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Abstract

Energy is the main parameter for equipment and operating process facilities
in enterprises. Energy is a useful and profitable parameter for both industry
and human life. Energy will be harmful if maintenance or repair activities are
carried out on any workplace equipment or system without following effec-
tive and safe procedures. It can cause organizational loss, such as personal
injury, equipment damage or any damage. In this study, LOTO designs for
the control of hazardous energy in certain areas in the construction industry
are included. With the use of this technology, which has a new place in the
market, good information about single line drawing and correct application
methods can be reached.
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1. Introduction

Safety, the basic requirement of industrial activities, requires taking effective
measures to protect workers’ health, safety and welfare. Security remains the
biggest challenge in the industry despite technological advances. In industries,
thousands of electric shock accidents and hundreds of machine-related accidents
result in death each year due to unexpected operation of machinery or equip-
ment or the release of stored energy [1]. Most such accidents occur during
maintenance, service, activity, and construction [2]. These incidents not only
endanger the lives of workers, but also bring serious financial losses to compa-
nies. The potential consequences of such accidents include injury or death of
workers, increased medical expenses, loss of labor, production interruption,

equipment damage and reputational damage. Considering all these factors, it is
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seen that ensuring occupational safety and safe working environments is of crit-
ical importance. Effective implementation of occupational safety policies, worker
training, regular inspections and compliance with safe work procedures are im-
portant in reducing such incidents [3]. This has highlighted the need for indus-
tries to improve safety standards and implement hazardous energy control pro-
cedures more effectively [4].

Energy sources are evaluated in two classes as dangerous and non-hazardous.
Sources that have the potential to harm the worker, machine or the environment
are known as hazardous energy sources. Hazardous energy sources from elec-
trical, mechanical, hydraulic, pneumatic, chemical or thermal sources (Figure 1)
in machinery and equipment are the source of long-standing problems in the
industry [5] [6] [7] [8]. Non-hazardous energy sources, on the other hand, have
little or no potential to cause any harm [9]. Isolation methods are preferred to
prevent accidents caused by hazardous energy sources. Sources such as pumps,
power plants, pressure vessels, tanks and pipelines require insulation. It is ne-
cessary to follow the lockout/tagout (LOTO) system to save people’s lives during
maintenance or service activities [7] [10].

The appropriate and effective use of LOTO procedures (Figure 2) helps to
control the risk posed by potentially damaging energy sources such as machine
starting or sudden release [7]. It also includes special practices and procedures to
prevent the uncontrolled release of hazardous energy. The LOTO system in-
cludes isolating, lockout and tagout energy sources. It aims to ensure workers
have safe access to machinery and equipment and prevent unexpected energy
release or start-up situations [11] [12] [13] [14] [15].

An energy isolation device physically prevents the transmission or release of
hazardous energy. These devices include an electrical circuit breaker, a discon-
nect switch, a line valve, a block, and similar devices used to block or isolate
energy [16]. Lockout devices that hold energy isolation devices in a secure or
closed position provide physical protection to workers by preventing the opera-
tion of such devices. The preferred lockout process as the primary method is
known as placing a lock, tag or identifiable lock on the device. The main purpose
of interlocking devices used in machinery is to prevent the equipment from be-
ing energized. Designed as durable equipment, these devices have a separate
locking function. It is mounted and operated on the equipment it is used. In ad-
dition, it should be placed in a certain standard according to the equipment used
[17]. The other process, tagging, is the energization of the machine or equipment
using a tag securely attached to an energy isolation device. Suppose it is possible
to lock out an energy isolating device. In that case, employers should use lockout
devices unless they develop, document and use a labeling procedure that pro-
vides workers with a level of protection equal to that offered by a lockout device
[3] [18]. Most incidents in industry involve the inadequate, unauthorized or im-
proper use of hazardous energy control procedures, also known as LOTO pro-

cedures [16].
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Figure 2. Lockout/Tagout system.

Zero energy use should be encouraged to reduce hazards to machinery. One
of the basic principles, “Machine Safety”, states that when access to a machine is
required, people who want to enter a restricted or dangerous area must first iso-
late all energy sources and prevent their spread. The two main international
standards that provide incentives for machine safety, which has many different
steps from risk assessment to design and verification (Figure 3), are ISO 14118
and ANSI ASSE 7244.1 in the USA [5] [19]. The ISO 14118 standard contains
guidelines for ensuring the safety of machines. ANSI ASSE Z244.1 contains
guidelines on hazardous energy lockout, tagout and controls for alternative me-
thods [20] [21]. Considering the high frequency of losses as a result of the unex-
pected release of hazardous energy and related machine processes, significant
measures have been taken by employers, unions, trade associations and the gov-
ernment to reduce accidents [22]. These standards also advise on alternative
methods of locking [20] [21].

There are several other important global standards that have been discussed
and defined in relation to functional safety. These include ISO 12100, ISO EN
13849, IEC EN 61508, IEC EN 61511, IEC EN 62061 and IEC EN 61800-5-2. The
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Figure 3. Machinery-safety lifecycle [23].

focus of these standards, which set out the basic methodology for ensuring safety
in machine design, is not only on individual safety components, but also on the
overall design and operation of the system and how people interact with ma-
chines and systems. Hence the term functional safety. The process of ensuring
functional safety offers additional benefits beyond protecting workers, such as
reducing downtime and increasing productivity. Well-defined, designed and
implemented functional safety systems are important in achieving these addi-
tional benefits [23].

The Occupational Safety and Health Administration (OSHA), the American
National Standards Institute (ANSI) and other organizations have provided reg-
ulations and guidance for assessing the risk present and implementing alterna-
tive personnel protection methods to reduce the risk to a tolerable level. Al-
though organizations such as OSHA, ANSI, the National Institute for Occupa-
tional Safety and Health (NIOSH) have defined very detailed LOTO procedures,
these LOTO procedures have many manual activities [24] [25] [26] [27] [28].

The regulation governing the use of LOTO in the United States is OSHA reg-
ulation 1910.147 [29]. This standard specifies minimum performance require-
ments for the control of hazardous energy. In general, the requirements of
1910.147 apply if someone needs to disable or remove a machine guard, be near
the operating point, or make an adjustment [5] [30] [31].

According to OSHA, workers should be retrained in using new or updated
energy control methods when new energy control methods are introduced or
existing controls are changed [32]. Figure 4 includes a lockout/tagout procedure
with the following six steps [32] [33] [34] [35]:

In countries such as the USA, Canada and the UK, Social Laws mandate the
application of this technique [5]. This leads to the widespread adoption of the

Lockout-Tagout methodology in these countries. In Italy and many European
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This causes Lockout-Tagout to be more of an exception than the rule [21] [31].

LOTO compliance prevents 120 deaths and 50,000 injuries annually, with in-
juries ranging from amputations to electric shocks. LOTO applies to both af-
fected workers and authorized workers [36].

In 2022, LOTO received 505 more violations than in 2021, increasing its
number to 2175 (Figure 5). This increase in violations highlighted the inevitable
search for new solutions. There needs to be more performance to control ha-
zardous energy during the service and maintenance of machinery and equip-
ment. Solutions from safety professionals are important for these violations.
With improvements in workplace safety, these violations are expected to decrease
as employers seek training and resources to keep their workers safe [37] [38].

In industrial environments, problems are often encountered during applica-
tion. Most of these problems are usually caused by human errors and can lead to
system failures [4] [39]. In 2022, energy control procedures were the most
common violations of LOTO standards (Figure 6).

There are some exceptions where OSHA 1910.147 does not apply [16]. The
regulation, which does not cover normal operations, covers minor service and
maintenance activities. LOTO procedures are not used if they are a routine,
non-repetitive, integral part of the use of equipment for production. Alternative
control methods are used to protect equipment and workers against the unin-
tentional start-up of hazardous energy sources [40].

Prevention through design (PTD), a safety intervention concept of the term
zero energy, is one of the important methods to control occupational accidents,
illnesses and fatalities. Thanks to this method, which evaluates the workers who
make the designs or who have to work with the machines resulting from the de-
sign together, a safe and effective working environment emerges [41]. The use of
zero energy with this method has had some negative effects. Examples of these
effects are [42]:

o The perceived zero energy for all service and maintenance is not taken into
account at the concept and design stage, preventing efficient and effective
equipment designs,

o Stopping the production phase for longer than necessary,

o Consideration of conditions that cause serious injury or death to be reduced
if not reduced [43].
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Figure 5. Change in deaths due to LOTO violations between 2015 and 2022.

Energy control procedure

(written procedure required)o 1 225

-
8 %39.6
=% - -

o) Training and communication

8 853
:E %27.6
8 Periodic inspections 6 73
(=
- Application of conlirol %21 7
S (actual application
E of LOTO) 2 1 0
:‘ Protective %6.8
(o) materials
4 and
j hardware 1 33
ﬁ %4.3

Figure 6. Top 5 sections cited within the standard in 2022.

They must also prevent re-energization by using the lockout procedure. The
Tagout procedure must also be applied to establish communication. Before
starting work, a test must be carried out to ensure that the workpiece is actually
de-energized [44].

Burlet-Vienney et al [45] have designed a system with electronic card, sensors
and wireless communication that can follow lockout procedures. Thanks to this
design, which has the function of a smart tool, the steps of closure, isolation, ap-
plication of locking devices, distribution and verification can be applied in ac-
cordance with the procedure. With the method that can be controlled indepen-
dently, observation and follow-up processes can be followed smoothly. The me-
thod, which complies with the principle of risk reduction by design, facilitates
inspections and the implementation of LOTO procedures by workers and makes

the training of workers more practical.
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The impact of qualitative and quantitative probabilistic modelling on risk as-
sessment is also important in the design of systems where international stan-
dards are accepted. Designs are carried out to verify the probabilistic modelling
process in determining the level of safety integrity. In a study where functional
safety is ensured in both control and protection systems, programmable elec-
tronic systems are included [46].

Probabilistic modelling can be used to minimise accidents due to human error
and deviations in the process, focusing on problems during production [47]. It is
thought that designs in accordance with LOTO procedures can give optimal re-
sults. Analytical perspective is preferred in optimised studies. The analytical
formalism obtained by combining experimental design and genetic algorithm
realises optimal production planning. Diop ef al investigated the corrective
maintenance of LOTO implementation by sampling, which can be expressed in
quantitative terms. With a methodological approach based on the Markov chain
model, the dynamics involving continuous and discrete variables of the system
are studied.

In the construction sector, studies have been carried out on different written
programmes for LOTO studies. In a study using the jacking-out construction
method, methods of shortening the process time in line with the procedures for
the construction of transport infrastructures were sought using finite element
software [48].

As a result, despite technological advances, security issues in industries still
pose a serious threat. The correct implementation of LOTO procedures is a crit-
ical step in minimizing risks from energy sources and ensuring worker safety.
This article highlights the importance of LOTO procedures and discusses ad-
dressing the security challenges faced by industries and measures to create safer
working environments. Research and case studies show that the right training
and awareness programs enable workers to understand better and correctly im-
plement LOTO procedures. In addition, technological solutions such as auto-
matic locking systems support a more reliable and efficient implementation of
procedures.

In this paper, the design of electrical single-line diagrams in the context of
LOTO applications is presented. Single-line diagrams play a vital role in ensur-
ing the efficiency and security of the interlocking process. This comprehensive
analysis will reveal the importance of electrical single-line diagrams in LOTO
applications by providing an overview of LOTO, explaining the concept of elec-
trical single-line diagrams and highlighting their important role in LOTO pro-
cedures. Employers and workers who fully grasp the importance of electrical
single-line diagrams in LOTO applications will be better equipped to appreciate
the importance of precise and up-to-date diagrams in promoting a safe work en-
vironment.

A graphical representation, [49] known as an electrical single-line diagram,
provides a simplified overview of an electrical system [50] [51]. Diagrams are

critical for understanding and analyzing electrical systems. They provide a visual
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representation of the circuit, including key components such as distribution
boards, transformers and switches. These diagrams use standard symbols and
conventions to describe electrical components and their connections. They also
show the flow of electricity by determining the path of the current and the loca-
tion of the energy source. By studying single-line electrical schematics, engi-
neers, technicians and electricians can gain a comprehensive understanding of
electrical infrastructure. However, it can facilitate troubleshooting, maintenance
and system upgrades. Additionally, these diagrams serve as a reference for do-
cumenting and communicating electrical systems, ensuring consistency and ac-
curacy in design and construction.

In LOTO applications, it is important to identify the electrical components
and circuits involved in the locking process. Electrical single-line diagrams play
this important role by providing a visual representation of energy sources and
interconnections. Its clear visualization allows workers to identify exactly which
circuits need to be de-energized and locked out. By referring to these diagrams,
workers can identify appropriate isolation points and understand the potential
hazards associated with each course. This knowledge is critical for designing and
running an effective LOTO program, ensuring that all energy sources are prop-
erly controlled, and protecting workers from unpredictable energy [52]. Most
electrical safety incidents can be caused by one or more of the following four is-
sues. Often the cause is multiple failures rather than a single cause.

o Not cutting off the energy of the equipment

o Malfunctions associated with Lockout/Tagout procedures
o Inadequate staff training and qualifications

e Improper maintenance and operation [53]

In the United States and Canada four million workers are exposed to this type
of risk each year. So the Occupational Safety and Health Administration (OSHA)
is currently preparing a proposal for a job site lockout [21] [54] [55].

Construction activities have the highest rate among worker activities, ac-
counting for 49% of worker deaths [56]. The construction industry is responsible
for approximately 20% of work-related deaths in Canada and the United States
[17]. The scientific literature on the control of hazardous energy in the construc-
tion industry mainly focuses on the analysis of workplace accidents associated
with electrical hazards [57].

Although it is generally the most common hazard on construction sites, [54]
electricity is not the only hazard workers are exposed to during maintenance
work. For example, in the United States, “contact with objects or equipment” is
also a more important cause of death in the industry than electrical contact [58]
[59]. This category of accident is also potentially associated with an energy con-
trol issue [17].

This study examines what lockout and tagout procedures are, how they are
applied and why they are important for the safety of workers in the workplace.
In addition, the steps required for the correct implementation of these proce-

dures and their potential benefits are discussed. Studies show that lockout and
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tagout procedures play a critical role in ensuring occupational safety in the

workplace.

2. Methods

Proper LOTO requires good knowledge of single-line drawing and correct prac-
tice. A single line is complicated in complex projects such as Data Centers, Pro-
duction and Substations. Because there is not only a single source but also mul-
tiple redundant sources. These are also very intense. Therefore, single-line read-
ing is very important. Some examples will be presented in this study.

Facility Maintenance (FacOps) and the construction industry are completely
different in terms of LOTO implementation. If a LOTO is performed in an op-
erating facility, all direct upstream feeders of the desired equipment need to be
locked. However, this is not practical and is only sometimes applied when it
comes to a construction site. It makes the Construction LOTO more compli-
cated, as a locked group will be executed on a daily basis and an area will be
locked instead of a single unit. Once you have an idea of how a LOTO setup
should be and the procedure, it will be illustrated to explain it in a better way.

The study will only repeat some of the rules and regulations of the OSHA
1910.147 standard. However, the electrical single line, potential sources and ha-

zards will be de-scribed in this article.

2.1. Important Factors of LOTO

The sequence of procedures for locking out the equipment is as follows:

a) Identification of equipment parts to be isolated from energy sources.

b) Identification of resources,

The projects have three electricity types of sources: utility lines, Generator and
UPS. UPSs are sent to the field as pre-charged.

c) However, power factors also come to the fore. There are two types of pow-
er, main power and control power. The control power can be a control power of
large-scale electrical equipment in addition to the main power, and this hazard
must also be controlled.

d) Inspecting a single line, this step requires good electrical knowledge and
good experience.

e) Resources will be isolated from the work area and a safe environment will
be created.

Figures 7-10 shows a single line drawing of a typical Data Centre. This draw-
ing represents only a part of the facility. Table 1 gives the information of the
units in the data center.

Figure 7 shows the starting part of the application to be used in the facility. In
the system that starts with MSG-A and MSG-E units, which are Main Switch
Gear, when the locking process takes place, the use of all systems connected to
MSG-6A and MSG-6B units can be restricted from a single location.

The system is followed by the control power in Figure 8. The control power

can be directed from control panelboards (CPs).
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Table 1. Data given in single-line diagrams.

Unit Voltage Description
MSG-A 13.2 KV Main Switch Gear
MSG-E 13.2KV Main Switch Gear
MSG-6A 13.2 KV Main Switch Gear
MSG-6B 13.2 KV Main Switch Gear
MVS-XX 13.2 KV Medium Voltage Switch
OD 480/277 V Overhead Door
PTX-XX 13.2 KV/480/277 V Power Transformer
MSB-XX 480/277 V Main Switch Board
HMD-XX 480/277 V House Mechanical Distribution
STC-XX 480/277 V Static Transfer Cabinet
ATS-XX 480/277 V Automatic Transfer Switch
H-XX/XX 480/277 V House Panel
T-XX/XX 480/208/120 V Transformer (also known as TFMR)
T-XX/XX 480/480/277 V Transformer (also known as TEMR)
ELTG-XX 480/277 V Emergency Lighting Panel
LTG-XX 480/277 V Lighting Panel (normal power)
L-XX 208/120 V Misc. Power Load Panels
CP-XX 208/120 V Control Power Panels
CPP-XX 480V Camlock Power Panel (Data Halls only)
HCP-XX 230/400 V ER IDF Receptacle Power Panels
SPD Surge Protection Device
MSG-6A MSG-/ MS vTB
‘ {“mvsci | [Tmvsca |
MV5-D1 MV5-D2
[ VSN [MvSRE e
s LTV E 1) In—
MVS-AT ¥ MVS-A2
CONTINUED

Figure 7. Typical data center single line drawing.
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Figure 8. Single line drawing of only part of the data center.

In Figure 9, where the Main Switch Boards powered by the Power Transfor-
mer are located, the system is connected to MSB-04 and MSB-05 boards. A me-
chanical power distribution is realised to the system with HMD-04 and HMD-05
which are Distribution.

In order to use the LOTO application without complicating it, it is very im-
portant to design the system appropriately. The end point of the single-line dia-
gram, which ensures that all units are in harmony with each other and the lock-
ing points are easily determined, is given in Figure 10. Designing the Main
Switch Gear and Control Power Panels, which must be locked before they are
energized, in accordance with the procedure makes it easy to perform the opera-

tions correctly and sequentially during the locking process.

2.2.LOTO Shows

Figure 11 includes some demonstrations to understand better how LOTO
works. This design has two sources, power lines and generators. These units
must be locked at the start of the project before they can be energized. When
energizing starts, the locks will move downwards and the locking will be more
complex. This drawing does not include the UPS. It should be noted that the
UPS is also another source and should be locked together with the mains and
generator, if any. We will see the difference between locking a working facility
and construction for the same installation.

Equipment parts in the project:

1) MVS Medium Voltage Switch PTX Power Transformer GEN Generator

2) MSB Main Board

3) SB Switchboard CB Circuit Breaker SF Supply Fan

Our scenario is to isolate SB 2.
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Figure 9. Single line drawing of only part of the data center.
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Figure 10. Single line drawing of only part of the data center.
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Figure 11. Design of units in which the principle of operation of the LOTO system is

demonstrated.
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a) The first event takes place in a working facility. As we mentioned earlier, it
is much easier to lock a functional facility than an active construction site. The
solution will be as in Figure 12. The first step is to lock the feeder of the CB 12
unit at MSB 1. That is why the lock is built into the breaker. There is no backup
power or loop on the feeder side. In this way, it is safe. The second step is to re-
view the downstream of the unit. This is to see if there is another loop or feed-
back option. SB3 is in a loop with SB 2. Therefore, the CB 20 needs to be locked.
This operation took place during the working process. The control power also
needs to be reviewed and locked out, if any. As we can see lockout in a working
facility, you only have to look upstream and downstream. Here it is easy to lock
the system. Two locks need to be placed. Moreover, the unit can be isolated from
the energy source.

b) The same scenario will be applied on a construction site. CB 12 in MSB 1
could be locked and the same safe state could be achieved. However, it is not
practical to lock each unit individually on construction sites. On construction
sites, LOTO boxes to be set up by authorized LOTO Managers, tradesmen lock it
at the start of the shift, and remove the locks at the end of the shift. This is a
common practice on construction sites. Therefore, the purpose of construction
sites is not to isolate one unit but to isolate multiple units. However, it must fol-
low the order of energizing.

In this example, the MVSs will be energized first and then all sub-units will be
energized, as part of a realistic scenario at a construction site. The assumption is
that the MVSs are already energized and the energizing path is PTXs, MSBs, SBs
and SFs. That is, the LOTO box can be designed as in Figure 13. This system
will work as intended.

However, if the loops are missing, they will not work in the future and will not
endanger workers. The best practice is to deal with loops at the beginning and
keep them locked up almost until the end of the project. A project aims to
energize all equipment and backup power that is initially optional. The best
locking should be as in Figure 14.

A more explanation is needed as to why this LOTO setup is better than the
previous one. All redundant resources and loops are locked. Additional locks are
CB 3, 6,9, 18, 19 20, 21 and finally 25. All equipment in the drawing can still be
energized when needed. It does not prevent energizing.

After that, it is passed to the energizing plan. The plan is to energize MSB 3.
Note that all MVSs are pre-energized. All that needs to be done is to turn off
SWITCH 3 and unlock it. Moreover, the new downstream, CB 15 and CB 16,
must be locked. Also, CB 8 needs to be locked due to generator feedback. The

drawing will be as in Figure 15 below. Areas shaded in red are energized units.

3. Results & Conclusions

The visualization of electrical power systems focuses on single-line diagrams
with simplified logical descriptions of circuit connections and components. Such

diagrams support the review, analysis and presentation of power system data.
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Figure 12. Design of units in which the principle of operation of the LOTO system is demon-

strated.
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Figure 13. LOTO box design.
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Figure 14. Locking system.
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Figure 15. Design of units in which the principle of operation of the LOTO system is demon-
strated.

It is necessary to eliminate as many things as possible before energization.
This is because it pre-locks the redundant powers of the loops where they can be
handled during energizing. Some projects must be dealt with thousands of
equipment on construction sites. In this study, the designs prepared for a certain
part of the projects are included. Missing one of the loops, redundant power,
another downstream or feedback source present in the designs creates a hazard
to workers and the facility may experience an incident.

Lack of knowledge about single-line drawing causes incidents. This is basically
a human error. Advanced computer software is being utilized to fix human mis-
takes and they work well.

Basically, after entering an electrical single line drawing as data into the soft-
ware, the software will tell users how many locks and where they should be ap-
plied. Human error is eliminated if the single line is entered correctly into the
software. This technology has just started to be implemented in the industry.
And it is expected to reduce cases. Human abilities are limited, but barriers are

being overcome using computer science. LOTO designs are one of these areas.
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