From PUE to Planet: The Data
Center’s Sustainability Evolution

A 2020-2025 analysis of the industry’s journey from operational ,w,l -
efficiency to holistic environmental stewardship. '




The Great Broadening: Redefining Performance

Between 2020 and 2025, the definition of a "high-performing" data center expanded dramatically. The industry
moved from a singular focus on energy efficiency to a comprehensive dashboard of environmental and social metrics.

The Old View (circa 2018)

The New View (circa 2025)

PUE (Power Usage Effectiveness) CUE [Carbon Usage Effectiveness)
1.08 0.15@(:{1;1:%
T -2% YoY Lowoest in industry
WUE (Water Usage Effectiveness) Scope 1, 2, & 3 Emissions
Scope 1 Scope 2 Scope 3
0.01 2% |3% |9s%
LikWh
Scope 3 dominant focus
247 Carbon-Free Energy % Circular Economy (Server Reuse Rate) Biodiversity impact
88% ﬁ N 65% ,3 Positive
CFE < _~ Reuse — Net Impact
GE?}%%? Priaritizing lifetime valua Global projects active

&1 NotebookLM



The Efficiency Plateau

The industry exhausted its “low-hanging fruit” in facility efficiency. Stagnation in PUE
improvements forced a strategic shift towards a more holistic view of sustainability.

Global Average Data Center PUE, 2018-2022
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The global average PUE has stagnated This masks a significant performance gap: This plateau shifted focus to new
since 2018, with Uptime Institute modern hyperscale facilities achieve PUEs metrics like CUE (Carbon), WUE
reporting 1.55 in 2022. around 1.10 (Google) to 1.15 (Meta), while (Water), and ERE (Energy Reuse) to
a vast fleet of older enterprise data unlock further sustainability gains.

centers operates at PUE >1.7.
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Powering the Cloud with Wind and Sun

Data center operators became the world’s largest corporate purchasers
of clean energy, fundamentally reshaping renewable markets.

Amazon, Mic
W of ab

— Roughly equivalent to the total ,
~— generation capacity of Sweden.

Corporate clean energy PPAs By 2021, Google, Microsoft, Amazon reached 85%
M hit a record 31.1 GW in 2021, up Meta, and Apple achieved [ ]] renewable energy in 2021
24% from 2020, with tech firms 100% annual renewable with a goal of 100% by

driving over half the volume. energy matching. 2025.
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From Annual Matching to Hourly Reality

The industry’s renewable strategy evolved from purchasing offsets to driving new green capacity

and ultimately aiming for the gold standard: 24/7 Carbon-Free Energy.

,

Stage 1:
Past (Simple Offsets)

Unbundled Renewable Energy
Credits (RECs).

Criticized for a lack of
"additionality"—not directly
funding new green projects.
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Stage 2:
Present (Direct Investment)

T

Long-term Power Purchase
Agreements (PPAs).

Directly finances and enables the
construction of new utility-scale
wind and solar farms.

\

Stage 3:

Future (The Gold Standard)

24[7 Carbon-Free Energy (CFE).

Match electricity consumption with
carbon-free sources on the same
grid, every hour of every day.
Pioneered by Google with a 2030
goal; Microsoft and others have
followed with similar commitments.

y.

&1 NotebookLM



The Scope 3 Challenge:
Confronting the Hidden Footprint

For hyperscalers, emissions from construction and hardware manufacturing (Scope 3) now dwarf their
direct operational footprint, making supply chain decarbonization the next critical frontier.

Typical Hyperscaler Carbon Footprint

Microsoft reported a 30.9% increase in
Scope 3 emissions (2019-2022) even as its

direct emissions fell 6.3%, driven by massive
data center growth.

?(Zj e Industry response includes setting Science-
éy Based Targets (SBTi) and mandating supplier

action.
Zf*:{) S « Example: Microsoft now requires key vendors

to use 100% carbon-free energy by 2030.

=, Focus on low-carbon materials: Microsoft's
gg@ Virginia build used cross-laminated timber,
01 cutting embodied carbon by 35%.

W Scope 1 (Direct Emissions): Slate Gray
" Scope 2 (Energy Purchases): Muted Teal
2 Scope 3 (Supply Chain, Construction, Hardware): Earthy Ochre

m
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More Than Megawatts: Closing the Loop on Water and Materials

The industry's sustainability focus widened to include two other critical resources: water,
essential for cooling, and the materials that make up the hardware itself.

D

From Water Neutral to Water Positive

Microsoft and Google have set “Water Positive” and
“120% Replenishment” goals for 2030.

* Increased use of air-cooled or dry cooling designs in
water-stressed regions.

« Utilization of non-potable sources: Google reported
that in 2022, 22% of its data center water demand
was met with recycled wastewater.

» Industry average WUE is ~1.8 L/kKWh; best-in-class
facilities are now under 0.5 L/kWh.
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From E-Waste to Asset

“Zero Waste to Landfill” targets are now common.

e Microsoft’s ‘Circular Centers,’ launched in 2020, aim

to reuse up to 90% of servers and components by
2025.

» Google reported that in 2020, 23% of its deployed
server components were from refurbished
inventory, and it resold 8.2 million parts.

e Hardware lifecycles have extended from ~3 years to
~5 years on average.
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From Concrete Footprints to Living Campuses

Leading operators are transforming data center campuses from sterile industrial sites into functioning

ecosystems, integrating habitat restoration and biodiversity as a core part of sustainable development.

Key Statistics

4y

19 ¢

Meta reports that by the end
of 2024, over 4,000 acres
across its global campuses
are managed as native,
biodiverse habitat.

An AWS campus in Virginia
converted acres of invasive
species into a certified
pollinator habitat.

Supporting Actions
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Mitigating light and noise
pollution with full cut-off
lighting and

sound-dampening walls.

Prioritizing brownfield sites
(like Google's Hamina,
Finland facility in a former
paper mill) over greenfield
development.
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Smarter, Cooler, and a Better Grid Citizen

The intense thermal challenge of Al is accelerating cooling innovation, while the assets required for reliability
(batteries and UPS) are being repurposed to transform data centers from passive consumers into active grid partners.

The Engine Room

The rise of Al/HPC workloads is
pushing rack densities beyond
100 kW, making traditional

air cooling cbsolete.

Innovation: Deployment of
direct-to-chip liquid cooling
and two-phase immersion
cooling.

Proof Point: Microsoft's
immersion pilot reduced server
power consumption by 5-15%.
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The Grid Partner

Data center UPS
batteries are no
longer just for
backup.
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Innovation: Providing grid services like
frequency regulation and demand
response.

Proof Point: Google's Belgium facility
uses a 3 MW battery to provide services
to the grid, and it has formal demand
response agreements in the US with
utilities like TVA.
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The Next Frontier: Engineering a Zero-Carbon Future

To eliminate the last vestiges of fossil fuels and embodied carbon, the industry is
investing in groundbreaking technologies that could redefine clean, reliable power.

Hydrogen Fuel Cells Next-Gen Firm Power
Goal: Replace diesel backup generators Goal: Secure 24/7 carbon-free energy.
with a zero-emission alternative.
Milestones:
Milestone: Advanced Geothermal: Google is sourcing
Microsoft's successful 2022 test of a 3 MW 3.5 MW of 24/7 power from Fervo Energy'’s
hydrogen fuel cell system, capable of pilot project.

backing up an entire data center building. Small Modular Reactors (SMRs): Google

signed an MOU with Kairos Power to

evaluate SMRs for data centers in the 2030s.

Carbon-Negative Materials

Goal: Reduce and reverse embodied
carbon in construction.

Milestone:
Use of CarbonCure concrete (injects
and sequesters CO,) and structural
wood elements in new builds.
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The Age of Accountability:
Mandated Reporting is Here

A wave of new regulations, particularly in Europe, has made

sustainability reporting a legal requirement, fundamentally changing

the landscape and forcing transparency across the industry.

National Policies

@ Germany's Energy Efficiency
Act mandates waste heat reuse

and 100% renewable power
by 2027.

The European Union

-

~_) Energy Efficiency Directive (EED)

As of 2024, requires all EU data centers
>500 kW to publicly report annual energy
consumption, renewable energy share,
water usage, and waste heat recovery.

@ China has set aggressive PUE
targets (e.g., 1.25 in eastern

regions).

Corporate Sustainability

Reporting Directive (CSRD)

Compels large firms to disclose

detailed ESG indicators and
GHG emissions.

Investor Pressure

‘ A The rise of ESG investing
has pushed publicly

~ traded operators (Equinix,

Digital Realty) to publish
comprehensive, audited
ESG reports and improve
ratings from agencies
like MSCI and CDP.
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Beyond the Fence Line: From NIMBY to Good Neighbor

The era of building data centers quietly is over. A surge in community opposition has forced a strategic shift
toward proactive stakeholder engagement, transparency, and demonstrating local benefit.

The Challenge

T

A 2025 report found
142 activist groups
across 24 U.S. states
opposing data center
projects.

An estimated

$98 billion in
developments were
delayed or canceled in
the US due to
community pushback.
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Common concerns:
noise, water usage,
strain on the power
grid, and loss of
green space.

The Response

Community benefit
agreements, investments
in local infrastructure,
and workforce training
partnerships.

Advanced noise
mitigation, including
sound barrier walls
and quieter cooling
systems.

Transparent
communication

through town halls,
public Q&As, and
published environmental
impact data.
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Three Speeds of Evolution

While the entire industry is moving toward sustainability, the pace and focus differ significantly
by operator type, creating a multi-tiered ecosystem of innovation and adoption.

Hyperscalers
(The Pioneers)

£

* Role: Drive R&D, set ‘moonshot’
goals (24/7 CFE, water positive).

» Levers: Leverage massive scale to
transform global supply chains and
pioneer new technologies like
hydrogen fuel cells and SMRs.

« Examples: Google, Microsoft,
Meta, Amazon.

Colocation Providers
(The Enablers)

e Role: Adopt best practices and offer
green solutions as a service to
thousands of clients.

e Levers: Use third-party
certifications (LEED, Energy Star) as
a key market differentiator and
competitive advantage.

« Examples: Equinix (96% renewable
coverage by 2024), Digital Realty.

Enterprise
(The Adopters)

A
» Role: Respond to corporate-wide

ESG mandates and benefit from
industry innovation.

e Levers: Often achieve
sustainability goals by migrating
workloads to hyperscale cloud or
green colocation partners, rather
than building in-house.
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The Arc of Evolution: A Summary

1. From a Single Metric to a Holistic Strategy

Sustainability matured from a narrow focus on PUE to a
multi-faceted approach encompassing enerqgy, carbon,
water, waste, biodiversity, and community impact.

3. From Passive Consumer to N E=3
Active Participant. 7

Data centers evolved from being a passive load on the
grid to becoming an active, intelligent partner, using
on-site assets like batteries to provide stability and
enable greater renewable integration.
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2. From the Facility to the Full Lifecycle.

The battleground shifted from optimizing operational
efficiency (Scope 1 & 2) to tackling the entire value
chain, especially the embodied carbon within the
global supply chain (Scope 3).
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A new era of accountability, driven by binding
regulation (EU's EED/CSRD) and intense community
scrutiny, has made proven sustainability performance
a prerequisite for growth.

4. From Optional Initiative to
Non-Negotiable Mandate.
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The New Baseline: Sustainability as Strategy

By 2025, sustainability ceased to be a peripheral function or a marketing
claim. It is now a core pillar of data center strategy, deeply integrated into site
selection, design, engineering, supply chain management, and finance.
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Radical Transparency Lifecycle Accountability Social License is Innovation is the Engine
Public, audited reporting on Success is measured not just Growth is contingent on -:Iim+ate goals are now Seen as
energy, carbon, and water is by operational efficiency, but proactive community achievable through continued
the norm. by the carbon footprint of engagement and demonstrable investment in next-generation
construction and hardware. local benefit. technologies.
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