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Section I: Overview
Ponemon Institute and Vertiv are pleased to present the results of the first Vertiv Data
Center IQ Quiz, part of the Data Center Performance Benchmark Series, which provides
an industry-wide perspective on Availability, Security, Productivity, Cost and Speed of
Deployment. The purpose of this study is to determine the domain knowledge of data
center personnel while also collecting data on application of best practices and current
operating conditions within participants’ data centers.
Individuals located in the North American data center management and IT operations
community were invited to participate in a survey consisting of 37 objectively framed
questions. These questions were organized as follows:



Twenty-five knowledge questions
Twelve general, descriptive questions about current data center practices

All questions were developed by Vertiv and draw from various sources, including The
Uptime Institute, The Green Grid, Vertiv’s Data Center Users’ Group and the IEEE.
They are divided into five categories that align with the key issues data centers
professionals face:






Maintaining availability
Controlling cost
Mitigating risk
Improving productivity
Increasing speed of deployment

The fielding of the survey and compilation of results were independently conducted by
Ponemon Institute. The quiz was designed to be challenging and proved to be so for the
570 participants who completed it. On average, participants achieved 9.4 correct
responses out of 25 total quiz questions. Only seven respondents achieved a perfect
score.
When viewed by functional role, Data Center Management and Facilities Management
performed the best, averaging 11 correct responses, while IT Management performed
the worst with an average of seven correct responses. Participants with data centers
larger than 10,000 square feet scored better than those with smaller data centers and
participants in the 30-49 age range scored better than those younger and older. In terms
of vertical industries, participants from colocation companies performed the best with an
average score of 12, followed closely by cloud/hosting and financial services with 11.
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Section II: The Data Center IQ Quiz
Note: Correct answers are shown in bold
Cost Control
1. What does PUE stand for?
☐
☐
☐
☐

Power usage effectiveness .......................................... 32%
Power usage efficiency ................................................... 26%
Processing usage efficiency ........................................... 20%
Processing usage effectiveness...................................... 22%

While the correct answer—Power Usage Effectiveness—was the number one response provided,
it was selected by less than a third of participants. This is surprising considering that PUE has
become the de facto measure of data center efficiency. It can be argued that it isn’t necessary to
know what PUE stands for to optimize it; nevertheless, 44 percent of respondents believed that
the “P” in PUE stands for Processing, which indicates a lack of understanding of what PUE is
measuring.

2. True or False: A PUE calculation includes the lighting of the data center.
☐ True ................................................................................ 50%
☐ False................................................................................ 50%
According to The Green Grid, which established the PUE metric, “PUE measures the relationship
between the total facility energy consumed and the IT equipment energy consumed,” and is
expressed as a ratio of those two numbers. A data center with total energy consumption of 1 MW
with 625 kW of that energy used by IT equipment would have a PUE of 1.6 (1000/625). Energy
consumed by the data center lighting is included in the total facility energy.

3. What is your most recent PUE for your primary data center?
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The responses to this question demonstrate just how broad the range of PUEs has become in the
current environment, where legacy facilities coexist with new high-efficiency data centers: 10
percent of respondents had PUEs above 2.0, while 14 percent had PUEs below 1.2. Consider the
difference that means for a 1 MW facility: With a PUE over 2.0, less than 500 kW of available
power is used by IT equipment, while the same size facility operating with a PUE of 1.2 has 830
kW available to power IT equipment. Eighty-seven percent know their PUE but only 50 percent
know what goes into its calculation and 32 percent know what it stands for and.

4. What is the average server inlet temperature in your primary data center?

The current ASHRAE standard recommends an upper limit of 78°F; however, the majority of
participants in the survey (56 percent) stated they are operating below 71°F. According to
Vertiv, a 10 percent increase in cold aisle temperatures can result in a 20 percent reduction
in cooling system energy consumption

5. Identify this object.

☐
☐
☐
☐
☐

Plug fan ......................................................................... 34%
GT fan ............................................................................ 20%
Centrifugal fan ................................................................ 18%
Basket fan ...................................................................... 21%
Centrifugal diffuser............................................................ 7%

While this may not seem like an item all professionals involved in data center operations would
need to know, facilities professionals should especially be familiar with it as replacing centrifugal
fans in data center cooling units with EC Plug Fans reduces cooling unit energy consumption by
18-30 percent.
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6. What is the formula for converting refrigeration tons (RT) to kilowatts (kW)?
☐
☐
☐
☐
☐
☐

One refrigeration ton is equal to 1.0000 kilowatts
One refrigeration ton is equal to 1.5000 kilowatts
One refrigeration ton is equal to 1.5000 kilowatts
One refrigeration ton is equal to 2.4783 kilowatts
One refrigeration ton is equal to 2.3874 kilowatts
One refrigeration ton is equal to 3.5168 kilowatts

7. According to the Data Center Users’ Group, what percentage of data center
managers received an energy rebate from their utility in 2014?
Answer choice
☐
☐
☐
☐
☐

Participants’ Response

6% .................................................................................... 7%
16% ................................................................................ 15%
26% ................................................................................ 22%
36% ................................................................................ 43%
46% ................................................................................ 13%

8. Has your data center received a rebate from your utility provider in the last year?
☐ Yes ................................................................................. 30%
☐ No .................................................................................. 51%
☐ Don’t know ...................................................................... 19%
As the energy consumption of data centers has increased, utilities have expanded their rebate
programs to encourage adoption of energy-saving technologies. However, only about a third of
survey participants have taken advantage of these programs. In a 2015 audit of 40 data centers,
Future Resources Engineering found more than 24 million kWh in energy savings, which could
result in $2.2 million in cost savings and $1.4 million in utility rebates.

9. According to the Data Center User’s Group, what percentage of data center
managers increased the temperature of their primary data center last year?
☐
☐
☐
☐
☐

15% .................................................................................. 8%
25% ................................................................................ 11%
35% ................................................................................ 16%
45% ................................................................................ 31%
55% ................................................................................ 33%

Historically, data centers were kept below 70°F to ensure safe operation of IT equipment.
However, escalating energy costs, smarter thermal management systems, and more resilient IT
devices have converged to enable data centers to operate at higher temperatures. A majority of
data center managers are taking advantage of this opportunity.
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Productivity
10. According to the Uptime Institute, decommissioning a single 1U rack server can
result in per year energy savings of __________
☐
☐
☐
☐
☐

$500 ............................................................................... 40%
$700 ............................................................................... 17%
$900 ............................................................................... 14%
$1,100 ............................................................................ 16%
$1,300 ............................................................................ 13%

Energy savings are just one of the benefits of removing ghost servers; yet a 2015 server
utilization study by Stanford University’s Jonathan Koomey and Anthesis Group’s Jon Taylor
found that 30 percent of physical servers are “comatose,” with comatose defined as servers that
have not delivered information or computing services in six months or more. This continues to be
an area deserving more attention from data center professionals seeking to improve facility
performance

11. Has your primary data center implemented a server decommissioning program to
unplug ghost/decommissioned servers?

12. What does DCIM stand for?
☐
☐
☐
☐

Data Center Infrastructure Management ..................... 35%
Data Center Interface Management ................................ 21%
Data Center Infrastructure Monitoring ............................. 25%
Data Center Interface Monitoring .................................... 19%
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13. According to Gartner, what are the 7 capabilities a DCIM tool must provide:
(select all that apply)
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐
☐

Power Monitoring ......................................................... 72%
Environmental Monitoring ........................................... 78%
Reporting and Visualization ......................................... 76%
Resource Management / Capacity Planning ............... 72%
IT Physical Asset Monitoring and Management ......... 70%
Predictive Analysis and Monitoring / Simulation ....... 74%
Workflow Integration Management.............................. 72%
Staff Scheduling ............................................................. 45%
Help Desk Ticketing ........................................................ 47%
Security / Patch Management and Automation ............... 46%
Wireless Monitoring Capabilities ..................................... 47%

14. What DCIM capabilities do you currently have in your primary data center?
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Global Industry Analytics, Inc. projects the global market for DCIM will reach $1.9 billion by 2020,
based on DCIM’s ability to optimize data center infrastructure performance in the face of growing
complexity. The participants in this study demonstrated a high degree of understanding of the
core capabilities of DCIM and significant use of these capabilities in their own data centers.

15. According to the Data Center Users’ Group, what percentage of data center
managers have slept overnight in one of their data centers last year?
☐
☐
☐
☐
☐

13% .................................................................................. 8%
23% ................................................................................ 18%
33% ................................................................................ 36%
43% ................................................................................ 21%
53% ................................................................................ 18%

16. Have you spent the night in a data center in the past year?
☐ Yes .................................................................................. 68%
☐ No .................................................................................... 32%
17. According to the Data Center Users’ Group, what is the number one facility
infrastructure concern among data center managers?
☐
☐
☐
☐
☐
☐

Adequate monitoring / data center management ....... 19%
Availability (uptime)......................................................... 24%
Technology changes / change management................... 15%
Energy efficiency ............................................................ 15%
Heat density (cooling) ..................................................... 15%
Space constraints / growth.............................................. 12%

In its semi-annual survey, the Data Center Users’ Group asks its members to select their top data
center infrastructure management concerns. Availability, the number one choice by participants,
has always been at or near the top of the list; however, in 2014, Adequate Monitoring / Data
Center Management rose to the top position. This seems to reflect the realization that data center
infrastructure monitoring and management is key to achieving availability, and efficiency and
addressing the other concerns on the list. While this question received the lowest percent of
correct responses in the quiz, it reflects the diversity of challenges operators face.
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Speed of Deployment
18. In a 42U rack, how big is a U?
☐
☐
☐
☐

¾” ................................................................................... 11%
1 ½” ................................................................................ 23%
1 ¾” ............................................................................... 44%
2 ¼” ................................................................................ 22%

19. Which social media provider’s data center in Luleå, Sweden, is made up of more
than 250 containers?
☐ Facebook ....................................................................... 23%
☐ Twitter............................................................................. 20%
☐ LinkedIn .......................................................................... 22%
☐ YouTube ......................................................................... 24%
☐ Reddit ............................................................................. 11%
Facebook helped accelerate the move toward totally modular, free-standing data centers when it
deployed its second data center in Luleå, Sweden. The 125,000-square-foot “Luleå 2” data center
was built using more than 250 shippable modules, including power skids, evaporative air
handlers, a water treatment plant and data center superstructure. Designed to be one of the most
efficient and sustainable data centers in the world, it is powered by 100 percent renewable energy
and features the latest in Open Compute Project server, storage, mechanical and electrical
designs.

20. According to the Data Center Users’ Group, how many kilowatts of IT does an
average data center rack contain?
☐
☐
☐
☐
☐

2.6 kW .............................................................................. 8%
5.8 kW ............................................................................ 47%
7.1 kW ............................................................................ 15%
8.9 kW ............................................................................ 17%
10.4 kW .......................................................................... 13%
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21. What is your average rack power density for your primary data center?

While varying from less than 2 kW to more than 32 kW, participants average rack densities were
higher than has been reported by the DCUG, with 75 percent reporting densities of 8 kW or
higher.

22. According to IHS Research, how many containerized and modular data centers were
expected to be shipped in 2015?
☐
☐
☐
☐
☐

400 ................................................................................. 11%
600 ................................................................................. 19%
800 ................................................................................. 16%
1,000 .............................................................................. 35%
1,200 .............................................................................. 18%
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23. Have you taken any of these approaches to speed up deployment of data center
infrastructure? (select all that apply)

24. Among the major steps of building a data center (Site Selection, Design, Site
Preparation, Construction, Installation, Start Up) what percent of the building cycle is
dedicated to construction?
☐
☐
☐
☐
☐

33% .................................................................................. 8%
45% ................................................................................ 40%
51% ................................................................................ 17%
66% ................................................................................ 18%
75% ................................................................................ 16%

Speed-to-market has become a primary driver in the data center development process as
demonstrated by the high number of participants who have taken various approaches to speeding
up deployment. In new builds, construction accounts for 40 percent of the building cycle. This
percentage is significantly reduced when a modular approach to design and construction is
employed. Not only is the construction process compressed, it occurs in parallel with equipment
installation, resulting in total time saved of as much as 40 percent.
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Application Availability
25. In an uninterruptible power supply (UPS), the batteries produce what type of current?
☐
☐
☐
☐

AC .................................................................................... 9%
DC .................................................................................. 56%
PC .................................................................................. 17%
RC .................................................................................. 18%

While AC UPS systems receive and supply AC power, they rely on DC battery systems for power
conditioning and backup.

26. According to Ponemon Institute, what is the average financial cost to a business from
a data center outage?
☐
☐
☐
☐
☐

$1,900 per minute ............................................................. 8%
$3,900 per minute ........................................................... 20%
$5,900 per minute ........................................................... 28%
$7,900 per minute ......................................................... 27%
$9,900 per minute ........................................................... 18%

The Ponemon Institute has conducted three separate analysis of the cost of data center outages,
published in 2010, 2013 and 2016 respectively. At the time this survey was deployed, the 2013
numbers were the most current, showing the average cost per minute of a full outage to be
$7,900, up 33 percent from 2010. In hindsight, the 18 percent who selected $9,900/minute should
be credited with a correct answer as the cost per minute increased to $8,851 in the 2016 report.

27. According to Ponemon Institute, what is the average duration of a complete data
center outage?
☐
☐
☐
☐
☐

17 minutes ........................................................................ 8%
37 minutes ...................................................................... 20%
67 minutes ...................................................................... 17%
87 minutes ...................................................................... 18%
107 minutes ................................................................... 38%

In addition to analyzing the cost of full and partial outages in three separate studies dating back to
2010, Ponemon Institute has documented the average duration of data center outages. In the
2010 study, the average duration of a complete outage was 134 minutes (2 hours and 14
minutes). That number dropped slightly below two hours in the 2013 study, the most recent data
available when this survey was conducted. However, in the 2016 report, the average duration
rose to a level similar to 2010: 130 minutes (two hours and 10 minutes)
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28. What was the duration of your last complete data center outage?

29. According to the Ponemon Institute, what is the number one root cause of a data
center outage?
☐
☐
☐
☐
☐
☐

UPS battery failure during a power outage ................. 25%
Human error ................................................................... 17%
UPS capacity exceeded during a power outage .............. 15%
Cyber attack ................................................................... 15%
Water incursion............................................................... 14%
Generator failure during a power outage......................... 14%

While “UPS failure” in the broad sense has been the number one cause of outage during each of
the three Ponemon Cost of Data Center Outage Reports, the 2013 National Survey of Data
Center Outages conducted by Ponemon Institute sheds more light on the root causes of outages.
It found battery failure to be the most frequent cause of outage, followed by UPS capacity
exceeded. While both of these fall under the category of “UPS failure,” they do not represent a
failure of the UPS module. They represent a failure in battery monitoring and capacity planning
respectively, both of which are correctable.

30. According to the Uptime Institute, a data center that is “Fault Tolerant – meaning
when individual equipment failures or distribution path interruptions occur, the effects of
the events are stopped short of the IT operations,” refers to what Tier Classification?
☐
☐
☐
☐

Tier 0 ................................................................................ 8%
Tier 1 .............................................................................. 18%
Tier A .............................................................................. 20%
Tier 4 .............................................................................. 54%
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31. Using the Uptime Institute classification system, what tier is your primary data
center?

The Uptime Institute defines the four data center tiers as follows:


Tier I: Basic Capacity. Dedicated site infrastructure to support information technology
beyond an office setting, including a dedicated space for IT systems; a UPS to filter power
spikes, sags, and momentary outages; dedicated cooling equipment that won’t get shut down
at the end of normal office hours; and an engine generator to protect IT functions from
extended power outages.



Tier II: Redundant Capacity Components. Include redundant critical power and cooling
components to provide select maintenance opportunities and an increased margin of safety
against IT process disruptions that would result from site infrastructure equipment failures.



Tier III: Concurrently Maintainable. A redundant delivery path for power and cooling is
added to the redundant critical components of Tier II so that each and every component
needed to support the IT processing environment can be shut down and maintained without
impact on the IT operation.



Tier IV: Fault Tolerance. Builds on Tier III, adding the concept of Fault Tolerance to the site
infrastructure topology. Fault Tolerance means that when individual equipment failures or
distribution path interruptions occur, the effects of the events are stopped short of the IT
operations.
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Risk Management
32. OSHA and NFPA 70E require employers to assess all equipment operating at
________ volts and higher for shock and arc-flash hazards.
☐
☐
☐
☐
☐

50 ................................................................................... 25%
120 ................................................................................. 19%
208 ................................................................................. 21%
240 ................................................................................. 16%
480 ................................................................................. 19%

33. According to the Institute of Electrical and Electronics Engineers (IEEE), how many
workers are admitted to burn centers for extended injury treatments caused by arc
flash every year?
☐
☐
☐
☐

500 ................................................................................. 11%
1,000 .............................................................................. 25%
1,500 .............................................................................. 21%
2,000 .............................................................................. 44%

34. According to the Data Center Users’ Group, what percent of data centers
experienced an arc flash event last year?
☐
☐
☐
☐
☐

1% .................................................................................... 9%
2% .................................................................................. 18%
3% .................................................................................. 18%
4% .................................................................................. 19%
5% .................................................................................. 36%

An arc flash is part of an arc fault, a type of electrical explosion or discharge that results from a
low-impedance connection through air to ground or another voltage phase in an electrical system.
It can create temperatures of 35,000°F and is extremely dangerous. Arc flashes can be caused
by human error, poor equipment maintenance practices, or improper design. Data center
operators should work with a well-qualified, professional electrical engineering or electrical testing
service provider to evaluate, update and maintain their electrical safety programs to ensure
compliance and a safe work environment for employees.

35. Do you have a documented method for maintaining required personal protective
equipment (PPE) per NFPA 70E 130.7(C)(13)?
☐ Yes ................................................................................. 31%
☐ No ................................................................................... 62%
☐ Don’t know ........................................................................ 7%
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36. According to Ponemon Institute (2013 National Survey), what percent of data center
outages are caused by some kind of cyber attack?
☐ 6% .................................................................................... 9%
☐ 18% ................................................................................ 18%
☐ 24% ................................................................................ 26%
☐ 29% ................................................................................ 19%
☐ 34% ................................................................................ 29%
37. Are you able to identify what access rights exist at any level (share, folders, files,
groups and users) for data center servers?
☐ Yes ................................................................................. 29%
☐ No ................................................................................... 52%
☐ Don’t know ...................................................................... 19%

III: Aggregate Results
Knowledge Questions
Figure 9 shows the distribution of correct responses to the 25 quiz questions. As can be
seen, results suggest that quiz questions presented a challenge to participants. On
average, participants achieved 9.4 correct responses out of 25 total quiz questions. Only
seven respondents achieved a perfect score.
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Figure 10 shows aggregate (overall) stats for all quiz questions. These stats reveal a
relatively low success rate ranging from 19 percent to a high of 56 percent for 25 quiz
facts. The median and mean are 36 percent and 37 percent, respectively.

Three questions were answered correctly by at least 50 percent of participants:
25. In an uninterruptible power supply (UPS), the batteries produce what type of
current? (56%)
30 According to the Uptime Institute, a data center that is “Fault Tolerant” – meaning
when individual equipment failures or distribution path interruptions occur, the
effects of the events are stopped short of the IT operations,” refers to what Tier
Classification? (54%)
20. According to the Data Center Users’ Group, how many kilowatts of IT does an
average rack contain? (50%)
Four questions were answered correctly by 25 percent or fewer of participants:
29 According to the Ponemon Institute, what is the number one root cause of a data
center outage? (25%)
32 OSHA and NFPA 70E requires employers to assess all equipment operating at
________ volts and higher for shock and arc-flash hazards. (25%)
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19. Which social media provider’s data center in Luleå, Sweden, is made up of more
than 250 containers? (23%)
17. According to the Data Center Users’ Group, what is the number one facility
infrastructure concern among data center managers? (19%)

Figure 11 reports the respondents’ correct response to 25 quiz questions by their
functional role. As can be seen, data center management and facilities management
personnel achieved the highest number at 11 out of 25 quiz facts or 44 percent correct
response. In contrast, IT management/operations had the lowest number at 7 or 28
percent correct response.

Figure 12 shows the number of correct responses by data center size as measured by
square footage. There appears to be a linear relationship between size and score –
wherein, quiz performance is highest for respondents who work in larger-sized data
centers. The highest number of correct responses, at 12 (or 48 percent correct
response), occurs for the segment 25,001 to 50,000 square feet. The lowest number, at
6 (or 24 percent correct response), occurs for the segment 500 to 5,000 square feet.
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Figure 13 reports the participants’ correct responses by industry segment. Colocation (at
12), cloud provider/hosting services (at 11) and financial/insurance (at 11) achieved the
highest quiz performance. In contrast, healthcare (at 7) and retail (at 8) had the lowest
number of correct responses
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Figure 14 reports the number of correct responses by participants’ age range. At 11 out
of 25 (or 44 percent), quiz performance is highest for respondents between 30 and 49
years of age. The lowest number at 8 (or 32 percent correct response) occurs for
respondents under 30 years of age.
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IV. Method and Participant Profile
A random sampling frame of 11,090 data center management and IT operations
practitioners located in North America were selected to participate in this survey. As
shown in Table 1, 638 respondents completed the survey. Screening or reliability failure
resulted in the removal of 68 respondents. The final sample consisted of 570 surveys (or
a 5.1 percent response rate).
Table 1. Survey response
Total sampling frame
Total returns
Rejected or screened surveys
Final sample

Frequency
11,090
638
68
570

Percent
100%
5.8%
.6%
5.1%

Pie Chart 1 reports the respondents’ current functional role within their organizations.
Sixty-three percent are data center managers or are in IT management or IT operations.
More than 77 percent are at or above the supervisory level. Only 4 percent are IT
executives.
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Pie Chart 2 reports the respondents’ primary industry segments. Twenty-one percent of
respondents are in financial services or insurance, and 17 percent are in retail. Another
13 percent are in the healthcare sector.

As reported in Pie Chart 3, 32 percent of data centers are between 10,001 to 25,000
square feet. Another 22 percent are larger scale data centers between 25,001 to 50,000
square feet. Sixteen percent are smaller scale data centers at or below 5,000 square
feet.
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Pie Chart 4 records the age range of participants. Fifteen percent are at or below 30
years of age. Sixty percent are between 30 and 49 years of age, and 9 percent are at or
above 60 years of age.
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Section V. Caveats
There are inherent limitations to survey research that need to be carefully considered
before drawing inferences from findings. The following items are specific limitations that
are germane to most web-based surveys.
Non-response bias: The current findings are based on a sample of survey returns. We
sent surveys to a representative sample of individuals, resulting in a large number of
usable returned responses. Despite non-response tests, it is always possible that
individuals who did not participate are substantially different in terms of underlying
beliefs from those who completed the instrument.
Sampling-frame bias: The accuracy is based on contact information and the degree to
which the list is representative of individuals who are data center practitioners. We also
acknowledge that the results may be biased by external events such as media coverage.
We also acknowledge bias caused by compensating subjects to complete this research
within a holdout period.
Self-reported results: The quality of survey research is based on the integrity of
confidential responses received from subjects. While certain checks and balances can
be incorporated into the survey process, there is always the possibility that a subject did
not provide a truthful response.
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If you have questions or comments about this report, please contact us by letter, phone call or email:
Ponemon Institute LLC
Attn: Research Department
2308 US 31 North
Traverse City, Michigan 49686 USA
1.800.877.3118
research@ponemon.org

Ponemon Institute
Advancing Responsible Information Management
Ponemon Institute is dedicated to independent research and education that advances responsible
information and privacy management practices within business and government. Our mission is to conduct
high quality, empirical studies on critical issues affecting the management and security of sensitive
information about people and organizations.
As a member of the Council of American Survey Research Organizations (CASRO), we uphold strict
data confidentiality, privacy and ethical research standards. We do not collect any personally identifiable
information from individuals (or company identifiable information in our business research). Furthermore, we
have strict quality standards to ensure that subjects are not asked extraneous, irrelevant or improper
questions.
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