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Hard times for livestock production
Multiple criticisms originating from science taken back by some policy-makers and medias
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A growing sector

• in response to rapidly increasing 
demand for livestock products

• driven by human population growth, 
income growth and urbanization

Poultry Cattle

Sheep and goatsPigs
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A sector embedded in 
international trade

• A small number of countries (USA, Argentina 
and Brazil) exporting feed to the rest of the 
world

• At the global scale, disconnection between 
crop and livestock production across 
specialized regions, increasing environmental 
impacts. 
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Feed production causing most environmental impacts

• Feed production and processing 
is the main source of livestock-
induced emissions (45%)

• Need for more efficient 
livestock feed production 
limiting environmental impacts
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• The quantity of crops 
available for direct human 
consumption could rise by 
two-thirds if feed crops 
and processed feed were 
no longer fed to livestock

• Need for feed limiting this 
competition

Feed production competing with food production 

© FCRN
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A need for a nuanced perspective
Not all livestock production models are 

equally harmful and useful
Livestock production can provide essential 

services to society

© Tiia Monto
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By recycling by-products and biomass from 
grasslands into the food system, farm animals can 

play a crucial role in feeding humanity. 
van Zanten et al., 2019

Dumont et al., 2016
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Local and low-opportunity cost feed in more circular 
systems as a start

Local?
By analogy with local food systems: “a food system in 
which foods are produced, processed and retailed 
within a defined geographical area (within a 20 to 
100 km radius approximately)” 
Kneafsey et al., 2013

Low-opportunity cost?
Arable land is primarily used for food production; 
biomass unsuited for direct human consumption is 
recycled as animal feed; by-products and manure are 
used to maintain soil fertility. 
van Zanten et al., 2019
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Valuing by-products (1)

Primary
production

Agroindustries

Crop residues, 
broken grains, 
bran, whey, etc.

Grains, Roots, Tubers, 
Animals, etc.

Primary processing industry: 
milling, starch processing, 
sugar processing, etc.

Main 
product

By-product
Secondary processing
industry: bakery, 
biscuit factory, etc.

Yeast making, 
distillery, 
etc.

Industry 2007 2016

Oil 1844 3474

Starch 1100 1582

Sugar 1349 1097

Flour 1109 1030

Alcohol 5 770

Meat / Fish 366 563

Dairy 341 359

Semolina 146 265

Beer 50 88

Malt 67 56

Total 6378 9284

Amount of by-
products used

for animal 
feeding

(1000 t DM)

GIS Avenir élevage, 2020
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Valuing abandoned land

• Projected to reach the equivalent of 3% 
of today’s total agricultural land (Perpiña
Castillo et al., 2021)

• This land has a considerable potential for 
livestock feed production

• In Norway turning to grazing these 
pastures led to an increase in annual 
biomass production by 72% (5.27 vs. 
3.06 t DM/ha) (Steinshamn et al., 2018)
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Valuing rangelands

• 16.9 million ha in Europe  10% UAA 

• Their use is decreasing due to agricultural 
intensification or the arrival of new predators

• Rangeland biomass: a low-opportunity cost 
feed with non-negligible potential

• Rangeland grazing  intake of plants 
containing secondary compounds favorable 
for parasite control 

• A provision of multiple services to society 
(landscape conservation, fire prevention…) 
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Challenges linked to valuing all sources of biomass for feed

• How much low-opportunity cost feed is/could be available?

• Which combinations of low-opportunity cost feeds to build diets?

• Which diet sequences over the year? And how adaptable?

• Which farm animals use what feeds most efficiently? And tolerate 
more sudden changes in the quantity and quality of available feed?

• What combinations of animal species to take advantage of the 
diversity of their feed niches and value the diversity of feed sources? 

• How to best support this use of all biomass sources for feed?
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Crop-pasture-livestock reconnection

Pastures

Cover
crops

Crops

Feed

Manure

Livestock

Introduction of pastures and 
cover crops in crop rotations

Coupling between plant and 
livestock

• Provision of multiple ecosystem 
services

• Creation of low-opportunity 
cost feed 

• To make best use of local feed, 
depending on the initial 
situation, crop, pasture or 
livestock diversity should be 
increased e.g. with an 
additional livestock species 
able to consume undesirable 
feed for other species

Pastures

Cover
crops

Crops

Feed

Manure

Livestock

Pastures

Farm A Farm B
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An old recipe with new technologies
Pietro Di Crescenzi (1233-1321)

Opus ruralium commodorum

Novel machinery to allow
e.g. relay cropping and 

direct sowing

Availability of seeds for a 
large diversity of crops, 

pastures and cover crops

Novel equipment to allow
e.g. mobile fencing for 

cover crop grazing

© grainesdemane.fr

© semencesdupuy.com

© Jacob Miller
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Promoting autonomy, circularity and 
resilience at local level

• Recycling of nutrients and currencies at 
the local level

• Development of more stable internalized 
markets 

• Promote risk sharing 
• Support adaptive capacity within farms 

and among farms
• Resource-use efficiency through spatial 

allocation of agricultural activities
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Challenges linked to crop-pasture-livestock reconnection

• Which combinations of crop-pasture-livestock according to local 
conditions?

• How to maximize low-opportunity cost feed in crop-pasture-livestock 
systems?

• Are there antagonisms among ecosystem services and with feed/food 
competition?

• Which prices and governance rules for farm-to-farm exchanges?

• How to best support this reconnection?
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Sociotechnical lock-ins to using local feed resources
Lack and cost of infrastructures

Lack of 
knowledge
and skills

© Z’lex

© Chambre agriculture Creuse © gallagher.eu

• Multiple types of transaction costs for 
information gathering, collective 
decision-making, implementation and 
monitoring

• Reducing these costs remains a challenge

• A first set of factors identified e.g.

• Coordination by third-party entities
• Presence of social networks
• Spatial proximity of farms
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• Minervois (South Western France)

• Mediterranean climate 

• A plain area / a rangeland area 

© G. Jacquemin 

© R. Mettauer

© Y. Bertin 

Sociotechnical innovations to use local feed resources

Grazing in vines and crop 
fields : arrangements 

between shepherds, wine-
makers and arable farmers

Hay-making in crops fields: 
arrangements between 

breeders and arable 
farmers 
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An underestimated potential

• 3000 ha (20 % of the local agricultural area) 

• A flock of 1000 ewes

• Availability of feed well beyond the flock 
requirements

• Diversity of feed resources  resilience to 
climate hazards

• Feed resources vary across seasons

• Successful implementation requires 
communication among farmers throughout 
the year and with other land users 
(hunters, open-air sport practitioners). 
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Research avenues to using local feed resources

• Using local feed resources for livestock farming offers real promises to 
improve the sustainability of livestock farming 

• And of crop farming by allowing the necessary diversification of cropping 
systems. 

• Further research is needed to disentangle the complexity of the interplay 
between biophysical, economic, legal, and organizational issues

• Interdisciplinary, participatory and multi-level research is needed to 
integrate the different sources and types of knowledge

• Policy measures are urgently needed to set the ground for these more 
circular systems
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