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Introduction

Data is collected everywhere—on every website, sensor, and video feed—and data
collection only continues to grow. Taylor (2023, p.1) predicts that this year, “147
zettabytes... [will be] created, captured, copied, and consumed worldwide,” with a
projected 23% increase next year. This growth has driven a rapid push to build more data
centers to house and analyze this vast amount of information. “Data centers are at the heart
of almost every sector at the private, public, and governmental levels” (Hammadi &
Mhamdi, 2014, pp. 1-2), making them essential to the economy and national defense. More
data centers might seem beneficial, right? Not when we consider the serious environmental
and community impacts they have. These massive facilities pollute as much as the aviation
industry, comprising 2% of total greenhouse gas emissions worldwide (Bilal et al., 2014, p.
2), and place huge demands on local water and electrical infrastructure (Terri, 2022). Data
storage practices are often inefficient and outdated. Within data centers, the Distributed
/etc Directory (ETCD) database is widely used but presents significant performance issues
and frequent challenges for engineers. This reliance on outdated practices only increases
inefficiency. So, not only do data centers harm the environment and communities, but they

are also inefficiently run.

To explore potential solutions, [ will use the Latent Consequences framework (Helm,
1971), which examines both the intended functions of a technology and the unintended
consequences it brings. Many technologies promise positive societal changes but end up

having unexpected, often harmful, consequences. I will first analyze the issues with ETCD



and possible solutions, then examine the unintended consequences of the data center
boom. Are the benefits of data centers worth the damage they cause locally and globally?

How can we mitigate these consequences to achieve only the intended benefits?

Technical Topic

Moving data and processing to the cloud offers substantial advantages, but
“[d]espite the many benefits of the cloud, such as high availability and scalability, most on-
premise application architectures are not fully prepared to exploit the benefits of this
environment” (Balalaie et al,, 2016, p. 1). Balalaie (2016) argues that cloud technology still
faces challenges before companies can fully realize its benefits. A major issue is that
complex, specialized technologies form the backbone of many cloud services, leading to
unforeseen consequences that hinder safe and reliable computing. One such technology is
ETCD, a database essential to cloud-cluster technology. However, ETCD’s complexity and
small maintenance team make companies reluctant to adopt it, despite cloud technology’s
advantages. This hesitation causes inefficiencies, such as excessive maintenance, inefficient
power use, and single points of failure. Consequently, companies waste millions of dollars

and increase emissions due to their reliance on specialized technologies like ETCD.

This leads to my technical question: How can I optimize or replace ETCD to make
cloud-cluster technology more reliable and efficient? To answer this, [ will review ETCD’s

documentation (V3.5 Docs, n.d.) and experiment with configurations. Experimentation with



ETCD is crucial, as “both the Kubernetes control plane and the deployed application depend
strongly, and sometimes unexpectedly, on the performance of the ETCD database” (Larsson
etal, 2020, p. 1). Larsson et al. (2020) highlight how ETCD impacts various parts of a
program, with minor changes often yielding surprising results, making careful analysis
important. After assessing ETCD’s optimization potential, I will explore alternatives. Some
companies are already attempting this by integrating more established database
technology, allowing administrators to choose the best database for their cluster’s size. If
feasible, I could test and benchmark other databases to gauge their suitability for cloud
clusters. Success in this area could help mitigate inefficiencies, encouraging more

companies to transition to optimized, efficient data centers.

STS topic

The expansion of cloud computing and data collection has led to a rapid increase in
data centers. What are the societal and community impacts of this data center boom, and
are these setbacks justified by technical advancements and tax revenue? For most, data
centers are invisible enablers of advanced technology, but for those whose communities
are overtaken by these massive complexes, they are anything but. These facilities have
numerous latent consequences, consuming vast amounts of electricity and water while
generating significant noise pollution. This strains local infrastructure, as seen in Northern
Virginia, where “power supply needs to nearly double in the next 15 years to keep up with

demand, driven almost exclusively by data center growth” (Pipkin, 2024, p. 1-2). Increased



consumption also contributes to rising greenhouse gas emissions: contributing 2% of
global emissions and is set to surpass the entire aviation industry (Bilal et al., 2014). This
issue is pressing because data-driven technologies like Al are projected to drive further

data center construction.

Despite these consequences, many argue the benefits outweigh the costs.
Companies constructing data centers often emphasize regional economic benefits, job
creation, and partnerships with local communities to boost infrastructure. For example,
Amazon (Wehner, 2023) claims that data centers provide well-paying jobs and contribute
to regional wealth. However, these claims are likely skewed heavily towards big data
centers, as they come from companies who directly make or profit off them. Others argue
that they can build greener centers, but “there is an urgent need for energy-efficient
solutions,” which as of now don’t exist (Garg, 2011, p1). While I agree that data centers can

bring significant benefits, the drawbacks, particularly those unanticipated, can be severe.

Data centers aim to be close to consumers while remaining cost-effective, creating
“sweet spots” that attract multiple facilities. Despite community opposition, local
governments continue approving data center projects while the state evaluates their
impacts. Many state and federal officials consider these decisions to be local matters,
though the centers collectively strain the region's power grid and environment (Pipkin,
2024, p. 1). Often, local governments prioritize short-term tax revenue and job creation
over the welfare of residents, and some even sell land to shell companies linked to data

center developers, concealing plans until it’s too late for public opposition. Once



construction is approved, there’s minimal effort to shield communities from adverse
effects. “Unlike other industries, data centers are largely self-regulating,” with no governing
agency (Terri, 2022, p. 6-7). This lack of oversight allows data centers to be built near
residential neighborhoods. The “growth [of data centers] brings new challenges, including
noise pollution and its impact on nearby communities” causing constant “mechanical
whine” that residents hear every day and night (Hamilton, 2024, p. 1). Such noise pollution
has serious health impacts; one resident described the toll: “She sees the signs of its toll —
hypertension, cortisol — but she cannot stop it. No one can, because it does not sleep”

(Terri, 2022, p. 5-6).

In places like Bluffdale, Utah, residents face water shortages and power outages
because the nearby Utah Data Center “guzzles seven million gallons of water daily to
operate” (Terri, 2022, p. 5). This data center, run by the NSA, gets preferential treatment
because it is important to “national security,” but wouldn’t true national security ensure
citizens have enough water and electricity to sustain their lives? Companies like Google
pledge to be “water-positive” and operate solely on renewable energy. While this is a
laudable ambition, there is no way to verify or enforce these goals. Many companies’
primary aim is to maximize profit, so if they can cut corners, there’s a good chance they

will.

Another latent consequence of the data center boom is the vast amount of land
needed for these massive structures. In built-up areas like Northern Virginia, open land is

scarce. Location is crucial for data centers, but where is this untapped land coming from?



“Recently... data center developers have begun targeting rural land... often adjacent to
national parks,” and these rural lands are typically forests or other green spaces. For
example, in 2021, Prince William County “voted to add about 60 acres within... Prince
William Forest to the data center overlay district,” which is land earmarked to become a
national park and is adjacent to a Civil War landmark (Keep Massive Industrial Data
Centers Away from Our National Parks, n.d., p. 2). While this article from the National Park
Conservation Association draws a very concerning picture it's important to note that it is

their job to raise concern so they can raise money and increase shock factor.

Using the framework of latent consequences, [ will continue analyzing sources and
seek personal accounts from affected communities to assess the full impact of these
centers. | will also review the positive benefits that these centers bring to communities to
understand both the positive and negative impacts. To conclude, | will examine how similar
issues, like the growth of distribution centers for e-commerce, have been addressed in the
past. I could then assess if my proposed solutions, discussed in the following paragraph,

have been successful before.

Data centers can completely change communities. While they add jobs and tax
revenue, they also heavily pollute, strain infrastructure, and take over land essential to the
community. I believe latent consequences outweigh the intended benefits, and many
reforms are needed to address these issues. The main problem is regulation. Companies
should be required to increase infrastructure to the level they need before construction

begins. Second, enhanced environmental legislation should set maximum levels for noise



pollution, net emissions, and water usage. Third, communities should have the right to vote
on whether they want these facilities in their towns. Lastly, a review board should evaluate
any land designated for data centers to ensure it does not disrupt national parks or other
sacred sites. With this proposed solution I will look into potential ways of getting this
legislation put in place and enforcing regulations going forward. If these changes are
implemented, I believe ethical data centers that benefit communities rather than burden

them are possible.

Conclusion

Data is the backbone of current technological advancement, but this digital boom
has significant, often hidden, societal impacts. Current cloud technologies still face
numerous challenges that lead to inefficiencies, lost profits, downtime, and higher
greenhouse gas emissions. If these issues, especially those stemming from ETCD, are
solved, it will encourage other companies to switch to the cloud, easing the load on massive
data centers. But even if this transition is smooth, data centers are growing in both quantity
and size, creating community and environmental challenges. These impacts were initially
unforeseen but must be addressed if we are to move forward. Companies need to become
more transparent and take greater responsibility for their effects on communities.
Enhanced legislation and accountability are necessary to ensure that both corporations and

communities can grow harmoniously.
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