with today’s experimental design?

Hypothesis: Generate a hypothesis that is informed by your observations and your actions. 
Think about the hypothesis like this 
If ... (the action you will take; manipulating an independent variable)
Then ... (the result you expect to see; describing the dependent variables)
Because… (rationale for the prediction informed by prior knowledge, observations)



Creating Circuit Components
1. CREATE CIRCUIT COMPONENTS:

a. ANODE: Fold graphite paper in 
half and attach one side of the 
red alligator clip 

b. CATHODE: Fold 3cm x 6cm 
aluminum foil in half and attach 
one side of the black alligator 
clip. (No difference if shiny or 
dull side is facing out) 



Create Anaerobic Conditions

**If your Carbon Fiber Paper is loose/moving, tape the wire to the side of the beaker**

1. CREATE ANAEROBIC CONDITIONS 
a. PLACE  graphite anode near bottom of anode chamber, using a metal 

spatula to move the soil. Try not touch the bottom of the beaker
b. COMPRESS soil in all beakers using a gloved hand to about 5 cm (use a 

ruler to measure). 



Add Microbes

DETAILED INSTRUCTIONS:
1. Located plastic pipette, eppendorf tube labeled  “E,” and anodic chamber
2. Add E. coli culture to the black mark on the pipette (1mL)
3. Insert the pipette into anodic chamber (close to bottom/near Carbon Graphite Paper)
4. Gently dispense E. coli sample by depressing the top of the pipette

ADD  MICROBES.  Using a plastic pipette to add 1 ml of live  E. coli K-12 MM294 bacteria 
to anode beakers close to graphite as possible.



Adding Sugar/Creating Anaerobic Conditions
1. ADD SUGAR: Using a graduated cylinder slowly 

pour 10 ml of 5% glucose solution on top of the soil 
in the “+ Glucose” beaker. 

1. CREATE  ANAEROBIC CONDITIONS
a. DECANT WATER slowly into each beaker 
b. CONTINUE to ADD UNTIL VISIBLE LAYER of  2-3 cm of water on top of 

the soil; the soil will soak up water 
c. REMOVE SOIL: If needed, remove floating soil particles using a spatula 

from the water and place it in Tips Waste beaker. 



Complete The Circuit 
1. COMPLETE THE CIRCUIT 

a. PARTIALLY SUBMERGE CATHODE (aluminum foil) to expose it to air and 
water; do not let it touch the soil.

b. SECURE the cathode to the side of the beaker with the alligator clip, and 
attach alligator clips to each other 

c. Cover both MFC beakers with plastic sheet and tape in place and ensure 
there is room to insert Multimeter probes. Note: the plastic is cut to fit 
around the wire. 

2. PROVIDE TIME for METABOLIC REACTION
a. Ensure you do not move your electrodes.
b. Allow MFC to sit for 5-10 minutes while going over student handouts and 

watching videos.
 



Measure Voltage
1. MEASURE VOLTAGE

a. SET MULTIMETER : set voltage reading at  20V
b. PLACE PROBES JUST BELOW THE SURFACE of WATER: Red probe into anode beaker;  Black probe into cathode beaker. 
c. MEASURE/ RECORD  potential energy for each fuel cell in the chart

1. Check for Current
a. Disconnect Alligator clips from each other
b. Connect each alligator clip to a 100 OHM resistor
c. SET MULTIMETER: set voltage reading at  20V
d. PLACE PROBES JUST BELOW THE SURFACE of WATER: Red probe 

into anode beaker;  Black probe into cathode beaker. 
e. MEASURE/ RECORD  potential energy for each fuel cell in the chart



1. LABEL THE SYSTEM
a. Using a sharpie and labeling tape, label two beakers “Anode” (Red Tape) and two beakers “Cathode” (White Tape)
b. Next, pair each Anode beaker with one Cathode beaker and write “+Glucose” for a pair and “No Glucose” for a pair.

2. CREATE CIRCUIT COMPONENTS:
a. ANODE: Fold graphite paper in half and attach one side of the red alligator clip 
b. CATHODE: Fold 3cm x 6cm aluminum foil in half and attach one side of the black alligator clip. (No difference if shiny or dull side is facing out) 

3. CREATE ANAEROBIC CONDITIONS 
a. PLACE  graphite anode near bottom of anode chamber, using a metal spatula to move the soil. Try not touch the bottom of the beaker
b. COMPRESS soil in all beakers using a gloved hand to about 5 cm (use a ruler to measure). 

4. ADD  MICROBES.  Using a plastic pipette to add 1 ml of live  E. coli K-12 MM294 bacteria to anode beakers close to graphite as possible.
STOP: Discuss why you are adding bacteria to these particular chambers.

5. ADD SUGAR: Using a graduated cylinder slowly pour 10 ml of 5% glucose solution on top of the soil in the “+ Glucose” beaker. 
STOP: Discuss why you are adding glucose to this particular chamber.

6. CREATE  ANAEROBIC CONDITIONS
a. DECANT WATER slowly into each beaker 
b. CONTINUE to ADD UNTIL VISIBLE LAYER of  2-3 cm of water on top of the soil; the soil will soak up water 
c. REMOVE SOIL: If needed, remove floating soil particles using a spatula from the water and place it in Tips Waste beaker. 

7. COMPLETE THE CIRCUIT 
a. PARTIALLY SUBMERGE CATHODE (aluminum foil) to expose it to air and water; do not let it touch the soil.
b. SECURE the cathode to the side of the beaker with the alligator clip, and attach alligator clips to each other 
c. Cover both MFC beakers with plastic sheet and tape in place and ensure there is room to insert Multimeter probes

8. PROVIDE TIME for METABOLIC REACTION
a. Ensure you do not move your electrodes.
b. Allow MFC to sit for 5-10 minutes while going over student handouts and watching videos.

9. MEASURE VOLTAGE WITH AND WITHOUT RESISTANCE
a. SET MULTIMETER : set voltage reading at  20V
b. PLACE PROBES JUST BELOW THE SURFACE of WATER: Red probe into anode beaker;  Black probe into cathode beaker. 
c. MEASURE/ RECORD  potential energy for each fuel cell in the chart
d. REPEAT STEPS A-C with the alligator clips attached to each end of a 100 ohm resistor 
e. DAY 2: Collect Second Set of Results-Data/Voltage: Take a final reading with a multimeter-record in the chart. 

10. GRAPH RESULTS: Using the data collected by the lab staff and the final reading collected in class, create a graph 

PPE Goggles, Gloves, and Lab Coats



Spreadsheet for recording

https://docs.google.com/spreadsheets/d/1INPQ8p4jjs28S_FAmOSDrrR6ELC6xXVwJBfo3Q0M_MA/edit#gid=759250652




Manipulating Energy Output

1. Which independent variables could be modified to increase energy output? 

2. What could we do as a collective to power a calculator which needs 1.2V to 
produce enough power to work?

3. Reflecting back on the  Makeshift Video, what is missing from our MFC, and why 
did we choose this approach as opposed to theirs for this proof of concept MFC? 

4. How can a knowledge of biodiversity and evolution of microbes support improved 
MFC construction? 



Link. Meehan, et al. 

https://cdn.hackaday.io/files/10801462109984/Energy%20Harvesting%20With%20Microbial%20Fuel%20Cell%20and%20Power%20Management%20System.pdf


Link

https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp52889h#!divAbstract


Potential Uses
Wastewater treatment:

TEDxYouth Talk: Link

● High energy demand
● Wastewater = food for microbes
● Microbes would help produce

○ Energy for process
○ Clean water

Gastrobots:
● “Fed” sugar cubes
● Precursor to autonomous robots

Pacemakers/glucose Sensors
● Glucose in blood feeds microbes continuously

https://www.youtube.com/watch?v=q7yrbPoc-T4


Current Sustainability Iterations

Project Microbio
● Runs on Wastewater and energy from aquatic plants

○ Sweetgrass, cordgrass, rice, etc. 

● Needs membrane to separate cathode/anode

● Is both a filtration unit (bottle 1)
○ Acts as a grease trap 

● Combined Fuel Cell (bottle 2-4)
○ Microbes eat:

■ Organic material in water
■ Carbohydrates produced by plant roots



SUNY Binghamton Research
Seokheun "Sean" Choi, Yang Gao, et. al.

● Can power point-of-contact diagnostics
● Potential to power small electronics for days 

○ Biosensors
● Power is based on folding and configuration

○ 6x3 configuration 31.51 microwatts
○ 6x6 configuration 44.85 microwatts
○ Requires manual assembly

Wearable Technology
Textile-based microbial batteries

○ SUNY researchers
○ Same power as paper 
○ Potentially powered by sweat/microbiome



Unintended Consequences
Microorganisms --> Methane Production

Yvon-Durocher, et. al. (Abstract LINK) 

Full PDF Nature.com LINK Free through EBSCOHost

Methane
○ 20-25X warming potential of CO2
○ Emitted by Archaea in ecosystems
○ Temperature dependent
○ Contributes to positive feedback loop 
○ Burning produces CO2 and H2O

https://www.sciencedaily.com/releases/2014/03/140327111724.htm
https://www.nature.com/articles/nature13164.pdf


Connecting a Battery in Series

Youtube: 
https://www.youtube
.com/watch?v=4GC
vdcTxMN8

https://www.youtube.com/watch?v=4GCvdcTxMN8
https://www.youtube.com/watch?v=4GCvdcTxMN8
https://www.youtube.com/watch?v=4GCvdcTxMN8


Test your MFC



Thank you!
Assessment



Magical Microbes ‘MudWatt’
● Powered by microbes in soil
● Produces enough energy to power:

○ LED light
○ Digital Clock
○ Thermometer

● Marketed and sold as educational tool (LINK)
● App allows tracking of output and growth

https://www.magicalmicrobes.com/products/mudwatt-clean-energy-from-mud


Our MFC system setup:

Carbon: Anode

Conductor: Copper Wire

Aluminum: Cathode





MARJAN VAN AUBEL
Video (LINK)

Current/Former Student led project: 
Ana Remis

https://vimeo.com/142252856


Create your MFC
PPE: Hot Hands, Goggles, Gloves, and Lab Coats

1.ADD ORGANIC MATTER: Fill both beakers with 400 ml of mud, label them beaker #1 and beaker #2
2.CREATE ANODE: 

a. Wrap one end of of a 6 inch piece of copper wire around a small piece of Graphite
b. Wrap aluminum foil around the other end of conducting wire

3.CREATE ANAEROBIC CONDITIONS: 
a. Fill both beakers with 100 to 200 ml of water
b. Fully submerge anode in the mud of one beaker. 
c. Anode should be about ¾ the way down the beaker, with no contact with the water or oxygenated surface. 

4.CREATE CATHODE: Place cathode (aluminum side) in the top layer of the water in beaker #2
5.LET SYSTEM SETTLE: Allow microbial fuel cell to sit for 2 mins and then take a reading with a multimeter. 
6.ALLOW BACTERIA TIME TO COLONIZE/ METABOLIZE ORGANIC MATTER 
7.TAKE VOLTAGE READINGS OVER TIME
8.GRAPH OUTPUT 



But has it worked before?

Yes, and in this lab!

http://www.youtube.com/watch?v=ui51YfmkEvo


ASSESSMENT

Please See your Email or Canvas 
Complete Now Please

https://forms.gle/UUYFSVjoJNUcrKqJ9 



● Offered every semester
● Open to everyone, public included 
● FREE!!
● tinyurl.com/z4n45ja
● Email: tnssciencelabs@newschool.edu



COURSES 
Spring 
LSCI 2040 Genes Environment and Behavior
LSCI 3055 Microbiome of Urban Spaces (prereq:Microbial Ecologies
LSCI 2XXX Science and Politics of Infectious Diseases
PSDS 6720 Biodesign Challenge Studio (undergrads by proposal-spring)
ULEC 2XXX Waste 
LSCI 2700 Energy and Sustainability (spring 2021)
Fall 
LSCI 2500 Chemistry of the Environment
LSCI 2320 Microbial Ecologies
PSDS 2640 Honeybee Colonies
ULEC 2764 Plastics!
LSCI 2034  Imagine Science Film Festival Course (fall)



Thank you! 



END OF PRESENTATION



Conductor

● Conductor: easily gives up or allows electrons to pass along its atoms
○ Copper is often used as a conductor for electricity
○ Copper: Made up of Copper atoms

■ Copper atoms easily lose the electron on their outermost shell
■ The electrons would normally be randomly moving between Copper atoms

○ When a potential charge gradient is established, electrons can move in a singular direction creating a 
current of electricity



Cathode in a series
● When creating a series (several MFC combined) the cathode may change
● Aluminum will establish an energy gradient with copper 

○ Aluminum can act as the cathode
● To create our cathode in a series, we will wrap our copper wire in aluminum on one 

end



Conductor

● Copper wire: made up of copper atoms

● Without potential energy gradient, electrons will move randomly between 
copper atoms

● When a gradient is established, electrons will move directionally



Electron Transport Chain

● Cellular Protein Complexes 
○ Complexes are capable of performing redox reactions
○ Transfer electrons during creation of biochemical energy
○ INcorporate DNA/Living organisms/protein evolution for transfer of catalysts 

for transferring electrons pilli

● RedOx Reactions:
○ Reduction: Gains Electrons

■ In ETC, Oxygen or other organic molecule will accept electrons
○ Oxidation: Loses Electrons

■ In ETC, a molecule (NADH) or organic compound is oxidized



Anode
● Anode: 

○ Electrons are intercepted after anaerobic/aerobic 
respiration

○ In our system the anode is Carbon (graphite)
○ Bacteria are growing on the anode 



https://vimeo.com/142252856

More work by 
Marjan Van 

Aubel
 

https://vimeo.com/142252856


Cathode

● Cathode:
○ Copper conductor is exposed to Oxygen (air), which is the final electron 

acceptor



Contents

● Introduction to Microbial Fuel Cells
○ What is a Fuel Cell/MFC?
○ How does it generate electricity?
○ Where and how are they being developed?
○ What is their potential?

● Understanding electricity
○ Electrons
○ Creating electric current
○ Conductors

● Electrons in the MFC
○ How are electrons being produced in the MFC
○ Components of the MFC



What is electricity?
To understand electricity you have to first understand the atom and its parts.



● Electric current: movement of electrons from atom to atom across potential energy 
gradient

○ moving from high energy potential to low energy potential “downhill”
○ as electrons move they create electric force with each new atom
○ A conductor allows for electrons to be placed in a circuit
○ the directed movement of this electric force is electric current

What is electricity?



What is electricity?

Nucleus:
● Protons (positively charged)
● Neutrons (no net charge)

“Cloud”
● Electrons (negatively charged) 

○ Orbit the nucleus on different shells
● Can move from atom to atom ATOM



Electromagnetic induction



How do we get power/heat/electricity?

Fuels (oil, gas) are to create mechanical energy

This mechanical energy is often used to power a process called 
ELECTROMAGNETIC INDUCTION 

Electrical current is created through magnetic flux

This process can also be powered by sustainable sources:
● Dams 
● Windmills



● A conductor can be directed in a circuit to harness the flow of electrons.
○ A circuit runs from high energy potential to low energy potential
○ The flow of electrons from high energy potential to low energy potential produces energy which ca

● When connected to a filament, the electric current produces heat and light. 

Electricity and Electric Current



What do we know so far?

● Electric current is produced by the movement of electrons

● We can harness and induce directional movement of electrons to create useable 
energy

● In biology there are processes which are accompanied by the movement of 
electrons



● Electricity: the interaction of electrons and protons
○ Protons and electrons are attracted to each other due to opposite charges
○ Atoms will more easily give up unpaired, outer shell electrons which have less attractive force 

acting on them
○ the directed movement of this electric force is electric current



Studies on Microbial life in soil and farming



Organic Farming/Fertilizers



Natural Dye-Sensitized Solar Cells (NDSC)

Student Solar Cell Team:

Sasha Hodson, Environmental Studies
Jozef Soloff, Environmental Studies Graduate
Ana Remis, BAFA Environmental Studies & Design Technology



Why have alternative solar technology?

PHOTOVOLTAICS
High embodied energy

Highly technical manufacturing
Toxic in manufacturing and disposal

Reliant on limiting resources
Expensive

Efficient at direct light
Durable

Scalable and economical

NDSC
Less durable in harsh conditions
Less efficient in direct light
Low cost
Low embodied energy
Earth abundant and natural materials
Reusable/Recyclable
Potentially biodegradable
Simple manufacturing
Architectural and artistic possibilities

Economic and Ecological Cost
Efficiency























  iodine 





Sources for Natural Dye 
Chlorophyll

Carotenoid

Betalain

Anthocyanin



How does the cell work?



Our Work



Our Work



The Greenhouse Effect
Video Link
Stile Education. “The Greenhouse Effect, Explained.” 

● Greenhouse Effect
○ Naturally occurring event
○ Greenhouse Gases (C02,CH4, N20, water vapor) in atmosphere
○ Oceans/Land absorb energy from sun and re-emit as heat
○ Appropriate greenhouse gas levels allow heat to eventually escape into space 

■ Keeps Earth a habitable temperature
 

● Greenhouse effect in relation to climate change
○ Increase of greenhouse gases in atmosphere due to human activity 

■ Transportation, industry, agriculture
○ Greenhouse gas molecules collide with and absorb heat (energy) radiating back into 

space 
○ Absorbed heat is then emitted from greenhouse gas  in a random direction

■ Can collide with other greenhouse gases in atmosphere
■ Can be absorbed by land and oceans
■ Keeps heat trapped close to the Earth’s surface

○ Average temperature of Earth increases

https://www.youtube.com/watch?v=fYqdKiT0Eqo


Ocean Temperatures

● Excess heat absorbed by Oceans
○ Consistently rising temp. for at least three decades
○ Temp. trends consistent with human-caused warming
○ Oceans absorb over 90% of excess heat since 1955

■ Large capacity to store heat 
■ Expansion/Sea level rises 

○ Warmer ocean temp. increases destructive potential of 
extreme weather, like cyclones and hurricanes.

New York Times Article: 
Wallace, Tim. “Oceans Are Absorbing Almost All of the Globe's 
Excess Heat.” The New York Times, The New York Times, 12 Sept. 
2016, 
www.nytimes.com/interactive/2016/09/12/science/earth/ocean-warmi
ng-climate-change.html

http://www.nytimes.com/interactive/2016/09/12/science/earth/ocean-warming-climate-change.html
http://www.nytimes.com/interactive/2016/09/12/science/earth/ocean-warming-climate-change.html


Emissions Data, Visualized
World Resources Institute: CAIT Interactive data visualization (LINK) Data from 2013

2013 Top three emitters: China, United States, European Union

Emissions Rank

1. China

2. U.S.

3. E.U.

4. India 

5. Russia

6. Japan

7. Brasil

8. Indonesia

9. Canada

10. Mexico

http://www.wri.org/blog/2017/04/interactive-chart-explains-worlds-top-10-emitters-and-how-theyve-changed


Global Climate Anomalies: Climate Report 2018

● Extreme temperatures Globally in June 2018
○ European Heat Wave

■ Contributing to droughts, wildfires

● Japanese Heat Wave (BBC article LINK)
○ Declared a ‘natural disaster’ with at least 65 deaths in one 

week
○ Over 22,000 people taken to hospital with heat stroke

■ Almost half were elderly
○ Kumagaya, Japan reported a temperature of 41.1C (106F)

■ Highest ever recorded in Japan.

https://www.bbc.co.uk/news/world-asia-44935152


National/Global Climate Reports

● June 2018 Global Climate Report (LINK)
○ Provides climate data with historical context
○ Compiled by over 450 scientists from over 60 countries
○ Antarctic Ice Extent: 8th smallest on record
○ Arctic Ice Extent: 4th smallest on record (1979)
○ 6th Warmest in North America in 1910
○ 4th Warmest in Africa since 1910

Documentaries as recommended viewing: 
● Chasing Ice, 2012 (Trailer, Dailymotion Full Link)
● Chasing Coral, 2017 (Trailer, Dailymotion Full Link)

https://www.ncdc.noaa.gov/sotc/global/201806
https://www.youtube.com/watch?v=HqknAn_3QpI
https://www.dailymotion.com/video/x4zovl2
https://www.youtube.com/watch?v=b6fHA9R2cKI
https://www.dailymotion.com/video/x5wq5t3


MFC and the Electron Transport chain
● ETC:

○ Results in the movement of free electrons from oxidized molecules

● How can we use this?
○ We intercept the electrons with an anode
○ Bacteria deposit electrons onto anode
○ Copper wire carries electrons toward cathode (Oxygen) 



U.S. Climate Change Politics
Paris Agreement (2015):

● Seeks to limit global carbon emissions
● Goal is to limit long term warming to 1.5°C
● Ratified by 170 countries since 2015

○ Not legally binding unless ratified
● U.S. Political Controversy (source LINK)

2016 Public Opinion by Party
● Yale Program on Climate Change Communication (LINK)
● 82%(D)/50%(R) think global warming is happening

http://climateanalytics.org/briefings/ratification-tracker.html
http://climatecommunication.yale.edu/visualizations-data/partisan-maps-2016/?est=happening&group=rep&type=value&geo=national

