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Several international standards and regulations specify the practices and procedures necessary to remove the supply of energy and to
disable machinery or equipment, thereby preventing the release of hazardous energy while employees perform servicing and
maintenance activities. Among them, LockOut-TagOut (LOTO) is a common safety procedure used in industry to ensure that
dangerous machineries are properly shut off and not able to be started up again prior to the completion of service or maintenance.
Also, the essential health and safety requirement 1.6.3 of the Machinery Directive 2006/42/EC reports provisions about the isolation of
energy sources.

Despite all these documents address requirements to prevent unexpected machine start-ups to allow safe human interventions in
hazardous zones, serious accidents continue to occur due to lapses and errors during these activities. Owing to these considerations,
this paper compares standards and regulations dealing with unexpected machine start-ups and LOTO applications, discussing their
strengths, weaknesses, and opportunities for improvements and making a comparison among the most relevant provisions. The aim is
to critically discuss the most crucial requirements that users must follow when employees could be exposed to hazardous energy while
servicing and maintaining equipment and machineries.

Keywords: Lockout, Tagout, safety, hazardous energy, unexpected start-up, standards and regulations

1. Introduction

In the last few years, the use of automation equipment
has increased to secure production efficiency and
reduce labor costs by changes in the working
environment, under the impact of the 4th industrial
revolution (Badri et al., 2018). Since the normal
operation of the machine is essential for smooth and
effective production, non-routine work, including
maintenance, inspection, and repair work, has become
essential, but serious injuries and accidental deaths due
to unexpected startup or release of stored energy have
occurred frequently during this series of operations.

In order to safeguard employees from the unexpected
release of hazardous energy or energization from
equipment during service or maintenance activities,

several international standards and regulations specify
the practices and procedures necessary to remove the
supply of energy and to disable machinery or equipment
(OSHA 3120, 2002; ANSI/ASSE Z244.1, 2016; EN
ISO 14118, 2018; EN 60204-1-2018).

Among them, Lock-Out/Tag-Out (LOTO) (OSHA
3120, 2002) is a common safety procedure used in
industry to ensure that dangerous machineries are
properly shut off and not able to be started up again
prior to the completion of service or maintenance
(ANSI/ASSE 7244.1, 2016; OSHA 3120, 2002). Also,
the essential health and safety requirement 1.6.3 of the
Machinery Directive 2006/42/EC (Directive, 2006)
reports provisions about the isolation of energy sources.
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Despite all these documents address requirements to
prevent unexpected machine start-ups to allow safe
human interventions in danger zones, serious accidents
continue to occur due to lapses and errors during these
activities. Employees servicing or maintaining machines
or equipment may be exposed to serious physical harm
or death if hazardous energy is not properly controlled.
By a way of example, LOTO procedure was one of the
most violated in the Fiscal Year 2020, with up to 10%
of industrial safety incidents related to failure to
properly lockout equipment (OSHA, 2020). Compliance
with the LOTO standard prevents an estimated 120
fatalities and 50,000 injuries each year. Workers injured
on the job from exposure to hazardous energy lose an
average of 24 workdays for recuperation.

Owing to these considerations, this paper compares
standards and regulations dealing with unexpected
machine start-ups and LOTO applications, discussing
their strengths, weaknesses, and opportunities for
improvements and making a comparison among the
most relevant provisions. What emerges is that
standards and regulations discuss different requirements
dealing with unexpected machine start-ups and,
consequently, these discrepancies justify the need for a
framework able to critically compare them, highlighting
both strengths and weaknesses. The aim is to critically
discuss the most crucial requirements that users must
follow when employees could be exposed to hazardous
energy while servicing and maintaining equipment and
machinery.

The remainder of this paper is organized as follows. In
order to compare standards and regulations dealing with
unexpected machine start-ups and LOTO practices and
procedures, each following section is the answer to a
specific question involving the most crucial
requirements dealing with the control of hazardous
energy sources. Finally, Appendix A summarizes the
key terms and the definition used in this manuscript to
increase its readability and comprehension.

2. What are the main international standards and
regulations for the control of hazardous energy
sources?

Several international standards and regulations deal
with unexpected machine start-ups and LOTO practices
and procedures, thereby preventing the release of
hazardous energy while employees perform servicing
and maintenance activities, where the unexpected
startup or release of stored energy can result in serious
injuries or death to workers.

ISO 14118 (2017) specifies requirements for designed-
in means aimed at preventing unexpected machine start-
ups to allow safe human interventions in danger zones.
This document applies to unexpected start-ups from all
types of energy sources, i.e. power supply, e.g.
electrical, hydraulic, pneumatic; stored energy due to,
e.g. gravity, compressed springs; external influences,
e.g. from the wind. The standard has been harmonized
for the Machinery Directive 2006/42/EC (Directive,
2006). In this regard, the essential health and safety

requirement 1.6.3 of the Machinery Directive
2006/42/EC (Directive, 2006) reports provisions about
the isolation of energy sources and requires that all the
power supply sources a machine is equipped with are
isolable so that interventions can be carried out in safe
conditions.

An additional standard, EN 60204-1 (2018), which
provides requirements and recommendations relating to
the electrical equipment of machines, specifies the
requirements of devices for removal of power for
prevention of unexpected start-up, where a start-up of
the machine or part of the machine can create a hazard.
This standard will be presented in Section 6, where the
energy-isolating devices are discussed.

In the United States, the ANSI/ASSE Z244.1 (2016)
and the OSHA 3120 (2002) establish the minimum
requirements for the control of hazardous energies.

The ANSI/ASSE Z244.1 (2016) establishes guidelines
for the control of hazardous energy associated with
machinery, equipment, or processes that could harm the
personnel. Specifically, it does this by establishing
lockout (primary method), tagout, or alternative
methods to control hazardous energy. It applies to many
activities, including erecting, installing, constructing,
repairing, adjusting, inspecting, unjamming, set up,
testing,  troubleshooting,  cleaning,  dismantling,
servicing, and maintaining machines, equipment, or
processes. At the core of this standard are hoth the user
and the supplier of the machinery, and the interaction
between them. The supplier, who is responsible for
designing, building, integrating, and installing
machines, equipment, or processes, should incorporate
all applicable provisions of this standard into their
products so that the user can assure compliance through
the establishment of a protection program.

ANSI/ASSE 7244.1 (2016) became the inspiration for
the OSHA regulation of 1989 requiring users to put
procedures in place to protect their workers by fully
isolating machinery from the energy sources that drive
them. OSHA 3120 (2002) addresses the practices and
procedures necessary to disable machinery or
equipment, thereby preventing the release of hazardous
energy while employees perform servicing and
maintenance activities. The standard outlines measures
for controlling hazardous energies - electrical,
mechanical, hydraulic, pneumatic, chemical, thermal,
and other energy sources.

Table 1 resumes the scope and the fields of application
of the main international standards and regulations for
the control of hazardous energy sources.
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Table 1. Scope
sources.

and fields of application of the main international standards and regulations for the control of hazardous energy

OSHA 3120 (2002) ANSI/ASSE Z244.1 (2016) 1SO 14118 (2018)
This standard establishes
requirements for the control of
. i hazardous energy associated with . o
This standard addresses the practices | machines, equipment, or processes This document specifies
and procedures necessary to disable | that could cause harm to personnel. | requirements for designed-in means
Scope machinery or equipment, thereby . aimed at preventing unexpected
p preventing the release of hazardous The standard specifies the use of machine start-ups to allow safe
energy while employees perform lockout (primary method), tagout, or human interventions in danger
servicing and maintenance activities. alternative methods to control zones.
hazardous energy associated with
machines, equipment, or processes
that could cause harm to personnel.
Activities such as erecting,
. . installing, constructing, repairing, Unexpected start-_up from all types
All sources of energy, including, but L ] . - of energy source, i.e. power supply,
The not limited to: mechanical adjusting, inspecting, unjamming, e.g. electrical, hydraulic, pneumatic;
standard lectrical. hydr ) lic. oneum t set up, testing, troubleshooting, ) t. red ener ' due t ’ ravit ’
applies to electrical, hydraulic, pneumatic, cleaning, dismantling, servicing, and | Stored enerdy due to, &.9. gravity,
chemical, and thermal energy. P : : compressed springs; external
maintaining machines, equipment, or influences, e.g. from the wind
processes. e '
Work on cord and plug connected
electric equipment for which
electricity is the single source of This document does not specify
Electrical hazards from work on, energy. . perf_ornlwancle Ifevelsfor safelty d
near, or with conductors or Hot tap operations involving integrity e}le S orlsa ety-relate
The equipment in electric utilization transmission and distribution parts of control systems.
standard (premise wiring) installations. systems for substances such as gas, While available means to prevent
does not Agricul . d steam, water, or petroleum products unexpected start-ups are identified,
apply to griculture, construction, an when they are performed on this document does not specify the
maritime industries or oil and gas . A -
- S pressurized pipelines. means for the prevention of
well drilling and servicing. -
Standard passenger vehicles, unexpected _m_aC“'"e start-ups for
personal pleasure boats, private specific machines.
aircraft, or recreational/sport-type
vehicles.

3. What is “Lockout/Tagout™?

LOTO is simply an acronym defined in ANSI/ASSE
7244.1 (2016) where Lockout means “The placing of a
lock and tag or an identifiable lock on the energy-
isolating device”, while Tagout “A means to prevent the
inadvertent re-energization of machinery or equipment
using a tag securely fastened to an energy-isolating
device”. Lockout devices hold energy-isolation devices
in a safe or “off” position and protect by preventing
machines or equipment from becoming energized
because they are positive restraints that no one can
remove without a key or other unlocking mechanism, or
through extraordinary means, such as bolt cutters.
Tagout devices, by contrast, are prominent warning
devices that an authorized employee fastens to energy-
isolating devices to warn employees not to reenergize
the machine while he services or maintains it. Tagout
devices are easier to remove and, by themselves,
provide employees with less protection than do lockout
devices.

LOTO refers to specific practices and procedures to
safeguard employees from the unexpected energization
or startup of machinery and equipment, or the release of
hazardous energy during service or maintenance
activities (Karimi et al., 2018; Illankoon et al., 2019).
This requires that a designated individual turns off and
disconnects the machinery or equipment from its energy
source(s) before performing service or maintenance and
that the authorized employee(s) either lock or tag the
energy-isolating device(s) to prevent the release of
hazardous energy and take steps to verify that the
energy has been isolated effectively. If the potential
exists for the release of hazardous stored energy or the
re-accumulation of stored energy to a hazardous level,
the user must ensure that the employee(s) take steps to
prevent injury that may result from the release of the
stored energy.

4. What must an energy-control procedure include?

An important element of the overall hazardous energy
control program is the development of procedures. Each

2408



Proceedings of the 31st European Safety and Reliability Conference 2409

unique machine, equipment, or process shall have
specific procedures developed and documented for the
control of hazardous energy during work activities.
Table 2 summarizes the steps for effective isolation, de-
energization, and verification of the machine,

equipment, or  process
standards/regulations.

prescribed by  the

Table 2. Steps to be followed for effective isolation, de-energization, and verification of the machine, equipment, or process.

OSHA 3120 (2002)
1. Prepare for shutdown

ANSI/ASSE Z244.1 (2016)
1. Employees authorized to lockout or 1.

1SO 14118 (2018)
Isolating disconnecting, separating)

. Shut down the machine

. Disconnect or isolate the machine
from the energy source(s)

. Apply the lockout or tagout device(s)
to the energy-isolating device(s)

. Release, restrain, or otherwise render
safe all potentially hazardous stored or
residual energy. If a possibility exists
for reaccumulation of hazardous
energy, regularly verify during the
service and maintenance that such
energy has not reaccumulated to
hazardous levels

. Verify the isolation and de-
energization of the machine

tagout equipment shall identify the
type and magnitude of the energy to
be controlled, all-hazards (including
stored energy), and the method or
means of controlling the energy. They
shall also notify all affected persons in
the area that the equipment will be
locked or tagged out

. The equipment shall be shut down by

following established shutdown
procedures

. Use of disconnect switches, line

valves, blocks, blinds, removal of
spools and capping of lines, etc. shall
be used

. Locks or tags shall be applied to the

isolation device. Each employee
working on the equipment shall be
responsible for attaching their locks
without exception

. After applying locks or tags to the

energy isolation devices, all
potentially hazardous stored or
residual energy must be relieved,
blocked, bled, restrained or rendered
safe

. Before starting work, after isolation

and locking or tagging energy
sources, turn on (try) all start buttons
and other activating controls on the
equipment to make sure the
equipment has been de-energized. Be
sure to return all controls to the off or
neutral position after trying to start

. Prior to restoring energy to the

equipment, remove all tools, ensure
all affected employees are clear and
informed that energy to the equipment
will be restored and guards are in
place. Then all locks or tags can be
removed and energy restored

the machine (or defined parts of the
machine) from all power supplies

. Locking (or otherwise securing), if

necessary (for instance, when the
operator is not able, from every
location he may be at, to check that
the power supply remains
interrupted), all the isolating units in
the “isolated” position

. Dissipating or restraining (containing)

any stored energy which may give
rise to a hazard

. Verifying by using a safe working

procedure (e.g. by measuring) that the
actions taken according to 1), 2) and
3) have produced the desired effect

The energy-control procedures outline the scope,
purpose, and techniques that employees will use to
control hazardous energy sources, as well as the means
that will be used to enforce compliance. These
procedures shall be posted at or near the point of use, or
otherwise readily available for authorized persons to
review and use.

According to OSHA 3120 (2002), users are required to
review their procedures at least once a year to ensure

that they provide adequate worker protection. As part of
the review, users must correct any deviations and
inadequacies identified in the energy-control procedure
or its application. Differently, ANSI/ASSE Z244.1
(2016) specifies that the users shall periodically assess
the condition and effectiveness of each of the elements
of the hazardous energy control program. The
assessment shall include, as a minimum, the written
program, specific machine, equipment, process
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procedures, lockout or tagout hardware, hazardous
energy-isolating devices, and communication and
training.

5. What do employees need to know?

According to OSHA 3120 (2002), employees need to be
trained to ensure that they know, understand, and follow
the applicable provisions of the hazardous energy
control procedures. The training must cover at least
three areas: (i) aspects of the user’s energy control
program; (ii) elements of the energy control procedure
relevant to the employee’s duties or assignment; (iii)
and the various requirements of the OSHA standards
related to LOTO.

ANSI/ASSE Z244.1 (2016) specifies communication
and training requirements for involved personnel. The
user shall provide initial training or instruction that will
ensure that all authorized and affected persons
understand the purpose and function of the hazardous
energy control program. Training or instruction shall be
completed for all newly hired and reassigned personnel
before exposure to related hazardous energy sources
occurs. Training shall be such that all authorized
persons have an understanding that is appropriate for
the level of hazard exposure they encounter. Re-training
shall be provided annually to re-establish employee
proficiency with control methods and procedures.

ISO 14118 (2018) does not specify documentation,
regulatory requirements and input that must be included
in a training program.

6. What about energy-isolating devices?

OSHA 3120 (2002) specifies putting appropriate
lockout or tagout devices on the energy-isolating
devices to prevent unexpected re-energization. Lockout
devices may be used for equipment that can be locked
out, while tagout devices may be used in place of
lockout devices only if the tagout program provides
employee protection equivalent to that provided through
a lockout program. OSHA 3120 (2002) underlines that
it is extremely important that all employees respect
lockout and tagout devices and that only the person(s)
who applied these devices remove them.

ANSI/ASSE Z244.1 (2016) recommends that machines,
equipment, and processes shall be designed,
manufactured, supplied, and installed with energy-
isolating devices. Devices shall be capable of
controlling or dissipating hazardous energy, or both.
The devices should be an integral part of the machine,
equipment, or process. When these devices are not
integral to the machine, equipment, or process, the
supplier shall include recommendations for the type and
location of energy-isolating devices in the installation
instructions.  Energy-isolating  devices shall be
accessible and, where practicable, be conveniently
located to facilitate the application of isolating devices
during necessary tasks.

According to ISO 14118 (2018) devices shall (i) ensure
a reliable disconnection or separation from the energy
source; (ii) have a reliable mechanical link between the

manual control and the isolating element(s); (iii) be
equipped with clear and unambiguous identification of
the state of the isolation device which corresponds to
each position of its manual control (actuator).

Finally, the EN 60204-1 (2018) specifies that devices
for removal of power for the prevention of unexpected
start-up shall be provided where a start-up of the
machine or part of the machine can create a hazard.
Devices shall be appropriate and convenient for the
intended use, be suitably placed, and readily identifiable
as to their function and purpose. Where their function
and purpose are not otherwise obvious (e.g. by their
location) these devices shall be marked to indicate the
extent of removal of power.

7. Discussion and Conclusions

Several international standards and regulations establish
minimum performance requirements for controlling
hazardous energy. Table 3 compares the most relevant
features of standards and regulations analyzed,
summarizing how they deal (or not deal) with the
requirements that users must follow when employees
could be exposed to hazardous energy while servicing
and maintaining equipment and machineries.

All of them specify energy-control procedures to ensure
that employees isolate machines from their energy
sources before service or maintain them. According to
OSHA 3120 (2002) and ANSI/ASSE Z244.1 (2016),
employees need to be trained to ensure that they know,
understand, and follow the applicable provisions of the
hazardous energy control procedures.

An important element of the overall hazardous energy
control program is the development of procedures for
removing the energy supply from machines, which must
outline the purpose, authorization, rules, and techniques
that employees will use to control hazardous energy
sources, as well as the means that will be used to
enforce compliance.

What emerges from the technical comparison performed
in this manuscript is that the procedures must at least
contain the following information:

e A statement on how to use the procedures

e Specific procedural steps to shut down, isolate,
block, and secure machines

e Specific steps designating the safe placement,
removal, and transfer of (LOTO) devices and
identifying who has responsibility for the (LOTO)
devices

e Specific requirements for testing machines to
determine and verify the effectiveness of (LOTO)
devices, and other energy-control measures

According to OSHA 3120 (2002), users are required to
review their procedures at least once a year to ensure
that they provide adequate worker protection. As part of
the review, users must correct any deviations and
inadequacies identified in the energy-control procedure
or its application. Even, ANSI/ASSE Z244.1 (2016)
specifies that users shall periodically assess the

2410



Proceedings of the 31st European Safety and Reliability Conference 2411

condition and effectiveness of each of the elements of
the hazardous energy control program. ISO 14118
(2018) does not specify anything about the process and
the timeframe to perform a review of an energy-control
procedure.

Finally, all the documents analyzed specify appropriate
requirements and prescriptions on the energy-isolating
devices to prevent unexpected re-energization.

To further exploit the potential of the proposed
framework, future research may undertake a twofold

path: (i) an additional comparison with standards and
regulations implemented in other countries, discussing
their similarities and differences, and (ii) collecting
energy-control procedures of different industrial sectors
to investigate whether they satisfy the requirements of
the standards to safeguard employees from the
unexpected energization or start-ups of machineries and
equipment.

Table 3. Most relevant requirements of standards and regulations analyzed.

OSHA 3120
(2002)

ANSI/ASSE 7244.1
(2016)

1SO 14118
(2018)

EN 60204-1
(2018)

Energy-control
procedure

Energy-control procedure outlines the scope, purpose, and techniques that
employees will use to control hazardous energy sources, as well as the means
that will be used to enforce compliance

Not Applicable

Review process of
energy-control

Users are required to
review their procedures
at least once a year to
ensure that they provide

Users shall periodically

assess the condition and

effectiveness of each of
the elements of the

It does not specify
anything about the
process and the
timeframe to review an

Not Applicable

communication

and follow the
applicable provisions of
the hazardous energy
control procedures

authorized and affected
persons understand the
purpose and function of
the hazardous energy
control program

rocedure

P adequate v_vorker hazardous energy energy-control

protection control program procedure
The user shall provide
Employees need to be initial training or .
trained to ensure that instruction that will It ddoocisn:‘;’;t;fﬁfr:fy

- they know, understand, ’

Training and Y ensure that all regulatory

requirements, and input
that must be included in
a training program

Not Applicable

Energy-isolating
devices

Appropriate lockout or
tagout devices must be
put on the energy-
isolating devices to
prevent unexpected re-
energization

Machines, equipment,
and processes shall be
designed, manufactured,
supplied, and installed
with energy-isolating
devices

Devices shall be used
where it is expected that
the restoration or start-
up after the energy
dissipation or
interruption could lead
to unexpected

Devices for removal of
power for the
prevention of

unexpected start-up
shall be provided where
a start-up of the
machine or part of the
machine can create a

movements

hazard

Acknowledgment

The authors wish to thank the Istituto Nazionale
Assicurazione Infortuni  sul Lavoro (INAIL) (ltaly)
(www.inail.it) for its financial support of the project
SENERGY “Smart de-energization of machinery assemblies
with wearable RFID devices” through the fund “Bando BRIiC.
Bando Ricerche in Collaborazione (BRIiC — 2019) — Piano
Attivita di Ricerca 2019-2021".

Appendix A

De-Energized. Disconnected from all energy sources and not
containing residual or stored energy.

Energized. Connected to an energy source or containing
residual or stored energy.

Energy-isolating device. A mechanical device that physically
prevents the transmission or release of energy, including but
not limited to the following: a manually operated electrical
circuit breaker; a disconnect switch; a manually operated
switch by which the conductors of a circuit can be
disconnected from all ungrounded supply conductors, and in
addition, no pole can be operated independently; a line valve;
a block; and any similar device used to block or isolate
energy. Push buttons, selector switches, and other control
circuit type devices are not energy-isolating devices.

Lockout device. A device that uses a positive means such as a
lock, either key or combination type, to hold an energy-
isolating device in the safe position and prevent the energizing
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of a machine or equipment. Included are blank flanges and
bolted slip blinds.

Servicing/Maintenance. Workplace activities such as
constructing, installing, setting up, adjusting, inspecting,
modifying, and maintaining, and/or servicing machines or
equipment. These activities include lubrication, cleaning or
unjamming of machines or equipment, and making
adjustments to tool changes where the employee may be
exposed to the unexpected energization or start-up of the
equipment or release of hazardous energy.

Start-up - Machine start-up. Change from rest to motion or
switch-on of a machine or one of its parts.

Tagout device. A prominent warning device, such as a tag and
a means of attachment, which can be securely fastened to an
energy-isolating device following an established procedure, to
indicate that the energy-isolating device and the equipment
being controlled may not be operated until the tagout device is
removed.
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