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The U.S. data center fleet

U.S. data-center build-out status by 80 GW
; s Bl Stalled
year of construction or planning, in
gigawatts of capacity
60
40 Planned
20

Underway

0 Built

S —
2010 11 12 13 14 15 16 17 18 19 2020 ‘21 22 ‘23 24 25

Note: 2025 data as of October.
Source: MSCI Real Assets via JPMorgan Chase

| Marston Research Group Eric Sjostedt, Ph.D. | Energy-Water Nexus of Data Centers CSG Data Center Masterclass 2026 | 2



The U.S. data center fleet

[EA, 2025
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https://www.iea.org/reports/energy-and-ai

So what does a data center look like?

Enterprise/Onsite/Internal Edge

Colocation Hyperscale
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So what does a data center look like?

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

A general composition of a data center facility

[EA, 2025
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https://www.iea.org/reports/energy-and-ai

A general composition of a data center facility

[EA, 2025
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https://www.iea.org/reports/energy-and-ai

Data center resource use metrics

_ Total Facility Energy
Power Usage Ef feciveness (PUE) =

IT Equipment Energy

The Green Grid, 2011
Shehabi et al., 2024
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https://www.thegreengrid.org/en/resources/library-and-tools/238-WP%2335---Water-Usage-Effectiveness-%28WUE%29%3A-A-Green-Grid-Data-Center-Sustainability-Metric
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Data center resource use metrics

Total Facility Energy

Power Usage Ef fectveness (PUE) = pr o o ment Energy

Lower is better

The Green Grid, 2011
Shehabi et al., 2024
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https://www.thegreengrid.org/en/resources/library-and-tools/238-WP%2335---Water-Usage-Effectiveness-%28WUE%29%3A-A-Green-Grid-Data-Center-Sustainability-Metric
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Data center resource use metrics

Data center water consumption

Water Usage Ef fectiveness (WUEsr) = IT equipment energy consumption

The Green Grid, 2011
Shehabi et al., 2024
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https://www.thegreengrid.org/en/resources/library-and-tools/238-WP%2335---Water-Usage-Effectiveness-%28WUE%29%3A-A-Green-Grid-Data-Center-Sustainability-Metric
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Data center resource use metrics

Data center water consumption

Water Usage Ef fectiveness (WUEsr) = IT equipment energy consumption

Lower is better

The Green Grid, 2011
Shehabi et al., 2024
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https://www.thegreengrid.org/en/resources/library-and-tools/238-WP%2335---Water-Usage-Effectiveness-%28WUE%29%3A-A-Green-Grid-Data-Center-Sustainability-Metric
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Cooling Technology

Y

Primary Secondary

| Marston Research Group Eric Sjostedt, Ph.D. | Energy-Water Nexus of Data Centers CSG Data Center Masterclass 2026 | 12



Evaporative Cooling
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Evaporative Cooling
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Evaporative Cooling
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Adiabatic Cooling
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Adiabatic Cooling
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Air / Dry Cooling
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Air / Dry Cooling
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Hybrid Cooling
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Comparing Cooling Technologies
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PUE

Arzumanyan et al., 2025
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https://compass.beg.utexas.edu/files/publications/Water_Requirements_for_DC_White_Paper.pdf

U.S. Data center water consumption

On-site water
consumption is
expected to Increase
significantly

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Scope 1 water

In 2015, total
U.S. water
withdrawal was
~322 billion
gallons per day
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Scope 1 water

Data

Data center direct
water withdrawals
represent <0.04% of
U.S. total
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U.S. Data center electricity consumption

On-Site electricity
consumption Is
estimated to Increase
significantly

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Following the water

Scope 1
Direct Water Footprint
[Onsite water consumption]
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Following the water

Nationwide, ~75% of the water footprint of
data centers i1s offsite.

Scope 1 Scope 2 Scope 3
Direct Water Footprint Indirect Water Footprint Embedded Water Footprint
[Onsite water consumption] [Water consumption from [Water consumption of supply chain]

energy]




What does scope 2 look like?

Zuccon et al., 2023
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https://dl.acm.org/doi/abs/10.1145/3578337.3605121

Scope 1 + Scope 2 water consumption

2023 U.S. Estimates

Direct
Water Consumption

17.4 billion gallons

~119,420 average
U.S. households

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Scope 1 + Scope 2 water consumption

2023 U.S. Estimates

Direct + Indirect
Water Consumption Water Consumption
17.4 billion gallons 211 billion gallons
~119,420 average ~1.45 million average
U.S. households U.S. households

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

Scope 1 + Scope 2 water consumption

2023 U.S. Estimates

Direct + Indirect _— Total
Water Consumption Water Consumption ™™ \Water Consumption
17.4 billion gallons 211 billion gallons 228.8 billion gallons
~119,420 average ~1.45 million average ~1.57 million average
U.S. households U.S. households U.S. households

Shehabi et al., 2024



https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

L_ocation, Location, Location

WRI, 2023
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https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3

L_ocation, Location, Location

WRI, 2023
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https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def_tot_cat&lat=30&lng=-80&mapMode=view&month=1&opacity=0.5&ponderation=DEF&predefined=false&projection=absolute&scenario=optimistic&scope=baseline&threshold&timeScale=annual&year=baseline&zoom=3

L_ocation, Location, Location

Shehabi et al., 2024
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report_1.pdf

L_ocation, Location, Location

USGS, 2018
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https://www.usgs.gov/media/images/watershed-boundary-dataset-structure-visualization

L_ocation, Location, Location

EIA, 2025

USGS, 2018

| Marston Research Group Eric Sjostedt, Ph.D. | Energy-Water Nexus of Data Centers CSG Data Center Masterclass 2026 | 39


https://www.eia.gov/outlooks/aeo/pdf/nerc_map.pdf
https://www.usgs.gov/media/images/watershed-boundary-dataset-structure-visualization

L_ocation, Location, Location

Lei & Masanet, 2023
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location

Lei & Masanet, 2023
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location

Lei & Masanet, 2023
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location

Lei & Masanet, 2023
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location

Lei & Masanet, 2023

| Marston Research Group

Eric Sjostedt, Ph.D. | Energy-Water Nexus of Data Centers

ASHRAE Cliphate Zone

0,33 2:49
1a - } |
0.56 1.86
2a - } |
0.26 1.25
3a - I |
0.19 0.94
da{ | |
0.14 0.78
5a1 b——mmm
0.34 1.86
2b - } i
0.22 0.80
3b1 b
0.0 0.5 1.0 1.5 2.0 2.5

WUE (L/kWh)



https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location

Lei & Masanet, 2023
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

L_ocation, Location, Location
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L_ocation, Location, Location
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https://www.sciencedirect.com/science/article/pii/S0921344922001719

Ok, so what do we know?

e Resource demand Is large and growing

e Technology and climate drives energy-water tradeoffs

e Impacts extend beyond the facility boundary



... and what don’t we know?

e Actual facility-level resource use

e How future technologies will shift demand

e \Where and when infrastructure constraints will emerge



So, what do we need?

e Better data transparency & accessibility

e Real-world cooling technology benchmarks

e Spatial & temporal demand profiles (direct & indirect)



THE

Woater

Research
FOUNDATION

Thank you

Eric Sjostedt, Ph.D

esjostedt@vt.edu
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Appendix - Water Research Foundation Project #5367 WRF, 2026
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https://www.waterrf.org/research/projects/data-centers-understanding-economic-considerations-and-opportunities-water-and

Appendix - Water & Wastewater Utilities

D[Iﬁ &8 &/ OE

NSNS

Demand Ramp up  Discharge Infrastructure  Rate
Volume time volume &  capacity &  Structure
& Profile chemistry source



Appendix - Demand Profiles Data Center Water Leaks, 2026
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https://www.datacenterwaterleaks.com/

Appendix - Demand Profiles Data Center Water Leaks, 2026

AWS Data Center
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https://www.datacenterwaterleaks.com/

Appendix - Demand Profiles Data Center Water Leaks, 2026

Equinix Data Center
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https://www.datacenterwaterleaks.com/

Appendix - Demand Profiles Data Center Water Leaks, 2026

Google Data Center Campus
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https://www.datacenterwaterleaks.com/

Appendix - Demand Profiles

Million Gallons
Per Day

Average Water Peak Water
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