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With the development of emerging technologies, data centers have emerged as critical yet resource-intensive 
facilities. While much scholarship has focused on their growing energy demands, far less attention has been given to 
their water consumption—despite its escalating scale and concentration in water-stressed regions. This article 
examines the challenges of measuring data center water usage by focusing on Water Usage Effectiveness (WUE), the 
industry’s primary water efficiency metric. We trace the development of WUE, evaluate its widespread use in 
industry reporting, and identify three major limitations: its dependence on IT energy consumption as a 
denominator, its seasonal variability, and its failure to account for water type and geographic context. We argue that 
while WUE provides value for internal benchmarking, its application as a regulatory instrument risks 
underestimating true water impacts and misdirecting policy. We conclude that policymakers should adopt a set of 
holistic water usage metrics to effectively analyze and reduce the impact of data center water demands.  
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Introduction 
As emerging technologies like Artificial Intelligence, large language 
models, and 5G continue to expand, so do the digital infrastructures 
they rely upon. The largest of these are data centers, which are the 
infrastructures responsible for storing and computing all of our data. 
While these facilities are the backbone of all social and economic life, 
they historically have remained invisible to the public eye, and so too 
has their environmental impact. Over the past decade both academic 
researchers and popular news outlets have documented the massive 
energy demands of these infrastructures. To document these 
impacts, researchers are now contributing to the emergence of a new 
interdisciplinary field known as Critical Data Center Studies [1, 2]. 
As the material nature of the cloud continues to be unveiled, much 
of the research still focuses on their increasingly large power demand 
[3, 4, 5]. In comparison, much fewer examine data center water 
demands.  

Data centers are extremely water-intensive. For instance, 
Meta totaled 3.1 billion liters of water in 2023 across all its data 
centers and offices [6]. For 2024, Microsoft reported using a total of 
5.8 billion liters of water [7]. In the same year, Apple reported 6.8 
billion liters employed, with 87% being freshwater [8]. Similarly, 
Google reported 30.7 billion liters of water used, with 27.3 billion 
liters (~88%) originating from freshwater sources [9]. In total, the 
International Energy Agency estimates that “global water 

consumption for data centres is currently around 560 billion litres 
per year, and this could rise to around 1200 billion litres per year in 
2030” [10]. But most of these estimates only account for the water 
that data centers use for cooling their servers. This omits the massive 
amount of water that data centers use in the construction phases of 
their projects and the even larger amount of water used for cooling 
the energy sources they depend on. In fact, the Lawrence Berkeley 
National Laboratory estimated that in 2023, the indirect water 
footprint of data centers in the United States was nearly 800 billion 
liters [11]. This is even more problematic considering that, in the 
United States, two-thirds of data center developments have been 
placed in highly water-stressed regions since 2022 [12]. 

Academics have begun to examine data center water usage. 
Some have shown the physical entanglements between data centers 
and their water usage in drought-ridden communities [13, 14]. 
Others have advocated for more transparency and reporting from big 
technology companies on their water usage [15, 16]. And a few are 
examining potential regulations for data center water usage in the 
context of emerging technologies [17]. Given this emerging focus, it 
is important to consider the metrics used to understand data center 
water usage. While there is a wide variety of research that critiques 
data center energy efficiency metrics, there is much less examining 
data center water metrics. In this article, we analyze Water Usage 
Effectiveness (WUE), which is the primary sustainability metric that 
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policymakers are considering to use for data center water usage 
regulation. First, we define WUE and track its development since 
being established in 2011. Second, we examine some of the ways in 
which WUE can be manipulated, making it difficult to use as a 
policy tool. Finally, we look to show that a holistic and 
multi-dimensional understanding of these impacts is essential to 
improving measurements for them.  
 
Water Usage Effectiveness 
The most common metric that is used in the data center industry for 
water efficiency measurement is WUE. The definition of WUE (per 
ISO/IEC 30134-9:2022) is the ratio of the data center water 
consumption (in liters) to the sum of energy consumed by IT 
equipment (in kilowatt-hours) and is measured in liters over 
kilowatt-hours (L/kWh). A lower value indicates greater water 
efficiency; an ideal value close to 0 would indicate negligible or no 
water use. The metric was first established by the Green Grid in 
2011, where they noted the importance of having both a WUE score 
and a WUE score that included both facility-based water usage and 
water used in the production of energy for the data center (WUE 
source) [18]. However, WUE source calculations are complex and 
highly vary based on the source of electricity, resulting in most users 
only tracking the efficiency of their facility-based water usage [11]. 
The WUE metric joined two other Green Grid data center metrics, 
Power Usage Effective (PUE) and Carbon Usage Effectiveness 
(CUE), to form the xUE family of metrics. It was designed to equip 
data center operators with the tools to produce a quick sustainability 
assessment for their facilities [19, 20]. Despite being in the same suite 
of metrics, PUE is utilized and reported far more than CUE or 
WUE. This has resulted in most of the research surrounding 
sustainability metrics for data centers to focus on PUE instead of 
other sustainability metrics [21, 22, 23]. However, some companies 
do report WUE and are using it to showcase sustainability 
improvements.  

While WUE is a less commonly reported metric than PUE, 
it is still used widely throughout the data center industry as the 
primary water efficiency metric. A study by Lawrence Berkeley 
National Laboratory estimated that the average WUE of data centers 
in the United States for 2023 was 0.36 L/kWh [11]. Many large 
technology companies claim to be much more efficient. Microsoft, 
for instance, claims that they have improved WUE by over 80% from 
the early 2000s to 2023 [24]. In 2025, they reported an annual 
average WUE of 0.30 L/kWh, noting that direct to-chip liquid 
cooling was a major driver of their progress [7]. Amazon reported an 
average WUE of 0.15 L/kWh in 2024, a 17% improvement from the 
previous year [25]. Meta reported their WUE of 0.18 L/kWh in 
2023, noting their progress from using air-cooling methods [6]. 
While it can be tempting to compare these figures, it is important to 
note that WUE varies widely by region. For instance, temperature 
fluctuates and more water is required for cooling in warmer regions, 
leading to a higher WUE. In addition, data center size has similar 
effects, where economies of scale cause larger data centers to typically 
have a smaller WUE [11].  

Given the prominence of the metric, governments are 
looking to use WUE to regulate data center water usage. The 
European Union’s Code of Conduct for Energy Efficiency in Data 
Centres now mandates the reporting of Water Usage Effectiveness 
for data centers [26]. The newly implemented German Energy 

Efficiency Act requires this as well [27]. Singapore’s Green Data 
Centre Roadmap also calls for the reduction of WUE to 2 L/kWh 
over the next decade, after the country’s median WUE for large data 
centers was 2.2 L/kWh in 2021 [28]. China is also in the process of 
establishing data center water usage benchmarks using WUE, 
though it hasn’t chosen an exact number [29]. While these policies 
are well-intentioned, they may fall short in reducing data center 
water consumption given some of the pitfalls of WUE.  
 
A Watered-Downed Metric 
While WUE is a standardized metric, it was primarily designed as a 
tool for internal benchmarking. As a result, it can be easily 
manipulated when used as a metric for public policies. Concerns 
have been widely documented regarding the data center industry's 
circumvention of sustainability metrics like the energy efficiency 
metric PUE [30, 31, 32]. However, critiques of WUE in the context 
of policy-making have not been widely discussed. There are three 
primary challenges with WUE that may water down the regulations 
that use it. 

First, the denominator of WUE is the sum of energy 
consumed by IT equipment. This means that any data center 
operators who are solely focused on reducing WUE may potentially 
stop reducing (or even look to increase) their energy consumption, as 
higher energy usage would lower WUE scores. This becomes more 
concerning in the context of emerging cooling technologies. For 
example, hyperscale data centers turning to immersion cooling will 
dramatically reduce their water usage, while potentially increasing 
energy usage [33]. Despite the WUE showing an improvement for 
direct water usage, in reality, the same amount continues to be used. 
The resulting effects on the environment are actually worse because 
of power usage increases, which in turn also increases indirect water 
usage.  

Second, WUE can change with the seasons. Given that 
much of direct data center water consumption comes from cooling, 
data centers have a smaller WUE during colder months and a larger 
WUE during hotter ones. Some data centers even use different 
cooling techniques during different seasons [34]. One study of a 
medium-sized data center in Maryland found that WUE varied from 
1.3 L/kWh to 2.5 L/kWh over the course of the year [35]. 
Depending on how regulators monitor WUE, one could imagine 
that companies only measure their WUE during a cold month and 
report that score, which isn’t truly reflective of the data center’s 
water efficiency. As such, operations could exceed the regulations 
placed by policies without consequence, which ultimately makes 
legislation ineffective.  

Third, WUE does not account for where the water is 
sourced. While some data centers are looking to use recycled water or 
non-potable water to cool their data centers, most still use freshwater 
[15, 36, 37]. Additionally, many data centers are placed in 
water-stressed areas [12, 16, 38]. While it’s better for data centers to 
draw from non-freshwater resources or from areas with an 
abundance of water, WUE does not reflect either of these important 
factors. This is important for policymakers, as most policies are 
meant to cut down on freshwater consumption, especially excessive 
amounts in drought-ridden communities. If WUE is the only metric 
used for doing so, policymakers won’t be effective at limiting these 
developments or supporting innovations that truly protect their 
communities.  
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In addition to all of these challenges, there are concerns 
that policymakers may misinterpret what WUE truly measures. 
WUE does not measure the total water consumption of data centers, 
nor the efficiency of water consumed by producing the vast amounts 
of energy these facilities require (unless they are using the WUE 
source metric), nor any of the water used in the supply chain. 
Mistaking WUE as a measurement that examines water use instead 
of water efficiency may leave policymakers believing a data center 
isn’t draining their water resources because of a low WUE, while in 
reality, these facilities are using millions of gallons of water per year. 

 
Glass Half-Full or Half-Empty? 
As policymakers look to limit the massive environmental impacts of 
data centers, they cannot afford to ignore their water usage. When 
considering the methods for regulating data center water usage, they 
must be careful in picking which metrics to focus on. While WUE is 
great for internal usage by data centers to compare the water 
efficiency of different cooling systems, it was never designed to be 
used to compare data centers, measure their water usage, or to 
inform regulation.  
 This doesn’t mean that WUE should never be used by 
policymakers. It is still a widely accepted metric for measuring water 
efficiency, and has the advantage of being commonly understood 
and implemented by the data center industry. Governments 
mandating the reporting of WUE are gaining essential data that can 
help guide them to create stronger policies in the future. However, 
policymakers looking to limit the impact of data centers’ water usage 
on their communities should use WUE in conjunction with other 
metrics designed to measure total data center water usage, including 
WUE site metrics that account for water type (fresh vs. non-potable) 
and source location (water-stressed or water-abundant). By using a 
more holistic suite of metrics, policymakers will have a stronger 
chance to curb the impacts of data centers on their communities’ 
water supply.  

While it can be tempting to see the large water demands of 
data centers as a glass half empty, it is not out of the question to see 
the glass as half full. Data center companies are increasingly 
reporting their water usage, implementing emerging technologies or 
restoration projects to reduce them, and policymakers are looking for 
ways to protect their communities from water stress. Further 
research into data center metrics, whether it be methods the data 
center industry is currently using or novel ones (perhaps accounting 
for water strain), may help create a digital future where the glass is no 
longer half-full, but overflowing.  
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