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Introduction 

In this paper, I seek to establish that what the consequences of climate change are, which 

activities contribute to it the most, what types of resources are being used to carry out these 

activities, and who participates in these kinds of activities the most. I will gather this information 

from census data and peer reviewed experimental results. Based on these assessments, I will then 

propose three solutions:  

1. Adjustment of physical aspects of the environment and structure we live in, including 

the use of bike paths, passive solar architecture, and hexagons in construction.  

2. Implementation of a carbon tax to curtail carbon dioxide emissions and prevent 

resource exploitation by corporations.  

3. Installation of a universal “solar grid” that utilizes the most efficient solar technology 

in order to provide a clean, sustainable source of energy.  

While these ideas may not fit the ideals of many environmentalists, they are solutions which 

could be realistically enacted with the degree of velocity required to ensure the welfare of 

humans and human activities, despite current political, social, economic, and cultural barriers in 

the United States. The purpose of this essay is not to establish an ethical stance on 

environmentalism, to proclaim what the most ideal scenario on Earth would be, or even to 

discuss the most objectively optimal solutions. It is, rather, to identify practical solutions that 

could be enacted in the near future with relative ease, compared to ideas that endure more 

opposition because they are received as more ‘offensive’. Ideals must be forfeited for the sake of 

urgency, as there is not enough time to waste on ideas that are extremely polarizing. This paper 

does not reflect morally or ideologically informed ideas or solutions, but it does attempt to make 
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compromises in order to arrive at plausible solutions for our country in its current stage of 

development.  

In order to discuss possible solutions, the main problems and their causes must first be 

identified. According to 21 simulations carried out by NASA climate models, carbon dioxide 

levels will have reached 935 parts per million by the year 2100, as opposed to 400 parts per 

million in 2015, and global temperatures will have doubled (Nex-NASA, 2014.) The models 

integrate physical data from around the world and used two different patterns as inputs for data: a 

“business as usual” set, or the RCP 4.5 scenario, which represents patterns of greenhouse gas 

emissions as they are currently, and an “extreme case”, or the RCP 8.5 scenario, which 

represents patterns that would arise if a significant increase in the amount of greenhouse gas 

emissions occurred. Most of us are familiar with the consequence of shrinking icebergs due to 

melting, but these models predict that 99% of glaciers in the Everest region will be destroyed if 

carbon emissions continue at their current rates. If carbon emissions rates increase significantly, 

to conditions in RCP 8.5 model scenario, the maximum temperature in the areas with the highest 

population densities in July 2100 will reach 95 degrees Fahrenheit or 35 degrees Celsius. These 

models predict only one aspect of the effects emissions from human activity can have. Surely 

consumer capitalism is not exclusively detrimental. It has had plenty of positive effects on the 

livelihoods of many human beings. Although the Industrial Revolution lead to the exponential 

rise in greenhouse gas emissions, coal mining, and most environmental problems we have today, 

many would argue that it was also largely responsible for enhancing the quality of life by 

improving sanitation, medicine, technology, transportation, education, and accessibility of goods 

in general. It must be acknowledged that industrial capitalism contributed to several 
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achievements and advancements that exist in todays society. There was a time and place for the 

industrial capitalism that we have come to know, and it served many functions. We no longer 

need many of these functions, because, naturally, our society has evolved.  

The United States economy allows, and even encourages, overconsumption of resources, 

as well as great disparities in who owns most of the countries’ wealth, and therefore who 

contributes to the greatest amount of environmental damage through overconsumption. If we 

could restructure our economy so that this issue was alleviated, we would have an opportunity to 

be truly sustainable.  

 The Industrial Revolution was a pivotal point in Earth’s history, as it marked the 

transition from wood and other biofuel use to use of coal and oil for fuel. This allowed for much 

more power per unit mass and gave rise to mechanization such as large scale steel production. In 

the year 1900, approximately 3/4 of energy used in the United States was powered by coal, and 

in the early 1900’s, oil took over as the main energy source with the mass production of 

affordable Ford automobiles (E.I.A. 2013.)  

Since the industrial revolution, atmospheric carbon dioxide levels have risen by 40% 

(NCA 2014.) Data containing information on carbon dioxide emissions and global annual 

temperatures from 1850 to 1970 is limited, because data was not yet recorded (IPCC, pp. 3.) 

Most global temperature increases accumulate in Earth’s ocean surfaces through radiation, with 

an average annual increase in temperature by 0.11°C per decade since 1971 to 2010, with most 

warming having occurred between the 1870s and 1971 (IPCC, pp. 4. Figure 1.2.) 

Changes in ocean salinity and acidification due to uptake of CO2 since industrialization 

have also been recorded, and data suggest that there has been a decrease in the pH of ocean 
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surface water by 0.1 with a 26% increase in acidity. Snow cover, glaciers, permafrost, and 

Greenland and Antarctic Ice sheets have been decreasing in mass since 1992 (IPCC, pp. 4.) 

Despite negative environmental changes since industrialization, many people still turn to 

industrial technology as a means to mitigate or completely solve environmental problems. 

Opponents of techno-solutions would say it is counter intuitive to think that technology can be 

used to resolve issues created, perpetuated, and exacerbated by itself; however, it is important to 

demarcate the tool from the person utilizing the tool. Machines cannot run on their own and 

cannot make decisions. It is the way in which machines are used, what type of fuel they run on, 

what types of emissions they produce, and the contexts they are situated in that determine their 

impact on the environment. In order to effectively sift through which techno-solutions are really 

just technology which ones are actually solutions, we must first understand how exactly 

resources are being utilized, and what kinds of consumption are contributing to the largest 

amounts of environmental detriments.  

Resource Consumption: Who and What 

According to a study on the relationship between consumption and greenhouse gas 

emissions, the human activity which causes the most greenhouse gas emissions is energy use. “In 

all horizons, the impact of energy on emissions is the highest. The results based on the energy 

consumption equation indicate that emissions account for more than 61 percent of the variance in 

energy consumption at the shorter horizons and more than 47 percent in the longer horizons. 

Both results based on energy and emissions equations support the previously reported causal 

relationship between emissions and energy consumption” (Soytas et al, 2007 pp. 487). If energy 
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use is the greatest cause for greenhouse gas emissions, which sector includes activities which 

require the greatest uses of energy, and who uses the most energy from this sector? 

 

(U.S. Energy Information Administration Monthly Energy Review, April 2017.) 

Electric power accounts for 39% of energy uses; transportation 29%; industrial 22%; 

residential 6%; and commercial 4% (E.I.A. 2017.) Petroleum is the largest source of energy used 

per Btu, but only contributes 1% of its total energy expenditures to electric power, the sector 

which requires the most energy. Instead, the electric power sector derives its energy sources 

mostly from natural gas, uses the most energy of all the sectors, but only derives 1% of its energy 

from petroleum, even though petroleum is by far the most used energy source and accounts for 

37% of all energy uses. All sectors derive energy from all sources except natural gas, which is 

used exclusively for electric power. 
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The industrial sector is responsible for the consumption of 32% of energy used by the 

United States, and uses mostly natural gas and petroleum to carry out desired processes. There is 

a wide range of processes carried out by industrial facilities, from food processing (5%) to 

construction (7%) to paper making (7%), but the three most energy intensive processes carried 

out in the industrial sector are 1. Bulk chemical processing (25%) which is the production of 

large scale chemicals such as acetone, acrylic acid, and glycerine 2. Refining (18%) 3. Mining 

(12%) (E.I.A. 2017) 
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The residential sector is responsible for 21% of energy consumption and over half of this 

sector’s energy is used for domestic heating and cooling. During the past 30 years, the U.S. 

population grew by 35.6% and the number of homes grew by 40%. Homes built since 1990 are 

on average 27% larger than homes built prior to 1990 (National Academies of Science, 

Engineering, and Medicine.) In 2015, electricity and natural gas tied as the leading sources of 

energy used in homes, each at 42%. 
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The commercial sector requires 19% of the nation's current energy supply, and it includes 

a broad array of building types, including offices, stores, sports arenas, schools, shopping malls, 

hotels, and hospitals. The subsections of this sector require various activities depending on the 

specific needs of the building, but in general, over half of the energy used in commercial 

buildings is allocated to heating (36%) and lighting (21%) alone. Within the commercial sector, 

retail stores and service buildings use the greatest amount of total energy (20%), followed by 

office buildings (17%) and schools (13%). (National Academies of Science, Engineering, and 

Medicine) 

The transportation sector consumes the second largest amount of energy, requiring 29% 

of the nation’s energy dividends. Cars, light trucks, and motorcycles take up the majority of this 

sector’s reserves at about 58% in 2013, “followed by other trucks (23%), aircraft (8%), boats and 

ships (4%), and trains and buses (3%). Pipelines account for 4%” (National Academies of 

Science, Engineering, and Medicine.) This means that 81% of all transportation energy is used 
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for road vehicles, amassing to a greater amount than energy used for all airplanes, trains, buses, 

boats, and pipelines combined. According to current projection models, the total number of miles 

driven by Americans is expected to increase by approximately 23% within the next 25 years. 

This will increase the demand for fuel, which will most likely be gasoline and diesel fuels, as 

they account for 92% of energy used in this sector (National Academies of Science, Engineering, 

and Medicine.) Their combustion will lead to higher emissions of carbon dioxides, particulate 

matter, carbon monoxide, nitrogen oxides, and unburned hydrocarbons. 

Alternatives to these types of fuels do exist, though they account for a much lower 

amount of energy used in the transportation sector. Biofuels provided approximately 4.9% of the 

nation’s transportation fuel in 2015. The most common form of biofuel is corn ethanol, which 

results in less emissions, but is, unfortunately, very energy and water intensive. Electric and 

hybrid vehicles are becoming more popular despite their long charging time requirements 

(averaging 20 minutes) and small distance range. While the average electric vehicle range is 

smaller than ordinary vehicles (usually less than 100 miles on a fully charged battery), this 

distance would still be enough to cover 90% of all household vehicle trips in the United States 

(Federal Highway Administration.)  Electric cars are a much better alternative than traditional 

engines; however, they are not the solution, as up to two-thirds of the electricity used to recharge 

the vehicle’s batteries are produced by burning fossil fuels. 

According to these figures, the next-most energy used for generating electricity is in 

industry, mostly for bulk chemicals, refining, and mining. After the industrial sector is the 

transportation sector, in which the vast majority of energy is used by independent on-road 

vehicles. Lastly are the residential and commercial sectors, in which most energy is used for 
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heating and cooling. We now know for what purposes the United States, the top energy 

consumer per capita in world, consumes energy. The question now is who is doing the bulk of 

the consuming? 

 

The Ethical Legitimacy and Necessity of Restricting Consumption 

The wealthier one is, the more they are allowed to consume. Right now, there are large 

disparities of wealth in America, with the wealthiest 1% owning approximately 42% of the 

nation's wealth.  

 

(Domhoff 2005) 

However, just because someone has more wealth, does that necessarily mean they spend 

it, therefore consuming more than someone with a lower income? And what if the things they 

spend it on don’t actually cause as much environmental damage as we might think? What about 

the environmentally proficient items and lifestyles wealth might be able to afford? Despite all of 
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these conjectures, data overwhelmingly points towards the reality of large disparities in wealth 

and ecological footprint, and a causal relationship between the two. 

In a study on carbon inequality, Oxfam used datasets of both individual and institutional 

(governments, investments (e.g. in infrastructure) and international transport), and found that 

consumption by individuals is responsible for 64% of global emissions, and institutional 

consumption, 36% (Oxfam pp. 3.) The study derived its numbers from two sets of data: national 

income distribution data based on household surveys for 118 countries in 2008; and a 

Multi-Regional Input-Output (MRIO) national trade model of 121 countries in 2007 on CO2 

emissions estimates. The results they arrived at suggested that the top 10% richest people in the 

world are responsible for 49% of global carbon dioxide emissions by individuals, while the 

poorest 50% are responsible for approximately 10% of the worlds carbon dioxide emissions by 

individuals (Oxfam pp. 4.)  
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Two important deductions regarding environmental impact can be made from the Oxfam 

results: 1. Individual decisions have an overall greater influence than non individual decisions, 

and 2. when afforded greater amounts of wealth, people tend to make personal decisions that 

lead to greater carbon dioxide emissions. There is a common misconception about personal 

action and efforts to reduce carbon footprint. Many people believe that the actions of the 

extremely wealthy are not the primary cause of modern environmental issues. Many may 

rationalize this belief through the assumption that wealthy people make more environmentally 

friendly choices by purchasing eco-technology or other “green products” such as organic food or 

hybrid vehicles. Some will argue this through the application of Malthusian ideas, such as 

Lifeboat ethics, the idea that overpopulation, rather than extreme, concentrated consumption by a 

small percentage of individuals, is responsible for overconsumption of resources. While 

overpopulation may seem like a logical explanation for overconsumption, data demonstrates that 

the practices of the majority do not even come close to the impacts of the activities done by the 

population with the highest amount of wealth. 

  A study on the main drivers of environmentally significant behavior shows that most 

often, people who identify as “green” or “environmentalists”, are in fact most often people of 

higher incomes, but despite decisions they actively make to be more “green” or sustainable, they 

still have ecological footprints that are drastically higher than people of lower incomes, who less 

frequently self-identify as “green” or “environmentalists”. The study makes an important 

distinction between behaviors that are “intent-oriented” and “impact-oriented” behaviors. (Moser 

and Kleinhückelkotten pp. 3) The researchers used data from a survey done by The German 
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Environment Agency (UBA) to assess energy use per capita, and measures of individual carbon 

footprints and pro-environmental behavior to arrive at conclusions about how each factor 

indicates environmental impact and intent. 

The results demonstrated that environmental self-identity proved to be the best predictor 

of pro-environmental behavior, but a poor predictor in determining one's actual environmental 

impacts, due to the common tendency to emphasize pro-environmental behaviors which have 

very little impact on the environment. Instead, environmental impact is best predicted by income 

level. In this study, impact was defined based on measurable criteria, such as carbon dioxide 

emissions, amount of energy used for a good from cradle to grave, or from production, through 

distribution, use, and to disposal (Moser and Kleinhückelkotten, 2017 pp. 3.) After assessing 

other factors such as geographic location (urban vs. rural, climatic zone of residence) and 

individual socioeconomic characteristics (e.g., age, education level, gender, homeownership 

status) through face to face interviews of 1,012 participants, measures of ecological footprint 

were then based on activities reported by each participant. Researchers measured as many factors 

as possible per capita rather than per household, because per capita measures tend to be more 

accurate. However, certain factors, such as apartment size or energy consuming appliances had 

to be measured in terms of household use (Moser and Kleinhückelkotten, 2017 pp. 9) Data was 

weighted according to German data on per capita energy use (in kilowatt hours per year, or 

kWh/a) and carbon footprint (in kilograms CO2 emitted per year, or kgCO2e/a), which were 

calculated for the subcategories of housing, transportation, and food. 

The average per capita energy use in the sample was 13,677 kWh per year, and the results 

were significantly positively skewed, indicating strong correlation between income and size of 
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ecological footprint. The data demonstrates that the amount of energy consumed by the 10% of 

respondents with the highest consumption levels equals that of the 40% with the lowest 

consumption levels (Moser and Kleinhückelkotten, 2017 pp.11.) It was concluded that income, 

household size, and geographic location determine people’s lifestyles and resulting 

environmental impacts with the most strength. Data suggests that income is the most prominent 

predictor of both higher carbon footprint and energy consumption, and only environmental 

self-identity was a strong predictor only for behavior deemed as pro-environmental, while 

environmental self-identification had no predictive value of energy use or carbon footprint 

(Moser and Kleinhückelkotten, 2017 pp. 14.) Income is the most important predictor of energy 

use and carbon footprint, followed by homeownership, indicating that people with lower incomes 

and those who rent or do not own homes have less environmental impact than those with higher 

income who own homes. Across other demographic lines, data showed that women, elderly 

people, people living in larger households (more people living in a house) tend to use less energy 

and emit less greenhouse gases per capita. Bigger living spaces are correlated to smaller numbers 

of household members, homeownership, higher incomes, and increasing age, while higher 

energy consumption of household appliances is correlated to smaller numbers of household 

members, income, age, and education level (Moser and Kleinhückelkotten, 2017 pp. 16.) While 

environmental awareness, self-identification, and pro-environmental behaviors do tend to 

increase with income, the pro-environmental behaviors they encompass are ones which typically 

tend to be lower impact on the spectrum anyways, such as decisions to eat organically, drive fuel 

efficient vehicles, recycle, or shorten shower durations (Moser and Kleinhückelkotten, 2017 pp. 

22.) These decisions have minor impact on the larger scale of ecological footprint, in comparison 
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to decisions regarding mode of travel or place of residence, in which people of higher income 

typically do not make environmentally beneficial choices. In regards to behaviors with high 

impact or high environmental weight, such as important decisions of housing and modes of 

transportation, people reporting high levels of environmental self identity tended to make 

decisions that lead to less ecologically sound results. The one outlier in these results was the 

decision of meat eating: people who self identified with the environment did tend to consume 

lower levels of meat, independent of income.  

The studies and figures aforementioned reveal that individual choices contribute to the 

majority of environmental outcomes. Behaviors and consumption patterns typically carried out 

by wealthier populations are in fact the cause for higher greenhouse gas emissions. While 

individual decisions carry the weight of environmental outcomes, these studies reveal something 

much larger than the scope of each individual. The structural context in which one lives 

determines many of the individual decisions they will make. On average, people of higher 

income are more likely to live in the suburbs, which usually entails homeownership and private 

transportation as well. The entire idea of “The American Dream” is a sort of structural 

establishment engrained in America’s culture which dictates that if one has a higher income, they 

should want to consume as much as possible to achieve happiness, and the American Dream. 

The idea of the privately owned suburban home and cars is a reality that we are now seeing 

concrete consequences of. 

Solutions 

Changing the physical structure of the environment around people has been proven time 

and time again to modify behavior. The concept of space and the manipulation of the 
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environment has been utilized as a means of control for centuries. Jeremy Bentham’s Panopticon 

exemplifies how spatial environment directly influences behavior. In his institutional model, a 

centrally located guard tower is surrounded by prisoners, each isolated in his or her own cell. The 

circular structure and use of blinds make the guard invisible to the prisoners, but make all of the 

prisoners visible to the guards. Although it is physically impossible for the guard to observe 

every prisoner at once, the prisoners can never see the guard, and therefore can never know when 

he or she is watching. If the inmates want to avoid punishment, they must assume they are being 

surveilled 100% of the time, which leads to improved behavior among the prisoners without 

requiring the cost of hiring more guards.  

 

The Panopticon is a model which demonstrates how space can be constructed in a way 

that encourages certain behaviors and discourages others. This model is aggressive, in that it 

requires the erection of an extremely specific building type, but there are many other subtler, 
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more passive ways in which space can be altered to create change, often without people even 

being aware.  

One example of the direct effect of physical restructuring of space on human behavior is 

cycling in London. The existence of individual bike paths in London dates back to the 1930s, 

when many people didn’t have cars. However, as cars became a commodity and automobile 

ownership increased, urban planners designed the city so that there would be more space for 

cars, and in turn, less for bikes. Many of the historic bike tracks became lanes for cars or 

disappeared altogether, and over the next few decades, the number of cyclists in London 

plummeted. However, in 2000, London had the addition of an assembly and a directly elected 

mayor for the first time, which provided a means to plan and budget for a city wide change, 

rather than solely the 32 separately operating boroughs it had prior.  By 2010, citywide bicycle 

stations and 12 superhighways radiating out from central London were built. At first, they were 

highly problematic because there was nothing to separate them from cars passing by other than 

blue paint, and they were rendered unsafe when 5 cyclists died within two weeks. Planners 

reconstructed the lanes so that they had barriers to protect cyclists from car traffic and dedicated 

traffic lights by 2013, so that this time, they were safe and successful. Today, 60% of commuters 

during rush hour are cyclists in London, and car traffic has been reduced drastically (Jay Forman 

2018.) This is just one case study which demonstrates that if built correctly, people will gladly 

utilize. A study to determine if this same effect would occur in the United States was done by 

collecting census data and surveys from 35 large cities in the U.S., and results demonstrated a 

positive and significant correlation between bicycle infrastructure and rates of bicycle 

commuting (Dill & Carr, 2003 pp. 7.) Just as in the London scenario, the study’s results indicate 
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that bicycle paths and lanes alone are not enough to increase bicycle commuting, as they need to 

connect to popular destinations and origins, people need to made aware of them, and they need to 

be convenient and safe. 

Changing structure around us proves to be a pertinent step in changing people's actions 

and decisions. The old adage “you can’t make the horse drink, but you can take it to the water” 

becomes very real and relevant when presented with concrete examples of how easily people’s 

actions can be swayed, once situated in the right context. Certain actions can be encouraged or 

discouraged through the modification of structures, and I will present 3 ways in which the United 

States can do so, as part of solutions to our rampant overconsumption problem. 

 

I. Discouraging Consumerism 

If the cycle of commodity consumption is at the crux of what degrades the environment, 

there should be a law that regulates how much somebody can consume, and overconsumption, to 

a certain, defined extent, should be considered a crime. How is the logic behind existing laws 

which ensure legal protection of citizens from things like murder, assault, fraud, or theft any 

different from laws that could exist in order to protect people from the negative health and life 

threatening consequences of human greed and overconsumption? 

To discuss the problem of overconsumption in more tangible, concrete terms, most 

consequences of overconsumption can be defined by environmental burdens and benefits. 

Environmental burdens include exposure to hazardous contents, forms of industrial pollution, 

unsanitary environments, unsafe working conditions, and the depletion of necessary natural 

resources. Environmental benefits include having access to clean, safe environments 
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domestically and in the workplace, as well as access to nonindustrial spaces and natural settings 

which have measurable benefits on psychological and physical health. 

Where we live determines many of the benefits and burdens accompanied with the area. 

There is a trend of greater environmental benefits, such as parks, green spaces, and bike paths on 

roads, with increasing income in an area. Conversely, in low income areas, there are 

disproportionate amounts of environmental burdens, such as waste sites, industrial factories, and 

energy production facilities. In a study by the Environmental Justice and Health Alliance for 

Chemical Policy Reform, research on the demographics of places most vulnerable to chemical 

environmental burdens revealed that the placement of facilities which cause environmental 

burdens are most often located near or in areas with higher percentages of lower income, black, 

and hispanic communities.“The percentage of Blacks in the fenceline zones is 75% greater than 

for the U.S. as a whole, while the percentage of Latinos in the fenceline zones is 60% greater 

than for the U.S. as a whole. Average household incomes in the fenceline zones are 22% below 

the national average and the poverty rate in the fenceline zones is 55% higher than for the U.S. as 

a whole” (Environmental Justice and Health Alliance for Chemical Policy Reform pp. 3) The 

Environmental Justice and Health Alliance defines the following terms: 

Fenceline Zone: An area designated as one-tenth the distance of the vulnerability zone, in which 
those affected are least likely to be able to escape from a toxic or flammable chemical 
emergency, but not representing the outer bounds of potential harm. For example, if the 
vulnerability zone is a radius of 10 miles around the facility, then the fenceline zone is a 
radius of one mile around the facility.  

 
Vulnerability Zone: An estimate made by a facility under EPA’s Risk Management Planning 

program of the maximum possible area where people could be harmed by a worst-case 
release of certain toxic or flammable chemicals. The vulnerability zone is a radius (or 
circle) distance around the facility, for example one mile, five miles, or 20 miles in all 
directions.  
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Worst Case Scenario: An estimate made by a facility under EPA’s Risk Management Planning 
program of the largest potential chemical release from a single vessel or process under 
conditions that result in the maximum possible affected area. (Environmental Justice and 
Health Alliance for Chemical Policy Reform pp. 1.) 

 
 

The discussion of the disproportionate distribution of environmental benefit and burdens 

among population demographics is also called environmental justice, and really began in 1982 in 

Warren County, North Carolina. Warren County was a community in which the majority of the 

population was African American and the poverty level was the second highest of all counties in 

North Carolina. Amidst the installation of a new landfill, whose soil was lined with toxic and 

carcinogenic PCB, members of the Warren County community engaged in nonviolent, civil 

disobedience protests. 500 people were arrested due to these efforts and the landfill remained 

open despite opposition and public health threats. It was not until 2002 that the contaminated soil 

was treated by sending it to the incinerator, where 82,000 tons of contaminants were removed, 

and then returning soil back to the landfill (Figueroa & Melchior, 2009.) 

The incident at Warren County was largely responsible for inciting the large scale 

environmental justice movement as we know it today. There have been countless studies done on 

the effects of green space on human health and psychological wellbeing, and the environmental 

benefits these spaces bring. Among these are better air quality, greater access to physical 

activity, reduced levels of stress, and enhanced social unity (WHO Regional Office for Europe, 

2016 pp. 4). Research has demonstrated that spending time in natural settings reduces blood 

pressure (Hartig et al, 2003 pp. 116), heart rate, skin conductance, and muscle tension (Ulrich et 

al, 1991 pp. 226.) Having access to physical activity in green spaces improves mood and 

self-esteem, both in the short term and the long term (Barton and Pretty 2009 pp. 3949). Despite 
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the evidence and common knowledge provided by these types of studies, there are great 

environmental differences that create disparities of access to benefits. 

In a study on the effects of environmental condition on coronary heart disease, data of 

participants’ proximities to traffic was gathered in Canada via Geographic Information Systems. 

This was combined with census data on socioeconomic status and average air pollution levels 

from governmental monitoring stations in a study of 5228 participants to test for the effects of air 

pollution and proximity to traffic on mortality rates of different socioeconomic classes. The 

results demonstrated that as a location’s deprivation of environmental benefits, proximity to 

traffic, and air pollution increased, cardiovascular diseases and strokes also increased 

(Finkelstein, 2005 pp. 485). Those who live in locations we deem as nicer and having better 

amenities are less likely to die than those who live in worse off areas. The problem of access to 

space becomes very relevant when data reveals such demarcating disparities and their physical 

effects on health and wellness.  

In a cohort study of 3144 elders born in 1903, 1908, 1913, or 1918, the effects of access 

to walkable green spaces in megacities on longevity were tested. The researchers did so by 

controlling variables of age, sex, marital status, and socioeconomic status and then administering 

surveys asking participants about the existence of tree-lined streets and parks, an outdoor space 

to walk in, duration of sunlight in the months of April-June, the absence of noise from factories 

and cars, and a garden at or near their places of residence (Takano, 2017 pp. 915). Those who 

answered that they were very satisfied with the current state of each factor were more likely to 

survive the 5 years of the study, demonstrating high predictive value of access to green walking 

space on longevity (Takano, 2017 pp. 917). Results from many studies make evident the strong 
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correlation between aspects of elevated health and higher quality spaces, which are more 

frequently inhabited by affluent populations. 

The aforementioned studies demonstrate two ways in which environmental health 

disparities can take form. Receiving the psychological benefits from green spaces, natural 

landscapes, and outdoor activities are environmental benefits, are factors wealthier areas tend to 

have and lower income areas tend to lack. Receiving environmental consequences such as 

hazardous waste sites, industrial facilities, and pollution are environmental health determinants 

that lower income areas tend to have and higher income areas generally lack.  

Because environmental burdens exist and people of higher income tend to engage in 

activities which exacerbate them, and many people would most likely be opposed to a maximum 

wage, even if set high enough that people could still achieve insurmountable amounts of wealth 

and the American Dream, an alternative economic structure is needed. A Cap and Trade 

economy is one alternative suggested by environmentalists, which works by implementing a 

limit on the total amount of emissions allowed by industries, companies, and utilities. It would 

most likely work through some system of credits, which can be purchased by establishing the 

permissible amount of emissions. If some emissions are left unused, the credits can be sold, or 

the ability to emit can be traded for money, essentially. This system would create a carbon 

economy, so that it becomes very costly to exploit the environment, therefore incentivizing 

companies to cut emissions in order to save money. However, there are a few logistical problems 

with cap and trade, such as delay in execution after legislation is passed, the difficulty in setting 

a baseline for allowable emissions, and uncertainty about whether a companies money lost by 

exceeding the cap will be greater than the amount of money a company might lose from making 
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reductions in emissions (Avi-Yonah & Uhlmann, 2009 pp. 6.) A cap and trade system was used 

in the 1990s in the U.S. to address the issue of acid rain, and although it was successful in 

mitigating that specific issue, there is a lot of uncertainty about whether it will be effective in 

dealing with uses of such a wide range of resources. Avi-Yonah and Uhlmann argue that a 

carbon tax is the better alternative to a cap and trade economy alone, because a carbon tax would 

be easier to enforce and implement, adjust if too weak or too strong, produce revenue which 

could then be used to fund alternative energy, and would, most importantly, stimulate effective 

change more quickly. (Avi-Yonah & Uhlmann pp. 9.) 

There is a certain amount of urgency in these matters, and a certain amount of 

promptness and decisiveness is necessary. According to the MIT Global Integrated Model and 

the Emissions Prediction and Policy Analysis (EPPA) model, U.S. greenhouse gas emissions will 

double by 2050 in the absence of policy. Globally, this, along with increased emissions by 

developing countries would lead to an increase of carbon dioxide concentrations from our 

current “380 ppmv to about 550 ppmv by 2050 and to near 900 ppmv by 2100, resulting in a year 

2100 global temperature 3.5–4.5°C above the current level” (Paltsev et al, 2008 pp. 395.) The 

clock is ticking and no time can be wasted debating politics, the fact is that greenhouse gas 

emissions need to be drastically reduced before damages are irreversible. 

Avi-Yonah and Uhlmann argue that both the carbon tax and carbon cap are effective in 

making carbon a resource that is priced, but differentiates between what the two offer. They 

demarcate that cap and trade offers “benefit certainty”, meaning that because it sets a concrete 

limit on emissions by an economy, we will know exactly how much environmental benefit will 

be generated by implementing it, and that the tax offers “price certainty”, which means that we 
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will be able to calculate with certainty, the cost the carbon tax has on the economy, because the 

tax amount is determined in advance (Avi-Yonah & Uhlmann, 2009 pp. 36.)   “A carbon tax 

would be simpler to implement, more transparent, and less vulnerable to abuse. A carbon tax 

would also generate needed revenue to support development of alternatives to fossil fuels, and it 

would send a stronger message about the perils of carbon dioxide emissions” (Avi-Yonah & 

Uhlmann, 2009 pp. 8.)  

The carbon tax is a simple, straightforward approach to reducing emissions. The tax 

would be imposed on all coal, oil, and natural gas production in the United States and imports, 

with a tax rate based on marginal cost of carbon dioxide emissions. The tax would be adjusted in 

correspondence to harmful effects of emissions, tax credits would be provided for carbon 

sequestration programs to minimize or reduce emissions, and revenue would be utilized for 

alternative energy and to address any regressive economic consequences as a result of the tax 

(Avi-Yonah & Uhlmann, 2009 pp. 32.) Avi Yonah and Uhlmann characterize the main issues 

with the carbon tax as being political resistance, benefit uncertainty, possibility of difficulty in 

coordination with economies of other countries, and tax exemption (Avi-Yonah & Uhlmann, 

2009 pp. 47) but ultimately make the case for a carbon tax because of its simplicity, ability to 

generate revenue, certainty of cost to the economy, and the signal it would send to polluters, who 

would be forced to recognize and internalize the now tangible effects they are having on the 

environment.  

This type of economic restructuring, because of the revenue it would generate and 

allocate to environmental causes, and due the discouraging signal it sends out to people engaging 

in high emissions economic activities, it will naturally allow for physical restructuring of the 
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spatial environment. With this change in revenue and in perception of human impact, there are 

many projects and options available to deconstruct old, inefficient ways of living and to 

reconstruct new ones which agree with the environmental goals. 

 
II. Hexagonal Sustainable City Design for Less Consumption 
 

Because the Earth’s population is continuously growing in size, it is likely that there will 

be an increase in the amount of people living in urban settings. Cities have great potential to be 

highly efficient places, in terms emission levels per capita. Mixed land use, an emphasis on 

public transportation, walkable streets, bicycle lanes, urban forests, rooftops, renewable energy, 

and higher density living make cities significantly more efficient places to live than suburbs. One 

very simple, unexpected change in systematic architecture, especially in the context of urban 

planning, could make a profound difference: Hexagons. 

Hexagons are arguably the most unique shapes in existence. There are only 3 basic 

shapes in existence that can be arranged in a continuous, tessellated, tile format on a plane 

without any spaces between them: the equilateral triangle, the square, and the hexagon.  

Hexagons occur frequently in nature, including turtle shells, snowflakes, basalt columns, 

six petaled flowers, Saturn’s polar storm, and most importantly, beehives. Mathematicians have 

pondered beehives for centuries. The first record of an attempt to understand the geometry of the 

honeycomb was approximately 36 B.C.E. Marcus Terentius Varro, in his book on agriculture 

(Hales, 2000 pp. 1) It was common belief that the six sided formation of the hexagon naturally 

supported the bee’s six legs, but Varro suspected that the formation of the honeycomb had to do 

with the isoperimetric property of the hexagon. Varro wrote: 

Does not the chamber in the comb have six angles ... The geometricians prove that this hexagon 
inscribed in a circular figure encloses the greatest amount of space. 
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This was just the beginning of the human attempt to understand of honeycombs. Later, around 

180 B.C.E., Zenodorus published his work, Isometric Figures, in which he discussed what would 

become the basis for the later works of Pappus Alexandria, despite the fact that only fragments 

of Zenodorus’ work remained. Pappus makes the claim that if the 3 tile shapes, hexagons, 

squares, and equilateral triangles, were made into containers (or honeycombs) from equal 

amounts of material, the hexagon would be able to hold to most contents (or honey). For most of 

history, these mathematical ideas were just conjecture. It was only until 2001 that T.C. Hales ran 

a series of complex mathematical proofs to prove the classical honeycomb conjecture, that 

hexagonal shapes do in fact actually hold more contents than their tile counter parts. (Hales 

2000.) 

In other words, hexagons have the smallest perimeters out of the three shapes when it 

comes to enclosing unit areas within a plane. Hexagons have the highest surface area to 

perimeter ratio. Per 1 square unit perimeter, an equilateral triangle has an area of 0.048, a square 

0.063, and a hexagon 0.075.  A regular hexagonal grid, or honeycomb is the best way to divide a 

surface into regions of equal area with the least total perimeter.  

Circles are actually the most efficiently shaped rooms because circles enclose the largest 

possible amount space for a given length of a wall. However, this is only for standalone 

rooms.Circles would not be beneficial for most buildings, which require several rooms, because 

circles do not tessellate and leave gaps between them. For this reason, circles are usually not 

efficient in terms of space. 
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In conclusion, hexagonal walls enclose the largest area possible while wasting no space 

between them and using the least amount of resources possible. Making wax to line the walls of 

the beehives is a very costly process for the bees. Wax is in short supply for the bees, so they 

make the most of this valuable by using the least amount of resources possible to construct 

containers with the largest areas possible, to preserve the greatest amount of money.  

The bees are onto something. Not only can we adopt the conservationist behavior 

exhibited by bees by wasting as little resources as physically possible, but we can directly 

remodel our newest architecture after there’s. The resources which comprise our economy 

generally include three broad categories: food, fuel, and materials. Within the materials category 

are “fibers, plastics, feedstock, metals, paper, cement, and sand and gravel” (Matos and Wagner, 

1995 pp. 1.) In addition to these basics, materials include resources which provide our basic 

requirements for the production of food, clothing, shelter, transportation, and infrastructure. 

The amount of raw materials consumed in the United States has grown significantly since 

the start of the 20th century due to increases in public demand, population growth, and 

industrialization (Matos and Wagner, 1995 pp. 2) At the beginning of the 20th century, each 

person consumed per year approximately 2 t (metric tons) of materials, and by 1995, that amount 

had increased to 10 t (metric tons). A drastic shift in U.S. patterns of consumption has been the 

increase of nonrenewable resource consumption. At the beginning of the 20th century, 

approximately 41% of the materials consumed domestically were renewable; by 1995, only 8% 

were renewable. 
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There is a need to curtail the amount of resources used in most sectors, and the 

construction of spaces which we live in and use, such as domestic apartments and houses and 

commercial stores and buildings, account for a very large portion of that. We can employ the 

hexagonal phenomena for conservation of our own resources that are typically used to make 

buildings, especially for apartment complexes, cities, malls, large building complexes, and 

shopping centers. This efficiency will save a dramatic amount of wood, bricks, insulation, paint, 

tile, floors, and other construction products. It would save tangible resources, as well as space. 

Using 3D modeling software, Sketchup, I designed 3 buildings with hexagons implementations. 
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Houses designed with the honeycomb conjecture in mind should also take aesthetics into 

account. Buildings should consume less resources while also looking extremely attractive so that 
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people want to live in them. The human factor must be considered: while a customer may 

support construction that incorporates conservation into its design, many people may still 

identify with their income and material possessions, and want to live in something luxurious, 

something that resembles “The American Dream”. While hexagonal spaces and conservation are 

focused on efficiency and practicality, there should be some models available to the inevitable 

big spenders of society. 

Overall, hexagonal dwelling designs would be most useful in places where there are a 

high concentration of buildings or rooms, like in malls, cities, shopping centers, and apartments. 

While the design could be applied to suburbia, the main point of the hexagons is to have no 

spaces between them so that they tessellate and save room, and this component is inherently 

opposed to the nature of suburban living, which arguably requires that all houses are separated 

and have space between them. 

When applying the hexagonal model, there is another factor to consider in addition to 

human factors and geographic locations: passive solar design. All buildings designed with 

hexagons and conservation in mind should have passive solar designs incorporated. Passive solar 

works to keep buildings cool in the summer and warm in the winter by designing according to 

the sun’s geometric position. The sun rises in the east and sets in the west, so most of the 

windows are positioned on the south facing side of the building, so that the sun's warmth can be 

received throughout the day. Because the sun’s path travels higher in the sky during the summer 

than it does for the winter, a roof or overhang can be installed over the south facing windows at 

the right angle so that warmth is received during the winter but shaded from it in the summer. 

Thermal mass (usually situated in floors and walls) can be located in places that receive sunlight 
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in order to absorb energy during the day and slowly release and distribute it at night. Deciduous 

trees can be planted in front of the south facing windows so that leaves provide additional shade 

during the summer, without obstructing sunlight in the winter as leaves fall off.  

Passive solar architecture is a less aggressive, invasive form of restructuring that still 

achieves meaningful results. While hexagonal buildings might have to be marketed in a way that 

makes them appealing to consumers and may take some time for people to socially accept, facets 

of passive solar are unlikely to cause any visual disturbance among consumers and could 

probably be implemented without people even noticing. When promoting either of these designs, 

it is crucial that they are aesthetically pleasing and desirable so that they are acceptable to 

consumers. While both of these ideas could take off with no form of governmental policy in 

effect and virtually no government funding (although it would help), the next idea I propose may 

require more substantial parameters to enact. 

III. A Solar Monopoly 

As previously established in this paper, energy use is where most of the issue lies. Coal, 

oil, and natural gas are the main sources, all of which require the burning of fossil fuels and 

emissions of greenhouse gases. The problem is that people are not willing to give up the amount 

of energy necessary to achieve the impact that is required to substantially curtail emissions. Jeff 

Tsao from the U.S. Department of Energy, Office of Basic Energy Science and colleagues 

created a series of energy projections based on World Energy Statistics in 2006. Founded on the 

data, they give estimations of  “a world energy consumption rate projected to more than double, 

from 13.5 TW in 2001 to 27.6 TW by 2050, and then to more than triple to 43.0 TW by 2100” 

(Tsao et al, 2006 pp. 2.) In an estimation regarding carbon dioxide stability, deemed 
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intermediate, (neither too aggressive or conservative) it was concluded that in order to achieve 

carbon stability, (a rate of emissions which does not increase) we would need to derive almost all 

energy from carbon neutral (sources that emit no carbon dioxide) by the year 2050, according to 

energy consumption projections (Tsao et al, 2006 et al pp. 4.) In other words, roughly 15 TW of 

energy would need to be derived from C-neutral sources in 2050, and roughly 30 TW in 2100 in 

order to reach carbon stability.  

Technically, 15 TW of energy could be derived from fossil fuels, but only it would only 

be C-neutral if the majority of emissions generated were sequestered. The expected mass of 

carbon dioxide generated over a course of 50-150 years is estimated to be around 2,000-3,000 

GtCO2, which would completely fill up all currently known storage capacities (Tsao et al, 2006 

pp.5). This means that we would have to fill up all known storage spaces with carbon dioxide in 

geologic formations and ensure that no leakage occurred in order to maintain C-neutrality. 

Alternatively, to reach the same goal of 15 TW, but through nuclear power, would require 

roughly 14,636 new nuclear power plants, and even if these plants were successfully constructed, 

they would exhaust all known terrestrial uranium reserves within 10 years of functioning. 

“Construction of this number of plants would require, on average, the commissioning of a new 

nuclear power plant somewhere in the world every day continuously for 40 years” (Tsao et al, 

2006 pp.6.) 

As for renewables, solar, wind, geothermal, and ocean waves have theoretical potentials 

for exceeding 15 TW, but only wind and solar have actual extractable potentials for doing so, 

based on known requirements for each form of energy. And out of these, solar has a much higher 

technical potential than wind power because much of wind power lies over geographically 
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inaccessible oceans, whereas solar is more land based. This leaves us with the best option for the 

future: solar renewable energy. 

NASA has estimated that the sun will exist for another 6.5 billion years, which is why we 

classify solar energy as a perpetual energy source. The sun’s energy will not run out, as far as 

we’re concerned. The surface of the Earth receives 120,000 terawatts of radiation from the sun, 

which is 20,000 times more energy than the amount that is needed to provide for the entire 

world. Although 30% of this energy is scattered enroute to Earth’s surface, and 19% is absorbed 

by the atmosphere and clouds, the theoretical potential of usable solar power for Earth is 89,300 

terawatts, indicating that more energy strikes the Earth’s surface in 1.5 hours than the total 

amount of energy consumed worldwide in the year 2001 (Tsao et al, 2006 pp. 10.) 

The theoretical potential of solar energy could be used to generate 15 TW of C-neutral 

power by covering only 0.17% of the earth’s surface area, which is roughly equivalent of the 

land area of Namibia (825,418 km2) or Venezuela (882,050 km2). To generate the amount of 

power the U.S. consumed in 2001, (3.24 TW) would require a correspondingly smaller surface 

area, 2% of total U.S. land area (9,161,923 km2). This amount of surface area is comparable to 

the 1-1.5% of U.S. land area covered by public roads; and is roughly the size of North Dakota 

(178,694 km2 ) or South Dakota (196,576 km2) (Tsao et al, 2006 pp. 10.) 

Solar energy works by mimicking the natural process of photosynthesis, in which plants 

convert sunlight into energy. There are two ways this can be done, including photovoltaic cells 

and thermal solar. Photovoltaic solar energy utilizes solar cells made largely from silicon, a 

semiconductor, to convert sunlight directly into electricity. Several cells are arranged adjacent to 

each other to form panels, which generate a significant amount of energy. Solar cells are 
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sustainable because silicon is the second most abundant element on Earth and they produce no 

air pollutants or carbon dioxide emissions. Electrons are the only moving part of the cells, so 

there are no mechanisms to become worn out or used up, allowing solar cells to last for decades. 

The second form of solar energy is thermal solar energy, which works by capturing heat. 

Thermal solar plants typically consist of a series of mirrors positioned around a centrally located 

receiver, so that concentrated sunlight reflects off the mirrors towards the receiver, which then 

collects energy and converts it to heat. This heat is then used to boil water, which generates 

steam to turn a turbine that moves in a generator to create electricity. Just as steam can be 

generated by burning fossil fuels, solar thermal does the same, but instead of burning fossil fuels 

it uses the already available heat from the sun.  

There are some remaining challenges accompanied by solar energy that must be 

acknowledged. Many people are concerned about the inconsistency of sunlight, and question if 

they will have access to enough power on cloudier days. This is actually a misconception 

because the sun still provides substantial amounts of concentrated light on the Earth’s surface, 

despite cloudy weather. However, some places do receive little sunlight on average, and all 

places experience large durations of time in which the sun provides zero light: night time. 

Nighttime entails peak hours of energy use, despite it being the least available source during that 

time. The only reason this is a problem is because we are on the forefront of solar development, 

the technology still in its most primitive stage. Because it is still relatively new, limitations 

include means of effective transportation and storage, as well as efficiency. Currently, the most 

efficient cell converts 46% of available sunlight to electricity, because much of the light is 

reflected rather than absorbed. In addition to the problems of storage and efficiency, there's the 
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problem of transportation, as most solar energy is not yet compatible with traditional existing 

power lines.  

However, new advancements and improvements are constantly being made, bringing us 

closer to a fully solar powered reality. MIT built 3-Dimensional solar towers that absorb sunlight 

from all angles, increasing energy output by 2 to 200 times the normal, flat composition. This is 

a potential solution to the efficiency to problem. Scientists have created solar cells thinner than a 

human hair and lighter than a soap bubble, but possibly the most pertinent of innovations made 

in the solar frontier is the Tesla Powerwall, a storage battery that can store excess energy 

generated throughout the day in homes and distribute it at night. The Tesla Powerwall is 100% 

self-powered, and when combined with solar panels, can generate and store enough energy to 

completely power a home from the sun’s energy alone, while existing entirely off the grid. Many 

consider this to be a revolutionary milestone in solar technology, and it is still only just the 

beginning. 

One potential reality for a world run by solar is an idea I had when researching an 

environmentalist’s arch enemy: The American Petroleum Institute. The API is responsible for 

practices most environmentalists would denounce, but they have exhibited some impressive 

merits and business techniques that can be applied to solar energy and employed to outcompete 

other forms of energy, including coal, natural gas, and oil, or the API themselves! 

A few points to take notice of: 

● They have achieved a monopoly “The American Petroleum Institute (API) is the 

only national trade association representing all facets of the oil and natural gas 
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industry, which supports 10.3 million U.S. jobs and nearly 8 percent of the U.S. 

economy.” (API)  

● They make use of industry wide standardization: The API developed industry 

wide standards so that all pipe sizes would be uniform, there would never be 

equipment shortages or mishaps, and in turn, no delayed drilling.  Today, 700 

standards remain so that all parts are easily interchangeable and compatible. 

Once someone has achieved the most effective, most agreed upon solar technology, it 

may be best if some kind of nationwide standard is established. This does not mean that there 

only has to be one type of photovoltaic cell or panel or battery used exclusively, but there should 

be some kind of uniformity and standard used across the nation to maximize efficiency. It does 

not necessarily have to be a monopoly on all solar power, but a nationally unified solar energy 

system that connects solar energy plants to homes and buildings and transports energy to and 

from would be the most ideal situation because of efficiency and economies of scale.  It would 

allow for the most amount of people to have access to electricity when needed while generating 

the least amount of emissions. Whether this system would be run by the government or by a 

large corporation, such as the API, does not matter that much because it would be very difficult 

to corrupt solar power, due to how clean and abundant it is and how cheap it would be once it got 

set up and running. This idea needs to be tested and requires more research, but it demonstrates 

how the beneficial aspects of capitalist corporations can be utilized to create something else. 

While this idea would require more invasive dismantling and reconstruction of current 

infrastructure, it is something that would be extremely convenient for a lot of people, and could 

happen if given enough time and funding. 
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While many of the ideas discussed in this paper may seem intrusive or overly forceful, it 

is because they are in fact, designed to have real impact. It is because research demonstrates that 

small, subtle, low impact decisions made by individuals in their everyday lives are not enough to 

amount to visible, tangible solutions. Rather than negligible adjustments, real, concrete changes 

must be made in order to achieve results that are fruitful and efficacious. In conclusion, a carbon 

tax is the most optimal solution we have right now to reduce emissions as effectively and as 

promptly as possible. The revenue generated by this tax can be used to encourage 

environmentally beneficial behaviors with high impact, such as living in more urban settings, 

apartment and communal living, buildings designed with the structural advantages of the 

hexagon and passive solar, and self-powered solar homes. This can be done by investing in and 

building proper infrastructure, and then incentivizing individuals to live there. The carbon tax 

and the revenue it would generate would create a feedback loop in which people are repeatedly 

punished for emitting too much and increasing their ecological footprint, and rewarded for 

making decisions which decrease their impact. Our society, economy, and the physical world 

around us can be altered in just a few ways to breed substantial change. While many of the 

necessary technologies and policies to achieve this vision exist only in the future, it is a very near 

future. Reality changes every day, and the money generated by a carbon tax and invested into 

impactful, meaningful fields would stimulate innovation and propel these new realities into 

existence.  
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