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ABSTRACT 

 

In the face of an escalating climate crisis, the urgency of sustainability has reached every 

corridor of Penn State University’s operations; Penn State's Dining operations will need to 

follow suit in sustainability efforts across campus. Food choices significantly contribute to 

environmental challenges through the production of greenhouse gas-intensive foods, like red 

meat and dairy, which result in large amounts of methane emissions and deforestation, 

amplifying the carbon footprint. Penn State's buffet menus become the focal point, as this thesis 

employs a carbon rating system---utilizing carbon footprints from CarbonCloud and recipe 

specific information from FoodPro---to quantify greenhouse gas emissions for each recipe and 

menu item and identify which recipes have higher or lower carbon footprints. Recipe information 

specific to Penn State is pulled from FoodPro, including serving sizes, and each ingredient is 

attributed a certain amount of kg CO2e, identified in CarbonCloud. Footprints are calculated in 

Excel, finding that steak is the most carbon heavy meal. However, it proves challenging to 

pinpoint strategies for reducing the carbon footprint without compromising student and customer 

satisfaction. Therefore, this study encourages Penn State to adjust its menus to offer less carbon 

heavy meat options (such as beef) and measure consumer satisfaction, and offers practical 

recommendations for sustainable dining practices. This thesis positions Penn State as a proactive 

institution, addressing the intersectionality of climate change and food choice and paving the 

way for a sustainable and environmentally conscious future for the University. 

 

Keywords: Carbon Impact • Penn State Buffet Menus • Sustainable Dining • Climate Change • 

Greenhouse Gas Emissions  
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Chapter 1 

Introduction 

This introduction provides an overview of climate change, the environmental impact of food 

systems, and the logical processes lining carbon footprint calculations within university dining 

services. It underscores the urgency of addressing climate change and highlights the importance 

of sustainable practices in mitigating emissions. Additionally, it emphasizes the role of 

undergraduate students and outlines the benefit of carbon footprint calculations. 

I. Climate Change 

Climate change is a long-term alteration in the statistical distribution of climactic patterns 

over periods over a long period of time (decades to millions of years) (Fleming, 2005). Recent 

climate change is likely caused by anthropogenic activities---which increase greenhouse gas 

concentrations in the atmosphere---such as burning fossil fuels, deforestation, and industrial 

processes (Hardy, 2003). These gases trap heat from the sun, causing the Earth's temperature to 

rise, leading to global warming; the period from 1983 to 2012 was likely the warmest 30-year 

period of the last 800 years in the Northern Hemisphere (Hardy, 2003; IPCC, 2013).  

We should be worried about climate change; the effects of this phenomenon include 

frequent and severe weather events, rising sea levels, biodiversity loss, and negative economic 

impacts. These changes can have significant impacts on human communities and health, 

ecosystems, and infrastructure (Urry, 2015). 
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Climate change is causing more frequent and severe extreme weather events, such as 

heatwaves, droughts, floods, and storms. For example, heat wave frequency and season has 

nearly tripled since the 1960s (Hayhoe, 2010). These events can cause significant damage to 

infrastructure, homes, and crops, leading to economic losses and displacement of people 

(Hayhoe, 2010). Additionally, global sea levels are rising due to the melting of glaciers and ice 

sheets and thermal expansion (Mimura, 2013). This poses a significant threat to coastal cities and 

low-lying areas, which could face increased flooding and erosion (Mimura, 2013). 

Climate change is affecting human health in many ways, including increased air 

pollution, the spread of infectious diseases, and heat-related illnesses (McMichael, 2010). It is 

also causing species to become endangered or extinct as their habitats are altered or destroyed 

(Lovejoy, 2006). This can break chains in ecosystem interrelationships and impact society’s 

access to adequate food, clean air and water (McMichael, 2010). 

Society could also face economic impacts, including damage to infrastructure, loss of 

productivity, and increased costs associated with mitigation and adaptation measures (Mitchell, 

2012). Just to stay even---according to recent global estimates and the IPAT formula---we must 

improve our environmental performance on goods and services by 5 percent a year (Mitchell, 

2012). 

Overall, climate change poses a significant threat to our planet's health, security, and 

prosperity. Therefore, it is crucial that humanity takes action to reduce greenhouse gas emissions 

and adapt to the changes that are already underway, including in food and dining systems. 
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II. Food Systems and the Environment 

 As the impacts of climate change reverberate across many different sectors of human life, 

the linkage between these climactic changes and food systems become increasingly evident. 

Recent studies indicate a concerning trend: food systems' emissions have been steadily 

increasing, now constituting approximately 26% of global greenhouse gas emissions (Ritchie, 

2019). This trend highlights the need for action to mitigate the environmental impact of food 

production and consumption. 

 Within food production, three primary sources contribute to carbon emissions, as seen in 

Figure 1: livestock and fisheries, crop production, and land use practices (Ellis et al., 2020). Each 

of these sectors presents unique challenges and opportunities for reducing carbon footprints and 

fostering sustainability. 

 

Figure 1: Global greenhouse gas emissions across levels of food production. 



4 

 Livestock rearing, including cattle, sheep, and poultry, is a significant contributor to 

greenhouse gas emissions due to methane production and land use for feed cultivation (Sonesson 

et al., 2010). Similarly, industrial fisheries contribute to global emissions through fuel usage and 

habitat destruction (Sonesson et al., 2010). Addressing emissions from these sectors requires 

carbon drawdown approaches such as regenerative farming practices, dietary adjustments, and 

aquaculture reforms (Hawken, 2017). 

 Crop production, while essential for food security, also accounts for a substantial portion 

of food systems emissions, mainly stemming from fertilizer application, machinery usage, and 

land clearing (Sonesson et al., 2010). Embracing agroecological principles, promoting organic 

farming methods, and increasing resource availability can help in mitigating emissions in this 

sector (Hawken, 2017). 

 Land use changes associated with agriculture, including deforestation and habitat 

conversion, also negatively impact carbon emissions (Sonesson et al., 2010). Forest clearance for 

agricultural expansion not only releases stored carbon but also diminishes biodiversity and 

disrupts ecosystems (Sonesson et al., 2010). Implementing policies to protect natural habitats, 

promoting reforestation efforts, and incentivizing sustainable land management practices can 

drawn down on or curb emissions from land use (Hawken, 2017). 

III. University Dining Emissions  

As the need for action to mitigate the environmental impact of food production and 

consumption becomes increasingly urgent, the importance of university dining is highlighted, 

where the influence of undergraduate students on consumption patterns and carbon footprints 
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holds power over university emissions. Undergraduate students compose the majority of the 

consumer base within university dining services, holding most of the influence over consumption 

patterns and food preferences (Costello, 2016). Their choices have a direct impact on the carbon 

footprint of Penn State Dining. Consumption of high-emission foods, such as beef and other 

meats, contributes disproportionately to carbon emissions, which highlights the need for 

additional, lower carbon dietary options (Costello, 2016). Additionally, food waste generated by 

undergraduate students only adds to university carbon emissions, further highlighting the 

importance of promoting mindful consumption practices (Costello, 2016). 

Carbon emissions associated with food production extend across multiple stages, 

including agricultural practices, transportation, and waste management (Striebig, 2018). Penn 

State Dining’s sourcing practices and supply chain decisions directly influence the carbon 

intensity of food offerings. For instance, the transportation of food products, especially those 

sourced from out of state or foreign locations, contributes significantly to carbon emissions, 

highlighting the need for a shift towards local sourcing whenever feasible (Striebig, 2018). 

Promoting plant-based alternatives or sustainable seafood options can also reduce the 

carbon footprint of undergraduate dining choices while also accommodating for diverse dietary 

needs (Franchini et al., 2023). Educational initiatives and awareness campaigns within university 

communities can empower students to make informed and sustainable food choices, thus 

fostering a culture of environmental consciousness (Franchini et al., 2023).  

The University of Connecticut (UConn) achieved all eight dining halls reaching the 

highest level of certification from the Green Restaurant Association (GRA) (Desroches, 2023). 

UConn stands out as the sole campus in the United States where every dining facility has 

attained a this four-star certification (Desroches, 2023). For instance, UConn has adopted 
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trayless dining to curtail food waste and water usage, alongside initiatives such as pre-consumer 

waste measurement, waste transformation into biogas and compost, and recycling programs 

(Desroches, 2023). Additionally, UConn Dining prioritizes the procurement of local produce, 

further enhancing its sustainability profile within the community (Desroches, 2023). Through its 

comprehensive efforts across multiple sustainability categories, UConn sets a strong precedent 

for universities wanting to engage in sustainable practices. As evidenced by this case study, 

collaboration between Penn State Dining, students, and suppliers can aid in implementing 

effective sustainability measures, such as waste reduction strategies or carbon-neutral 

transportation initiatives. 

IV. Carbon Footprint Calculations 

 In response to the growing concern over climate change and the contribution of 

agriculture and consequently dining services to greenhouse gas emissions, universities must 

therefore evaluate the environmental impact of food served across university-wide operations. 

The carbon footprint of food recipes encompasses the greenhouse gas emissions associated with 

every stage of food production, transportation, preparation, and disposal (Costello, 2016). To 

conduct a comprehensive assessment, universities must consider factors such as ingredient 

sourcing, cooking methods, portion sizes, and waste management practices (Costello, 2016). 

 Key steps in calculating the carbon footprint of food recipes include ingredient analysis, 

emissions estimation, portion control, and waste management; this thesis in particular focuses on 

ingredient analysis and portion control (Costello, 2016). Ingredient analysis identifies and 

quantifies the ingredients used in each recipe, considering their production methods, 
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transportation distances, and associated emissions (Lambrecht et al., 2023). Emissions estimation 

determines the greenhouse gas emissions generated during ingredient production, transportation, 

storage, and preparation, using established emission factors and life cycle assessments (Costello, 

2016). Portion control assesses portion sizes and consumption patterns to accurately estimate the 

carbon footprint per serving of each recipe (Costello, 2016). Waste management evaluates waste 

generation and disposal practices, including food waste prevention, composting, and recycling, 

to account for emissions associated with food waste (Costello, 2016).  

 By conducting carbon footprint calculations for food recipes, universities can identify 

high-emission dishes, prioritize sustainable alternatives, and implement targeted strategies to 

reduce their overall environmental impact. This data-driven approach not only promotes 

sustainability within university dining services but also educates stakeholders and fosters a 

culture of environmental responsibility campus-wide. 

V. Stakeholder Engagement 

 The data on food carbon emissions can serve as a valuable tool for Penn State Dining in 

making informed purchasing decisions and creating educational materials. By prioritizing low-

emission ingredients and sustainable sourcing practices, Penn State Dining can reduce the 

environmental footprint of its operations without compromising consumers’ needs and 

enjoyment (Lambrecht et al., 2023). Moreover, leveraging this data can facilitate discussions 

around climate goals and foster collaboration towards reducing carbon emissions throughout the 

entire university. 
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Chapter 2 

Literature Review 

I. Root Causes of Agricultural Pollution 

 Over the past five decades, advancements in agricultural practices and increased harvests 

have contributed to higher life expectancy and reduced hunger rates (Merrington et al., 2002). 

Despite these benefits, these developments have led to significant challenges for both human 

health and the environment, highlights by the large amount of emissions generated by food 

systems (Merrington et al., 2002). These emissions stem from underlying issues rooted in land 

use, crop production, livestock and fisheries, and supply chain complexities, which are further 

compounded by intensified food production efforts (Poore et al., 2019). One may only 

understand the fundamental causes of these challenges through the examination of the social and 

economic factors influencing food carbon emissions. 

 Income disparities play a crucial role in exacerbating food emissions, as rising incomes 

often correlate with increased consumption of meat and dairy products (Song, 2022). Healthier 

food options, such as fruits and vegetables, have become more costly and less accessible to 

economically disadvantaged households (Song, 2022). Thus, when, financial constraints arise, 

nutritious foods are often the first to be sacrificed, further exacerbating this disparity and 

increasing emissions. 

 Meat protein production has a notably higher greenhouse gas emissions rate when 

compared to vegetable protein, as seen in Figure 2 (Suri et al., 2023; Song, 2022). Feed 

production for animals typically generates more emissions compared to vegetable protein 
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farming due to factors such as low digestibility and growth of feed by-products and the need for 

additional transport to deliver feed to livestock (Song, 2022). Additionally, deforestation for 

agriculture---particularly for feed crops like soy, maize, and pasture----contributes significantly 

to greenhouse gas emissions, resulting in carbon losses from both above- and below-ground 

sources (Song, 2022). So, not only are these inequities harming human health, but also the 

environment. 

 

Figure 2: GHG Emissions Across Various Food Productions 
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II. Food Justice 

The alternative food movement scrutinizes the global food system, particularly focusing 

on environmental and social issues such as topsoil loss, greenhouse gas emissions, food-related 

diseases, and poor labor conditions (Horst, 217). Researchers criticize the movement for 

focusing too much on local food and environmental sustainability, neglecting social injustices 

inherent in food production, distribution, and consumption (Horst, 2017). They argue that the 

movement's emphasis on consumer choices and neoliberal strategies fails to address structural 

causes and promote systemic change (Horst, 2017). 

In response, food justice emerges as a more radical approach, prioritizing equity and 

systemic change over local and sustainable food systems. It emphasizes the racial and class 

disparities embedded in the food system and advocates for policies and practices that address 

these inequalities (Horst, 2017). Food justice movements seek to undo institutional racism, 

critique policies upholding inequalities, and develop non-exploitative relationships within the 

food system (Horst, 2017). 

Municipal governments, particularly in the USA, have increasingly engaged in food 

systems planning, aiming to address issues of food access and sustainability (Horst, 2017). 

However, researchers argue that municipal efforts often prioritize economic interests over equity 

and justice. While some cities like Seattle have prioritized equity in their food planning efforts, 

challenges remain in effectively promoting food justice within the constraints of modern policy 

frameworks (Horst, 2017). 

The case study of the Puget Sound Regional Food Policy Council (PSRFPC) illustrates 

the challenges and progress in achieving food justice within municipal contexts (Horst, 2017). 
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The PSRFPC has made strides in identifying and prioritizing equity in food systems planning, 

demonstrating progress in addressing race and class-based disparities (Horst, 2017). However, 

modern governmental structures hinder further advancements. A key challenge is the lack of 

sufficient and stable resources, reflecting broader trends of reduced funding for local government 

initiatives (Horst, 2017). Despite such obstacles, municipal food systems planners can drive 

deeper change by engaging in anti-racism efforts, advocating for redistributive policies, and 

nurturing alternative forms of land management and exchange (Horst, 2017).  

III. Gaps in Research 

Various measures have been proposed to mitigate the environmental impacts and carbon 

emissions associated with food systems, with solutions often categorized based on stakeholders 

(consumers, producers) and methods. This thesis aims to address existing gaps in sustainable 

food production by emphasizing the importance of food choices and consumer behavior in 

reducing greenhouse gas emissions. 

Meat from ruminant animals like cows stands out as a significant emitter of greenhouse 

gases, primarily methane, with a kilogram of beef producing substantially more GHGs compared 

to plant-based alternatives (Lambrecht, 2023). Consumers can play a significant role by adopting 

dietary changes, such as reducing consumption of animal products, which could lead to 

substantial reductions in environmental impacts (Poore et al., 2019).  

Additional mitigation strategies should involve empowering producers to monitor and 

mitigate their impacts through setting and incentivizing targets (Poore et al., 2019). However, 

relying solely on producers may not be sufficient, and efforts should also involve other actors in 
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the food supply chain, such as processors, distributors, retailers, and consumers (Poore et al., 

2019). Communication of environmental impacts up the supply chain and to consumers is crucial 

for driving change. 

There still remains a critical gap in procurement information, highlighting the need to 

assess whether knowledge of food carbon footprints influences purchasing decisions among 

large organizations. While food transportation contributes to emissions, the overall impact of 

locality is relatively minor, with food transport accounting for only a fraction of total emissions 

(Poore et al., 2019). 

Building upon the foundational understandings past research has set up, this thesis aims 

to address these gaps by emphasizing the significance of consumer behavior and food choices in 

mitigating greenhouse gas emissions. By focusing on the carbon footprint associated with dining 

choices at a specific institution, this study fills critical knowledge gaps by providing empirical 

insights into the carbon intensity of dining options and the potential for reducing environmental 

impacts through consumer-oriented interventions. By assessing the carbon footprint of various 

meal options and exploring strategies for emission reduction, this research offers practical 

insights for institutions seeking to implement sustainable dining practices. Furthermore, by 

examining the intersection of food justice and environmental sustainability within the context of 

institutional dining, this study contributes to a more holistic understanding of sustainable food 

systems. 
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IV. Existing Carbon Footprint Models 

In order to assess the carbon footprint of meal options and explore strategies for emission 

reduction at Penn State, it is critical to look at other university models. UMass Dining Services 

has implemented a comprehensive carbon rating system in collaboration with MyEmissions, a 

leading provider of food carbon labeling (Howland, 2022). The system utilizes a standardized 

process to calculate the carbon footprint of each menu item, considering factors such as 

ingredient sourcing, preparation methods, and transportation (Howland, 2022). Once the carbon 

footprint is determined, each menu item is assigned a rating on a scale from A to E, with "A" 

indicating low carbon impact and "E" indicating very high carbon impact (Howland, 2022). 

These ratings are displayed on menu cards and the UMass Dining App, providing customers with 

clear and accessible information to make informed food choices (Howland, 2022).  

The existing carbon footprint model implemented by UMass Dining Services presents 

strengths and limitations that inform the research approach for this thesis. UMass exports recipe 

information from FoodPro to MyEmissions, allowing for a streamlined calculation of the carbon 

footprint of each menu item that Penn State can implement as users of FoodPro. Moreover, the 

integration of carbon rankings into the menu card enhances customer awareness and facilitates 

informed food choices. The availability of reports on the carbon impacts of individual 

ingredients offers valuable insights for dining chefs to refine recipes, modify standard processes, 

and identify alternative ingredients to reduce carbon emissions. Additionally, the model serves as 

a valuable tool for measuring progress and tracking the percentage of dishes within specific 

carbon rating categories over time, enabling continuous improvement. 
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However, several limitations exist within the current model. The cost and resource 

intensity associated with setup and ongoing charges from MyEmissions may present financial 

barriers for universities or researchers with limited budgets. Furthermore, MyEmissions’ reliance 

on standardized processes and carbon ratings may oversimplify the complex dynamics of carbon 

footprint calculation, potentially overlooking certain nuances or variations in ingredient sourcing, 

preparation methods, and waste management practices. Challenges also arise in calculating the 

carbon footprint of off-menu items or changes in ingredient availability. This thesis will 

particularly address the challenge in cost and resource intensity, with the carbon rating system 

employed in this thesis focusing on public software and software already employed by the 

university, coupled with calculations on Excel.  

IV. Conclusion 

Addressing the environmental impacts of food systems requires a holistic approach 

involving consumers, producers, and policymakers. This thesis serves as a prime example of this 

comprehensive strategy, emphasizing the significance of sustainable food choices, economic 

considerations, and university structuring. By promoting plant-based diets, improving access to 

healthier foods, and implementing sustainable procurement methods, universities can effectively 

reduce greenhouse gas emissions in food production.  
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Chapter 3 

Methods 

This methods section outlines the steps taken to collect, attribute, and analyze carbon footprints 

for food recipes within university dining services, highlighting the use of relevant databases and 

software tools to ensure accuracy in the assessment.  

I. Data Collection and Preparation 

 Global recipe data is obtained from the university dining services, specifically exporting 

all recipes located in facility 11 while excluding wraparounds, as seen in Figure 3. The exported 

data lacked immediate listing of ingredient names following the ingredients; however, it 

preserved the correct order. To organize the dataset effectively, the spreadsheet is sorted by the 

headers to ensure coherence and accuracy in subsequent analyses. 

 

 

Figure 3: Recipe spreadsheet next to global recipe 
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II. Carbon Footprint Attribution 

 Carbon footprints for ingredients are sourced from the CarbonCloud database, a 

comprehensive repository comprising carbon emissions data for over 50,000 products and 

ingredients, including more than 20,000 crop and animal ingredients worldwide (CarbonCloud, 

2024). The data is derived from scientifically validated models conforming to the GHG Protocol 

and IPCC standards (CarbonCloud, 2024). Each data point is accompanied by detailed activity 

parameters used in the calculation and a technical report, enhancing transparency and credibility 

(CarbonCloud, 2024). The carbon footprints are attributed as emissions factors in kilograms of 

CO₂e per recipe-attributed amount of each ingredient.  

 As CarbonCloud pulls data from around the world to create emissions footprints, this 

thesis is limited by the assumption that carbon footprint for identical ingredients is equal across 

countries. Additionally, emissions footprint can be listed from “In Store” to “At Farm”, as seen 

in Figure 4; the secondary limiting assumption is that “In Store” and “At Farm” footprints are 

equal for identical ingredients.  

 

 

Figure 4: Set-up of CarbonCloud ingredient database 
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III. Recipe Analysis 

 Further analysis is conducted utilizing FoodPro, a food production, planning, and control 

system developed by Aurora Information Systems (FoodPro, 2024). This system provides 

comprehensive management solutions for food service operations, encompassing modules for 

menu planning, cost estimation, forecasting, purchasing, inventory control, food production, and 

financial analysis (FoodPro, 2024). This thesis utilizes FoodPro to determine the portion size of 

each ingredient, as seen in Figure 5, allowing for the calculation of emissions attributable to 

individual recipes (FoodPro, 2024). By integrating the emissions factor of each ingredient with 

its corresponding portion size within recipes in Excel, an estimation of emissions for each recipe 

is calculated. 

 

 

Figure 5: Set-up of FoodPro 
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IV. Analytical Exploration  

To quantify the carbon intensity of the daily menus offered by the dining services, it is 

necessary to comprehensively analyze menu composition. This interrogation will be conducted 

along three main components to elucidate different aspects of carbon intensity and dietary 

choices: comparative analysis of dietary patterns, exploration of menu optimization strategies, 

and assessment of customer preferences. 

a. Comparative Analysis of Dietary Patterns 

The objective of this analysis is to determine the carbon intensity associated with various 

dietary patterns, including omnivorous, vegetarian, vegan, and carnivorous diets. This approach 

involves calculating the total carbon intensity in Excel of one serving of every item on a given 

day's menu, as shown in Appendix A. Additionally, items are further classified into main dishes 

(proteins) and side dishes (non-proteins) to compare their carbon intensities. Furthermore, this 

analysis examines the theoretical carbon footprint for individuals of specific dietary patterns, 

such as vegetarian, vegan, or carnivorous diets, on a per-day basis; for example, if a meal has no 

meat in its ingredients, it is categorized as vegetarian, and if it has no animal products in its 

ingredients, it is categorized as vegan.  
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b. Exploration of Menu Optimization Strategies 

This approach involves identifying and prioritizing high-impact items and exploring 

strategies to decrease their frequency in menu offerings. This thesis will identify highest impact 

items via average footprint per serving and calculate the frequency it is served via occurrences in 

menu in Excel.  

c. Assessment of Customer Preferences and Obligations 

This approach will analyze consumption data to compare the popularity of meat options 

versus vegetarian alternatives. This thesis utilizes dining data of how often servings from meals 

of each diet (vegetarian vs carnivore) are taken, and calculates if more high-intensity or low-

intensity meals are served from a consumer’s choice point of view in Excel. 
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Chapter 4 

Results and Discussion 

I. Comparative Analysis of Dietary Patterns 

 The carbon intensity of 1 serving of every dish for each day, as seen in row 1 of Table 1, 

showcases that the most carbon intensive day is Saturday, where an individual’s tray would 

contain 12.730 kg CO2e. The least carbon intensive day is Tuesday, where an individual’s tray 

would contain 5.831 kg CO2e. Additionally, when meals are further classified into main dishes 

and side dishes, one serving size of the side dishes have an average carbon footprint of 0.278 kg 

CO2e across 1 week and main dishes have an average carbon footprint of 7.348 kg CO2e across 

1 week. Main dishes are clearly more intensive than sides, with main dishes being on average 

7.070 kg CO2e more than side dishes. 

 Additionally, as seen in Table 1, if an individual were to eat only carnivore dishes on a 

given day, they would have an average carbon footprint of  7.187 kg CO2e, with the most carbon 

intensive day being Saturday, where a carnivore’s tray would contain 12.527 kg CO2e. An 

omnivore would have an average carbon footprint of 2.812 kg CO23, with the most carbon 

intensive day being Saturday with a footprint of 5.396 kg CO2e. A vegetarian would have an 

average carbon footprint of 0.339 kg CO2e, with the most carbon intensive day being Sunday, 

with a footprint of 0.513 kg CO2e. A vegan would have an average footprint of 0.212 kg CO2e 

with the most intensive day being Friday, with a footprint of 0.378 kg CO2e. It is important to 

note that a feasible vegan meal could not be constructed for Sunday or Monday from the served  

dishes.  
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Table 1: Dietary patterns derived from menu data 

 

 These findings reveal the environmental impact of meat consumption. Carnivorous diets 

consistently exhibit the highest carbon footprint, followed by omnivorous diets, while vegetarian 

and vegan diets have substantially lower carbon footprints. Moreover, all the main dishes---aside 

from one vegetarian option---include meat-based proteins, which, as highlighted by the carnivore 

diet example, have a higher carbon footprint compared to plant-based options. Thus, meat-

centric diets contribute more to carbon emissions.  

 If an omnivore were to consume one vegetarian dinner per week---for example, to avoid 

the most carbon intensive day of Saturday---they would lower their carbon footprint by 0.742 kg 

CO2e. This emphasizes the importance of individual dietary choices in mitigating carbon 

emissions, with plant-based diets offering a more sustainable alternative to meat-heavy diets. 

 This therefore raises considerations regarding Penn State Dining’s role in promoting 

sustainable food choices. While individuals have the agency to select their meals, dining 

establishments play a crucial role in shaping menu offerings and influencing consumer behavior. 

  Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

Carbon Intensity 

(1 serving of 

every dish) 

5.831217343 6.583225325 6.831631202 8.55585 12.73014955 6.888427019 6.603665939 

Carbon Intensity 

of Side Dishes 

0.453591881 0.559255481 0.28088897 0.210238 0.050869139 0.265223238 0.126218793 

Carbon Intensity 

of Main Dishes 

4.737006379 6.023969844 6.550742232 8.345611 12.67928041 6.62320378 6.477447146 

Carnivore Meal 

Footprint 

4.595922256 6.038398121 6.543774026 7.952826 12.52736233 6.355046353 6.293893004 

Omnivore Meal 

Footprint 

1.755045763 3.29370406 3.306421756 1.866317 5.396094648 1.956582976 2.106564949 

Vegetarian Meal 

Footprint 

0.365034336 0.39695388 0.206771016 0.377783 0.202787218 0.513355666 0.309772935 

Vegan Meal 

Footprint 

0.365034336 0.334851964 0.206771016 0.377783 0.202787218 - - 
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The question of Penn State Dining’s responsibility as an organization arises regarding offering 

meat-centric menus. The ethical implications of serving high-carbon items extend across 

contributing significantly to climate change, and thus, Penn State Dining needs to consider the 

feasibility of limiting or excluding such products from menus. 

 The feasibility of implementing low-carbon meal options lies in the balance between 

individual and collective actions in reducing carbon emissions. While individuals may express 

preferences for meat-based dishes, Penn State Dining has the opportunity to influence consumer 

behavior; if Penn State Dining is offering the food, it is unlikely that consumers will choose not 

to eat the higher carbon meat options (Lambrecht, 2023). This highlights the importance of 

collaborative efforts between individuals and organizations in promoting sustainable dining 

practices and addressing the environmental impact of food choices. 

 One concrete step Penn State Dining can take to improve sustainability is to be 

transparent about sourcing and preparation (University of Connecticut, n.d.). Penn State Dining 

can enhance transparency by identifying the farms that provide Penn State’s meats and 

explaining the rationale behind sourcing decisions (University of Connecticut, n.d.).  Providing 

information to students about food production methods and sourcing strategies can build trust 

and engage consumers (University of Connecticut, n.d.).  

II. Exploration of Menu Optimization Strategies 

 The most intensive foods week by week are mostly meat based proteins; in fact, only 2 of 

the top 21 most intensive dishes are vegetarian, as seen in Table 2. 6 out of 7 of the most 

intensive dishes per day are chicken, with Saturday’s most intense dish being Steak-Frites Au 
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Poivre. In fact, the Steak-Frites Au Poivre is the most intense dish of the entire week, coming in 

at 5.345 kg CO2e per serving. The second most intense dish overall, BBQ Chicken, is also 

served on Saturday, coming in at 4.097 kg CO2e per serving. The third most intense dish overall, 

BBQ seasoned chicken, is served on Friday, coming in at 3.093 kg CO2e.  

 The highest impact items are meat specifically, and the single most carbon intense dish is 

beef. If Penn State Dining would like to reduce its carbon footprint, it can easily reduce the 

frequency that these types of dishes are offered. By limiting the availability of these items, 

dining services can effectively lower the overall carbon footprint associated with meal choices. 

For example, implementing a policy to serve beef-related products every other week could 

substantially reduce carbon emissions without eliminating omnivore options entirely. Or, Penn 

State Dining could prioritize locally-produced, pasture-raised meats, which tend to have lower 

carbon footprints compared to conventional production methods, thus offering beef-related 

products in a more environmentally responsible manner (Costello, 2016).  

 However, the discussion extends beyond frequency reduction to consider the ethical 

implications of serving high-carbon items. Given the disproportionate environmental impact of 

meat production, particularly beef, Penn State Dining must evaluate whether the benefits of 

offering these dishes outweigh the environmental costs (Costello, 2016). There is a moral 

imperative to prioritize sustainability and consider alternative protein sources that have lower 

carbon footprints, such as bean focused dishes. For example, the Bean Bourguignon has 5.193 kg 

CO2e less than the Steak-Frites Au Poivre. 

 Therefore, Penn State can take a concrete step towards leverage globally inspired, plant-

based culinary strategies (University of Connecticut, n.d.). Shifting towards plant-based meals 

can have benefits for the environment, as evidenced by these lower carbon footprints associated 
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with vegetarian and vegan meals (University of Connecticut, n.d.). Penn State Dining can 

explore new ways to incorporate popular plant-based dishes into its menu offerings, drawing 

inspiration from traditional food cultures that prioritize plant foods (University of Connecticut, 

n.d.).  

 Additionally, Penn State can reward better agricultural practices (University of 

Connecticut, n.d.). Supporting farms and ranches that prioritize sustainable and environmentally 

friendly practices can align with Penn State Dining's sustainability goals (University of 

Connecticut, n.d.). By emphasizing fresh foods during the peak of their local growing season and 

shifting purchases toward farms with responsible management programs, Penn State Dining can 

contribute to promoting better agricultural practices and reducing the carbon footprint of its food 

supply chain (University of Connecticut, n.d.). 

 
Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

 

Least 

intensive 

 

 

 

 

 

 

 

Most 

intensive  

Crumbled 

Queso 

Fresco 

Roasted 

Garlic 

Mashed 

Potatoes 

Chicken 

and 

Cashew 

Stir Fry 

Boneless 

Buffalo 

Chicken 

Wings 

Halal 

Grilled 

Chicken 

Meatloaf 

Country 

Fried Pork 

Chop 

Chicken 

Tinga 

Grilled Corn 

and Black 

Bean Farro 

Fire 

Cracker 

Shrimp 

Boneless 

BBQ 

Chicken 

Wings 

BBQ 

Chicken 

Chicken 

Tandoori 

Chicken 

with 

Preserved 

Lemon 

Grilled 

Chicken 

Grilled 

Southwest 

Chicken 

Grilled 

Chicken 

Halal 

BBQ 

Seasoned 

Chicken 

Steak-

Frites Au 

Poivre 

Halal 

Grilled 

Jamaican 

Jerk 

Chicken 

Halal 

Italian 

Herb 

Grilled 

Chicken 

Table 2: Top 3 carbon intense dishes per day 
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III. Assessment of Customer Preferences and Obligations 

Table 3 showcases how many servings of each meal were prepared for versus how many servings 

consumers actually used. For data taken from Findlay Commons during a Saturday dinner, consumers ate 

176% of the prepared for amount of BBQ Chicken and 100% of the cauliflower and Bean Bourguignon. 

On the contrary, consumers only ate 77% of the Steak-Au Frites, which has a much higher carbon 

footprint than the more in-demand items.  

 

  Meal Prepared For Actually Used 

Percent of 
Prepared Actually 
Used 

Saturday 

Steak-Frites Au Poivre 691 530 76.70043 

Fries 840 800 95.2381 

BBQ Chicken 170 300 176.4706 

Cauliflower 280 280 100 

Sauteed Spinach 208 165 79.32692 

Bean Bourguinon 348 348 100 

Grilled Chicken  320 211 65.9375 
Table 3: Amount of servings utilized at Findlay Commons 

 

 Thes findings challenge the assumption that carbon intensive meat options are inherently 

more popular than vegetarian or lower carbon intensity meat alternatives. While meat-centric 

dishes may have higher serving intensities, this does not necessarily correlate with consumer 

demand. Therefore, the question arises: should Penn State Dining continue to prioritize beef-

related products if they do not align with consumer preferences and sustainability objectives? 

The overarching trend of Penn State being a meat-oriented campus underscores the need for 

dining services to reconsider their approach to menu planning and address the ethical 

implications of meat production and serving practices (Striebig, 2018). 
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 Therefore, Penn State should focus on whole, minimally processed foods, aligning with 

consumer preferences for healthier and more sustainable options (University of Connecticut, 

n.d.). As seen in Appendix A, on a Wednesday, students consumed 225% of the steamed green 

beans; clearly, healthy options are in demand (University of Connecticut, n.d.). Penn State 

Dining can emphasize plant-based ingredients such as vegetables, legumes, and whole grains in 

its menu planning to meet consumer demand for nutritious and environmentally friendly meals 

(University of Connecticut, n.d.). By reducing reliance on processed meats and ingredients, Penn 

State Dining can align with sustainability objectives and address ethical concerns related to 

serving meats (University of Connecticut, n.d.). 

 Additionally, Penn State should reduce portions, emphasizing calorie quality over 

quantity, to address consumer preferences while promoting sustainability (University of 

Connecticut, n.d.). Moderating portion sizes can be a strategic approach for Penn State Dining to 

align with the findings highlighted in Table 3. By offering smaller portions of meat-centric 

dishes and larger portions of plant-based options, Penn State Dining can respond to the demand 

for healthier and more environmentally friendly meals (University of Connecticut, n.d.). This 

approach ameliorates the disconnect between students eating all, or even requesting more, of the 

lower carbon options, and leaving behind food waste of the higher carbon options. Consumers 

will therefore be encouraged to choose lower carbon options. 

IV. Limitations 

 While the findings of this study provide valuable insights into the carbon footprint of 

dining options at Penn State, several limitations must be acknowledged. Firstly, the availability 
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and quality of data present constraints. The carbon footprints of specific ingredients were not 

tailored to Pennsylvania specifically, potentially impacting their reliability. Instead, data from 

across the globe were utilized, as detailed information about where Penn State specifically 

sources each ingredient from was not available. This introduces variability that could affect the 

accuracy of the calculations. 

 Similarly, another limitation pertains to the scope of the analysis. Key steps in calculating 

the carbon footprint of food recipes include ingredient analysis, emissions estimation, portion 

control, and waste management; however, this thesis specifically focuses only on ingredient 

analysis and portion control. The other factors that significantly contribute to the overall carbon 

footprint are not fully accounted for in the analysis. Omitting these factors may result in an 

incomplete assessment of the carbon footprints.  

 Moreover, the generalizability of the study is partially limited. Section III focuses on a 

specific dining facility, Findlay Dining Commons, and a specific population consisting of first-

year students. Consequently, the results may not be applicable to the other four dining halls 

across Penn State, which could have different demographics or dining practices. Variations in 

consumer preferences, dietary habits, and meal offerings across different dining facilities could 

influence the observed patterns and conclusions drawn from the data. Therefore, caution should 

be exercised when applying the findings to broader contexts within the university's dining 

services.  

 Furthermore, section III has a reliance on self-reported data from dining hall records, 

which introduces a potential source of bias. While efforts are made to ensure the accuracy of the 

data, there may be inconsistencies or errors in recording consumption and meal preparation 

quantities. Factors such as misreporting or variations in portion sizes could affect the integrity of 
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the data and subsequent analyses. Therefore, the conclusions drawn from this study should be 

interpreted through the lens of these limitations. 

V. Further Research 

 Further research would greatly benefit Penn State Dining in its journey to decreasing its 

carbon footprint. Further research could include longitudinal studies to track changes in 

consumer behavior and dining practices over time. By conducting longitudinal analyses, 

researchers can assess the effectiveness of interventions implemented by Penn State Dining to 

mitigate carbon footprints. These studies could provide insights into the long-term impacts of 

initiatives such as menu modifications, portion control strategies, and educational campaigns on 

consumer preferences and sustainability-related behaviors. 

 Further research can also focus on understanding consumer behaviors and educational 

programming on promoting low-carbon dining habits among consumers. This could delve into 

the psychological factors that shape individuals' food choices within the context of sustainability. 

By designing targeted educational interventions, researchers can explore strategies to encourage 

low-carbon diets. 

 Furthermore, further research could investigate the feasibility and impact of 

implementing carbon labeling on menus, similarly to UConn or UMass. Examining the practical 

challenges and potential benefits of integrating carbon labeling within dining establishments like 

Penn State can inform strategies for fostering environmental awareness among consumers. 

 Additionally, to address limitations within this study, future research could employ 

alternative data collection methods or validation techniques to enhance the reliability of the 
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findings, conduct more comprehensive data collection efforts tailored to a broader sample of 

dining halls and student populations for a more representative analysis, and incorporate a broader 

range of variables to capture a more holistic understanding of the environmental implications of 

certain ingredients. 
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Chapter 5 

Conclusion 

This thesis provided insights into the carbon footprint associated with dining choices at 

Penn State, with the main dish meat proteins constituting 19/21 of the top carbon intense dishes. 

Through rigorous analysis of menu data and consumption patterns, key opportunities for 

reducing carbon emissions while maintaining customer satisfaction are identified; these findings 

advocate for a fundamental shift in Penn State Dining's menu planning approach, urging the 

elevation of low-carbon and vegetarian options to the forefront. 

Penn State Dining’s current approach to menu planning falls short of aligning with the 

University’s commitment to sustainability. The findings underscore the urgent need for a 

paradigm shift in dining offerings. Rather than relegating low carbon and vegetarian options to 

the sidelines, Penn State Dining must elevate them to the forefront of its menus. By prioritizing 

healthy and sustainable choices every day, it can send a powerful message about the University’s 

dedication to environmental responsibility and public health.  

Moving forward, it is imperative that Penn State takes proactive steps to expand and 

diversify low carbon offerings. This may involve collaborating with local farmers and suppliers 

to source fresh, seasonal ingredients, as well as investing in its chefs to develop creative plant-

based meals. Moreover, Penn State must actively engage with its community to promote 

awareness and appreciation for the benefits of low carbon dining. In doing so, it does not only 

reduce the University’s environmental impact but also demonstrate leadership in fostering a 
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culture of sustainability on campus. By embracing the principle that sustainability and culinary 

excellence go hand in hand, Penn State can pave the way for a healthier, more resilient future for 

generations to come.
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Appendix A 

Data and Calculations from FoodPro and CarbonCloud 

 



36 

 

 



37 

 

 

 



38 

 

 

 



39 

 

 

Figure 6: Conversions in Excel 

 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑠𝑒𝑟𝑣𝑖𝑛𝑔 =  
𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑟𝑒𝑐𝑖𝑝𝑒 𝑖𝑛 𝑘𝑔 𝐶𝑂2𝑒

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑒𝑐𝑖𝑝𝑒 𝑖𝑛 𝑘𝑔
∗ 𝑆𝑒𝑟𝑣𝑖𝑛𝑔 𝑠𝑖𝑧𝑒 𝑖𝑛 𝑘𝑔  

Equation 1: Total Emissions per Serving 

 

  Meal Prepared For Actually Used 

Percent 
of 
Prepared 
Used 

Wednesday 

Roast Turkey 1172 1000 85.32423 
Turkey Gravy 768 575 74.86979 
Bread Stuffing 800 804 100.5 
Roasted Garlic Mashed Potatoes 746 750 100.5362 
Steamed Green Beans 153 345 225.4902 
Togarashi Seared Tilapia w/ Soy Glaze 240 300 125 
Honey Glazed Carrots and Parsnips 352 300 85.22727 
Grilled Corn and Black Bean Farro 277 139 50.18051 
Grilled Southwest Chicken 270 202 74.81481 

Thursday 
Chicken and Cashew Stir Fry 1200 1000 83.33333 
Brown Rice 533 744 139.5872 
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Sugar Snap Peas 230 236 102.6087 
Fire Cracker Shrimp 373 373 100 
Ginger Thai Chili Sauce N/A 230 - 
Roasted Garlic Brussels Sprouts 275 279 101.4545 
Red Chili Thai Tofu 80 80 100 
Grilled Chicken  150 169 112.6667 

Friday 

Boneless Buffalo Chicken Wings 676 600 88.7574 
Hot Cauliflower Wings 160 166 103.75 
Boneless BBQ Chicken Wings 618 600 97.08738 
Bleu Cheese Dressing N/A 91 - 
Vegan Ranch Dressing N/A 50 - 
Celery Sticks N/A 182 - 
Orange Teriyaki Salmon 290 480 165.5172 
Jasmine Rice 550 533 96.90909 
Summer Bean Blend 229 307 134.0611 
Grilled Vegetable Burrito 200 192 96 
BBQ Seasoned Chicken 137 175 127.7372 

Saturday 

Steak-Frites Au Poivre 691 530 76.70043 
Fries 840 800 95.2381 
BBQ Chicken 170 300 176.4706 
Cauliflower 280 280 100 
Sauteed Spinach 208 165 79.32692 
Bean Bourguignon 348 348 100 
Grilled Chicken  320 211 65.9375 

Sunday 

Chicken Tandoori 800 702 87.75 
Naan Bread 0 300 300 
Meatloaf 446 446 100 
Beef Gravy 300 300 100 
Scalloped Potatoes 600 675 112.5 
Harvest Blend 154 231 150 
Sauteed Butter Thyme Mushrooms 256 273 106.6406 
Pad Thai w/ Peanuts 160 250 156.25 
Grilled Jamaican Jerk Chicken 385 248 64.41558 

Monday 

Chicken with Preserved Lemon 440 315 71.59091 
Country Fried Prok Chop w/ Mike's Hot 
Honey Sauce 560 338 60.35714 
Mashed Redskin Potatoes 1067 851 79.75633 
Broccoli Florettes 448 448 100 
Corn 538 498 92.56506 
Cous Cous  171 169 98.83041 
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Italian Herb Grilled Chicken 225 191 84.88889 
Table 4: Comprehensive Meal Usage from Findlay Commons 


