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Introduction 

During the COVID-19 pandemic, the essentiality of food for human life and societal 
functioning has come into sharper focus, especially for citizens of wealthy nations who 
may have not experienced significant food insecurity for a generation or more. A common 
sight in US retailers in the spring of 2020 was empty cases of meat, milk, and eggs due 
to large and fast shifts in the point-of-purchase (more retail, fewer food service meals) 
and disruptions to supply chains and processing due to COVID-19 outbreaks (e.g., meat 
processing plant closures).  

Despite these disruptive impacts of coronavirus, the recent trends in the food 
industry of focusing on environmental sustainability and animal welfare issues remain. 
Alternatives to animal source foods, such as plant-based meats and milks, continue to 
garner attention and are often marketed as healthier, more sustainable, and animal-
friendly food items. This proceedings paper will provide a primer of the key issues that 
the food industry and animal agriculture are facing in the broader topic area of 
environmental sustainability, highlight some of the major commitments that have been 
made by companies and industry groups as they relate to animal agriculture, and discuss 
the opportunities and challenges for animal agriculture in sustainability. 

Key Issues Related to Sustainability and Animal Agriculture 

Sustainability cuts across environmental, social, and economic domains, or as some 
refer to in the business community, the “triple-bottom line” (Elkington, 1994). The 1987 
report “Our Common Future” offered a widely cited definition of sustainable development 
that is often applied to sustainability more generally: meeting “the needs of the present 
without compromising the ability of future generations to meet their own needs” 
(Bruntland, 1987). While there is wide agreement that sustainability must balance 
environmental, social, and economic concerns and take a long-term focus, there are 
different views as to what this means for animal agriculture. The divergent viewpoints are 
caused by different formulations as to what the most pressing problem(s) or challenges 
are in agriculture. This can be illustrated by the different “schools of thought” put forward 
by Beede (2013): 

• Food security (“Pro-Production”)

• Environmental stewardship (Pro-Environment)

• Society (Pro-Society)



 
 

None of these schools of thought are mutually exclusive, but they do help explain why 
arguments regarding sustainability can seem intractable. To an individual that places the 
highest priority on food security, any change to a production system in the name of 
sustainability that may decrease overall production may be viewed as no solution at all. 
To an individual with an environmental stewardship/pro-environment focus, an 
agricultural system that produces ever more food output while degrading underlying soil 
and water resources may be seen as fundamentally flawed. To an individual with a pro-
society focus, a system that does not place people as central to sustainable production 
(e.g., livelihoods of farmers and communities) is missing the bigger holistic picture. 
Acknowledging these different schools of thought is important to have meaningful 
discussions. In the United States, the food security/pro-production view is often dominant 
in the commercial agricultural sphere as evidenced by a focus on “feeding the world” in 
messaging and an emphasis on increasing productivity.  
 

In summary, sustainability is a complex issue filled with subjective value-
judgements. Questions about sustainable animal-source food production are questions 
about what the future should look like.  
 

Climate Change 
 

While sustainability is a wide-ranging topic area, climate change has dominated 
the sustainability discussion as it relates to food, with measures such as carbon footprints 
(i.e., greenhouse gas emissions per lb. of food produced) often standing in as proxies for 
sustainability. Since the Industrial Revolution began, global average temperatures have 
increased in part due to human activity increasing the concentrations of greenhouse 
gases in the atmosphere. Animal agriculture both contributes to the issue of climate 
change through the emission of greenhouse gases and is impacted by climate change, 
through issues such as heat stress, potential increased disease incidence, and potentially 
negative impacts on feed availability and quality (IPCC, 2013).  

 
The major greenhouse gases of importance from animal agriculture are carbon 

dioxide (CO2), methane (CH4), and nitrous oxide (N2O). The gases have different 
potentials to trap heat in the earth’s atmosphere and different atmosphere half-lives. To 
compare across gases, global warming potentials are often used to put all gases on a 
carbon dioxide equivalent (CO2e) basis. The latest 100-year global warming potentials of 
CO2, CH4, and N2O are 1, 28, and 265, respectively (IPCC, 2013). Newer research has 
suggested this system of CO2e masks the impacts of either increasing or decreasing rates 
of emissions of short-lived climate pollutants such as CH4. A system of carbon dioxide 
warming equivalents (CO2we) has been proposed as an alternative to better represent 
the connection of CH4 emissions to impacts on global temperature change (Cain et al., 
2019a). Such a new system is of importance to animal agriculture as methane emissions 
are dominant, in particular for ruminant animal systems as enteric methane represents 
46.5% of cattle milk and 42.6% of cattle meat greenhouse gas emissions globally from a 
life cycle perspective (Gerber et al., 2013). Under the system of CO2we, a 0.3% reduction 
in CH4 emissions per year, equates to zero temperature change impacts (Cain et al., 
2019b).  



 
 

Soil 
 
Soil is critical for nearly all the food humans consume. Soil loss has been significant 
throughout agricultural history and in the United States, cropland soils still lose an 
average of 4.62 tons per acre per year (1.91 from wind and 2.71 from water erosion; U.S. 
Department of Agriculture, 2018). Uncultivated soils, such as pasture and rangelands, 
tend to lose far less soil per year, as continuous cover of the soil and roots help hold the 
soil in place when faced with water and wind pressures (Table 1).  
 
Table 1. Estimated average annual sheet and rill erosion (water erosion) on non-Federal 

rural land in New York by year (tons per acre per year; U.S. Department of 
Agriculture, 2018). 

Year Cultivated 
cropland 

Non-cultivated 
cropland 

Total cropland Pastureland 

2002 2.96 0.72 1.75 0.28 
2007 2.94 0.74 1.79 0.42 
2012 3.30 0.81 2.11 0.45 
2015 3.41 0.77 2.17 0.44 

 
Soil health has been a topic of increasing interest in agriculture and the food 

industry. Soil health can be defined as the continued capacity of soil to function as a vital 
living ecosystem that sustains plants, animals, and humans (USDA-NRCS). Improving 
the health of soils can have wide-ranging benefits, such as boosting crop yields, 
enhancing water quality, increasing resilience to drought, reducing greenhouse gas 
emissions, increasing soil carbon sequestration, increasing the provisioning of pollinator 
habitat, and building disease suppression (Soil Health Institute, 2020).  
 

Water 

 
Water quality and quantity are pressing issues for animal agriculture; however, 

they tend to be much more localized issues as compared to climate change and 
greenhouse gas emissions. Within the United States, there’s considerable geographic 
variation with regard to water availability and water stresses. For animal agriculture, most 
of the water use is actually embedded in feed, meaning the water required to grow animal 
feeds. For example, 98% of the water use associated with U.S. beef production from 
cradle-to-grave is used to grow feed, while drinking water represents less than 1% of 
water use (Asem-Hiablie et al., 2019).  
 

Surface and groundwater quality can be impacted by animal agriculture through 
nutrient runoff and leaching from manure applied to soils, manure left on pastures, from 
manure storage and animal housing, or from synthetic fertilizers used in the growing of 
feed for farm animals. Particular nutrients of concern are nitrogen (N) and phosphorus 
(P), both of which are often limiting in natural ecosystems. When N and P from animal 
agriculture sources reach surface waters, they may cause eutrophication. Nitrate is a 
pollutant of concern for groundwater, as it can cause human health impacts (e.g., blue-
baby syndrome). As livestock operations have increased animal units per farm and 



 
 

concentrated in geographic locations within the U.S. and other developed nations, 
concerns about nutrient loading and mismatches between N and P mass balances have 
grown (Knowlton and Ray, 2013).  
 

Air Emissions 
 

Besides greenhouse gas emissions, animal agriculture can be a source of other 
air quality pollutants, namely emissions of reactive nitrogen species like ammonia (NH3) 
gas. Ammonia emissions from livestock production represent approximately 60% of total 
global NH3 emissions (Uwizeye et al., 2020). Approximately, 25 to 50% of the feed N 
consumed by beef and dairy cattle can be emitted as ammonia gas (Hristov et al., 2011). 
Ammonia can lead to the formation of particulate matter less than 2.5 microns in diameter, 
which can negatively impact human health and visibility, and NH3 can contribute to 
eutrophication of water when deposited, and the acidification of ecosystems (Hristov et 
al., 2011).  
 

Animal agriculture can also lead to emissions of dust from outdoor lot housing 
systems and volatile organic compounds (VOCs). Emissions of VOCs are important 
precursors to the formation of troposphere ozone, which is a health concern for human, 
plant, and animal life, as well as an important constituent in the formation of smog. Some 
VOC emissions can come from animal manure, but research has demonstrated that 
fermented feeds (i.e., silages) tend to be a more significant sources (Place and 
Mitloehner, 2013).  
 

Resource Competition: 
 

Animal feed-human food competition is an issue that has often been raised with 
regard to sustainable animal agriculture. There are concerns that animal feed can directly 
compete for human food and/or that animal feed is grown on lands that would produce 
more food if used to grow food crops instead of animal feed.  
 

Feed-food competition varies by species and production system, but in general, 
ruminant agriculture systems tend to have lower direct feed competition as compared to 
monogastric agriculture systems. This is due to the differences in digestive anatomy and 
the higher proportion of so-called industrialized systems for global pork and poultry 
production. Grains make up 13% of the global livestock (monogastrics and ruminants 
combined) feed ration; however, grains only represent 4.3% of the global ruminant ration 
(Mottet et al., 2017, 2018). Often, the protein quality of feed inputs used by livestock are 
of lower quality, hence livestock, can upcycle low quality and inedible protein sources into 
nutrient-rich meat, milk, and egg proteins.  
 

When considering arable land use, a higher proportion of monogastric feed 
(essentially all) comes from arable lands, as compared to approximately 14% of total 
ruminant land use (Table 2). Improvements of lifetime feed conversion efficiency though 
improved genetics, nutrition and feed digestibility, and better husbandry and health 



 
 

outcomes can reduce feed-food competition both from a standpoint of direct feed use 
competition and land use (Mottet et al., 2017).  
 
Table 2. Global estimates of ruminant and non-ruminant protein production and land use 

for developed (OECD) and developing (Non-OECD) countries. Adapted from 
Mottet et al., 2017.  

Non-OECD OECD World  
 

Ruminant Monogastric Ruminant Monogastric Ruminant Monogastric Total 

Protein production, 
million metric tons/yr 

22,095 25,576 14,260 12,670 36,355 38,246 74,601 

Grasslands suitable 
for crops, ha1 576.1 0 108.8 0 685 0 684.9 

Grasslands 
unsuitable for crops, 
ha 

1212.2 0 52.2 0 1260.4 0 1,260.4 

Cereal and legume 
silage, fodder beets, 
ha 

55.9 0 10 0 65.9 0 65.9 

Cereal grains, ha 43.4 98.5 28.9 39.7 72.3 138.2 210.5 

Oil seed and oil seed 
cakes, ha 

23.6 70.4 8.4 28.9 32 99.3 131.3 

Other crops, ha 0 2.1 0 0.8 0 2.9 2.9 

By-products, ha 24.2 4.2 4.2 0.5 28.4 4.7 33.1 

Crop residues, ha 118.5 4.2 3.1 0.3 121.6 4.4 126.0 

Total arable (incl. 
silage/fodder, other, 
byproducts, crop 
residues), ha 265.6 179.4 54.6 70.2 320.2 249.5 569.7 

Total grasslands, ha 1788.3 0 161 0 1945.3 0 1,945.3 

Total land area, ha 2053.9 179.4 215.6 70.2 2266 249.5 2,515.0 

1While the authors have classified these hectares as suitable for crops, many of these grasslands are 

located in areas where conservation organization groups are attempting to prevent further conversion to 
croplands to preserve wildlife habitat, maintain soil carbon stores, and protect water quality (e.g., Northern 
Great Plains region; WWF, 2020) 

 
Food Company and Industry Commitments 

  
The increasing societal interest in environmental sustainability, climate change, 

along with animal welfare and antimicrobial resistance has led some corporations and 
industry associations with ties to animal agriculture to develop commitments and other 
strategies to demonstrate that they are good societal actors. Investors are increasingly 
interested in these topics as evidenced by this year’s letter-to-CEOs by Larry Fink, the 
CEO of Blackrock, an investment fund with $7.4 trillion of assets under management. 
From Mr. Fink’s letter, “Our investment conviction is that sustainability- and climate-
integrated portfolios can provide better risk-adjusted returns to investors. And with the 
impact of sustainability on investment returns increasing, we believe that sustainable 
investing is the strongest foundation for client portfolios going forward” (Fink, 2020).  
 

A popular strategy for food and agriculture companies, whether public or private, 
is to work with the Science-Based Target Initiative (SBTI) to set goals for their company’s 
greenhouse gas emissions to stay within certain global temperature targets (e.g., 1.5˚C 
global average temperature change from pre-Industrial times). The SBTI is a collaboration 
between the Carbon Disclosure Project (CDP), the United Nations Global Compact 



 
 

(UNGC), the World Resources Institute (WRI), and the World Wildlife Fund of Nature 
(WWF). Greenhouse gas emissions considered by companies typically include at least 
Scope 1 (the company’s own operations) and Scope 2 (electricity/energy use emissions) 
emissions but increasing include targets for Scope 3 emissions (supply chain emissions, 
company travel, etc.) as well. For animal agriculturalists, emissions from their own 
operations (the farm’s Scope 1 and 2 emissions) is now often accounted for in food 
companies’ Scope 3 emissions goals or targets. Food and beverage companies that have 
animal-sourced food production within their supply chains that have set SBT include, 
Danone, Mars, Nestlé, Tyson Foods, Cargill, Coca-Cola, Stonyfield, and Maple Leaf 
Foods (SBTI, 2020).  
 

Additionally, the cooperative/dairy processor Dairy Farmers of America recently 
set their own SBT for a 30% reduction in their direct and supply chain greenhouse gas 
emissions by 2030 relative to the year 2018 (DFA, 2020). The U.S. dairy industry has set 
a Net Zero Initiative goal, meaning, net zero greenhouse gas emissions (sources + sinks) 
by 2050 along with goals to optimize water use and improve water quality (Hershey, 
2020). Outside of the U.S., the Australian red meat organization, Meat and Livestock 
Australia (MLA), has set a goal of becoming carbon neutral (sources + sinks of 
greenhouse gases) by the year 2030 (MLA, 2020). Work is ongoing at the U.S. 
Roundtable for Sustainable Beef to develop goals for the organizations “high priority 
indicators” of sustainable beef production, which includes air & greenhouse gas 
emissions with the target for the goals becoming public in 2021. In summary, both food 
companies, processors, and producer-associations are setting goals as they relate to 
sustainability, with an emphasis on greenhouse gas emissions.     
 

Opportunities and Challenges 
 

The food industry and animal agriculture are in a time of rapid changes with regard 
to sustainability. Increased public attention and public commitments are drawing a 
spotlight on the industry, thereby giving animal agriculturalists an opportunity to 
demonstrate their commitment to being good community members, stewards of the land 
and water, caretakers of animals, and innovative food producers. This spotlight is an 
opportunity for animal agriculture to counteract the narrative that animal agriculture 
cannot improve its sustainability enough to meet future food demand, which is a strong 
motivating factor behind calls to shift diets away from meat, milk, and eggs and the 
adoption of more alternative or imitation proteins.  
 

However, there will be challenges to meeting sustainability goals. These 
challenges can be bucketed in three large categories: 1. new innovations and 
technologies (development and acceptance), 2. adoption and producer economics of new 
innovations and technologies, and 3. measurement or verification of sustainability 
outcomes.   
 

New innovations and technologies can encompass a wide range of practices and 
technologies from anaerobic digesters, to wearable devices for cows, to feed additives 
that reduce enteric methane, to genomic selection indices that incorporate greenhouse 



 
 

gas emissions. While there are examples of deployed or nearly deployed technologies in 
all these areas, further innovations do require significant research and development 
funding either from private companies, public sources, or public-private partnerships. In 
the past few decades, public research investment in animal agriculture has been stagnant 
to declining, which presents a challenge: more societal demands are being put on animal 
agriculture and yet societal funding of research and development in animal agriculture is 
not significantly increasing. Additionally, there can be challenges with consumer 
perception of new technology solutions, as evidenced by the near complete removal of 
the technology recombinant bovine somatotropin that did have a demonstrated ability to 
lower the greenhouse gas emission intensity of milk production. As mentioned earlier in 
this paper, value judgements are an important part of sustainability and ignoring social 
concerns, whether real or perceived, over a technology’s impact on food safety or animal 
welfare can mean societal rejection of the technology (National Research Council, 2015).  
 

Any new technologies or innovations must be adopted on commercial farms to 
have an effect. Limitations to adoption can be related to technical understanding, but also 
the capital investment requirements or potential increase in operating expenses. For 
example, some feed additives in development have shown promise to reduce enteric 
methane emissions in controlled research environments. However, the adoption of these 
feed additives will depend on if the additive is able to generate returns above costs, 
whether through improvements in efficiency (in some cases, reducing enteric methane 
may increase the feed efficiency of ruminant production), or through compensation 
schemes from the processors or purchasers of animal products, or through public 
programs. Given the economic challenges faced by many in animal agriculture, it should 
be viewed as a non-sustainable “sustainability solution” to increase producers costs to 
mitigate greenhouse gas emissions without compensation.  
 

Finally, covering costs and potential compensation highlights the last main 
challenge: on-farm measurement and verification. Currently, there are tools that can be 
used to estimate greenhouse gas emissions, such as the Cool Farm Tool; however, often 
these tools are limited in how they can capture the impacts of new technologies, 
interventions, or innovations. Continuous updating of such tools, or development of new 
tools that can interface with herd management software for example, may be required to 
better verify changes in estimated greenhouse gas emissions and other nutrient losses 
or resources used. On-farm direct measurement of greenhouse gas emissions can be 
costly and infeasible, thus individual or combinations of proxies for greenhouse gas 
emissions (e.g., dry matter intake, feed composition, and milk fatty acid profile to predict 
enteric methane emissions) may need to be validated and deployed to facilitate 
verification of goals such as U.S. dairy’s Net Zero Initiative.  
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