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ABSTRACT

Steam boiler is a common primary utility that creates steam by applying heat energy to water in a close system
and poses different threats. The present study aimed to identify health, safety, and environmental hazards by
implementing Hazard Identification (HAZID) method and Analytical Network Process (ANP). Therefore, the
identified hazards were categorized and scored by HAZID method and then, prioritized using ANP. A total
number of 58 hazards were identified in 4 categories; of which, 6 hazards were weighted by the super decisions
software. According to the results, job stress and cooling system wastewater were recognized as the most and

the least important hazards, respectively.
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INTRODUCTION

Risk assessment is an essential procedure
for organizations and hazard identification is its first
step, which aids to decide preventive or reduction
actions to decrease frequency and severity of
incident consequences for proper risk management
[1-4]. The literature review showed that in some
countries, steam boilers cause high range of
accidents amongst the other equipment [5]. Frequent
accidents related to steam boilers have made them
one of the most important concerns in England,
especially because of the insurance costs of
explosions [6]. In 19th century, boiler explosions
caused a considerable amount of property damages
and mortality that forced the government to take
action [7]. Similar events happened in the U.S.,
which caused a tragic number of mortalities [8].
Steam boiler is a common primary utility, which
uses fuel to produce steam in a close system for
different purposes mostly energy production in
healthcare facilities and industries [9-11]. Shortage
of water and high pressure are failures, which can
lead to the explosion in boilers [12-14].
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Therefore, it requires both boiler operator
supervision and systematic control, particularly in
the pressurized boilers that high pressure can result
in catastrophic incidents [15]. Boiler, water level
and quality should be measured and controlled, as
the components of untreated water covers the
interior parts of boilers, which eventually lowers
their efficiency [16-18]. The variety of the
consumed fuels, such as natural gas, oil, etc., has its
own challenges [19]. The discharge of oily and
heavy metal wastewater from boilers, bio-ethanol,
polycyclic  aromatic hydrocarbons, particulate
matter, carbon dioxide, and other gas emissions
cause environmental pollution [20-24].

The importance of the task and limited
decision options not only affect boiler operators but
also cause productivity losses [25-26]. Particularly,
incidents in the steam boiler systems can be
originated from the systematic fault of safety
controls and operators’ errors [27-28]. Therefore,
boiler operators should always pay attention to
system alarms and take action, if necessary.
Consequently, operator—system interactions are
robustly a key point in this utility [10, 29]. Boiler
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operation should be monitored around the clock;
therefore, the operators work in heavy-duty shifts
[30]. Studies showed that shift work has negative
impacts on the operators’ performance and safety
[31-33]. Additionally, occupational health risks,
like high noise, are common in most boilers [34].
Considering  the possible incidents and
consequences, it is important to identify the steam
boiler hazards of each industry. This study
investigated hazards related to health, safety, and
environment that had significant roles in risk
generation.

MATERIALS AND METHODS

This study was carried out in the steam
boiler room of Farabi Hospital in October 2017.
This hospital is one of the leading, highly equipped,
and populated hospitals in Tehran City, and
provides service to the patients from all over the
country. There were three high-pressure boilers
beneath the hospital building for energy and steam
production. These boilers play an important role as
a source of energy. However, they have various
hazards, which could result in catastrophic
consequences. Therefore, this unit was selected for
analyses. Hazard is defined as physical or chemical
threats that can affect human health, property, or
environment. All possible hazards related to this
unit were identified, analyzed, and categorized
based on the literature reviews, interviews, field
studies, meetings, procedures, hospital accidents,
near misses, and risk assessment reports. HAZID
method, as an applicable short time assessment
tool, was used [35-38]. This method was conducted
by the risk assessment team members, including the
supervisor and operator of the steam boiler, as well
as the health and safety officers and HSE manager
of the hospital. All of the identified hazards were
categorized based on HAZID and ranked with
respect to the risk assessment matrix. Then, the
ANP (Analytical Network Process) method, as a
multi-criteria decision-making tool, was used to
prioritize the hazards with respect to their
importance. ANP was introduced by Satty to
improve Analytical Hierarchy Process (AHP) [39]
by making  different interrelations  and
dependencies in a network [40-41].

This method has widely been used in
different fields and medical decisions and benefits
group works to solve complicated problems [41-
42]. The network of ANP consists of different
elements, such as goal, criteria, sub-criteria, and
alternatives [43-44]. In contrast to the AHP
method, ANP can carry out multi relationship
dependencies among the elements in a network, in
which there are relations between the clusters
(outer dependencies) and between the elements of a
cluster (inner dependencies) [41, 45]. Group
decision-making is an advantage to state the
importance of elements in a network [36, 46-50].
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ANP process describes problems and then, creates
a model of all elements involved with relationships
and dependencies based on the decision maker’s
points of view. Pair-wise comparisons based on
Saaty’s fundamental scale, as shown in Table 1,
indicate the weights of the criteria and sub-criteria,
obtaining from the supermatrix. Afterward, the
measured alternatives were synthesized and
prioritized. Simultaneously, the reliability of the
results was controlled by the Consistency Ratio
(CR) of the comparisons, which should be less than
0.01 [51-60].

RESULTS

Primarily, the hazards were categorized
into four categories of health, fire and explosion,
process, and environment, using HAZID method
and totally, 11, 20, 12, and 15 hazards were
identified in each category, respectively. In the next
step, the risk assessment team ranked these hazards
using the risk assessment matrix. Table 2 shows an
example of this process. The assessment team
considered “high pressure” as a guide world
because of its great role in the boiler explosion.
Boiler high pressure and torch spark can result in
an explosion; therefore, photocell was used as a
control mechanism, which its defect scored
medium in terms of probability and severity.
Among the 12 hazards identified in this category,
only 2 hazards were scored medium and selected
for ANP analysis. According to the scores, shift
work and job stress as health hazards, photocell and
thermostat defect as process hazards, boiler blow
down and cooling system wastewater as
environmental aspects, high pressure and high
temperature as fire and explosion categories were
selected for ANP analyses. The decision-making
group of ANP shaped the structure of the ANP
network. All possible clusters and nodes were
found using the Delphi method the relations and
dependencies were obtained, and the final structure
of the problem was built in super decision software
2.4.0-RC1 version, as presented in Fig. 1.
Subsequently, the comparisons were conducted
based on the Saaty fundamental scale and by the
questionnaires originated from the super decision
software.

The  decision-making  team  (risk
assessment team) weighted the elements in groups
with respect to each criterion. As shown in the first
row of Fig. 2, boiler blow down was equally to
moderately more important than the cooling system
wastewater. The right part of the figure also depicts
the inconsistency ratio of the comparisons
(0.09723), which is less than 0.01 and shows that
all comparisons are consistent. The results were
imported to the super decision software to compute
unweighted, weighted, and limit supermatrices.
Moreover, the alternatives were prioritized and
values were obtained from the limit supermatrix,
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Table 1. Fundamental scale of the absolute numbers

Intensity of Definition Explanation
importance
1 Equal importance Two activities contribute equally to the objective
2 Weak or slight
3 Moderate importance Experignge and judgment slightly favor
one activity over another
4 Moderate plus
5 Strong importance Experignge and judgment strongly favor
one activity over another
6 Strong plus
7 Very strong or An activity is favored very strongly over
demonstrated importance another; its dominance demonstrated in practice
8 Very, very strong
9 Extreme importance The evidence favoring one activity over another
is of the highest possible order of affirmation
If the activity i has one of the above non-zero
Reciprocals numbers assigned to it when compared with the A .
L . . reasonable assumption
of above activity j, then j has the reciprocal
value when compared with i
Rationales Ratios arising from the scale It consjstency were o be forced by obtaining n
numerical values to span the matrix
Table 2. Classified operating room hazards of the process
Guide word Potential Hazards and Threats Controls Development Priority Number
Effects Phase
High pressure  Boiler explosion due to the Photocell ~ Weekly control and In operation Medium 6
spark of torch in the defect inspection phase
presence of accumulated
gas.
High Thermostat defect in the Thermosta daily control and In operation Medium 11

boiler output (responsible to t defect
alert when fuel is not

burned well) causing the

boiler to continue working,

which results in explosion

temperature

inspection phase

as shown in Table 3. The super decisions software
calculated the normal weights of job stress, shift
work, boiler blow down, photocell failure,
thermostat failure, and cooling system wastewater
alternatives respectively as 0.27, 0.20, 0.18, 0.13,
0.10, and 0.09. Among which, job stress was found
to be the most important alternative, while cooling
system wastewater was given the least priority
among all alternatives, as presented in Fig. 3.

DISCUSSION

The results of the ANP demonstrated that
job-related stress had the highest degree of
importance (0.27). Moreover, the boiler operators,
who were responsible for the maintenance of the
whole hospital, with their critical duties and work
overload, lacked the required profession for the
steam boiler. Shift work, with the degree of
importance of 0.2, could cause illness, fatigue, and
error in judgments among the boiler operators. The
wastewater from the boiler blow down and cooling
system, with importance degrees of respectively 0.18
and 0.09, is not treated by the hospital treatment
plant. The discharge, containing oil, grease, iron and
other pollutants, not only can cause environmental
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pollution but also decreases the efficiency of the
boiler. Among the assessed process failures,
photocell and thermostat were given the degrees of
importance of 0.13 and 0.1, respectively. Photocell
controls flame performance and thermostat controls
incomplete burning, so, their failure could result in
the explosion of the boiler. The boiler room is
located underground and underneath the hospital
building; therefore, if an explosion occurs, the
consequence will have a high fatality and severe
damage to the main parts or the whole structure of
the hospital.

CONCLUSION

In this study, the HAZID and ANP
methods were used to rank the operating phase
hazards of a steam boiler. The findings indicated that
not only there should be a set of proper criteria when
hiring boiler operators but also they should have
specific work scope. This reduces job stress and
leads to human error reduction. The operators’ shift
schedules need to be revised. Moreover, practical
emission reduction measures and wastewater
discharge controls should be planned to reduce the
environmental pollution.
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Fig. 1. Super decision main window: Boiler.sdmod
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Fig.2. Comparison for super decision main window: Boiler.sdmod
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Fig. 3. Priorities of alternatives for steam boiler

In addition, periodic maintenance should
be included in the system control measures. It is
recommended to place boilers separated from the
facility with proper protection arrangements to
lower the consequences of the potential incidents.
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