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Welcome to the first (of five) ebook of the series: The 5 pillars to build a Smart Datacenter.
What makes a datacenter “smart”? Is it a well-planned consumption of electricity? Or is it 
a  wise use of the resources? Is it just software or does hardware play an important role as 
well? In these five ebooks, we will describe the strategic, practical and economic pillars 
that you should take in consideration if you want to make your datacenter smarter and more 
sustainable. The five ebooks will focus on:

1. PUE, DCiE and WUE
2. Power Density and Space Efficiency
3. Software Defined Power
4. Resources and Energy Consumption 
5. Costs 

Let’s start with three fundamental metrics that can help you to determine how efficient your 
datacenter is: Power Usage Effectiveness (better know as PUE), its reciprocal Datacenter 
Infrastructure Efficiency (DCiE) and Water Usage Effectiveness (WUE).     
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1. PUE 
(Power Usage Effectiveness) 
The Power Usage Effectiveness is the ratio of total amount of energy used by a datacenter 
facility to the energy delivered to computing equipment:

Total energy entering the datacenter

 Energy used by IT equipment inside the datacenter

The lower your PUE is, the more efficient your datacenter is. Using PUE as a measurement 
helps understand how efficient a datacenter is and compare with similar datacenters in 
similar locations or with similar environmental conditions, to determine whether there are 
areas that could be improved by adopting new technology and by applying best practises and 
architectural choices.1

The PUE of a datacenter can be affected by some variables that are specific for each site:

• Utilization rate of the datacenter facility (if the facility houses a lot of IT 
equipment, it will have lower PUEs than facilities not completely occupied by IT 
equipment).

• Age and design of the facility (usually, the newer the facility is, the more efficient 
and modern is the equipment in terms of design and, consequently, of energy 
consumption).

• Energy efficiency of the IT equipment (usually, newer IT equipment can handle 
greater workloads while reducing power consumption).

“The lower your PUE, 
the more efficient your datacenter.

1. To be a meaningful benchmark, PUE/DCiE should be measured on a regular basis and also on different days of the week and at different times of the day. In this way, you 
will be able to check if adjustments you made to your datacenter improved your energy efficiency or not.

PUE = 

https://submer.com/blog/how-to-calculate-the-pue-of-a-data-center
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2. DCiE 
(Datacenter Infrastructure 
Efficiency)
Datacenter Infrastructure Efficiency (DCiE) is a metric used to evaluate the power or energy 
efficiency of a datacenter. DCiE represents the ratio of total amount of energy consumed by 
all IT equipment and resources to the entire energy consumption of a datacenter.

1

PUE

The typical value of PUE lies between 1.2 and 2.5, though PUE values of 1.1 to 1.4 are 
frequently claimed. So we can say that the average PUE = 2.0. The following table gives you an 
example of the relationship of PUE and DCiE.

PUE Level of efficiency DCiE

3.0 Very inefficient 33%

2.5 Inefficient 40%

2.0 Average 50%

1.5 Efficient 67%

1.2 Very efficient 83%

Source: https://www.42u.com/measurement/pue-dcie.htm

DCiE = 

https://www.42u.com/measurement/pue-dcie.htm
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3. WUE
(Water Usage Effectiveness)
According to the United Nations’ 2019 world water development report, the usage of water 
worldwide is expected to keep rising at a steady rate of about 1 percent every year until 2050, 
when the world consumption of water will be from 20 to 30 times bigger than today.
When talking about datacenters consumption, usually electricity is the first thing that comes 
to mind. Actually, water is a fundamental resource in datacenters operations, as important as 
electricity. 

Every datatacenter’s IT equipment produces a lot of energy and heat, and to maintain an 
optimal IT working temperature, it is necessary to efficiently cool the hardware. This cooling 
process usually involves computer room air coolers (CRACs), heat exchangers and cooling 
towers or evaporative coolers. Clearly, the greater your power density, the greater your need 
to cool your hardware and, consequently, the quantity of water your datacenter needs.

In that sense, it appears logical that, to determine the efficiency of your datacenter, you must 
take in consideration the electric consumption (PUE) and the use of water (WUE2) as well. 
“WUE is calculated as the ratio between water used at the data center and electricity delivered 
to the IT hardware. According to a US Department of Energy report, the WUE of an average 
data center is 1.8L per 1kWh. Data centers with a WUE of 0.2 L/kWh or less use less than one 
cup of water for every kilowatt-hour delivered to servers.”3

“The units of WUE are liters/kilowatt-hour (L/kWh). 
Where no water is used for cooling, the WUE has a 
value of 0. Using the average WUE, a 100-megawatt 
data center campus would have a water demand of 
about 1.1 million gallons per day.4

2. Water Usage Effectiveness.
3. Source: https://www.datacenterknowledge.com/industry-perspectives/data-center-guzzles-water-isn-t-sustainable
4. Source: https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyperscale

https://unesdoc.unesco.org/ark:/48223/pf0000367306
https://eta.lbl.gov/publications/united-states-data-center-energy-usag
https://www.datacenterknowledge.com/industry-perspectives/data-center-guzzles-water-isn-t-sustainabl
https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyp
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5. Source: https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyperscale

3.1 WUE and TCO
Another reason why you should care about the WUE of your datacenter is that it can deeply 
affect your Total Cost of Ownership. TCO is one of the most important metrics for datacenter 
operations.
TCO is determined by, on one side the cost of the facility and, on the other, the costs of 
operation, so if you want to save on your TCO, you need to reduce either the first or the latter.

The consumption of water rightfully belongs to operational costs (especially for hyperscalers). 
So, designing a sound strategy in terms of water consumption can have a meaningfully 
positive impact on your operational costs and, consequently, on the TCO of your datacenter.
Thomas Steinwinder and Carla De Las Casas of https://www.watertechonline.com/ explain it 
very clearly:
 
“Decisions related to source supply and treatment, as well as wastewater discharge, can have a 
significant impact on TCO. While discharging blowdown wastewater to a local utility may offload 
compliance risk, a thorough review of the utility wastewater treatment plant is recommended 
to mitigate unforeseen financial risk. For example, in the southwestern United States, many 
receiving waters are impaired and have discharge limits associated with metals and total 
dissolved solids. The data center operator may realize a TCO benefit by increasing the cycles of 
concentration (CoCs) on the cooling towers and thus reducing water demand. This approach also 
reduces the wastewater discharge flow rate but increases the concentration of constituents in 
the wastewater.
 

CoCs = WUE = Wastewater Discharge = Discharge Concentration
 
If the concentration of a critical parameter, such as arsenic, increases above the pretreatment 
discharge limit, then the data center would incur additional treatment costs, causing a jump in 
operating costs and the TCO–WUE relationship to diverge (see Fig. 1).” 5

Learn how to save 25%-40% on your TCO in 
Submer’s Use Case, HPC Immersion Cooled

Fig.1 TCO–WUE relationship

https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyp
https://www.watertechonline.com/ 
https://submer.com/use-case/uc01-submers-immersion-cooling-for-high-performance-computing


3.2 Environmental Responsibility of a Smart 
Datacenter
A datacenter to be smart should then implement zero waste water policies, especially if it is 
located in areas subjected to drought (and many datacenters precisely operate in areas where 
water is scarce or destined to become scarce in a not so distant future), or in regions that 
might become water-stressed in 10 to 30 years.

A design focused on zero carbon emissions and zero water consumption, and sustainable 
cooling strategies could definitely be the key for datacenters to secure their resilience in a 
future “in which water becomes much more expensive and significantly less available”. 7
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6. Source    https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyperscale
7.  Source: https://www.datacenterknowledge.com/industry-perspectives/data-center-guzzles-water-isn-t-sustainable

According to a report by Vertiv, 11 percent of data 
center outages in 2016 were associated with water, 

heat, or CRAC failure. 6

https://www.watertechonline.com/process-water/article/14074115/data-center-water-complexity-with-hyp
https://www.datacenterknowledge.com/industry-perspectives/data-center-guzzles-water-isn-t-sustainabl
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4. A Better Solution
Submer’s technology allows you to achieve a mPUE8 of 1.02 (and, consequently, a  better DCiE). 
This means that, with Submer, you’ll get more efficiency and better performance, but consum-
ing less energy than air cooling.

AIR Cooling System

Submer Cooling System

“Do you know what your PUE is?
Check it out with Submer’ SmartPUE Calculator.

8. Mechanical PUE. The mPUE refers only to the power provided to the IT hardware and the cooling, without taking into account other datacenter elements, such as power 
efficiency facility, UPS, AC/DC, etc. Standar PUE: definition and how to calculate your datacenter PUE.

IT load (including fans)

Of which fanload

Cooling load

Real IT load

Cooling load

https://submer.com/smartpue
https://submer.com/blog/how-to-calculate-the-pue-of-a-data-center
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Submer has developed a cleantech for a sustainable future. With Submer’s Immersion 
Cooling, datacenters can start already now preparing themselves for the next generation of 
smart, eco-friendly datacenters.

Submer’s SmartPodX technology allows datacenters to improve efficiency and have a smaller 
(or even positive) impact on the environment than a traditional air-cooled datacenter thanks to:

• The use of a water-closed loop system free from any evaporation (water to interface with 
the heat exchanger of the SmartPodX is only required during the installation phase, 
to fill the closed secondary cooling loop). This allows your facility to avoid any water 
waste.

• A WUE (Water Usage Effectiveness) of 180.
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5. Conclusions
In this ebook, we have analyzed three metrics that can help you understand how efficient your 
datacenter is. We do understand that the construction, the operating and the maintenance of 
a smart datacenter need to take in consideration a broader spectrum of variables. That’s why 
we’d like to invite you to read the other four ebooks of the series The 5 pillars to build a Smart 
Datacenter. 

Here below you’ll find a quick checklist that, we hope, might help you to understand if you are 
on the right path towards next generation datacenters. And if not… well, we are here to help!

Gloria Fluxà
Marketing Director & Strategy Guru
Gloria’s LinkedIn

Matteo Mezzanotte
Matteo’s LinkedIn

YES NO

Do you know the PUE/DCiE of your datacenter?

Do you know the WUE of your datacenter?

Do you know the TCO of your datacenter?

https://www.linkedin.com/in/gloriafluxa/
https://www.linkedin.com/in/matteo-mezzanotte-67412817/


12 SECTION // PUE, DCiE, WUE / The 5 pillars to build a Smart Datacenter!

Are you planning to make your 
datacenter smarter? 
Let’s do it together!

 Book a 30 minutes call with us and 
we’ll analyze and draw together 

your SmartDC strategy!

https://submer.com/book-a-call

BOOK A CALL

https://submer.com/book-a-call?utm_source=inbound&utm_medium=ebook&utm_campaign=EB02
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