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A metabolic problem?

CLIMATE CHANGE

3
£
STRATOSPHERIC OZONE

DEPLETION

~ operating
(Not yet quantified) G < jsee

ATMOSPHERIC
AEROSOL
LOADING

(Not yet quantified)

LAND-SYSTEM
CHANGE

OCEAN
ACIDIFICATION

FRESHWATER USE

[Persson2022] [Kanemoto2016]



A metabolic problem?
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* Western cities behave like their countries
* Import large amounts of valuable resources

* Export poorly reusable matter (“waste”) 3



Human excreta as a resource

Sources
urine
mm feces
B biowaste
B unknown

Credits:

A week in Paris 4
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A resource flushed down the drain

Flushed (potable water) to the sewers then lakes and seas

* 5% recovery for N, 50% for P (but polluted)
* Bacterial and viral pollution of the water

* Eutrophication



Towards sustainable agri-food systems
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Towards sustainable agri-food systems

Industrial
agriculture

u Fertilizer
production
N, H, E>

Waste Human
treatment <:| consumption <: Cattle

~~ ~~ ~ -

Unrecovered waste, pollution

Bio-based
fertilizer

Urine
Feces
Kitchen
waste

Urinofertilizers
Compost

N4

Cattle

o

Human
consumption

Ecological
agriculture

&



The stakes of humanure
* 30 MtN, 3 MtP, 5 MtK/y deposits worldwide (out of 100/17/33 Mt)
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The stakes of humanure

* 30 MtN, 3 MtP, 5 MtK/y deposits worldwide (out of 100/17/33 Mt)
* For Europe [Billen2021]:

50% meat consumption + urine recovery

= full organic agriculture without synthetic fertilizers

"2 Gold Standard
One Earth wf ST 03 CelPress -

CO, offset

Reshaping the European agro-food system and closing
its nitrogen cycle: The potential of combining
dietary change, agroecology, and circularity

Gilles Billen,'* Eduardo Aguilera,” Rasmus Einarsson,>® Josette Garnier,’ Simone Gingrich,* Bruna Grizzetti,®
Luis Lassaletta,? Julia Le Noé&,* and Alberto Sanz-Cobena?
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How to recover human excreta?
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Urine source separation Credits: Louise Raguet
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Urine-based fertilizers
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The OCAPI program

Systemic and transdiciplinary approach
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The OCAPI program

Systemic and transdiciplinary approach
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The CAFE project

* Circular Agri-Food Ecosystems (funded by an MSCA)

* Territorial scenarii towards nutrient circularity and food sufficiency
— accounting for urine, feces, and biowaste

— explicit focus on agricultural use
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The CAFE project

* Circular Agri-Food Ecosystems (funded by an MSCA)

* Territorial scenarii towards nutrient circularity and food sufficiency
— accounting for urine, feces, and biowaste
— explicit focus on agricultural use
* Objectives:
— maximize nutrient circularity
— ensure the quality of the resources returned to the soil

~— minimize environmental impacts and maximize resilience
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Quantifying urban deposits

* Physiological database for excreta production
* Analysis of the nutrient content of organic matter

* Locating the excretions and waste generation
— excreting population # resident population

— demographics — excretion at work vs at home
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Visualizing urban deposits

Fraction produced
Bl ot home
B at school
at work

Density tN / km?2

[0.24, 0.56)

[0.56, 0.84)
©® [0.84,1.1)
® [1.18,2.1) Paris and surroundings (population: 5,994,437)
® [2.17,5.2)

20



Visualizing urban deposits
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Reims

* Production:
1.4 ktN/y

* Usage:
[3-15] ktN /y
for 150 kha

Fraction produite au
E lieu de vie
I lieu d'étude
lieu de travail

Densité kgN / km?
[8.5, 20)

[20, 27)

[27, 32)

[32, 125)
[125.69, 374)

® e 0

Reims et environs (population : 302 043)



Perspectives
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Towards building-level analysis
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Towards building-level analysis
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Towards building-level analysis
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And logistics-aware analysis

* Choice of collection method (frequency/travel mode)
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And logistics-aware analysis

* Choice of collection method (frequency/travel mode)

* Choice of transformation method
— composting, anaerobic digestion

— storage, urine concentration...
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And logistics-aware analysis

* Choice of collection method (frequency/travel mode)

* Choice of transformation method
— composting, anaerobic digestion

— storage, urine concentration...

* Nutrient needs and timing = storage size
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And logistics-aware analysis

Choice of collection method (frequency/travel mode)

Choice of transformation method
— composting, anaerobic digestion

— storage, urine concentration...

Nutrient needs and timing = storage size

Altogether gives logistics impacts in LCA
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Wrapping up
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Conclusion

Deposits Logistic Agricultural needs LCA

Life Cycle

Assessment

* OCAPI on the Fediverse: toot.aquilenet.fr/@QOcapiProgramme
* CAFE website: tfardet.srht.site/research/cafe project.html
* CAFE codes: sr.ht/~tfardet/CAFE
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