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The Hidden Infrastructure Behind Every Al Prompt

* Every Al response comes from a physical
facility.

* Those facilities consume electricity,
water, land, and minerals.

* Their environmental impacts are
becoming an important policy issue.

Amazon data center in New Carlisle, IN

https://www.nytimes.com/2025/06/24/technology/amazon-ai-data-centers.html
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Roadmap
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Where Al lives: Data Centers

Warehouses for servers, storage systems, networking equipment, power, and cooling

IT equipment housed in racks

Servers
Storage systems
Networking equipment

e Upward of 5,000 servers!

e Over 4500 datacenters in the US!
e Virgina (~650)
e Texas (~500)

* (California (~300) :
* Tennessee (~60) &

* Meta, Google, Amazon, Microsoft Grid connection

Network connections

IEA. CC BY 4.0.
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Al requires A LOT of Electricity \ —
How does Al consume energy? T
1) Manufacturing GPU chips (20% of Al related demand)

2) Model building

e Ex: 50 gigawatt-hours to develop GPT4 // \\

* 1.8 x 10'*joules=powering SF for three days!

3) Inference
* Basic query

* Small vs large Model: 100-7,000 joules— run a microwave for 1/10 — 8
seconds

 Diffusion:
* Image generation ~4,000 joules
e 5second video 3.4 million joules — microwave 1 hour, 6x charging your
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Power Demand

* In one year: Hyperscale campus= >100,000

homes
600
* 1.5% of global electricity use in 2024 2
e Still less than EVs or AC 500

6.7-12.0%

| 44%"w_h f{x; JH//////////’
* More/different sources of energy %/
100 -

* More grid infrastructure
Historical - |-|:—Fu[‘r_rre Scenario Range —»

 Local clustering L e ————e e —— s s
2014 2016 2018 2020 2022 2024 2026 2028

°
B
o
o

US data centers electricity use grew
12%/year over the last 10 years

Requires:

Total Data Center Electricity
Consumption (TWh)
M w
o o
o o

Figure ES-1. Total U.S. data center electricity use from 2014 through 2028.
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e Off Site:
* Natural gas (40% - and growing...)
* Renewables (24%)
* Nuclear (20%) - SMRs are slow...
e Coal (15%)
Carbon intensity is 48% higher than the US average !

* Onsite: ~20% of facilities >
« Natural gas DuPont Fabros NJ1 data center in Piscataway, New Jersey
« Battery Energy Storage Systems QTS (Photo: DuPont Fabros Technology.)
* Renewables
* microgrids
Diesel fueled backup generators (¥100% of data centers)
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Why increased demand for electricity matters?

¥ Grid strain — clustering!

L. . Data centre electricty consumption Spatial concentration and urban
* New transmissio n, su bstations in household equivalents . proximity of various facilities
Upgrading existing infrastructure T t @ Power plant
S:E = Mineral mines
: ET @
B8 Higher costs Hyperscale £
$6.3 billion added to PIM 2 1 -
Largest under o PRI
customers over next three years  construction 23
53 o
Largest Steel plants
announced - _: ‘
1 2 3 50 100 150 200
6 Ca rbo N emissions Million households Distance from urban areas (km)

* 105 million tons of CO2 in 2023
* Annual additional 900 million tons (current)

e 2% of US emissions
* 45% higher carbon intensity than average industry
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Water: Al’'s Second Major Resource

Direct Uses Indirect Uses
* Evaporative cooling - 30-40% of water is lost  Electricity generation via fossil fuels (coal)
* ~5 million gallons/day (town of 10,000- e Chip manufacturing (1 plant = 2-10 million
50000 people) gal/day)

* In US %170 increase by 2030

EX: Pheonix Metro Ariea, Arizona

Irrigation for livestock = 200 times

Large Landscape
t h a t ! ndustrial & Data Centers

 ~57% sourced from local, potable water
» 2/3 facilities in water stressed areas

Commercial & Institutional

Municipal Residential

Currently the total water consumption is not saricuture
extreme, but water resources are local!

10
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Water Quality and Local Environmental Concerns

* Contamination from cooling discharge (up to 2-3 million gallons/day)

* Possible PFAS, heavy metals, refrigerants contaminating soil and
drinking water

 Wetlands: conversion, contamination,
temperature change

e Storm and rainwater run off from large
concrete structures 1.4
More monitoring and transparency are needed

Mesa, AZ: 1million gallons of water/day

11
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Global Effects: Mineral supply

* Direct use: servers and networking equipment —
* Indirect use: new power transmission lines!

* Most minerals required are imported
* Extractive site conditions
* Mining equipment is difficult to electrify
* Rare earths and (some) critical minerals required come
from China

* Al centers could represent 2-3% of global demand for minerals
* Many overlap with needs for green transition

* |EA projects 4x increase in demand for clean energy minerals
(lithium, cobalt, nickel, graphite, copper)!



m % imported Use (within data center) Primary source country

Silver Serverboard and circuitry (C) Mexico
Gold 0 Serverboard and circuitry

Copper 45 Serverboard and circuitry, Heat sinks (C) Chile
Tantalum 100 Serverboard and circuitry, Semiconductors and microchips (C) China
Palladium 36 Serverboard and circuitry, Semiconductors and microchips (C) Russia
Platinum 85 Serverboard and circuitry, Semiconductors and microchips (C) South Africa
Arsenic 100 Semiconductors and microchips (C) China
Fluorspar 100 Semiconductors and microchips (C) Mexico
Gallium 100 Semiconductors and microchips (C) Japan
Germanium 100 Semiconductors and microchips (C) Belgium
Indium 100 Semiconductors and microchips (C) South Korea
Silicon <50 Semiconductors and microchips (C) Brazil
Aluminum 47 Heat sinks (C) Brazil

Barite 75 Magnets and data storage (C) India

Boron 0 Magnets and data storage (C)
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Other Concerns

[ )
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Air Quality:

Land

Noise: exceeding safe levels (85 dPA)

E-waste: disposal of server, storage and
networking equipment

Backup diesel generators—> respiratory and cancer
risks

Up to 1,000,000 square feet (15.5 football fields!)

Location: Wetlands, Farmlands

Servers replaced at least every ~6-10 years

May account for up to 70% of toxic waste (heavy metals
etc)

14
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XAl Colossus data center

Memphis, TN

Built in 122 days!

At former Electrolux factory — 785,000 sqft
* +500 acres

On site gas power
e ~30 portable turbines

Building grey water facility
* Expected to consume over 5 million gallons/day

April 2026: NAACP intent to sue under Clean Air Act
Jan 2026: EPA temporary turbines still require permits!
May 2026: leased to Anthropic for $1.25 billion/month!

15
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Ways forward

Government

Transparency and
reporting requirements

Permitting and
environmental review
(NEPA and ElAs)

Incentivize sustainable
behavior
Ex: Indiana HB 1007
requires dCItG centers cover

80% of cost of increased
power generation

Industry

Innovate in efficient
cooling

clean power systems and
BESS

recycling servers

Community consultation

Consumers

* use Al thoughtfully —and

for monitoring, analyzing,
and improving climate,
environmental and Al
systems!

right-size models

ask whether every task
needs Al



E INDIANA UNIVERSITY

Wrapping up

Three Takeaways

Al is digital—but its impacts are physical.

Most impacts are local (power, water, land).

Better data, transparency, and community
engagement can mitigate the effects of impacts.
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