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EXTENDED ABSTRACT

Introduction

Creating suitable environmental conditions for industrial spaces is very important due
to the negative effects of lack of visual comfort on the productivity and performance of
workers. The lack of light in such spaces reduces alertness and the level of performance of
people. The purpose of this research was to provide suitable solutions to make more use of
daylight and create visual comfort for workers in industrial space. This research was based
on the general question of what factors affect visual comfort in industrial environments and
how visual comfort in these environments can be improved. This study can contribute to
creating a visually desirable workspace for users in industrial space. The goal of this article
is to investigate the impact of physical parameters of the building skin, including types of
ceiling lighting, on the visual comfort of users in the electrical cable production area in an
industrial park in Kermanshah, with an average of 2870 hours of sunlight. Given that visual
comfort in industrial spaces has not been thoroughly examined in Iran, this research can
help create a visually pleasing environment for individuals working in such spaces.
Additionally, by collecting data from users on-site through questionnaires, the level of user
satisfaction with light distribution in industrial space was assessed. Furthermore, through
modelling the industrial space environment using software such as Rhino and simulating it
using the Honeybee plugin in Grasshopper, an analysis of the simulation results was
conducted. This was followed by presenting solutions to improve the lighting conditions in
industrial space.

Methodology

The purpose of this research was to provide suitable solutions to make more use of
daylight and create visual comfort for workers in industrial space. In this research, field
studies were carried out by measuring the illumination of the industrial space with a lux
meter device and then analyzing the illumination using the computer simulation method
through the Honey Bee plugin. A case study was selected in the city of Kermanshah, and
then by measuring the brightness of the desired points in the space using a lux meter
device, the non-uniform distribution of light and the lack of light that caused the visual
dissatisfaction of the users in the space were determined. To solve existing visual
problems, different types of ceiling skylights were investigated and suitable solutions
were presented. Finally, using the annual light indicators, the impact of these parameters
was investigated to improve the visual comfort of the study sample environment. In the
present study, the factors influencing visual comfort in industrial environments were
presented through literature reviews. Subsequently, a case study of an electrical cable
production workshop in Kermanshah city was examined. Initially, field studies were
conducted, including site visits, light measurements using a lux meter, and distribution of
questionnaires among individuals to investigate the factors affecting visual comfort and
user satisfaction with the environment's lighting. Then, the modelling of the case study
was carried out in Rhino software. Following this, lighting simulations in the current state
were performed using the Honeybee plugin in Grasshopper. The analysis of the simulation
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results led to proposing strategies for improving visual comfort conditions, taking into
consideration the physical parameters of the building skin, including ceiling lighting. Four
types of ceiling lighting (longitudinal, transverse, pyramid, arched) were used in this
research. After conducting simulations and analyzing the models, the best scenario for
improving visual comfort for users, considering uniform light distribution and maximum
daylight utilization, was presented using annual daylight metrics.

Results and discussion

Solution 1 (Longitudinal Lighting): The average values of the DA and sDA metrics
increased by 34.78% and 36.77% respectively, compared to the existing state. The average
value of UDIunderlit decreased by 19.42% compared to the existing state. The average value
of UDIluseful increased by 18.73% compared to the base case. The average value of
UDIloverlit increased by 0.65% compared to the base case.

Solution 2 (Transverse Lighting): The average values of DA and sDA metrics increased
by 21.17% and 23.4% respectively, compared to the existing state. The average value of
UDIunderlit decreased by 15.81% compared to the existing state. The average value of
UDIuseful increased by 15.7% compared to the existing state. The average value of
UDIloverlit decreased by 0.08% for the transverse lighting solution.

Solution 3 (Arched Lighting): The DA metric increased by 13.6% and the sDA metric
increased by 17% when using this arched lighting solution compared to the existing state.
The average value of UDIunderlit decreased by 17% compared to the existing state.
UDIuseful increased by 13.17% compared to the existing state, and UDloverlit increased by
2% compared to the existing state.

Solution 4 (Pyramid Lighting): In the fourth solution, the average value of the DA metric
increased by 13.28% compared to the existing state. The sDA metric increased by 16.08%.
The average value of UDIunderlit decreased by 15%. The average value of UDIuseful
increased by 13.1%, and the average value of UDIoverlit increased by 2% compared to the
existing state.

Conclusion

The results of the simulation show that due to the great depth of the space, the use of
skylights in this space can help to distribute light evenly and improve visual comfort. Among
the selected scenarios, the longitudinal skylight performed better than other scenarios, but
due to economic issues, the implementation of the longitudinal skylight is expensive and
difficult, and therefore the transverse skylight works better than the longitudinal skylight.

By comparing the four selected scenarios for ceiling lighting, longitudinal lighting
presents the best option among the different types of lighting solutions. However,
considering economic factors and the cost-intensive nature of implementing longitudinal
skylights in the ceiling, their execution might pose challenges. In this study, one of the
physical parameters of the shell that significantly contributed to improving visual comfort
was addressed. Therefore, in future research, the focus could be extended to explore the
impact of other parameters on enhancing the lighting quality in industrial spaces and their
correlation with visual comfort indices.
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