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Executive summary
This report presents the key findings and 
opportunities from the ISO-certified comparative life 
cycle assessment of plant-based and animal-based 
meat (Bonales et al. 2024) conducted by the Good 
Food Institute (GFI) and EarthShift Global. It is the 
most comprehensive, open-access analysis of plant-
based meat’s environmental impacts to date.

Reducing the environmental impacts of food 
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1. Plant-based meat provides the same amount of meat while reducing pressure  
on the environment:

Plant-based meat has, on average, 89% less environmental impact than animal-based meat across  
the impact categories evaluated in this study (see table below). When averaged across the three  
plant-based meat recipes, plant-based meat has 91% lower impacts than beef, 88% lower impacts  
than pork, and 71% lower impacts than chicken. These trends remain consistent when considering  
economic versus mass allocation, uncertainty of input data, and plant-based crop geography.

Key findings
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https://ourworldindata.org/grapher/global-meat-projections-to-2050?time=2000..latest
https://ourworldindata.org/grapher/global-meat-projections-to-2050?time=2000..latest
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https://www.science.org/doi/10.1126/science.aaq0216
https://www.science.org/doi/10.1126/science.aaq0216
https://www.nature.com/articles/s43016-021-00225-9
https://ourworldindata.org/environmental-impacts-of-food?insight=half-of-the-worlds-habitable-land-is-used-for-agriculture#key-insights
https://link.springer.com/book/10.1007/978-1-59726-228-6
https://foodandagricultureorganization.shinyapps.io/GLEAMV3_Public/
https://www.nature.com/articles/s43016-021-00358-x
https://ourworldindata.org/environmental-impacts-of-food?insight=half-of-the-worlds-habitable-land-is-used-for-agriculture#key-insights
https://www.fao.org/economic/the-statistics-division-ess/chartroom-and-factoids/chartroom/93-world-calories-total/en/#:~:text=Meat%20and%20derived%20products%3A%208.7,28.9%25%20of%20calories%20from%20fat.
https://www.fao.org/economic/the-statistics-division-ess/chartroom-and-factoids/chartroom/93-world-calories-total/en/#:~:text=Meat%20and%20derived%20products%3A%208.7,28.9%25%20of%20calories%20from%20fat.
https://openknowledge.fao.org/server/api/core/bitstreams/1c58eb36-7684-4032-946d-f014fd777782/content
https://gfi.org/resource/plant-based-meat-life-cycle-assessment-for-food-system-sustainability


https://gfi.org/resource/alternative-proteins-life-cycle-assessment-guide/
https://gfi.org/resource/alternative-proteins-life-cycle-assessment-guide/
https://www.foodsteps.earth/alternative-proteins
https://www.foodsteps.earth/alternative-proteins
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LCA approach and scope

Systems description 

Three plant-based and three animal-based meat 
systems are evaluated (Table 1). The systems are 

https://www.sciencedirect.com/science/article/pii/S2665927124001229
https://gfi.org/resource/anticipating-plant-based-meat-production-requirements-2030/
https://gfi.org/resource/anticipating-plant-based-meat-production-requirements-2030/
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Table 2. Nutritional attributes of meat recipes assessed in the LCA (Reference for animal-based meat and secondary plant-based meat 
ingredients: https://fdc.nal.usda.gov/index.html)

While these recipes are representative of some 
plant-based meat products currently on the market, 
many plant-based ingredients are used to create a 
wide variety of meat products. For example, unlike 
the recipes explored here, most commercially avail-
able plant-based chicken products typically do not 
contain coconut oil, instead relying on canola, corn, 
or soybean oil, which provide less than 1.6 grams of 
saturated fat per 100 gram serving. 

Coconut oil is more commonly used in plant-based 
beef products to mimic red meat adipose tissue. 
Including both coconut oil and canola oil in the  
plant-based recipes evaluated in the LCA is intended 
to be conservative (i.e., inclusive of potentially envi-
ronmentally impactful ingredients) and encompass  
the potential impacts of a wide range of plant-based 
meat products.

https://fdc.nal.usda.gov/index.html
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System boundaries and pathways

The system boundaries established for this study are 
cradle-to-manufacturing gates, including cultivation 
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Plant-based meat production technology
Meat is made up of proteins, fats, vitamins and 
minerals, and water. While this combination of 
nutrients is difficult to find outside of animal 
muscle, each is available in plant sources. 

https://paperpile.com/c/3gmFJz/FKiF+zHZt
https://paperpile.com/c/3gmFJz/FKiF+zHZt
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Figure 1. LCA pathways for plant-based meat production, including all processes from crop cultivation to fractionation, 
extrusion, and mixing. 

Animal meat production, as modeled here, includes 
all processes from crop cultivation to final grinding 
and mixing (Figure 2). Animal husbandry begins 
with crop cultivation for feed production and ends 
with feedlot operation. Different feed baskets are 
provided for beef, pork, and chicken with maize  
and soy contributing to all of the feeds. 

In the case of beef, breeding weaned calves is 
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Figure 2. LCA pathways for animal meat production based on U.S. intensive farming practices, from crop cultivation to final 
grinding and mixing.

The animal-based meat production modeled in 
the ISO-certified LCA reflects a highly optimized 

https://paperpile.com/c/3gmFJz/QE9P
https://paperpile.com/c/3gmFJz/QE9P
https://paperpile.com/c/3gmFJz/6Iv3
https://www.science.org/doi/10.1126/science.aaq0216


Key findings and opportunities: Comparative life cycle assessment of plant- and animal-based meats  /   November 2024 15

Introduction LCA approach and scope Key results Conclusions Acknowledgments References



Key findings and opportunities: Comparative life cycle assessment of plant- and animal-based meats  /   November 2024 16

Introduction LCA approach and scope Key results Conclusions Acknowledgments References

1 “Animal housing operations” category includes infrastructure, energy, and maintenance. 

Key results

Comparison of the environmental impacts of animal  
and plant-based meat 

Plant-based meat provides the same 
amount of meat while reducing 
environmental impact by 89%  
compared to animal-based meat.

Plant-based meat has, on average, 89% less 
environmental impact than animal-based meat 
across the 18 impact categories evaluated in this 
study.
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Figure 3. Heat map indicating the environmental impacts of producing one kilogram of beef, pork, chicken, pea (DL and WH), and 
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Table 6. Average percent impact reduction of three plant-based meats compared to animal-based beef, pork, and chicken meats. 
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Figure 5. The environmental impacts of producing one kilogram of beef, pork, chicken, pea (DL and WH), and soy (WH) meat. 
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In this study, plant-based systems have compa-
rable land use to chicken production, a result that 
contrasts with LCAs comparing plant-based chicken 

https://paperpile.com/c/3gmFJz/NmhJ+08US
https://paperpile.com/c/3gmFJz/NmhJ+08US
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Figure 7. Mass versus economic allocation criteria application to determine environmental impacts of beef, pork, chicken, pea (DL and 
WH), and soy (WH) production.



https://paperpile.com/c/3gmFJz/dEIG+CZQ0+tdy6
https://paperpile.com/c/3gmFJz/dEIG+CZQ0+tdy6
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Figure 8. Study parameters and environmental impacts of plant-based meat production as reported in the ISO-certified LCA study 
compared to other plant-based meat LCAs. Water consumption is not reported for Smetana et al. (2021).

The Impossible Burger’s slightly higher carbon  
footprint and water consumption are mostly 
attributed to the recipe containing leghemoglobin 
(fermentation-derived) and potato proteins, which 
both have slightly higher carbon and water footprints 
than other plant-based meat ingredients. Still, 
Impossible Burger provides one kilogram of meat 
with 89% less global warming potential and 87% 
less water consumption compared to a beef burger 
(Khan et al. 2019).

Carbon footprint, land use, and water consumption 
impact categories were chosen to compare to other 
studies because the impact assessmenre 6Iv
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Despite global variability, plant-based meat consistently has lower 
environmental impacts than animal-based meat
Following ISO standards, uncertainty analyses  
were conducted to quantify the degree of uncer-
tainty in the impact reduction of plant-based meat 
systems compared to animal-based meat systems 

https://paperpile.com/c/3gmFJz/e85O
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Table 8. Data from uncertainty analysis for LCA demonstrating confidence intervals for each meat system and impact category.
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Figure 9. Breakdown of process contributions to global warming in animal-based systems: beef, pork, and chicken.

Animal husbandry drives the high global warming impacts of 
meat production
The environmental impacts of the animal meat 
systems modeled in this study are driven primarily  
by animal husbandry, specifically the associated 
feed production, emissions, manure management, 
and housing operations. The global warming 
impacts of each process associated with animal 
meat production, including animal husbandry, 
slaughtering, grinding, and transport, are presented 
in Figure 9 with further granularity provided for  
animal husbandry. 

Animal husbandry alone is responsible for 92% of 
the global warming impacts of beef, compared to 
90% for pork and 66% for chicken. The impacts 
of beef cattle production are driven by raising 



https://www.edf.org/sites/default/files/documents/climate-mitigation-pathways-us-agriculture-forestry.pdf
https://www.edf.org/sites/default/files/documents/climate-mitigation-pathways-us-agriculture-forestry.pdf
https://www.edf.org/sites/default/files/documents/climate-mitigation-pathways-us-agriculture-forestry.pdf
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Comparison of environmental impacts of plant-based meat 
production using different inputs and production methods

The ISO-certified LCA provides a uniquely granular 
view of the environmental impacts of plant-based 
meat, comparing dominant inputs and processing 
methods and using real-world, commercial-scale 
data. Despite variations in ingredients and  
production methods, plant-based meat  
consistently offers substantial environmental  
benefits compared to animal-based meat. 

Plant-based meats offer substantial 
environmental benefits across different 
inputs and production methods.

Ingredient choices affect  
environmental impacts

The plant-based meat systems included in this 
analysis are composed of varying levels of texturized, 
extruded plant protein and water, along with equiv-
alent amounts (by mass) of coconut oil, canola oil, 
wheat gluten, spices, and potato starch (see Table 3). 

Extrudate is the primary ingredient in this study’s 
plant-based meat recipes and the largest contributor 
to plant-based meat’s impact in nine of 18 impact 
categories. However, other ingredients are also 
major contributors and sometimes exceed extrudate 
impacts in certain categories even though they are 
present at lower levels. 

Coconut and canola oil contribute disproportionately 
to the plant-based meat impact given each only 
constituting 4% of the recipe. Coconut oil contrib-
utes as much impact as extrudate for global warming 
and land use and significantly to a number of other 

impact categories (Figure 10). Canola oil contributes 
disproportionately to marine eutrophication, fine 
particulate matter formation, and other categories 
primarily due to emissions related to cultivation. 
Potato starch and wheat gluten also show dispro-
portionately large contributions to certain impact 
categories, especially water consumption. 

Crop yield improvements, less reliance on fertilizers 
and pesticides, reduced irrigation requirements, 
and alternative oil ingredients could help further 
reduce the impacts of plant-based meat by reducing 
impact contributions from oil ingredients. Across 
the plant-based systems, differences in the total 
environmental impacts are driven by the protein 
extrudate as the other ingredients are held constant 
in all three recipes. 

Photo courtesy of Julee Ho and Doaa Jamal
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Figure 10. The relative impacts of ingredients in plant-based meat, where one of the extrudates (Pea DL, Pea WH, or Soy WH) is 
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Extrudate production impacts are sensitive to energy source and 
crop geography

Electricity consumption drives impacts in the 
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https://gfi.org/resource/anticipating-plant-based-meat-production-requirements-2030/
https://gfi.org/resource/anticipating-plant-based-meat-production-requirements-2030/
https://gfi.org/blog/research-on-animal-free-fats-presents-un-fat-homable-possibilities-for-meat-alternatives/


https://gfi.org/resource/cultivating-alternative-proteins-from-commodity-crop-sidestreams/
https://gfi.org/resource/cultivating-alternative-proteins-from-commodity-crop-sidestreams/


https://downloads.usda.library.cornell.edu/usda-esmis/files/m039k491c/wm119387d/5138kw352/plva0423.pdf
https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/pg15cj85z/hd76t466z/lsan0422.pdf
https://www.statista.com/statistics/196010/total-number-of-registered-automobiles-in-the-us-by-state/
https://www.statista.com/statistics/196010/total-number-of-registered-automobiles-in-the-us-by-state/
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle#:~:text=2%20per%20mile.-,What%20is%20the%20average%20annual%20carbon%20dioxide%20(CO2)%20emissions,of%20CO2%20per%20year
https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/pg15cj85z/hd76t466z/lsan0422.pdf
https://downloads.usda.library.cornell.edu/usda-esmis/files/r207tp32d/pg15cj85z/hd76t466z/lsan0422.pdf
https://gfi.org/resource/alternative-proteins-state-of-global-policy/?utm_source=reimagining_protein&utm_medium=email&utm_campaign=alternative-proteins-state-of-global-policy
https://gfi.org/resource/alternative-proteins-state-of-global-policy/?utm_source=reimagining_protein&utm_medium=email&utm_campaign=alternative-proteins-state-of-global-policy
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https://gfi.org/resource/plant-based-meat-manufacturing-capacity-and-pathways-for-expansion/
https://gfi.org/resource/plant-based-meat-manufacturing-capacity-and-pathways-for-expansion/
http://gfi.org
http://gfi.org.


https://www.buhlergroup.com/global/en/services/environmental-impact-services.html
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