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Physical Geography Impacts of Data Center Development:

A Case Study of the PowerHouse Data Center in Irving, Texas

A. Introduction

The recent advances in cloud computing, artificial intelligence, and digital
technologies have created a demand for Al data centers across the country. These
facilities provide the infrastructure needed to store, process, and transmit enormous
amounts of digital information; however, they also require significant amounts of
land, electricity, and water to operate on a daily basis. As communities continue to
attract new technology partners, it is important to understand how these
developments may affect the physical environment.

This report examines the proposed PowerHouse Data Center campus in the
Las Colinas neighborhood of Irving, Texas, as a case study for understanding the
environmental impacts of large scale data centers being developed. Rather than
focusing solely on the facility itself, this analysis emphasizes the physical
geography processes affected, including hydrology, climate, land change, and
human/environment interactions. These processes influence local water resources,
surface temperatures, stormwater runoff, and ecosystem conditions.

Studying these physical geography processes helps explain how new
development can alter natural systems while supporting economic growth. By

examining the proposed PowerHouse Data Center through the lens of physical



geography, this report evaluates the relationship between technological
development and environmental sustainability using current scientific research and
geographic concepts.

B. Background

Physical geography examines the natural processes that shape Earth's
surface and influence the relationship between people and the environment. Several
core physical geography concepts are directly related to the proposed PowerHouse
Data Center development in Las Colinas, including hydrology, climate, land-use
change, energy use, and human-environment interactions. These processes provide
the scientific framework for evaluating how large-scale infrastructure projects may
affect local environmental conditions.

Hydrology is one of the most important concepts in this analysis because
modern data centers often require large amounts of water for cooling systems that
prevent servers from overheating. Increased water demand can place additional
pressure on local water supplies, particularly in rapidly growing metropolitan
regions such as the Dallas—Fort Worth area. Physical geography also examines how
changes in land cover influence stormwater runoff, groundwater infiltration, and
the overall movement of water through a watershed.

Climate is another important physical geography theme. Replacing natural
vegetation with buildings, roads, and parking areas increases the amount of
impervious surface, which absorbs and retains heat more efficiently than natural
landscapes. This process contributes to the urban heat island effect, where

developed areas experience higher temperatures than surrounding natural
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environments. In addition to local climate impacts, data centers require substantial
amounts of electricity, creating indirect environmental impacts depending on how
that energy is generated.

Land-use change also plays a significant role in understanding the proposed
development. Converting undeveloped or partially developed land into a large
technology campus can alter soil conditions, vegetation cover, wildlife habitat,
drainage patterns, and local ecosystems. Physical geography provides the tools to
analyze how these landscape changes influence both natural processes and the
surrounding community.

The proposed PowerHouse Data Center serves as an appropriate case study
because it demonstrates how technological growth intersects with environmental
systems. Rather than examining only the economic benefits of the project, this
report focuses on the physical geography processes that influence environmental
sustainability, resource management, and long-term planning. This approach builds
on the physical geography themes identified in the approved topic proposal,
including climate and heat generation, water resources, land-use change, energy
use, and human-environment interactions.

C. Environmental Processes

The proposed PowerHouse Data Center has the potential to influence
several interconnected Earth systems, particularly the hydrosphere, atmosphere,
geosphere, and biosphere. Physical geography emphasizes that these systems do

not function independently. Instead, changes to one system often create effects
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throughout the others, making it important to examine how large-scale
development may alter natural environmental processes.

The hydrosphere is one of the most significant Earth systems associated
with data center development. Modern data centers often require substantial
amounts of water for cooling equipment that prevents servers from overheating. As
demand for digital services continues to grow, increased water consumption can
place additional pressure on local water resources, especially during periods of
drought or high temperatures. Development also increases the amount of
impervious surfaces such as rooftops, roads, and parking lots. These surfaces
reduce the amount of rainfall that can infiltrate into the ground and instead increase
stormwater runoff, which may contribute to localized flooding, erosion, and
reduced groundwater recharge.

The atmosphere is also affected by large-scale development. Although data
centers do not produce significant direct air pollution during normal operations,
they generate large amounts of waste heat from thousands of continuously
operating computer servers. Combined with extensive paved surfaces and large
buildings, this can contribute to the urban heat island effect, where developed areas
experience higher surface and air temperatures than nearby natural landscapes. The
amount of electricity required to power these facilities may also contribute
indirectly to greenhouse gas emissions if the energy is generated from fossil fuels
rather than renewable sources.

The geosphere experiences changes through land development and

construction. Building a large data center campus requires clearing land, grading
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soil, installing utilities, and constructing foundations. These activities alter natural
landforms and soil characteristics while increasing the amount of impervious
surface. Changes to soil structure can reduce infiltration, increase erosion during
construction, and permanently modify drainage patterns across the site. Land-use
change is therefore one of the most important physical geography processes
associated with this project.

The biosphere may also be affected as vegetation is removed and habitats
are altered to accommodate new infrastructure. Native plants help regulate
temperature, absorb rainfall, reduce erosion, and provide habitat for wildlife.
Replacing natural vegetation with buildings and pavement can reduce biodiversity
while changing local ecosystem functions. Even in highly urbanized areas such as
Las Colinas, preserving green space can help reduce heat, improve stormwater
management, and support local wildlife.

These Earth systems are closely connected. Increased land development
influences hydrology by changing runoff patterns, affects the atmosphere through
higher surface temperatures, alters soils within the geosphere, and impacts
ecosystems within the biosphere. Examining these interactions demonstrates why
physical geography provides an effective framework for evaluating the
environmental impacts of the proposed PowerHouse Data Center. Rather than
viewing the project only as a technological or economic development, physical
geography highlights how human activities influence interconnected natural
systems over time.

D. Human-Environment Interactions
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Human activities are the driving force behind the increasing demand for
large-scale data centers. The rapid growth of cloud computing, artificial
intelligence (Al), video streaming, online commerce, and digital communication
has created a need for additional computing infrastructure across the United States.
Communities such as Las Colinas have become attractive locations for these
facilities because of their existing transportation networks, reliable electrical
infrastructure, skilled workforce, and proximity to major population centers. As a
result, technological advancement is directly influencing patterns of land use and
resource consumption.

While data centers provide important economic benefits through investment,
employment opportunities, and expanded digital infrastructure, they also require
careful environmental planning. Large facilities consume significant amounts of
electricity and, depending on their cooling systems, may require substantial
quantities of water. Construction activities also replace natural landscapes with
buildings and impervious surfaces, increasing stormwater runoff and contributing
to higher local temperatures. These changes demonstrate how human decisions can
alter natural physical geography processes.

Communities and developers have several options for reducing these
environmental impacts. Sustainable design strategies may include using energy-
efficient cooling technologies, increasing reliance on renewable energy sources,
incorporating drought-resistant landscaping, preserving green space, and installing
stormwater management systems that reduce runoff and improve groundwater

infiltration. Local governments can also require environmental impact assessments,
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zoning regulations, and water conservation measures before approving major
developments.

The proposed PowerHouse Data Center illustrates the balance that must be
achieved between economic development and environmental sustainability.
Physical geography provides valuable insight into how human activities affect
Earth's natural systems and emphasizes the importance of planning that protects
water resources, manages land-use change, and minimizes long-term
environmental impacts while supporting continued technological growth.

E. Evaluating Information and Evidence

Understanding the environmental impacts of large-scale data center
development requires the use of credible, evidence-based sources from both
scientific organizations and industry publications. For this report, information was
gathered from course materials, peer-reviewed and institutional research, and
reporting focused on the proposed PowerHouse Data Center in Las Colinas. Using
multiple types of sources helps provide a more balanced understanding of both the
potential benefits and environmental challenges associated with the project.

The course textbook provided the physical geography framework for
understanding Earth systems, hydrology, climate, land-use change, and human—
environment interactions. These concepts were essential for analyzing how large-
scale development may influence natural processes rather than simply describing
the proposed project. Additional information from the World Resources Institute
and the University of Michigan Science, Technology, and Public Policy Program

provided research on the environmental impacts of data centers, including energy
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consumption, water use, sustainability practices, and future resource demands.
CommercialCafe was used to provide information about the proposed PowerHouse
Data Center development and its local significance in Las Colinas. These sources
supported different aspects of the analysis and complemented one another.

Because the PowerHouse Data Center has not yet been fully constructed or
placed into operation, some conclusions are based on projections rather than
measured environmental outcomes. This creates some uncertainty, as the final
design, operating practices, environmental mitigation measures, and long-term
impacts may differ from current proposals. For this reason, it is important to
distinguish between documented scientific research on data center operations and
predictions regarding this specific project.

Overall, the available evidence consistently shows that large-scale data
centers have the potential to affect water resources, energy consumption, land use,
and local climate conditions if they are not carefully planned and managed.
Evaluating information from multiple reliable sources allows for a more objective
analysis and demonstrates how scientific evidence can inform environmental
planning and decision-making.

F. Conclusion

The proposed PowerHouse Data Center in Las Colinas provides a valuable
case study for examining how large-scale development can influence physical
geography processes. While data centers support the growing demand for cloud
computing, artificial intelligence, and other digital technologies, they also require

significant amounts of land, energy, and water. As a result, these facilities have the
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potential to affect multiple Earth systems through changes in land use, water
resources, local climate, and ecosystem conditions.

This analysis demonstrates that physical geography provides an effective
framework for understanding the environmental impacts of modern infrastructure
projects. The interactions among the atmosphere, hydrosphere, geosphere, and
biosphere show that changes to one part of the environment often influence other
natural systems. Increased impervious surfaces, higher water demand, and
additional heat generation are examples of how development can alter
environmental processes if appropriate planning and management strategies are not
implemented.

Understanding physical geography is essential for balancing economic
development with environmental sustainability. By applying concepts such as

hydrology, climate, land-use change, and human—environment interactions,

communities can make more informed decisions about future development projects.

The proposed PowerHouse Data Center illustrates the importance of using
scientific evidence and geographic analysis to support responsible planning that

protects natural resources while accommodating continued technological growth.
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