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The waste problem
o We make a lot of waste

Human-Made Mass versus Living Biomass, 1900-2025
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The waste problem
O Not all waste is the same

Waste

Any unwanted item or substance resulting from human activity or process.

Municipal Solid Industrial Solid

Waste Waste Wastowater

From homes, From the production Toxic, ally Water used in
institutions, and of consumer goods, R homes, businesses,
small businesses. mining, petroleum , Or etc., and drained or
extraction, Corrosive. flushed, plus runoff

agriculture. from streets.

-80% of wastewater worldwide is
released to the environment
without adequate treatment




The waste problem
o We treat, sell, hide, send waste to outer space




The waste problem

o We treat, sell, hide, send waste to outer space

Export of e-waste

Export of e-waste

Italian Company Caught Illegally
Dumping Plastic and other
Municipal Waste in Tunisia
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[l From North
America
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Europe Source: Greenpeace, Basel Action Network



The waste problem

o We unearth carbon (fossil fuels) to make products
that end up as waste & CO»

Land-use change
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How to solve it?

2)
\0 & Q(% . “R Reduce

1. Reduce, Reuse, Recycle

Dispose




How to solve it?

2. Capture & Sequester
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EU to become climate neutral

Become climate- Protect human life, Help companies Help ensure a just and
neutral by 2050 animals and plants become world inclusive transition
by cutting pollution  leadersin clean
products and
technologies



Circular bio-economy

Linear Economy

Industrial

Prodiiction Waste Generation Disposal

Raw Material

Circular Economy

—< N
Produce < ) Environmental Impact
Use < > Social Impact
il P 59
Recicle < > Economic Impact
e Y o

Ferreira 2020




Microbes can help solve the wastewater problem

Waste

Any unwanted item or substance resulting from human activity or process.

Municipal Solid Industrial Solid

Waste Waste Wastowater

From homes, From the production oxic, Chemically Water used in
institutions, and of consumer goods, Reactive homes, businesses,
small businesses. immable, or etc., and drained or
prrosive flushed, plus runoff

from streets.
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-80% of wastewater worldwide is
released to the environment
without adequate treatment




Microbes as key players in the ‘waste to resource’ conversion
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Nutrient recovery
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l. Anaerobic digestion

. AD Aerobic treatment of Anaerobic treatment
) low strength waste of high strength waste
Organic waste Organic waste

Fermentative bacteria

Monomers
Aerobic bacteria Fermentative bacteria
+0
2 ( Alcohols, Vollatile fatty acids, Hydrogen \
Syntrophic bacteria
Mutualism
Acetic acid, Hydrogen, Formate, [e7], Carbon dioxyde +/+ interactions

Methanogenic archaea

v

Carbon dioxyde, heat, water \ Methane, Carbon dioxyde /
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Interspecies interactions

Indirect
. AD via geoconductors in
e their surroundings

Ethanol AGO’<Q (favourable) if
Corg there is an e- donor

AGO’>0 (unfavourable) CO, Direct CH,
without e- being removed _Direc
via surface
molecules

Liu, Rotaru et al. Energy & Environmental Science 2012
Rotaru et al. Energy & Environmental Science 2013
Rotaru et al. Applied & Environmental Microbiology 2014
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l. Promoting methanogenesis in AD

Biochar Biogas
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Il. Microbial Fuel Cells MFC

IL. MFC> « Oxidise recalcitrant organics

» Waste-carbon recovery

Sepéfétor

Membrane
S

Zhu 2021
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Il. Microbial Fuel Cells MFC

« Oxidise recalcitrant organics |

J

Il. MFC

» Waste-carbon recovery




II. Companies employing MFCs

g

Il. MFC * Treat high strength
— wastewater

 Produce clean water for
agriculture
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Il. Where could this be especially useful?

Third world

Remote farms

Remote military bases

Soda companies (high-strength waste)

¢

Il. MFC

REMOTE RURAL PIG
FARM WASTE
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Other uses for MFCs

Bioremediation Powering remote devices

Sensing



Other uses for MFCs - bioremediation

II. MFC > 022-24% petroleum HC from contaminated marine sediment (Viggi 2015)

063-74% diesel & engine oil from waterlogged contaminated soil (Lu 2014)
074-92% Polycyclic aromatic HC from lake & river sediments (Li 2017)
064% azo dye from planted wetland soils (Fang 2015)

094% herbicide from rice paddy soil (Dominguez-Garay & Esteve-Nunez 2018)




Other uses for MFCs - bioremediation

O Sensing toxic chemicals: e (@) FESE PR G S
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Spurr 2020



Other uses for MFCs - bioremediation

[ o Powering remote devices:
Il. MFC

| * Field deployment in a salt
marsh powering a
meteorological buoy

Tender 2008



lll. Microbial Electrosynthesis Cells MES

A)
- MWE$> « Store electricity Nevecgreterr

* Capture CO2 from waste e G /

. . I Direct "Ll 3D multicarbon compounds, /
e Chemical synthesis worx | | |
* Bioremediation >*

Tremblay 2017
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Electroacetogenesis
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Genetic engineering for MES

de mButanol
lll. MES . Bl
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Choi and Sang 2016
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Electromethanogenesis

Bi Waste-stream
lll. MES > CONCH, CO, utilization

Energy
Anaerobic - . storage
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Electrostimulation of Corg removal from waste streams

 Identified key microbial players
» We enhanced Corg removal and methane buildup using electrochemical stimulation

lll. MES >

Collaboration with local industry on
Fyn (Nature Energy)




Take home message

o Recycle C & other nutrients from waste (water & gas) using
electromicrobiology

o MFC to recycle C from wastewater, remove & sense toxins
o MES to recycle C from waste gas, store electricity into useful chemicals

o0 Towards a fossil-fuel free chemical industry

Microbial Fuel Cells
Aid Waste Water
Cleanup




