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Global social metabolism
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(Haberl et al. 2019)
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(Bos & Broeze, 2020)



A healthy planet
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Ecological principles for a circular bioeconomy
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1. Safeguard the health of our agroecosystems

2. Avoid non-essential products, losses & wastes of essential ones

3. Prioritize biomass streams for human needs

4. Recycle inevitable & unavoidable biomass streams

5. Entropy reduce energy use and use renewables wisely
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§ ... effective use of available resources (land, biomass, water, 
nutrients, etc.)

§ ... not a goal in itself but a means to stay within the planetary 
boundaries

§ ... not nessarily local production
§ ... required to safeguard the regenerative capacity of our planet for 

the future

Circularity is ... 
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§ Food system models

● FOODSOM 

§ Farm-level indicators

§ Circular agriculture initiatives

Analysing circular food systems

12



§ LCA studies tend to result in 2 recommendations 

● To produce with lower GHG per kg product, increase yield, by 
improving feed quality

● To consume with lower GHG, shift to products with lower 
impact (e.g. chicken), also require higher feed quality

§ Improvement on product level ≠ improvement on food system level
Ø Analysing circularity requires a food systems lens 

Analysing circular food systems
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§ To express the effective use of resources 

● Edible Protein Conversion Ratio (Wilkinson, 2011)

● efficiency of producing Human Digestible Protein (HDP)

● Land Use Ratio (LUR) (van Zanten et al. 2016)

● potential HDP from crops grown on land used to produce the 
livestock feed against the HDP in the livestock produce

Indicators for circularity (models)
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§ Vision Ministry of Agriculture, Nature and 
Food Quality (2017)

§ The Netherlands a leader in circular 
agriculture by 2030

ØProjects to evaluate circular agriculture in 
farming practice

ØWhat is effective use of land, water, 
manure, energy... (perspectives, 
contexts)

Indicators for circularity (farms)

15



A tool to assess circularity in dairy farms
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Themes
Identify themes for each principle

Indicators
Identify indicators per theme

References
Setting reference values

Data
Gathering farm data (18)

Assessment
Evaluate the performance



A tool to assess circularity in dairy farms
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Theme Indicator Unit

Land use Ratio protein from own land %
Soil Organic matter balance %
Air Global warming potential CO2-eq in kg per kg milk
  Soil + farm N-surplus Kg per ha + kg per L milk
Biodiversity Management packages landscape elements 

(OTWTPP)
%

Finite resources
 

Self-generated energy %

Feed-food 
competition
 

Edible feed protein conversion rate (eFPCR) Kg HDP in milk per kg HDP feed input

  Land use ratio (LUR) Kg HDP per ha produced per kg HDP 
in 1 kg product

By-products By-product in ration %
Animals’ abilities Dairy cow longevity Age in years



No. KPI Reference 
values

  Unit Based on

    0 points 100 points    

1 Ratio protein from own land 37 76 % ANCA (2018)

2 Organic matter balance 5 1 % Van Eekeren et al. 
(2015)

3 Global warming potential 1453 898 CO2-eq in kg per kg 
milk

ANCA (2018)

4a Soil N-surplus 287 60 Kg N per ha ANCA (2018)
4b Farm N-surplus 26.7 6.6 Kg N per tons of milk ANCA (2018)

5 Management packages 
landscape elements

5 1 % Authors & OTWTPP

6 Self-generated energy 5 1 % Authors
7 eFPCR 0.98 2.48 Kg HEP in milk per kg 

HEP feed input
Authors

8 LUR 1.46 0.81 Kg HDP per ha 
produced per kg HDP 
in 1 kg product

Authors

9 By-products in diet 5 1 % Authors
10 Longevity 5 6 Age in years Authors





A tool to assess circularity in dairy farms

§ Quick tool as starting point for discussion

§ Reference values need to be more context specific

§ Water use is missing

§ Farm level can be limiting (e.g. crop-livestock collaboration)
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Discussion  

§ Need for dynamic models across scales

§ Defining what is human edible / by-product

§ Access to data on origin of feed ingredients

§ Circularity mainly addresses planetary boundaries but also requires 
social foundation – essential rights for humans and animals 
(Raworth, 2017) 

● Rethinking value and prosperity 
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Do the interlinkages between resource use and socioeconomic 
performance require more radical transformation of our food system?

Discussion
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Thanks!
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evelien.deolde@wur.nl
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