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ABSTRACT

AT adoption now depends less on research and more on three bottlenecks: compute,
energy, and capital, with regulation shaping all three. This statement sets out that
context, with figures as of 9 October 2026, the five areas the Digital Infrastructure
division will cover, and what the division commits to.
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01 Context

The industrial revolution marked the start of the race for capital. Nearly every revolutionary tech-
nological advancement since has depended on external investment that allowed visionaries to
transform their ideas into commercially viable products. For that is the true goal of progress: not to
discover knowledge per se, but to improve the human condition overall. To convince societies to ad-
opt an advantageous technology, the option that has historically proven most reliable is economic
convenience.

We currently sit at the start of the Al race, which may well prove to be the next step for humanity
after the World Wide Web, with a clear question in mind: is Al worth adopting and developing? Is

it economically convenient to do so? The evidence so far is mixed. In customer support, access
to a generative Al assistant raised the number of issues resolved per hour by 14% on average, and
by 34% for novice workers (Brynjolfsson et al., 2025). In a randomised trial on experienced open-
source developers, however, early-2025 Al tools made tasks take 19% longer (Becker et al., 2025).
Meanwhile, tools such as Claude Cowork and Claude Code, ChatGPT and Codex, Grok and Grok
Bots, Gemini, as well as open-weight alternatives from Meta, Alibaba, Mistral, Z.ai and others, are
being adopted faster than their returns can be measured.

The main debate currently is not about the effect Al has on productivity, but rather whether the
price of said productivity increase is actually more convenient than hiring more lower-productivity
workers. The issue is that the development and usage of artificial intelligence tools is now heavily
gated on compute power, capital and energy supply rather than on research alone. Capital is the
most visible of the three: Alphabet, Amazon, Meta and Microsoft are expected to spend about $760
billion on capital expenditure in 2026, against $413 billion in 2025 (Buchholz, 2026), and Alphabet
has already recorded its first negative free cash flow quarter. Consequently, SpaceX and Tesla are
planning Terafab, a chip factory in Texas of about 100 million square feet, more than five times the
floor area of the largest building in the world today (Hong, 2026), and NVIDIA, a chip designer, has
become the most valuable company on Earth, worth about $5.8 trillion in October 2026 (Crypto
Briefing, 2026). Europe and China are also investing heavily in compute, with ASML supplying

the lithography machines on which advanced chips are made and Huawei designing its own Al
accelerators.

Itis in this context that this division’s activity is conceived and born.

02 Artificial Intelligence as a phenomenon

Contrary to popular belief, the term machine learning was coined in 1959 by IBM pioneer Arthur
Samuel (Samuel, 1959), whose checkers-playing program, begun in 1952, became one of the first
programs to improve by learning from its own games. However, this and many machines coming
after it were far different from modern popularised software like ChatGPT.

The architecture of modern Large Language Models, the main category of frontier Al models and
productivity tools, is based on the Transformer neural network, introduced by researchers at
Google Brain and Google Research in 2017 in a paper named Attention Is All You Need (Vaswani et al.,
2017). The first Generative Pre-trained Transformer, GPT-1, was released by OpenAl in June 2018
(Radford et al., 2018), more than four years before ChatGPT. It was highly relevant because it proved
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that a machine learning program could be pre-trained on unlabelled text and then fine-tuned to
follow the end user’s needs. This first model was, however, accessible mainly via Python libraries
and, as such, required a computer science background.

The real breakthrough, and the answer to the question "Why now?’, came with the public release of
ChatGPT via a chatbot interface on 30 November 2022, which soon attracted curious users. This
resulted in Big Tech companies realising that, if properly trained, LLMs could actually be used as
productivity tools for tasks ranging from coding to research and, as such, they started diverting
resources into the development of said architecture.

At present, frontier and close-to-frontier models can most easily be catalogued into two categor-
ies, closed weights and open weights, each supporting a different philosophy. In the case of closed
models, as with all Claude models and the flagship ChatGPT models, the end user sends requests
and receives outputs via an APl key or software connecting the user’s hardware to a remote data
centre: the request is processed in the data centre and the output is sent back. With open-weight
models, instead, the end user can either do the same, or download the binary model files from
platforms like Hugging Face or Ollama and then run the model locally, carrying out the calculations
directly on the user’s hardware.

The main advantage of frontier closed-weight models is that they are, at present, generally con-
sidered “more capable” than frontier open-weight ones, though the debate on privacy and data
storage is an argument in favour of open-weight models.

03 Thefirst bottleneck: compute

The main issue with the LLM architecture is the amount of compute required, both in the training
process and to actually run the model. Billions, if not trillions in modern frontier architectures, of
parameters need to be adjusted through a repeating process of error-function corrections. For

a frontier model this amounts to more than 10%° calculations (GPT-4 alone is estimated at about
21x10%°, and over 30 models had been trained at that scale by mid-2025; Rahman et al., 2025) and,
as such, requires GPU or TPU chips. Then, once the training process is complete, the model still
requires around two calculations per parameter for every token it generates, and more as the KV
cache fills with context. As such, to grant the user a usable speed, the same infrastructure used in
training is required to use the model.

This is where modern hyperscalers come into play. Companies like Microsoft, Amazon, Google,
Meta, Oracle and Alibaba, together with SpaceX, which absorbed xAl in February 2026 (Owens,
2026), have been heavily investing in compute as they aim to create larger and faster data centres
(Exhibit 1). While this has increased the cost of GPUs and RAM (TrendForce forecast server DRAM
prices to rise by more than 60% in the first quarter of 2026 alone; Robinson, 2026), leading to an
increase in profits for hardware companies, these hyperscalers have so far been able to use their
assets to their advantage, either by renting their compute capacity to Al-native companies such as
Anthropic and OpenAl, or by using it to develop their own models.
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EXHIBIT1

Four hyperscalers will spend about $760 billion on capital expenditure in 2026, almost double 2025

COMPANY 2026 CAPEXGUIDANCE LASTUPDATE
Amazon €.$220bn  30Jul 2026
Alphabet $195-205bn 22 Jul 2026
Microsoft €.$190bn 29 Apr2026
Meta $130-145bn 29 Jul 2026
Four combined c. $760bn (2025: $413bn)

Oracle (fiscal 2027, June-May) upto$95bn  10Jun 2026

Note: Guidance as last stated by each company; ranges where the company gave a range.

Source: Buchholz (2026); Snider (2026); TIKR (2026); Outlook Business (2026).

04 The second bottleneck: energy

As China’'s and the USA's compute capacities have increased, and with the energy supply decrease
dictated by the conflict in the Middle East, the two effects led to an increase in energy prices that

in and of itself threatens the sustainability of compute hyperscaling. The near-total disruption

of the Strait of Hormuz cut global oil supply by 10.1 million barrels per day in March 2026 and lifted
Brent by about 65% in a single month, its largest monthly rise on record (Agnolucci et al., 2026),
with electricity following through the price of gas. Data centres used about 415 TWh of electricity in
2024, around 1.5% of global consumption, and the International Energy Agency (2025) expects this
to more than double to about 945 TWh by 2030 (Exhibit 2). In the United States, which accounts for
45% of that demand, the share was already 4.4% in 2023 and could reach 6.7-12% by 2028 (Shehabi
etal, 2024). Anincrease in price therefore threatens the margins and financials of hyperscalers.
While this is less of an issue for some of the big caps due to their large profitability outside of the Al
and compute businesses, it has created doubts on the sustainability of debt-financed data centres
built by some of the more specialised companies, chief of which is Oracle, which plans to raise
$45-50 billion in debt and equity in 2026 alone (Bomey, 2026).
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EXHIBIT 2

Data centre electricity use more than doubles by 2030 in the IEA base case

1,000 945

500 415

TWh per year

2024 2030 (base case)

Note: 2024 consumption equals about 1.5% of global electricity use.

Source: International Energy Agency (2025).

It has thus become evident that a stable and low-cost source of energy is one of the main driversin

Al development. Energy is an operating cost: a higher price lowers operating margins, thus reducing
the cash available to finance compute expansion internally and pushing hyperscalers towards

debt, at precisely the moment borrowing has become more expensive (see the third bottleneck). A

fluctuating energy price, instead, makes the return on each new data centre harder to forecast and
might turn a profitable expansion into an unprofitable one.

Thatis why | was not at all surprised by the news that, on 9 September 2026, Google signed a
22-year power purchase agreement with Fortum for up to 50% of the output of the Loviisa nuclear
power plant, near its Hamina data centre in Finland, reaching that share between 2030 and 2049
(Fortum, 2026). On the same day, Google announced plans to invest at least €13 billion in Finnish
digital infrastructure over 2027 and 2028 (Google, 2026). If anything, it made explicit an issue that
had only been noticed on the balance sheets: energy prices are as relevant as hardware prices to
the evolution of Al and its medium-to-long-term sustainability.
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05 The third bottleneck: capital

All of this would be impossible without one of the largest capital commitments ever seen. Funding is
required for multiple activities, including:

- Chips. Many of the hyperscalers are burning through cash and borrowing at the same time.
Alphabet recorded negative free cash flow of about $5.9 billion in the second quarter of 2026,
reportedly its first negative quarter in about two decades, on capital expenditure of $44.9
billion, while its debt grew from about $16 billion to roughly $100 billion in twelve months (TIKR,
2026). Others, namely SpaceX, are actively searching for institutional financing and/or issuing
bonds to pay for new data centres: SpaceX is reportedly in talks to raise about $40 billion of
debt secured on the NVIDIA chips it buys (Owens, 2026).

- CapEx. Thisis one of the largest issues as of the date of publishing, since CapExis growing
faster than cash generation (Exhibit 1). Due to the complex nature of the topic, it will likely be
covered in detail in a future division research paper.

- Renting. While hyperscalers are looking for funding to buy chips, Al companies, with An-
thropic and OpenAl as prime examples, are looking for funds to secure long-term chip usage,
both for training and for running their models, without actually owning the infrastructure on
which they are built. This is less true for open-weight models, as it is the end user who mainly
needs to invest in hardware, although some data centre renting is still necessary to train
them.

« R&D. While most headlines today discuss the cost of keeping an Al model running within a
data centre, Al is still an extremely young technology that, as such, requires animmense
amount of capital, in the form of investment, to improve the current models and tools, both in
terms of intelligence and of efficiency.

The capital commitment is large-scale and comes from multiple sources, including (but not limited
to) governments, corporate bonds and loans, bank loans, private equity takeovers, and asset
management funds’ equity. Exhibit 3 maps the largest of these commitments, one for each of the
main actors.

Bocconi Students Energy & Infrastructure Finance - Digital Infrastructure Division www.bseif.org 7112



n BSEIF PUBLIC - FINAL
oo

BSEIF-DI-ST-01 - v1.1 - 10 October 2026 - EN
EXHIBIT 3

Governments, chip makers, banks and asset managers are all financing the build-out

INVESTOR COMMITMENT SIZE DATE
Chinese government Big Fund lll, state-backed semiconductor fund ¥344bn (c. May 2024
$47.5bn)

Blackstone Acquisition of AirTrunk data centres, Asia-Pacific AS24bn Sep 2024

NVIDIA Alinfrastructure financing initiative, with a over $500bn Aug 2026
backstop of up to $125bn target

Goldman Sachs Lender on NVIDIAS initiative, alongside Blackstone  n/a Aug 2026
and Apollo

BlackRock (GIP), with Acquisition of Aligned Data Centers, 6.4 GW S40bn Jul 2026

AIP and MGX

Oracle Debt and equity raise for cloud capacity $45-50bn Feb 2026

SpaceX Debt talks led by Apollo, secured on NVIDIA chips c. S$40bn Oct 2026 (re-

ported)

Source: Caixin Global (2024); Blackstone (2024); Azhar and Vinn (2026); Johnson (2026); Bomey (2026); Owens (2026).

Borrowing is, however, currently made more expensive by the rise in interest rates caused by
inflation fears stirred by the confiict in the Middle East. On 16 September 2026 the Federal Reserve
raised its target range by 25 basis points to 3.75-4.00%, its first hike since 2023, and the US 10-year
Treasury yield touched 5.04%, its highest level since 2007 (FXStreet, 2026). US Treasuries carry
much of the blame because most of these companies are US-based and price their debt off them.

06 Theissue of regulation

As is often the case with newer technologies, regulatory entities are unsure how to approach the
topic of Al. While some industry leaders call for lighter regulation, namely NVIDIA's Jensen Huang,
who argued in September 2026 that the industry needs no new laws (Bort, 2026), and Meta's Mark
Zuckerberg, who has warned that pre-emptive regulation of open-source Al will stifle innovation
(Zuckerberg & Ek, 2024), others call for stricter development laws and use cases, chief amongst
whom is Anthropic’s Dario Amodei. On 12 September 2026 he called for a slowdown in the pace at
which Al capabilities improve, a call Sam Altman and Elon Musk publicly endorsed (Berkowitz, 2026).
The irony of the lead Al company’s CEO asking for a slowdown ten days before the release of Claude
Opus 5.5 (Let’s Data Science, 2026), Anthropic’s most capable generally available model, is not lost
onme.

World governments are also unable to find common ground. While the People’s Republic of China
pushes for the idea of sovereign Al via open-weight models and state-led financing, such as

the third National Integrated Circuit Industry Investment Fund (Big Fund Ill), with ¥344 billion
(about $47.5 billion) of registered capital (Caixin Global, 2024), the EU has adopted a much more
conservative approach. Its Al Act makes the marking of Al-generated content mandatory from

2 August 2026, or from 2 December 2026 for systems already on the market (Latham & Watkins,
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2026), while capital has moved more slowly: the InvestAl initiative aims to mobilise €200 billion

for Al, including €20 billion for Al gigafactories, to build a European competitor to the USA's and
China’s mega-caps (European Commission, 2025). The United States government is assuming a
deregulatory but interventionist approach: it does not limit development, but it seeks control over
how frontier models are used. The dispute between Anthropic and the Pentagon became the most
famous case. After Anthropic refused to allow its models to be used for fully autonomous weapons
or mass domestic surveillance, the Department of Defense designated it a supply-chainrisk, a
designation the D.C. Circuit upheld on 25 September 2026 (Urwin, 2026), while the White House
separately negotiated access to Mythos Preview for civilian agencies (Curi et al., 2026).

Legislative and regulatory bodies thus hold massive power, but face a large dilemma as well: how
much regulation is too much?

07 Other uses of Digital Infrastructure

While the focus of research is going to be on Al, Al infrastructure and Al financing, digital infrastruc-
ture, albeit still a relatively new branch of infrastructure, does not only revolve around Artificial
Intelligence. Its main other use is the maintenance of the Internet, which about 6 billion people,
roughly three quarters of the world’s population, used in 2025 (International Telecommunication
Union, 2025). Data storage, web hosting, fibre networks and telecommunication towers, content
delivery networks, hardware firewalls, DNS servers, etc., are all pieces of infrastructure dedicated
to the upkeep of the digital world. Much of it behaves like traditional infrastructure, with long-lived
assets and revenues contracted over many years, which is why infrastructure funds such as Black-
Rock’s Global Infrastructure Partners now buy data centre platforms (Exhibit 3). As such, these
assets may be touched upon in future papers.

As is easy to deduce, these data centres also suffer from the increased price of RAM, energy and
capital.

08 Areas of focus

The division's research will be organised around five areas, which follow the bottlenecks and
dynamics described above. Regulation is not an area of its own: it runs across all five and will be
addressed wherever it bears on the analysis.

8.1 Al TECHNOLOGY

How models and their uses evolve, and what that means for computing demand.
8.2  AIHARDWARE

Chips, accelerators and servers, and what each generation asks of a data centre, as well as evolu-
tions of said pieces of hardware.
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8.3 DATACENTRE ENERGY REQUIREMENTS

Power and cooling, and the grid connections and contracts that secure them.

8.4 DATACENTRE FINANCING AND CAPEX, INCLUDINGHYPERSCALING

How data centres are funded and what they cost, from single projects to hyperscaler capital
programmes.

8.5 TRADITIONALDIGITALINFRASTRUCTURE

How the specialisation of digital infrastructure towards Al is competing for resources with the
internet-purposed server farms.

09 Thisdivision’s commitment

Bocconi Students Energy & Infrastructure Finance (BSEIF for short) is a student-led non-profit
association whose goal is the dissemination of knowledge on Energy, Infrastructure, Digital
Infrastructure, Markets and Venture, both through the publishing of research papers and the
organisation of events. Within it, the Digital Infrastructure division exists to examine the question
this note opened with in the terms in which it is actually being decided: compute, energy, capital
and regulation. Whether Al is economically convenient will not be settled by a single paper, and the
division does not claim to settle it. It therefore commits to the following:

« Output. The division aims to publish its first two research papers before BSEIF’'s mid-
November 2026 event, each within one of the areas of focus above.

- Method. The division works as a flat team of analysts from several countries, who assign,
review and challenge each piece of work before publication. Members’ different regional
perspectives are deliberate, as the build-out does not look the same from every market.

- Standards. Every figure carries its source and the date of that source, estimates and fore-
casts are labelled as such, assumptions are disclosed, and citations follow APA. Each paper
states its data cut-off, and material errors found after publication are corrected in a new,
dated version.

+ Independence. Papers present the analysis of their authors and of the division, not the view
of any company, sponsor or speaker, and do not constitute investment advice.

- Skills and industry. Members build the technical skills the subject requires, from reading
hyperscaler disclosures to modelling a data centre’s CapEx, and engage with practitioners at
BSEIF's events.

All papers and events will be published or announced on the association’s official website, bseif.org,
where departmental research appears under Insights.
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