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Introduction

On a quiet morning in 2022, tens of thousands of high-performance GPUs in a
sprawling data center somewhere on the American plains began orchestrating
mathematics at an industrial scale. Their goal: to train one of the most powerful
generative Al models in history, an undertaking consuming more electricity than some
cities and capital surpluses measured in billions. Moments like this, now routine at the
world’s largest technology firms, mark a profound shift in the machinery of the global
economy—one where artificial intelligence is not just an application, but an
infrastructure, giving rise to a new era of competition, investment, and disruption. We
are in the midst of the Al Gold Rush: a race where compute has become the ultimate
industrial commodity and the stakes go far beyond silicon.

What triggered this supercycle? For decades, technological revolutions were powered
by increasingly fast microchips slipping quietly into products and services. But the
dawn of large-scale Al—particularly large language models (LLMs) and their kin—has
upended legacy systems, flooded data center aisles with unprecedented server
density, and made access to electricity, fiber, and suitable land newly strategic. The Al
value chain—from the raw silicon that forms advanced chips, to ever-denser systems
and purpose-built data centers, all the way to the Al services that now influence
industries and daily life—has become complex, capital-intensive, and fiercely
competitive. From semiconductor giants to grid operators, investors to policymakers,
the Al buildout is forcibly aligning diverse actors around a single reality: the need to
deliver, manage, and sustain vast computational power at global scale.

Three critical constraints are shaping this gold rush—and determining who will win and
lose. First is compute: the availability of advanced GPUs, NPUs, and accelerators
required to train and run large Al models. With demand routinely outstripping supply,
manufacturers race to secure capacity at leading-edge foundries, while end-users
adapt system architectures to squeeze performance gains and utilization. Second is
power: never before have digital infrastructure projects stretched electric grids to their
limits with such urgency. The anticipated 2x to 3x jump in global data center energy
consumption by 2030 is straining utility planning, regulatory frameworks, and the
transition to cleaner sources. Third is place: finding and developing sites that offer the
right mix of grid access, land, water, connectivity, permitting speed, and community
cooperation is now a battleground, with hyperscalers and governments competing
from Phoenix to Frankfurt and Hyderabad to Northern Virginia.

This book is your guide to the economic, technological, and environmental forces

transforming the global landscape through the Al data center boom. It reveals how
value is created—and, at times, destroyed—across the stack: from the physics of chip
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manufacturing and equipment lead times, to the real estate maneuvers of
hyperscalers, utility planning cycles, transmission bottlenecks, and emerging business
models in cloud and colocation. By weaving examples and data from North America,
Europe, the Middle East, and Asia, we illustrate not only how leaders are navigating
this transition, but the practical frameworks, tools, and metrics anyone can use to
participate responsibly and profitably.

But this is not a story of limitless opportunity. The scale and speed of the Al Gold Rush
pose serious externalities: from emissions and water stress, to grid congestion,
community friction, and workforce upheaval. Each chapter treats these as first-order
business variables, presenting mitigation strategies grounded in real-world evidence
and emerging best practices. The regulatory landscape is evolving almost as rapidly
as the infrastructure itself, and the risks—geopolitical, financial, and operational—are
real. Yet with the right understanding, leaders across industries and governments can
make informed, strategic bets that foster innovation, resilience, and shared prosperity.

Whether you are an entrepreneur mapping your next move, an investor weighing
risks, a utility planner on the front lines of the energy transition, a policymaker
shaping regional competitiveness, or simply a curious observer of Al’s real-world
impact, this book is designed for you. Each chapter opens with a pivotal decision point,
brings in recent case studies, and closes with actionable takeaways and questions to
drive better decisions. As we chart the path through this Al-powered transformation,
our aim is clear: to illuminate the forces at play, equip you with practical frameworks,
and provide a balanced, data-rich foundation for participation in the greatest
infrastructure buildout of our age. Welcome to the front lines of the Al Gold Rush.
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CHAPTER ONE: The Compute Supercycle: Why Al
Training and Inference Exploded

The digital world, for decades, operated on a relatively predictable curve of
computational demand. Servers whirred, applications ran, and data flowed, all within a
largely understood framework of power draw and cooling needs. Then came the
generative Al explosion. It wasn't just another software upgrade; it was a fundamental
shift that created an insatiable hunger for raw compute power, triggering what many
now call the "Compute Supercycle." This new era demands not just more processors,
but a complete rethinking of the physical infrastructure that supports them.

At the heart of this supercycle lies a critical distinction: Al training versus Al inference.
These two phases of an Al model’s lifecycle, while interdependent, have vastly
different computational demands and, consequently, different implications for data
center design and siting. Understanding this difference is paramount for anyone
navigating the Al gold rush.

Training the Beast: Throughput is King

Imagine teaching a child to recognize a cat. You show them hundreds, thousands,
even millions of pictures of cats - fat cats, thin cats, cats in hats, cats on mats -
alongside pictures of dogs, birds, and other animals. This iterative process of
presenting data and refining the child's understanding is analogous to Al "training." In
the realm of large language models (LLMs) or deep learning, this involves feeding
immense datasets to a neural network, allowing it to learn patterns and make
connections.

This training phase is brutally compute-intensive. It demands sheer processing power
and memory bandwidth to churn through petabytes, even exabytes, of data. The goal
here is throughput: maximizing the amount of data processed per unit of time.
Latency, or the time it takes for a single piece of data to travel through the system, is
less critical during training than during inference, though unnecessarily high latency
can still decrease overall throughput. For example, when training large Al models,
workloads are often distributed across many Graphics Processing Units (GPUs) or
servers. High network latency can slow down the synchronization of gradients—the
adjustments made to the model's parameters during learning—which in turn reduces
the overall training speed.

The computational requirements for training cutting-edge Al models have been
doubling annually for the past decade. This exponential growth reflects the trend of
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increasingly expansive datasets and more complex model architectures. Take, for
instance, Elon Musk's xAl's Grok Al. Its training runs alone have required 100-150
megawatts of power. This is a staggering figure, equivalent to the power consumption
of roughly 100,000 homes. Forecasts suggest that by 2028, individual frontier Al
training runs could demand 1 to 2 gigawatts (GW) of power, escalating to over 4 GW
per training run by 2030. To put that into perspective, 4 GW is comparable to the
power draw of some individual U.S. states.

These colossal power demands have a direct impact on the design of data centers
dedicated to Al training. These facilities prioritize dense computational clusters, often
featuring thousands of high-performance GPUs. The NVIDIA H100 GPU, a workhorse for
Al and high-performance computing, can consume up to 700 watts (W) per unit,
depending on its configuration. An H100 PCle version, for instance, draws a maximum
of 350W, while the SXM5 variant, optimized for dense server deployments, can reach
700W. A server housing eight H100 GPUs can easily consume around 10.2 kilowatts
(kW). When considering projected sales of 1.5 to 2 million H100 units by the end of
2024, their aggregated power consumption could rank as the fifth largest, just behind
Houston, Texas, and ahead of Phoenix, Arizona, in terms of city-level residential power
consumption. This necessitates robust power delivery, advanced cooling systems, and
specialized infrastructure capable of handling extreme power densities.

Inference: Latency and Throughput in Tandem

Once the Al model has learned, it's ready to be put to work. This is the "inference"
phase - applying the trained model to new, unseen data to make predictions,
classifications, or generate responses. Think of asking a chatbot a question, or a self-
driving car reacting to traffic. This is inference in action.

Unlike training, inference often requires low latency, meaning quick response times, as
well as high throughput to handle a large volume of requests. For real-time
applications, every millisecond counts. A chatbot that takes too long to respond, or an
autonomous vehicle with delayed reactions, would be impractical or even dangerous.
Therefore, data centers supporting Al inference workloads are designed with a keen
eye on minimizing delays in data processing and maximizing the number of queries
handled per second.

While generally less computationally intensive than training, inference still demands
significant resources, particularly as Al models become more sophisticated and widely
deployed. The workload mix of a data center—the ratio of training to inference
tasks—profoundly influences its facility design and siting decisions. A facility heavily
focused on training might tolerate slightly higher latency in its internal networks if it
means achieving maximum throughput across its vast GPU clusters. Conversely, a
data center primarily serving real-time inference might prioritize network speed and
proximity to end-users to reduce latency, even if it means slightly lower individual GPU
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utilization.

The sheer scale of demand for both training and inference has led to a significant
increase in data center electricity consumption globally. In 2024, data centers
consumed approximately 415 terawatt-hours (TWh) annually worldwide, accounting
for about 1.5% of global electricity consumption. Projections from the International
Energy Agency (IEA) indicate that this demand will more than double by 2030,
reaching around 945 TWh, a figure that surpasses Japan's current total electricity
consumption.

The United States leads in this surge, with its data centers consuming 4.4% of the
nation's electricity in 2023. This is projected to rise to 6% by 2026, primarily driven by
Al. By 2030, U.S. data centers could account for a staggering 12% of total U.S.
electricity consumption. This rapid escalation in power requirements has placed
immense pressure on existing power grids and infrastructure worldwide.

The Economic Engine: A New Competitive Frontier

The compute supercycle isn't merely a technological phenomenon; it's a profound
economic driver. The ability to access and wield immense computational power has
become a defining factor in technological and economic dominance. Companies and
nations that control Al compute resources will increasingly dictate the pace of
innovation and shape global markets.

This reality is shifting competitive advantages from purely algorithmic breakthroughs
to a more fundamental control over infrastructure: power, compute, capital, and the
complex supply chains that deliver them. The demand for Al-specific chips, particularly
GPUs, has skyrocketed, making semiconductors the second-largest market behind
smartphones. This unprecedented demand is fueling multi-billion dollar investments
by tech giants and governments alike, transforming real estate markets and creating
new challenges and opportunities across the energy sector.

The need for robust, scalable, and reliable compute has ushered in a new era where
data centers are no longer just passive storage facilities, but active, power-hungry
engines driving the future of the global economy. The ripple effects extend to every
corner of industry, from chip manufacturing and energy grids to land use and
financing, making the compute supercycle a central theme in understanding the
unfolding Al revolution.

Key Takeaways:
e The Al Compute Supercycle is driven by the explosive demand for Al training

and inference.
e Al training prioritizes throughput, requiring immense computational power to
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process vast datasets, often consuming hundreds of megawatts.

e Al inference demands both low latency and high throughput for real-time
applications and efficient processing of new data.

e The distinction between training and inference workloads significantly impacts
data center facility design, cooling strategies, and site selection.

e Global data center electricity consumption, heavily influenced by Al, is
projected to more than double by 2030, stressing existing power grids.

Checklist for Workload Mix Considerations:

e Training Focus: How much compute is needed for initial model training?
What are the typical runtimes and peak power requirements? What is the
tolerance for latency during this phase?

* Inference Focus: What are the latency requirements for your Al applications?
What is the expected query volume and throughput needed? Are real-time
responses critical?

e Workload Proximity: Does your inference need to be close to end-users
(edge computing), or can it be centrally located?

e Power Density: What are the power density requirements per rack given your
choice of accelerators (e.g., GPUs)? How will this impact cooling design?

e Scalability: How will your compute needs evolve over time for both training
and inference? Can your current infrastructure accommodate future growth?

Discussion Questions:

1. How might a shift in the balance between Al training and inference demand
impact the geographic distribution of new data center builds over the next five
years?

2. What innovative solutions might emerge to reconcile the competing demands
of high throughput for Al training and low latency for Al inference within a
single data center facility?

3. Beyond hardware, what role does software orchestration and scheduling play
in optimizing resource utilization for diverse Al workloads, and how does this
affect infrastructure investment decisions?
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