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Introduction:

Although it may seem like a dystopian science fiction concept, geoengineering — which
can be defined as human alteration of the climate — is already an active driving factor in
changing our planet’s climate. Specifically, runoff pollution, chemicals, and combustion
reactions from the Industrial Revolution and modern eras have drastically contributed to
greenhouse gas emissions and global warming. According to NASA (2020), warmer ocean
temperatures provide more energy for storms, causing them to be larger and stronger. When a
superstorm of this size hits land, far more catastrophic flooding can occur, contributing to
increased waterborne diseases (NASA Science Editorial Team, 2020). The heavy storm damage
can also adversely impact human health physically and mentally, leading to socioeconomic
problems such as financial burdens and depression (National Institute of Environmental Health
Sciences, n.d.). To address the overarching problem that climate change poses to humanity and
this planet, I will analyze potential benefits and problems that can come from climate change
countering geoengineering solutions, as well as focus my technical research on addressing

emissions produced by the aviation industry with my technical team.

Technical Problem:

The aviation industry contributes over 2.5% of all global carbon dioxide emissions, and
the rapidly growing industry doesn’t seem to be slowing down (Ritchie, 2024). Although greener
technologies — such as hybrid electric engines and sustainable aviation fuels — help reduce
pollution, the majority of all aircraft still use combustion-based engines. These engines, like the
classic propeller on a private Cesna or a turbofan engine on a commercial airliner, all need to

burn some type of fuel to produce power and thrust. Although most of the exhaust is water vapor,



there are still plenty of harmful chemicals emitted from the combustion process. One group of
these chemicals is nitrogen oxides (NOx). Nitrogen oxides not only produce harmful
tropospheric (ground level) ozone, but they are also greenhouse gases that damage stratospheric
(normal) ozone levels and produce acid rain (Lee et al., 2021). In addition to nitrogen oxides,
combustion reactions produce harmful unburned chemicals, such as carbon monoxide, that are
detrimental to human health. Combustion engines also leave behind warm vortex contrails that
trap heat from the sun and contribute to rising surface temperatures (Lee et al. 2021).

To combat this growing problem, my team and I will be designing and building a fully
sustainable, combustion free aircraft. Specifically, we are designing and building a
high-endurance solar-powered drone that would be able to fly for days on end and only land to
change equipment for different missions or to complete an inspection. This type of aircraft was
selected over the more common commercial passenger aircraft due to current limitations in solar
panel and battery technology, which wouldn’t provide enough power for a large payload weight
and fast velocity aircraft.

Although solar power is one of the leading green energy sources, Responsible Research
and Innovation (RRI) analysis could bring up some questions on the future of solar power. As a
background, Responsible Research and Innovation programs raise “normative, and
future-oriented issues” that allow scientists and engineers to think about future consequences of
the technology designed (Bijker, 2017). Using this method to analyze the future of solar power
reveals that solar panels often have toxic metals, such as Lead and Cadmium, being used in
semiconductor layers (US EPA, 2021). In addition to its end-of-life dangers, mining for

resources for solar panels involve the use of heavy machinery that oftentimes tear up natural land



and ecosystems, and produce greenhouse emissions of their own. These additional issues could

be topics of research and analysis for future projects.

STS Problem:

Geoengineering solutions are revolutionary ideas that have been proposed to counter the
rapidly shifting effects of climate change. However, they are still relatively new and the long
term effects have not been clearly studied yet. As a background, geoengineering as a climate
solution is the intentional alteration of our climate and atmosphere in an attempt to reverse the
effects of climate change and global warming. Currently, the two different methods of
geoengineering are Carbon Dioxide Removal (CDR) and Solar Radiation Management (SRM).
CDR focuses on removing the carbon dioxide greenhouse gas from the atmosphere, while SRM
focuses on reducing the amount of solar radiation that gets absorbed on the surface of the Earth
(Royal Society of London, 2009). Of the two methods, CDR has been researched and tested
more, and has already been incorporated in some factories to capture the carbon dioxide and
convert it into calcium carbonate cements (Gadikota, 2021). From Gadikota’s research, “ex situ
carbon mineralization” is a “thermodynamically downhill” method for carbon capture, meaning
that this method requires little to no energy to recapture the carbon emissions from factories. On
the contrary, SRM is still extremely experimental due to the associated stigma of reflecting
sunlight back into space, seeding clouds by spraying chemicals, and with the concept of
disrupting the natural flow of moisture in the atmosphere (Nicholson, 2020). One SRM solution
is cloud seeding, which is spraying nucleation chemicals in the atmosphere to allow moisture to
collect and clouds to form. However, some of the chemicals used, such as sulfur dioxide, are

harmful to the environment and can break down stratospheric ozone (Crutzen, 2006). Kuhl



(2022), also argues that although cloud seeding could be a geoengineering solution to water
shortages, there can be severe ethical impacts if this practice is misused (Kuhl, 2022). Since
cloud seeding produces clouds by drawing moisture from the atmosphere, the people downwind
of the cloud seeding users could experience droughts due to the moisture being used up
prematurely.

A utilitarian analysis could be used to analyze the benefits and drawbacks of using cloud
seeding for addressing water shortages. As a background, utilitarian analysis focuses on
maximizing the happiness of all people involved in an action, or from a technology (Reuter,
n.d.). However, there are also drawbacks to this method of analysis since it focuses on a
people-centric perspective. Climate change is a global and environmental issue, and although it
has impacts on people, it affects the planet’s ecosystems much more. Since utilitarianism only
focuses on the happiness of people, it can overlook the needs of nature. With regards to the issue
of cloud seeding, the extra shade from the reflective clouds has helped offshore reefs recover
from bleaching, and the extra moisture collected gives redwoods and other tall trees the moisture
needed to survive in a drying environment (Temple, 2017). In my STS thesis, I hope to explore
and analyze the benefits and drawbacks of geoengineering more and choose a side to argue for

based on evidence of the analysis.

Conclusion:

In conclusion, my thesis research will focus on two problems and solutions to the
overarching problem of climate change; the aviation industry and sustainable aircraft, and
geoengineering benefits and drawbacks. I will also explain benefits and nuances to utilitarianism

and other STS analysis methods as they apply to my research topics of interest.
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