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Executive Summary

The modern global economy and communications relies on the
connection and velocity the Internet enables. At the center of this online
ecosystem is the data center, powering businesses, individual interaction,
delivery of services and widespread productivity.
Data centers are one of the fastest-growing global consumers of
electricity, and in the United States alone an estimated 12 million
computer servers are currently occupying data center space.1 With the
advent of virtualization, progress has been made in reducing physical
data center energy use; however, research has revealed that a signiﬁcant
quantity of resources are still routinely wasted – primarily due to server
underutilization.
In this e-book, we examine the costs of server underutilization on both
the environment and business, and how increasing server utilization is
key to reducing data center energy consumption and global business
costs.

The Role of the Modern Data Center in Worldwide Electricity
The introduction of the Internet has transformed the modern global economy
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and capability to meet the demands of their business. To increase business
performance, efﬁciency and agility, companies have embraced data center
virtualization more than ever before, with analysts estimating that over 50%
of enterprise servers have been virtualized2. Each virtual instance a
business needs to run – from mobile or web applications to hosted email
services – consumes a certain amount of resources residing in a data
center.
Unsurprisingly, due to rapidly scaling demand, data center construction is
growing exponentially, increasing demand for electricity to power the new
data centers coming on-line. In fact, a recent report by the Natural
Resources Defense Council (NRDC) found data centers to be among the
largest and fastest-growing consumers of electricity in the United States. In
2013, U.S. data centers consumed an estimated 91 billion kilowatt hours of
electricity – enough to power all of the households in New York City for two
years and equivalent to the annual output of 34 large coal-ﬁred power
plants3. !
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Opportunities for Data Center Efficiency

Eﬃcient Building Infrastructure and IT Cooling Systems
Not all data centers are energy guzzlers, however. Certain well-known U.S. technology giants have made substantial improvements in data center efﬁciency. For
example, 100 percent of Apple’s data centers run on renewable energy5, Google reuses water from nearby sources for “free” cooling6 and Facebook has located
data centers in remote places like the Arctic to reduce cooling costs.7
But companies like Apple, Google and Facebook represent only a small portion of the world’s server population – and most organizations do not have the
resources to implement similar efﬁciency techniques.

Table
able 1: Estimated U.S. data center electricity consumption by market segment (2011)
Number of Servers (million)

Electricity Share

Total U.S. Data Center
Electricity Use (billion kWh/y)

Small and Medium Server Rooms

4.9

49%

37.5

Enterprise/Corporate Data Centers

3.7

27%

20.5

Multi-Tenant Data Centers

2.7

19%

14.1

Hyper-Scale Cloud Computing

0.9

4%

3.3

High-Performance Computing

0.1

1%

1.0

Total (rounded)

12.2

100%

76.4

Segment

Source: Data Center Eﬃciency Assessment, NRDC Issue Paper, August 2014, p. 11
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Opportunities for Data Center Efficiency

Server Utilization

One of the biggest opportunities to increase energy
efﬁciency in data centers is through increased server
utilization. In fact, the NRDC report found that the average
server runs at a mere 12 to 18 percent of its full capacity
while still drawing 30 to 60 percent of maximum power.8
Furthermore, idle “zombie” servers continue to run 24/7—
consuming energy while providing little to no value.
Ultimately, this underutilization and waste of valuable
resources costs businesses billions of dollars every year.
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Beneﬁts of Increasing
Server Utilization

1. Reduced Energy Use
2. Reduced Carbon Footprint
3. Reduced Facility Cost

Benefits of Increasing Server Utilization

Reduced Energy Use
According to experts, increased server utilization is the highest-yield

The Green Grid, an NPO founded with the mission to become the global

opportunity for energy savings.

authority on resource efﬁciency in IT and data centers, developed the
standard measurement for data center power efﬁciency in 2008: PUE

The NRDC study found that progress on data center energy efﬁciency was
slowing for a number of reasons, including being viewed as lower priority
than other projects, and perceived as risky on the part of data center
administrators who are understandably cautious about any actions that
could impact performance and resiliency or lead to outages.
Increasing server utilization, however, doesn’t have to come at the risk of
performance degradations or business-threatening outages. New
approaches to data center management – such as the concept of “control”
and going beyond traditional data center monitoring – permit servers to be
run at higher rates of efﬁciency without risking outages or impacting
application performance.
And increasing server utilization could have a massive impact. The NRDC
study found that by implementing half of the technically-feasible
improvements (such as increasing utilization) could reduce U.S. data center
electricity consumption by as much as 40 percent. In 2014, such actions
would result in the saving of 39 billion kilowatt hours of electricity – enough
to power every household in Michigan for a full year, year after year.
While server utilization is the primary opportunity for energy savings, it is by
no means the only source – efﬁcient data center design also plays a role.

(Power Usage Effectiveness)9. PUE is calculated by dividing the Total
Facility Power by IT Equipment Power, which effectively measures how
much data center electricity consumption can be attributed to computing
versus consumption attributed to overhead. The ideal PUE is 1.0, which
would mean that all energy is allocated toward computing. Of note,
Facebook claims a PUE of 1.07.10

As the NRDC study points out, however, increasing server utilization is the lowest-hanging fruit for major budgetary savings. In other words, server utilization
presents the most obtainable opportunity for businesses looking to cut data center costs and decreasing waste.
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Benefits of Increasing Server Utilization

Reduced Carbon Footprint & Reduced Facility Costs
Reduced Carbon Footprint

In 2010, service provider Terremark estimated the average total CapEx cost
of data center space at $1,200 per square foot.12 Increased server

Many companies today are directed by their boards to develop corporate
sustainability policies to reduce their carbon footprint and diminish overall
emissions. As previously mentioned, increasing server utilization has the
potential to save 39 billion kilowatt hours of electricity per year, equal to
eliminating the carbon pollution from over 3 billion gallons of gasoline – per
year, every year.11

Reduced Facility Costs

utilization not only helps businesses save energy, but also aids in reducing
facility costs. These improvements in efﬁciency have the potential to save
U.S. businesses up to $3.8 billion each year. A hypothetical increase in
server utilization by 40 percent in a 100,000 square foot data center would
be equivalent to freeing up an additional 40,000 square feet of the data
center. That’s 40,000 square feet less of cooling costs, or 40,000 square
feet towards new and innovative projects.
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Benefits of Increasing Server Utilization

Increase Server Utilization with Turbonomic

The NRDC study views 40% electricity
savings as an achievable goal because such
savings result from taking only half of the
recommendations outlined in the study. As
discussed, increasing server utilization is the
single fastest way to save energy, so how
can such savings be realized?

Virtualization as a technology has provided increased capacity utilization by allowing multiple
virtual applications to run on a single physical server. This has the potential to lower the number
of physical machines in the data center – in turn, lowering overall data center energy
consumption. As electricity is consumed to not only power servers, but also to cool them for
optimal performance, any reduction in physical machines brought about by increased utilization
serves to reduce consumption on both counts.
Leveraging Turbonomic in a virtual data center increases server utilization beyond the initial
impact of virtualization by analyzing underutilized clusters, consolidating virtual machines onto
fewer servers and then suspending the unnecessary physical machines. Upon deployment, 87
percent of Turbonomic customers see increased utilization by more than 20 percent, with over
20 percent of the customer base seeing an increase of 60 percent or more.13
Similar to how smart data center cooling systems automatically control the climate, Turbonomic
automatically consolidates workloads onto the optimal amount of servers, reducing waste,
maximizing utilization and controlling for performance at the most efﬁcient state possible. The
platform moves the needle on reducing energy use, carbon emissions and facility costs.
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Turbonomic

The Autonomic Platform for IT
Turbonomic continuously keeps virtualized data centers and clouds in a healthy state, where application performance is assured and infrastructure resources are
utilized as efﬁciently as possible. To do so, it abstracts the software-deﬁned data center as a commodity market and enables applications, VMs, and containers
to self-organize, making placement, sizing, and provisioning decisions that ensure all workloads get the resources they need to perform. Every entity
(applications, VMs, containers, hosts, storage, etc.) is a buyer and a seller; every resource (compute, memory, network, etc.) has a price. As utilization (demand)
for a resource increases, so does its price. Ultimately, applications get its resources from a supply chain of containers and/or VMs, hosts, storage, network, etc.
This market approach allows workloads to independently shop around for the best overall price for the resources they need to perform (decisions are never
made based on a single metric or resource). By enabling data center entities to make local resource decisions based on the real-time demand for those
resources across the environment, Turbonomic delivers an autonomic platform that controls every layer of the data center stack.
When applications get the resources they need to perform, end users and the business are happy. When workloads continuously search for the best overall
“price” for the resources they need, data centers are more efﬁcient and the business can signiﬁcantly reduce energy costs.

Summary

The modern global economy is faced with the challenge of excessive data center
electricity consumption and wasted resources. Actions need to be taken in order to
control data center energy use and reign in the unnecessary loss of funds and power.
As the recent NRDC study identiﬁed, the greatest opportunity for data center
improvement and reducing wasteful practices lies in increasing server utilization.
Turbonomic can enhance server utilization by:
• Consolidating workloads onto fewer servers
• Decommissioning unnecessary or idle physical machines
• Allocating resources automatically to workloads to assure (and, indeed,
improve14) performance as efﬁciently as possible across the fewest physical
servers
Turbonomic can reduce electricity consumption by physical servers beyond the initial
consolidation enabled by virtualization, and, as a by-product, also reduce HVAC
consumption for server cooling. Such reductions could save up to 40% of electricity
consumed by data centers and save businesses $3.8 Billion annually.
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About Turbonomic
Turbonomic delivers an autonomic platform where virtual and cloud environments
self-manage in real-time to assure application performance. Turbonomic’s patented
decision engine dynamically analyzes application demand and allocates shared
resources to maintain a continuous state of application health.
Launched in 2010, Turbonomic is one of the fastest growing technology companies
in the virtualization and cloud space. Turbonomic’s autonomic platform is trusted by
thousands of enterprises to accelerate their adoption of virtual, cloud, and container
deployments for all mission critical applications.

