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Planet Earth

9.2 Billion in 2050



Population growth

Core challenge

Feed a population that is

R growing in

~ size while, at the same time,

~ reducing its environmental
B impacts
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Impacts and failures of the food system

Environmental impact

Land use/biodiversity
Greenhouse gas emissions
Nitrogen cycle
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Food and nutrition
insecurity

Malnutrition is a big
problem
* Obesity
« Undernutrition
« Dietary risks

MALNLITRITION

in all its forms, includes

il

Linearity/inefficiencies

1/3 of Food is lost
Decoupling animal
from feed production
Feed-food competition




What are circular
principles?
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1. Safeguarding and regenerating the health of our
(agro)ecosystems

Sustainable fisheries Halting finite resources

———
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Restoring soil carbon stocks
A vp ,,‘\.\l’\\‘:/’., \ \‘

Principles, drivers and opportunities of a circular
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2. Use biomass streams for basic human needs

Healthy foods

W) Check for updates

Principles, drivers and opportunities of a circular
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3. Avoiding non-essential products and the waste of
essential ones

Food waste

x L
4

) Chock for updates
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4. Utilizing and recycling losses of (agro)ecosystems

Crop residues Human excreta

) Check for updates
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5. Using technologies to e.g. produce renewable energy

Sustainable energy
coUrces Future foods

F -
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Aim
Exploring the potential to reduce
environmental impacts when combining the
protein transition and circularity on a regional
and global scale

e *e - P

How to redesign food How to redesign human
production? diets?
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Capturing the global complexity

© What | Eat: Around the World in B0 Diets




Methodology: Circular Food system model (CiFoS)

CIFOS MODEL
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Potential to reduce environmental impacts

Land use reduction Emission reduction Synthetic fertiliser
Average: 68% Average: 70% reduction: up to 95%

Nitrogen use efficiency
increase: 0.17 to 0.53
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Sources of change
Minimising land use

Circularity vs Protein transition

Reference (60:40)
so:r::dgpargltr:iil-per 172Mha ()
- capita and da
" Resource allocation: The e
biggest reduction comes from | L
optimizing resources (not B
only circularity principles) =
—
" Protein transition also has
an effect (especially for min
Land use) but not the largest
18 g 49'g
Animal protein in diets (g/cap/day)
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Synthesis of production changes to reduce impacts

Crop production Animal </’
production

Minimizing land use

 Focus on cereals instead of legumes
« land sparing, intensification

« trade increase

T R

 Reduction of feed
crops

«  Reduction of
grassland use

ok

« Animals reduced

. Increase in by average of 51% Minimizing greenhouse gas emissions
vegetables * Beef cattle: Most - Increase of pulses, oil crops

nggced animal  Chickens increase

« Fish was

. g‘;;fsss‘i‘;ys Minimizing synthetic fertilizers
relevant (50% « Increase of pulses, oil crops
decrease) * Pigs favoured as efficient manure

producers
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Synthesis of dietary changes to reduce impacts

Dietary strategies

Reduction of total and
animal protein intake

Reduction of red meat,

dairy, eggs, fish and
chicken

Increase of vegetables,

nuts and seeds
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Indicator Current

Total

protein 829
Animal
sourced 499
protein

Animal-
to-plant 60:40
protein

Optimal
land use

55¢g

33g

40:60

Optimal

emission
659 - EU
339 - EU

40:60 - EU

Nutrient inadequacy below 18 g animal proteins
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Nitrogen fertilization in .
food systems per diet  _, I
]
« Currently: ~50% synthetic S |
fertilizer ; !. I'Ih N.t:ythtft.
- Synthetic fertilizer cannot be Bl co esicues
entirely removed 0 ] .— [ Foodwaste
- Huge NUE gains: up to 50% NUE e
« Trade-off with NH3 emissions Human excreta
« Vegan scenarios least total - Manre grazing

nitrogen applied
« BUT: Only under the
assumption of nutrient

5

Percentage (%)
o

5% I I
4%
o
o
B e i

supplementation/fortification ”
0
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Scenarios

Preliminary results



Synergies and trade-offs between impacts

HealthFert
Lu

" Synergies: between minimizing land use,
emissions, and total nitrogen

" Trade-offs when minimizing synthetic
fertilizers

HealthGHG
LU

o
'
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© ENTERIC
FERMENTATION

Sugars —= Carbohydrates
¥
A
tty Acids COp ¢

GHG SYN "
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Overview: Nitrogen flows (preliminary)

I Waste unused Waste unused

Animal sourced food 19.5 Animal sourced food 35

16.8

ant sourcéd food
340

0.4
" Grass product

Plant sourced food

Circularity effect
= optimizing
resource
allocation

! HumanExcref
T~ 1.9
By-products | " Artificial fertiliser
0.9

64.0
Waste \
3.8 /
rop
12.6
-

Animal feed

HumanExcreta

7 Atificial fertiliser

Processing unused Processing unused

68.3

Feeding loss

/ Manure

J/

Animal production
6.1

Dietary shift: Plant
Anirqglgield g sou I’CGd fOOCl Marine fisheries

Animal yield [

Marine fisheries
5.0

Animal production
1542

‘ Nutrient losses animal .

0.5

Plant yield Plant yield
193.0

Nutrient Io!ses animal
18.3

Food production
Crop production Crop production
] change 1048

379.7

Nutrient losses cropland

Nutrient losses cropland 256 Residues/GreenManure/PHLoss

109.0 Residues/GreenManure/PHLoss

62.9

251
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Preliminary results
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©Peter Menzel www.MenzelPROLY. CON ' #o.com

Regional aspects of food system redesign is key

Peter MenzelV



Thank youl!
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Synthesis of dietary changes to reduce impacts

Dietary strategies Indicator Current Optimal Optimal Optimal
land use emission fertilizer
Total 82g 55¢g 659 -> EU
protein 769 55¢g 639 - Global
Animal
« Reduction of total and sourced 499 339 339 > EU
animal protein intake protein 339 289 10g - Global
« Reduction of red meat,
dairy, eggs, fish and Ani |
chicken nimal- _ ) _
« Increase of vegetables, to-plant 60:40 40:60 40:60 > EU
nuts and seeds orotein 43:57 51:49 17:83 - Global

Nutrient inadequacy below 10-18 g animal proteins
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Why do we need a protein transition?

PLANT BASED ~ ANIMAL BASED
PROTEIN PROTEIN

PROTEIN PER 100G (@thefitnesschef_
TORJ EGGS TURKI%\‘:MINCE CH\CKEN BREAST

e &

CHICKPEAS OATS

QUIETES
Seag,
'a

=
o
S ’ ] g c 8 ~ o
e P A = @ 2 %
Tgprotein 11igprotein  13gprotein 1dgprotein  25gprotein  25gprotein = ge % 2
9]
T Qo o
BROWNRICE  QUINOA LENTILS SALMON 2 % o i = £
s ) a 2o 9 =58
£ - S c % = & T 0 Q
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s B 2 $3 558
oy y < . ) Z g o 5 K )
3gprotein  4gprotein  egprotein 25g protein o ) L9
CASHEWS PEANUT BUTTER ~ ALMONDS PORKCHOP RIBEYE DUCK he) % S
. —r. i ) %0
f-\\ R o % S o
am \ g L= g
¥ —5}: 280, EE >
O l’/ q /
18g protein 28gprotein  29g protein 19g protein 1 in 27g protein
AVOCADO BROCCOLI  EDAMAME SEMISKIMMED  GREEKYOGURT — EDAM CHEESE
O\

x| “
@ ? @ ‘ §R . | | :
2g protein 4g protein 12g protein 4g protein 9g protein 26g protein
*Some incomplete proteins *All complete proteins

Animal products -2
beneficial and

negative impacts on
human health

Land use
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