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Introduction 

The food system is closely and inextricably linked with the environment. Agriculture occupies half of 

all ice-free land on Earth, and the global food system is responsible for 34% of all greenhouse gas 

(GHG) emissions1. As the human population and economy continue to grow, it will become ever more 

important to meet society’s needs within the bounds of planetary sustainability.  

 

Some foods have much larger environmental impacts than others. Animal products generally use 

more resources and cause more GHG emissions than plant foods2. In fact, a shift toward plant-based 

diets is one of the only options available to simultaneously improve society’s carbon footprint, land 

use, and food security3,4. Institutions and individuals can make a real environmental difference by 

reducing meat consumption – all while improving health and reducing costs. 

 

 commitment to improving the availability of plant-based meals on campus 

provides an excellent opportunity to address climate change emissions from food. This report, based 

on one semester of dining hall purchase data, shows how meat purchases contribute to the 

University’s carbon footprint and how shifts toward plant-forward menus can reduce emissions. 

 

Methodology 

Food Purchase Data 

 supplied data on the weight of food purchases during the Fall 2019 semester 

(August 1 to December 31, 2019), categorized by animal species and food type. The full data set 

contained over 1400 items, from which 1081 unique foods in 52 categories were matched with 

environmental impact data. These were consolidated into 19 categories of meat, dairy, eggs, plant-

based meat and dairy alternatives, plant proteins, grains, vegetables, and fruit. For a full list of the 

original categories, see Appendix A. 

 

The number of servings protein from animal and plant food product categories were estimated using 

USDA nutritional guidelines. Protein ounce-equivalents for each category of high-protein food were 

 
1 Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F. N., & Leip, A. (2021). Food systems are responsible for 

a third of global anthropogenic GHG emissions. Nature Food, 2(3), 198-209. 
2 Searchinger T, Waite R, Hanson C, Ranganathan J, and Dumas P. (2019) Creating a Sustainable Food Future: A Menu of 

Solutions to Feed Nearly 10 Billion People by 2050. Ed. Emily Matthews. World Resources Institute, Washington DC. 

https://www.wri.org/our-work/project/world-resources-report/world-resources-report-creating-sustainable-food-future  
3 IPCC (2019) Climate Change and Land: an IPCC special report on climate change, desertification, land degradation, 

sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems. Summary for 

Policymakers. https://www.ipcc.ch/report/srccl/ 
4 IPCC (2018) Global Warming of 1.5 ºC: An IPCC special report on the impacts of global warming of 1.5 °C above pre-industrial 

levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the 

threat of climate change, sustainable development, and efforts to eradicate poverty.  https://www.ipcc.ch/sr15/ 
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used to convert edible product weights to protein-equivalent servings5. These protein-equivalent 

servings were used as a proxy for the number of nutritionally-equivalent animal and plant-based 

entrees served. 

 

Greenhouse Gas Emissions Assessment 

Greenhouse gas emissions of purchased plant and animal products were calculated using a “life 

cycle” approach that includes the energy and emissions required to grow crops and animal feed, as 

well as breed, house, transport, and process livestock at a slaughterhouse. Emissions from post-farm 

food storage, processing, packaging, and transportation to distribution centers are included using 

global averages6. This life cycle emissions measurement approach is similar to the GHG Protocol 

Scope 3 carbon emissions standard7. Emissions are reported as carbon dioxide-equivalent emissions 

(CO2e), a unit combining carbon dioxide, methane, nitrous oxide, and other GHGs on a common basis. 

All GHG emissions are adjusted according to their warming effect relative to carbon dioxide over 100 

years. For more detailed information the data sources, see Appendix B. 

 

Limitations 

This assessment includes several broad assumptions about the composition of purchased foods that 

limit its accuracy and precision. One problem is that the composition of multi-ingredient foods, like 

breaded meats, sweetened yogurt drinks, breakfast cereals, etc. was not available. Another challenge 

is that high-quality life cycle environmental impact data is only available for a limited number of crops 

and food categories. 

 

Because of these limitations, foods were assigned to 52 categories based on their primary ingredient. 

For example, breaded meats were categorized by meat type and breakfast cereals were categorized as 

grains. The carbon footprint of these foods was then assumed to be equivalent to the primary 

ingredient. For foods with a high-impact primary ingredient, like breaded meats and sweetened 

yogurts, this may lead to a slight overestimate of the carbon footprint. The same process could 

underestimate the carbon footprint of foods with a low-impact primary ingredient, like breakfast 

cereals and filled pastas. Overall, due to the relatively low purchase quantities of mixed-ingredient 

foods, we expect these assumptions will not affect the broad conclusions from this assessment. 

 

The data set of food GHG emissions (see Appendix B) was developed for use in the United States, with 

a focus on North American food production. Differences between Canadian and American production 

and consumption patterns (for example, the proportion and origin of imported meats and vegetables) 

 
5 Protein servings defined as 4 ounce-equivalents of high-protein foods according to the USDA (approximately 4 ounces of 

meat, 8 ounces of eggs, beans, and tofu, or 2 ounces of nuts and seeds; https://www.myplate.gov/eat-healthy/protein-

foods). 
6 Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 

360(6392), 987-992. 
7 For information on the GHG Protocol standards, see https://ghgprotocol.org/standards 
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could affect the accuracy of the carbon footprint estimates for individual foods. Overall, due to the 

relatively low purchase quantities of mixed-ingredient foods and the broad similarities between food 

consumption patterns in the United States and Canada we expect these assumptions will not affect 

the broad conclusions from this assessment. 

 

From the initial list of 1400 food products, about 350 foods did not match available food emissions 

data. These items totaled 33.7 tons, or about 7% of all reported food purchases. These foods include 

condiments and spices that, because of their wide range of primary ingredients (including water, 

sugar, and tropical plants), are expected to have a wide range in GHG emissions. It is beyond the scope 

of this report to assess the GHG emissions from these foods, but we expect this assessment of the 

remaining 93% of  food purchases will provide sufficient evidence for food-

based emissions reductions. 

 

Results 

Data Summary 

This assessment covers 503 metric tons of  food purchases. Broadly, these 

consisted of vegetables (184 tons), dairy (110 tons), animal protein (meat and eggs, 78 tons), grains (63 

tons), fruit (34 tons), plant proteins (plant-based meat, beans, nuts, tofu, etc., 9.7 tons), and plant-

based dairy (2.8 tons).  

 

Total food purchases for Fall 2019 represent 1,400 metric tons of GHGs, or 3.2 million pounds of CO2-

equivalent emissions. These include estimates of all the emissions from producing, processing, 

storing, and transporting food to the University, but do not include emissions from preparing meals 

on campus or operating dining hall facilities. These emissions from one semester of food purchases 

are equivalent to operating a fleet of 310 cars or heating a neighborhood of 170 homes for a year8. It 

would take 1,800 acres of US forests to absorb that much CO2 each year. Mitigating those emissions 

would cost about $120,000 annually through solar power purchasing agreements, or $270,000 by 

replacing incandescent lightbulbs with LEDs. 

 

Animal products were 37% of purchases but were responsible for 78% of GHG emissions. Chicken was 

the highest-volume meat purchased, followed by pork and beef. Combined, these three meats 

represent 12% of assessed purchases by weight and 41% of GHG emissions (Table 1). Dairy products 

also represented major purchase categories. Milk was the second-largest category by weight (after 

vegetables) and by GHG emissions (after beef) at 320 metric tons of CO2e. Vegetables, the largest 

category by weight at 37% of all reported purchases, were responsible for only 9% of GHG emissions. 

 

 

 
8 Estimated using the EPA Greenhouse Gas Equivalencies Calculator: https://www.epa.gov/energy/greenhouse-gas-

equivalencies-calculator 
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Balance of Plant and Animal Foods 

Purchases of plant-based alternatives were generally much lower volume than corresponding animal 

product purchases. The University purchased approximately 1.7 tons of plant-based meat 2.8 tons of 

plant-based milk, compared to 64 tons of animal meat and 99 tons of dairy milk. Based on this 

assessment, the  purchased 6.5 times more beef alone than plant-based meat, 

with 90 times more GHG emissions. These large differences highlight an area of opportunity to reduce 

emissions through a shift in purchasing to plant-based meat and dairy alternatives. As more appealing 

and cost-effective plant-based meats and dairy alternatives arrive on the market, institutions 

increasingly have a range of options available to provide low-emissions dining choices. Increasing the 

proportion of plant-based milk purchases from 3% to 50%, for example, could provide 120 tons in 

GHG emissions savings. That is equivalent to reducing the University’s annual vehicle fleet usage by 

470,000 km or planting 57,000 trees9,10. 

 

GHG Savings Potential 

 has an opportunity to dramatically reduce its GHG emissions through menu 

changes. Replacing animal sourced meats with plant sourced foods provides more GHG savings than 

using lower-carbon animal meats (such as switching from beef to chicken) and allows for more menu 

variety. Plant forward dishes can reduce the GHG emissions of even lower-emitting meat products by 

over 80%. Animal to plant protein shifts also have numerous unique co-benefits, resulting in lower 

water, pesticide, fertilizer, and land use11,12. There are also numerous health co-benefits related to 

animal to plant protein shifts. For example, the consumption of 100 g unprocessed red meat per day 

relates to a 19% increased risk of type 2 diabetes13, a 21% higher stroke risk14, and a 17% increased risk 

of colorectal cancer15. Substituting just one serving per day (84 g) of unprocessed red meat with one 

serving of foods including legumes is associated with a 7-19% lower mortality risk16. 

 

 
9 Estimated using the EPA Greenhouse Gas Equivalencies Calculator: https://www.epa.gov/energy/greenhouse-gas-

equivalencies-calculator 
10 Number of trees based on WA DOR ‘Planting Forest Seedlings: How to select, plant, and care for tree seedlings. Online at 

https://www.dnr.wa.gov/publications/frc_webster_plantingforestseedlings.pdf. Accessed July 12, 2021. 
11 Sabaté J, Sranacharoenpong K, Harwatt H, Wien M, Soret S. (2015) The environmental cost of protein food choices. Public 

Health Nutr. 18 (11):2096. 
12 Eshel G, Shepon A, Makov T, Milo R (2014) Land, irrigation water, greenhouse gas, and reactive nitrogen 

burdens of meat, eggs, and dairy production in the United States. Proc Natl Acad Sci 111:11996–12001 
13 Pan A, Sun Q, Bernstein AM, et al. (2011) Red meat consumption and risk of type 2 diabetes: 3 cohorts of US adults and an 

updated meta-analysis. The American Journal of Clinical Nutrition 94:1088-96. 
14 Micha R, Wallace SK, Mozaffarian D. (2010) Red and processed meat consumption and risk of incident coronary heart 

disease, stroke, and diabetes mellitus: a systematic review and meta-analysis. Circulation 121:2271-83. 
15 Bouvard V, Loomis D, Guyton KZ, et al. (2015) Carcinogenicity of consumption of red and processed meat. The Lancet 

Oncology 16:1599-1600. 
16 Pan A, Sun Q, Bernstein AM, et al. (2012) Red meat consumption and mortality: results from 2 prospective cohort studies. 

Arch Intern Med 172:555-63. 
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achieving the same GHG emissions reduction with solar power purchase agreements could cost the 

University $16,000 per semester. 

 

Replacing ground meats with beans, pulses, or other high-protein whole plant foods could be even 

more climate-friendly. Substituting beans or lentils in ground meat recipes could reduce total 

emissions from food purchases by 16%, saving 240 metric tons of CO2. That is equivalent to driving 1 

million km, or all of the carbon stored by 290 acres of forest each year. Achieving the same GHG 

reductions with solar power purchase agreements could cost the University $19,000 per semester, 

while serving beans, lentils, and other high-protein plant foods can actually reduce costs21. 

 

Conclusions 

 has an opportunity to reduce its carbon footprint by 370 metric tons each 

semester by transitioning to a more plant-forward dining service. GHG emissions from high-protein 

food purchases (meat, eggs, nuts, legumes, and plant-based meats) totaled 540 metric tons in fall 

2019, 48% of all assessed food purchase emissions. Several strategies are available to reduce 

emissions by focusing on different carbon footprint “hot spots:” 

• The three highest-volume meats (chicken, beef, and pork) make up less than 12% of 

purchases but are responsible for nearly 41% of the GHG emissions of all assessed foods. 

• The five highest-emissions products in the chicken, beef, pork, and dairy categories represent 

35% of all GHG emissions from 18% of purchases, making them prime targets for substituting 

with plant-based ingredients. 

• Focusing on easily replaced ground meats would allow the University to eliminate 38% of GHG 

emissions from meat purchases. 

• Meeting the Forward Food Pledge target of increasing plant-based meals by 20% could reduce 

GHG emissions by 250 tons and spare 11,000 animals from the food system each semester. 

 

This analysis provides a baseline for  food purchases, GHG emissions from food, 

and animal welfare impacts. The data and case studies should serve as inspiration for improvement 

and setting goals for short-term and long-term improvement in climate change impacts, healthful 

dining, and animal welfare. For example, a long-term goal of reducing emissions from high-protein 

food purchases by 50% would guide replacement of certain meat and meal types with convincing 

plant-based meats and heart-healthy whole-foods dishes. In the short term, focusing on the “GHG 

hotspots” identified in this report could guide high-impact emissions reduction goals by replacing a 

certain fraction of ground meat and whole meat foods over just one or two years.  

 

To put  meat-related emissions in perspective, consider the impacts of a long-

term goal to reduce emissions by replacing 50% of meat and dairy with plant-based products. This 

 
21 Kari Hamerschlag and Julian Kraus-Polk. (2017) Shrinking the Carbon and Water Footprint of School Food: A Recipe for 

Combating Climate Change. A pilot analysis of Oakland Unified School District’s Food Programs. Friends of the Earth, 

Washington DC. https://foe.org/resources/shrinking-carbon-water-footprint-school-food/ 
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could create a 730 metric ton annual GHG savings. That is equivalent to reducing the University’s 

vehicle fleet usage by 3 million km or planting 360,000 trees22,23. Achieving the same reduction by 

investing in renewable energy would require purchasing an additional 2000 MWh of green power at a 

cost of roughly $60,000 per year24. Case studies show that dining halls can make these beneficial 

changes at negligible cost – or even with cost savings25. 

 

Key Takeaways 

1. Despite being only 37% of purchases by weight, animal products (meat, eggs, and dairy) are 

responsible for 78% of all assessed GHG emissions from food purchases. 

2. The five highest-emissions products in the chicken, beef, pork, and dairy categories account 

for 35% of all GHG emissions from food, providing the largest opportunities for emissions 

reductions through product substitution with plant-based alternatives. 

3. 38% of GHG emissions from meat purchases come from ground meats. Replacing these with 

similar-tasting plant-based products could reduce GHG emissions by 200 metric tons per year. 

4. A goal of reducing GHG emissions from animal products by 50% could save 730 metric tons of 

emissions each year, potentially saving over $60,000 in annual renewable energy costs. 

 

  

 
22 Estimated using the EPA Greenhouse Gas Equivalencies Calculator: https://www.epa.gov/energy/greenhouse-gas-

equivalencies-calculator 
23 Number of trees based on WA DOR ‘Planting Forest Seedlings: How to select, plant, and care for tree seedlings. Online at 

https://www.dnr.wa.gov/publications/frc_webster_plantingforestseedlings.pdf. Accessed July 12, 2021. 
24 Estimated using DTE Energy’s Environmental Impact Calculator: https://newlook.dteenergy.com/wps/wcm/connect/dte-

web/quicklinks/migreenpower 
25 Kari Hamerschlag and Julian Kraus-Polk. (2017) Shrinking the Carbon and Water Footprint of School Food: A Recipe for 

Combating Climate Change. A pilot analysis of Oakland Unified School District’s Food Programs. Friends of the Earth, 

Washington DC. https://foe.org/resources/shrinking-carbon-water-footprint-school-food/ 
















