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• What is agriculture? The dairy farm
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• Methods matters

• Resource considerations – from grass to milk

• Caring for soil fertility and resilience

• Conclusions on sustainability delivery
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New milestones in the sustainable food discussion



However, there are scientific based voices asking
for a balanced debate
https://www.aleph2020.org/



Livestock as villains and policy making

Prevailing views

➢“Agriculture has large climate emissions and livestock is the main cause for 
this. “

➢ “Livestock should be removed or reduced from agriculture.“

➢ “By only growing plant food, climate emissions from food production will decrease. “

➢ “Assuming that plants/crops are, in essence, climate neutral or low  impact.” 

➢“New diets and dietary guidelines connects diet and agricultural production. “

➢ “Dairy and red meat is claimed to be unhealthy and should be minimized. “

➢ “And dairy and red meat production is harmful to the environment and the climate, do not 
drink or eat it. “

➢ “Because one should not  eat dairy and red meat, it should not be produced either...  “

➢ "..and by the way, red meat is unhealthy anyway". 

However, The claimed link from dairy and red meat to the lack of 
sustainability of agriculture is never substantiated from a systems perspective.



What is agriculture? 

• ”What is agriculture?”

• Photosynthetic primary production; 
Everything upwards in the system 
depends on it. Production and economy 
and ecosystem services; 

Agriculture is the art and science of cultivating the soil, growing 
crops, and raising livestock. (National Geographic) 
Agriculture encompasses crop and livestock production, aquaculture, 
fisheries and forestry for food and non-food products. (Wikipedia)
Agriculture is the practice of cultivating natural resources to sustain 
human life and provide economic gain. (Maryville university)

Current definitions are not good 
enough



What is agriculture? 



The dairy farm 
is an agricultural operation focused on raising female 
livestock, most commonly cows, for the purpose of 

producing milk and other dairy products. 



The dairy farm 
is an agricultural operation focused on raising female 
livestock, most commonly cows, for the purpose of 

producing milk and other dairy products. 



Complexity of agriculture

• Agriculture is a complex multidimensional system, linking 
resources, land, crop, animals and practices 
• over short and long-term timelines, resulting in various 

multidimensional  effects on the external environment, 

• Including social and societal viability in the process of producing 
food/nutrients for humans 

• A challenge to totally capture agriculture in calculations and models

• Sustainability is a measure of the survivability of the system

• No change can be done to the whole system before consequences have been 
assessed with proper models 



Agriculture is a system

• Holistic approach
• Complex relationships
• Casual pathways
• Dynamic processes

• Casual feedback loops 

• Multidimensional out-come
• Crops, animals, economy, 

environment, social quality

• Make predictions (instead of 
scenarios)

(Walters et al., 2016)



Sustainability in a system 

• Sustainability of food production is a systems 
property. 

Therefore, products from a sustainable production 
system unit (farm), are all equally sustainable 
primary products

Most food production systems many parts of the world are coupled, 
multi-product systems using an integrated animal-plant-land system. 
This must be represented in the assessments. 



Methods matter

• Life Cycle Analysis (LCA) 
• Environmental assessment method used in industry to evaluate a product's, 

service's, or process's environmental impact from raw material extraction 
through manufacturing, use, and end-of-life disposal or recycling

• Often used to assess agricultural products but criticized for lack of capturing 
the complexity of agriculture



Functional Unit (FU)
• Use of Functional unit (FU) – a measure of the product's 

environmental impact
• One-dimension but food systems are complex  and 

multifunctional 

• Inventory snap shot – ”average performance” – producing 
generalizations – instead of  site-specific ecological conditions

• Often use of Carbon Dioxide (CO2-eq) as numerator but also other 

• and Denominator (the product)
• Per mass unit (most common)

• Per content of protein (e.g. 100 g protein)

• Nutrient content

(Reap et al., 2008)

CO2-eq is the sum of Carbon Dioxide, Methane and 
Nitrous Oxide (adjusted for warming potential)



FU: per mass unit or protein
Based on Mass unit, per kg:

• In numerous papers

• Also in media ”food – climate lists” :Consequences for policy 
decisions by organizations

Based on protein content 

• Amino acid profile not considered, 

• Biological value of plant protein lower than for animal protein, not 
considered

• FU – e.g CO2-eq / protein content ratios undervalues ruminants 
ability to produce high quality proteins from simple nitrogen 
compounds



Funtional Unit: Mass unit vs. Nutrient Density  
• Human nutrient demands, RDI –22 nutrients, daily 

recommended daily nutrient intake 

• Climate impact of drinks 

Climate impact; Nutrient Density 
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Resource considerations – upcycling, 
grass to milk



Human edible protein efficiency (competition 
with humans)
• Grass cows: Production: 6350 kg*3,4% protein=216 kg human edible 

protein protein

• Intake of 0 kg of human edible protein

• Human edible protein feed efficiency  =216/0  - infinitely high

• Cows on normal feed rations – human edible protein feed efficiency 
varies on type of diet but mostly more human edible protein 
produced, than was put in 





Caring for soil fertility and resilience
• Soil-C is crucially important for the sustainablitiy of agricultural 

land:
• Land–use change devestating impact but can also improve SOC

• Soil fertility, soil structure

• Water holding capacity, drought resistance 

• Resistance to soil erosion, loss of arable land

• Fate of pollutants

• Global carbon cycle – C-sequstration

• Different animal feed production systems have different impact 
on soil-carbon

• Perennial grasses, clover and lucerne significantly improve soil 
carbon content, but annual crops such as cereals and legumes to 
a lesser extent

• Loss of soil carbon in soils with only crop production compared 
to crop rotations with grass/clover/lucerne for 2+ years

(Mogensen et al., 2014)

(Stanley et al., 2018)
(Stevens, 2018)



Conclusions on sustainability delivery by animal 
agriculture with animal source foods
• Nutrients to humans

• Health benefits, lower healthcare costs, improved quality of life, safeguarding nutrition of 
children, adolescents, fertile women, the elderly

• Food security animals, especially ruminants feed on biomass that humans can’t 
digest but still produces high quality food/nutrients even during times of hardship, 
droughts when crop farming fails.

• Improved soil health and soil fertility with crop rotation including grass, clover and 
pasture, and animal manure and permanent pastures

• Improved soil resilience with higher organic carbon in the soil; resistance to erosion, 
higher water holding capacity

• Improved social life, higher farmer income, family support

• Rural social and economic impact, supporting businesses and societal support and 
development

• Utilization of varying climate and ecological conditions, using areas where cash crops 
are not profitable or cannot be cultivated

• Positive impact on biodiversity, fewer cows means loss of biodiversity



Thank you for your attention!
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