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The nitrogen path to our plates
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More than a revolution

Nitrogen introduction (TgN/y)
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A crazy nitrogen cycle ? (kgN/year/inhab)
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Répartition territoriale du surplus azoté en 2010 a I'échelle du canton
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Regulation

Urban Wastewater Treatment Directive

European Framework Directive 21 may 1991 (91/271/CEE)

French Water Law 1992 - Decrees n°94-469 & 2000-318

= France : Decree 21 july 2015 for collection, transportation and
treatment of wastewater in urban areas, and for individual on-site sanitation
systems

(+ modifications in decree 31 july 2020)

- Minimum levels of treatment
- deadlines for conformity of WWTPs
(depends on city size, and sensitive areas)

=>» sensitive areas
Sensitive to eutrophication: N & P discharges to be reduced
Specific protections of: water intakes, swimming areas, fish farming...
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Sensitive areas ©

e 1998: 45% of surface
« 2006: 69%

2006




Sensitive areas

2020

Directive ERU 91/271/CEE
Zones sensibles a I'eutrophisation

Traitement du phosphore et/ou de 'azote
pour les stations de traitement des eaux usées
des agglomérations de plus de 10 000 Eh

Zones sensibles a I'eutrophisation
et échéances d'application N et P,

D Circonscription administrative de bassin France entiere
—— Cours d'eau Metropole

I Phosphore et azote sans délai 1998, 2006, 2013 et 2017
Phosphore sans deélai 1998, 2006 et 2017
I Azote 2024 et Phosphore 2017

I Azote et Phosphore 2024

@ Phosphore 2024
[ Azote 2024

La liste des zones sensibles est disponible a I'adresse:

NP




WWTPs built in France over the years
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1940: Acheéeres 1
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WWTPs trying to catch up
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Regulation

Conformity of WWTPs in France

Situation in 12/2019 for 3 989 WWTPs (> 2 000 inh.)

3234 (81%) with good performances
718 (18%) not complying with treatment efficiency
(for C and/or P & N)

Each year: 2 a 3% of WWTPs need to be replaced/renovated because
of insufficient capacity (or old equipment).

50 to 100 WWTPs each year! (for cities > 2000 inh.)
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WWTPs efficiency ©

Nitrogen removal efficiencies
For the 6 French Water Agencies
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Nitrogen as a resource?
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France, data over:
- 20,000 wastewater treatment plants Compost &
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. S Science of The Total Environment -
i E,:L, volume 517, 20 Februory 2024, 168978 L

Fate of nitrogen in French human

-excreta: Current waste and
agronomic opportunities for the
future

Thomos Starck ® 2. =, Tanguy Fardet °, Fabien Esculier ® ®

https://doi.org/10.1016/j.scitotenv.2023.168978

Thomas Starck PhD thesis

What is the potential of human N excretions for fertilization?

Spatial constraint: How to match excretions and uses in crops?
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Human excretions compared to croplands N inputs
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Fertilizer usage in France
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Maximum potential substitution of synthetic fertilizers by human urine
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Maximum potential substitution of synthetic fertilizers by human urine
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Repartition of vegetal and animal products in N food supply
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Protein consumption

<— France

Recommendations
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Where can we use
source-separated
urine?

Substitute this

by human N excretions? ) .

(~300 ktN/y)

tons of N
per km2

Mineral fertilization

(~2000 ktN)
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Where can we use Mineral fertilization -c
source-separated =

(~2000 ktN)

urine?

N excretions

>

tons of N
per km2

t

population data + N ingestion 10



Where can we use
source-separated

urine?

Algorithm to substitute
mineral N by human excretions
on neighbouring parcels

Most excretions could be spread
at <10 km!

fertilization with excretions

=

tons of N
per km2

<1
1-3
3-5
5-10
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But how?

CAFE project: optimize recovery

(T. Fardet)
- Identify largest deposits in cities =

- establish recovery scenarios O 10

- LCA to assess impacts .g .
i =

"= 10° 5

o

> > & &>
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Etat des lieux des projets
urbains de gestion séparative
des excrétats

dans des batiments collectifs
identifiés en France et en
Suisse romande en 2023

Projets identifiés par régions
(France) et par cantons
(Suisse romande), selon leur
état d’avancement :

I Rmaalisés et en fonctionnement
7] validés et/ou en construction
[ Alétude

Note : les projets présentes sant issus
d’un travail de recensement effectué
par I'équipe QCAP! non forcément
exhaustif et encore en cours. 5i vous
COMMNaIsSez un projet, en France ou en
Suwisse, qui n'est pas sur la carte et que
vous souhaitez communiguer @ son
propos, merci de prendre contact @
l'edresse suivante © ocopiEenpc.fr.

Auteur : A loveniawy, OCAPI/LEESU-
EMPC, 2023. Source : OCAF] et Aneco.
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()

Quel intérét pour la
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dans la gestion des
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- 3
AZceal en France ¢

Operational guides
at www.leesu.fr/ocapi/
bibliotheque/bibliographie 26
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aris example

P&Ma

VILLE DE

PARIS

47 000 L/y:
Used for green
spaces in Paris

Saint-Vincent-de-Paul neighborhood - Paris
2018-2020 then 2024: 1stproject for whole

neighborhood (600 dwellings)
with urine diversion and production of Aurin (nitrification - distillation 27
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How to transport further? 0>
FreezePee project

A low(er)-tech concentration of urine

2024-2027 Evaluation of energy consumption Analysis of Freezurin
by different freezing conditions (Nutrients and micropollutants)

ADEME Funding agency
‘ Urine recycling and demonstrator

Freez ncentration ]
eeze concentratio Freezurin

urine fertilizer

\V .
sstcnit | g IGRAINE = eeveing

TRANSITION

EE partners

A NICEIARNE ECOLE NATIONALE DES

PONTS Nitrification Water ] Micropolluants removal
1 CHAUSSEES (Pitribon and bioreactor) .fﬁ -~/ (activated carbon)

A R
05 rereecs INRAG
D'AGRICULTURE I‘?KTESD‘&QJ:@

DE REGION ILE-DE-FRANCE

‘2’ GERER, PRODUIRE ET VALORISER LES BIOMASSES

Connaissance - Action

Noe-Hays et al., 2022. ACS EST Eng. 2, 446455 tools
https://doi.org/10.1021/acsestengg.1c00271

(@ BRIGHTWATER TOOLS ﬁ“

Technologies for Regenerative Sanitation 28
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Conclusions

* 10% of N from WWTPs reused in agriculture in France
* Most N excretions could be spread at < 10 km

* Need for low-tech concentration/recycling systems
 But also moderation (meat consumption)

Hvala na paznji!
XBana Ha naxkwu!
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