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Learning Goals

• You can explain what a circular food system is.

• You can explain and critically assess the key aspects of 
agroecology. 

• You can explain how reducing the size of the food system 
allows for sustainable production. 

• You can explain why sustainable agriculture cannot be 
addressed independently of consumption patterns, or, stated 
differently, why we need a food-systems approach when talking 
about sustainable agriculture.
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adapted from Muscat et al. 2021

Food Systems

Mineral Fertilizers

Imports 
and 
Exports

Waste and Losses

Waste and Losses
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Inputs:
• Mineral fertilizers
• N-fixation
• N-deposition
• Seeds
• Plant protection
• Water 
• Electricity, fuels 
• Buildings, infrastructure

Outputs:
• Meat, milk, eggs
• Wool, skins, hides
• Bones, waste
• Manure 

• Emissions from manure management: CH4, 
N and N2O (direct and indirect: NO3, 
NH3)

• CH4-Emissions from enteric fermentation
• Emissions from inputs

Outputs:
• Yields
• Residues

• Emissions from fertilizer application: N and 
N2O (direct und indirect: NO3, NH3)

• CH4-Emissions from rice
• Emissions from inputs

• Grass
• Other roughage
• Concentrates
• By-products

Inputs:
• Grasslands
• Other roughage
• Concentrates
• Eelectricity, fuels 
• Buildings, infrastructure
• Water
• …

• Manure

• Residues, 
compost, etc.

• Herd structure
• Animal sourced 

feed

Land use

- Production systems
- Other characteristics

Animal production

- Production systems
- Other characteristics
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Food availability:

• Calories
• Protein
• Etc. 

Environmental 
impacts:

• Energy (CED)
• GHGs
• N-Eutrophication
• P-Eutrophication
• Area use
• Deforestation pressure
• Soil erosion
• Toxicity

Food system

Land use Animal
production

Production
systems

Production
systems

Animal productsCrop products

Food Feed Processin
g

Waste Other

Resource use: 
land, fertilizers, 

etc.

Resource use: 
feed, etc.

Feeding
rations

Exports

Imports
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ScienceDaily 2007; Photo: Chengyan Yue / jp.123rf.com  
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Godfrey et al. 2010
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Früh 2016
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Biohoif Wigger Obernau
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Todays and future 
business as usual food systems
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• 3000 kcal per capita and day (global)
• 35-40% protein from animal sources

• 30% food waste and losses
• High shares of feed from croplands 

• EU: 60% of croplands is used for feed production
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Nature based solutions – definition from the first lesson (from IUCN)

“Actions to 

protect, sustainably manage and restore 

natural or modified ecosystems 

that address societal challenges 

effectively and adaptively, 

simultaneously providing 

human wellbeing and biodiversity benefits.”
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The 10 Elements of Agroecology according to the FAO
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The 13 Principles of Agroecology according to Wezel et al. 2020 and 
the 5 Gliessman levels
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What is organic agriculture?
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„We define Organic Agriculture as 

a production system that 
sustains the health of soils, ecosystems and people; 
relies on ecological processes, biodiversity and cycles adapted to local conditions,
rather than the use of inputs with adverse effects; and 
combines tradition, innovation and science 

to benefit the shared environment and 
promote fair relationships and a good quality of life for all involved.“

In practice, simplistic formulation: 
- no mineral fertilizer
- no synthetic pesticides
- focus on good crop rotations and good soils
- biological plant protection 

IFOAM 2018
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Employ-
ment

Health

Soil organic 
carbon

Soil fertility

Species 
richness/ 

abundance/ 
diversity

Stability of 
species 

richness/ 
abundance 

Natural 
plant 

protection

Weed 
abundance

Pathogen 
abundance

Total 
biomass 

production 

Stability in 
total 

production 
Yield

Yield 
stability

Pollination 
services

Resource 
use 

efficiency

Eco-system 
services 
stability

Profitability
Stability of 
costs and 

profits

Rural 
employ-

ment

Exposure to 
pesticides

Organic 
agriculture     ×  × ×  
Low-input 

systems  ×

Agroforestry   
No tillage          ×
Reduced 

tillage  

Cover crops  
Biochar        
Organic 

fertilizers   ×
Crop rot./ 
diversity/ 

intercropping
       

Grassland 
diversity 
Practices 

enhancing 
biodiversity & 

complex 
landscapes

    

Indicators for climate change adaptation

Productivity

A
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ra
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Soil health  Biodiversity Plant protection

Muller et al. 2021
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Seufert und Ramankutty 2017

• Environmental impacts 

per hectare

per kg product
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Ponisio et al. 2014

Yields
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Knapp und van der Heijden 2018

Yield stability

Lack of diversity in organic agriculture?
cf. e.g. large-scale organic operations in eastern Europe
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Muscat et al. 2021

Vision of a 
circular food system

Mineral Fertilizers

Imports 
and 
Exports

Waste and Losses

Waste and Losses
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Biohoif Wigger Obernau
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https://www.pastaweb.de/wp-content/uploads/2015/11/mais.jpg

< −5%

between +5% 
and -5%

> +5%

< −5%

betwee
n +5% 

and -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



32

< −5%

between +5% 
and -5%

> +5%

< −5%

betwee
n +5% 

and -5%

> +5%

< −5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



33

< −5%

between +5% 
and -5%

> +5%

< −5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



34

< −5%

between +5% 
and -5%

> +5%

< −5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



35

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



36

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



37

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



38

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



39

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



40

<−5%

< +5%
>  -5%

> +5%

M
ul

le
r 

et
 a

l. 
20

17
; C

ou
rt

es
y:

 R
. Z

ür
ch

er



4141

Nutrient supply in organic agriculture 

• Not only the products, but also the fertilizer is produced on 
the fields. 

• Challenge to provide sufficient nutrients, especially N and P
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Other environmental impacts besides
Land use and nitrogen supply
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50% less food waste and loss 
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Size of the food system
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We know what to do for
being able to build on NBS/agroecology
for sustainable food systems:

• less waste and losses
• less feed from cropland
• less animals
• (less fossil energy)
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NBS vs. Other, technical approaches? What is a «farm»?
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Muller et al, 2017b
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Impacts on/services from landscapes – «share vs. spare»

Foley et al. 2005
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Conclusions
• Business as usual is no option for future food systems – but changing 

to agroecology on the production side without any other changes is 
neither. 

• Making the food system smaller is the key leverage point for 
achieving sustainable food systems building on  agroecology; 

making food systems smaller provides the room to produce less 
intensively with lower yields without compromising food security.

• Sustainable agriculture cannot be addressed without talking about 
consumption; 

we need to adopt a food systems perspective to utilize the 
sustainability potential of NBS/agroecology.

• Avoid ideological approaches – non-NBS may also play their role.



60

References
• Beyer et al. 2022: https://doi.org/10.1038/s43247-022-00360-6

• FAO 2018: https://www.fao.org/agroecology/overview/overview10elements/en/

• Folberth et al 2020: https://doi.org/10.1038/s41893-020-0505-x

• Foley et al. 2005: https://www.science.org/doi/10.1126/science.1111772

• Früh 2016: https://www.bioaktuell.ch/fileadmin/documents/ba/Zeitschrift/Archiv/2016/ba-d-2016-01-schweine.pdf

• Godfray et al. 2010: https://pubs.acs.org/doi/10.1021/jf9040645

• IPBES 2022: https://ipbes.net/global-assessment

• IPCC 2022: https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_Chapter03.pdf

• Jägermeyr et al. 2021, Climate impacts on global agriculture emerge earlier in new generation of climate and crop models, Nature Food, 
https://doi.org/10.1038/s43016-021-00400-y 

• Knapp and van der Heijden 2018: https://www.nature.com/articles/s41467-018-05956-1

• Muller et al. 2017: https://www.nature.com/articles/s41467-017-01410-w

• Muller et al. 2017b: https://www.sciencedirect.com/science/article/pii/S026483771631376X?via%3Dihub

• Muscat et al. 2021: https://www.nature.com/articles/s43016-021-00340-7

• Raworth 2017: https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(17)30028-1/fulltext

• Schader et al. 2015 https://royalsocietypublishing.org/doi/full/10.1098/rsif.2015.0891

• Stockholm Resilience Center 2022: https://www.stockholmresilience.org/research/planetary-boundaries.html

• Van Zanten et al. 2018: https://onlinelibrary.wiley.com/doi/epdf/10.1111/gcb.14321

• Wezel et al. 2020: https://link.springer.com/content/pdf/10.1007/s13593-020-00646-z.pdf


