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Opening letter

At Google, we are focused on developing AI 
that assists, empowers, and inspires people 
in almost every field of human endeavor. Our 
goal is to improve the lives of as many people 
as possible, and we believe that AI can unlock 
transformational benefits across four key areas: 
for people, the economy, science, and society. 

We’re making progress in all these areas, ranging 
from supporting small and large businesses from 
every U.S. state that are using AI to grow, improving 
health diagnostics such as breast cancer screening, 
accelerating research in multiple fields of science, to 
helping children improve their reading skills, and so 
much more.

We also believe that AI can help address some of 
humanity’s biggest challenges, including protecting 
the planet we all call home and the people who live 
on it. We see three primary avenues for environmental 
and societal impact: 

• Mitigating carbon emissions by unlocking 
new efficiencies in high-impact sectors and 
activities;

• Transforming the energy ecosystem by 
accelerating the development of next-generation 
clean sources, making long-term bets on 
technologies like fusion, and optimizing the grid; 
and 

• Harnessing AI for climate adaptation and 
ecosystem protection, from strengthening 
crisis resilience against natural disasters to 
monitoring biodiversity.

At the same time, we recognize that AI’s growth 
creates its own new environmental challenges that 
need to be managed responsibly. Realizing the 
benefits of AI requires investing in data centers, which 
increase demand for electricity and water. Pursuing 
AI responsibly means understanding and mitigating 
these challenges. 

At Google, we’re taking a deliberate, full-stack 
approach to manage AI’s growth responsibly and 
minimize its environmental footprint. This means we’re 
focused on making our entire AI stack (including 
applications, models, software, and hardware) 
more efficient, investing in and quickly scaling new 
clean energy sources, and deploying climate-
conscious, locally tailored water stewardship 
practices. Moreover, we’re committed to ensuring 
that our energy use doesn’t impact people in the 
communities in which we operate. In early 2026, we 
signed the White House Ratepayer Protection Pledge, 
demonstrating our confidence that energy growth and 
ratepayer protection can go hand-in-hand.

As an information and computer science company 
focused on innovation and breakthrough progress, 
we have ambitious moonshot goals for the impact 
we hope to achieve. While we’re excited about our 
progress in minimizing AI’s footprint and maximizing 
its positive environmental impact, success is not 
guaranteed and no company alone can ensure that AI 
delivers a net-positive future for the planet. Turning 
this potential into a reality will require focused efforts 
by Google and other AI developers, as well as broader 
collective efforts that bring together researchers, 
developers, governments, and local communities to 
manage risks and scale new solutions. 

Ultimately, we believe that if AI is developed and 
harnessed responsibly and collaboratively, its 
environmental benefits will vastly outweigh its costs. 
From making industries more efficient, to monitoring 
air quality, to protecting communities from natural 
disasters—AI can serve as a force multiplier in 
addressing some of the world’s most pressing 
environmental challenges. 

This paper details our approach to minimizing AI’s 
footprint while maximizing its positive impact on the 
environment and the people and communities who 
depend on it.

https://ai.google/why-ai/
https://ai.google/societal-impact/
https://economicimpact.google/
https://economicimpact.google/
https://health.google/mammography/?utm_source=ai.google&utm_medium=referral
https://deepmind.google/science/alphafold/?utm_source=ai.google&utm_medium=referral
https://ai.google/science/
https://readalong.google/?utm_source=ai.google&utm_medium=referral
https://datacenters.google/
https://datacenters.google/energy/
https://datacenters.google/water/
https://datacenters.google/water/
https://blog.google/innovation-and-ai/infrastructure-and-cloud/global-network/affordability-pledge-responsible-energy-growth/
https://www.whitehouse.gov/articles/2026/03/ratepayer-protection-pledge/


04 Overview: Assessing AI’s implications for  
the environment

05 Unlocking AI’s potential for environmental benefits

Mitigating climate change in high-impact sectors

Power
Transportation
Food and agriculture

Increasing resilience to weather and extreme events

Weather
Floods
Cyclones
Wildfires

Protecting the planet’s vital ecosystems

Geospatial technologies

Nature insights

13 Managing AI’s environmental costs and challenges

Powering AI with efficiency, next-generation energy, and grid flexibility

Efficiency
Generation and the grid
Demand response

Minimizing AI’s water footprint through smarter use and replenishment

Responsible water use

Replenishment

20 Moving forward together

The authors thank the following people for their important contributions: Luke Elder, Mark Caine, Abby 
Mayer, Alex Hausman, Antonia Gawel, Chrissy Patterson, Anna Koivuniemi, Suzie Shin, Amanda Peterson 
Corio, Adam Elman, Yael Maguire, and Juliet Rothenberg.



4

Overview: Assessing AI’s implications for the environment

AI’s Potential for the Planet (and Beyond)

Overview: Assessing 
AI’s implications for the 
environment
AI opens up new possibilities to improve the quality of people’s 
lives around the world. The purpose of this paper is to assess the 
growing environmental footprint of the data centers that power AI 
and actions that can be taken to ensure its environmental benefits 
vastly outweigh its costs.

From making industries more efficient, to monitoring air quality, to 
protecting communities from natural disasters—AI can accelerate 
addressing some of the world’s most pressing environmental challenges. 
But a net-positive outcome isn’t an inherent trait of the technology, and 
success will require focused effort to ensure that AI has a net-positive 
impact on the environment and the people and communities who 
depend on it. 

In this paper we offer a focused assessment of AI’s implications for 
the environment in two sections:

• AI’s environmental benefits: We detail AI’s potential to  
reduce carbon emissions, strengthen crisis resilience, and  
help protect ecosystems.

• AI’s environmental costs: We assess the growing resource 
demands of data center infrastructure—specifically electricity  
and water—and outline Google’s approach to minimize our 
operational footprint.

References to AI in this paper refer to the “full stack”—a cohesive ecosystem of innovation where frontier models, custom 
silicon, and the software that surrounds them are co-evolved as a single unit. By designing the full stack in tandem, we deliver 
the scale and efficiency required to solve the world’s most complex global challenges. This full-stack approach is how we work to 
decouple AI’s growth from its associated environmental impact, making the technology more efficient and more sustainable.

Google’s annual footprint metrics referenced in this paper are sourced from our 2025 Environmental Report, which covers our 
2024 fiscal year. However, some third-party research and Google examples reflect more recent data and developments. We’ll 
report on our 2025 footprint metrics in our upcoming 2026 Environmental Report.

https://www.gstatic.com/gumdrop/sustainability/google-2025-environmental-report.pdf
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Our planet, as seen via Google Earth.

Unlocking AI’s potential 
for environmental 
benefits

Google develops AI that assists, empowers, 
and inspires people in almost every field of 
human endeavor; drives economic progress; and 
improves lives, enables scientific breakthroughs, 
and helps address humanity’s biggest challenges.

One of these challenges is protecting the environment 
and the communities around the world who depend on 
it, and we’re especially excited about AI’s potential to 
both offset the environmental costs associated with AI 
and address some of the most pressing issues facing 
the planet. Specifically, at Google we’re focused on:

• Accelerating carbon reduction
• Strengthening crisis resilience
• Advancing ecosystem protection

In addition, as AI is increasingly adopted across a wide 
range of economic sectors and industrial activities, 
we’re optimistic that it will unlock new efficiencies that 
reduce energy demand and carbon emissions.



6

Unlocking AI’s potential for environmental benefits

AI’s Potential for the Planet (and Beyond)

Mitigating climate change in 
high-impact sectors

A 2025 study in Nature estimated that the use of 
AI in just three sectors (power, food, and mobility) 
could reduce global emissions by 3.2–5.4 gigatonnes 
(GT) of CO 1

2e annually by 2035,  more than India’s 
emissions in 20242 and significantly greater than the 
projected emissions from data centers that will power 
AI activities.3 

AI offers more than just the promise of reducing 
carbon emissions in the future—it has already 
started to enable real-world reductions. Google 
is building novel solutions across a broad array of 
sectors, including power, transportation, and food 
and agriculture—and we’re excited about their early 
results. In 2024 alone, just five of our AI products 
and features enabled others to collectively reduce 
an estimated 26 million metric tons of GHG emissions 
(tCO2e),4 roughly equivalent to the emissions from 
the annual energy use of over 3.5 million U.S. homes.5 
For context, Google’s total emissions in 2024 were 
11.5 million tCO2e.6 

We’re still at the beginning of our journey to unlock 
AI’s environmental potential, but these examples 
point the way to an exciting future where AI unlocks 
efficiencies and opportunities across a wide range 
of industry sectors and natural systems, creating 
benefits for people and the planet at a global scale.

Solar panels line up  
side-by-side at our data center  
in St. Ghislain, Belgium.

https://www.gstatic.com/gumdrop/sustainability/google-2025-environmental-report.pdf#page=56
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We aspire to help individuals, cities, and other partners 
collectively reduce 1 GT of their carbon equivalent 
emissions annually by 2030. To put the scale of this 
aspiration into perspective, 1 GT is comparable to the 
annual emissions of Japan.7

This monumental ambition represents one of the most 
consequential environmental contributions Google 
can help make for the planet, and we believe our 
technology can make it happen. This effort is a way 
for us to use our unique technological capabilities, 
state of the art AI research, and global reach to 
inspire and enable others to mitigate climate change. 
These solutions also provide co-benefits that improve 
people’s daily lives, from saving drivers money 
on fuel to reducing city congestion and more.

Power

Meeting AI’s energy needs is not only an urgent 
challenge, but also a generational opportunity 
to unlock an abundant clean energy future with 
widespread economic and societal benefits. We’re 
harnessing AI to unlock innovation across the 
energy sector, leveraging a wide range of technical 
capabilities and partnerships to advance the next 
generation of clean technologies, tackle emissions 
from power generation, and increase grid reliability.

Some examples of how Google is working to innovate 
in this sector:

Grid optimization

A collaboration between Google, Tapestry, and 
grid operator PJM aims to develop AI-driven data 
capabilities to speed up grid interconnection—with 
the goal of making electricity more reliable and 

affordable for the 67 million people PJM serves in 
the United States. Tapestry is also collaborating with 
Chile’s national grid operator, Coordinador Eléctrico 
Nacional, to accelerate its transition to renewable 
energy, and working with the largest electric utility in 
New Zealand to improve efficiency and resilience. 

Industry transformation

Google Cloud is using AI to unlock new innovation 
across the electricity industry. In 2025, we 
announced a collaboration with Westinghouse 
Electric Company to accelerate nuclear reactor 
construction and enhance operations of existing 
nuclear power plants, and a partnership with NextEra 
Energy to optimize field operations and enable a 
more reliable and resilient grid.

Scaling solar

Google’s Solar API is making it easier to bring more 
clean energy online. Using machine learning, high-
resolution imagery, and advanced modeling, the 
Solar API maps solar potential data for nearly 540 
million buildings in over 40 countries,8 enabling solar 
installers, city planners, and energy companies to 
target rooftops with the highest potential.

Commercial fusion

AI is also accelerating research on promising next-
generation clean energy sources like fusion. In 
October 2025, Google DeepMind announced a 
partnership with Commonwealth Fusion Systems to 
apply AI to unlock scientific advances that’ll pave the 
way for commercial fusion power, including quickly 
and accurately simulating plasma behavior and 
developing novel real-time control strategies.

https://www.tapestryenergy.com/en/projects/tapestry-and-coordinador-electrico-nacional-cen
https://www.tapestryenergy.com/en/projects/ai-powers-a-more-resilient-grid-in-new-zealand
https://info.westinghousenuclear.com/news/westinghouse-to-accelerate-us-nuclear-reactor-construction-and-enhance-operations-with-google-cloud-ai
https://info.westinghousenuclear.com/news/westinghouse-to-accelerate-us-nuclear-reactor-construction-and-enhance-operations-with-google-cloud-ai
https://www.googlecloudpresscorner.com/2025-12-08-NextEra-Energy-and-Google-Cloud-Announce-Landmark-Strategic-Energy-and-Technology-Partnership-to-Accelerate-AI-Growth-and-Transform-the-Energy-Industry
https://www.googlecloudpresscorner.com/2025-12-08-NextEra-Energy-and-Google-Cloud-Announce-Landmark-Strategic-Energy-and-Technology-Partnership-to-Accelerate-AI-Growth-and-Transform-the-Energy-Industry
https://mapsplatform.google.com/resources/blog/powering-future-our-new-solar-api/?e=48754805&utm_experiment=48754805
https://mapsplatform.google.com/resources/blog/powering-future-our-new-solar-api/?e=48754805&utm_experiment=48754805
https://deepmind.google/discover/blog/bringing-ai-to-the-next-generation-of-fusion-energy/
https://blog.google/inside-google/infrastructure/electric-grid-ai/
https://x.company/projects/tapestry/
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Transportation
 
We’re building AI-powered transportation solutions 
to help users save fuel, time, and money. Fuel-
efficient routing in Google Maps analyzes factors 
like a vehicle’s engine type, real-time traffic, and 
road conditions to pick the most fuel-efficient 
path. We estimate that it saved users fuel and 
cumulatively enabled more than 2.7 million metric 
tons of GHG emissions reductions in 2024 alone9—
that’s equivalent to taking approximately 630,000 
gasoline-powered cars off the road for a year.10

Our Green Light initiative uses AI and Google Maps 
driving trends to optimize traffic light timing, ensuring 
that cars spend less time idling and more time 
moving. Our analysis from intersections implementing 
Green Light recommendations indicates the potential 
to reduce stops at intersections by up to 30% and 
reduce emissions at intersections by an average 
of over 10%.11 This solution is being implemented in 
cities around the world, including in Brazil.

Just as AI can optimize travel on the road, it can help 
reduce the climate impacts of transportation in the 
sky. Contrails (the line-shaped clouds that sometimes 
appear behind airplanes) account for roughly 35% of 
aviation’s global warming impact (Figure 1).12 Google 
Research partnered with Breakthrough Energy and 
American Airlines to develop AI models that analyze 
atmospheric data to predict contrail formation and 
identify routes where they can be avoided. 

In our most recent study, Google’s AI contrail 
forecasts were integrated into American Airlines 
flight planning software and used in a trial of 2,400 
transatlantic flights that were part of the airline’s 
standard schedule. For the flights that successfully 
flew the contrail avoidance plans, there was a 62% 
reduction in contrail formation rate compared 
to the control group. We’re working to scale this 
solution in Western Europe in collaboration with 
EUROCONTROL.

Figure 1 
Contrails account for roughly 35% of aviation’s global warming impact.

https://support.google.com/maps/answer/11470237
https://support.google.com/maps/answer/11470237
https://blog.google/company-news/outreach-and-initiatives/sustainability/google-transportation-energy-emissions-reduction/#:~:text=Helping%20people%20get,comparable%20and%20practical.
https://blog.google/company-news/outreach-and-initiatives/sustainability/google-transportation-energy-emissions-reduction/#:~:text=Helping%20people%20get,comparable%20and%20practical.
https://sites.research.google/gr/greenlight/
https://sustainability.google/stories/transforming-mobility-in-brazil-through-google-mobility-solutions/
https://sites.research.google/gr/contrails/
https://blog.google/innovation-and-ai/models-and-research/google-research/contrail-avoidance-research/
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Food and agriculture
 
The global agricultural sector is critical to both 
human wellbeing and the natural environment: it 
feeds over 8 billion, employs roughly a quarter 
of the global labor force,13 and uses almost 
half of the world’s habitable land.14 AI holds 
tremendous potential to help increase efficiency 
and mitigate emissions from food and agriculture 
through improved geospatial reasoning, weather 
prediction, and biological modeling. We’re 
excited about the opportunities in this sector, 
and are working to develop new solutions that 
benefit both agricultural communities and 
the natural systems that support them.

For instance, the Agricultural Landscape 
Understanding API—developed by Google and 
partners—is currently deploying remote sensing and 
AI in India to help farmers precisely identify field 
boundaries, water bodies, and vegetation, enabling 
more efficient resource management. Google Earth 
Engine supports many partners and customers in the 
agricultural sector—including the USDA, RegrowAg, 
Corteva, Bayer, and Unilever—providing tools to 
reduce fertilizer pollution, optimize water usage, and 
improve crop production.

Increasing resilience to 
weather and extreme events
AI-powered tools can help save lives and 
safeguard livelihoods when disaster strikes. 
Consider wildfires as one example. Globally, 
an estimated 100 million people and physical 
assets amounting to $215 billion were exposed to 
wildfires during the March 2024 to February 2025 
fire season.15 The World Economic Forum found 
that AI-enabled early detection systems could 
drastically reduce the frequency of catastrophic 
wildfires by enabling faster containment.16

Google’s AI products are helping communities 
anticipate, prepare for, and respond effectively to 
environmental risks—supporting people in protecting 
lives and livelihoods when disaster strikes.

Our mission is to make information accessible and 
useful, and nowhere is accurate, timely information 
more vital than during a crisis. Our crisis resilience 
solutions provide actionable information on weather 
and extreme events to help people stay prepared, safe, 
and resilient. Our ultimate aspiration is to enable a 
world where no one is surprised by a natural disaster: 
we’re focused on accurately predicting natural 
disasters to keep as many people as possible safe.

Weather

The first step toward better preparation is better 
weather forecasting. We recently introduced 
WeatherNext 2, a family of state-of-the-art AI 
models that learn directly from vast amounts of 
historical weather data to generate affordable, fast, 
and accurate weather prediction—often 10 to 15 days 
in advance. 

To tackle complex atmospheric phenomena, 
NeuralGCM—a Google Research model—combines 
traditional physics-based modeling with machine 
learning to simulate Earth’s atmosphere. This model 
has been used by the University of Chicago’s 
Human-Centered Weather Forecasts Initiative to 
more accurately predict the monsoon season in India. 
With the help of NeuralGCM, 38 million farmers in 
India received AI-powered forecasts to determine 
when to plant their crops during the summer of 2025, 
in anticipation of the monsoon season.

https://developers.google.com/agricultural-understanding/landscape-understanding
https://developers.google.com/agricultural-understanding/landscape-understanding
https://cloud.google.com/blog/topics/sustainability/cop28-google-earth-engine-and-sustainable-agriculture?e=48754805
https://deepmind.google/technologies/weathernext/
https://research.google/blog/fast-accurate-climate-modeling-with-neuralgcm/
https://blog.google/technology/research/indian-farmers-monsoon-prediction/
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Floods

FloodHub displays forecasts for riverine floods up 
to seven days in advance using a breakthrough 
global hydrological AI model. Our flood forecasting 
information now covers more than two billion people 
in around 150 countries for the most significant and 
impactful riverine flood events (Figure 2).17 In 2024, 
we generated more than 1,100 crisis alerts that 
shared critical flood information, including mappings 
of estimated flooded areas, which were viewed by 
more than 33 million users.

More recently, in 2026, we added urban flash 
flood forecasts to Flood Hub. By leveraging a new 
AI-powered methodology, we can predict the risk 
of flash floods in urban areas up to 24 hours in 
advance. We focused our initial launch on urban 
areas and are actively working to improve the 
model’s generalization to rural areas, reduce the 
spatial resolution for more hyper-local forecasts, and 
integrate even more real-time weather data sources.

Figure 2 
Flood Hub view showing coverage for riverine floods.

https://sites.research.google/floods/l/0/0/3
https://blog.google/technology/ai/google-ai-global-flood-forecasting/
https://sites.research.google/gr/floodforecasting/
https://crisisresponse.google/how-we-help
https://research.google/blog/protecting-cities-with-ai-driven-flash-flood-forecasting/
https://research.google/blog/protecting-cities-with-ai-driven-flash-flood-forecasting/
https://research.google/blog/introducing-groundsource-turning-news-reports-into-data-with-gemini/
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Cyclones

Weather Lab features our experimental cyclone 
predictions. We partnered with the U.S. National 
Hurricane Center, among others, to support 
their forecasts and warnings during the 2025 
cyclone season—critical work given that cyclones 
endanger lives and devastate communities, 
with tropical cyclones causing $1.4 trillion in 
economic losses over the past 50 years.18

Wildfires

Our AI-powered wildfire boundary tracking tool 
uses satellite data to refresh fire maps every 15 to 
20 minutes, offering a near real-time picture of 
an existing fire’s spread. These updates appear in 
Google Search, Google Maps, and push notifications 
sent to nearby users. In 2024, our crisis alerts 
provided timely wildfire information to over 26 million 
users across more than 480 wildfire events around 
the world. 

We’re also working to detect wildfires faster, before 
they become devastating blazes, and provide better 
information as they unfold. That’s the idea behind 
FireSat, a partner-driven initiative that uses high-
resolution multispectral satellite imagery and AI to 
provide near real-time insights on wildfires. The first 
satellite launched in early 2025, with plans for three 
more to be deployed in 2026, for a total of more than 
50 in the years to come, led by the Earth Fire Alliance 
coalition. Once fully operational, the program will 
provide near real-time data on the location, size, and 
intensity of all wildfires on Earth.

Protecting the planet’s vital 
ecosystems
Thriving ecosystems power thriving communities. 
From the food people eat to the future of our 
economies, human wellbeing and opportunity are 
deeply tied to the health of our planet. 

But the engine of our progress is under strain. 
The World Wildlife Fund reports a staggering 73% 
decline in wildlife populations since 197019—a loss 
that erodes ecosystem resilience and threatens 
vital life-support systems. And because over half 
of global GDP is dependent on nature, ecosystem 
degradation creates significant risks to the 
global economy and human well being.20 This 
is one reason why the World Economic Forum 
ranks biodiversity loss among the greatest risks 
to global stability over the next decade.21

AI provides the toolkit to meet this moment. By 
detecting early warning signals before ecosystems 
hit irreversible tipping points, we can move from 
observation to intervention. By unlocking geospatial 
insights, we’re empowering researchers and 
communities to protect, manage, and restore the 
natural systems that sustain us all.

Geospatial technologies

We’ve spent over two decades organizing petabytes 
of satellite, climate, and ecosystem data into a 
comprehensible view of how the Earth is changing—
powering tools that monitor issues like illegal logging 
and overfishing.

https://deepmind.google.com/science/weatherlab
https://deepmind.google/discover/blog/weather-lab-cyclone-predictions-with-ai/
https://deepmind.google/discover/blog/weather-lab-cyclone-predictions-with-ai/
https://sites.research.google/gr/wildfires/boundary-tracking/
https://crisisresponse.google/how-we-help
https://blog.google/technology/ai/inside-firesat-launch-muon-space/
https://blog.google/feed/firesat-first-satellite-launch/
https://www.globalforestwatch.org/
https://globalfishingwatch.org/
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Today, AI enables us to make that data more useful 
than ever, leveraging powerful tools like Google 
Earth and Google Earth Engine to turn raw insights 
into real-world solutions with wide applications. Our 
recently-launched Google Earth AI combines state 
of the art predictive models and Gemini’s advanced 
reasoning capabilities to enable enterprises, cities, 
and nonprofits to achieve deeper understanding of 
our planet.

One of the AI models integrated into Google Earth 
AI is Google DeepMind’s AlphaEarth Foundations, 
which functions like a virtual satellite. It accurately 
and efficiently characterizes the planet’s land and 
coastal environments—providing scientists with a 
better picture of planetary change and enabling 
better analysis and decision making on food security, 
deforestation, urban expansion, and water resources.

For more than two decades, Google has provided 
researchers with a clearer view of the changing planet 
through transformative geospatial tools. Building on this 
long-standing work, we’re combining efforts from across 
Google toward an important aspiration: helping nature 
and people flourish together with AI-powered tools to 
empower governments, businesses, and communities to 
conserve 30% of the world’s land and oceans by 2030. 

By evolving from a 3D digital twin of the globe to 
delivering actionable AI-powered nature insights, we aim 
to accelerate global conservation efforts and support 
the restoration of the vital ecosystems that sustain both 
humanity and the planet.

Nature insights

Empowering experts with AI can transform what 
historically involved years of manual analysis—
identifying species, detecting patterns, and 
predicting change—into quicker, more accurate, and 
larger-scale action. We’re developing advanced tools 
that synthesize complex data to reveal new insights 
into the past, present, and future of our planet.

It starts with making sense of the massive amounts 
of data researchers are already collecting. For 
example, we developed Perch—an advanced, 
open-source AI model—to analyze bioacoustic 
data at unprecedented speed and scale, enabling 
ecologists to identify species and monitor ecosystem 
health in near-real time. Already, Perch has 
helped researchers at the University of Hawaii find 
Honeycreeper sounds nearly 50 times faster than 
their usual methods, enabling them to monitor more 
species of Honeycreeper over greater areas.

AI can also help fill gaps when data is limited. Our 
Species Distribution Modeling uses Graph Neural 
Networks to infer where species live even if they 
haven’t been well studied in the wild, enabling 
researchers to identify critical habitats for protection. 
For example, in a pilot to map the endangered 
Australian Greater Glider, the models successfully 
identified highly suitable habitats in areas where 
species observation data was scarce or non-existent.

We’re also leveraging AI to help forecast future 
environmental conditions through research initiatives 
like ForestCast. In October 2025, we released a 
paper and the first dataset dedicated to training 
deep learning models to predict deforestation 
risk. This research opens the door to moving from 
merely measuring deforestation after it happens to 
preventing it before it starts.

https://earth.google.com/
https://earth.google.com/
https://earthengine.google.com/
https://research.google/blog/google-earth-ai-unlocking-geospatial-insights-with-foundation-models-and-cross-modal-reasoning/
https://deepmind.google/discover/blog/alphaearth-foundations-helps-map-our-planet-in-unprecedented-detail/
https://deepmind.google/blog/how-ai-is-helping-advance-the-science-of-bioacoustics-to-save-endangered-species/
https://deepmind.google/blog/how-ai-is-helping-advance-the-science-of-bioacoustics-to-save-endangered-species/#:~:text=Perch%20helped%20the%20LOHE%20Lab,will%20further%20accelerate%20these%20efforts.
https://deepmind.google/blog/how-ai-is-helping-advance-the-science-of-bioacoustics-to-save-endangered-species/#:~:text=Perch%20helped%20the%20LOHE%20Lab,will%20further%20accelerate%20these%20efforts.
https://www.youtube.com/watch?v=9xR7858hEYM
https://research.google/blog/forecasting-the-future-of-forests-with-ai-from-counting-losses-to-predicting-risk/
https://eartharxiv.org/repository/view/10674/
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A row of servers at our data center in  in St. Ghislain, Belgium.

Managing AI’s 
environmental costs 
and challenges

Realizing the benefits of AI—including for the 
environment—requires investing in data centers, 
which in turn increases demand for electricity and 
water to operate and cool them. This represents 
the resource costs of AI: the local and global 
inputs and environmental impacts associated 
with operating its physical infrastructure.

At Google, we’re taking a deliberate, full-stack approach 
to manage AI’s growth responsibly and minimize 
its environmental footprint. This means prioritizing 
efficiency across every layer of our AI systems—from 
physical infrastructure and specialized hardware to 
models and consumer products—to decouple AI’s 
growth from its associated resource demands.

While electricity and water are the primary focus of this 
paper, AI infrastructure has additional impacts including the 
land use required for siting facilities, the extraction of raw 
materials for the manufacturing of high-performance chips, 
and the management of electronic waste and biodiversity 
impacts throughout the supply chain. For more details 
on how we’re working to minimize impact on these other 
resources, refer to Google’s 2025 Environmental Report.

https://www.gstatic.com/gumdrop/sustainability/google-2025-environmental-report.pdf
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Powering AI with efficiency, 
next-generation energy, and 
grid flexibility

Forecasting the trajectory of a rapidly evolving 
technology like AI is inherently difficult, but  
recent analyses have begun to shed light on the 
complex interplay between AI’s growth and its 
electricity demand. 

According to the IEA, global data center electricity 
consumption—driven in part by AI—is projected 
to more than double from 2024 to 2030.22 This 
trajectory positions data centers to account for 
roughly 8% of global electricity demand growth 
through 2030, making them a meaningful driver 
of demand alongside sectors like industrial 
manufacturing (24%) and electric transport (13%) 
(Figure 3).23 

Figure 3 
Increase in electricity demand by sector from 2024 to 2030 (Source: IEA).24 
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Even with this growth, data centers are projected 
to consume just 3% of total global electricity by 
2030.25 This relatively small footprint offers a 
disproportionately large opportunity: the intelligence 
provided by AI could be used to scale efficiencies 
and reduce energy demand across the sectors 
projected to use the other 97%.

Beyond these global averages, data center 
development is not evenly distributed around the 
world, and some regions are likely to see data centers 
make up higher shares of future local electricity 
consumption. In the United States, for example, 
Lawrence Berkeley National Laboratory projects 
that data centers could consume between 6.7–12% 
of electricity by 2028,26 raising concerns about the 
adequacy of grid infrastructure and impacts on 
electricity costs.

This growth will also have climate implications: the 
IEA estimates that meeting data centers’ electricity 
demand could add between 0.3 and 0.5 GT of 
CO₂e emissions annually by 2035.27 For context, 
total electricity emissions are projected to be 
approximately 10 GT in 2035.28 

Electricity powers nearly every aspect of the economy and 
society, and it’s crucial that infrastructure is developed 
responsibly to avoid raising prices for consumers. A 2025 
study by Lawrence Berkeley National Laboratory found 
that U.S. states with the highest load growth between 
2019 and 2024 generally experienced lower retail price 
increases or even price reductions, as fixed grid costs 
were spread across a larger volume of electricity sales.29 

Data center operators can further help protect consumers 
from rate increases by paying for the cost of new 
generation themselves. At Google, ensuring our expansion 
does not burden local communities or ratepayers is a 
core part of our responsible growth strategy, and we 
are putting this commitment into practice through new 
regulatory structures like the Clean Transition Tariff and 
“bring-your-own capacity” siting approaches. Norther Offshore wind farm in 

Belgium (92 MW for Google).

https://blog.google/company-news/outreach-and-initiatives/sustainability/google-clean-energy-partnership/
https://cdn.prod.website-files.com/60dbdcca2e4b1919e8894fa5/6930abf1be0f36db6fc27157_Whitepaper%20-%20With%20Appendix.pdf


16

Managing AI’s environmental costs and challenges

AI’s Potential for the Planet (and Beyond)

To support all our products and digital services—
including AI—Google’s total data center electricity 
consumption grew by 27% in 2024, compared to 
17% growth in the prior year. To manage this rising 
demand, we’re pushing the frontier of every aspect 
of AI energy use—from chip-level efficiency to first-
of-a-kind investments in the next generation of clean 
electricity sources and flexible data center design.

Efficiency

Our AI systems are becoming more efficient through 
research-driven improvements across our software, 

hardware, and data center infrastructure. In 2024, 
the data centers that house our servers delivered 
over six times more computing power per unit of 
electricity than they did just five years previously,30 
and used 84% less overhead energy than the 
industry average.31

Over a 12 month period (May 2025 vs. May 2024), 
the energy and total carbon footprint of the median 
Gemini Apps text prompt dropped by 33 and 44 
times, respectively, all while delivering higher quality 
responses (Figure 4).32 

Figure 4 
Energy and carbon efficiency improvements per median Gemini Apps text prompt from May 2024 to May 2025.
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In 2025, we published a first-of-its-kind study on 
the lifetime emissions of our TPU hardware—from 
raw material extraction and manufacturing to energy 
consumption during operation. We’ve updated 
the results for Ironwood, our seventh-generation 
TPU, which demonstrated an approximately 
3.7x improvement in Compute Carbon Intensity33 
compared to TPU v5p, the previous generation of 
performance-optimized TPUs.34 

Generation and the grid

We’re working with communities, utilities, 
governments, and other power users to strengthen 
the grid with more reliable and affordable energy, 
while helping as many people as possible benefit 
from AI.

This commitment begins with how we source our 
power. Google is one of the largest corporate 
purchasers of clean energy, and from 2010 to 2024, 
we signed more than 170 agreements to purchase 
over 22 gigawatts (GW) of clean energy generation, 
with 8 GW contracted in 2024 alone35—the largest 
annual total in our history at the time, and twice the 
volume we contracted for the prior year. 

We’ve also scaled our efforts to accelerate the 
next generation of clean energy, through catalytic 
efforts to commercialize promising technologies 
including advanced nuclear, fusion energy, enhanced 
geothermal, hydropower, long-duration storage, 
and natural gas with carbon capture and storage. 
We’re making these investments with an eye toward 
system-level impact: helping technologies scale 
to mass global deployment by de-risking early 
implementations and reducing long-term costs, 
turning Google’s growth into an engine for global 
decarbonization.

Beyond generation, we’re also investing in the 
physical infrastructure of the grid. For example, 
we’re partnering with CTC Global to accelerate the 
deployment of advanced carbon core conductors 
in the United States, which can double the power 
transfer capacity of existing transmission corridors 
in months for a fraction of the cost of building new 
ones. 

To ensure others don’t bear the cost of these kinds 
of grid improvements or other new grid infrastructure 
necessary to meet our demand, we developed the 
Capacity Commitment Framework (CCF). The CCF 
is a transparent contractual model where large 
energy customers promise to pay for infrastructure 
costs triggered by their growth—shielding American 
families from these expenses while ensuring they 
benefit from a more affordable and reliable grid. The 
CCF has already been adopted by several utilities 
across the United States.

We believe that our greatest impact on electricity lies 
not only in advancing carbon-free energy for our own 
operations, but also in accelerating decarbonization of 
electrical grids around the world. That’s why back in 2020 
we set a moonshot to run on 24/7 carbon-free energy on 
every grid where we operate by 2030. We’re advancing 
toward this ambitious goal by purchasing carbon-free 
energy, accelerating new and improved technologies, 
and transforming the energy system through policy, 
partnerships, and advocacy.

https://blog.google/feed/ctc-global-partnership-us-electrical-grid-capacity/
https://www.gstatic.com/marketing-cms/44/6b/dbb3456040b486886bb8aff87588/the-capacity-commitment-framework-ccf-jan.pdf
https://arxiv.org/abs/2502.01671
https://cloud.google.com/blog/topics/sustainability/tpus-improved-carbon-efficiency-of-ai-workloads-by-3x?e=48754805
https://cloud.google.com/blog/topics/systems/ironwood-tpus-deliver-37x-carbon-efficiency-gains?e=48754805
https://datacenters.google/energy/
https://blog.google/outreach-initiatives/sustainability/google-kairos-power-nuclear-energy-agreement/
https://blog.google/outreach-initiatives/sustainability/tae-google-investment/
https://blog.google/outreach-initiatives/sustainability/google-fervo-geothermal-energy-partnership/
https://blog.google/outreach-initiatives/sustainability/google-fervo-geothermal-energy-partnership/
https://blog.google/outreach-initiatives/public-policy/pennsylvania-energy-innovation-summit/
https://blog.google/outreach-initiatives/sustainability/long-term-energy-storage/
https://blog.google/outreach-initiatives/sustainability/first-carbon-capture-storage-project/
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Demand response

Finally, we’re optimizing how we use power and 
interact with the grids that serve our operations. For 
years, we’ve been working to make our data centers 
consume power more flexibly, which enables us to 
shift or reduce power demand during certain hours 
or times of the year. Demand flexibility allows large 
electricity loads like data centers to be interconnected 
more quickly, reduces the need for new transmission 
and power plants, and helps grid operators manage 
power grids more efficiently.36 In August 2025, we 
announced new, first-of-a-kind agreements to 
operationalize these capabilities in partnership with 
utilities, specifically targeting machine learning 
workloads with the aim of supporting grid reliability 
and cost-saving benefits in the places where these 
capabilities are deployed. And as of early 2026, 
we’ve signed 1 GW of demand response with utility 
partners, harnessing our electricity growth for smarter 
utilization of U.S. electricity systems.

Minimizing AI’s water footprint 
through smarter use and 
replenishment
At Google, we’re committed to replenishing more 
water than we consume and helping improve water 
quality and ecosystem health in the communities 
where we operate—recognizing what a vital asset 
water is for the planet.

When compared to other industries, AI’s projected 
freshwater consumption is relatively small. Research 
from Lawrence Berkeley National Laboratory 
estimated that data centers in the United States 
could use between 40-74 billion gallons of water per 
year by 2028,37 or roughly less than 1% of the water 
that Americans use on their lawns annually.38

Despite their relatively low aggregate water 
consumption, data centers can have an impact in 
their local watershed, as national averages don’t 
reflect the spatial variation in local water demand 
and scarcity. This underscores the importance of 
responsible infrastructure development. Research 
from Cornell University found that using best 
practices—such as smart siting and advanced 
cooling technologies—have the potential to 
significantly reduce the water footprint of AI.39 

Responsible water use

As our business continues to grow to meet the 
demand for AI, so does our water use—with our 
overall water consumption increasing by 28% from 
2023 to 2024. We’re working to carefully manage this 
growth by making informed, locally tailored decisions 
that prioritize responsible water stewardship, even as 
demand for our services expands around the world.

Model water efficiency

Responsible water use for AI starts with making our 
models highly efficient. We’ve estimated that the 
median Gemini Apps text prompt uses about 5 drops 
of water (0.26 milliliters).40 By reducing the electricity 
required for computation, we minimize cooling 
demands for our infrastructure and thus our direct 
water consumption, as well as the indirect use of 
water to generate electricity. 

Climate-conscious cooling

Our climate-conscious approach to cooling takes 
into account site-specific factors to determine the 
most responsible cooling system for each data center 
campus. This approach recognizes that water is the 
most efficient means of cooling in many places and, 
when used responsibly, water cooling can reduce 

https://blog.google/inside-google/infrastructure/data-centers-work-harder-sun-shines-wind-blows/
https://blog.google/inside-google/infrastructure/how-were-making-data-centers-more-flexible-to-benefit-power-grids/
https://blog.google/innovation-and-ai/infrastructure-and-cloud/global-network/demand-response-data-center-milestone/
https://datacenters.google/water/
https://cloud.google.com/blog/products/infrastructure/measuring-the-environmental-impact-of-ai-inference/
https://cloud.google.com/blog/products/infrastructure/measuring-the-environmental-impact-of-ai-inference/
https://blog.google/outreach-initiatives/sustainability/our-commitment-to-climate-conscious-data-center-cooling/
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emissions compared to more energy-intensive air 
cooling methods. However, in locations with high 
water risk—such as our facilities in Waltham Cross, 
United Kingdom; Mesa, Arizona; and Canelones, 
Uruguay—we utilize alternatives like air cooling. In 
2024, 72% of our freshwater withdrawals came from 
sources at low risk of water depletion or scarcity.41

Replenishment

Our approach to water stewardship goes beyond 
managing our consumption: we aim to replenish 
more water than we consume and improve water 
quality and ecosystem health in the communities 
where we operate. In 2024, our water stewardship 
projects replenished approximately 4.5 billion gallons 
of water, roughly 64% of our 2024 freshwater 
consumption.42 And more recently, we’ve grown our 
portfolio to 165 water stewardship projects, as of the 
end of 2025. Many of these projects also improve 
water quality, support ecosystems, and expand 
community access to water.

 In 2021, we announced our ambition to replenish 120% 
of the freshwater volume we consume, on average, 
across our offices and data centers by 2030, and help 
restore and improve the quality of water and health of 
ecosystems in the communities where we operate.

Bay Area tidal marshes. Photo from 
Cris Benton, kite aerial photography.

https://blog.google/around-the-globe/google-europe/united-kingdom/google-1-billion-investment-in-a-new-uk-data-centre/
https://blog.google/around-the-globe/google-europe/united-kingdom/google-1-billion-investment-in-a-new-uk-data-centre/
https://blog.google/outreach-initiatives/sustainability/google-carbon-free-data-center-arizona-/
https://www.gstatic.com/gumdrop/sustainability/2023-data-center-water-risk-framework-whitepaper.pdf
https://sustainability.google/reports/2025-google-water-stewardship-project-portfolio/
https://sustainability.google/reports/2025-google-water-stewardship-project-portfolio/
https://storage.googleapis.com/gweb-mobius-cdn/sustainability/uploads/699ac99c610bc554baaf80aef2d69cf0c5410c1a.pdf
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Moving forward 
together

While we’re excited about our progress in 
minimizing AI’s footprint and maximizing its 
positive environmental impact, no company alone 
can ensure that AI delivers a net-positive future 
for the planet. This will require a collective effort 
that brings together researchers, developers, 
governments, and local communities to manage 
risks and scale new solutions. 

Key actions include: 

• Investing in the foundations: Accelerating 
progress requires an expansion of high-quality, 
primary open data collection and sustainable 
data infrastructure. Everyone must treat climate 
and nature-related data as a common good.

• Developing open and accessible models: The 
industry needs to prioritize open, transparent AI 
systems that can be customized and deployed 
worldwide. This lowers the cost of innovation 
and builds necessary trust in the technology.

• Deepening capacity sharing: The gap 
between AI developers and energy and 
nature practitioners must be bridged. True 
collaboration means creating “translators” who 
can link technical expertise with on-the-ground 
climate and conservation needs.

• Committing to inclusive development: 
AI must be built with—not just for—the 
communities most affected by the climate 
and nature crises. This includes respecting 
indigenous data sovereignty and ensuring that 
expertise is not concentrated solely in the 
Global North.

• Managing AI’s footprint: AI developers must 
lead by example, managing the energy, water, 
and other resource impacts of AI operations 
through efficiency, carbon-free energy, and the 
responsible use of water and other resources.

AI is a revolutionary technology: Never before have 
technical breakthroughs and scientific progress 
so quickly materialized into impactful, real-world 
solutions, and we believe this is only the beginning.

But realizing AI’s net-positive impact on the 
environment isn’t guaranteed. It requires a deliberate 
and careful balance: minimizing the technology’s 
environmental footprint while scaling its application 
to environmental challenges in order to maximize its 
positive outcomes for the planet.

This demands collective action—operating data 
centers more sustainably, developing open and 
accessible models, and equipping more people 
with AI skills and tools through education and 
partnerships—to scale new solutions.

Google is committed to being a leader and partner 
to unlock a positive AI future, sharing our technology 
and insights to enable positive change. Together, 
we can push the frontiers of innovation to build a 
brighter future for people and the planet.
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from May 2025 were compared to baseline data from the median 
Gemini App text-generation prompt in May 2024. Energy per median 
prompt is subject to change as new models are added, AI model 
architecture evolves, and AI chatbot user behavior develops. The data 
and claims have not been verified by an independent third-party.

33 To help manage the environmental impact of AI workloads, we monitor 
the Compute Carbon Intensity (CCI) of our AI accelerator hardware. 
CCI is defined in An Introduction to Life-Cycle Emissions of Artificial 
Intelligence Hardware as the estimated amount of CO2 equivalent 
emitted for every utilized floating-point operation (CO2e/FLOP). 
This metric provides a holistic, chip-level view by including both the 
embodied emissions associated with manufacturing, transportation, 
and data center construction (scope 3), as well as the operational 
emissions associated with running these chips in data centers (scope 
1 and 2).

34 Following the methodology published in an August 2025 technical 
report, we quantified the full lifecycle emissions of TPU hardware 
as a point-in-time snapshot across Google’s generations of TPUs 
as of January 2026. The functional unit for this study is one AI 
computer deployed in the data center, which includes one or more 
accelerator trays (containing TPUs) connected to one host tray (i.e., 
a computing server). Peripheral components beyond the tray (e.g., 
rack, shelf, and network equipment) and auxiliary computing and 
storage resources are excluded from the calculation of embodied 
and operational emissions. We include the electricity used in data 

center cooling in operational emissions. To estimate operational 
emissions from electricity consumption of running workloads, we 
used a one month sample of observed machine power data from our 
entire TPU fleet, applying Google’s 2024 average fleetwide carbon 
intensity. To estimate embodied emissions from manufacturing, 
transportation, and retirement, we performed a life-cycle assessment 
of the hardware. Data center construction emissions were estimated 
based on Google’s disclosed 2024 carbon footprint. These findings 
do not represent model-level emissions, nor are they a complete 
quantification of Google’s AI emissions. Based on the TPU location of 
a specific workload, CCI results of specific workloads may vary.

35 The total GW figure represents primarily PPAs, and includes some 
generation from targeted clean energy investments where we also 
receive EACs. Actual generation may vary from the signed amounts 
based on changes during construction or project terminations.

36 “Rethinking Load Growth: Assessing the Potential for Integration 
of Large Flexible Loads in US Power Systems,” Duke University, 
accessed January 2026.

37 “2024 United States Data Center Energy Usage Report,” Lawrence 
Berkeley National Laboratory, December 2024.

38 “About WaterSense,” U.S. Environmental Protection Agency, June 
2025, last accessed April 2026.

39 “Environmental Impact and Net-Zero Pathways for Sustainable 
Artificial Intelligence Servers in the USA,” Nature Sustainability, 
November 2025. 

40 A point-in-time analysis quantified the energy consumed per median 
Gemini App text-generation prompt, considering data from May 2025. 
Emissions per prompt was estimated based on energy per prompt, 
and applying Google’s 2024 average fleetwide grid carbon intensity. 
Water consumption per prompt was estimated based on energy 
per prompt, and applying Google’s 2024 average fleetwide water 
usage effectiveness. These findings do not represent the specific 
environmental impact for all Gemini App text-generation prompts nor 
are they indicative of future performance. For more details, refer to 
“Measuring the Environmental Impact of Delivering AI at Google 
Scale,” Google, August 2025. 

41 For details about the calculation, refer to the Methodology section in 
the Appendix of our 2025 Environmental Report.

42 For details about this calculation, refer to the Methodology section in 
the Appendix of our 2025 Environmental Report. 
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