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Executive Summary  

Project Goals 

Our project aims to investigate the negative impacts of greenhouse gas emissions, 

particularly from power plants, on the local community and advocate for necessary policy 

changes. Additionally, we seek to assess Worcester Polytechnic Institute's (WPI) role in 

combatting these emissions and propose strategies to enhance its sustainability efforts. 

Introduction & Background 

In confronting the immense challenges posed by the emissions of greenhouse gases we 

look at our local community, recognizing Massachusetts and Worcester Polytechnic Institute 

(WPI) as potential leaders in sustainable innovation and carbon neutrality. WPI actively fosters a 

sustainability culture on campus, serving as a hub for innovation in sustainability initiatives. 

Acknowledging the urgency of reducing carbon emissions, WPI has joined the Second Nature 

Group and is committed to achieving carbon neutrality swiftly. In 2020, WPI launched a five-

year sustainability plan, including objectives like establishing a dedicated sustainability office 

and integrating sustainability projects into the curriculum. With this plan expiring in 2025, WPI 

has entered a $45 million public-private partnership (P3) with Harrison Street to manage on-

campus utilities, focusing on sustainability initiatives. 

To achieve carbon neutrality, the sustainability office at WPI monitors and manages 

electricity, water, and gas consumption. Despite campus expansion, WPI has reduced estimated 

greenhouse gas emissions, highlighting the impact of ongoing sustainability efforts. Partnering 

with sustainability firm GreenerU, WPI has implemented a campus-wide LED lighting system, 

resulting in a 53% reduction in energy usage in older buildings like Goddard Hall. 
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Greenhouse gases like carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4) 

pose significant challenges to sustainability. Despite their potency, WPI recognizes the need for 

action. Power plants, major emitters of methane and N2O, contribute to climate change and air 

pollution. Massachusetts has seen a 3.5°F temperature rise since the 1900s, highlighting the 

urgency of addressing emissions (NOAA, NCICS, 2022). Recognizing these issues, our project 

aims to investigate their local impacts, advocate for policy adjustments, evaluate WPI's efforts, 

and propose actionable sustainability strategies to inspire broader change. 

Methods 

We initiated our efforts by analyzing emissions data sourced from our local community, 

comprising both information provided by the WPI Office of Sustainability, as well as data from 

the University of Massachusetts Amherst. Our primary objective was to gauge the effectiveness 

of emissions reduction initiatives within our campus and among colleges across Massachusetts. 

As our investigation progressed, we broadened our focus to encompass greenhouse gas 

emissions on a national scale, extending beyond educational institutions to encompass various 

industries across the United States. A dataset from the EPA that documented nationwide 

methane, nitrous oxide, and carbon dioxide emissions was used to facilitate this expanded 

analysis. Employing a multifaceted approach, we integrated this EPA data with supplementary 

information detailing the prevalence of different health concerns throughout the nation. Through 

this comprehensive examination, we aimed to unravel the intricate interplay between harmful 

emissions and their potential ramifications for the well-being of our country. 

Findings 
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Utilizing data from NOAA's global monitoring laboratory, our analysis shows a 

consistent increase in methane and nitrous oxide concentrations from 2000-2022, indicating the 

impact of coal-fired power plants on global warming. According to Yang & Omaye (2009), 

power plants significantly contribute to air pollutants linked to various health issues, including 

cardiovascular diseases, asthma, and COPD. Studies associate methane emissions with increased 

cardiovascular disease risk due to oxidative stress and inflammation (Mendoza-Cano et al., 

2023). Additionally, our findings suggest a correlation between power plant density and heart 

disease mortality rates, indicating elevated health risks near coal-fired plants. Air pollution has 

been linked to increased asthma hospitalizations, and our analysis of CDC data shows a steady 

rise in asthma mortality rates and COPD-related deaths, underscoring the need for further 

investigation into environmental factors and pollutant levels. 

Implications 

Our analysis of EPA emissions data emphasizes the need for the implementation of 

robust sustainability initiatives and policies aimed at effectively mitigating greenhouse gas 

emissions. As climate change manifests through an alarming surge in extreme weather events, its 

disruptive impacts on agriculture, water resources, and ecosystems are felt far and wide, 

exacerbating existing health conditions and disproportionately burdening vulnerable 

communities (United Nations, n.d.; EPA, 2023). This pressing challenge necessitates concerted 

efforts to address emissions and safeguard natural systems and public health. Institutions like 

WPI, with their longstanding commitment to sustainability, hold a pivotal role in this endeavor. 

By championing proactive policy implementation and fostering a culture of environmental 

stewardship among community members, WPI can lead the charge in advancing sustainability 

goals and driving meaningful change towards a more resilient and sustainable future. 
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Contributions & Conclusions  

The persistence of greenhouse gases underscores the urgency of sustained efforts to 

transition to cleaner energy sources, enhance efficiency, and implement carbon capture 

strategies. Our analysis revealed a concerning trend of increasing morbidity from chronic health 

issues, potentially linked to atmospheric pollutants. Without expedited carbon neutrality efforts, 

these health impacts are projected to worsen, leading to increased mortality rates. Thus, 

prioritizing greenhouse gas mitigation is paramount for safeguarding public health and ensuring 

cleaner air. 

Despite existing efforts, current US initiatives fall short, necessitating a holistic approach 

spanning policy, technology, and societal engagement. Local communities play a vital role in 

driving change through awareness and sustainable practices. At WPI, sustainability initiatives 

aim for carbon neutrality and energy efficiency, fostering a culture of sustainability among 

students. Leveraging data science can effectively track progress, while visualizing initiatives can 

engage the community. The Office of Sustainability is pivotal in leading these efforts. Our team 

developed a dedicated website to showcase our project's work and serve as a starting point for 

WPI’s Office of Sustainability.   
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Chapter 1: Introduction 

The rapid modernization evident in the twenty-first century has raised major concerns 

about environmental impacts. As Hasan et al. (2024) puts it, the growing awareness of 

sustainability issues sheds light on significant environmental challenges with dire need for 

attention. Despite the worldwide imperative to reduce greenhouse gas and carbon emissions, 

there has been a noticeable increase in environmental pollution, primarily due to shifts in 

economic growth and energy consumption. For instance, the utilization of primary energy 

sources contributes to over 85% of CO2 emissions, leading to adverse effects on both humans 

and animal species. According to a projection from the U.S. Energy Information Administration, 

if current technological trends and policies persist, global energy consumption is anticipated to 

surge by nearly 50% from 2020 levels to the year 2050. This remarkable increase in energy 

demand is attributed to rapid population growth, expanding economies, and higher living 

standards; with estimates suggesting a potential rise in global energy needs by a factor of 1.5-3 

times by 2050 (Pham, Li, & Bui, 2023). The drastic increase in energy consumption places a 

higher demand on non-renewable energy sources, including coal, oil, and natural gas, which are 

widely recognized as the primary culprits behind climate change, resulting in the escalation of 

extreme weather events, sea-level rise, and the overall degradation of our planet's environment.  

Discussions should then be focused on how to inform and persuade individuals to adopt 

sustainable practices and lifestyles. This entails promoting eco-centric mindsets and making 

relevant information more accessible. Promoting awareness and action fostered by data and 

climate communication allows communities to address the greater need for sustainability and 

environmental responsibility. Towards this end, information and communication technologies 

(ICT) have the potential to play a vital role. In the words of Chien et al. (2021), “The effective 
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utilization of ICT sets out the foundations for emerging economies to imitate knowledge and 

information, improving connectivity worldwide.” This view recognizes the importance of ICT in 

stimulating innovation which in turn creates healthy infrastructures, affordable clean energy, and 

eco-conscious individuals. 

This project aims to integrate aspects of ICT into climate communication efforts to 

enhance data collection, visualization, public engagement, and mitigation efforts. As discussions 

center on the imperative for sustainable practices and the pivotal role of climate communication, 

universities such as Worcester Polytechnic Institute (WPI) are actively engaging in initiatives to 

mitigate their environmental impact. At WPI, the commitment to sustainability is evident, 

demonstrated by the institution’s carbon commitment with Second Nature in 2022. As part of 

this commitment, WPI has begun to develop an extensive sustainability plan that outlines several 

initiatives WPI to reach carbon neutrality such as a 2020-2025 Sustainability Plan. While these 

initiatives themselves provide substantial benefits, we aim to enhance the initiatives by spreading 

climate communication and educating individuals about the importance of sustainable practices. 

Towards this end, the team has created a website to encompass the work done for this project as 

well as to demonstrate the effectiveness of a website in facilitating communication and 

information sharing regarding sustainability initiatives at WPI (refer to Appendix B). We hope 

that by incorporating ICT such as an online website into sustainability initiatives, we can amplify 

their impact by reaching wider audiences, fostering greater understanding, and inspiring action 

towards building a more sustainable future for all. 
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Chapter 2: Background 

Greenhouse Gases (GHG) 

Earth’s atmosphere is composed of about 78 percent nitrogen, 21 percent oxygen, 0.9 

percent argon, and 0.1 percent other gases (National Geographic Society, 2023). Carbon dioxide 

and methane are a part of the 0.1 percent of other gases. Greenhouse gases are responsible for 

trapping heat, and notable examples of these gases are nitrous oxide, methane, and carbon 

dioxide. Increased emissions of greenhouse gases contribute to elevated concentrations in the 

atmosphere, leading to a rise in Earth's temperature. These concentrations are gauged in parts per 

million, parts per billion, and parts per trillion. To put it into perspective, one part per million 

corresponds to roughly one drop of water dispersed into about 13 gallons of liquid, 

approximately equivalent to the fuel tank capacity of a compact car (EPA, 2023). 

Emissions 

 Nitrous Oxide, or N2O, poses a serious threat to our atmosphere. While it might not be as 

notorious as carbon dioxide or methane when it comes to global warming, it is a greenhouse gas 

that tends to fly under the radar. Also known as laughing gas, N2O is the forgotten greenhouse 

gas contributing to climate change. It is often overlooked because it doesn't linger in the 

atmosphere as long as some other greenhouse gases. However, its warming potential renders it 

problematic for our earth’s future. Pound for pound, N2O is about 300 times more effective at 

trapping heat than carbon dioxide over a 20-year period (Brind'Amour & Lee, 2022). Many 

industrial activities contribute to the release of nitrous oxide into the air, with the main source 

being power plants. 
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Methane, is the more well-known gas in our atmospheric pollution, contributes major 

threats to both climate and health aspects. While it does not linger as long as carbon dioxide, this 

gas is an extremely potent gas—it may exit the atmosphere quickly, but its effects leave a lasting 

impact. Methane is more than 25 times more effective at trapping heat than carbon dioxide over 

a century. Short-term, it is over 80 times more potent, making it a powerful warming agent (US 

Environmental Protection Agency, 2023). The primary sources of these emissions are livestock 

digestion, rice cultivation, and the extraction and burning of fossil fuels all contribute to 

methane's grand entrance into our atmosphere. 

Despite comprising only 0.04% of Earth's atmosphere, carbon dioxide plays a significant 

role in global warming (Fecht, 2021). Naturally present in the atmosphere as part of the Earth's 

carbon cycle, carbon dioxide (CO2) is involved in the ongoing flow of carbon among the 

atmosphere, oceans, soil, plants, and animals. Unfortunately, human activities are disrupting this 

cycle by increasing atmospheric CO2 levels and impacting the ability of natural sinks, like forests 

and soils, to absorb and retain CO2 (NASA, 2024). While various natural sources contribute to 

CO2 emissions, the substantial increase since the industrial revolution is primarily attributed to 

human-related activities. In 2021, carbon dioxide accounted for 79% of all U.S. greenhouse gas 

emissions resulting from human activities, as reported by the EPA. The main contributors to 

these emissions are transportation and the combustion of fossil fuels for energy (EPA, 2023).  

Health Problems 

There is more to the story when it comes to the long-term effects of methane and N2O 

emissions. These gases are not just a climatic problem. Methane is a Volatile Organic 

Compound, and when it reacts in the atmosphere, it forms ground-level ozone—a major 

component of smog (American Lung Association, 2022). Long term exposure and breathing in 
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this mix of pollutants can lead to respiratory problems, cardiovascular disease, pre-term birth and 

even cancer for humans prone to exposure (Environmental Defense Fund, 2023). Continuous 

exposure to methane emissions has been shown to increase oxidative stress, inflammation, and 

vascular dysfunction, which are all key risk factors for cardiovascular disease (Mendoza-Cano, et 

al., 2023). Individuals who live in a community with high methane emissions from coal fired 

power plants are at greater risk for developing heart disease. 

Additionally, N2O is harmful to human health, as long-term exposure to this gas can lead 

to infertility in humans (CDC, 2018). Methane and nitrous oxide are not just another greenhouse 

gas; they pose a dual threat, causing climate troubles and health problems, and it is crucial to 

recognize the importance of the effects on the atmosphere and our bodies.  

While carbon dioxide is generally not considered directly harmful to human health, its 

impact on the environment, along with methane and nitrous oxide, can have consequences for 

human well-being. Despite CO2 not being an air pollutant itself, its warming potential can 

negatively affect human health. The influence of factors like increased CO2 emissions on climate 

change has notable implications for the prevalence and distribution of vector-borne diseases—

illnesses transmitted by organisms acting as vectors, including mosquitoes, flies, and ticks. The 

ongoing shifts in climate, marked by daily, seasonal, or year-to-year variations, may lead to 

adaptations in vectors and pathogens, potentially expanding their geographical ranges. 

Consequently, this dynamic process poses health risks to human populations, as highlighted by 

the Centers for Disease Control and Prevention (CDC, 2020). 

Power Plants in the United States 
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Power plants in the United States utilize a diverse array of energy sources, which can be 

categorized broadly as primary and secondary, renewable, and fossil fuels. Primary energy is 

produced from fossil fuels (such as petroleum, natural gas, and coal), nuclear power, and 

renewable energy sources. However, secondary energy is produced from primary sources, such 

as electricity. These energy sources are quantified using various units: liquid fuels are measured 

in barrels or gallons, natural gas in cubic feet, coal in short tons, and electricity in kilowatts and 

kilowatt-hours. In the United States, British thermal units (Btu), which quantify heat energy, are 

commonly used to compare different energy types. In 2022, the total primary energy 

consumption in the United States equated to 100.41 quadrillion Btu (quads) (EIA, 2023). 

As energy consumption continues to rise, we can observe the harmful effects of power 

plant facilities on our environment. Over the past ten years, power plants have been responsible 

for over 75% of both methane and N2O emissions, contributing significantly to the exacerbation 

of climate change (Stat from our Data). Methane and N2O, commonly known as nitrous oxide or 

‘laughing gas,’ are potent greenhouse gases that trap heat in the atmosphere at levels far higher 

than carbon dioxide. The unchecked emissions from power plants intensify the greenhouse effect 

and contribute to air pollution and other environmental issues. These emissions have been 

associated with deteriorating air quality and harmful effects on humans exposed to them. It is 

imperative that we address and mitigate the impact of power plant emissions to safeguard the 

health of our planet and its inhabitants. 

We addressed this issue by investigating greenhouse gas emissions across various 

industries in the United States. Our approach involved analyzing a data set provided by the 

Environmental Protection Agency, that detailed the reported methane and nitrous oxide 

emissions nationwide. Our goal was to leverage this dataset, alongside supplementary data 
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reporting the prevalence of various health problems in the United States, to unravel the 

complexity of the causes and effects of these harmful emissions and their potential implications 

for the well-being of our country. But delving deeper, we believed the best place to start was by 

first looking at how our local community at WPI was contributing. 
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Chapter 3: Sustainability at Worcester Polytechnic Institute 

In confronting the immense challenges posed by the emissions of greenhouse gases from 

human activities and their implications on global warming, our focus shifts towards plans of 

action in our local community. Worcester Polytechnic Institute (WPI) can spearhead innovative 

sustainable operational technologies, enhance climate communication efforts, and serve as a 

model for other collegiate communities to undertake their own sustainability initiatives towards 

achieving carbon neutrality. WPI is actively fostering a culture of sustainability on campus and 

nurturing its local and regional community as a hub for sustainability innovation. 

Recognizing the urgency of reducing carbon emissions, WPI has joined the Second 

Nature Group and is committed to achieving carbon neutrality expeditiously. In 2020, WPI 

initiated a five-year sustainability plan encompassing objectives such as establishing a dedicated 

office of sustainability, implementing a comprehensive lighting plan, and integrating 

sustainability projects into the curriculum. With this plan set to expire in 2025, WPI has recently 

entered a $45 million public-private partnership (P3) with Harrison Street, an investment 

management firm based in Chicago. Harrison Street's role in the partnership includes leasing, 

managing, operating, developing, and financing WPI's on-campus utility system, with a focus on 

sustainability initiatives.  

In pursuit of carbon neutrality, the Office of Sustainability at WPI tracks and manages the 

campus' consumption of electricity, water, and gas, dating back to 2008. Despite the campus's 

expansion in terms of student population and physical footprint, WPI's estimated greenhouse gas 

emissions have decreased, emphasizing the impact of ongoing sustainability initiatives. 
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Collaborating with sustainability firm GreenerU, the Office of Sustainability has 

implemented a campus-wide LED lighting system to reduce electricity consumption. While 

GreenerU reports a substantial 53% reduction in energy usage in WPI's older buildings, such as 

Goddard Hall, since the installation of new lighting technology (GreenerU, 2023), it is important 

to note that this figure is part of a larger-scale initiative dating back to 2013-2014. This extensive 

project encompassed upgrades not only to lighting systems but also to lab equipment and 

ventilation mechanisms, resulting in the impressive energy savings cited. The current ongoing 

lighting effort, while impactful, is distinct from the comprehensive overhaul undertaken in 

previous years. 

WPI’s Decreasing Electricity Usage 

By analyzing the total electricity usage from 2008 to 2023, it is evident that these 

initiatives, like the lighting initiative, have been impactful in making WPI a more sustainable 

campus. As seen in figure 1, WPI’s collective electricity usage per student (FTE) has continued 

to decline, despite WPI’s growing campus. Within this same timeframe, WPI has physically 

expanded with the addition of new campus buildings including south village and unity hall, 

adding over 730,000 square feet to WPI’s footprint. With that being said, collaborative efforts 

with sustainability firm GreenerU have yielded impressive results, with significant reductions in 

energy usage observed in key campus buildings. 
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Figure 1: WPI's decreasing electricity usage per FTE from 2008-2023 

WPI’s Decreasing Greenhouse Gas Emissions 

The Office of Sustainability also tracks the estimated greenhouse gas emissions from 

campus using UNH’s SIMAP technology. “SIMAP® is a carbon and nitrogen-accounting 

platform that can track, analyze, and improve your campus-wide sustainability,” (SIMAP, 2024). 

We can observe how these initiatives are directly impacting the university’s emissions by 

analyzing the change in emissions over the same time span. From inspecting the total greenhouse 

gas emissions from WPI’s entire campus from 2008-2023, it is evident that the initiatives and the 

decrease of the utility consumption around campus has already contributed to lowering WPI’s 

overall greenhouse gas emissions.  
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Figure 2: WPI's decreasing greenhouse gas emissions from 2008-2023 

As seen in figure 2, the overall campus greenhouse gas emissions have trended 

downward, with peaks and dips, and increased emissions starting in 2020. To normalize the data 

so it reflects the growing student body, we can observe the total greenhouse gas emissions per 

student (FTE). In figure 3 below, it is observed that there is a much smoother downward trend in 

WPI’s campus greenhouse gas emissions per student.   

 
Figure 3: WPI's decreasing greenhouse gas emissions per FTE from 2008-2023 

Analysis of WPI's electricity usage and greenhouse gas emissions over the years 

demonstrates a clear downward trend, showcasing the effectiveness of ongoing sustainability 
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initiatives. The partnership with Harrison Street is expected to further accelerate progress 

towards a net-zero carbon footprint, as WPI leverages cutting-edge technologies and expertise to 

drive decarbonization efforts. To continue their progress, the Office of Sustainability continues 

to establish specific and measurable goals aligned with the overarching mission of carbon 

neutrality.  

WPI’s Decarbonization Plan 

Leveraging the technologies and insights facilitated by the Harrison Street partnership, 

WPI will continue to make significant strides towards its goal of carbon neutrality. Currently, the 

engineering firms involved in this partnership like Cogen Power Technologies and Salas Obrien 

are taking over operations at WPI’s on-campus power plant and drilling trial wells around WPI’s 

campus. These energy conservation measures are projected to reduce WPI's annual greenhouse 

gas emissions by 45%, according to the office of sustainability partner Salas Obrien, who are 

developing an energy framework plan and investigating the feasibility and benefit of geothermal 

wells around campus. A roadmap of the first phase of this framework can be found in figure 4 

below, which shows the estimated reductions in greenhouse gas emissions for each campus 

initiative. 
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Figure 4: WPI's decarbonization roadmap for greenhouse gas emission reduction initiatives 

According to the emissions data from the office of sustainability, and as seen in figure 5, 

a majority of the campus’ greenhouse gas emissions come from the boilers around campus, 

mostly which reside in the campus power plant, called the Powerhouse. By implementing the 

changes outlined in the decarbonization plan, WPI can reduce the need and usage of the 

powerhouse and continue towards carbon neutrality by using cleaner sources of energy like 

geothermal wells. 

 

Figure 5: WPI's metric tons of CO2e emitted per source type in 2022 (log scale) 



 23  

 

As WPI advances towards carbon neutrality, it is important that we improve climate 

communication around campus to spread the word and get students, faculty, and community 

members involved in the movement. These initiatives are already beginning to make tangible 

impact, as WPI continues to see decreases in greenhouse gas emissions around campus. With 

these changes and innovative advancements through sustainability research on campus, WPI can 

also inspire other campuses around Massachusetts and even the global university sector.  
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Chapter 4: Sustainability in Massachusetts 

To analyze the broader context of sustainability initiatives in the community surrounding 

WPI, we can transition from the micro-level of our college campus to the macro-level of 

statewide efforts, to compare WPI’s progress with other communities. While WPI's campus 

initiatives are crucial, we recognize that the scope of impact extends far beyond our immediate 

environment. Understanding our role within the larger framework of statewide sustainability 

efforts is imperative for fostering meaningful change. By examining the initiatives undertaken by 

institutions across Massachusetts, we can glean insights into effective strategies, identify areas 

for improvement, and collaborate on a collective journey towards a more sustainable future. 

Through this comparative analysis, we aim to assess how our institution measures up against its 

peers in Massachusetts, driving us towards a more comprehensive understanding of our 

collective impact and the path forward for sustainable progress. 

As discovered through our analysis of emissions across the United States using U.S. fuel 

emissions data from the EPA, Massachusetts is very relatively low emitting state compared to 

other US states. This is demonstrated in figure 6, which illustrates the average methane 

emissions in each state from 2011-2021, with Massachusetts highlighted in dark blue.  
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Figure 6: U.S. States by most methane emissions from 2011-2021 

 

Despite Massachusetts' low emissions, it is crucial to identify avenues for collaborative 

action within our communities to reduce our carbon footprint and contribute to a more 

sustainable environment locally, nationally, and globally. 

Schools around Massachusetts that are comparable to WPI in campus and student body 

size, such as Bentley, and Tufts, have similar carbon neutrality goals. Bentley University, located 

in Waltham, Massachusetts, has seen a 76% decrease in their campus greenhouse gas emissions 

since 2008, according to University of New Hampshire’s SIMAP public reporting platform. In 

their Sustainability Plan, Bentley notes their initiatives to reduce Greenhouse gas emissions like 

energy efficiency upgrades to reduce fossil fuel use. Bentley’s upgrades include things like 

transitioning to solar array power and water heating efficiency technologies. The university also 

focuses their plan on transportation and even reducing the emissions generated by their study 

abroad programs. Tufts University, located in the greater Boston area, also utilizes an interactive 
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public dashboard to track and visualize their progress towards their sustainability goals. A 

screenshot of their public, interactive dashboard can be seen in figure 7, below.  

 

Figure 7: Screenshot of Tufts University's public sustainability dashboard 

This allows for improved tracking and analysis of Tufts’ initiatives and improves the 

climate communication within their community.  

We aimed to compare WPI to other universities in Massachusetts. As mentioned before, 

WPI is a partner with GreenerU. Thus, we wanted to see if collaborating with a sustainability 

firm impacted a college’s emissions. Communications were sent to other universities in the 

Massachusetts area that are partners with GreenerU. The University of Massachusetts at Amherst 

(UMA) agreed to participate in our project.  

University of Massachusetts Amherst 

We are appreciative of UMA for responding to our data inquiry request. The 

representative of their Sustainability Office, Mr. Ezra Small, the Campus Sustainability 
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Manager, met with our team and provided us with data and directed us to the publicly available 

data on their website. This data included source emissions data dating back to 2008. Sources 

included “Diesel for Fleet,” “Gasoline for Fleet,” “Purchased Electricity,” and “Natural Gas.” 

Essentially, this data gave us insight into where the emissions were coming from. He mentioned 

that we will see that the coal fuel type only had data from 2004 to 2008, as in 2008 UMA 

stopped using a coal fired power plant and switched to a natural gas plant to heat their campus.  

Because UMA has a significantly larger student population, exceeding WPI's enrollment 

by over 20,000 students, it becomes imperative to analyze greenhouse gas emissions per student 

to effectively compare the success of sustainability efforts of both universities. Illustrated in 

Figure 8, while both UMA and WPI exhibit a downward trend in greenhouse gas emissions per 

student, UMA's emissions per student are greater those of WPI. 

 

Figure 8: WPI and UMA GHG emissions per FTE 

We were also directed to UMA’s emissions reports that are publicly available on the 

UMA Office of Sustainability website. The reports outlined UMA's roadmap of initiatives 

towards achieving carbon neutrality. For instance, in the realm of food and dining, UMA Dining 

backs the student division of the Food Recovery Network. This organization retrieves surplus 
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food and distributes meals to a nearby homeless shelter throughout the academic year. Moreover, 

UMass Dining transforms excess food into fresh menu options and conducts informative events 

to promote awareness and reduce post-consumer waste (Rawson, 2023). By recovering surplus 

food and repurposing it into new menu items, UMA Dining minimizes the amount of food 

wasted, which in turn reduces greenhouse gas emissions associated with food decomposition in 

landfills. 

Through the guidance of Mr. Small of UMA’s Office of Sustainability, our team dove 

into the university’s emissions data and sustainability initiatives, gaining insight into their 

environmental impact and commitment to sustainability. UMA’s transparency in providing 

access to data and reports highlights their dedication to accountability and progress towards 

carbon neutrality. Through efforts like the Food Recovery Network, UMA Dining exemplifies 

proactive measures to reduce GHG emissions by minimizing food waste and repurposing surplus 

food. This partnership with UMA showcases the significance of collaboration between academic 

institutions and community stakeholders in driving sustainable change. Through developing such 

relationships and leveraging available resources and expertise, we can collectively address 

environmental issues and progress towards a more sustainable future.  
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Chapter 5: Power Plants 

Even though Massachusetts is a low emitting state, we can transition to the broader 

context of the United States to gain a more comprehensive understanding of sustainability efforts 

and emissions on a national scale. Examining the broader landscape of emissions across the 

United States reveals a clearer picture of environmental impact, influenced by factors ranging 

from industrial activity to geographical features and population density. Each state contributes 

uniquely to the collective emissions profile, reflecting its economic structure, energy sources, 

and policy priorities. By zooming out to encompass the entirety of the U.S., we can uncover 

patterns in emissions intensity and identify ways our community initiatives could impact the 

nation.  

With the wide range of human activities that contribute to these environmental issues 

around the country, energy consumption is a primary factor, with the power plant sector standing 

as a towering contributor to the greenhouse gas emissions in the United States. When examining 

United States emissions data, power plants emit significantly more methane and nitrous oxide 

emissions, two major culprits in the realm of harmful emissions, than other industries. In the 

broad topic of environmental responsibility, this chapter aims to investigate the complexities 

surrounding the environmental footprint of power plants.  

Dataset Overview 

Fuel Emissions (EPA) 

This dataset was sourced from the US Environmental Protection Agency (EPA) that 

contains 276,961 data points. The file contains data collected by the Greenhouse Gas Reporting 

Program for 2010-2021 and was reported to the EPA by facilities as of 08/12/2022. The 
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Greenhouse Gas Reporting Program (GHGRP) collects Greenhouse Gas data from large emitting 

facilities, suppliers of fossil fuels and industrial gases that result in GHG emissions when used, 

and facilities that inject carbon dioxide underground (EPA, 2023). The emissions data is 

presented in units of metric tons of carbon dioxide equivalent using GWP's from IPCC's AR4. 

 

Figure 9: EPA fuel emissions raw data screenshot 

The datapoints contain the reported methane and nitrous oxide emissions by different facilities, 

with features such as facility ID, facility name, city, state, reporting year, and industry type. The 

original dataset contained 276,960 data points with 16 features. We created a correlation heat 

map of the remaining numeric values, seen in figure 10, to investigate any highly correlated 

columns within the data. First, we dropped columns ‘Other fuel name’ and ‘Blend fuel name’ 

because 99.53% and 99.82% of the data points were missing a value in these columns, 

respectively. We also dropped the ‘FRS ID’ column because it was associated with ‘facility ID’, 

and 10% of the values were missing. For similar reasons, we also deleted ‘industry type 

(subparts)’ because it was highly correlated with the column ‘industry type (sectors)’.  
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Figure 10: Correlation matrix of variables from EPA fuel emissions dataset 

Based on this correlation heat map, methane and nitrous oxide emissions of a facility are 

highly correlated with each other, suggesting that a facility with high methane emissions would 

also have high nitrous oxide emissions. This is an interesting relationship that could be explored 

further. To investigate the relationship between the various coal fired power plant’s methane and 

nitrous oxide emissions, we graphed the distribution using a scatter plot to identify any patterns.  

As seen in figure 11, the distribution follows a very specific linear pattern. To consider 

why this may be, we observed if there was any pattern among the two linear relationships and the 

features in the dataset but found that there was no pattern.  



 32  

 

 

Figure 11: Distribution of Power Plants by Methane and Nitrous Oxide Emissions 

We first checked for mutual exclusivity among the two distinct lines and found that there 

was a significant number of cities, states and facilities in both lines, and therefore there is no 

mutual exclusivity. This may be due to underlying differences in the various facilities’ 

operational practices and procedures, which are not provided in the emissions data set. To 

explore this further, we performed K-Means clustering, as seen in figure 12, to try to cluster the 

data points into these two groups so we can observe why this distribution is the way it is. 

 

Figure 12: K-Means Clustering Plot of Power Plant Methane and Nitrous Oxide Emissions 
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As can be seen from figure 12, the clustering analysis was not successful in identifying 

the separate distributions. The clusters that the K-Means algorithm generated do not align with 

the two distribution patterns shown in the plot, suggesting that there is no pattern within the data 

to explain this relationship.  

Through further exploratory data analysis, we discovered that the data points from the 

year 2010 were insignificant and unrepresentative of the emissions for that year, by looking at 

the total reported emissions over the time frame. As seen in figure 13 there is significantly less 

reported emissions in the year 2010. 

 

Figure 13: Line Plot of Methane Emissions 2010-2021 

We discovered that the data from 2010 made up less than 0.2% of the data, and therefore should 

not be considered in analysis, as it is highly likely that the data points are not representative of 

the entire year. After performing these data cleaning steps, there 276,328 data points remaining 

in the dataset. An example of the remaining data can be found in figure 14. We also performed 

min-max normalization on the numerical columns on the dataset, for some of our analysis. 
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Figure 14: Remaining data after cleaning 

Unit Emissions (EPA) 

This dataset was also obtained through the EPA and was the sister set of the Fuel 

Emissions data. Features of this dataset include industry type, unit name, and biogenic unit CO2 

emissions, which is CO2 produced by biological processes. The cleaning process for this dataset 

was similar to fuel emissions: we dropped columns that were missing a lot of values, along with 

all datapoints from 2010. Facility ID, FRS ID, Industry Type (subparts) were also removed. 

 

Figure 15: Unit Emissions data screenshot 
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Fuel & Unit Emissions 

The emissions dataset contains the reported emissions per industry, which allows us to 

confirm that power plants produce a consequential number of emissions compared to other 

industries like the chemicals or waste industries. The extreme differences are visualized in figure 

16 that plots the total methane and nitrous oxide emissions per industry over the 10-year span.   

 

Figure 16: U.S. emissions from 2011-2021 by industry type 

As mentioned before, carbon dioxide is an important GHG. Although CO2 emissions arise from 

various natural sources, the rise in atmospheric CO2 levels since the industrial revolution is 

primarily attributed to human-related emissions. Moreover, CO2 concentrations are rising mostly 

because of the fossil fuels that people are burning for energy. According to the EPA, in 2021, 

carbon dioxide contributed to 79% of all U.S. greenhouse gas emissions from human activities 

(EPA, 2023).  Based on figure 17, we see that the biogenic and non-biogenic CO2 has decreased 

from 2011 to 2020, however, in 2020, there has been an increase.  
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Figure 17: Unit Emissions of Carbon Dioxide from 2011-2021 

Emissions from Coal Fired Power Plants 

Within the power plant industry, there is a wide spectrum of facility types, ranging from 

traditional fossil fuel plants to solar and wind installations, each contributing to its unique 

environmental footprint and consequences. Among the many types of power plants, coal-fired 

power plants stand out significantly as a major concern due to their immense contributions to 

both methane and nitrous oxide emissions in the United States. 

To investigate this further, we will utilize the emissions dataset’s ‘general fuel type’ 

feature that labels how that facility is fueled. Through our data exploration and visualization, we 

found that coal fired power plants produce more methane and nitrous oxide emissions than the 

other plant fuel types, by a compelling amount. Figure 18 highlights the disproportionate 

contribution of coal-fired power plants to the overall greenhouse gas emissions in the U.S. from 

2011-2021. 
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Figure 18: Power plant methane emissions by fuel type from 2011-2021 

With most of the facilities’ reported emissions in the emissions dataset coming from coal-fired 

power plants specifically, we continued to focus our analysis on the environmental impact of 

coal plants. This will allow us to delve deeper into the specific relationships surrounding human 

activity and the detrimental effects it has on the environment.  

Most coal fired power plants in the United States were built and began operating in the 

1970s and 1980’s and have begun to retire due to competition from other generating sources that 

are generally cheaper and cleaner gases. (U.S. EIA, 2023) We can see the effects of these 

closures in the emissions dataset, by observing the change in emissions from coal-fired power 

plants over the given timeframe. Over the past 10 years, power plant emissions have generally 

declined overall with spikes in 2014 and 2021, as seen in figure 19.  
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Figure 19: Power Plant Methane and Nitrous Oxide Emissions from 2011-2021 

When looking at CO2 emissions for coal-fired power plants specifically, coal-fired power 

plants tend to emit more CO2. When coal is burned, its carbon component reacts to the oxygen in 

the air to produce heat energy. CO2 is a byproduct of this chemical process. Coal contains more 

carbon than oil or gas, and when we burn these fuels, the higher amount of carbon in coal reacts 

to form CO2 (MIT Climate Portal Writing Team, 2022). Figure 20, which is below, shows the 

CO2 emissions of power plants.  
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Figure 20: Power plant emissions of carbon dioxide (2011-2022) 

From the figure, we see non-biogenic emissions initially have decreased, which corroborates the 

fact that coal fired power plants were being replaced with natural gas as natural gas has less 

climate pollution (Brady, 2023).  However, emissions have gradually increased since 2013. 

According to the U.S. Government Accountability Office (GAO), the EPA reported power plant 

emissions have increased from 2020 to 2021, reflects growth in coal-fired power generation 

(GAO, 2022).  

While coal plant closures represent a positive step toward reducing emissions, the 

lingering impact of these gases continues to grow. Greenhouse gases emitted during the 

combustion of fossil fuels, possess unique atmospheric characteristics that contribute to a 

prolonged environmental footprint. Unlike some pollutants that disperse rapidly, GHGs exhibit 

varied lifespans, ranging from a few years to thousands (EPA, 2023). As mentioned before, these 

gases significantly contribute to the greenhouse effect, trapping heat within the Earth's 

atmosphere. CO2, the primary emission from coal combustion, can persist for centuries, 
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influencing climate dynamics long after its release. Methane, with its heightened heat-trapping 

potential, has a shorter atmospheric lifetime but remains impactful for about a decade. Nitrous 

oxide, a potent greenhouse gas, endures for more than a century (Bailey & Callery, 2023). 

Emissions Across the United States 

  When looking into coal-fired power plant emissions by state, Texas has a significant 

number of emissions compared to the other U.S. States. States like Illinois, Indiana, Ohio, 

Kentucky, as well as a few surrounding states also have a high amount of reported methane 

Emissions from coal fired power plants. This distribution can be seen below in figure 21. 

 

Figure 21: Power Plant methane emissions by U.S. state from 2011-2021 

And as shown in figure 22 below, the distribution of N2O emissions among the US states is like 

the methane emissions. Again, Texas has a significant number of emissions, and states Illinois, 

Indiana, Ohio, Kentucky, as well as a few surrounding states also have a high amount of reported 

N2O Emissions from coal fired power plants. 
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Figure 22: Power plant nitrous oxide emissions in the U.S. from 2011-2021 

We then wanted to see which state emitted the most CO2, and if its emission pattern mirrored 

that of methane and nitrous oxide. From figure 23, it's apparent that Iowa leads in CO2 emissions 

stemming from human activities, with notable resemblances in emission concentration around 

the Ohio and Pennsylvania regions. 

 

Figure 23: Non-biogenic CO2 state distribution 

 

Iowa emits the most non-biogenic CO2 followed by Florida, Nebraska, California, and 

New York. It is not surprising that California is one of the top states that emits high 

concentrations of CO2 generated by human activity. As mentioned before, California has the 
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most power plants in the United States. However, Iowa does not have many power plants, so 

why does it emit the most human generated CO2? Iowa’s carbon dioxide emissions are primarily 

from the electricity sector, which accounts for 71.7% of the state’s total emissions (Choose 

Energy, 2023). Additionally, in 2021, Iowa experienced a 7.20 metric million tons carbon 

dioxide equivalent (MMtCO2e), which means the total warming effect of the additional 

greenhouse gases released is equivalent to the warming effect of emitting 7.20 million metric 

tons of carbon dioxide over 2020-2021 (Iowa Department of Natural Resources, 2022).  

Because facilities can vary in size and therefore produce different amounts of greenhouse 

gas emissions, we investigated if states with high emissions tended to have a small number of 

large facilities with very high emissions, or many facilities spread out across the state. This can 

be seen in figure 24.  

 

Figure 24: Methane and Nitrous Oxide Emissions by City (2011-2021) 

This map shows the total reported methane emissions, represented by the darkness of the blue 

dot, and the total reported N2O emissions, represented by the size of the dot. This provided new 

insight to us, as it shows that some cities are largely responsible for an entire state’s emissions. 
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For example, Colstrip, Montana, and Juliette, Georgia all have a significant amount of both 

methane and N2O emissions. While Texas, who has the highest statewide emissions, is made of 

many smaller and lighter dots, spread around the state.  

In conclusion, the significant emissions of greenhouse gases from power plants present a 

pressing concern for our planet's climate stability. These emissions not only contribute 

substantially to the ongoing crisis of climate change but also exacerbate its far-reaching impacts 

on our environment, ecosystems, and communities worldwide. It is crucial to understand the 

severe impacts of these emissions, and it becomes increasingly evident that addressing the 

emissions from power plants is essential in mitigating the adverse effects and safeguarding the 

future of our planet. By acknowledging the role of power plant emissions in driving climate 

change, we take a crucial step towards adopting sustainable energy practices and fostering a 

healthier, more resilient world for generations to come. 
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Chapter 6: Climate Change  

It becomes evident that the implications of these emissions extend far beyond the 

localized environmental impact. The greenhouse gases emitted, including methane and nitrous 

oxide, persist in Earth's atmosphere, exerting a profound influence on our planet's climate. These 

emissions are more than merely a statistic; they represent a significant driver of climate change. 

Their presence fuels the ongoing warming of our planet, contributing to environmental 

disruption and irreversible damage. As they persist in the earth’s atmosphere, relentlessly fueling 

the ongoing warming of our planet and causing severe and irreversible damage to the earth as 

they contribute to environmental disruption. Their sustained presence in the atmosphere 

contributes significantly to global warming causing our exploration to naturally shift towards 

understanding the broader implications of these emissions on global climate patterns and the 

urgent need for sustainable solutions to mitigate their effects.  

Global Atmospheric Concentrations of Greenhouse Gasses 

To observe the effects that coal fired power plants have on the environment, specifically 

global warming, we utilized data from the global monitoring laboratory of the National Oceanic 

and Atmospheric Administration (NOAA) to analyze the global atmospheric concentrations of 

methane and nitrous oxide over time. The analysis shows that from 2000-2022, there has been a 

consistent upward trend in the concentration of both methane and nitrous oxide.  
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Figure 25: Mean global atmospheric concentration of methane (2001-2022) 

 

 

Figure 26: Mean global atmospheric nitrous oxide (2001-2021) 

These upward trajectories highlight the undeniable impact of human activities, 

particularly the operations of coal-fired power plants, on our environment. This is important to 

note, because even as emissions from coal-fired power plants begin to decline, the concentrations 

of these gases persist and continue to increase, due to the long lifespan and powerful warming 

effects they have in our atmosphere. According to the EPA, “Historical measurements show that 
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the current global atmospheric concentrations of CH4 and N2O are unprecedented compared with 

the past 800,000 years,” (EPA, 2023)  

The combustion of fossil fuels, particularly coal, releases substantial amounts of methane 

and nitrous oxide into the atmosphere, perpetuating a cycle of environmental degradation. The 

repercussions extend beyond the immediate vicinity of these power plants, with the intense 

consequences felt globally as these gases intermingle and linger in the atmosphere. The extreme 

amounts of harmful emissions from coal plants greatly contribute to the greenhouse effect's 

intensification.  

Increasing Surface Temperature in the United States 

As methane and nitrous oxide, emanating largely from coal-fired power plants, intensify 

the greenhouse effect, the repercussions are vividly reflected in the upward trajectory of 

temperature records. Utilizing data from the IMF (collected by the FAO), we analyzed the 

average temperature change over time in the United States, as seen in figure 27. These 

temperature records indicate a pattern of warming that transcends natural climatic variation.  

 

Figure 27: Average temperature change (2001-2023) 
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Although the relationship in the plot shows a nonlinear trend, we can utilize the surface 

temperature data, to zoom out and see how the temperature has changed over the past 60 years. 

By including these years in the analysis, starting before coal-fired power plants were widely used 

in the US, we can see there is a significant overall trend upwards in the average temperature 

since they have been implemented This broader trend in temperature is evident in figure 28.  

 

Figure 28: U.S. average temperature change (1961-2023) 

Based on the White House's comprehensive long-term net-zero strategy unveiled in 2021, 

it is imperative that the United States achieves carbon neutrality by 2050 to avert a further 1.5-

degree Celsius, or a 34.7 degree Fahrenheit, rise in Earth's surface temperature (The White 

House, 2021). Such an escalation would precipitate irreversible alterations to our planet's 

balance. This underscores the pressing need for all institutions and universities to intensify their 

sustainability endeavors, ultimately aiming for carbon neutrality. The persistent shifts in our 

climate, despite appearing gradual, will significantly affect our planet, posing multifaceted 

challenges to our society and ecosystems. These challenges threaten our security, well-being, and 

ultimately, our very existence.  
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Impacts  

Besides the seemingly slight increase in temperature, climate change also causes a variety 

of extreme weather conditions and storms like flooding, hurricanes, drought, heatwaves, and 

wildfires (United Nations, n.d.) These dangerous conditions will continue to impact the 

environment in a magnitude of ways. From altering ecosystems and landscapes to disrupting 

vital natural processes, the ramifications of these extreme conditions reverberate throughout the 

interconnected web of Earth's systems, leaving a profound mark on both the natural world and 

human societies alike. 

Agriculture stands as a major impact of the intricate relationship between weather 

patterns and climate dynamics. The reliance of agriculture on land and water exposes it to the 

multifaceted impacts of climate change. The shifting climate conditions disrupt traditional 

growing seasons, introducing uncertainties that challenge the stability of crop production. The 

increased frequency and intensity of wildfires further compound these challenges, posing a direct 

threat to farmlands (USGS, n.d.). Greenhouse gas emissions contribute to a dual impact on 

agriculture. Beyond the indirect effects of climate change, air pollution from these emissions can 

directly harm crops, plants, and forests. The intricate balance of ecosystems that sustain 

agriculture becomes increasingly vulnerable to disruptions, affecting the quality and quantity of 

essential food crops (EPA, 2023). 

The repercussions of climate change extend beyond the fields, reaching into water 

resources vital for agricultural sustenance. Heavy precipitation, intensified by climate change, 

poses a threat to water quality. The runoff from these extreme weather events depletes soil 

nutrients, exacerbates agricultural runoff, and contributes to oxygen depletion in bodies of water. 
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The result is a perilous situation for aquatic life, including fish and shellfish species that depend 

on balanced ecosystems for survival (EPA, 2023). 

Ecosystems also bear the brunt of climate change. Some species struggle to adapt to the 

rapidly changing conditions, leading to unprecedented expansions, reductions, and even 

extinctions. The delicate web of life unravels as key species face existential challenges. The 

increased frequency and intensity of natural disturbances, such as storms and wildfires, add to 

the complexity. These disturbances not only threaten the stability of ecosystems but also 

jeopardize carbon storage, with potential cascading impacts on climate dynamics and water 

sources (EPA, 2023). 

These worsening conditions exacerbate factors driving poverty and displacement, as 

highlighted by the UN. Weather-related crises have led to more displacement than violence and 

conflict combined over the past decade. (UN, 2022) Such challenges exacerbate societal issues 

like poverty, hunger, and unequal access to natural resources. Extreme weather events caused by 

climate change tend to hit those least equipped to recover and adapt. (UN, 2022)  

Communities Impacted 

Studies are showing that poor and disadvantaged communities, particularly people of 

color, are exposed to higher levels of environmental pollution than other sectors of society 

(Truax, Bullard, & Club Books, 1994; Feldscher, 2022). We found an EPA graph on the number 

of power plants in different communities, specified by certain demographics (EPA, 2024). The 

data that the EPA used for the graph was publicly available, so we used the data to recreate the 

graph, which is seen in figure_. The dataset contained state level demographic data, as well as 

power plant emissions data for 2021. While the dataset had 3756 data entries and 309 features, 

there was a lot of missing data, so we were unable to do a thorough analysis. This data was 
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helpful in identifying communities more vulnerable to environmental issues including pollution 

and emissions. For example, communities with a higher percentile of low-income, linguistically 

isolated, people of color, and individuals under age five, might be more vulnerable to pollution 

(EPA, 2023). (See figure 29) 

 

Figure 29: Number of power plant in communities at or above the 80th percentile 

Tying back to the health problems caused by emissions, the people living in these types of 

communities, especially those who live near coal-fired power plants, have higher death rates and 

at earlier ages in tandem with increased risks of lung cancer and the respiratory and 

cardiovascular diseases. (Apt, 2017). Moreover, it is estimated that 1.37 million cases of lung 

cancer globally will be linked with coal-fired power plants in 2025 (Lin, et al., 2019). 

Furthermore, following the closures of power plants, there has been a six percent reduction in 

school absences within ten kilometers (or six miles) of the power plant and there has been a nine 

percent reduction in hospitalizations for asthma-related conditions in children (Marshall, 2023). 
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This reiterated that fact that climate change poses a direct threat to all humans, by causing and 

worsening various health conditions in humans, like asthma, COPD, and even heart disease.  

In essence, the far-reaching consequences of climate change intertwine with the stability 

of agriculture, water resources, and ecosystems that we rely on. Recognizing that these impacts 

of climate change directly impact human health, the urgency to address it transcends 

environmental concerns alone. It becomes a critical necessity for safeguarding the sustainability 

of our connected natural systems and ensuring the well-being of current and future generations 

alike. 
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Chapter 7: Health Risks to Humans  

Harmful greenhouse gas emissions also pose a direct threat to our physical health. While 

the repercussions of climate change reverberate throughout ecosystems and natural landscapes, 

the direct toll on human health is profound and immediate. As we confront the escalating impacts 

of industrial pollution and emissions from power plants, we must recognize the intricate interplay 

between environmental degradation and the many health risks facing populations worldwide. As 

was mentioned in Chapter 2, emissions are known to be the cause of many various health 

problems in humans (Yang & Omaye, 2009). Even so, power plants continue to produce air 

pollutants that degrade public health. Air pollutants contribute greatly to chronic diseases and 

mortality, including cardiovascular diseases, asthma, and chronic obstructive pulmonary 

diseases. To explore this further, we looked at two datasets representing chronic and 

cardiovascular diseases. In this chapter, we identify patterns between these diseases and 

emissions history. 

Dataset Overview 

U.S. Chronic Disease Indicators (CDI) 

This dataset contains state-specific indicator data from the CDC between the years 2001-

2021. To uniformly collect and report chronic disease information, the data was compiled from 

various sources such as death certificates, state registries, etc. It totals 1,048,576 datapoints on 

124 different indicators defined by the CDC’s Division of Population Health. We used this 

dataset to identify any increase in frequency of negative health conditions over the years. 



 53  

 

Rates in Heart Disease and Stroke Mortality Among US Adults  

This dataset is from the EPA and contains rates and trends in heart disease and stroke 

mortality. Specifically, this report presents county estimates of heart disease and stroke death 

rates in 2000-2019 by age group (ages 35–64 years, ages 65 years and older), race/ethnicity 

(non-Hispanic American Indian/Alaska Native, non-Hispanic Asian/Pacific Islander, non-

Hispanic Black, Hispanic, non-Hispanic White), and sex (women, men). The rates and trends 

were estimated by the CDC National Vital Statistics System, using a Bayesian spatiotemporal 

model and a smoothed over space, time, and demographic group. Rates are age-standardized in 

10-year age groups using the 2010 US population. 

Impacts in the United States 

Cardiovascular Disease 

Cardiovascular disease is one of the leading causes of both death and disability in the 

United States (Yang & Omaye, 2009). Studies suggest that humans exposed to methane 

emissions have higher rates of oxidative stress, inflammation, and vascular dysfunction. All of 

which are key risk factors for cardiovascular disease (Mendoza-Cano, et al., 2023). To explore 

the direct effect power plants, have on humans specifically, we investigated similar trends of 

cardiovascular disease in the US and assessed any relationships. 
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Figure 30: Average cardiovascular death rate by state 

As can be seen in figure 30 representing heart disease related deaths, states like Texas 

and Georgia have the highest mortality rates for heart disease relation deaths among adults aged 

35 years or older in the United States. By cross referencing this figure with the map of power 

plant locations in the United States, there appears to be a pattern between power plant density 

and heart disease mortality in adults. This supports the idea that individuals who live near coal 

fired power plants are more exposed to harmful methane and N2O emissions which could cause 

such individuals a higher risk of developing health problems, like cardiovascular disease. 

Asthma 

Long term exposure to emissions can also aggravate respiratory diseases, especially 

asthma. A study in Birmingham, Alabama was conducted to determine if weekly variations in air 

pollution affected asthma hospitalizations between 1988 and 1990. This study found that smoke 

and air pollution, even at moderate levels, produced significant health effects and could be 

associated with more hospital admissions (Yang, 2009). With asthma being such a prevalent 

disease among Americans, air pollution should be reduced to prevent more widespread morbidity 

and mortality.  
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Figure 31: Total asthma prevalence per year in the U.S. 

Figure 31 seen above represents the percentage of adults reported to have had asthma 

over the age of 18 from 2011-2021. A steady increase in this metric can be observed over this 

time frame. In 2011, the percentage of adults with asthma was 9.8408% while in 2021, the 

number was 10.6493%. This difference may not seem significant, however, when considering 

that the population of adults in the U.S. over the age of 18 in 2021 was 259,219,518, which 

means these numbers account for an increase of roughly 2 million people (Annie E. Casey 

Foundation, 2023). 

Chronic Obstructive Pulmonary Disease 

Chronic obstructive pulmonary disease (COPD) is a group of various lung diseases that 

obstruct airflow, making it difficult to breathe. Oxidative stress caused by air pollutants are 

known to be common initiators and promoters of damage produced by COPD. Studies have 

shown that in Sydney, Vancouver, Reno, and other U.S. cities, hospital admissions for COPD 

were reported and was found to be associated with air pollution (Yang & Omaye, 2009).  
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Figure 32: Total U.S. COPD deaths per year 

Figure 32 visualizes the average deaths per 100,000 population among adults aged 45 

years or older with chronic obstructive pulmonary disease (COPD) as the underlying or 

contributing cause from 2010-2020. It is clear the graph depicts a noticeable upward trend over 

the specified period. This alarming increase in mortality rates associated with COPD may be 

indicative of a potential association with declining air quality during the same period. Further 

investigation into environmental factors and air pollutant levels could provide valuable insights 

into the observed health outcomes. 

 Recognizing the impact that GHG emissions have had on human lives, it becomes 

imperative to implement sustainable practices and regulations to mitigate their effects. From this 

analysis, the issue at hand becomes a public health crisis, necessitating urgent action to address 

the consequences of our emissions. By enforcing stricter policies, the well-being of both current 

and future generations can be safeguarded.  
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Chapter 8: U.S. Policies and Regulations 

When considering the direct threat to humanity, it becomes evident that immediate action 

is crucial to mitigate these threats to public well-being.  By understanding the complex interplay 

between human activities, emissions, and the impacts of climate change, we can inform targeted 

interventions and policies to mitigate the environmental footprint and foster a sustainable future 

for generations to come. 

In this section, we will discuss three pivotal initiatives that significantly influence 

environmental policies in the United States: The Clean Air Act, the Clean Power Plan, and the 

Affordable Clean Energy (ACE) Rule. These initiatives are essential components of the nation's 

commitment to addressing climate change, mitigating air pollution, and fostering sustainable 

energy practices. Understanding the intricacies of these measures is crucial for navigating the 

complex landscape of environmental policy, as they play a vital role in shaping the future of 

public health, energy production, and overall environmental well-being. Then, we will discuss a 

couple of potential national regulations that could be implemented to curb emissions.  

Current Energy Consumption and Production Regulations and Efforts 

Clean Air Act  

The Clean Air Act stands as a comprehensive federal law that plays a pivotal role in 

regulating air emissions from both stationary and mobile sources. Administered by the 

Environmental Protection Agency (EPA), the Act encompasses a multifaceted approach to air 

quality management. One of its primary objectives is the establishment of standards for ambient 

air quality, aimed at reducing outdoor concentrations of pollutants responsible for smog, haze, 

and acid rain (EPA, 2007). By defining and enforcing these standards, the legislation seeks to 
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safeguard public health and the environment from the detrimental effects of air pollution. In 

addition to regulating general air quality, the Clean Air Act addresses the emissions of hazardous 

air pollutants. Special attention is given to substances known or suspected to cause cancer, with 

stringent regulations in place to limit their release into the atmosphere (EPA, 2007). This aspect 

of the Act underscores a commitment to minimizing the health risks associated with exposure to 

toxic air contaminants. 

The legislation also places emphasis on the protection of Earth's ozone layer. Specific 

provisions within the Clean Air Act are dedicated to phasing out the production and use of 

chemicals that pose a threat to the ozone layer. Recognizing the critical role of the ozone layer in 

maintaining habitable conditions on our planet, these measures contribute to global 

environmental preservation (Ritchie, 2023). As a dynamic and evolving piece of legislation, the 

Clean Air Act reflects the ongoing commitment of the United States to address emerging 

challenges related to air quality and environmental protection.  

Clean Power Plan 

The Clean Power Plan, initiated during the Obama administration, represented a 

significant effort to curtail carbon dioxide emissions from existing power plants. This 

groundbreaking initiative established state-specific targets for emission reduction and actively 

promoted the adoption of renewable energy sources (Office of the Press Secretary, 2015). 

Despite its laudable goals, the plan encountered legal challenges and ultimately faced repeal 

under the Trump administration, which implemented a much weaker rule (Irfan, 2019). 

Notably, the Clean Power Plan was the nation’s first legislature regulating power plants. 

Its primary goal was to significantly reduce carbon pollution from power plants, addressing both 

climate change and minimizing pollutants linked to the adverse effects of soot and smog on 
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public health. Simultaneously, the plan aimed to stimulate innovation, development, and 

deployment within the clean energy sector, laying a foundation for a comprehensive, long-term 

strategy to address the climate crisis. The plan's strength lay in its provision of considerable 

flexibility and time for states and utilities to achieve the mandated pollution reductions. This 

approach aimed to optimize the balance between environmental protection and the maintenance 

of a reliable and affordable electricity supply for consumers and businesses. By allowing for 

adaptation to regional variations and unique circumstances, the Clean Power Plan sought to 

create a pragmatic framework for sustainable progress. 

Crucially, the initiative recognized the enduring role of fossil fuels in America's energy 

landscape. Instead of eliminating them entirely, the Clean Power Plan aimed to enhance the 

cleanliness and efficiency of power plants using fossil fuels. Concurrently, it sought to expand 

capacity for zero- and low-emission power sources, promoting a diversified and resilient national 

energy portfolio (EPA, n.d.). 

In summary, the Clean Power Plan was a forward-looking and comprehensive strategy 

that endeavored to balance the imperative of reducing emissions with the practicalities of 

maintaining a robust and adaptable energy sector. While its fate may have shifted with changing 

administrations, the plan's vision and principles remain influential in shaping ongoing 

discussions about the intersection of energy policy, environmental stewardship, and public 

health. 

Affordable Clean Energy Rule (ACE) 

Implemented during the Trump administration, the Affordable Clean Energy (ACE) Rule 

aimed to guide states in developing their plans to enhance the efficiency of existing coal-fired 

power plants, diverging from the approach of setting specific emission reduction targets. In 
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contrast to the Clean Power Plan, which established statewide emission reduction goals, the ACE 

rule focused on the individual level of power plants, striving to stimulate efficiency 

enhancements at this operational scale. Differing from the broader scope of the Clean Power 

Plan, the ACE rule primarily addressed emissions from power plants and placed less emphasis 

on broader strategies to promote renewable energy. This shift in focus made the ACE rule 

narrower in its regulatory scope (EPA, 2023).  

The ACE rule triggered controversy, as critics argued that it fell short in adequately 

addressing climate change and raised concerns about potentially weaker emissions standards for 

power plants (Harvard T.H. Chan School of Public Health, 2019; Irfan, 2019). Supporters, 

however, maintained that the rule offered increased flexibility to states and industries. In 2022, 

the D.C. Circuit ruled that the ACE Rule must be vacated as the Trump administration 

incorrectly interpreted Section 111(d) of the Clean Air Act, which deals with regulating 

emissions from existing sources (Detterman, Christensen, & Pilchen, 2021; Environmental 

Defense Fund, 2014). 

In summary, the Clean Air Act, Clean Power Plan, and Affordable Clean Energy Rule 

represent critical milestones in the United States’ effort to combat climate and protect public 

health. These initiatives emphasize the nation’s commitment to environmental stewardship and 

sustainable energy practices. However, it is fundamental to understand the fight against climate 

change and greenhouse gas emissions necessitates collective action at all levels, spanning from 

governmental policy making to individual behavioral changes. Although national regulations 

establish important standards and provide a framework for action, meaningful progress is only 

driven by the combination of efforts of the government, industries, communities, and people.  
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Grassroots movements play a vital role in complementing national policies. Supporting 

renewable energy projects, advocating for clean air and water, and engaging in sustainable 

practices in our daily lives are tangible ways to contribute to a healthier planet. Institutions like 

WPI epitomize the power of education and research in advancing sustainable solutions. Through 

fostering innovation and collaboration, academic systems can push progress towards an eco-

friendlier future.  
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Chapter 9: Contributions and Conclusions 

The long-lasting nature of greenhouse gases (CH4, N2O, CO2) means that their 

cumulative impact continues to influence Earth's climate even after emission sources are 

reduced. This underscores the importance of sustained efforts to transition to cleaner energy 

sources, enhance energy efficiency, and implement strategies for carbon capture and 

sequestration to address both current and historical emissions. From earlier analysis, there was 

found to be an increasing trend of morbidity across a range of chronic health issues from around 

2010-2021, potentially in relation to exposure to pollutants persisting in the atmosphere. If 

carbon neutrality efforts are not expedited sooner, these health impacts are projected to worsen, 

leading to an increase in the number of deaths each year. Thus, alongside environmental 

concerns, prioritizing action towards mitigating greenhouse gas emissions is crucial for 

safeguarding public health and ensuring clean, healthier air. 

It has been made evident that current efforts to reduce greenhouse gas emissions in the 

United States are not yet sufficient in countering their adverse impacts. As the nation grapples 

with the imperative to mitigate climate change and transition towards a more sustainable future, 

it becomes essential to integrate diverse measures that span policy, technology, and societal 

engagement. While it is difficult to implement and enforce nationwide policies, it is possible to 

effect change within local communities. By fostering awareness and promoting sustainable 

practices through climate communication, individuals and communities can play a pivotal role in 

collectively reducing carbon footprints and cultivating a more environmentally conscious 

society. 
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Contributions 

Within WPI, a range of successful sustainability initiatives has emerged, aiming to reach 

carbon neutrality and enhance energy efficiency. These endeavors align with WPI's broader 

sustainability objectives, such as equipping graduates with the mindset and skills necessary to 

devise sustainable solutions to global challenges. Raising awareness and instilling eco-friendly 

values in students could foster a culture of sustainability and create the next generation of 

environmentally conscious leaders. However, despite these efforts, achieving this goal remains 

elusive. One explanation for which could be attributable to lack of climate communication. 

During this project, we found it challenging to access data and information regarding WPI’s 

sustainability initiatives. To address this issue, leveraging data science (DS) techniques for 

progress tracking and analytics could prove instrumental. By implementing DS methodologies, 

WPI can gain insights into the effectiveness of current sustainability initiatives, identify areas for 

improvement, and track progress towards carbon neutrality more effectively. Additionally, 

utilizing engaging visualizations to showcase these initiatives around campus can help facilitate 

engagement with sustainable practices among the campus community. The Office of 

Sustainability can play a pivotal role in spearheading these efforts by actively engaging students, 

faculty, and staff in sustainability-related activities and initiatives. Based on our challenges 

encountered during the research process, we recommend implementing these strategies to 

overcome barriers to information access and foster a culture of sustainability at WPI. 

Additionally, WPI could benefit from implementing a centralized platform for 

sustainability-related matters in the form of a website. This platform would enhance data 

accessibility, highlight the importance of sustainability on campus, and establish WPI as a hub 

for sustainable innovations. As a part of this project, the team has developed a website to 
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showcase the project’s work and to demonstrate the usefulness of a website for promoting 

climate communication and raising awareness of sustainability initiatives (figure 33). 

 

Figure 33: Screenshot of sustainability website 

At WPI’s Undergraduate Project Presentation Day, where we showcased our project, 

many judges, who were WPI faculty members and graduate students, as well as our peers 

presenting alongside us, expressed their excitement and interest in our project and the 

sustainability initiatives at WPI. Most of these individuals shared that they were unaware of the 

ongoing sustainability efforts happening on WPI’s campus and expressed great interest and ideas 

about getting involved in the future. Their keen interest and eagerness about the universities 

initiatives emphasizes the importance of our project; effective communication and collaborative 

efforts are imperative to driving sustainable change within the WPI community.  

Future Work  

To build upon the groundwork laid by this project, future endeavors could focus on 

further developing the sustainability website as an educational resource for the community. 

Additionally, creating a WPI sustainability dashboard could serve as a vital tool for the Office of 
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Sustainability, enabling comprehensive tracking and analysis of initiatives. Moreover, the 

development of a public, interactive dashboard could enhance climate communication and 

encourage greater involvement in sustainability efforts across the campus community. By 

continuing to innovate and collaborate, WPI can reinforce its commitment to sustainability and 

serve as a beacon of environmental stewardship in higher education. 

  



 66  

 

Acknowledgements 

The team would like to thank Professor Torumoy Ghoshal for his support and guidance 

throughout this project, which benefited greatly from his help and valuable insights. We would 

also like to thank Nicole Luiz of the WPI Sustainability Office and Ezra Small from the 

sustainability staff at UMass Amherst for providing data, taking time to meet with us, and 

answering our questions. 

  



 67  

 

References 

Agbede, E. A., Bani, Y., Azman-Sain, W. W., & Naseem, N. M. (2021). The impact of energy 

consumption on environmental quality:. Environmental Science and Pollution Research, 

54117–54136. 

American Lung Association. (2022, February 24). Why Everyone Should Care About Methane 

Gas Pollution. Retrieved from American Lung Association: 

https://www.lung.org/blog/methane-gas-pollution 

Annie E. Casey Foundation. (2023). 2023 KIDS COUNT DATA BOOK. Retrieved from aecf.org: 

https://www.aecf.org/resources/2023-kids-count-data-book 

Apt, J. (2017). The Other Reason to Shift away from Coal: Air Pollution That Kills Thousands 

Every Year. Retrieved from Scientific American. 

Archer, C. L., & Jacobson, M. Z. (2003). Spatial and temporal distributions of U.S. winds and 

wind power at80 m derived from measurements. JOURNAL OF GEOPHYSICAL 

RESEARCH. 

Ashworth, J. (2022, September 13). Net zero is cheaper and greener than continuing the use of 

fossil fuels. Retrieved from Natural History Museum: 

https://www.nhm.ac.uk/discover/news/2022/september/net-zero-cheaper-and-greener-

than-continuing-use-fossil-fuels.html 

Bailey, D., & Callery, S. (2023, November 30). What is the greenhouse effect? Retrieved from 

NASA's Jet Propulsion Laboratory: https://climate.nasa.gov/faq/19/what-is-the-

greenhouse-effect/ 



 68  

 

Ballinger, J. (2022, February 10). Are Wind and Solar Power Really More Expensive and Less 

Reliable? Retrieved from State of the Planet: 

https://news.climate.columbia.edu/2022/02/10/are-wind-and-solar-power-really-more-

expensive-and-less-reliable/ 

Bauld, A. (2021, November 1). Why Schools Need to Look at Their Own Carbon Footprint. 

Retrieved from Harvard Graduate School of Education: 

https://www.gse.harvard.edu/ideas/usable-knowledge/21/11/why-schools-need-look-

their-own-carbon-footprint 

Bertelsen, G., & Rorke, C. (2021). Meeting the Climate Challenge: A Carbon Fee Should Be the 

Centerpiece of America's Climate Strategy.  

Bozer, S. (2022, April 11). Overview and Implications of New CAFE Standards and Penalties. 

Retrieved from Center for Automotive Research: https://www.cargroup.org/overview-

and-implications-of-new-cafe-standards-and-penalties/ 

Brady, J. (2023, May 11). An EPA proposal to (almost) eliminate climate pollution from power 

plants. Retrieved from NPR: https://www.npr.org/2023/05/11/1169967646/an-epa-

proposal-to-almost-eliminate-climate-pollution-from-power-plants 

Brind'Amour, M., & Lee, N. (2022, December 1). Laughing Gas Is No Joke: The Forgotten 

Greenhouse Gas. Retrieved from Environmental and Energy Study Institute: 

https://www.eesi.org/articles/view/laughing-gas-is-no-joke-the-forgotten-greenhouse-gas 

Brind'Armour, M., & Lee, N. (2022, December 1). Laughing Gas Is No Joke: The Forgotten 

Greenhouse Gas. Retrieved from Environmental and Energy Study Institute: 

https://www.eesi.org/articles/view/laughing-gas-is-no-joke-the-forgotten-greenhouse-gas 



 69  

 

Cambridge. (2022, April 22). Why is education important in tackling climate change? Retrieved 

from Cambridge.org: https://www.cambridge.org/news-and-insights/insights/why-is-

education-important-in-tackling-climate-change 

CDC. (2018, April 24). Nitrous Oxide. Retrieved from CDC: 

https://www.cdc.gov/niosh/topics/nitrousoxide/default.html 

CDC. (2020, December 21). Diseases Carried by Vectors. Retrieved from CDC: 

https://www.cdc.gov/climateandhealth/effects/vectors.htm 

Center for Climate and Energy Solutions. (2023, November). U.S. State Carbon Pricing Policies. 

Retrieved from Center for Climate and Energy Solutions: 

https://www.c2es.org/document/us-state-carbon-pricing-policies/ 

Center for Climate and Energy Solutions. (n.d.). Regional Greenhouse Gas Initiative (RGGI). 

Retrieved from Center for Climate and Energy Solutions: 

https://www.c2es.org/content/regional-greenhouse-gas-initiative-rggi/ 

Chandler, D. L. (2018, April 6). Carbon taxes could make significant dent in climate change, 

study finds. Retrieved from MIT News: https://news.mit.edu/2018/carbon-taxes-could-

make-significant-dent-climate-change-0406 

Chen, C., Wiser, R., Mills, A., & Bolinger, M. (2009). Weighing the costs and benefits of state 

renewables portfolio standards in the United States: A comparative analysis of state-level 

policy impact projections. Renewable and Sustainable Energy Reviews, 552-566. 



 70  

 

Chien, F., Anwar, A., Hsu, C.-C., Sharif, A., Razzaq, A., & Sinha, A. (2021). The role of 

information and communication technology in encountering environmental degradation: 

Proposing an SDG framework for the BRICS countries. Technology in Society. 

Choose Energy. (2023). Carbon Dioxide Emissions by State. Retrieved from Choose Energy: 

https://www.chooseenergy.com/data-center/carbon-dioxide-by-state/ 

Ciolkosz, D. (2023, March 9). What is Renewable Energy? Retrieved from Penn State Extension: 

https://extension.psu.edu/what-is-renewable-energy 

Congressional Budget Office. (2018, December 13). Impose a Tax on Emissions of Greenhouse 

Gases. Retrieved from Congressional Budget Office: https://www.cbo.gov/budget-

options/54821 

Currit, E. (2022). Disproportionate Exposure to Air Pollution for Low-Income Communities in 

the United States. Retrieved from Ballard Brief: https://ballardbrief.byu.edu/issue-

briefs/disproportionate-exposure-to-air-pollution-for-low-income-communities-in-the-

united-states 

Detterman, B. J., Christensen, E. L., & Pilchen, Z. B. (2021, February 4). D.C. Circuit Vacates 

Trump ACE Rule: What’s Next for Power Plant CO2 Regulation? Retrieved from 

National Law Review: https://www.natlawreview.com/article/dc-circuit-vacates-trump-

ace-rule-what-s-next-power-plant-co2-regulation 

EIA. (2022, November 30). Renewable energy explained. Retrieved from EIA: 

https://www.eia.gov/energyexplained/renewable-sources/portfolio-standards.php 



 71  

 

EIA. (2023, August 16). U.S. energy facts explained. Retrieved from EIA: 

https://www.eia.gov/energyexplained/us-energy-facts/ 

Energy Star. (2011). ENERGY INDEPENDENCE AND SECURITY ACT OF 2007 (EISA). 

Retrieved from energystar.gov: 

https://www.energystar.gov/ia/products/lighting/cfls/downloads/EISA_Backgrounder_FI

NAL_4-11_EPA.pdf 

Environmental Defense Fund. (2014, February). Section 111(d) of the Clean Air Act. Retrieved 

from EDF: https://www.edf.org/sites/default/files/section-111-d-of-the-clean-air-act_the-

legal-foundation-for-strong-flexible-cost-effective-carbon-pollution-standards-for-

existing-power-plants.pdf 

Environmental Defense Fund. (2023, January 11). How Methane Impacts Health. Retrieved from 

Global Clean Air: https://globalcleanair.org/methane-and-health/ 

EPA. (2007). The Plain English Guide to the Clean Air Act. EPA. 

EPA. (2023, May 11). Affordable Clean Energy Rule. Retrieved from EPA: 

https://www.epa.gov/stationary-sources-air-pollution/affordable-clean-energy-rule 

EPA. (2023, December 1). Climate Change Impacts. Retrieved from EPA: 

https://www.epa.gov/climateimpacts 

EPA. (2023, November 16). Climate Change Impacts on Ecosystems. Retrieved from EPA: 

https://www.epa.gov/climateimpacts/climate-change-impacts-ecosystems 

EPA. (2023, November 16). Climate Change Impacts on Freshwater Resources. Retrieved from 

EPA: https://www.epa.gov/climateimpacts/climate-change-impacts-freshwater-resources 



 72  

 

EPA. (2023, November 1). Climate Change Indicators: Atmospheric Concentrations of 

Greenhouse Gases. Retrieved from EPA: https://www.epa.gov/climate-

indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases 

EPA. (2023, October 10). Greenhouse Gas Emissions. Retrieved from EPA: 

https://www.epa.gov/ghgemissions/overview-greenhouse-gases#overview 

EPA. (2023, February 10). Overview for Renewable Fuel Standard. Retrieved from EPA: 

https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-

standard 

EPA. (2023, May 11). Power Plants and Neighboring Communities. Retrieved from EPA: 

https://www.epa.gov/power-sector/power-plants-and-neighboring-communities#graphing 

EPA. (2023, November 16). Sources of Greenhouse Gas Emissions. Retrieved from EPA: 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions 

EPA. (2023, September 6). Summary of the Clean Air Act. Retrieved from EPA: 

https://www.epa.gov/laws-regulations/summary-clean-air-act 

EPA. (2023, April 25). Summary of the Energy Independence and Security Act. Retrieved from 

EPA: https://www.epa.gov/laws-regulations/summary-energy-independence-and-

security-act 

EPA. (2023, November 14). What Is Emissions Trading? Retrieved from EPA: 

https://www.epa.gov/emissions-trading-resources/what-emissions-trading 

EPA. (2024, February 07). Power Plants and Neighboring Communities. Retrieved from EPA: 

https://www.epa.gov/power-sector/power-plants-and-neighboring-communities 



 73  

 

EPA. (n.d.). FACT SHEET: Overview of the Clean Power Plan. Retrieved from EPA: 

https://archive.epa.gov/epa/cleanpowerplan/fact-sheet-overview-clean-power-plan.html 

EU. (n.d.). Market Stability Reserve. Retrieved from EU: https://climate.ec.europa.eu/eu-

action/eu-emissions-trading-system-eu-ets/market-stability-reserve_en 

EU. (n.d.). What is the EU ETS? Retrieved from European Union: 

https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets/what-eu-ets_en 

Falconer, R. (2023, December 4). Kerry: "There shouldn't be any more coal fired power plants 

permitted anywhere in the world". Retrieved from MSN: https://www.msn.com/en-

us/news/opinion/kerry-there-shouldnt-be-any-more-coal-fired-power-plants-permitted-

anywhere-in-the-world/ar-AA1kWWAT 

Fecht, S. (2021, February 25). How Exactly Does Carbon Dioxide Cause Global Warming? 

Retrieved from State of the Planet: 

https://news.climate.columbia.edu/2021/02/25/carbon-dioxide-cause-global-warming/ 

Feldscher, K. (2022, January 25). Race still a factor in air pollution exposure. The Harvard 

Gazette . Harvard Chan School Communications. 

Fischer, C. (2010). Renewable Portfolio Standards: When Do They Lower Energy Prices?,. The 

Energy Journal, 101-120. 

Frank, C. (2014, August 12). Pricing Carbon: A Carbon Tax or Cap-And-Trade. Retrieved from 

Brookings.edu: https://www.brookings.edu/articles/pricing-carbon-a-carbon-tax-or-cap-

and-trade/ 



 74  

 

GAO. (2022, March 10). Federal Government Efforts to Reduce Emissions from Coal-Fired 

Power Plants. Retrieved from GAO: https://www.gao.gov/blog/federal-government-

efforts-reduce-emissions-coal-fired-power-plants 

GreenerU. (2023). WPI. Retrieved from GreenerU: https://www.greeneru.com/partner/worcester-

polytechnic-institute/ 

Harvard T.H. Chan School of Public Health. (2019). Emissions could increase under proposed 

‘clean energy’ rule. Retrieved from Harvard T.H. Chan School of Public Health: 

https://www.hsph.harvard.edu/news/hsph-in-the-news/emissions-increase-clean-energy-

rule 

Hasan, M. M., Nan, S., & Rizwanullah, M. (2024). The role of environmental diplomacy and 

economic factors on environmental degradation. Heliyon. 

Hendryx, M., & Innes-Wimsatt, K. A. (2013). Increased Risk of Depression for People Living in 

Coal Mining Areas of Central Appalachia. Ecopsychology. 

IEA. (2017, November 5). Energy Independence and Security Act of 2007. Retrieved from IEA: 

https://www.iea.org/policies/910-energy-independence-and-security-act-of-2007 

IEA. (2019, July 26). Regional Greenhouse Gas Initiative (RGGI). Retrieved from International 

Energy Agency: https://www.iea.org/policies/74-regional-greenhouse-gas-initiative-rggi 

Iowa Department of Natural Resources. (2022). 2021 Iowa Statewide. Des Moines. 

Irfan, U. (2019, June 19). Trump’s EPA just replaced Obama’s signature climate policy with a 

much weaker rule. Retrieved from Vox: 



 75  

 

https://www.vox.com/2019/6/19/18684054/climate-change-clean-power-plan-repeal-

affordable-emissions 

Jacobson, T. A., Kler, J. S., Hernke, M. T., Braun, R. K., Meyer, K. C., & Funk, W. E. (2019). 

Direct human health risks of increased atmospheric carbon dioxide. Nature 

Sustainability, 691–701. 

Karmis, M., Abiecunas, J., Alwang, J., Aultman, S., Bird, L., Denholm, P., . . . Sovacool, B. K. 

(2005). A Study of Increased Use of Renewable Energy Resources in Virginia. Blackburg, 

VA. 

Lam, A. (2022, December 3). Explainer: What Is an Emissions Trading Scheme and How Does 

It Work? Retrieved from earth.org: https://earth.org/what-is-emissions-trading-scheme/ 

Lin, C.-K., Lin, R.-T., Chen, T., Zigler, C., Wei, Y., & Christiani, D. C. (2019). A global 

perspective on coal-fired power plants and burden of lung cancer. Environmental Health. 

Lindsay, B. (2019, April 4). How B.C. brought in Canada's 1st carbon tax and avoided 

economic disaster. Retrieved from CBC News: https://www.cbc.ca/news/canada/british-

columbia/carbon-tax-bc-1.5083734 

Marshall, M. (2023, July 26). The insidious impact of coal power plant pollution on kids’ 

performance in schools. Retrieved from Yale Environment Review: https://environment-

review.yale.edu/insidious-impact-coal-power-plant-pollution-kids-performance-schools 

Mendoza-Cano, O., Trujillo, X., Huerta, M., Rios-Silva, M., Lugo-Radillo, A., Bricio-Barrios, J. 

A., . . . Murillo-Zamora, E. (2023). Assessing the relationship between energy-related 



 76  

 

methane emissions and the burden of cardiovascular diseases: a cross-sectional study of 

73 countries. Scientific Reports. 

MIT Climate Portal Writing Team. (2022, December 16). Why does burning coal generate more 

CO2 than oil or gas? Retrieved from MIT Climate Portal: https://climate.mit.edu/ask-

mit/why-does-burning-coal-generate-more-co2-oil-or-gas 

Morrison, J. (2006). Mandated RPS Ignores Economic, Political Reality. The Electricity Journal, 

3-4. 

Murray, B., & Rivers, N. (2015). British Columbia’s revenue-neutral carbon tax: A review of the 

latest “grand experiment” in environmental policy. Energy Policy, 674-683. 

National Conference of State Legislatures. (2021, August 13). State Renewable Portfolio 

Standards and Goals. Retrieved from National Conference of State Legislatures: 

https://www.ncsl.org/energy/state-renewable-portfolio-standards-and-goals 

National Geographic Society. (2023, October 19). Atmosphere. Retrieved from National 

Geographic : https://education.nationalgeographic.org/resource/atmosphere/ 

NHTSA. (n.d.). Corporate Average Fuel Economy. Retrieved from NHTSA.gov: 

https://www.nhtsa.gov/laws-regulations/corporate-average-fuel-economy 

NOAA, NCICS. (2022). State Summaries: MASSACHUSETTS.  

Nogee, A., Deyette, J., & Clemmer, S. (2007). The Projected Impacts of a National Renewable 

Portfolio Standard. The Electricity Journal, 33-47. 



 77  

 

NRDC. (2015, December 12). Paris Climate Agreement Explained: Climate Finance. Retrieved 

from NRDC: https://www.nrdc.org/bio/han-chen/paris-climate-agreement-explained-

climate-finance 

NREL. (2005). Renewables Portfolio Standard Overview. National Renewable Energy 

Labratory. Retrieved from National Renewable Energy Laboratory. 

Office of Cybersecurity, Energy Security, and Emergency Response. (n.d.). Retrieved from 

Energy.gov: https://www.energy.gov/ceser/energy-independence-and-security-act-2007 

Office of Energy Efficiency and Renewable Energy. (n.d.). Renewable Energy. Retrieved from 

energy.gov: https://www.energy.gov/eere/renewable-energy 

Office of the Press Secretary. (2015, August 3). Fact Sheet: President Obama to Announce 

Historic Carbon Pollution Standards for Power Plants. Retrieved from The White 

House: https://obamawhitehouse.archives.gov/the-press-office/2015/08/03/fact-sheet-

president-obama-announce-historic-carbon-pollution-standards 

Pham, A., Li, C., & Bui, Q. (2023). Assessing the heterogeneous impacts of energy consumption 

on human development of G7 by employing advanced quantile panel data estimation. 

Gondwana Research. 

Rawson, M. (2023). 2023 Sustainability Report. Amherst, MA: University of Massachusetts 

Amherst. 

RGGI . (2023). State Statutes & Regulations. Retrieved from The Regional Greenhouse Gas 

Initiative : https://www.rggi.org/program-overview-and-design/state-regulations 



 78  

 

Ritchie, H. (2023, March 13). What is the ozone layer, and why is it important? Retrieved from 

Our World in Data: https://ourworldindata.org/ozone-layer-context 

Sattler, S. (2022, March 16). The EIA Just Released a 30 Year Energy Outlook. It’s… Not Great. 

Retrieved from Union of Concerned Scientists: https://blog.ucsusa.org/sandra-sattler/eia-

energy-outlook-2022/ 

SIMAP. (2024). Retrieved from 

https://www.bing.com/search?q=SIMAP®+is+a+carbon+and+nitrogen-

accounting+platform+that+can+track%2C+analyze%2C+and+improve+your+campus-

wide+sustainability&cvid=aa68fc2ee51d474baca2218ca2ab21a6&gs_lcrp=EgZjaHJvbW

UyBggAEEUYOdIBBzIzMmowajmoAgiwAgE&FORM=ANAB0 

Sovacool, B. K., & Cooper, C. (2007). Big Is Beautiful: The Case for Federal Leadership on a 

National Renewable Portfolio Standard. The Electricity Journal, 48-61. 

Taylor, L. (2014, July 16). Carbon tax repealed: a short timeline of Australia’s long debate 

about emissions trading. Retrieved from The Guardian: 

https://www.theguardian.com/world/2014/jul/17/carbon-tax-repealed-a-short-timeline-of-

australias-long-debate-about-emissions-trading 

Tennessee Valley Authority. (2003). The Role of Renewable Energy in Reducing. Tennesee 

Valley Authority. 

The White House. (2021). THE LONG-TERM STRATEGY OF THE UNITED STATES: 

Pathways to Net-Zero Greenhouse Gas Emissions by 2050. The White House. 



 79  

 

Truax, R. H., Bullard, R. D., & Club Books, S. (1994). Unequal Protection: Environmental 

Justice and Communities of Color. Environmental Action Magazine. 

U.S. Department of Energy. (n.d.). Renewable Fuel Standard. Retrieved from U.S. Department 

of Energy: https://afdc.energy.gov/laws/RFS 

U.S. Department of Transportation. (2014, August 11). Corporate Average Fuel Economy 

(CAFE) Standards. Retrieved from transportation.gov: 

https://www.transportation.gov/mission/sustainability/corporate-average-fuel-economy-

cafe-standards 

UNESCO. (2020). Inclusion and education:ALL MEANS ALL. Paris, France: United Nations. 

Retrieved from UNESCO: 

https://unesdoc.unesco.org/ark:/48223/pf0000373718/PDF/373718eng.pdf.multi 

UNFCCC. (n.d.). Frequently Asked Questions About the Global Stocktake. Retrieved from 

United Nations Climate Change: https://unfccc.int/topics/global-stocktake/about-the-

global-stocktake/frequently-asked-questions-about-the-global-stocktake 

UNFCCC. (n.d.). Nationally Determined Contributions (NDCs). Retrieved from United Nations 

Climate Change: https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-

determined-contributions-ndcs 

United Nations. (n.d.). Climate Action. Retrieved from UN.org: 

https://www.un.org/sustainabledevelopment/climate-action/ 



 80  

 

United Nations. (n.d.). Education is key to addressing climate change. Retrieved from United 

Nations: https://www.un.org/en/climatechange/climate-solutions/education-key-

addressing-climate-change 

United Nations. (n.d.). The Paris Agreement. Retrieved from United Nations Climate Change: 

https://unfccc.int/process-and-meetings/the-paris-agreement 

USGS. (n.d.). Wildfire and Climate Change. Retrieved from U.S. Geological Survey: 

https://www.usgs.gov/science-explorer/climate/wildfire 

Wardle, A. R., & Verruni, J. (2019, October 28). The Renewable Fuel Standard Is Killing the 

Environment. Retrieved from Cato Institute: 

https://www.cato.org/commentary/renewable-fuel-standard-killing-environment 

WWF. (2019, December 10). WHAT IS A CARBON TAX AND HOW COULD IT HELP US 

FIGHT THE CLIMATE CRISIS? Retrieved from World Wide Fund for Nature: 2019 

Yang, W., & Omaye, S. T. (2009). Air pollutants, oxidative stress and human health. Mutation 

Research/Genetic Toxicology and Environmental Mutagenesis, 45-54. 

Zierold, K. M., Sears, C. G., Myers, J. V., Brock, G. N., Zhang, C. H., & Sears, L. (2022). 

Exposure to coal ash and depression in children aged 6–14 years old. Environmental 

Research. 

 

 

 

  



 81  

 

Appendices 

Appendix A: Datasets Used  

Dataset # Dataset Name Date Accessed Used For Source 

1 WPI Utility Usage  2/28/2024 Main dataset WPI’s Office of 

Sustainability 

2 WPI Greenhouse Gas 

Emissions Tighe & 

Bond Report  

2/28/2024 Main dataset WPI’s Office of 

Sustainability 

3 UMA Greenhouse Gas 

Emissions  

3/26/2024 Supplementary 

dataset 

UMA’s Office of 

Sustainability 

4 Emissions by Unit and 

Fuel Type 

9/11/2023 Main dataset  U.S. EPA 

5 Trends in Atmospheric 

Gas Concentrations 

12/5/2023 Supplementary 

dataset 

GML NOAA 

6 Annual Surface 

Temperature Change  

12/5/2023 Supplementary 

dataset 

IMF (FAO) 

7 Power Plants and 

Communities 

12/5/2023 Supplementary 

dataset 

U.S. EPA 

8 Rates in Heart Disease 

and Stroke Mortality in 

US Adults  

11/10/2023 Supplementary 

dataset 

U.S. EPA, U.S. 

CDC 

9 U.S. Chronic Disease 

Indicators (CDI) 

11/03/2023 Supplementary 

dataset 

U.S. CDC 

 

  

https://gml.noaa.gov/ccgg/trends_n2o/
https://gml.noaa.gov/ccgg/trends_n2o/
https://climatedata.imf.org/datasets/4063314923d74187be9596f10d034914/explore
https://climatedata.imf.org/datasets/4063314923d74187be9596f10d034914/explore
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Appendix B: Sustainability Website  

 

The team has created a website to encompass the work done for this project as well as to 

demonstrate the effectiveness of a website in facilitating communication and information sharing 

regarding sustainability initiatives at WPI. The link for the website is: 

https://bhansea.github.io/SustainabilityMQP/  

https://bhansea.github.io/SustainabilityMQP/
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