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“A modern industrial system is the material
foundation of a modern country”

Xi Jinping



Introduction

As you read this report, the screen before you illuminates pixels driven by code, streamed
from a server housed in a data center, where meticulously engineered infrastructure ensures
the delivery of this digital content to your device to be viewed and absorbed by your
occipital lobe. While the digital world is often perceived to contain limitless abundance, it is in
fact rooted in physical systems powered by electrons.

As our digital world continues to expand exponentially, it is crucial to understand the physical
systems and supply chains that underlie it. Focus on building new infrastructure to meet the
demand of digital growth is intense (and overdue) - Jensen Huang stated in his Q2 2025
remarks “We see a $3 trillion to $4 trillion Al infrastructure spend... by the end of the decade”
from $600bn today,' while Morgan Stanley forecasts $2.9tn in domestic datacenter spend
through 2028.2 These numbers are so enormous you have to put them in perspective - that
annualizes to $900bn of capex on datacenters per year by 2028 - compared to the entire
S&P500’s 2024 capex of $950bn. Indeed, this infrastructure build dwarfs prior domestic
infrastructure investments in today’s dollars by orders of magnitude:

Rural Electrification e $5 billion
Admi ni stration Gid Buildout e Provi di ng subsidized | oans to
1935-1940 cooperatives

e $30 billion

Manhat t an Proj ect
1942 - 1946

e Devel opi ng the atom ¢ bonb and
ki ckstarting the nucl ear age

. . e $50 billion
Tr ans- Al aska Pi pel i ne

e An 800 nil e engineering marvel for
1974 - 1977

oi |l transport

e $150 billion

I nt ernati onal Space Station e The nost expensive single

1998 - present structure ever built, involving
orbital assenbly and international
col | abor at i on.

Apol | o Program e $280 billion
1961 - 1972 e \\& put a man on the noon

Interstate H ghway System e $459-543 billion
1956 - 1992 e 47,000 miles of road
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And it’s really a marvel contemplating how far the industry has come - to think within the last
decade a large build involved 5-10 megawatts, and we now see headlines about gigawatt+
clusters in development almost constantly. We have written about the domestic datacenter
and grid infrastructure build from angles we're focused on and investing in at Crucible over
the past year - the power deficit and the urgent need for nuclear fuel, hurdles facing the
power grid and the role of software, opportunities for crypto to transform the energy to
compute value chain.

And yet, while we spend our days speaking with datacenter developers, operators and
compute consumers, we still receive constant questions from landowners and capital
allocators alike on how the very crux of this buildout works. As we at Crucible advise on
select datacenter builds alongside our investing practice, we figured there’s no better
time than now to put pen to paper - so here’s the guide to datacenter development that
you never knew you needed.



https://cruciblecapital.substack.com/p/8ec01f13-4a42-4638-ab30-87fb798ac090?postPreview=paid&updated=2025-05-19T01%3A19%3A49.642Z&audience=everyone&free_preview=false&freemail=true
https://cruciblecapital.substack.com/p/the-next-frontier-grid-software
https://cruciblecapital.substack.com/p/the-next-frontier-grid-software
https://cruciblecapital.substack.com/p/investing-in-the-data-center-economy
https://cruciblecapital.substack.com/p/investing-in-the-data-center-economy

In the last 50 years we’ve gone from this..

Interstate Highway 94, opened in 1968.

... to this:
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Google Datacenter, 2025.




The Bare Necessities
Let’s start with the raw materials: land, power, water, and fiber.

You’re gonna need space, but not just anywhere! Ground stability, wind,
heat, and proximity to infrastructure (e.g. fiber) are all important. Space for
future expansions is even better. Greenfield sites require no demolition
but need basic infrastructure such as perimeter security, roadway access,
and foundational elements. You'll need to permit your site with a
municipality or city, zoning dependent. The amount of space you'll need
will be dependent on a variety of factors in your data center design.

With the latest rack scale systems commanding 600 kW/rack, reliable
baseload power with redundancies is essential. As you know from our
prior reports, the domestic grid’s power deficit is severe, to the tune of a
60 GW deficit by 2030 as forecasted by Morgan Stanley.* Don’t want to
deal with securing grid interconnect and dealing with utilities for a year?
You may have some options: various iterations of behind the meter
power, off-grid, or even newer instances of “be your own utility”- all of
which we’'ll get to in a bit.

An on-premise water reserve is essential to serve cooling systems to
dissipate the heat generated by servers. Water availability ensures
efficient temperature control, reduces energy costs, and prevents
hardware failures in increasingly high-density datacenters. A 100 MW
datacenter typically requires 2 to 4 million liters/day for direct cooling,
with indirect water use adding 10 to 50 million liters/day depending on
the energy mix.*

High-speed fiber optic networks are crucial for low-latency data
transmission, connecting the datacenter to the internet’s backbone and
FIBER enabling seamless communication with users and other facilities. Dark
fiber will be an increasingly important solution as lit fiber optimizes for
cost rather than performance.

With the necessities outlined, we'll get into the nitty gritty and discuss how to procure and
develop these necessities into their optimal states, processes we'll categorize into pre-
development and development stages of the site build. Note this report covers the bones
of the datacenter but not the guts (GPU procurement and monetization, constructing rack
scale systems, PDUs, cooling systems, software tools, and more). We'll cover these topics in
subsequent reports. We love reports.




Pre-development: Permitting, Power, Fiber

Permtting

¢ Local Zoning and Land Use Permits

¢ Environmental Permits




Power Procurement

Timelines
e Load Study
e FOM Load Request

e BTM Power Development




Process:
Pros:
Cons:

Notable Deals:

O

We learned much of the nuance of load studies, interconnect queues, and
transformers and substations from our friends at Giga

Giga Energy builds transformers,
G IG A switchboards, and data centers that
power today’s fastest-growing

industries, from AI to renewables.

Transformers are often the longest lead item on a data center project. When the
industry norm stretches from 50 to 100 weeks, Giga delivers padmount and
substation transformers as fast as 14 weeks. That difference can accelerate
permitting, load studies, and interconnection approvals by months, keeping projects
on track and getting tenants online faster. With in-stock and made-to-order options
across padmounts and medium-voltage substations, Giga supports projects of every
scale.

“Infrastructure is now measured not only in megawatts, but in the speed of
infrastructure deployment. We felt this ourselves when we started building our own
data centers back in 2019. The processes and systems to get and implement electrical
infrastructure were outdated, slow, and not built to serve customers like us. Faster
transformer delivery shortens the entire project critical path, and that’s where Giga
helps developers win.”







Power Sources, Part One

e Process

e Cost per kKW:

e Acreage required for 100 MW:

e Pros:
e Cons:

e Core Suppliers:

(0]

o Caterpillar
o Cummins:

e Notable Deals:

O




Power Sourcing, Part Two

¢ Process: Contract with an SMR developer for on-site nuclear power. Commercial-scale
SMRs are expected to be deployed in commercial production post-2027, requiring
regulatory approvals from the Nuclear Regulatory Commission (NRC) and extensive
safety testing in the meantime.

* Cost per kW: Estimated at $4,000-$6,000/kW for initial deployment,'® with high
upfront capital costs but lower operating costs of $33—$45/MWh.* Upfront capital
expenditure is expected to decrease as technology matures.

e Acreage for 100 MW: Approximately 10-20 acres,” including reactor units, cooling
systems, safety exclusion zones, and auxiliary facilities. SMRs are compact compared to
traditional nuclear plants, but regulatory requirements for setbacks increase land use.

¢ Pros: Carbon-free, reliable baseload power with high uptime. Scalable (20-300 MW
per unit). Potential for long-term cost savings on plant life extensions and low opex.

e Cons: High initial costs and complex regulatory hurdles. Technology not commercially
available until late 2020s.

e Core Suppliers:

O

O
O

)

e Notable Deals:

o

Oklo: a $20bn rendering




Power Sourcing, Part Three

e Process: Deploy on-site solar photovoltaic (PV) panels, wind turbines, and battery
energy storage systems (BESS). Solar is cheap but requires land or rooftop space, with
permitting for grid interconnection or off-grid setups. Wind turbines need sufficient
land and wind resources, often facing zoning challenges. Batteries store excess energy
to ensure 24/7 power as a backup to solar and wind, requiring integration with energy
management systems. Lead times for solar and batteries span 1-3 years,* while wind
can take 3-5 years due to turbine supply and permitting.

e Cost per KW:

o

e Pros: Carbon-free. Solar and wind have low operating costs (no fuel). Batteries enable
24/7 power, mitigating intermittency. Declining costs make renewables competitive
with fossil fuels. BESS-as-a-service models reduce upfront costs.

e Cons: Intermittency requires oversized solar/wind capacity and large battery systems,
increasing land and capital needs. Permitting and zoning for wind can be complex.
Battery costs remain high for long-duration storage, and supply chain constraints
persist.

e Core Suppliers:

O

e Notable Deals:

O




Power Sourcing, All At Once

Natural Gas
Gensets

Small Modular
Reactors
(SMRs)

Solar PV

Wind (Onshore)

Batteries

$722-$1,677

$4,000-
$6,000

$1,529-$1,788

$1,428-$1,806

$600-$1,400
(for 4-hour
system)

$26-$50

$33-$45

$24-$39

$33-$46

$104

5-10 acres

10-20 acres

500-700 acres

3,000-5,000
acres

1-2 acres

Faster deployment
than grid upgrades
(2-5 years), cost
predictability,
reliable baseload
power,
independence from
grid constraints.

Carbon-free,
reliable baseload
power with high
uptime. Scalable
(20-300 MW per
unit). Potential for
long-term cost
savings as fuel
costs are minimal.

Carbon-free, aligns
with sustainability
goals. Low
operating costs (no
fuel). Declining
costs make
renewables
competitive with
fossil fuels.

Carbon-free, aligns
with sustainability
goals. Low
operating costs (no
fuel). Declining
costs make
renewables
competitive with
fossil fuels.

Enables 24/7
power, mitigating
intermittency.
BESS-as-a-service
models reduce
upfront costs.

High carbon
emissions.
Permitting
challenges and
community
opposition due to
environmental
impact. Turbine
backlog delays
deployment.

High initial costs
and complex
regulatory hurdles.
Technology not
commercially
available until late
2020s. Public
perception and
safety concerns
may delay projects.

Intermittency
requires oversized
capacity and large
battery systems,
increasing land and
capital needs.
Permitting and
zoning can be
complex. Supply
chain constraints
persist.

Intermittency
requires oversized
capacity and large
battery systems,
increasing land and
capital needs.
Permitting and
zoning for wind can
be complex. Supply
chain constraints
persist.

Costs remain high
for long-duration
storage. Supply
chain constraints
persist.
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- Application to Power Implications for Data
Redundancy Definition PP P

Systems Center Design










22 DoubleZero

“For the next decade, the real constraint for infrastructure buil ders
won’'t be conpute, it will be bandw dth. Powering Al, bl ockchain, and other
hi gh- performance systens requires nore than racks of servers; it requires
a network that can actually keep up. At Doubl eZero, we see bandw dth as
the new foundation |ayer for scale, and we're building the roads that |et
tomorrow s infrastructure run at full speed.”
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Billions of Dollars

$450

2018

2019

2020

m Amazon

2021 2022

m Microsoft

2023

1 Google

2024
Meta

2025

2026




Hyperscaler FCF
Corp Debt

ABS & CMBS

Other (PE, VC, Sovereign) _
0

500 1,000 1,500
Billions
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https://thecreativeindependent.com/essays/sand-in-the-gears/

