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Abstract

Background and aims: Lighting of escape routes is crucial in emergency
evacuations, as it provides the necessary illumination for safe and rapid
evacuation. The aim of the present study is to assess lighting conditions in
emergency evacuations before and after interventions

Methods: This interventional study was conducted on the emergency lighting
system of the control unit of a power plant. First, the study assessed emergency
lighting levels, individuals' evacuation speed, visibility of signs along the escape
route, and the ability to identify escape routes. These factors were evaluated
during a simulated electrical system failure scenario using recorded movement
speeds from night vision cameras and a designed checklist.

Next, necessary interventions, including the installation of fluorescent tapes,
were implemented in the emergency exit routes. Finally, a reassessment was
conducted two weeks after the intervention.

Results: The results indicated a significant difference in evacuation time before
and after the intervention. The post-intervention evacuation time showed a
significant decrease (P-value < 0.0001). The mean evacuation time decreased
from 38.8 + 10.4 seconds before the corrective action to 27.7 + 8.66 seconds
after the intervention.

Additionally, a significant improvement in the assessment of the escape route
was observed between pre- and post-intervention. The mean assessment score
of the routes increased from 18.6 + 1.56 before the intervention to 22.5 + 2.1
after the corrective action. The mean illumination intensity of the escape route
pre- and post-intervention was 5.52 + 2.02 and 19.90 £ 2.47, respectively.

Conclusion: The findings of this study indicate that modifications to the design
of exit routes, including the installation of fluorescent tapes and exit signs, can
enhance individuals' ability to locate and use escape routes effectively. Moreover,
the proper design of emergency exit routes can help reduce congestion and
alleviate stress in critical situations. The results also demonstrated individuals’
satisfaction with the improved ability to quickly and easily find the exit route
following the implementation of appropriate emergency exit route designs.
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EXTENDED ABSTRACT

INTRODUCTION

Natural or man-made disasters and emergencies
can occur in industrial environments and workplaces
at any time. Establishing emergency response
protocols, determining safe assembly areas, and
ensuring standardized emergency exit routes play
a crucial role in saving lives, facilitating the rapid
evacuation of employees, and minimizing human
casualties.

Proper lighting of Emergency Exit Routes (EERs)
enables the quick and safe evacuation of a building.
Additionally, designing and installing emergency exit
signs and markers in accordance with standards such
as ISO 3864-1, ISO 3864-4, and EN ISO 7010 along
EERs is essential for ensuring the safety and well-
being of individuals during evacuation. The lighting
and accessibility of EERs also influence the emotional
and psychological state of individuals as they evacuate
hazardous areas to safe locations. EERs must be
designed to enable the fastest possible evacuation
while minimizing injuries and fatalities.

Findings from studies indicate that reducing
emergency lighting levels within a building can
impair individuals’ performance, resulting in slower
movement, increased doubt and hesitation, and
heightened secondary risks. Some studies have also
demonstrated that various factors—such as education
level, work experience, work duration, types of safety
signs, and the background color of safety signs—
affect individuals’ perception of safety signs during
emergency evacuations.

The aim of this study is to assess the emergency
lighting and safety signs in a combined-cycle power
plant before and after the intervention. The considered
intervention is redesigning the EER.

METHODOLOGY

The present interventional study was designed
in 11 stages and 3 phases at a combined-cycle power
plant in Tehran, Iran.

Phase one of the study involved identifying the
building structure, selecting the target population,
determining existing lighting systems, and assessing
factors affecting emergency evacuation (individual
and physical factors). An evaluation of general
and EER lighting was also carried out at this stage.
Lighting measurements were conducted using a Lux
meter model Hanger Screen Master at a height of 75
centimeters above the ground.

Phase two of the study included preparing
evaluation equipment (installing night vision cameras
in the EER) and conducting a simulation of the initial
emergency evacuation exercise based on an incident
scenario involving the target group. The target group
consisted of all power plant employees. Required data
were collected using a designed checklist.

Phase three of the study involved implementing
interventions and conducting the second simulation
exercise. The intervention included redesigning and
modifying the EER in accordance with the standards
ISO 3864-1, ISO 3864-4, EN ISO 7010, EN IEC
60598-2-1:2021, and NFPA 101. It also included
installing photoluminescent tapes along the EER and
on all stairs along the route to improve step visibility.
Additionally, luminous signs related to emergency
evacuation were installed, and any obstacles along the
EER were removed. Photoluminescent tapes have the
ability to absorb natural and artificial light and reflect
it when no lighting is available.

After three weeks of intervention and compliance
with the necessary standards, the second emergency
evacuation simulation exercise was conducted based
on an incident scenario involving the target group.
Data for the second exercise were also collected using
a checklist.

Both emergency evacuation simulation exercises
were conducted without prior coordination or
informing the target group. The same group
participated in both the first and second simulation
exercises. Statistical analysis was performed using
SPSS 26 software, employing statistical tests such
as the paired-sample t-test, Kolmogorov-Smirnov
test, Wilcoxon test, and independent samples t-test.
The independent variables examined in this study
included artificial lighting, emergency lighting,
and natural lighting, while the dependent variables
included understanding of exit signs, evacuation time,
and ease of access. The level of statistical significance
in this study was set at 0.05 (P-value < 0.05).

RESULTS

Participants in this study included all control
room and power plant operating technicians from the
two main shifts, all of whom were male, totaling 23
individuals. The mean and standard deviation of their
demographic characteristics were as follows: age, 35.2
+ 2.85 years; height, 179.1 * 1.59 centimeters; weight,
73.1 = 1.78 kilograms; and body mass index, 25.9 +
9.42. Seventeen individuals (74%) had normal vision,
while six individuals (26%) wore glasses—half for
distance vision and half for near-sightedness. No color
vision problems were reported among the participants.

The lighting was measured at 580 lux in the control
room. Based on other measurements, the lighting
levels were 100 lux in the central corridor, 200 lux in
the building’s waiting room, and 50 lux on the stairs.
The emergency lighting sources consisted of LED
lamps installed in the control room, central corridor,
waiting room, and stairs. The measured lighting on the
floor and centerline during an emergency, particularly
in the control room, was below the permissible
occupational exposure limit (1.0 lux on the floor, 5.0
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Table 1. Results of accessibility to EER in pre and post interventions

Variable

Pre- intervention

Post intervention

Mean=x SD Meanz= SD P-value

Identifiability of EER 1.7440.61 2.00+0.0 0.06
Visibility of emergency exit signs 1.35+0.83 1.91+0.29 0.004
Understandability of emergency exit signs 1.43 £0.84 1.69+0.7 0.034
Appropriateness the height and color of emergency exit signs 0.91+0.94 1.83+0.5 0.001
Appropriateness the lighting of EER in order to access the

. 1.26+0.75 1.78+0.52 0.003
safe point
Visibility of existing obstacles in the EER 1.44+0.66 1.78+0.52 0.005
Identifiability of safety signs in the EER with minimum effort 1.39+0.89 1.80+0.50 0.014
Quality of lighting in EER 1.00£0.7 1.73+0.61 0.001
Total score 18.6+ 1.56 22.5+2.1 0.001

lux on the centerline).

During a failure of the main electricity system,
parts of the control room lacked sufficient visibility
to detect and avoid obstacles. Adjacent to the control
room was a utilities room measuring 11 meters in
length and 6 meters in width, equipped with 12 LED
lamps. The angle of the emergency exit signs exceeded
20 degrees from the direct line of sight. The emergency
lamp installed on the stairs was positioned at a low
height, with an angle of less than 30 degrees from
the direct line of sight, causing glare. Additionally,
this emergency lighting did not provide the required
15 lux as specified in the BS EN 1838 standard. The
emergency light activation time was less than 0.5
seconds, but the system was unable to provide 100%
lighting within 60 seconds. The installed safety signs
were old and insufficient due to poor visibility and
illumination.

The EER contained several obstacles. Under
these conditions, the first emergency evacuation
exercise was conducted for control room operators
at the power plant during nighttime and under
electricity failure conditions. Subsequently, necessary
interventions were implemented, including the
installation of photoluminescent strips along the
EER and on the stairs, removal of obstacles from the
EER, and installation of new self-illuminating signs
for nighttime visibility. Photoluminescent strips were
installed along the EER path for a length of 150 meters.

A reassessment of lighting under normal and
emergency power outage conditions showed that the
lighting on the floor and central line of the EER increased
from 5.52 lux to 19.9 lux, in accordance with the IES
standard. Unclear emergency exit signs and symbols
that had been mistakenly installed were corrected.
Additionally, five emergency exit signs were installed at
a height of 1.5 meters on walls near exit doors and at the
beginning and end of the stairs. All interventions and
corrections were carried out in accordance with OSHA,
ISO 3864-4, and EN ISO 7010 standards.

After two weeks, the second emergency evacuation
exercise was conducted. Questionnaires were

completed during both exercises and compared pre-
and post-intervention (Table 1).

The correlation test indicated a statistically
significant difference in the average evacuation
time of individuals before the intervention (38.8
+ 10.4 seconds) and after the intervention (27.7 +
8.66 seconds) (P-value = 0.001). The results of the
statistical tests showed a significant difference in the
overall assessment scores of the EER before and after
the intervention, indicating improved ease of access
and increased satisfaction among individuals with the
EER, which was designed based on standards.

The findings of this study are consistent with a 2019
study conducted at an underground metro station in
South Korea, where proper EER design and the use of
emergency exit signs led to a reduction in emergency
evacuation time. Similarly, a 2010 study conducted
in Canada observed a significant difference in the
evacuation speed of individuals using stairs equipped
with fluorescent strips compared to stairs without
these strips. A significant reduction in evacuation
time and the ability of individuals to reach safe points
without secondary incidents highlight the effectiveness
of proper EER design, particularly in the absence of
electricity or during emergency power failures.

Moreover,  appropriate  interventions  can
significantly reduce indirect costs and the
psychological burden associated with injuries and
fatalities. The results of this study demonstrate that
proper EER design can enhance evacuation speed in
buildings during emergencies and disasters.

The results of the independent t-tests did not
indicate a statistically significant relationship between
education, wearing glasses, and Body Mass Index
(BMI) and the length of individuals’ evacuation
time (P-value > 0.05). Additionally, no statistically
significant relationship was observed between BMI
and work experience, education and wearing glasses,
or age and history with the level of improvement in
the overall evaluation score. However, a statistically
significant relationship was observed between age and
evacuation time (P-value < 0.05).
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CONCLUSION

This study showed that improving the design of
emergency exit routes can accelerate the evacuation
of individuals during disasters and emergencies.
Well-designed exit routes also prevent overcrowding,
reduce potential accidents caused by collisions between
individuals or objects, and minimize financial and human
losses. Additionally, factors such as aging can affect
evacuation speed. Therefore, specific precautions must be
considered for vulnerable groups, such as designing their
workstations near emergency exits until their evacuation
speed improves in emergency situations. Other factors,
including work experience, familiarity with the building,
and cultural and educational background, also influence
individuals’ decision-making ability during incidents
and their evacuation speed. The more individuals are
trained, familiar with the building, and have participated
in emergency evacuation exercises, the faster their
decision-making ability and evacuation speed will be
during disasters and emergencies. Furthermore, the
interventions conducted in this study can be generalized
to other work environments to enhance preparedness for
emergency evacuations during fires and similar accidents
or disasters.
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