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Abstract: Methods for determining the reliability of 7×24 continuous power systems in industrial 
and commercial facilities are described in this recommended practice. The method of reliability 
analysis by probability methods is described first. This is followed by a discussion of how to 
evaluate the results and how to implement changes to ensure that the expected degree of 
reliability is achieved. 
Keywords: availability, failure rate, fault tree analysis, IEEE 3006.7TM, mean time between 
failure, mean time to repair, reliability, reliability block diagram 
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Notice to users 

Laws and regulations 

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or 
contact the IEEE at the address listed previously. For more information about the IEEE Standards 
Association or the IEEE standards development process, visit IEEE-SA Website at 
http://standards.ieee.org/index.html. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association. 
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Introduction 

This introduction is not part of IEEE Std 3006.7-2013, IEEE Recommended Practice for Determining the Reliability of 
7x24 Continuous Power Systems in Industrial and Commercial Facilities. 

IEEE 3000 Standards CollectionTM 

This recommended practice was developed by the Technical Books Coordinating Committee of the 
Industrial and Commercial Power Systems Department of the Industry Applications Society as part of a 
project to repackage the popular IEEE Color Books®. The goal of this project is to speed up the revision 
process, eliminate duplicate material, and facilitate use of modern publishing and distribution technologies. 

When this project is completed, the technical material in the thirteen IEEE Color Books will be included in 
a series of new standards—the most significant of which will be a new standard, IEEE Std 3000TM, IEEE 
Recommended Practice for the Engineering of Industrial and Commercial Power Systems. The new 
standard will cover the fundamentals of planning, design, analysis, construction, installation, startup, 
operation, and maintenance of electrical systems in industrial and commercial facilities. Approximately 60 
additional dot standards, organized into the following categories, will provide in-depth treatment of many 
of the topics introduced by IEEE Std 3000TM: 

 Power Systems Design (3001 series) 

 Power Systems Analysis (3002 series) 

 Power Systems Grounding (3003 series) 

 Protection and Coordination (3004 series) 

 Emergency, Standby Power, and Energy Management Systems (3005 series) 

 Power Systems Reliability (3006 series) 

 Power Systems Maintenance, Operations, and Safety (3007 series) 

In many cases, the material in a dot standard comes from a particular chapter of a particular IEEE Color 
Book. In other cases, material from several IEEE Color Books has been combined into a new dot standard. 

This recommended practice is an update and expansion of the material in Chapter 8 of IEEE Std 493TM 
(IEEE Gold BookTM). 

IEEE Std 3006.7TM 

The explosive growth of computer technology has literally changed the way business is conducted. 
Cell phones, text messaging, and e-mail have become the norm and the Internet provides a 
communication medium not previously available. Stock trading and banking, along with an incredible 
diversity of retail sales, occur daily via the Internet. 

With the broad expansion of computer technology comes the necessity of providing an infrastructure 
capable of supporting it. The ITIC susceptibility curve, from IEEE Std 1100TM-2005 (IEEE Emerald 
BookTM) shows that electronic equipment can be disrupted by a momentary sag of 20 ms. Two voltage 
immunity standards currently available have it as 10-ms minimum ride-through time; EN55024 from 
Special International Committee on Radio Interference (CISPR) and International Electrotechnical 
Commission (IEC) 61000-6-1, 2005-03. Momentary interruptions of the electrical power can have 
huge financial consequences. Therefore, specialty equipment, such as uninterruptible power supplies 
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(UPS), emergency generators, and automatic static transfer switches (STSs) are used to supplement 
utility power. 

Initially, special facilities were designed for mainframe computers, used primarily for banking and 
finance, called data centers. As the use of computers broadened and support of the Internet became 
a significant market, along with divestiture of the telecommunications industry, the term 7×24 
facility became common. This term is derived from the requirement that the facility operates 7 days a 
week, 24 hours per day.  
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IEEE Recommended Practice for 
Determining the Reliability of 7x24 
Continuous Power Systems in 
Industrial and Commercial Facilities 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 
environmental protection, or ensure against interference with or from other devices or networks. 
Implementers of IEEE Standards documents are responsible for determining and complying with all 
appropriate safety, security, environmental, health, and interference protection practices and all 
applicable laws and regulations. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This recommended practice describes how to determine the reliability of 7×24 continuous power systems in 
industrial and commercial facilities. The method of reliability analysis by probability methods is described 
first. This is followed by a discussion of how to evaluate the results and how to implement changes to 
ensure that the expected degree of reliability is achieved. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 
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IEEE Std 1100TM-2005, IEEE Recommended Practice for Powering and Grounding Electronic Equipment 
(IEEE Emerald BookTM).1,2 

IEEE Std 493TM-2007, IEEE Recommended Practice for the Design of Reliable Industrial and Commercial 
Power Systems (IEEE Gold BookTM). 

IEEE Std 3007.2TM-2010, IEEE Recommended Practice for Maintenance of Industrial and Commercial 
Power Systems. 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online should be consulted for terms not defined in this clause.3 

availability: (A) (general) The ability of an item—under combined aspects of its reliability, 
maintainability, and maintenance support—to perform its required function at a stated instant of time or 
over a stated period of time. (B) (As a performance metric for individual components or a system) The 
long-term average fraction of time that a component or system is in service and satisfactorily performing its 
intended function. (C) (As a future prediction) The instantaneous probability that a component or system 
will be in operation at time t. 

failure mode: The manner or form by which a particular component or system fails; the way the 
component or system manifests unacceptable operation. 

fault tree analysis (FTA): A systematic, deductive methodology for determining all of the credible ways 
for a specific undesirable event to occur. The undesirable event to be analyzed is the top event of the fault 
tree. The fault tree uses Boolean algebra (AND gates, OR gates, etc.) in a graphical representation to show 
the logical interrelationships between the initiating basic events, such as component failures, and the top 
event. 

inherent availability (Ai): Long-term average fraction of time that a component or system is in service 
and satisfactorily performing its intended function. Ai considers only downtime for repair of failures. No 
logistics time, preventative maintenance, etc., is included. 

mean time between failures (MTBF): The arithmetic mean of the times (observed or calculated) between 
random failures of a component or system. 

mean time to repair (MTTR or simply r): The mean time to replace or repair a failed component. 
Logistics time associated with the repair, such as parts acquisitions and crew mobilization, are not included. 
It can be estimated by dividing the summation of repair times by the number of repairs and, therefore, is 
practically the average repair time. The most common unit in reliability analyses is hours (h/f). 

                                                 
1 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc. 
2 IEEE publications are available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org/). 
3IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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operational availability (Ao): Long-term average fraction of time that a component or system is in service 
and satisfactorily performing its intended function. Ao differs from Ai in that it includes all downtime. 
Included are downtime for the repair of failures, scheduled maintenance, and any logistics time required 
(such as obtaining the necessary parts and scheduling the technician to perform the repair). 

probability of failure: The unreliability of a component or system, the complement of reliability; 
probability of failure = (1 − reliability). 

reliability: The probability that a component or system will perform required functions under stated 
conditions for a stated period of time R(t), or (for discrete missions) a stated number of demands. 

reliability block diagram (RBD): RBD is a block diagram in which the major components are connected 
together in the same manner as they are in the one-line or piping diagram. Each of the blocks have the 
failure and repair data for that component included in the block. The junctions connecting the block are set 
to account for the system redundancy. 

single point of failure (SPOF): Any one component, piece of equipment, or function that by failing causes 
the whole system to fail. 

3.2 Acronyms and abbreviations 

ASHRAE American Society of Heating, Refrigeration, and Air Conditioning Engineers 

ATS automatic transfer switch 

BMS building management system 

CISPR Special International Committee on Radio Interference (in English) 

CWP condenser water pump 

CRAC computer room air conditioning unit 

CRAH computer room air handling unit 

CT cooling tower 

DX direct expansion 

FTA fault tree analysis 

HVAC heating, ventilating, and air conditioning 

IEC International Electrotechnical Commission 

NASA National Aeronautics and Space Administration 

PDU power distribution unit 

PWP primary chilled water pump 

RBD reliability block diagram 

SLA service level agreements   
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SPOF single point of failure 

SBS static bypass switch 

STS static transfer switch 

SWP secondary chilled water pump 

UPS uninterruptible power supply 

4. Special terminology and equipment for 7×24 facilities 

Some special terminology has been developed for 7×24 facilities to help in describing systems, determining 
capacity, and various other issues involved with continuous operation.  

4.1 Special terminology for 7×24 facilities 

4.1.1 N + 1 designation for equipment 

In order to keep critical distribution systems in operation, there are often more of the key components 
provided than what are required based on system capacity. Redundancy, in general, means creation of new 
parallel paths in the system structure to improve its reliability. In a system with redundancy, there are more 
infrastructure components for the critical equipment (such as generators and uninterruptible power supply 
[UPS] modules) provided than are required to support the total load.  

When discussing redundancy of a system, it is common to refer to what is required as “N” (for number). If 
a facility has two of a particular component, and both are required to carry the critical load, N = 2. If a third 
component was added, the redundancy would become “N+1.” Figure 15 shows an N+1 design in which  
N = 2 for the generators and N = 4 for the UPS system. 

In order to raise the reliability of the system beyond what is possible by adding redundant components, a 
redundant system is often added. If one system is required to carry the critical load and two complete 
systems have been provided, that is referred to as “2N.” Figure 16 shows a 2N design in which N = 2 for 
the generators and N = 4 for the UPS system. 

4.1.2 Capacity and load density of the data center load 

A common metric used to discuss the capacity and load density of the data center is watts per square foot. 
In metric units, it is watts per square meter. Calculating the watts per square foot is the total usable UPS 
capacity in watts divided by the total square feet of the data center raised floor (for facilities that have one) 
or white space (room for IT equipment, often with a white or light colored floor). It varies to some degree 
how the area of the data center is calculated. The most common method is gross square feet of the data 
center rooms.  

The other method is in watts per rack where the total usable UPS capacity in watts is divided by the total 
number of racks that are planned for the space.  

Which method is used is not as important as making sure that all comparisons between similar facilities use 
the same method. Usable UPS capacity is defined as how much of the actual UPS nameplate rating has 
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been designated in the design. Many owners and engineers designate 90% to 95% of the nameplate rating 
as usable UPS capacity as a best practice. 

For data centers designed during the 1990s, 50W/ft2 to 75W/ft2 was common. In the 2000s, 150W/ft2 to 
200W/ft2 is much more common. There are data centers that have been designed for significantly higher 
load density, 200W/ft2, but that requires special cooling methods to remove sufficient heat from the IT 
equipment. 

4.1.3 Single point of failure (SPOF) 

A single point of failure is any one component, piece of equipment, or function that by failing causes the 
whole system to fail.  

Consider the failure mode loss of fuel for an automobile. Most vehicles have only one fuel pump, so the 
fuel pump is a SPOF. If the fuel pump fails, the automobile stops. (There can be multiple failure modes 
causing the fuel pump to fail.)  

Utility power can be a SPOF if there are no local generators. For facilities that have a local generator, as 
long as the utility power is available, the generator is not needed. Therefore, when a site has both utility 
power and a local generator, the generator is not a SPOF. (Protecting electronic equipment, which can only 
go 10 ms to 20 ms without power, generally requires a UPS system to provide power while the generator 
starts.) The local generator could be a SPOF only if there is no utility power (the generator is the only 
source of power for the site). 

 
Figure 1 —Basic electrical distribution system for critical loads 

In Figure 1, the automatic transfer switch (ATS), the main circuit breaker, and the switchboard would all be 
SPOF, since the failure of any one of them would cause the loads fed by the switchboard to lose power. 
There are additional examples of SPOF for electrical distribution systems in 7.3.  
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4.2 Special electrical equipment to support continuous operation 

There are several special pieces of equipment specifically designed to support the continuous power 
requirement of electronic equipment. The most common is a UPS, which is available in several types of 
technology. In the critical facility environment, the majority of UPS is double conversion, where ac power 
is converted to dc with a rectifier and then back to ac by an inverter. Some form of energy storage is 
applied to the dc bus to provide backup power in the event of loss of power to the rectifier. Batteries have 
long been used for backup storage, but some UPS suppliers offer other forms of energy storage, such as 
flywheels. 

4.2.1 Uninterruptible power supplies (UPS) 

There are UPS designs other than double conversion, such as standby (line interactive) and off-line. In a 
standby (line interactive) UPS, the inverter is operating but not carrying load unless utility power is lost. 
For an off-line UPS, the inverter does not start until the utility power is lost. There are also rotary UPS 
systems that employ synchronous generators instead of inverters for the output power. 

Another very common piece of equipment is a static bypass switch (SBS). This is an electronic switch 
capable of shunting power around the UPS when UPS output voltage is outside of allowable tolerances. 
Many static bypass switches detect the loss of power and operate within a 1/4 cycle (25% of the period of 
the input voltage to the rectifier). They can be built into the UPS module itself or as a separate part in the 
control cabinet for multi-module UPS configurations. 

In Figure 2, the static bypass switch is internal to the UPS module. Figure 14 shows a parallel redundant 
configuration of UPS modules with an external static bypass switch. 

 
Figure 2 —Double conversion UPS module with internal static bypass switch 
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4.2.2 Static transfer switches (STS) 

In recent years, the same technology used for a static bypass switch has been applied to other transfer 
switches. An STS, shown in Figure 3, operates in a similar way to two static bypass switches supplying a 
common load. Typically, power is brought to each side of the STS from a different UPS. For a voltage 
deviation outside the specified limits on the primary side, it switches to the alternate, often within a 1/4 
cycle. 

 
Figure 3 —Static transfer switch 

There is a significant difference between the control of the static bypass switch and the static switch of 
an STS. The static bypass switch is triggered so that it makes (provides a closed transition) before the 
UPS inverter is shut down. The STS does the opposite. It opens one static switch as it transfers, then 
closes the other static switch (open transition). It is very important that the STS operate as an open 
transition, as a significant failure mode of an STS is a cross-connection in which both static switches are 
closed at the same time, thus both power sources are connected. This type of failure often causes both 
systems to shut down. 

STSs can be relatively large, such as 4000 A, in which they supply power to multiple power distribution 
units (PDU). They are also made in smaller sizes to be mounted right on the rack with the information 
technology (IT) equipment itself. 

The STS can also be used on the primary or secondary side of the PDU transformer. To install the STS on 
the secondary side, two transformers are required. Though it has a higher initial cost, it can provide benefit. 
The reason is it eliminates the problem of transformer inrush current during an out-of-phase transfer. The 
second transformer is already energized by the alternate source and therefore does not have to be 
reenergized while it still has a residual magnetic field from the first source (as it does in the case of a 
transformer with the STS on the primary side).  

4.2.3 Power distribution units (PDU) 

The PDU shown in Figure 4 consists of a transformer, distribution panel(s) with circuit breakers to supply 
the critical loads, and usually some form of built-in power monitoring. The transformer may be shielded, a 
K-factor transformer, or both. Some manufacturers of PDUs also provide surge protection in the unit. 
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Another common configuration is for the PDU to have a distribution panel that feeds remote power panels 
(RPP) or bus duct. Both RPPs and bus duct will have some form of overcurrent protection for the cables 
from the RPP or bus duct to the individual racks. 

Some countries use 400 V/230 V or 415 V/240 V (and other similar voltage levels) for low voltage power 
distribution. For the majority of these systems, a transformer is not used between the UPS system and the 
IT loads. If a transformer is used, it is usually a 1-to-1 isolation transformer with shielding to prevent 
transients from reaching the IT load when the UPS system is in bypass. 

4.2.4 Dual corded IT equipment 

One of the most significant advances, from a reliability standpoint, is the development of dual corded IT 
equipment. Dual corded IT equipment has two power supplies built into it, with two separate power cords, 
each capable of powering the equipment, as shown in Figure 5. This provides the opportunity to eliminate 
SPOFs from the power source all the way to the piece of IT equipment itself. For many designs, the 
availability improves by a large factor in comparisons between single and dual corded equipment. 

 
Figure 4 —Power distribution unit 

In order for dual cord equipment to improve availability and reliability, several conditions must be met. 
The equipment must provide notification when one of the power supplies fails. These notifications must be 
noted and repairs effected. Otherwise, the latent failure of the power supply will only be discovered when 
the power supply is needed and the equipment goes down.  

It is also crucial to ensure that the cords are connected to different distribution systems that are not 
expected to fail at the same instant. Plugging the A and B cords into a circuit served from a single PDU is 
unlikely to improve the reliability and availability of the IT equipment. 
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Figure 5 —Dual cord IT equipment 

Dual cord power supplies come in two basic types. One type utilizes regulated power supplies, where one 
side provides 95% of the power requirement and the other 5% is used to keep the second power supply 
energized. The other type uses unregulated power supplies with current sharing onto a common dc bus. The 
unregulated power supplies each provide 50% of the load current. 

Some IT equipment designs use more than two power supplies, such as two-out-of-three or three-out-of-
four designs. For these equipment designs, the manufacturer often provides an option that powers the 
multiple power supplies from two power cords with some form of internal switching. 

A common configuration for chassis serving blade servers is to have six power supplies, three for each side 
fed phase-to-phase. For this type of equipment, the A side has a set of power supplies connected A-B, B-C, 
and C-A; and the B side also has a set of power supplies connected A-B, B-C, and C-A. The IT equipment 
can often be programmed to turn on the power supplies only as they are needed, which can cause 
considerable variation in the load on the UPS system. 

The major factor that makes knowing how the various IT loads draw power important is maintaining the 
required capacity on both systems, so when one system fails and the load shifts to the other system, the 
remaining system does not overload. This is discussed further in 7.4. 

4.3 Special mechanical equipment to support continuous operation 

Momentary interruption of the electrical power is a significant failure the critical load must be protected 
from. UPS and standby generators are very common for a facility with IT loads considered critical. Special 
cooling equipment is also used when there is any significant amount of IT equipment, since most 7×24 
facilities produce far more heat per room than typical commercial HVAC systems are designed to service. 
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The amount of energy consumed by the IT equipment in kilowatt hours is rejected into the computer room 
in the form of heat and must be removed in some manner. 

4.3.1 Computer room air conditioning (CRAC) units 

Computer room air conditioning (CRAC) units were first developed for mainframe computer rooms that 
required the temperature and humidity controlled within a specific tolerance. The CRAC unit, as shown in 
Figure 6, has a built-in refrigeration system and is often called CRAC DX, in which the DX is short for 
direct expansion. Direct expansion is a reference to how the unit creates cooling, by the expansion of the 
refrigerant. CRAC DX units use an air-cooled condenser, dry cooler, or cooling tower that is mounted 
outside the building to reject the heat. See 9.1 for typical systems using CRAC DX units. 

 
Figure 6 —CRAC unit 

4.3.2 Computer room air handling (CRAH) units 

Where the refrigeration/air-conditioning equipment is not internal to the equipment, the units are often 
called computer room air handling (CRAH) units. CRAH units are similar to air handling units used for 
building air conditioning systems, only packaged to fit in the computer room. Figure 7 shows the CRAH 
unit, which has fans to pull the air through the cooling coil and push it out into the data center, usually 
under a raised floor which is used as a cold air plenum. CRAH units are used with water and air-cooled 
chillers, as shown in Figure 27 through Figure 30. The temperature in the data center room is controlled by 
how much chilled water is directed through the cooling coil by the chilled water control valve. Adjustable 
speed drives are often also used to control the blower fans, to increase the energy efficiency of the cooling 
system, and to provide a finer level of control for air flow through the data center. 
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