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What are we going to eat at Xmas dinner?
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How wasl/is food produced at the
global scale during our life-time?

8BILLION
GLOBALAGRICULTURAL
LAND USE (hectares) A
GLOBALAGRICULTURAL
PRODUCTION (tonnes)
..........................................
e 6BILLION

GLOBAL FOOD

PRODUCTION (tonnes)

L Source, FAO, 2015 3
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How is the global food system organised ?
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- Net Exporters
- Net Importers

1986 ooh i 2010 <hom>

L Source: D’Odorico and Mull 2014. Nature Geosciences
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Land use

Permanent meadows
_and pastures

Forest
land

.. Agriculturalland

""""""" Arable land
32% " Temporary
’ % crops
:: Perm;nent _ Temporary
Other land Btins Bl
2% : 1%
Temporary
meadows
and pastures
1%
L Source: FAO 2025. The state of food and agriculture 2025
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Land use change (2001-2023)

MILLION HECTARES
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Water use

km3/year
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Water use

Imdustry
Agriculiure

South Asia Middle East & Sub-Saharan  Latin America & East Asia & Europe and
Morth Africa Africa Caribbean Facific Central Asia

L Source: World Development Indicators, Consulted on 10/11/259
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Water use in Europe

Water use by economic sectors Freshwater abstraction by source Water exploitation by river basin (')
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Source:Water use in Europe — Quantity and quality face big challenges, EEA, 2018 (update 2023) 0



B UCLouvain

Earth and Life Institute (ELI)

Global water footprint for food production
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Drop on the planet: visualizing the Earth’s water
. Waterin, on, and above the Earth
' . H H Howard Periman, USGS
- # Liquid fresh water Jackcm_m;mm =
2 EcoWestorg “ . Freshwater lakes and rivers Data: igor Shiklomanoy, 1993 © _ 12
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Water stress at global scale

Renewable freshwater resources per capita, 2021

Renewable internal freshwater resources flows refer to internal renewable resources (internal river flows and
groundwater from rainfall) in the country.

om? 1,000 m® 10,000 m* 100,000 m® 1 million m® 12 million m®
No data 500 m® 5,000 m* 50,000 m* 500,000 m* 5 million m®
2772 |
I Data source: Food and Agriculture Organization of the United Nations (via World Bank) (2025) OurWorldinData.org/water-use-stress | CC BY
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Virtual water transport at global scale

Source: D’Odorico et al. 2018. Geophysical reviews
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Virtual water transport at global scale
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L Source: D’Odorico et al. 2018. Geophysical reviews 15
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Fertilizer use

1l - Our World
Fertilizer use per capita, World, 1961 to 2022
Fertilizer use is the sum of synthetic inputs of nitrogen, potassium and phosphorous, plus organic nitrogen inputs. This is given in kilograms per person per year.

BB Table E Chart # Edit countries and regions £ Settings
30 kg

25 kg

Potassium
20 kg

Phosphate
15kg

10 kg

Nitrogen
5kg

Ok
® 1961 1970 1980 1990 2000 2010 2022
P Play time-lapse 1961 . . 2022
L Source: Our world in Data, 2025 (Consulted on 21/11/25)
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The N problem in a nutshell

Unreactive N (N2,...)
4

Fossil fuel combustion (25 Tg/year)
Fertilizer production (100 Tg/year)
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Plant protection products

Pesticide breakdown by type, World, 1990 to 2022
Pesticide use, broken down by product type, measured in tonnes of active ingredient.
4 million t I
J Rodenticides
! Plant growth
3.5 million t regulators
Other pesticides
— Insecticides

3 million t

2.5 million t
Fungicides and

bactericides

2 million t

1.5 million t

1 million t — Herbicides
500,000 t
Ot
1990 1995 2000 2005 2010 2015 2022
Data source: Food and Agriculture Organization of the United Nations (2024) OurWorldinData.org/pesticides | CC BY
Source: Our Wold in Data, 2025 (Consulted on 16/11/25)
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Not really a success story

780128 THE CONCENTRATION AND DISTRIBUTION OF FOOD INSECURITY BY SEVERITY IN 2023 DIFFERED GREATLY ACROSS THE REGIONS OF THE WORLD

Total population

8 045 million
Total population
9 4 753 million
<
=
7 Total population )
= 1460 million 6L ogs oy .
= 1121 million Total population
= 665 million
o
(%) Jane
o 2 9£0
= 1181 24
= ol
= 18R —
]_8 100 58
WORLD ASIA AFRICA NORTHERN AMERICA LATIN AMERICA

AND EUROPE AND THE CARIBBEAN

@ Total population ¢ Moderate or severe food insecurity @ Severe food insecurity

NOTE: Only regions for which data were available for all the subregions are shown.
SOURCE: FAO. 2024. FAOSTAT: Suite of Food Security Indicators. [Accessed on 24 July 20241. https://www.fac.org/faostat/en/#data/FS. Licence: CC-BY-4.0.

L Source: FAO,2024 The State of Food Security and Nutrition in the World15024
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Not really a success story

PERCENTAGE

18

m GLOBAL HUNGER ROSE SHARPLY FROM 2019 TO 2021 AND PERSISTED AT THE SAME LEVEL TO 2023
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Source: FAO,2024 The State of Food Security and Nutrition in the World26024
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Not really a success story
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In Europe

Figure 3-5. Change in ecological status assessment of EU’s surface water bodies from first, second and third
RBMPs (source: WISE freshwater and PDF data mining)

SWB ecological status or potential for EU average
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L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third

river basin management plans
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In Europe

Figure 3-22. Change in the chemical status assessment of EU surface water bodies from the first, second and
third RBMPs (all substances including uPBTs) (source: WISE freshwater and PDF data mining)

SWB chemical status for EU average

3rd |
2nd |
1st

0% 20% 40% 60% 80% 100%
B Good M Failing to achieve good Unknown
L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third

river basin management plans
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In Europe

Figure 3-26. Change in the chemical status assessment of EU groundwater bodies from the first, second and
third RBMPs (source: WISE freshwater and PDF data mining)

GWB chemical status for EU average

3rd |
2nd |
1st

0% 20% 40% 60% 80% 100%

B Good HPoor Unknown

L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third
river basin management plans
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In Europe

Figure 2-6a: Diffuse pollution pressures for surface water bodies in 3RBMPs (from WISE Freshwater -
only countries with electronic reporting)

Agricultural — 32%

Discharges not connected to sewerage network [ 9%
Urban run-off | 8%
Transport [ 3%
Other | 3%
Forestry | 1%

Mining [ 1%

Contaminated sites or abandoned industrial sites F 1%
0% 5% 10% 15% 20% 25% 30% 35%

L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third
river basin management plans 26
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In Europe

Figure 2-7a: Diffuse pollution pressures for groundwaters in the third RBMPs (from WISE Freshwater —
only countries with electronic reporting)

Agricultural 59%
Urban run-off 16%
Discharges not connected to sewerage network 7%
Other | 5%

Transport [l 4%

Mining 3%
Forestry 2%

Contaminated sites or abandoned industrial sites 2%

0% 10% 20% 30% 40% 50% 60% 70%

L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third
river basin management plans
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In Germany

L Source: Melkveebedrijf.nl. Consulted on 22/11/25
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Impacts

be more at risk than others. Evidence suggests that much of this
exposure is presented as multiple mixtures of chemicals and that the
* toxic effect of such exposure is unknown, particularly over longer
. time scales. It is very important to develop the precision and
accuracy in the quantitation of pesticides along with improved safety
profiles to reduce possibly adverse effects on human health and the
environment. Furthermore, there should be a focus on determining

L Source: Kim et al., 2017, Science of total environment
29



B UCLouvain D'

Earth and Life Institute (ELI)

Impacts

Respirato
ry
system

Regulatory

(Hormone

system)

L Source: Dankhar et al, 2023, Materials Today, Proceedings
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Impacts

Men’s health and chemicals

Prostate cancer™™

330,000

Estimated
.. casesannually

o lse lealee lacalasa | mo |0

Constituting '

121%::0

European Commission data in the
Cancer System (ECIS)

Male fertility™”

\ Studies show a sharp drop
I in sperm counts across Europe

and globally, with links to
II environmental exposures.

Sexual dysfunction™

Sexual dysfunction and
testosterone deficiency
(hypogonadism) are
increasingly reported, with
many cases of unclear eticlogy.

Testicular cancer™*

Testicular cancer
incidence increased
significantly in recent

decades
1875 2025

Particularly among
young men aged

15-44

Health impactsx-w,m.u

. Health impacts extend to future
generations, as exposures during

’ . prenatal development, and even
@ before conception, are associated

with reproductive and hormonal
disorders in male offspring

Endocrine Disrupting Chemicals
(EDCs) can alter the epigenetic
profile of sperm cells, including
DNA methylation and histone
modifications.

embryenic eplgenome at
conception, potentially increasing
the susceptibility of offspring to a
‘wide range of diseases — even in
V the absence of direct exposure

®
d@\ These changes may afect the

Such epigenetic reprogramming
has been observed in both animal

°® d @@  models and human studies,
raising concern that today’s
chemical exposures may carry
I consequences not only for current

health, but also for the long-term
health of future generations

Source: Cannarella et al, 2025, HEAL
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Impacts

10000
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I social N Undernourishment
B Health W Poverty

0 Environmental B Unheaithy dletary
patterns

IR Nitrogen

W Land
Water
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Source: Lords, S. 2023. FAO Agricultural Developmenent EconomicsTechnical Study 31
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It’s a wicked complex problem
T e

FRESH
WATER
USE

_ =4 -
—> .?'n?r‘

L Source: Metabolic, 2017. The global food system: An analysig3
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Agency space: Yes we can!

Individual
Consumption Voting
behaviour
Everyday Strategic/political

Institutional Transition
mobility Plan
charter

Collectif
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35000 decisions a day...
Are you taking the good decisions ?




B UCLouvain “{

Earth and Life Institute (ELI)

Changing diets

120

100
B Beef
OSheep
OPork
— — OPoultry
M B Cultured
meat

Energy use  GHG emissions Land use Water use

[ h =)
= = =
|
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Source: Tuomisto and Taxeira, 2011. EST. https://doi.org/10.1021/es200130u 38
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Conservation — regenerating —
ecological agriculture

Criterium Conservation | Agro-ecology | Regenerative | Bio-
agriculture agriculture agriculture

Use of Sometimes No Limited or Forbidden

pesticides authorized avoided

Labour No Limited No Sometimes

Official No label No label Sometimes Label

certification

Main Soil Integrating Restaure Sustainable

objective conservation | ecology and |ecosystems |and healthy
and agriculture production
production

Social — Weak Strong Moderate Moderate

political

approach

40



B UCLouvain

Earth and Life Institute (ELI)

Irrigation practice

—

Soil moisture monitoring with engaged farmers in 9 different field parcels in the Siliana basin. Source: Amani Belhaj,
Vanclooster et al, 2023. Work in progress

41
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Irrigation practice

=0 marme

— Farmer 1- Citrus 10 cm
— Farmer Z2—-Citrus-10 C<m

— Farmer 2 - Olivier—20 cm

J| —— Farmer 4-Forage Crop-20 cm

— Farmer 5_Almond__ 10 crm

value

— Farmer 5-Olivier-20 cm

[~ — Farmer 7-Olivier-20 cm

—— Farmer 3-Baraly- 20 crm

10 — Farmer 2-Olivier-20 cm
— Farmer 2-Walnut tree

Dec Jan Feb
datetimme

I Observed soil moisture in top soil of 9 different field parcels in the Siliana basin. Source: Amani Belhaj, Vanclooster et
al, 2023. Work in progress 42
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Irrigation practice

FR2UWE 9'230°E 9 2330'E 9240 F4E 9'250°E 9'25'30'E 9°260°E $26°30'E 9°2T0E

36°30°N
360N

36°2'30"N

36°2'0°N
26°230°N

3B 2UN

36°1'30'N
36°130°N

z
s
-
8

35°58'30°N 300N IECIN B\ TN

35°58'30°N

35°58'0"N.
i
35°590N

I Observed soil crop evapotranspiration in the Siliana basin using remote sensing technology.
Source: Amani Belhaj, Vanclooster et al, 2023. Work in progress
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Irrigation practice

N
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Irrigation practice

(A) NO,-N (B) NH-N (C) TN
WST (64) e (93] == [53) e
WST types ' '
AWD [16) e (1) e (1) == |
Cl [2B) -=aine [19) emma [35) waie
Sl (20 ---a [1‘3}-—-; (13) &
-1 0 1 1 0 1 -1 0 1
(D) NH, (E) N.O (F)} Grain Yield
wWsT (&9l " "'37-‘;"'" (138) ’
WST types
AWD 13 <> ri*.?;p:} 62} +
Cl (21} ¢ e ——-—-—— [41) +
Sl (=2l * 1’3.“5' ECI
-1 0 1 1 0 1 -1 0 1

_ Effect sizes

Source: Gbedourou et al, 2025. AGWAT 45



B UCLouvain

Earth and Life Institute (ELI)

Effect of cover crops on N leaching

Cumulative probability
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Effect of cover crops on N leaching
and economic benefit

Nleaching (kg N ha ! year )

400

Vetch not-sold Vetch sold
350 ?
300 ) 100% —
100%
230 80%
R
200 80%
150
100 “ale s A
50%
50 [50541: e ]
0 | T s S N AR T
400 ’ Barley sold
280 Barley not-sold Reference (Fallow)
Median (Fallow)
300
A Average (Treatment)
250 s Median (Treatment)
200 - Observed Fallow line
150 ——— Observed Treatment line
100 . . L '
IOOL sa:ﬁe Loso%e | | | 100% | [sc[m_;'_._J s:cm
0 = , I
-1000 -500 0 500 1000 1500 -1000 -500 0 S00 1000 1500
Benefit (€ ha year?)

Source: Gabriel et al., 2013, Agricultural systems 47
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Effect of cover crops on pesticide
residues

Etat patrimonial** des eaux souterraines
pour l'altération "pesticides"
(2017 - 2020)

Mesure de la qualité

7

par site de controle
[ ] parmasse d'eau

Classes de qualité SEQ-ESO patrimoniale Sites de controle ™
HW Trés bonne par classes de qualité (%) | ; L . \
B Bonne 9% 1%, g e B
[ Moyenne i o = | I —

: S 5,3% .
=~ Médiocre

=
B  Mauvaise
]

P 3 2 13,1%__
Données non disponibles

53,4%

J///7 Masses d'eau 4 risque***

%7 Schistes houillers

Limite de masse d'eau souterraine

16,9% .

TATAL - 2Q7 citae

Source: Vandevoorde et al., 2024
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Effect of cover crops on pesticide
residues
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PFAS

Teneurs en TFA dans les eaux distribuées en Wallonie
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PFAS : The Flanders case

« Biomonitoring of PFAS since 2006
 PFAS are found in 99% of blood samples

* Recent study on PFAS in teenagers living near 3M
production site:

— Correlation found with PFAS levels and delayed
puberty

— Immunity response effects
— Liver toxicity
— Etc..
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- An official website of the European Union | How do you know? v

\V/¢, European
; .) Environment

Agency

%

Topics Analysis and data Countries

Food
O Packaging NEWS v  RESOURCES v  EVENTS v  ABOUTUS v
Forum

Alternatives to PFAS are available for many
applications

Safe and sustainable alternatives could
reduce use of PFAS in textiles and

enhance reuse and recycling

Press release | Published 17 Sept 2024

Scientists compile open access online database on PFAS applications, functions provided in these
applications, and potential functional alternatives; identify 325 PFAS applications, with 40 having suitable
substitutions; database enables identification of non-essential PFAS uses

Image © Metoou from Pixabay
@ February4,2025 & LisaZimmermann R 2 minutes
SUBSTITUTION

With over 100 new alternatives to
PFAS, ChemSec Marketplace e oo o St Uty oo e o et s o e pone, | Rlated artictes
becomes key industry resource

PRESS RELEASE: As global pressure mounts to eliminate harmful PFAS
chemicals from products and supply chains, ChemSec announces a major
update to its online chemical substitution platform — ChemSec
Marketplace.

Published on 30 Jun 2025 o 0 @
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Technology for “—‘

a sustainable
and resilient
food system

L Source: Herrero et al., 2020. Nature Food. https://doi.org/10.1038/s43016-020-0074-1 55
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Monitoring capacity

Carte

0

<= Données > Q. Chercher une adresse

(

Antwerpen
[} o
Brugge Gent
@
Hasselt
BRUSSEL P
BRUXELLES

Source: WallOnMap, 2025

56



B UCLouvain

Earth and Life Institute (ELI)

Monitoring capacity

Figure 3-20. Coverage of monitoring for priority substances across the Member States for the third RBMP*

Scope of monitoring for number of priority substances per Member State

) Unknown, 1 Member state
25 priority substances, |

1 Member state

Less than 45 priority
substances (specific
number not provided), 4
Member States

All 45 priority substances,
10 Member States

Between 40 and 44
priority substances, 4
Member States

= All 45 priority substances
= Between 40 and 44 priority substances

Less than 45 priority substances (specific number not provided)
m 25 priority substances

Unknown

L Source: EU, 2025. COMMISSION STAFF WORKING DOCUMENT EU Overview Third
river basin management plans 57
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Phasing out: Brusselean sands, Wallonia
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Phasing out: Brusselean sands, Wallonia
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Phasing out: Germany
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Phasing out — legacy effects

A) PFOS
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